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- Trees and shrubs -

Tree & shrub pruning / removal

Objective
To reduce external gamma and beta doses from contamination on trees and shrubs within inhabited areas, and reduce inhalation doses from material resuspended from such vegetation.

 Mainly for use when deposition has occurred under dry conditions and when trees and shrubs are in leaf. After wet deposition, consideration should be given to decontaminating the ground under trees as most of the contamination washes straight off the trees. 



Other benefits
Will remove contamination from areas containing trees. Removal of activity from gardens may reduce subsequent contamination of soil used for growing food. This in turn may reduce up-take to food crops grown.



Countermeasure description
Removal or heavy pruning of trees and shrubs with the option of replacement.  Most importantly, leaves must be removed.

If tree felling is conducted on a small scale, incineration of the waste is an option. Smaller prunings and leaves can be shredded for composting.

This option may give rise to large amounts of dust.  However, the use of water to dampen the tree surface or the use of a tie-down material is unlikely to be practicable and so workers should be given personal protective equipment (PPE) to protect them against the resuspension hazard, if this hazard is significant. 

It may be possible to ask the public to prune trees and shrubs as a ‘self-help’ option.



Target surface or population
Highly contaminated trees and shrubs in inhabited areas that are in leaf at the time of deposition.  Non-deciduous trees may contribute more to external doses in the long term as they don’t loose their leaves annually.  However, the overall contributions of deciduous and non-deciduous trees to external doses depends on the fate of fallen leaves.



Target radionuclides
All long-lived radionuclides Should not be considered for removal of short-lived radionuclides alone. See Appendix B for information on radionuclides.



Scale of application
Any size. Suitable for small areas (e.g. gardens) and large areas (e.g. parks).

Incineration of waste is only an option on a small scale.



Timing of implementation
For maximum benefit, tree felling should take place within the first month after deposition before weathering of activity to the underlying soil has occurred.  It must be carried out before leaf fall for deciduous trees.  [The contamination on trees/shrubs in leaf during deposition will (particularly for deciduous species) decline over the first year, often by several orders of magnitude through natural weathering processes and leaf fall.]  



Constraints on implementation


Legal 
· Liabilities for possible damage to gardens or property

· Ownership and access to property

· Use at listed or other historical sites and in conservation areas



Environmental / technical 
· Severe cold weather (i.e. frost or snow cover)
· Extent of root, if it is necessary to remove the root ball. 


Effectiveness


Reduction in contamination on the surface
The reduction in contamination is, in principle, proportional to the fraction of the tree/shrub removed.  If a whole tree is felled and all the leaves collected a very high decontamination factor (DF) could be achieved. In practice, a DF of up to about a factor of 50 could be expected.



Reduction in surface dose rates
External gamma and beta rates from shrubs and trees will be reduced by approximately the value of the DF



Reduction in resuspension
Resuspended air concentrations adjacent to the shrubs and trees will be reduced by a value similar to the DF.



Averted doses
Reductions in external gamma dose rate shortly after removal of the contaminated trees/shrubs received by a member of the public living in an inhabited area could be expected to be around 20% following deposition under dry conditions. Following wet deposition, reductions in dose rate will be negligible. These are illustrative values and should only be used to provide an indication of the likely effectiveness of this option and to compare across options. Further details can be found in Appendix C.

Factors influencing dose reduction:

· Consistency in effective implementation of option over a large area

· Time spent by individuals on or close to the felled areas

· Number of trees in the area ie environment type/land use.

· Time of implementation.  The impact of removing trees on the overall doses will be reduced with time as there will be less contamination on the bark/leaves due to natural weathering.

· Indoor doses are affected by the number of windows in buildings that are adjacent to trees, as much of the dose from trees is due to the lower protection offered by windows.

· Types of trees.  Coniferous trees have a continuous turnover of leaves and it may take several years to lose all the needles initially contaminated.



Additional doses
Exposure pathways workers could be exposed to are:

· External exposure from environment and contaminated equipment 

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

· Inadvertent ingestion of dust from workers' hands
Contributions from pathways in italics will not be significant and using personal protective equipment (PPE) can control doses from these pathways. Exposure routes from transport and disposal of waste are not included. 

Beta/gamma hazard:

For radionuclides that present a beta/gamma hazard, external dose to workers from contamination in the environment will be a few times higher than public doses over the period of implementation. Even under very dusty conditions, the inhalation dose from resuspended material will only make a small contribution to the total worker dose.

Alpha hazard:

For radionuclides that present an alpha hazard, inhalation dose to workers from resuspended material will typically be a few times higher than public doses over the period of implementation. External dose from contamination in the environment can be ignored.

For further information on worker doses, see Appendix D.



Factors influencing effectiveness of procedure (technical)
· Degree of pruning or removal and effectiveness of leaf collection.

· Time of operation.  Over the first year contamination declines rapidly on leaves due to natural weathering and leaf fall. 



Factors influencing effectiveness of procedure (social)


Requirements


Required specific equipment
· Tractor and trailer

· Chainsaw (€ 200 – 1000)

· Axes / cutters (~ € 100)

· Ropes and ladders (tall trees) (€ 30 rope: € 200 Ladder)

· Shredder

· An incinerator may be used for waste from small areas

· Transport vehicles for equipment and waste



Required utilities and infrastructure
· Roads for transport of equipment, materials and waste.

· Power supply



Required consumables
· Fuel and parts for equipment and vehicles

· Tree saplings, if replacement option is implemented.



Required skills
Skilled personnel with experience in felling trees required for felling large trees.



Required safety precautions
· Respiratory protection and protective clothing should be recommended if dry and dusty conditions..

· Safety helmets.

· For tall trees, a lifeline should be used.



Waste



Tree felling

Amount
1 101 kg m-2

Type
Wood and vegetation

Highly variable. Depends on density of trees in area.


May also get contaminated fruit from orchards 



Intervention costs (see Appendix E)


Felling only
Felling and tree replacement

Equipment
€ m-2
3 10-1
3 10-1

Consumables
€ m-2
0
2

Labour

€ m-2
1
1

Operator time

5 101 m2/team.hr

Team size: 2 people
4 102 m2/team.hr

Team size: 3 people

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

· Type of trees / size and height of trees

· Size / bulkiness of trees to be removed

· Type of equipment used

· Access

· Distance to transport

· Degree of removal



Side effects / impact


Environmental impact
Possible adverse impact on bio-diversity.

Possible soil erosion

Negative effect on birdlife.

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
· Adverse aesthetic effect of removing all trees and shrubs from parks or gardens.

· Acceptability of tree removal.



Practical experience
Tested on a small scale in Europe after the Chernobyl accident.
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