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- Buildings - precious objects -

Storage, shielding, covering, gentle cleaning

Objective
To reduce external gamma and beta doses arising from contamination on personal and precious objects within inhabited areas, and reduce inhalation doses from material resuspended from these objects.  This option is likely to be implemented primarily for public reassurance as exposure from personal and precious objects is unlikely to be a significant contribution to an individuals dose.



Other benefits
Gentle cleaning will remove contamination from precious objects within buildings.



Countermeasure description
It may not be possible or appropriate to carry out decontamination of precious objects, such as museum artefacts, tapestries, jewellery, paintings etc because of the risk of damaging the objects during the cleaning process. Several alternative options are available for such objects.

· If objects are placed within rooms or storage facilities to which people do not have general access, then significant reductions in dose rates to people in adjoining rooms and buildings can be achieved. 

· Some objects, which do not require handling, could be shielded or covered. For instance, museum artefacts could be placed behind leaded glass or perspex; they can remain on display, but the public will be shielded from the contamination.

· Specialist, gentle cleaning techniques could be carried out on objects.



Target surface or population
Precious and personal objects within buildings.



Target radionuclides
All radionuclides. The storage option will be particularly suitable for    short-lived radionculides.  Shielding and covering will be particularly effective for beta emitters. See Appendix B for information on radionuclides.



Scale of application
Particularly suitable for small objects.



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



Constraints on implementation


Legal 
· Liabilities for possible damage to objects

· Ownership and access to objects

· Use in listed or other historic buildings



Environmental / technical 


Effectiveness


Reduction in contamination on the surface
Contamination on the surface of objects will only be reduced if gentle cleaning is applied.



Reduction in surface dose rates
Cleaning will reduce surface doses rates from objects.  

Shielding and storage will reduce external gamma and beta dose rates; the degree of reduction will depend on the thickness of shielding used.  Some examples are given below:

Brick or concrete wall thicknesses of 10-20 cm will half the dose rate outside a room for medium to high energy gamma emitters.

Around 10 mm lead will be sufficient to half the gamma dose rate for many radionuclides and a few centimetres could reduce gamma dose-rates by a factor of 10.  For steel, these thicknesses would need to be at least doubled to receive the same level of shielding.

1-5mm of glass will totally absorb beta particles for the range of beta energies likely to be of concern.  Plastic (perspex) would need to be about twice as thick to have the same effect.  

Air can also be used as a shielding material. 1-2 m of air will reduce dose-rates to very low levels for weak beta emitters: a distance of up to 10 m would be needed to give high reductions in dose rate for high energy beta emitters such as 90Sr/90Y.  For gamma emitters, dose rates will drop off in air in proportion to the square of the distance, eg, if people are kept 5m away from an object, the dose-rate they  receive from that object will be 25 times lower than if they were 1m away.



Reduction in resuspension
Removing contamination from an object's surface will reduce the contamination available for resuspension.

Shielding an object in a closely fitting container will stop all resuspension.



Averted doses
Dose reductions have not been estimated for this option. It should be noted that cleaning objects will only reduce doses to people while they are indoors and will be very dependent on the specific situation and the objects and other surfaces cleaned.
Factors influencing dose reduction:

· Consistency in effective implementation of option over contamianted area.

· Weather at time of deposition; less material is deposited indoors during wet deposition.

· Application of appropriate clean-up to other indoor surfaces and objects.

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

· The amount of time spent by individuals inside the buildings.

· Care of application.  Need to wash contamination off surfaces and not just move it around the surface or onto another surface.


Additional doses
Exposure pathways workers could be exposed to are:

· External exposure from environment and contaminated equipment 

· Inhalation of radioactive material resuspended from the floor and other surfaces (may be enhanced over normal levels)

· Enhanced resuspension of activity deposited in the indoor environment leading to inhalation of dust generated

· Inadvertent ingestion of dust from workers' hands
Contributions from pathways in italics will not be significant and using personal protectiver 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 indoor contamination will be approximately half that of 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 more than 10 to 100 times lower than public doses over the  period of implementation. If dust levels are enhanced, and workers are not protected, then over long periods of clean-up (i.e. over more than about six months), doses to workers may begin to approach those of the public. External dose from indoor contamination can be ignored. 

For further information on worker doses, see Appendix D.



Factors influencing effectiveness of procedure (technical)
· Type, condition and fragility of object

· Time of operation (for cleaning, the longer the time between deposition and  implementation of the cleaning, the less effective it will be as contamination may have migrated elsewhere)

· Consistent application of cleaning over entire object; need to ensure entire object's surface is cleaned.

· Amount of dust on the surface of the object at the time of deposition.

· Whether any cleaning has already been undertaken.

· Weight of shielding material that can be used and any need to be able to view objects clearly.



Factors influencing effectiveness of procedure (social)


Requirements


Required specific equipment
Specialist cleaning equipment for gentle cleaning.

Specialist lifting gear, if object is to be moved into storage.



Required utilities and infrastructure
Power and water supplies

Storage facilities



Required consumables
Shielding materials, e.g. leaded glass if object is to be shielded.



Required skills
Specialist cleaning skills

Specialist handling skills.



Required safety precautions
Gloves and overalls.



Waste


Amount and type
Waste water will be generated from cleaning.  Quantities are unlikely to be large.



Intervention costs (see Appendix E)

Equipment
No significant costs identified.



Consumables
Costs of shielding materials and materials for reconstructing displays etc.



Operator time
Cleaning of precious objects is likely to take significantly longer than normal cleaning (see data sheet 23)



Factors influencing costs


Side effects / impact


Environmental impact


Social impact
Possible damage of objects with particular heritage significance.

Lack of access to objects and buildings by the public



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 (2004); Delacroix et al (2002); Crick and Dimbylow (1985)
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- Buildings - external surfaces -

Tie-down: paint

Key attributes

Objective

To reduce resuspension doses arising from external building surfaces

within inhabited areas in the short or long term.  Likely to be only used

prior to implementing other clean-up options in order to protect

workers against receiving resuspension doses.

Other benefits

May also reduce external beta doses

Countermeasure description

Acrylic paint (Vinacryl) is sprayed onto the surface by spray injection.

Dust creation during implementation is unlikely to be a problem and so

tie-down is unlikely to be required to reduce resuspension doses to

workers.

In the long-term, account should be taken of the need for surface repair

and repainting.

Target

External walls and roofs of buildings.

Targeted radionuclides

Alpha emitting radionuclides.  May be used for other radionuclides if

conditions mean that resuspension doses are likely to be of concern.

Scale of application

Any size. Suitable for small areas (e.g. houses) and large areas (e.g.

industrial buildings, schools etc).

Exposure pathway

Possible pathways:

External gamma and beta exposure from spending time in or around

buildings

Resuspension doses from spending time in or around buildings,

particularly during dry conditions.

Time of application

Tie-down can be effective at any time after deposition; however,

maximum benefit if carried out soon after deposition. Tie-down is

effective for the period over which the integrity of the covering is

maintained.

Constraints

Legal constraints

-

 

Liabilities for possible damage to property.

-

 

Ownership and access to property.

-

 

Use on listed and other historic buildings.

Environmental / technical

constraints

-

 

Severe cold weather.

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)

Reduction in surface dose rates

While the tie-down material is in place, external beta dose rates

adjacent to the surface will be reduced by a factor depending on the

energy of the beta emissions; this option will be more effective at

reducing dose rates associated with low energy beta emissions. This

option is not effective at reducing external gamma dose rates adjacent
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- Buildings - indoor surfaces -

Vacuum cleaning

Key attributes

Objective

To reduce external and resuspension doses arising from contamination

on internal surfaces of buildings and indoor objects within inhabited

areas.

Other benefits

Will remove contamination from indoor surfaces and objects in

buildings.

Countermeasure description

A vacuum cleaner is required that is manufactured to the Type H

amendment to BS5415 for the collection of dusts hazardous to health.

The vacuum cleaner should be fitted with HEPA filters of 99%

efficiency to 0.6 micron particles to prevent resuspension. The worker

is provided with various lengths of aluminium tubing and a brush

attachment. Machines are electrically operated from mains electricity.

This option is likely to give rise to dust, particularly in dusty

environments and so tie-down may be required  prior to implementation

to limit the resuspension hazard to workers.

Target

Internal surfaces (particularly floors) and objects in buildings.

Targeted radionuclides

All radionuclides. Particularly suitable for removing short-lived

radionuclides if implemented quickly.

Scale of application

Suitable for indoor surfaces in all types of building..

Exposure pathway

Possible pathways:

-

 

External gamma and beta exposure from spending time in

buildings

-

 

Resuspension doses from spending time in buildings

Time of application

Maximum benefit if carried out within a few weeks of deposition when

maximum contamination on surfaces. However, over longer periods,

contamination may be brought into buildings eg on the soles of shoes,

and so repeated application may be beneficial.

Constraints

Legal constraints

-

 

Liabilities for possible damage to property

-

 

Ownership and access to property

-

 

Use in listed or other historic buildings and on precious objects.

Environmental / technical

constraints

Effectiveness

Reduction in contamination on

the surface

Vacuum cleaning of carpets will generally have an insignificant effect

on concentrations of contaminated particles in the region of size 1

μm

(as observed with the initial caesium contamination after the Chernobyl

accident).  However, a fraction of the contamination will rapidly

become attached to larger house dust particles (>5 

μm), for which

vacuum cleaning can give effective removal.  Soil particles brought into

the buildings on shoes or by the wind will be relatively large and

therefore easy to remove.
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- Buildings - indoor surfaces -

Washing

Key attributes

Objective

To reduce external and resuspension doses arising from contamination

on indoor surfaces of buildings, particularly floors and objects within

inhabited areas.

Other benefits

Will remove contamination from indoor surfaces and objects in

buildings.

Countermeasure description

Washing of indoor hard surfaces and objects can be done with

warm/hot water and detergent.  Surfaces need to be rinsed to remove

any remaining contamination / detergent.

For upholstered surfaces, detergent solution can be sprayed onto the

surface and is vacuumed off. For washing walls and ceilings, sheeting

should be used to prevent contamination of the floor with waste water.

Target

Indoor hard surfaces, particularly floors, and objects in buildings.

Targeted radionuclides

All radionuclides. Particularly suitable for removing short-lived

radionuclides if implemented quickly.

Scale of application

Suitable for indoor surfaces in all types of building..

