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- Roads and paved areas -

Turning paving slabs

Objective
To reduce external gamma and beta doses from contamination on roads, paved and other outdoor areas with ‘hard’ surfaces within inhabited areas, and reduce inhalation doses from material resuspended from these surfaces.



Other benefits
None.



Countermeasure description
Concrete paving slabs are turned over. As the contamination will be attached to the upper surface of the paving slab, turning them will provide shielding against radiation from this contamination.

The removal of the slabs prior to turning may give rise to dust, so application of water to dampen the surface or the use of a tie-down material (see data sheet 34) is recommended prior to implementation to limit the resuspension hazard. 



Target surface or population
Paved surfaces with flagstones (pavements and paths).



Target radionuclides
All long-lived radionuclides. Should not be considered for reducing dose from short-lived radionuclides alone. See Appendix B for information on radionuclides.



Scale of application
Will generally only be suitable for small surface areas (e.g. pavements, paths).



Timing of implementation
Maximum benefit if carried out soon after deposition while maximum contamination remains on the surface.



Constraints on implementation


Legal 
· Cultural heritage protection, especially in conservation areas or listed sites

· Ownership and access to property



Environmental / technical 
None

Effectiveness


Reduction in contamination on the surface
This option is assumed to remove very little contamination (only that associated with any mortar between slabs will be removed).



Reduction in surface dose rates
External gamma and beta dose rates above the surface will be reduced.  Typically, external gamma dose rates will be reduced by a factor of between 4 and 6 for medium to high gamma emitters. This option will be very effective at reducing external beta dose rates, which will be negligible after implementation.



Reduction in resuspension
Resuspended air concentrations adjacent to the surface will be reduced by close to 100%, i.e. resuspension will be stopped.



Averted doses
Dose rate reductions have not been estimated for this option.  An indication of the reduction in dose-rates immediately above the surface on which the option is implemented is given above. The effectiveness in reducing 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)
· Area covered by paving slabs (the dose rate reduction for a large surface of paving slabs will be greater than that from a small area).

· Thickness and material characteristics of paving slabs (thick slabs will give more shielding than thin ones).

· Ease of removal of paving slabs and whether they break on removal.

· Time of implementation.



Factors influencing effectiveness of procedure (social)


Requirements


Required specific equipment
· Spades or similar tools for excavation.

· Mini excavators

· Transport vehicles for equipment.



Required utilities and infrastructure
· Roads for transport of equipment.

Required consumables
· Fuel and parts for equipment and transport vehicles.

· Cement and/or sand

· Water

· Paving slabs (if need replacing)



Required skills
Only a little instruction is likely to be required. 



Required safety precautions
· Safety helmets

· Gloves

· Safety goggles

· Respiratory equipment may be required in dusty conditions.



Waste


Amount and type
There is no significant waste associated with this option. However, the mortar between the slabs will require disposal.  If slabs are broken, this will generate additional waste.



Intervention costs (see Appendix E)

Equipment
€ 3 m-2



Consumables
New mortar and replacement slabs if broken on removal



Labour
€ 2 m-2



Operator time
1 – 6 m2/team.hr  (team size: 2)



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

· Weather

· Topography

· Size of area

· Type of equipment used

· Access

· Ease of implementation.



Side effects / impact


Environmental impact
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.

· Surfaces may be visibly less attractive.

· If paving slabs are not re-laid properly accidents may occur, which may lead to litigation against local authorities.



Practical experience
Only very small experiments have been made, but calculation can demonstrate the potential effectiveness.



Key references
Andersson et al (2003); Hubert et al (1996); NRPB (2005); Roed (1990); Roed, Andersson and Prip (1995)
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