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A radiological emergency may be defined as any situation which gives rise to an abnormal or unexpected radiation hazard. This definition covers anything from a minor laboratory spill involving a few M Bq of radioactive solution up to a major reactor accident in which many thousands of TBq of fission products may be released. Basically an emergency can arise because of:

(a) a loss of shielding - resulting in high radiation levels. 

(b)  a loss of containment - resulting in a release of activity, or 

(c)  an uncontrolled criticality, which is, effectively, the rapid gener​ation of a large radioactive source and high levels of radiation.

It is usual to differentiate between the various levels of emergency which can occur. The minor laboratory spills mentioned above are more of a nuisance than a danger and it is more appropriate to refer to them as local incidents. A more serious situation, perhaps requiring evacuation of certain areas, but having no effect outside the site or establishment is often called a site emergency. If the incident could be hazardous to the general population outside the site, it is sometimes termed a public emergency.

LOSS OF SHIELDING 

Small sealed source

Small sealed sources, usually γ-emitters, are widely used in industry, medicine and teaching. It is unlikely that a source of less than say l00 MBq could result in excessive dose to a person (unless, for example, it was carried in the pocket) and so loss of shielding would probably be a local incident. Such sources are usually handled by tongs and stored in small lead-lined pots. The most common loss of shielding incidents occur when a source is removed from its container by some person who fails to return it. The best method of protecting against this situation is to use installed alarm instruments which show when the source is out of its pot. Regular source musters minimize the possibility that the situation will remain undetected for a long period of time.

The loss of shielding could also result from mechanical damage, for example, if the container was dropped, in which case there should be no problem of detection, or from the effects of fire which might not only cause the shielding to melt but also cause a loss of containment of the source material itself.

Large sealed sources

Large sealed sources such as those used for industrial processing or radiography and medical radiotherapy are usually housed in spe​cially constructed containers with mechanical means for controlling the time of exposure. The containers are designed to withstand normal mechanical accidents and to resist fire. The possibility of inadvertent exposure of the source is minimized by the design of the equipment but alarm systems are desirable to detect fault conditions.

The majority of accidents involving sources of this type have been in industrial radiography. This process is often performed in difficult conditions on construction sites where no form of installed monitor​ing equipment is used. A number of accidents have occurred in which the radioactive source had become detached from the operating mechanism and when the mechanism was retracted into the storage position the source remained unshielded. In some cases the source was found by some person who, being unaware of its nature, placed it in his pocket. As a result very large, and sometimes fatal, doses were received. Apart from using the appropriate equipment, prevention of this sort of situation requires strict adherence to a monitoring pro​cedure by the radiographer. Various portable alarm devices are also available which can be used in field conditions.

LOSS OF CONTAINMENT

Minor spillage of radioactivity

Perhaps the most common abnormal occurrence is a minor spillage of up to a few MBq of radioactive solution. The frequency of these is minimized by good laboratory practice such as keeping containers of solutions in trays which will contain any spillage. Spills do, however, occur even in the best regulated laboratories, but. if they are dealt with correctly, the contamination and therefore the incident should not spread outside the laboratory or area in which it occurred. After any personnel decontamination which may be required, the most important action is to wipe up the activity using absorbent materials before it dries out and becomes airborne.

A useful precaution in laboratories handling unsealed sources is to have available a few spillpacks. A spillpack is simply a plastic bag containing a pair of gloves, a pair of overshoes and a wad of absorbent material (cotton waste, paper towels, etc.). The gloves and overshoes are donned and the spill is wiped up using the absorbent material which is then replaced in the bag for disposal. Alternatively, if any person is contaminated as a result of the spill, by putting on the clean gloves and overshoes he or she is able to go to a change or decontamination area without spreading contamination. Having quickly cleaned up the bulk of the activity the surface can then be monitored and further decontaminated as necessary.

A spillage which remains undetected for some time is more likely to cause problems because it will be spread around, and possibly outside, the area. This is why it is important that people who work in areas in which unsealed sources are used should make a habit of washing and monitoring each time they leave the area.

A release of activity can also result from a failure of services such as ventilation or electrical supplies. Glove boxes can pose a particular problem in this respect. A glove box is normally operated at a pressure slightly below atmospheric which means that leakage tends to be in rather than out. If some failure causes the box to pressurize, leakage occurs outwards or, more seriously, a glove or panel may be blown out resulting in a major release.

Major spills of radioactivity

A major spill involving upwards of 100 MBq or so of activity could result in a serious hazard depending on the radiotoxicity of the nuclides involved. This would require immediate evacuation of personnel, shutdown of the ventilation system and sealing off the area in order to contain the spread of activity. A controlled re-entry to the area by a team wearing appropriate protective clothing and respirators would be necessary. It is under these circumstances that the value of a properly designed laboratory is apparent. Decontamination is a relatively simple matter in a good laboratory where proper attention has been paid to surface finishes. In badly designed laboratories, decontamination may be difficult or impossible.

Releases of fission products from reactors

The most serious type of loss of containment accident involves fission products from a reactor. It will be recalled that they are contained by the fuel cladding, the boundary of the cooling system and the reactor building. In a power reactor, the most likely cause of a release of fission products is a failure of the pressure circuit (e.g. the fracture of a coolant duct) resulting in a loss of coolant, overheating and melt-down of the fuel. Fission products may then be released from the molten fuel and escape through the breach in the cooling system. If, in a large reactor, only 0.1 per cent of the fission product inventory leaked from the cooling system this could amount to over 1017Bq (3 MCi); if 1 per cent of this amount escaped from the reactor building or containment, the release to the environment would be 1015 Bq (30 kCi). This would result in very high levels of radiation and contamination on the reactor site. It would also be a hazard to the local population and hence a public emergency.

It was considerations such as this which led to the siting of the first generation of nuclear reactors in remote areas. Large plants of more recent design are being sited quite close to towns. This is justified either because in plants such as the advanced gas-cooled reactor (AGR), the entire reactor system is inside a massive pre-stressed concrete pressure vessel and a failure of this is virtually inconceivable, or because other reactor systems such as light water reactors (LWR) have special systems, including containment structures, to minimize the release of radioactivity in the event of a failure of the coolant system.

One of the earliest reactor accidents occurred at Windscale, Cumberland in 1957. The reactor was of a very early design and used direct cycle air cooling, i.e. air was drawn in through the reactor core, removing heat. and was discharged back to the atmosphere through filters and a tall stack. A special operation was being performed which caused the fuel rods to overheat and catch fire. The main activity released was iodine-131 which being a vapour was not removed very effectively by the filters. An estimated 7x1014 Bq (~20 kCi) of  131I was released and, although evacuation of the local population was not necessary, milk produced in a large area downwind of the site was declared unfit for consumption. This was because of the exposure pathway: 131I-pasture- uptake by cows-milk-consumption of milk - dose to thyroid. Other fission products such as strontium and caesium were also released but, because of the action of the filters, in much smaller quantities.
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