Exposure pathway

Possible pathways:

-

 

External gamma and beta exposure from spending time in

buildings

-

 

Resuspension doses from spending time in buildings

Time of application

Maximum benefit if carried out within a few weeks of deposition when

maximum contamination on surfaces.

Constraints

Legal constraints

-

 

Liabilities for possible damage to property

-

 

Ownership and access to property

-

 

Use in listed or other historic buildings and on precious objects.

Environmental / technical

constraints

Effectiveness

Reduction in contamination on

the surface

A decontamination factor (DF) of between 1.5 and 3 can be achieved,

although there is likely to large variation in this value. The quoted DF

assumes that this option is implemented within a few weeks of

deposition and no previous cleaning has taken place.

Repeated application is unlikely to provide any significant increase in

DF if implemented thoroughly the first time.

Reduction in surface dose rates

External gamma and beta dose rates from internal surfaces of buildings

will be reduced by the value of the DF.

Reduction in resuspension

A resuspension reduction factor (RRF) of can be achieved in the same

range as the DF.
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- Buildings - indoor surfaces -

Other cleaning methods

(scrubbing, shampoo, steam cleaning)

Key attributes

Objective

To reduce external and resuspension doses arising from contamination

on internal surfaces of buildings and objects within inhabited areas.

Other benefits

Will remove contamination from indoor surfaces and objects in

buildings.

Countermeasure description

A variety of cleaning methods is available for indoor surfaces and

objects e.g. scrubbing, shampooing, steam cleaning. The method

chosen will be very dependent on the surfaces and the materials being

cleaned.

Many small scrubbing machines are available for domestic use,

equipped with a solution dispenser and wet vacuum pick-up.  Scrubbing

wood may be inadvisable as contaminated water is forced between

cracks, contaminating the surface below.

During shampoo/steam cleaning, machines spray hot or cold detergent

solution onto upholstered surfaces, carpets, tapestries etc, and it is

vacuumed off before the fabric becomes saturated.

Target

Indoor surfaces of residential and other buildings and household objets

that are robust enough to be cleaned with water.

Targeted radionuclides

All radionuclides. Suitable for removing short-lived radionuclides if

implemented quickly. Particularly suitable for removing caesium.

Scale of application

Suitable for indoor surfaces in all types of buildings

Exposure pathway

Possible pathways:

-

 

External gamma and beta exposure from pending time in buildings

-

 

Resuspension doses from spending time in buildings

Time of application

Maximum benefit if carried out within a few weeks of deposition when

maximum contamination is on surfaces.

Constraints

Legal constraints

-

 

Liabilities for possible damage to property

-

 

Ownership and access to property

-

 

Use in listed or other historic buildings and on precious objects

Environmental / technical

constraints

Steam cleaners, which use very hot water, are not suitable for silk,

viscose or cotton velvet fabrics.

Effectiveness

Reduction in contamination on

the surface

A decontamination factor (DF) of between 5 and 30 can be achieved,

although the variation could be large.

The lowest decontamination factors are achieved for cleaning rough

surfaces such as concrete, stone and brick surfaces (floors, walls,

ceilings) and for carpets, rugs, tapestries, upholstery, bedding and soft

furnishings if this option is implemented within a few weeks of
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- Buildings - indoor surfaces -

Surface removal

Key attributes

Objective

To reduce external and resuspension doses arising from contamination

on indoor surfaces of buildings (primarily walls and ceilings) within

inhabited areas.

Other benefits

Will remove contamination from indoor surfaces and objects in

buildings.

Countermeasure description

Paint 

can be removed from underlying plaster using commercial

sanders.  The technique is, however, likely to produce a lot of dust

unless an improvised vacuum shroud is placed around the sander

connected to a HEPA filter vacuum cleaner.

Plaster

 can be removed using long-reach pneumatic chisels.

Wallpaper

 glued directly to plaster can be removed by manual scraping

or using steam strippers.  Wallpaper glued directly to plaster can be

removed by manual scraping or by using steam strippers.  Wallpaper

with a paper backing (integral to the paper or separate) can be peeled

easily from the backing paper by hand.  Backing paper will need to be

removed by manual scraper or steam stripper, if necessary.

Linoleum and carpet

 and not stuck to floors and are relatively easily

removed manually. 

Linoleum tiles

 can be stuck to concrete floors or

stuck to hardboard which is pinned to a wooden floor.  Machinery may

be required to remove tiles stuck to concrete floors.  For tiles stuck to

hardboard, removal involves removing both the hardboard and tiles

together by removing the pins and pulling the hardboard away from the

floor.

Wooden floors

 are removed by prising the floor boards from the cross

joints which are then themselves removed using saws.

Target

Indoor surfaces (primarily walls or ceilings) of buildings.

Targeted radionuclides

All radionuclides. Unlikely to be considered for removal of short-lived

radionuclides alone.

Scale of application

Suitable for small areas of indoor surfaces in all types of building..

Exposure pathway

Possible pathways:

-

 

External gamma and beta exposure from spending time in

buildings

-

 

Resuspension doses from spending time in buildings.

Time of application

Maximum benefit if carried out within a few weeks of deposition when

maximum contamination on surfaces.

Constraints

Legal constraints

-

 

Liabilities for possible damage to property

-

 

Ownership and access to property

-

 

Use in listed or other historic buildings and on precious objects.
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- Buildings - indoor surfaces -

Removal of furniture, soft furnishings and other objects

Key attributes

Objective

To reduce external and resuspension doses arising from contamination

on indoor objects, furnishings and fixtures within inhabited areas.

Other benefits

Will remove contamination from indoor surfaces in buildings.

Countermeasure description

Objects, fixtures and furnishings in buildings can be removed.

Contamination should be fixed to the surface prior to removal if there is

a risk of dust further spreading contamination during the removal

process.  For upholstery, unfixed carpets and linen, a spray fixative of

10% glycerol in water can be used; wax polish can be sprayed onto

smooth finished furniture to prevent dust spreading during removal.

Target

Indoor objects, fixtures and furnishings in buildings.

Targeted radionuclides

All radionuclides. Unlikely to be considered for removal of short-lived

radionuclides alone.

Scale of application

Suitable for small indoor areas in all types of building..

Exposure pathway

Possible pathways:

-

 

External gamma and beta exposure from spending time in

buildings

-

 

Resuspension doses from spending time in buildings

Time of application

Maximum benefit if carried out within a few weeks of deposition when

maximum contamination on surfaces.

Constraints

Legal constraints

-

 

Liabilities for possible damage to property

-

 

Ownership and access to property

-

 

Use in listed or other historic buildings and on precious objects.

Environmental / technical

constraints

Effectiveness

Reduction in contamination on

the surface

If carried out carefully, these removal processes can remove virtually

all the contamination on the surfaces/objects.  However, the process of

removing objects may result in the spread of contamination onto other

surfaces via dust.  The amount of contamination re-distributed will

depend on the extent to which contamination is contained prior to the

removal.

Reduction in surface dose rates

No estimates made.

Reduction in resuspension

No estimates made.
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- Buildings - indoor surfaces -

Physical cleaning of contaminated surfaces

Key attributes

Objective

To reduce external and resuspension doses arising from contamination

on indoor floor and wall surfaces of large public buildings, eg railway

stations within inhabited areas.

Other benefits

Will remove contamination from indoor floor and wall surfaces in

buildings.

Countermeasure description

The techniques likely to be considered are high pressure hosing,

sandblasting and surface removal.

For high pressure hosing, water at 2000 psi is pumped through a hand-

held nozzle is used. All machines have the capability of introducing

detergent, other chemicals or grit into hot or cold water (sand blasting).

For large areas such as railway stations, 5000 psi pumped water could

be used with equipment mounted on a heavy trolley. The water is

pressurised by a trailer mounted pump with water supplies from tanks,

hydrants or fire tenders.

Scabblers are used to remove cracked and shattered concrete surfaces

leaving a textured finish to which the new layer will key satisfactorily.

The technique involves several pneumatic hammers shattering 6mm of

the surface. The surface must be kept wet during the process to prevent

resuspension and recontamination of surfaces. It is unlikely that this

technique would ever be required, except perhaps at the junction of

floor and wall where ingress of contamination to the underlying

concrete is likely. The technique can also be used on bricks.

For large areas with outside access, gully suckers could be used to

collect the waste water.

Clean-up of the surrounding ground/other surfaces should be

considered if waste is not collected.

Segregation of contaminated waste may be possible by filtration of the

aqueous waste.

Dust creation during implementation is unlikely to be a problem and so

tie-down is not required to reduce resuspension doses to workers.

Target

Indoor surfaces of buildings that are robust enough to withstand

invasive cleaning / removal, eg large concrete concourses.

Targeted radionuclides

All radionuclides.  Unlikely to be used for removing short-lived

radionuclides alone.

Scale of application

Suitable for large areas of indoor surfaces in public buildings,

particularly those open to the outdoors, eg railway stations.

Exposure pathway

Possible pathways:

-

 

External gamma and beta exposure from contaminated paved

surfaces

-

 

Resuspension from contaminated paved surfaces, particularly

during dry conditions and in dusty environments

Time of application

Maximum benefit if carried out soon after deposition when maximum

contamination is still on the surfaces.  However, these techniques may



 EMBED Word.Document.8 \s [image: image8.wmf]ID: 28

- Buildings - precious objects -

Storage, shielding, covering, gentle cleaning

Key attributes

Objective

To reduce external and resuspension doses arising from contamination

on personal and precious objects within inhabited areas.

Other benefits

Gentle cleaning will remove contamination from precious objects

within buildings.

Countermeasure description

It may not be possible or appropriate to carry out decontamination of

precious objects, such as museum artefacts, tapestries, jewellery,

paintings etc because of the risk of damaging the objects during the

cleaning process. Several alternative options are available for such

objects.

-

 

If objects are placed within rooms or storage facilities to which

people do not have general access, then significant reductions in

dose rates to people in adjoining rooms and buildings can be

achieved.

-

 

Some objects, which do not require handling, could be shielded or

covered. For instance, museum artefacts could be placed behind

leaded glass or perspex; they can remain on display, but the public

will be shielded from the contamination.

-

 

Specialist, gentle cleaning techniques could be carried out on

objects.

Target

Precious and personal objects within buildings.

Targeted radionuclides

All radionuclides. The storage option will be particularly suitable for

short-lived radionculides.  Shielding and covering will be particularly

effective for beta emitters.

Scale of application

Particularly suitable for small objects.

