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- Emergency / pre-release -

Sheltering

Objective
To reduce exposure from airborne radioactive material as the contaminated plume passes through inhabited areas.  Sheltering will also reduce external doses from beta and gamma emitters on outdoor surfaces during the sheltering period. 



Other benefits
Sheltering a population in the contaminated area may aid the implementation of other countermeasures. 



Countermeasure description
"Sheltering" is the advice to a population to go indoors, remain indoors until further notice, close doors and windows and switch-off ventilation systems.  Sheltering may be triggered by dose criteria as part of the emergency plans for a nuclear establishment and is likely to be considered to protect people in the following circumstances:

· an atmospheric release comprising mainly noble gases (i.e. where external irradiation from the plume is dominant)

· where short term doses in the absence of countermeasures are projected to be lower than those at which evacuation can be justified but high enough that some action to reduce short term doses is needed. 

· to avoid evacuation through the plume from a very large release, 

· in circumstances where evacuation is impractical

· as a pre-cursor to evacuation, so that it is easier to control evacuation

The decision to withdraw sheltering will be influenced by:

· Duration: it is unlikely to be practicable to shelter a population for more than a day or so

· Release status: partial withdrawal of sheltering (e.g. to re-unite families) or phased subsequent evacuation may be advised before formal advice is given that sheltering has been lifted, for example, before the incident site has been made safe

· Availability of monitoring information on contamination levels (detailed monitoring in the sheltered area is likely to be the priority).  

· Plans for a recovery strategy: decisions on any continuing protection of the sheltering population will need to be made. 

Lifting of sheltering should be accompanied by advice to ventilate buildings. 

Temporary sheltering may also be used while other clean-up options are implemented to aid implementation and minimise any enhanced inhalation doses from resuspended material due to clean-up operations. 



Target surface or population
People living in inhabited areas who are likely to be affected or are affected by radioactive contamination released into the environment.



Target radionuclides
All radionuclides. Will give protection against high levels of short-lived radionuclides present in a release to atmosphere. 



Scale of application
Any.

Around nuclear sites, pre-planning for sheltering (and other emergency countermeasures) is typically limited to a few kilometres. 



Timing of implementation
Maximum benefit if people are sheltered before the contaminated plume reaches the area and sheltering continues until the release has stopped.  However, can also continue to be beneficial after the release has stopped by reducing external doses from high levels of short-lived radionuclides deposited on the ground .



Constraints on implementation


Legal 
Requires appropriate level of approval prior to implementation.

Human rights concerns.



Environmental / technical 
The nature of the environment could hinder communication of the advice (to initiate sheltering or withdraw it).



Effectiveness


Reduction in contamination on the surface
This option will not reduce contamination levels in the environment

Reduction in surface dose rates


Reduction in resuspension


Averted doses
Averted doses are maximised if people are told to shelter before the plume arrives. 

Some particulate material will be removed by filtration in cracks and pores in the building surfaces as air penetrates the building. However, air concentrations (and hence inhalation dose) of non-depositing material (e.g. noble gases) will not be reduced.

Indoor air concentrations (and inhalation doses during the period of sheltering) could typically be expected to be about a factor of 2 lower than those outdoors for iodine vapour and 1 μm particles and about a factor of 5 lower for 4 μm particles. The effectiveness will be greater for buildings with a lower natural air exchange rate. Further dose reductions can be achieved for non-depositing radionuclides (e.g. noble gases) by ventilating houses after the passage of the plume.

While sheltering, external doses from radioactive material deposited outdoors are significantly reduced.  The impact of this reduction on the external doses received will depend on the longevity of the radionuclides in the environment.  Sheltering can be particularly effective in reducing external doses if the release comprises short-lived radionuclides.

The reduction in external doses from outdoor contamination is dependent on the energy of the radionuclide emissions and the building structure and geometry.  External gamma dose rates indoors from material deposited outdoors could typically be expected to be up to a factor of 10 lower than those outdoors for family homes. For multi-storey buildings, this factor could be as much as a factor of 100 lower.  Cellars and basements offer very high protection. Beta particles of all energies will be stopped by most building construction materials.

It should be noted that external doses will still be received from radionuclides deposited on indoor building surfaces and other objects and furnishings during sheltering.

Some of the main factors affecting the dose reductions that could be achieved are:

· The building construction, particularly the thickness of the walls and roofs and the building materials used

· Location of people within a building (protection is better on the ground floor (and in basements / cellars) and away from windows). 

· Timing of sheltering

· Appropriate use of ventilation of the building

· Aerosol size.

Additional doses
Additional doses would be received by those overseeing implementation of sheltering and ensuring compliance if undertaken after the release has started.



Factors influencing effectiveness of procedure (technical)
· Speed of implementation and effectiveness of mechanism to deliver advice, eg. siren, phone call, radio, television, door-to-door

· ability to close down ventilation systems and shut windows and doors



Factors influencing effectiveness of procedure (social)
· compliance of public to shelter and to remain indoors if sheltering lasts more than a few hours

· public’s trust in authorities. Revisions of sheltering advice should be avoided (e.g. extent / duration). However, to maintain public confidence, it is likely to be more acceptable to implement sheltering over a larger area than may be justified on radiation protection grounds and then gradually reduce it than it is to have to increase it.



Requirements


Required specific equipment
None

Required utilities and infrastructure
Receptive political infrastructure.

Mechanisms to communicate with the sheltered population. 

For extended periods of sheltering, it may be necessary to visit the sheltered population to offer reassurance, food/drink and to reunite families.

Medical and counselling services including personal monitoring.

Required consumables


Required skills
Excellent moderation and communication skills.



Required safety precautions
Personal protective equipment (PPE) may be required if people are entering the area to control the implementation of sheltering.

Waste


Amount and type
None.



Intervention costs


Equipment
No specific costs.



Consumables
No specific costs.



Labour
Standard labour costs.

Operator time
A large team of people could be required to issue advice, control sheltered area and support the sheltered population.

Factors influencing costs


Side effects / impact


Environmental impact


Social impact
Some negative impacts are:

· loss of economic output

· panic / worry in population

· claustrophobia / "cabin fever"

· imposed situation; restriction of liberty

· sheltered population could become designated "victims" of the incident

· designation of "sheltered area" affects economy e.g. tourism, business (even if are not affected by plume / deposition)

· separating families, e.g. children unable to return home to their families from school until sheltering is lifted 

· may encourage people to self-evacuate leading to loss of control of the affected population

Some positive impacts are:

· precautionary sheltering could engender public trust

· the lifting of sheltering should be seen as a positive step, i.e. the first step in the recovery process.



Practical experience
Sheltering is adopted for non-radiological incidents at a local level. There is very limited experience of sheltering large numbers of people.



Key references
NRPB (1990)
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