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- Roads and paved areas -

Tie-down

Objective
To reduce inhalation doses from material resuspended from roads, paved and other outdoor areas with ‘hard’ surfaces within inhabited areas in the short or long term (depending on the tie-down material used).  Also used to prevent enhanced resuspension during implementation of options that create dust, particularly in dusty environments.



Other benefits
May also reduce external beta doses 



Countermeasure description
Water, sand or bitumen can be used for tie-down of contamination on outdoor ‘hard’ surfaces. The procedure implemented is dependent on which tie-down material is used and the size of the area being treated.

Water (temporary tie-down): This option is unlikely to be effective during wet weather. Water is sprayed onto the surface from a sprinkler boom mounted on a vehicle. A meniscus is formed between the radioactive particles and the ‘paved’ surface and surface tension prevents resuspension. 

Sand (temporary tie-down): For small areas, sand is shovelled by hand from a lorry on to the paved surface. For large areas, about 1mm of sand is sprinkled on to the paved surface using a lorry fitted with a rotary motorised sprinkler.

Bitumen (permanent tie-down): For small areas, hot bitumen is sprayed onto the surface via a trolley-mounted sprayer equipped with a hand lance.  A tank with a capacity of about 2000 - 3000 litres is required which can be moved by a four-wheel drive vehicle. The coating is permanent. For large areas, hot bitumen is sprayed onto the surface via a bulk surface-dressing machine. In both cases, if the surface is damp, a bitumen emulsion should be applied. When spraying bitumen, account should be taken of ironworks (e.g. drain covers) etc within the surface being covered.

Foam and peelable coatings will also give protection against the resuspension hazard while they are in place (see data sheet 49).



Target surface or population
Hard outdoor surfaces (roads, pavements, paths, yards, playgrounds etc).



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. pavements, playgrounds) and large surface areas (e.g. roads).



Timing of implementation
Tie-down can be effective at any time after deposition; however, maximum benefit in terms of reducing overall doses if carried out soon after deposition when maximum contamination is on the surfaces. Tie-down is effective for the period over which the integrity of the covering is maintained. 



Constraints on implementation


Legal constraints
· Liabilities for possible damage to property.

· Ownership and access to property.

· Waste disposal legislation



Environmental / technical constraints
· Tie-down with water not appropriate if very cold.  

· Bitumen spraying is not practicable if very cold.



Effectiveness


Reduction in contamination on the surface
This option is not applied to clean-up a surface.  It is assumed that the decontamination factor (DF) is 1.  In practice, some contamination may be removed along with the tie-down material (if it is removed).

In the long-term, account should be taken of the need for surface repair and access to underlying services e.g. gas/water pipes, cables.



Reduction in surface dose rates
While the tie-down material is in place, external beta dose rates adjacent to the surface will be reduced; the reduction will depend on the energy of the beta emissions, the tie-down material and its thickness.

Sand (2mm) would be the most effective at reducing beta dose rates, bitumen (1mm) and water (1mm) will give less protection.  For example, for 90Sr and it’s daughter 90Y, which is a strong beta emitter, reduction of 90% for sand, 70% for bitumen and 45% for water could be expected.
This option is not effective at reducing external gamma dose rates adjacent to the surface.



Reduction in resuspension
Resuspended air concentrations will be reduced by a factor close to 100 while the tie-down material is in place.



Averted doses
Dose reductions have not been estimated for this option.  Tie-down will only be effective in reducing resupension from a surface for the period that the tie-down material is in place.  The effectiveness in reducing doses to a person living in an inhabited area will be very dependent on the specific situation and the length of time the tie-down material is in place.

Factors influencing dose reduction:

· Effective implementation of option over a large area.

· Population behaviour in area.

· Amount of paved surface in the area ie environment type/land use.

· Time of implementation. The impact on the overall doses of applying this option will be reduced with time, as there will be less contamination on the surfaces due to natural weathering.

· Length of time tie-down material is in 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 application of tie-down material over the contaminated area.

· Type, evenness and condition of surface.

· Water and foam application is not suitable for surfaces on slopes


Factors influencing effectiveness of procedure (social)


Requirements


Required specific equipment
The equipment required will depend on the material used for tie-down.

· Water: a motorised street washer is required.

· Sand: a lorry, sprinkler attachment and JCB loader are required.

· Bitumen: a hot bitumen sprayer or cold emulsion sprayer are required.

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
· Water

· Sand

· Hot bitumen or bitumen emulsion

· Fuel and parts for transport vehicles and equipment



Required skills
Skilled personnel essential to operate equipment.



Required safety precautions
· Water-resistant clothing should be recommended when using water.

· Gloves and overalls for applying bitumen.

Precautions are needed to ensure that people making connections to mains water supplies do not inadvertently contaminate the water supply, e.g. by back-flow from vessels containing radioactivity or other contaminants, or operate hydrants in a way that disturbs settled deposits within the water main system.



Waste



Tie-down: water
Tie-down: sand
Tie-down: bitumen

Amount 
3 10-1 l m-2
1 – 2 kg m-2
 1 – 2 kg m-2

Type
Water and dust
Sand and dust
Bitumen


Quantities given for thicknesses of material used as described above. Removed material used for temporary tie-down may be contaminated.  Monitoring would be required to determine if normal disposal routes can be used.

Intervention costs (see Appendix E)


Tie-down: water
Tie-down: sand
Tie-down: bitumen



Small areas
Large areas


Equipment
€ m-2
3 10-4
2 10-2
8 10-4
1 10-2

Consumables
€ m-2
0
2 10-1
1 10-1
7 10-1

Labour

€ m-2
1 10-3
1 10-1
5 10-3
1 10-1

Operator time
Work rate

m2/team.hr
3 104
5 102
1 104
5 102 – 1 103


Team size

people
1
2


2

Factors influencing costs
The following factors will 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 (if required)



Side effects / impact


Environmental impact
Bitumen spraying roads may provide positive impact if road surfaces are poor.

The use of water may wash some of the contamination onto other surfaces.

Future maintenance of surfaces e.g. road repairs may give rise to contaminated waste.

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
Acceptability of contamination remaining in-situ. The use of sand for tie-down is a visible indication that a problem exists.

Acceptability of future doses to people maintaining roads etc (permanent tie-down materials)



Practical experience
There is no readily available evidence of any practical experience of the use of this option for clean-up of radioactive contamination in inhabited areas.



Key references
Brown and Jones (2000); Brown, Charnock and Morrey (2003); NRPB (2005).
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