Exposure pathway

Possible pathways:

-

 

External gamma and beta exposure from contaminated objects.

-

 

Resuspension.

Time of application

Maximum benefit if carried out soon after deposition.

Constraints

Legal constraints

-

 

Liabilities for possible damage to objects

-

 

Ownership and access to objects

-

 

Use in listed or other historic buildings

Environmental / technical

constraints

Effectiveness

Reduction in contamination on

the surface

Contamination on the surface of objects will only be reduced if gentle

cleaning is applied.

Reduction in surface dose rates

Cleaning will also reduce surface doses rates from objects.

Shielding and storage will reduce external gamma and beta dose rates;

the degree of reduction will depend on the thickness of shielding used.
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- Roads and paved areas -

Firehosing

Key attributes

Objective

To reduce external gamma and beta doses and resuspension doses

arising from ‘paved’ outdoor areas within inhabited areas

Other benefits

Will remove contamination from outdoor ‘paved’  surfaces.

Countermeasure description

Firehosing equipment is used to hose contaminated material from hard

outdoor surfaces.

Contamination, dirt/dust and water are washed directly down drains or

on to grass and soil verges. Water can be taken from a hydrant or a fire

fighting appliance.

Collection of water may be possible through the use of bunds (this is

not considered further in this data sheet)

Dust creation during implementation is unlikely to be a problem and so

tie-down is not required to reduce resuspension doses to workers.

Target

Paved surfaces (roads, pavements, paths, yards, playgrounds etc).

Targeted radionuclides

All radionuclides.  Suitable for removing short-lived radionuclides if

implemented quickly.

Scale of application

Any size. Suitable for small surface areas (e.g. pavements, playgrounds)

and large surface areas (e.g. roads).

Exposure pathway

Possible pathways:

-

 

External gamma and beta exposure from contaminated paved

surfaces;

-

 

Resuspension from contaminated paved surfaces, particularly

during dry conditions and in dusty environments.

Time of application

Maximum benefit if carried out within about 1 week of deposition as

effectiveness depends on removal of dust from the surface. Unlikely to

have a significant effect at later times.

Constraints

Legal constraints

-

 

Liabilities for possible damage to property (e.g. flooding)

-

 

Ownership and access to property

-

 

Disposal of contaminated water

-

 

Use on listed sites and conservation areas

Environmental / technical

constraints

-

 

Severe cold weather

-

 

Firehosing should not be considered if hard surfaces are not

equipped with drains

Effectiveness

Reduction in contamination on

the surface

A decontamination factor (DF) of between 2 and 4 can be achieved if

this option is implemented within one week of deposition.

DFs at longer times will be significantly lower unless surface has not

been subject to any ‘traffic’ and there has been no rainfall.

Repeated application is unlikely to provide any significant increase in

DF.
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- Buildings - indoor surfaces -



Washing



Key attributes





Objective

To reduce external and resuspension doses arising from contamination on indoor surfaces of buildings, particularly floors and objects within inhabited areas.






Other benefits

Will remove contamination from indoor surfaces and objects in buildings.






Countermeasure description

Washing of indoor hard surfaces and objects can be done with warm/hot water and detergent.  Surfaces need to be rinsed to remove any remaining contamination / detergent.


For upholstered surfaces, detergent solution can be sprayed onto the surface and is vacuumed off. For washing walls and ceilings, sheeting should be used to prevent contamination of the floor with waste water.






Target

Indoor hard surfaces, particularly floors, and objects in buildings.






Targeted radionuclides

All radionuclides. Particularly suitable for removing short-lived radionuclides if implemented quickly.






Scale of application

Suitable for indoor surfaces in all types of building..






Exposure pathway

Possible pathways:


· External gamma and beta exposure from spending time in buildings


· Resuspension doses from spending time in buildings






Time of application

Maximum benefit if carried out within a few weeks of deposition when maximum contamination on surfaces.






Constraints





Legal constraints

· Liabilities for possible damage to property


· Ownership and access to property


· Use in listed or other historic buildings and on precious objects.






Environmental / technical constraints





Effectiveness





Reduction in contamination on the surface

A decontamination factor (DF) of between 1.5 and 3 can be achieved, although there is likely to large variation in this value. The quoted DF assumes that this option is implemented within a few weeks of deposition and no previous cleaning has taken place.


Repeated application is unlikely to provide any significant increase in DF if implemented thoroughly the first time.






Reduction in surface dose rates

External gamma and beta dose rates from internal surfaces of buildings will be reduced by the value of the DF.






Reduction in resuspension

A resuspension reduction factor (RRF) of can be achieved in the same range as the DF.






Averted doses

Include illustrative dose reductions here for Cs-137 (refer to Appendix for details of scenario).


Factors influencing dose reduction:


· Consistency in effective implementation of option over entire area.


· Weather at time of deposition; less material is deposited indoors during wet deposition.


· Application of appropriate clean-up to other indoor surfaces and objects.


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


· Care of application.  Need to wash contamination off surfaces and not just move it around the surface or onto another surface.


· The amount of time spent by individuals inside the buildings.






Additional doses

Exposure pathways workers could be exposed to are:


· External exposure from environment and contaminated equipment 


· Inhalation of plume activity (if radionuclide release is ongoing).


· Enhanced resuspension of activity deposited in the indoor environment leading to inhalation of dust generated


· Inadvertent ingestion of dust from workers' hands

Contributions from pathways in italics will not be significant and using PPE can control doses from these pathways. Exposure routes from transport and disposal of waste are not included. 


For radionuclides that present a beta/gamma hazard, external dose dominates. Even under very dusty conditions, the resuspension dose will only provide a small contribution to the total worker dose.  In general, worker doses will be approximately half that of public doses.


For radionuclides that present an alpha hazard, resuspension dose dominates and external dose can be ignored. Worker doses will typically be more than 10 to 100 times lower than public doses. If dust levels are enhanced, and workers are not protected, then over long periods of clean-up (i.e. over more than about six months), doses to workers may begin to approach those of the public. 


For further information on worker doses, see Appendix





Factors influencing effectiveness of procedure (technical)

· Type and condition of surface


· Time of operation (the longer the time between deposition and implementation of the option the less effective it will be as contaminated dust may have migrated elsewhere)


· Consistent application over the contaminated area; need to ensure edges and corners are cleaned


· Amount of dust on surfaces at the time of deposition


· Whether any cleaning has already been undertaken


· Efficiency of equipment


· Ability to wash objects.


· Solubility of contaminating radionuclides






Factors influencing effectiveness of procedure (social)





Feasibility





Required specific equipment

· Wet vacuum cleaner


· Detergent sprayer


· Rotating brush 


· PVC sheeting


· Transport vehicles for equipment and waste






Required utilities and infrastructure

· Mains electricity supply.


· Water supply


· Roads for transport of equipment and waste.






Required consumables

· Fuel for transport vehicles.


· Water and detergent






Required skills

Only a little instruction is likely to be required.






Required safety precautions

Gloves and overalls.  Waterproof clothing may be required.






Waste







Walls, floors and ceilings

Bedding



Amount

1 10-3 kg m-2

2 10-3 kg m-2



Type

Dust and water

Dust and water



Intervention costs







Walls, floors, ceilings

Bedding



Equipment 
€ m-2

7 10-2

8 10-1



Consumables 
€ m-2

No significant costs identified



Labour

€ m-2

3

3



Operator time

Work rate


 m2/team.hr




1.5 101

2.5 101





Team size


people

1

1



Factors influencing costs

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


· Building size


· Type of equipment used


· Access

· Use of RPE

· Tidiness of houses and amount of ‘contents’

· Amount of dust/dirt on surfaces






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

Possible damage to building surfaces and objects


Positive benefit of cleaning houses.






Practical experience

Several small scale tests have been reported before/after the Chernobyl accident in 1986.






Key references

Allott, Kelly and Hewitt (1994); Brown and Jones (2000); Brown, Charnock and Morrey (2003); Charnock et al (2003); Roed (1985); Tschiersch (1995)
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- Buildings - indoor surfaces -



Surface removal



Key attributes





Objective

To reduce external and resuspension doses arising from contamination on indoor surfaces of buildings (primarily walls and ceilings) within inhabited areas.






Other benefits

Will remove contamination from indoor surfaces and objects in buildings.






Countermeasure description

Paint can be removed from underlying plaster using commercial sanders.  The technique is, however, likely to produce a lot of dust unless an improvised vacuum shroud is placed around the sander connected to a HEPA filter vacuum cleaner.


Plaster can be removed using long-reach pneumatic chisels.


Wallpaper glued directly to plaster can be removed by manual scraping or using steam strippers.  Wallpaper glued directly to plaster can be removed by manual scraping or by using steam strippers.  Wallpaper with a paper backing (integral to the paper or separate) can be peeled easily from the backing paper by hand.  Backing paper will need to be removed by manual scraper or steam stripper, if necessary.


Linoleum and carpet and not stuck to floors and are relatively easily removed manually. Linoleum tiles can be stuck to concrete floors or stuck to hardboard which is pinned to a wooden floor.  Machinery may be required to remove tiles stuck to concrete floors.  For tiles stuck to hardboard, removal involves removing both the hardboard and tiles together by removing the pins and pulling the hardboard away from the floor.


Wooden floors are removed by prising the floor boards from the cross joints which are then themselves removed using saws.






Target

Indoor surfaces (primarily walls or ceilings) of buildings.






Targeted radionuclides

All radionuclides. Unlikely to be considered for removal of short-lived radionuclides alone.






Scale of application

Suitable for small areas of indoor surfaces in all types of building..






Exposure pathway

Possible pathways:


· External gamma and beta exposure from spending time in buildings


· Resuspension doses from spending time in buildings.






Time of application

Maximum benefit if carried out within a few weeks of deposition when maximum contamination on surfaces.






Constraints





Legal constraints

· Liabilities for possible damage to property


· Ownership and access to property


· Use in listed or other historic buildings and on precious objects.






Environmental / technical constraints





Effectiveness





Reduction in contamination on the surface

If carried out carefully, these removal processes can remove virtually all the contamination on the surface.  However, the process of removing paper, paint or plaster may result in the spread of contamination onto other surfaces via dust.


Repeated application is unlikely to provide any significant increase in DF if implemented thoroughly the first time.






Reduction in surface dose rates

No estimates made.






Reduction in resuspension

No estimates made.






