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- specialised surfaces (partucularly metals) in industrial buildings

Chemical cleaning of plastic and coated surfaces 

Objective
To reduce external doses arising from contamination on plastic and coated surfaces in industrial buildings.

Other benefits
Will remove contamination from the area and prevent redistribution of contamination in buildings. May reduce resuspension doses in dusty environments

Countermeasure description
Cleaning involves industrial washing with detergents or chemical solutions in multi-step processes. The chemical method uses mainly mild chemicals. 

Chemical cleaning is usually carried out by circulating the selected reagents through a filter system. The chemical solution is collected in a tank near to, or below, the surface being cleaned from which a spraying system circulates the solution between the surface and the tank. Decontamination can also be carried out by immersion of the contaminated item (hand tools, special parts of machineries) in a bath.

There are two types of procedures: static (without flow) and dynamic (with flow). The ‚dynamic‘ method is useful for removing radionucliddes from both internal and hidden surfaces.

Target surface or population
Contaminated (industrial) plastic, ceramic, glass and coated surfaces in buildings and special parts of machinery (tools).

Target radionuclides
All radionuclides.  Should not be considered for removal of short-lived radionuclides alone. 

Scale of application
Could be carried out on a medium scale in highly contaminated industrial areas.

Timing of implementation
Maximum benefit if carried out shortly after deposition. 

Constraints on implementation


Legal 
Liabilities for possible damage to property.

Possible regulations on use of chemicals.

Environmental / technical 
Chemical incompatibility.  For example, if the system to be decontaminated previously contained special chemicals, this material can produce some explosive gases when put together with the decontamination chemical.

Effectiveness


Reduction in contamination on the surface
% reduction: 90 – 99 % 

Reduction in surface dose rates
No estimates made.  However, reductions in external dose rate above the surface should be similar to those above.

Reduction in resuspension


Averted doses
Doses received by members of the public working in these buildings will depend on a number of factors, in particular the amount of time spent in or close to the building, the amount of the building that is covered in plastic or coated surfaces and the extent of clean-up of nearby surfaces.  No estimates of averted doses have been made. 

Additional doses
Exposure pathways workers could be exposed to are:

· External exposure from environment and contaminated equipment 

· Enhanced resuspension leading to inhalation of dust 

· Inadvertent ingestion of dust from workers' hands

Contributions from pathways in italics are unlikely to be significant and doses from these pathways can be controlled by using PPE.

Exposure routes from transport and disposal of waste are not included. 
No illustrative doses have been estimated as they will be very specific to the type of contamination, the tasks undertaken by an individual, controls placed on working and the use of PPE.  

Factors influencing effectiveness of procedure (technical)
In many cases effectiveness may be improved by increasing the treatment temperature (usually in the range of 20 – 90 °C), the concentration (pH), flow rate (of the applied chemical solution) for the dynamic procedure and the contact time. 

It can remove the nuclides from both internal and hidden surfaces. 

It is less effective on porous surfaces.

Consistency in procedure application. 

Removal of loose parts and material. 

The bottom part of the building should be cleaned particularly well, as this will often be the closest to people working in the building. 

Factors influencing effectiveness of procedure (social)


Requirements


Required specific equipment
High pressure water washer and possibly spray machines and other hand tools (sponge, brish, cloths). Liquid tanks

Required utilities and infrastructure
Transport vehicles for equipment. Scaffolding or mobile lifts for tall buildings.

Water supply. Pressurised air supply.

Power supplies.

Required consumables
It depends on the chemical resistance of the surfaces to be decontaminated.  

Chemicals can range from:

cleaning detergents, or for the multistep process, chemicals such as detergent with complexing agents: (e.g. mixture of nonyl phenol polyglycol ether 5g/l, citric acid 4g/l, EDTE-Na2 4g/l and NaOH pH 4.5),  HCl (1 mol/dm3) ussed with ionized water.

Required skills
Skilled personnel required. 

Knowledge and experience in corrosion technology, waste generation/removal techniques and chemical cleaning is needed. Industrial cleaning companies will have the required skills. 

Required safety precautions
For high level work, safety helmets and lifelines are required. Water proof safety clothing. Respiratory protection is recommended.

For indoor decontamination proper ventilation must be installed because the tanks are usually open to the air.

Waste


Amount and type
Generates ca. 5 – 30 l per m2 liquid waste (applying a recycling system)

The main disadvantage of chemical decontamination is the generation of liquid waste. The treatment and conditioning of this secondary waste require appropriate processing to be considered when selecting the decontamination option. 

Chemical decontamination requires efficient recycling of reactive chemicals, as insufficient recycling of decontamination products may increase the amount of waste which may be difficult to treat. 

It may generate mixed waste (liquid and solid).

Treatment of chemical waste:

simple filtration for coarser particles; removal of radionuclides from the solution mainly by evaporation, flocculation or ion-exchange. Storage depends on the applied secondary waste treatment technique.

Intervention costs


Equipment
High pressure water washer is necessary: typically ca. 2000 – 4000 EURO. Variable costs for scaffolding/lifts according to need.

Consumables
Variable cost for chemical materials: 0.5 – 10 EURO per m2. 

Power and pressurised air and petrol for equipment transport; at current prices.

Costs for treatment of chemical waste:

Filter material (e. g. TYPAR – polymer fibber textile with a pore size of 0.14 mm): 0.5 EURO per m2
Evaporation: >1000 kWh per m3, power at current prices.

Ion exchange: prices vary somewhat according to material type, resin cost of ca. 10 – 100 EURO per kg (1 kg resin for 40 m3 solution).  

Operator time
2 – 6 m2/ team hr

Variable time for setting up scaffolds/transport.

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

· Need for scaffolding /mobile lifts. 

· Different types of treatment of surfaces and waste chemicals

Cost of specialist labour

Cost of chemicals

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.

Electronic parts may be damaged by water if not dismounted,

Loss of lifetime of equipment due to the mechanical impact (e.g. the basic material will be thinner and rough).

If strong chemicals are used they may lead to corrosive and toxic reagents being produced which will need to be handled and disposed of.

Social impact
Acceptability of disposal of contaminated waste and chemicals.

Reassurance of employees and users and maintaining continuity of work.

Removal of coatings from surfaces may have negative effect on appearance of surfaces.

Practical experience
Used in small-scale at NPPs in normal practice. Tested in a number of industrial buildings in the CIS and Europe after the Chernobyl accident.

Key references
BMU (2000); Eged et al (2003); IAEA (1989); Magyar Szabvány (1983)
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