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- Buildings - external surfaces -

Treatment of walls with chemicals

Objective
To reduce external dose from caesium contamination on external walls of buildings in inhabited areas.



Other benefits
Will reduce caesium contamination on external walls of buildings.



Countermeasure description
An ammonium nitrate solution in water (0.1 M) is made in a vessel. Using a pump and a hose, the solution is sprayed on to the wall at low pressure. The ammonium ion exchanges with caesium ions, and reduce the wall contamination. A continuous water flow should be applied on the wall to transport contamination to the ground. The washing must start at the top of the wall. The wall is subsequently washed with clean water to minimise corrosion.

The ground surface below the wall should ideally be treated afterwards.

Dust creation during implementation is unlikely to be a problem and so methods are not required to reduce the resuspension hazard to workers.  Workers may need to be protected against water/chemical spray.  

It should be noted that the use of chemicals may cause an environmental hazard.

Target surface or population
Highly contaminated external walls of buildings (e.g. brick, concrete or stone).



Target radionuclides
Caesium. See Appendix B for information on radionuclides.



Scale of application
Suitable for small areas (e.g. houses) and large areas (e.g. industrial buildings). 



Timing of implementation
Maximum benefit if carried out soon after deposition when maximum contamination is still on the surfaces and before rain can wash contamination onto adjacent surfaces.



Constraints on implementation


Legal 
· Liability for possible damage to property.

· Ownership and access to property.

· Restrictions on chemical use.

· Cultural heritage protection of listed and other historically important buildings.



Environmental / technical 
· Frost (may require hot water).

· Walls must be water resistant.



Effectiveness


Reduction in contamination on the surface
A decontamination factor (DF) of between 1.5 and 2 can be achieved if the option is implemented soon after deposition. Repeated application is unlikely to provide any significant increase in DF.  Up to a few years after deposition, DF values of 1.1 – 1.3 could still be expected.



Reduction in surface dose rates
External gamma and beta dose rates from walls of buildings will be reduced by approximately the value of the DF.



Reduction in resuspension
Resuspended air concentrations from wall surfaces can be assumed to be reduced by the value of the DF.  However, resuspension doses are unlikely to be significant.



Averted doses
Reductions in external dose rate shortly after treatment of the building surfaces received by a member of the public living in an inhabited area could be expected to be around 4% following deposition under dry conditions. Following wet deposition, reductions in dose rates will be negligible. These 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:

· Consistency in carrying out the procedure over a large area.

· Care taken to wash contamination to the ground and not just translocate on the wall. The bottom part of the wall should be cleaned particularly well, as this is closest to any persons outside and close to the building. 

· Whether the surfaces surrounding the building are decontaminated after treating the building.

· Population behaviour in area and the time spent by individuals close to or in buildings.

· Number of buildings in the area, i.e. environment type / land use.

· Time of implementation: the impact of cleaning the surface on the on the overall dose will be reduced with time as there will be less contamination on the surface due to natural weathering.



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.

For further information on worker doses, see Appendix D.



Factors influencing effectiveness of procedure (technical)
· Spraying time.

· Contaminant aerosol type (chemical form of caesium).

· That the procedures described above are followed closely (operator skills).

· Technique is most effective on bricks fired at high temperature (>1000ºC)

· Permeability of surface (walls must be water resistant)



Factors influencing effectiveness of procedure (social)


Requirements


Required specific equipment
· Water hose and pump (typically about € 1000)

· Transport vehicles for equipment

· Scaffolding or mobile lifts for tall buildings

· Vessel for mixing the solution (about € 100).



Required utilities and infrastructure
· Water supply (water may be pumped from a natural water source, eg lake or river, if water from domestic water supply or hydrant is not available).

· Power supply (petrol-driven mobile generator may be used if power is not available. 

· Fuel and parts for transport vehicles.



Required consumables
· Ammonium nitrate.

· Water (about 6 litres/m2 )



Required skills
Only a little instruction required.



Required safety precautions
· For tall buildings: lifeline, safety helmets.

· Normal safety procedures for handling chemicals.

· Water-proof safety clothing recommended, particularly in highly contaminated areas.

· Respiratory protection may be considered to protect workers from contaminated water spray if conditions are windy.



Waste


Amount and type
Generates about 6 litres/m2 of liquid waste. Waste water is impossible to collect.



Intervention costs (see Appendix E)

Equipment
€ 1 10-2 m-2


Consumables
Approx. 8g ammonium nitrate per litre solution, at current price. 

Fuel, at current prices



Labour


€ 3 m-2

Operator time


12 m2 per team hour (team size 1 person)

Work rate excludes variable time for setting up scaffolding/transport.



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

· Weather

· Building size

· Access

· Proximity of water supplies

· Use of personal protective equipment (PPE)

Also, costs will increase if scaffolding is required, and if repainting of walls is required.

Side effects / impact


Environmental impact
· Waste water from run-off from buildings in inhabited areas will result following rainfall over a period. Ammonium treatment will also create contaminated waste water. However, it may be easier to control the environmental impact of this water and to ensure appropriate monitoring in the sewer infrastructure.

· Waste water will run onto other surfaces (roads, soil, grass etc), resulting in a transfer of contamination which may require subsequent clean-up, generating more waste.

· If there are no drains, the water may damage basements. 

· The ammonium nitrate may reach the ground water.
· Ammonium nitrate can corrode steel surfaces.


Social impact
· Aesthetic consequences of changes of colour of building surfaces, e.g. colour change on painted metal surfaces.



Practical experience
Tested on realistic scale on selected walls in the former Soviet Union and Europe, after the Chernobyl accident.



Key references
Andersson (1996); Andersson et al (2003); Hubert et al (1996);  Roed and Andersson (1996); Roed, Andersson and Prip (1995); Sandalls (1987)



























2
4