Averted doses

Dose reductions have not been estimated for this option.  Some indication of possible dose reductions can be found in data sheet 4-14.  However, it should be noted that removal of surfaces will only reduce doses to people while they are indoors and will be very dependent on the specific situation and the surfaces cleaned.


Factors influencing dose reduction:


Consistency in effective implementation of option over entire area.


Weather at time of deposition; less material is deposited indoors during wet deposition. Also, deposition is influenced by the amount of furniture and furnishings and ventilation rates.


Application of appropriate clean-up to other indoor surfaces and objects.


Time of implementation. The impact of cleaning the surfaces on the overall doses will be reduced with time as there will be less contamination on the surfaces due to natural weathering and cleaning.


Care of application.  Need to remove contamination from surfaces and not just move it around the surface or onto another surface.


Amount of time people spend in the buildings.






Additional doses

Exposure pathways workers could be exposed to are:


· External exposure from environment and contaminated equipment 


· Inhalation of plume activity (if radionuclide release is ongoing).


· Enhanced resuspension of activity deposited in the indoor environment leading to inhalation of dust generated


· Inadvertent ingestion of dust from workers' hands

Contributions from pathways in italics will not be significant and using PPE can control doses from these pathways. Exposure routes from transport and disposal of waste are not included. 


For radionuclides that present a beta/gamma hazard, external dose dominates. Even under very dusty conditions, the resuspension dose will only provide a small contribution to the total worker dose.  In general, worker doses will be approximately half that of public doses.


For radionuclides that present an alpha hazard, resuspension dose dominates and external dose can be ignored. Worker doses will typically be more than 10 to 100 times lower than public doses. If dust levels are enhanced, and workers are not protected, then over long periods of clean-up (i.e. over more than about six months), doses to workers may begin to approach those of the public. 


For further information on worker doses, see Appendix





Factors influencing effectiveness of procedure (technical)

· Type and condition of surface


· Time of operation (the longer the time between deposition and implementation of the option the less effective it will be as contaminated dust may have migrated elsewhere)


· Consistent application over the contaminated area; need to ensure all the surface material is removed


· Amount of dust on surfaces at the time of deposition


· Whether any cleaning has already been undertaken


· Collection of all removed surface material






Factors influencing effectiveness of procedure (social)





Feasibility





Required specific equipment

· Scrapers


· Steam strippers


· Pneumatic chisels


· Removing lino tiles from concrete: machine (long reach scaler) to remove tiles stuck to concrete floors


· Saws for removing wooden floors


· Transport vehicles for equipment and waste






Required utilities and infrastructure

· Mains electricity supply.


· Water supply


· Roads for transport of equipment and waste.






Required consumables

· Fuel for transport vehicles.


· Water and detergent






Required skills

Only a little instruction is likely to be required.






Required safety precautions

Gloves and overalls.  Waterproof clothing may be required.


RPE may be required under dusty conditions to reduce the hazard from resuspension.






Waste





Amount and type

Surface removed

Amount, 
kg m-2 solid waste

Type





Wallpaper 

1.0

Wallpaper





Paint 

1.0

Paint and plaster dust





Plaster 

1 101

Plaster





Carpet

4 10-1

Carpet





Linoleum / linoleum tiles (laid on concrete) 

3.0

Linoleum, tiles, cement





Linoleum tiles (laid on wood) 

4

Tiles and hardboard





Wood floor 

7

Wood





Any water resulting from steam stripping will not be able to be collected and so floor surfaces will need to be covered and covering disposed of.



Intervention costs





Equipment costs

Surface removed

Equipment cost, € m-2





Wallpaper 

8 10-4 (scraping)


2 10-4 (scraping and peeling)


No significant cost for peeling alone





Paint 

9 10-2 (walls)


1 10-1 (ceilings)





Plaster 

1 (walls and ceilings)





Carpet

8 10-2





Linoleum

No significant cost identified other than transport of waste





Linoleum tiles (laid on concrete)

2 10-1 





Linoleum tiles (laid on wood) 

No significant cost identified other than transport of waste





Wood floor 

No significant cost identified other than transport of waste



Material costs

No significant costs identified.






Labour costs

Surface removed

Labour cost, € m-2





Wallpaper 

6 10-1 (scraping) 


2 10-1 (scraping and peeling) 


9 10-2 (peeling)





Paint 

7 (walls)


9 (ceilings)





Plaster 

1 (walls and ceilings)





Carpet

7 10-1 





Linoleum

5 10-1 





Linoleum tiles (laid on concrete)

2





Linoleum tiles (laid on wood) 

2 10-1 





Wood floor 

1





Operator time

Surface removed

Work rate, m2/team.hr








Wallpaper 

60 m-2 h-1 (scraping)


230 m-2 h-1 (scraping and peeling)


400 m-2 h-1 (peeling)





Paint 

5 m-2 h-1 (walls)


4 m-2 h-1 (ceilings)





Plaster 

25 m-2 h-1 (walls and ceilings)





Carpet

100 m-2 h-1





Linoleum

80 m-2 h-1





Linoleum tiles (laid on concrete)

20 m-2 h-1





Linoleum tiles (laid on wood) 

200 m-2 h-1





Wood floor

3 m-2 h-1





Team size:


people 2 for carpet removal; 1 for all other techniques



Factors influencing costs

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


· Building size


· Type of equipment used


· Access

· Use of RPE

· Tidiness of houses and amount of ‘contents’

· Thickness of surface covering/layers of wallpaper and/or paint





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

Possible damage to building surfaces 


Positive benefit of cleaning houses.






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); Charnock et al (2003); Brown, Charnock and Morey (2003)
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- Buildings - indoor surfaces -



Physical cleaning of contaminated surfaces



Key attributes





Objective

To reduce external and resuspension doses arising from contamination on indoor floor and wall surfaces of large public buildings, eg railway stations within inhabited areas.






Other benefits

Will remove contamination from indoor floor and wall surfaces in buildings.






Countermeasure description

The techniques likely to be considered are high pressure hosing, sandblasting and surface removal.


For high pressure hosing, water at 2000 psi is pumped through a hand-held nozzle is used. All machines have the capability of introducing detergent, other chemicals or grit into hot or cold water (sand blasting). For large areas such as railway stations, 5000 psi pumped water could be used with equipment mounted on a heavy trolley. The water is pressurised by a trailer mounted pump with water supplies from tanks, hydrants or fire tenders.


Scabblers are used to remove cracked and shattered concrete surfaces leaving a textured finish to which the new layer will key satisfactorily. The technique involves several pneumatic hammers shattering 6mm of the surface. The surface must be kept wet during the process to prevent resuspension and recontamination of surfaces. It is unlikely that this technique would ever be required, except perhaps at the junction of floor and wall where ingress of contamination to the underlying concrete is likely. The technique can also be used on bricks. 


For large areas with outside access, gully suckers could be used to collect the waste water.


Clean-up of the surrounding ground/other surfaces should be considered if waste is not collected.


Segregation of contaminated waste may be possible by filtration of the aqueous waste.


Dust creation during implementation is unlikely to be a problem and so tie-down is not required to reduce resuspension doses to workers.






Target

Indoor surfaces of buildings that are robust enough to withstand invasive cleaning / removal, eg large concrete concourses.






Targeted radionuclides

All radionuclides.  Unlikely to be used for removing short-lived radionuclides alone.






Scale of application

Suitable for large areas of indoor surfaces in public buildings, particularly those open to the outdoors, eg railway stations.






Exposure pathway

Possible pathways: 


· External gamma and beta exposure from contaminated paved surfaces


· Resuspension from contaminated paved surfaces, particularly during dry conditions and in dusty environments






Time of application

Maximum benefit if carried out soon after deposition when maximum contamination is still on the surfaces.  However, these techniques may be effective up to several years after deposition, although this will depend on the cleaning and weathering that has taken place prior to clean-up. 






Constraints





Legal constraints

· Liabilities for possible damage to property (e.g. flooding)


· Ownership and access to property


· Disposal of contaminated water via public sewer system


· Use on listed sites, historical buildings or in conservation areas






Environmental / technical constraints

· Severe cold weather


· Surfaces must be waterproof and resist water at high pressure.


· Nearby drains are required if water is not to be collected.






Effectiveness





Reduction in contamination on the surface

A decontamination factor (DF) of <15 could be expected for concrete, stone and brick surfaces (floors and walls) if this option is implemented within a few weeks of deposition and no previous cleaning has taken place.  


For smooth surfaces, such as  tiles, linoleum, Marley tiles and glass, a DF of <50 could be expected from high pressure hosing.


For scabbling/concrete removal, a decontamination factor (DF) of <50 could be expected for concrete, stone or brick floor surfaces if this option is implemented soon after deposition and no previous cleaning has taken place.


Repeated application is unlikely to provide any significant increase in DF if implemented thoroughly the first time.






Reduction in surface dose rates

External gamma and beta dose rates immediately above cleaned surfaces will be reduced by a  factor similar to the DF. 






Reduction in resuspension

A reduction in resuspension from the cleaned surfaces could be expected to be of the same value as the DF.






Averted doses

Dose reductions have not been estimated for this option.  Some indication of possible dose reductions can be found in data sheets 16 (high pressure hosing building exteriors), and 15 (sandblasting building exteriors).  However, it should be noted that these techniques will only reduce doses to people while they are indoors and will be very dependent on the specific situation and the surfaces cleaned.


Factors influencing dose reduction:


· Consistency in effective implementation of option over entire area.


· Weather at time of deposition; less material is deposited indoors during wet deposition.


· Application of appropriate clean-up to other indoor surfaces and objects.


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


· The amount of time spent by individuals inside the buildings.


· Care of application.  Need to wash contamination off surfaces and not just move it around the surface or onto another surface.





Additional doses

Exposure pathways workers could be exposed to are:


· External exposure from environment and contaminated equipment 


· Inhalation of plume activity (if radionuclide release is ongoing).


· Enhanced resuspension of activity deposited in the indoor environment leading to inhalation of dust generated


· Inadvertent ingestion of dust from workers' hands

Contributions from pathways in italics will not be significant and using PPE can control doses from these pathways. Exposure routes from transport and disposal of waste are not included. 


For radionuclides that present a beta/gamma hazard, external dose dominates. Even under very dusty conditions, the resuspension dose will only provide a small contribution to the total worker dose.  In general, worker doses will be a few times higher than public doses.


