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- specialised surfaces (particularly metals) in industrial buildings

Ultrasound treatment with chemical decontamination

Objective
Reassurance of the work force working in industry. 

Other benefits
Will reduce external and skin contact doses arising from contamination on metal objects used in industry. Will clean tools and objects..

Countermeasure description
This specialist process is based on the use of ultrasonic waves in a bath containing a cleaning solution. The ultrasound is produced by a generator at a frequency greater than 20 kHz. A transducer converts high frequency energy into low amplitude vibrations at the same frequency. Scrubbing is accomplished through the formation and violent collapse of thousands of minute bubbles, which lift radionuclides from the object’s surface.

Ultrasonic decontamination (with chemicals) requires efficient recycling of reactive chemicals, as insufficient recycling of decontamination products may increase the amount of secondary waste which may be difficult to treat.

Target surface or population
Contaminated (industrial) metallic hand tools kept indoors or outdoors.  Only likely to be used for valuable items or items that are not easy to replace. Note: ultrasonoc vibration is not recommended for concrete or plastic.

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

Scale of application
Suitable for use on a small scale

Timing of implementation
For reassurance purposes, maximum benefit if carried out shortly after deposition.  

Constraints on implemetation


Legal 
Liabilities for possible damage to property.

Possible regulations on chemical use.

Environmental / technical 


Effectiveness


Reduction in contamination on the surface
Expected % reduction in contamination levels on metal surfaces is 90-99%.

Reduction in surface dose rates
Not estimated.

Reduction in resuspension
Not estimated.

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 using the tools.  No estimates of averted doses have been made as main purpose of this option is for reassurance of the work force.

Additional doses
Exposure pathways workers could be exposed to are:

· External exposure from environment and contaminated equipment 

· Enhanced resuspension resulting in inhalation of dust 

· Inadvertent ingestion of dust from workers' hands

Contributions from pathways in italics will not 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 eben estimated as they will be very specific to the type of contamination, environmental conditions, the tasks undertaken by an individual, controls placed on working and the use of PPE.  

Factors influencing effectiveness of procedure (technical)
The effectiveness mainly depends on the frequency of the generator and the age of the contamination. It also depends on the solvent processing sub-system: solvent filtration for removal of the radioactive particles, temperature control, solvent recovery.

Factors influencing effectiveness of procedure (social)


Requirements


Required specific equipment
Ultrasonic vibrator (generator) and vibratory tank.  

Bath. 

Transport vehicles for equipment..

Required utilities and infrastructure
And power supplies.  Roads for transport of equipment, materials and waste.

Required consumables
Fuel for transport vehicles.

Cleaning solutions e.g.:

· Alconox: Powder to be diluted 1:100. Low-foaming, phosphate-free detergent can be used to clean circuit boards, delicate industrial parts and nuclear-contaminated equipment, inhibits corrosive action on most metals.

· Contrad 70: used extensively as a decontaminating agent in laboratories handling radioisotopes. It is also used for high level decontamination in nuclear power stations, nuclear research centres, atomic weapons research and production, and on nuclear submarines. A 10% solution of Contrad 70 in deionised water used as a static or ultrasonically agitated soak is the most commonly employed method of decontamination. Static soaking should be overnight.

Required skills
Skilled personnel required.

Required safety precautions
Water proof clothing, gloves and safety glasses should be recommended.  Respiratory protection should be considered.  If decontamination is carried out indoors, proper ventilation must be installed because the ‘baths’ are usually open to the air.

Waste


Amount and type
It depends on the size of the tank (in general 3 – 25 l tank sizes are used). The main disadvantage of ultrasonic decontamination is the generation of liquid waste. The treatment (filtration) and conditioning of this waste require appropriate processes to be available when selecting the decontamination option. 

The following treatments of waste need to be considered:

· Simple filtration for coarser particles;

· Removal of ions from the solution by mainly evaporation or flocculation or ion-exchange. 

Intervention costs


Equipment
Ultrasonic system: 500 – 1500 EURO (3 – 25 l tank).

Evaporator (waste treatment): >1000 kWh per m3.

Consumables
Variable cost for solvent materials.

(Alconox: 170 EURO per 22 kg, 800 EURO per 136 kg; Contrad70: 300 EURO per 20 l, 1600 EURO per 200 l), commercially available. 

Power and fuelfor equipment and transport; at current prices. 

Filter material (waste treatment) (e.g. TYPAR – polymer fibre textile with a pore size of 0.14 mm ): 0.5 EURO per m2
Ion exchange (waste treatment): prices vary somewhat according to material type, resin cost of ca. 10 – 100 EURO per kg (1 kg resin for 40 m3 solution).

Power at current prices.

Operator time
Generally 10 – 90 min. per treatment but will depend on the number of articles in a tank.

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

· Type of equipment used

· Method for treatment of waste  

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 disposal of contaminated waste.

Removal of the corrosion products from the surface; the metal surface is cleaned. 

Reassurance of employees and users and maintaining continuity of work.

Practical experience
Used at a small-scale at NPP’s in normal practice and in radiochemical laboratories.

Key references
Eged et al (2003); Fuchs F J (2002); USDoE (1994)
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