For radionuclides that present an alpha hazard, resuspension dose dominates and external dose can be ignored. Worker doses will typically be up to a few times higher than public doses but this will depend on the length of time that workers remain in the contaminated area. 


For further information on worker doses, see Appendix





Factors influencing effectiveness of procedure (technical)

· Type and condition of surface


· Time of operation (the longer the time between deposition and implementation of the option the less effective it will be as contaminated dust may have migrated elsewhere)


· Consistent application over the contaminated area; need to ensure edges and corners are cleaned


· Amount of dust on surfaces at the time of deposition


· Whether any cleaning has already been undertaken


· Efficiency of equipment and water pressure used.





Factors influencing effectiveness of procedure (social)





Feasibility





Required specific equipment

The equipment used will depend on whether the waste water is filtered prior to disposal.  Equipment could include:


· 2000 psi pressure washer


· 7.5 kW generator


· filter 


· spate pump


· gully sucker with fishtail attachment


· transport vehicles for equipment and waste


· pneumatic hammers






Required utilities and infrastructure

Roads for transport of equipment and waste


Water and power supplies


Public sewer system



Required consumables

Water


Fuel for generators and transport vehicles


Sand/grit for sandblasting






Required skills

Skilled personnel essential to operate machinery.






Required safety precautions

Water resistant clothing should be recommended, particularly in highly contaminated areas


RPE should be considered to protect workers from contaminated water spray.






Waste





Amount 

Variable depending on technique and whether water is collected. 


Sandblasting gives rise to about 5 kg m-2 of solid waste (dust + filters) + water used.


Scabbling gives rise to about 15 kg m-2 solid waste for concrete floor removal and 25 kg m-2 for brick wall removal.






Type

Dust/dirt (sludge), water and filters



Intervention costs





Equipment
€ m-2

1 10-1 – 3 10-1 depending on cleaning method


For scabbling brick walls cost increases to about 8






Consumables
€ m-2

No significant costs for high pressure hosing.  For other techniques costs could be in the region of 3 10-1 – 5 10-1






Labour

€ m-2

7 10-1 – 5 depending on cleaning method


For scabbling brick walls cost increases to about 70






Operator time

Work rate, m2 /team hr

100 for high pressure hosing and sandblasting


15 for concrete floor removal and 5 10-1 for brick walls (scabbling). 








Team size, number of people

High pressure hosing/sandblasting:  About 5-6 people required if water is collected, 1-2 if not.


1-2 people required for scabbling



Factors influencing costs

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


· Weather


· Type of equipment used


· Access


· Proximity of water supplies


· Use of RPE





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 active disposal of contaminated waste water into the public sewer system


· Cleaning will make an area look clean; implementation may give public reassurance.


· Repair work to some surfaces may be required






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); Charnock et al (2003); see other relevant data sheets (15 and 16)
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- Buildings - precious objects -



Storage, shielding, covering, gentle cleaning



Key attributes





Objective

To reduce external and resuspension doses arising from contamination on personal and precious objects within inhabited areas.






Other benefits

Gentle cleaning will remove contamination from precious objects within buildings.






Countermeasure description

It may not be possible or appropriate to carry out decontamination of precious objects, such as museum artefacts, tapestries, jewellery, paintings etc because of the risk of damaging the objects during the cleaning process. Several alternative options are available for such objects.


· If objects are placed within rooms or storage facilities to which people do not have general access, then significant reductions in dose rates to people in adjoining rooms and buildings can be achieved. 


· Some objects, which do not require handling, could be shielded or covered. For instance, museum artefacts could be placed behind leaded glass or perspex; they can remain on display, but the public will be shielded from the contamination.


· Specialist, gentle cleaning techniques could be carried out on objects.






Target

Precious and personal objects within buildings.






Targeted radionuclides

All radionuclides. The storage option will be particularly suitable for    short-lived radionculides.  Shielding and covering will be particularly effective for beta emitters.






Scale of application

Particularly suitable for small objects.






Exposure pathway

Possible pathways:


· External gamma and beta exposure from contaminated objects.


· Resuspension.






Time of application

Maximum benefit if carried out soon after deposition.






Constraints





Legal constraints

· Liabilities for possible damage to objects


· Ownership and access to objects


· Use in listed or other historic buildings






Environmental / technical constraints





Effectiveness





Reduction in contamination on the surface

Contamination on the surface of objects will only be reduced if gentle cleaning is applied.






Reduction in surface dose rates

Cleaning will also reduce surface doses rates from objects.  


Shielding and storage will reduce external gamma and beta dose rates; the degree of reduction will depend on the thickness of shielding used.  Some examples are given below:


Brick or concrete wall thicknesses of 10-20 cm will half the dose rate outside a room for medium to high energy gamma emitters.


Around 10mm lead will be sufficient to half the gamma dose rate fro many radionuclides and a few tens millimetres could reduce gamma dose-rates by a factor of 10.  For steel, these thicknesses would need to be at least doubled to receive the same level of shielding.


1-5mm of glass will totally absorb beta particles for the range of beta energies likely to be of concern.  Plastic (perspex) would need to be about twice as thick to have the same effect.  


Air can also be used as a shielding material. 1-2 m of air will reduce dose-rates to very low levels for weak beta emitters: a distance of up to 10 m would be needed to give high reductions in dose rate for high energy beta emitters such as 90Sr/90Y.  For gamma emitters, dose rates will drop off in air in proportion to the square of the distance, eg, if people are kept 5m away from an object, the dose-rate they  receive from that object will be 25 times lower than if they were 1m away.






Reduction in resuspension

Removing contamination from an object's surface will reduce the contamination available for resuspension.


Shielding an object in a closely fitting container will stop all resuspension.






Averted doses

Dose reductions have not been estimated for this option. It should be noted that cleaning objects will only reduce doses to people while they are indoors and will be very dependent on the specific situation and the objects and other surfaces cleaned.

Factors influencing dose reduction:


· Consistency in effective implementation of option over contamianted area.


· Weather at time of deposition; less material is deposited indoors during wet deposition.


· Application of appropriate clean-up to other indoor surfaces and objects.


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


· The amount of time spent by individuals inside the buildings.


· Care of application.  Need to wash contamination off surfaces and not just move it around the surface or onto another surface.





Additional doses

Exposure pathways workers could be exposed to are:


· External exposure from environment and contaminated equipment 


· Inhalation of plume activity (if radionuclide release is ongoing).


· Enhanced resuspension of activity deposited in the indoor environment leading to inhalation of dust generated


· Inadvertent ingestion of dust from workers' hands

Contributions from pathways in italics will not be significant and using PPE can control doses from these pathways. Exposure routes from transport and disposal of waste are not included. 


For radionuclides that present a beta/gamma hazard, external dose dominates. Even under very dusty conditions, the resuspension dose will only provide a small contribution to the total worker dose.  In general, worker doses will be approximately half that of public doses.


For radionuclides that present an alpha hazard, resuspension dose dominates and external dose can be ignored. Worker doses will typically be more than 10 to 100 times lower than public doses. If dust levels are enhanced, and workers are not protected, then over long periods of clean-up (i.e. over more than about six months), doses to workers may begin to approach those of the public. 


For further information on worker doses, see Appendix





Factors influencing effectiveness of procedure (technical)

· Type, condition and fragility of object


· Time of operation (for cleaning, the longer the time between deposition and  implementation of the cleaning, the less effective it will be as contamination may have migrated elsewhere)


· Consistent application of cleaning over entire object; need to ensure entire object's surface is cleaned.


· Amount of dust on the surface of the object at the time of deposition.


· Whether any cleaning has already been undertaken.


· Weight of shielding material that can be used and any need to be able to view objects clearly.






Factors influencing effectiveness of procedure (social)





Feasibility





Required specific equipment

Specialist cleaning equipment for gentle cleaning.


Specialist lifting gear, if object is to be moved into storage.






Required utilities and infrastructure

Power and water supplies


Storage facilities



Required consumables

Shielding materials, e.g. leaded glass if object is to be shielded.






Required skills

Specialist cleaning skills


Specialist handling skills.






Required safety precautions

Gloves and overalls.






Waste





Amount and type

Waste water will be generated from cleaning.  Quantities are unlikely to be large.






Intervention costs





Equipment

No significant costs identified.






Consumables

Costs of shielding materials






Operator time

Cleaning of precious objects is likely to take significantly longer than normal cleaning (see data sheet 23).






Factors influencing costs





Side effects / impact





Environmental impact





Social impact

Possible damage of objects with particular heritage significance.


Lack of access to objects and buildings by the public






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, 2004; Delacroix et al, 2002; Crick and Dimbylow, 1985.
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- Roads and paved areas -



Firehosing



Key attributes





Objective

To reduce external gamma and beta doses and resuspension doses arising from ‘paved’ outdoor areas within inhabited areas






Other benefits

Will remove contamination from outdoor ‘paved’  surfaces.






Countermeasure description

Firehosing equipment is used to hose contaminated material from hard outdoor surfaces. 


Contamination, dirt/dust and water are washed directly down drains or on to grass and soil verges. Water can be taken from a hydrant or a fire fighting appliance.


Collection of water may be possible through the use of bunds (this is not considered further in this data sheet)


Dust creation during implementation is unlikely to be a problem and so tie-down is not required to reduce resuspension doses to workers.






Target

Paved surfaces (roads, pavements, paths, yards, playgrounds etc).






Targeted radionuclides

All radionuclides.  Suitable for removing short-lived radionuclides if implemented quickly.






Scale of application

Any size. Suitable for small surface areas (e.g. pavements, playgrounds) and large surface areas (e.g. roads).






Exposure pathway

Possible pathways:


· External gamma and beta exposure from contaminated paved surfaces;


· Resuspension from contaminated paved surfaces, particularly during dry conditions and in dusty environments.






Time of application

Maximum benefit if carried out within about 1 week of deposition as effectiveness depends on removal of dust from the surface. Unlikely to have a significant effect at later times.






Constraints





Legal constraints

· Liabilities for possible damage to property (e.g. flooding)


· Ownership and access to property


· Disposal of contaminated water


· Use on listed sites and conservation areas






Environmental / technical constraints

· Severe cold weather


· Firehosing should not be considered if hard surfaces are not equipped with drains






Effectiveness





Reduction in contamination on the surface

A decontamination factor (DF) of between 2 and 4 can be achieved if this option is implemented within one week of deposition.


DFs at longer times will be significantly lower unless surface has not been subject to any ‘traffic’ and there has been no rainfall.


Repeated application is unlikely to provide any significant increase in DF.


In the short term, the quoted DF can be considered to be same for all radionuclides, with the exception of elemental iodine and tritium for which thorough hosing of impermeable surfaces will lead to virtually full removal.






Reduction in surface dose rates

External gamma and beta dose rates above the ‘paved’ surface will be reduced by the value of the DF.






Reduction in resuspension

Resuspended air concentrations will be reduced by the value of the DF.






Averted doses

Include illustrative dose reductions here for Cs-137 (refer to Appendix for details of sceanrio).


Factors influencing dose reduction:


· Consistency in effective implementation of option over a large area


· Population behaviour in area


· Time spent by individuals on or close to ‘paved’  surfaces.


· Amount of hard outdoor surfaces in the area ie environment type/land use


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


· Whether decontamination is carried out on adjacent paved surfaces


· Run-off of contamination onto other outdoor surfaces






Additional doses

Exposure pathways workers could be exposed to are:


· External exposure from environment and contaminated equipment 


· Inhalation of plume activity (if radionuclide release is ongoing)


· Enhanced resuspension of activity deposited in the environment leading to inhalation of dust generated


· Inadvertent ingestion of dust from workers' hands

Contributions from pathways in italics will not be significant and using PPE can control doses from these pathways. Exposure routes from transport and disposal of waste are not included. 


For radionuclides that present a beta/gamma hazard, external dose dominates. Even under very dusty conditions, the resuspension dose will only provide a small contribution to the total worker dose.  In general, worker doses will be a few times higher than public doses.


For radionuclides that present an alpha hazard, resuspension dose dominates and external dose can be ignored. Worker doses will typically be up to a few times higher than public doses but this will depend on the length of time that workers remain in the contaminated area. 


For further information on worker doses, see Appendix





Factors influencing effectiveness of procedure (technical)

· Amount of dust on surface at time of contamination. 


· Type, evenness and condition of surface. 


· Road gutters must be hosed carefully because contamination tends to accumulate there.


· Time of operation (the longer the time between deposition and implementation of the option the less effective it will be due to fixing of the contamination to the surface and migration of dust from the surface).


· Consistent application of water over the contaminated area. 


· Effectiveness is significantly reduced after rain.






Factors influencing effectiveness of procedure (social)





Feasibility





Required specific equipment

· Firehose


· Hydrant or fire fighting appliance 


N.B. if fire fighting appliance is used, it may reduce capability of fire service to respond to fires.






Required utilities and infrastructure

· Water supply



Required consumables

· Water






Required skills

Skilled personnel essential to operate fire fighting appliances and hoses.






Required safety precautions

Water-resistant clothing should be recommended, particularly in highly contaminated areas.


The use of RPE may be advisable due to the proximity to contaminated water spray.






Waste





Amount and type

Amount: 2 kg m-2


Type: dust and water






Intervention costs







Small areas

Large areas



Equipment
€ m-2

7 10-5 

2 10-2 



Consumables
€ m-2

No significant cost identified



Labour

€ m-2

7 10-2

1 10-1



Operator time

Work rate


m2/team.hr

1 103 

1 103 





Team size 


people

2

3



Factors influencing costs

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


· Weather


· Topography


· Size of area to be treated


· Type of equipment used


· Access


· Proximity of water supplies


· Use of RPE






Side effects / impact





Environmental impact

Waste water run-off from hard surfaces in inhabited areas will occur following rainfall over a period. Run-off from firehosing (if not collected) will flow onto other surfaces or directly down drains. The environmental impact of disposal of waste water from firehosing directly to drains may be easier to control and monitor in the sewage treatment plant than long term run-off produced by rainfall. 


The disposal 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.


Run-off of contamination onto other outdoor surfaces which may lead to more waste being generated if these areas subsequently require decontaminating.






Social impact

· Acceptability of active disposal of contaminated waste water into the public sewer system. However, note point above.


· Firehosing of roads and pavements will make an area look clean; implementation may give public reassurance.






Practical experience

Small-scale tests conducted in Denmark and USA under varying conditions to examine the influence of e.g. street dust loading.






Key references

Andersson (1996); Andersson and Roed (1999); Brown and Jones (2000); Brown, Charnock and Morrey (2003); Roed (1990); Roed and Andersson (1996); Roed, Andersson and Prip (1995); Warming (1984)






































2

4




_1164613522.doc
EURANOS(CAT1)-TN(04)00





ID: 26

- Buildings - indoor surfaces -



Removal of furniture, soft furnishings and other objects



Key attributes





Objective

To reduce external and resuspension doses arising from contamination on indoor objects, furnishings and fixtures within inhabited areas.






Other benefits

Will remove contamination from indoor surfaces in buildings.






Countermeasure description

Objects, fixtures and furnishings in buildings can be removed.  Contamination should be fixed to the surface prior to removal if there is a risk of dust further spreading contamination during the removal process.  For upholstery, unfixed carpets and linen, a spray fixative of 10% glycerol in water can be used; wax polish can be sprayed onto smooth finished furniture to prevent dust spreading during removal.






Target

Indoor objects, fixtures and furnishings in buildings.






Targeted radionuclides

All radionuclides. Unlikely to be considered for removal of short-lived radionuclides alone.






Scale of application

Suitable for small indoor areas in all types of building..






Exposure pathway

Possible pathways:


· External gamma and beta exposure from spending time in buildings


· Resuspension doses from spending time in buildings






Time of application

Maximum benefit if carried out within a few weeks of deposition when maximum contamination on surfaces.






Constraints





Legal constraints

· Liabilities for possible damage to property


· Ownership and access to property


· Use in listed or other historic buildings and on precious objects.






Environmental / technical constraints





Effectiveness





Reduction in contamination on the surface

If carried out carefully, these removal processes can remove virtually all the contamination on the surfaces/objects.  However, the process of removing objects may result in the spread of contamination onto other surfaces via dust.  The amount of contamination re-distributed will depend on the extent to which contamination is contained prior to the removal.






Reduction in surface dose rates

No estimates made.






Reduction in resuspension

No estimates made.






Averted doses

Dose reductions have not been estimated for this option.  Some indication of possible dose reductions can be found in data sheet 4-14.  However, it should be noted that removal of fixtures, furniture etc will only reduce doses to people while they are indoors and will be very dependent on the specific situation and the surfaces cleaned.


Factors influencing dose reduction:


· Consistency in effective implementation of option over entire area.


· Weather at time of deposition; less material is deposited indoors during wet deposition. Also, deposition is influenced by the amount of furniture and furnishings and ventilation rates.


· Application of appropriate clean-up to other indoor surfaces and objects.


· Time of implementation. The impact of removing objects and fixtures on the overall doses will be reduced with time as there will be less contamination on the surfaces due to natural weathering and cleaning.


· Care of application.  Need to remove contamination from surfaces and not just move it around the surface or onto another surface.


· Amount of time people spend in the buildings.






Additional doses

Exposure pathways workers could be exposed to are:


· External exposure from environment and contaminated equipment 


· Inhalation of plume activity (if radionuclide release is ongoing).


· Enhanced resuspension of activity deposited in the indoor environment leading to inhalation of dust generated


· Inadvertent ingestion of dust from workers' hands

Contributions from pathways in italics will not be significant and using PPE can control doses from these pathways. Exposure routes from transport and disposal of waste are not included. 


For radionuclides that present a beta/gamma hazard, external dose dominates. Even under very dusty conditions, the resuspension dose will only provide a small contribution to the total worker dose.  In general, worker doses will be approximately half that of public doses.


For radionuclides that present an alpha hazard, resuspension dose dominates and external dose can be ignored. Worker doses will typically be more than 10 to 100 times lower than public doses. If dust levels are enhanced, and workers are not protected, then over long periods of clean-up (i.e. over more than about six months), doses to workers may begin to approach those of the public. 


For further information on worker doses, see Appendix





Factors influencing effectiveness of procedure (technical)

· Type and condition of surface as this will affect the amount of dust that is likely to be produced and hence spreading of contamination.


· Time of operation (the longer the time between deposition and implementation of the option the less effective it will be as contaminated dust may have migrated elsewhere)


· Consistent application over the contaminated area; need to ensure all the objects and fixtures are removed


· Amount of dust on surfaces at the time of deposition


· Whether any cleaning has already been undertaken


· Collection of all removed surface material






Factors influencing effectiveness of procedure (social)

· Type and condition of surface


· Time of operation (the longer the time between deposition and implementation of the option the less effective it will be as contaminated dust may have migrated elsewhere)


· Consistent application over the contaminated area; need to ensure all the surface material is removed


· Amount of dust on surfaces at the time of deposition


· Whether any cleaning has already been undertaken


· Collection of all removed surface material






Feasibility





Required specific equipment

· Scrapers


· Steam strippers


· Pneumatic chisels


· Removing lino tiles from concrete: machine (long reach scaler) to remove tiles stuck to concrete floors


· Saws for removing wooden floors


· Transport vehicles for equipment and waste






Required utilities and infrastructure

· Mains electricity supply.


· Water supply


· Roads for transport of equipment and waste.






Required consumables

· Fuel for transport vehicles.


· Water and detergent






Required skills

Only a little instruction is likely to be required.






Required safety precautions

Gloves and overalls.  Waterproof clothing may be required.


RPE may be required under dusty conditions to reduce the hazard from resuspension.






Waste





Amount and type

Typically 20 –30 kg m-2 floor area.


Removal of fixtures likely to give rise to about 50 kg m-2.


Type: solid waste – beds, furniture, soft furnishings, ornaments, fixtures, electrical goods etc.



Intervention costs





Equipment costs
€ m-2

 5 10-1






Material costs

No significant costs identified






Labour costs
€ m-2

Typically about 4


Removal of fixtures costs more, about 15





Operator time

Work rate


 m2/team.hr

Typically 20 – 30 m2 /team hr. Removal of fixtures takes longer, about 5 m-2 / team hour





Team size


people

2



Factors influencing costs

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


· Building size


· Condition of objects to be removed


· Access

· Use of RPE

· Tidiness of houses and amount of ‘contents’





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

Possible damage to building surfaces 


Positive benefit of cleaning houses.






Practical experience

None specific to radioactive contamination identified.






Key references

Brown and Jones (2000); Charnock et al (2003); Brown, Charnock and Morrey (2003)
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- Buildings - indoor surfaces -



Other cleaning methods


(scrubbing, shampoo, steam cleaning)



Key attributes





Objective

To reduce external and resuspension doses arising from contamination on internal surfaces of buildings and objects within inhabited areas.






Other benefits

Will remove contamination from indoor surfaces and objects in buildings.






Countermeasure description

A variety of cleaning methods is available for indoor surfaces and objects e.g. scrubbing, shampooing, steam cleaning. The method chosen will be very dependent on the surfaces and the materials being cleaned.


Many small scrubbing machines are available for domestic use, equipped with a solution dispenser and wet vacuum pick-up.  Scrubbing wood may be inadvisable as contaminated water is forced between cracks, contaminating the surface below.


During shampoo/steam cleaning, machines spray hot or cold detergent solution onto upholstered surfaces, carpets, tapestries etc, and it is vacuumed off before the fabric becomes saturated.






Target

Indoor surfaces of residential and other buildings and household objets that are robust enough to be cleaned with water.






Targeted radionuclides

All radionuclides. Suitable for removing short-lived radionuclides if implemented quickly. Particularly suitable for removing caesium.






Scale of application

Suitable for indoor surfaces in all types of buildings






Exposure pathway

Possible pathways:


· External gamma and beta exposure from pending time in buildings


· Resuspension doses from spending time in buildings






Time of application

Maximum benefit if carried out within a few weeks of deposition when maximum contamination is on surfaces.






Constraints





Legal constraints

· Liabilities for possible damage to property


· Ownership and access to property


· Use in listed or other historic buildings and on precious objects






Environmental / technical constraints

Steam cleaners, which use very hot water, are not suitable for silk, viscose or cotton velvet fabrics.





Effectiveness





Reduction in contamination on the surface

A decontamination factor (DF) of between 5 and 30 can be achieved, although the variation could be large.


The lowest decontamination factors are achieved for cleaning rough surfaces such as concrete, stone and brick surfaces (floors, walls, ceilings) and for carpets, rugs, tapestries, upholstery, bedding and soft furnishings if this option is implemented within a few weeks of deposition and no previous cleaning has taken place.  


The highest DFs can be expected by cleaning smooth surfaces such as wood, tiles, linoleum, Marley tiles, glass and papered and painted walls.


Repeated application is unlikely to provide any significant increase in DF if implemented thoroughly the first time..






Reduction in surface dose rates

External gamma and beta dose rates above surfaces will be reduced by a  factor similar to the DF.






Reduction in resuspension

A reduction in resuspension from the cleaned surfaces could be expected to be of the same value as the DF.






Averted doses

Dose reductions have not been estimated for this option.  Some indication of possible dose reductions can be found in data sheet 23.  However, it should be noted that cleaning surfaces and objects will only reduce doses to people while they are indoors and will be very dependent on the specific situation and the surfaces cleaned.

Factors influencing dose reduction:


· Consistency in effective implementation of option over entire area.


· Weather at time of deposition; less material is deposited indoors during wet deposition.


· Application of appropriate clean-up to other indoor surfaces and objects.


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


· The amount of time spent by individuals inside the buildings.


· Care of application.  Need to wash contamination off surfaces and not just move it around the surface or onto another surface.





Additional doses

Exposure pathways workers could be exposed to are:


· External exposure from environment and contaminated equipment 


· Inhalation of plume activity (if radionuclide release is ongoing).


· Enhanced resuspension of activity deposited in the indoor environment leading to inhalation of dust generated


· Inadvertent ingestion of dust from workers' hands

Contributions from pathways in italics will not be significant and using PPE can control doses from these pathways. Exposure routes from transport and disposal of waste are not included. 


For radionuclides that present a beta/gamma hazard, external dose dominates. Even under very dusty conditions, the resuspension dose will only provide a small contribution to the total worker dose.  In general, worker doses will be approximately half that of public doses.


For radionuclides that present an alpha hazard, resuspension dose dominates and external dose can be ignored. Worker doses will typically be more than 10 to 100 times lower than public doses. If dust levels are enhanced, and workers are not protected, then over long periods of clean-up (i.e. over more than about six months), doses to workers may begin to approach those of the public. 


For further information on worker doses, see Appendix





Factors influencing effectiveness of procedure (technical)

· Type and condition of surface


· Time of operation (the longer the time between deposition and implementation of the option the less effective it will be as contaminated dust may have migrated elsewhere)


· Size and chemical reactivity / fixation of contaminant particles


· Consistent application over the contaminated area; need to ensure edges and corners are cleaned.


· Amount of dust on surfaces at the time of deposition


· Whether any cleaning has already been undertaken


· Efficiency of equipment


· Ability to clean objects thoroughly / get them wet






Factors influencing effectiveness of procedure (social)





Feasibility





Required specific equipment

Range of equipment including:


· Scrubbing machines with solution dispenser


· Steam cleaners


· Spray machines


· Wet vacuum cleaners


Transport vehicles for equipment and waste






Required utilities and infrastructure

Mains electricity


Water supply


Roads for transport of equipment and waste






Required consumables

Fuel for vehicles


Water and detergent



Required skills

Only a little instruction is likely to be required.






Required safety precautions

Respiratory protection may be required in highly contaminated areas.


Gloves and overalls. 


Waterproof clothing may be required.

Safe use of chemical cleaners.






Waste





Amount 

Amount: 1.3 kg m-2 solid and liquid waste






Type

Water, detergent and dust 


Contaminated filters may also require disposal

Water may be collected and filtered to minimise contamination of waste water






Intervention costs





Equipment
€ m-2

3 10-3 – 4 10-2 depending on cleaning method



Consumables
€ m-2

1 for steam cleaning.  No significant costs identified for scrubbing.



Labour

€ m-2

4 10-1 – 9 depending on cleaning method



Operator time

Work rate 
m2 /team hour

<100 depending on cleaning method.  Steam cleaning is much slower than scrubbing, for example.





Team size

1 



Factors influencing costs

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


· Building size


· Type of equipment used


· Access

· Use of RPE

· Tidiness of houses and amount of ‘contents’

· Amount of dust/dirt on surfaces



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

Possible damage to building surfaces and objects


Positive benefit of cleaning houses


Maintenance of use of indoor spaces






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); Charnock et al (2003); Brown, Charnock and Morrey (2003)
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- Buildings - external surfaces -



Tie-down: paint



Key attributes





Objective

To reduce resuspension doses arising from external building surfaces within inhabited areas in the short or long term.  Likely to be only used prior to implementing other clean-up options in order to protect workers against receiving resuspension doses. 






Other benefits

May also reduce external beta doses






Countermeasure description

Acrylic paint (Vinacryl) is sprayed onto the surface by spray injection.


Dust creation during implementation is unlikely to be a problem and so tie-down is unlikely to be required to reduce resuspension doses to workers. 


In the long-term, account should be taken of the need for surface repair and repainting.






Target

External walls and roofs of buildings.






Targeted radionuclides

Alpha emitting radionuclides.  May be used for other radionuclides if conditions mean that resuspension doses are likely to be of concern. 






Scale of application

Any size. Suitable for small areas (e.g. houses) and large areas (e.g. industrial buildings, schools etc).






Exposure pathway

Possible pathways:


External gamma and beta exposure from spending time in or around buildings


Resuspension doses from spending time in or around buildings, particularly during dry conditions.






Time of application

Tie-down can be effective at any time after deposition; however, maximum benefit if carried out soon after deposition. Tie-down is effective for the period over which the integrity of the covering is maintained. 






Constraints





Legal constraints

· Liabilities for possible damage to property.


· Ownership and access to property.


· Use on listed and other historic buildings.






Environmental / technical constraints

· Severe cold weather.



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)






Reduction in surface dose rates

While the tie-down material is in place, external beta dose rates adjacent to the surface will be reduced by a factor depending on the energy of the beta emissions; this option will be more effective at reducing dose rates associated with low energy beta emissions. This option is not effective at reducing external gamma dose rates adjacent to the surface.






Reduction in resuspension

While the tie-down material is in place, resuspended air concentrations adjacent to the surface will be reduced by close to 100%.






Averted doses

Dose reductions have not been estimated for this option.  Tie-down will only be effective in reducing resuspension doses 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:


· Consistency in effective implementation of option over a large area


· Population behaviour in area


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


· Time of implementation.  The impact of tie-down on the overall doses 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 plume activity (if radionuclide release is ongoing)


· Enhanced resuspension of activity deposited in the environment leading to inhalation of dust generated


· Inadvertent ingestion of dust from workers' hands

Contributions from pathways in italics will not be significant and using PPE can control doses from these pathways. Exposure routes from transport and disposal of waste are not included. 


For radionuclides that present a beta/gamma hazard, external dose dominates. Even under very dusty conditions, the resuspension dose will only provide a small contribution to the total worker dose.  In general, worker doses will be a few times higher than public doses.


For radionuclides that present an alpha hazard, resuspension dose dominates and external dose can be ignored. Worker doses will typically be up to a few times higher than public doses but this will depend on the length of time that workers remain in the contaminated area. 


For further information on worker doses, see Appendix





Factors influencing effectiveness of procedure (technical)

· Weather conditions


· Correct application of tie-down material over the contaminated area


· Type and condition of surface 






Factors influencing effectiveness of procedure (social)





Feasibility





Required specific equipment

· Airless spray pump and compressor


· Access by scaffolding or fire-tender with hydraulic platform


· Transport vehicles for equipment are required






Required utilities and infrastructure

Roads for transport of equipment, materials and waste.



Required consumables

· Acrylic paint (Vinacryl). 


· Fuel for transport vehicles






Required skills

Skilled personnel essential to operate equipment.






Required safety precautions

Gloves and overalls






Waste





Amount and type

If paint is subsequently removed:


Amount: 4 10-1 kg m-2

Type: paint






Intervention costs







Small areas

Large areas



Equipment
€ m-2

3 10-2

1 10‑1



Consumables
€ m-2

1 10-1 

1 10-1 



Labour

€ m-2

7 10-1

1



Operator time

Work rate 


m2/team.hr

2 102

Walls: 2 102


Roofs: 6 102





Team size


people

3

6



Factors influencing costs

The following are the factors that will influence the time taken to implement the option and hence labour costs:


· Weather


· Height of building


· Size of area


· Type of equipment used


· Access






Side effects / impact





Environmental impact

If paint is later removed (as part of clean-up or later due to maintenance), 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.


Acceptability of potential future doses to those maintaining external building surfaces.






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); Charnock et al (2003)
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- Buildings - indoor surfaces -



Vacuum cleaning



Key attributes





Objective

To reduce external and resuspension doses arising from contamination on internal surfaces of buildings and indoor objects within inhabited areas.






Other benefits

Will remove contamination from indoor surfaces and objects in buildings.






Countermeasure description

A vacuum cleaner is required that is manufactured to the Type H amendment to BS5415 for the collection of dusts hazardous to health. The vacuum cleaner should be fitted with HEPA filters of 99% efficiency to 0.6 micron particles to prevent resuspension. The worker is provided with various lengths of aluminium tubing and a brush attachment. Machines are electrically operated from mains electricity.


This option is likely to give rise to dust, particularly in dusty environments and so tie-down may be required  prior to implementation to limit the resuspension hazard to workers.






Target

Internal surfaces (particularly floors) and objects in buildings.






Targeted radionuclides

All radionuclides. Particularly suitable for removing short-lived radionuclides if implemented quickly.






Scale of application

Suitable for indoor surfaces in all types of building..






Exposure pathway

Possible pathways:


· External gamma and beta exposure from spending time in buildings


· Resuspension doses from spending time in buildings






Time of application

Maximum benefit if carried out within a few weeks of deposition when maximum contamination on surfaces. However, over longer periods, contamination may be brought into buildings eg on the soles of shoes, and so repeated application may be beneficial.






Constraints





Legal constraints

· Liabilities for possible damage to property


· Ownership and access to property


· Use in listed or other historic buildings and on precious objects.






Environmental / technical constraints





Effectiveness





Reduction in contamination on the surface

Vacuum cleaning of carpets will generally have an insignificant effect on concentrations of contaminated particles in the region of size 1μm (as observed with the initial caesium contamination after the Chernobyl accident).  However, a fraction of the contamination will rapidly become attached to larger house dust particles (>5 μm), for which vacuum cleaning can give effective removal.  Soil particles brought into the buildings on shoes or by the wind will be relatively large and therefore easy to remove.


A decontamination factor (DF) of between 5 and 10 can be achieved, although there is likely to be large variation in this value. The quoted range assumes that this option is implemented within a few weeks of deposition and no previous cleaning has taken place


Repeated application is unlikely to provide any significant increase in DF.






Reduction in surface dose rates

External gamma and beta dose rates immediately above the cleaned surface will be reduced by the same value as the DF.






Reduction in resuspension

A resuspension reduction factor (RRF) in the same range as the DF can be achieved 






Averted doses

Include illustrative dose reduction here for Cs-137 (refer to Appendix for details of scenario).


Factors influencing dose reductions:


· Amount of time spent by individuals inside the buildings.


· Consistency in effective implementation of option over entire area.


· Weather at time of deposition; less material is deposited indoors during wet deposition.  Deposition also influenced by the amount of furniture and furnishings in the buildings and ventilation rates.


· Application of appropriate clean-up to other indoor surfaces and objects.


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






Additional doses

Exposure pathways workers could be exposed to are:


· External exposure from environment and contaminated equipment 


· Inhalation of plume activity (if radionuclide release is ongoing).


· Enhanced resuspension of activity deposited in the indoor environment leading to inhalation of dust generated


· Inadvertent ingestion of dust from workers' hands

Contributions from pathways in italics will not be significant and using PPE can control doses from these pathways. Exposure routes from transport and disposal of waste are not included. 


For radionuclides that present a beta/gamma hazard, external dose dominates. Even under very dusty conditions, the resuspension dose will only provide a small contribution to the total worker dose.  In general, worker doses will be approximately half that of public doses.


For radionuclides that present an alpha hazard, resuspension dose dominates and external dose can be ignored. Worker doses will typically be more than 10 to 100 times lower than public doses. If dust levels are enhanced, and workers are not protected, then over long periods of clean-up (i.e. over more than about six months), doses to workers may begin to approach those of the public. 


For further information on worker doses, see Appendix





Factors influencing effectiveness of procedure (technical)

· Type and condition of surface


· Time of operation (the longer the time between deposition and implementation of the option the less effective it will be as contaminated dust may have migrated elsewhere)


· Consistent application over the contaminated area; need to ensure edges and corners are cleaned


· Amount of dust on surfaces at the time of deposition


· Whether any cleaning has already been undertaken


· Efficiency of equipment (depends on aerosol size of contaminant)


· Ability to vacuum objects






Factors influencing effectiveness of procedure (social)





Feasibility





Required specific equipment

· HEPA filtered industrial vacuum sweeper with aluminium tubes, brush attachment and upholstery cleaning attachment.


· Transport vehicles for equipment and waste.


· 



Required utilities and infrastructure

· Mains electricity supply.


· Roads for transport of equipment and waste.






Required consumables

· Fuel for transport vehicles.






Required skills

Only a little instruction is likely to be required.






Required safety precautions

RPE will be required because dust may be produced.






Waste





Amount and type

Amount: 5 10-3 kg m-2

Type: Dust


Contaminated filters (40 g m-2 per year) which may have high contamination levels.



Intervention costs







Hard smooth surfaces 
(e.g. tiles, linoleum, wood)

Carpets, rugs



Equipment
€ m-2

2 10-3

6 10-3 



Consumables
€ m-2

No significant cost identified



Labour

€ m-2

3 10-1

6 10-1



Note that costs for cleaning upholstery and soft furnishings are likely to be about a factor of 2 higher



Operator time

Work rate


m2/team.hr

1.5 102 

6 101 





Team size 


people

1

1



Work rate for cleaning upholstery and soft furnishings is about 25 m2 h-1



Factors influencing costs

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

· Building size


· Type of equipment used


· Access

· Use of RPE

· Tidiness of houses and amount of ‘contents’

· Amount of dust/dirt on surfaces





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

Possible damage to building surfaces and objects


Positive benefit of cleaning houses.






Practical experience

Several small scale tests have been reported before/after the Chernobyl accident in 1986.






Key references

Allott, Kelly and Hewitt (1994); Brown and Jones (2000); Brown, Charnock and Morrey (2003); Charnock et al (2003); Roed (1985); Tschiersch (1995)
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- Buildings - external surfaces -



Mechanical abrasion of wooden walls



Key attributes





Objective

To reduce external dose in the area.






Other benefits





Countermeasure description

The contamination level on a (painted) wooden wall may be reduced by abrasion using an electric hand held drill. This grinding procedure, which is commonly used to clean surfaces prior to painting, removes a thin surface layer (a few mm) and the concomitant contamination.


Nails may need to be punched in or extracted before the operation. Resurfacing (e.g., painting) generally required after the operation (variable extra costs).






Target

Highly contaminated (painted) wooden outer walls of residential or industrial buildings.






Targeted radionuclides

Caesium.






Scale of application

Could be carried out in selected densely populated areas.






Exposure pathway

External exposure.






Time of application

Should generally be carried out as early as possible, when the radiological situation is cleat, but worker doses must be considered. The immediate effect (DF) may decrease with time of application, as horizontal contaminant migration may occur in the wall. This decrease is however, unlikely to be significant on painted walls.






Constraints





Legal constraints

Cultural heritage protection, especially in conservation areas or equivalent.


Liability for possible damage to property.


Ownership and access to property.


Requirement for radiation protection training of workers.






Environmental / technical constraints





Effectiveness





Reduction in contamination on the surface

A decontamination factor (DF) of between 1.5 and 2.5 can be achieved.



Reduction in surface dose rates





Reduction in resuspension





Averted doses

Include illustrative dose reductions here for Cs-137 (refer to Appendix for details of scenario)


Factors influencing dose reduction:


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


Population density and behaviour pattern


Age of persons exposed.


Consistency in carrying out the procedure over a large area.






Additional doses

Exposure pathways workers could be exposed to are:


· External exposure from environment and contaminated equipment 


· Inhalation of plume activity (if radionuclide release is ongoing)


· Enhanced resuspension of activity deposited in the environment leading to inhalation of dust generated


· Inadvertent ingestion of dust from workers' hands

Contributions from pathways in italics will not be significant and using PPE can control doses from these pathways. Exposure routes from transport and disposal of waste are not included. 


For radionuclides that present a beta/gamma hazard, external dose dominates. Even under very dusty conditions, the resuspension dose will only provide a small contribution to the total worker dose.  In general, worker doses will be a few times higher than public doses.


For radionuclides that present an alpha hazard, resuspension dose dominates and external dose can be ignored. Worker doses will typically be up to a few times higher than public doses but this will depend on the length of time that workers remain in the contaminated area. 


For further information on worker doses, see Appendix





Factors influencing effectiveness of procedure (technical)

Contaminant aerosol size (large particles may be more easily removed). 


Operator skills and degree of abrasion.


Permeability of wall material (time).






Factors influencing effectiveness of procedure (social)

Compliance with appropriate process of application of countermeasure.


Extent of take-up at local / household level as self-help measure.



Feasibility





Required specific equipment

Hand held drill mounted with sandpaper discs or steel wool for grinding (a sander).


Scaffolds or mobile lifts for tall buildings.


Transport vehicles for equipment and materials.






Required utilities and infrastructure

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


Fuel for transport vehicles.






Required consumables

Steel wool or sandpaper to be mounted on the drill.






Required skills

Only a little instruction is likely to be required.






Required safety precautions

For tall buildings: lifeline and safety helmets.


Respiratory protection is essential.






Waste





Amount and type Check against table

Ca. 100 g m-2, which is impossible to collect.


N.B. some sanders have inbuilt dust collectors which perform to varying degrees of efficiency.



Intervention costs





Equipment

Equipment cost 100 EURO. Calc /m2 using equation in table






Consumables 

Steel wool or sandpaper: ca. 1-2 EURO per m2.






Operator time calc labour costs /m2 from table and add work rate (same format as other sheets)

Ca. 0.5 hours per m2 


Excludes time for setting up scaffolding, if required.






Factors influencing costs

Distance to equipment and consumables. 


Need for scaffolds / mobile lifts.


Operator skills.


Labour costs.






Side effects / impact





Environmental impact





Social impact

Maintenance of use of urban spaces.


Acceptability and potential for dispute regarding basis of selection of areas to be treated and dispersion of contaminated paint particles.


Potential for dispute between neighbours over difference applications of countermeasure.






Practical experience

Tested on a realistic scale on selected walls in the former Soviet Union after the Chernobyl accident.






Key references

Hubert et al (1996); Roed, Andersson and Prip (1995)
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