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Abstract

A nuclear or radiation emergency response planning is based on expected avertable doses
for a short (4 hours, 2 days, 1 week) and a long (50 or 70 years) periods of time. On calculating
the doses one should take into account not only the sources of ionizing radiation with their
foreseen characteristics, e.g. a half-life, but also the possibility of their probabilistic
transformations. It can be illustrated by the chronicle of Chernobyl accident, where for nine days
it was impossible to envisage with reliability the quantities of released radionuclides due to many
uncontrolled factors related to the scope and character of the zone wreckage. Any other
developments of the accident, such as destruction of the under reactor support plate, sinking of
the melted zone into a highly radioactive water down at the reactor cavity or changing of the
wind could have resulted in a substantial contamination of 3 mln. Kiev and other densely
populated area of Ukraine.

Another factor to be taken into account in the emergency response is a way of an actual
risk perception by the population.

The article suggests an approach to take into account the time-dependent secondary
sources of exposure and the disparity in accepting the hazard of real risk of an accident by the
trained workers and population.

Time-dependent multicomponent accident sources of radiation

An expected avertable dose (EAD) is usually found by:

Dav - °+jht)dt (l)

where, E(t j is the effective dose rate due to accident sources of radiation.

EAD is to be estimated prior to exposure or at an early stage of the accident as it is a
decisive factor in taking decisions about appropriate countermeasures: evacuation, sheltering,
relocation, iodinic prophylactic, limitations on consumption of some food products, etc. [1, 2].

The likely EADs for population and personnel in case of nuclear or radiation accident are
defined due to various eventual accident scenarios and the effectiveness of countermeasures to
protect population and personnel. Then EAD is found by

Dav = Oexp " Dem (2)

where, D e x p is the expected effective equivalent dose (EED) from accident sources of

radiation estimated without regard to countermeasures; D c m is EED with due account of

countermeasures and their efficiency. Dexp is found by

°hl^{t)dt (3)
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where, <̂ ,y is the probability of the /-th irradiation component for they-th variant of the

eventual accident scenario; Eu is the corresponding effective dose rate (EDR), Dcm is

determined by

D^llltdEiy (4)
'o '

where, dj: is the efficiency of the undertaken countermeasures varying from 0 to 1.

By way of example, consider various components and corresponding probabilities of
exposure for the population of Pripyat for different scenarios of the accident at the Fourth unit
of Chernobyl Nuclear Power Plant (NPP).

Town Pripyat with its population of more than 40,000 people is located less than 3 km
north-west of the Fourth unit of Chernobyl NPP. In case of a severe nuclear accident due to the
destruction of reactor core, the population can be subjected to an exposure various components

of which have different sources and probabilities, dose capacities and time-dependencies E(t).

The following components can be defined:
(a) External and internal exposure from the released radioactive cloud;
(b) External exposure from the radioactive fallout;
(c) Internal exposure from contaminated food products and water.

Consider < .̂-, CL- H E)j(t) for various eventual scenarios (including the occurred one) of

the accident at Chernobyl NPP.
About 3% of total radioactivity or HEBq was released at the accident (the occurred

scenario). An average dose rate of external exposure was about 10 mSv/h on April 26-27, 1986 in
Pripyat. However, nobody knew the scenario to occur on April 26, 1986. If it were not for the
west but north wind at the moment of the first release, the capacity of the external exposure from
radioactive cloud would have exceeded 100 mSv/h in Pripyat (the dose capacity was lSv/h in
"Red Forest" 2 km from the source) and in this case all 40000 people of Pripyat could have
exposed to fatal doses. Having estimated the accident as a serious one that involved destruction
of the active zone, the decision to evacuate population of Pripyat immediately became
indisputable.

Another episode from Chernobyl accident that deals with the population at the
contaminated territory and exposure doses for thyroid gland from radioactive iodine illustrates
the importance of taking into account various eventual scenarios.

The estimated doses of exposure for thyroid gland exceed 2 Gy for children of Narodichi
region (70 km from Chernobyl) born between 1979 - 1986. The largest contribution (about 70%)
into the dose is due to the milk consumption.

As it is impossible to estimate the density of radioactive iodine fallout by direct
measurement in 1-2 days after an accident everywhere in 70 km zone, the counteraction seems to
be effective in imposing a limitation on milk consumption for 2-3 days until the density of the
fallout is measured. Iodinic prophylactic is also advisable in the zone.

The main contribution (=90%) into the dose 10 years after the accident is due to internal
irradiation by 137Cs. Therefore the most effective countermeasures the committed effective dose
of the delayed consequences of the accident is lowering of 157Cs in food products. It is achieved
either by diminishing consumption of agricultural products from contaminated territory, or by
agricultural technique to reduce coefficients of 137Cs intake into the products (application of
organic fertilizers, ferrocen agents, etc.). For example, the committed effective dose due to l37Cs
internal irradiation at Dubrovitsky region of Rivne oblast is estimated as 2.5 man-Sv, while in
fact it equals 0.21 man-Sv owing to the undertaken countermeasures [4].

On the whole countermeasures undertaken in Ukrainian farming allowed to exclude
ingress of milk with the specific activity exceeding 370 Bq/1 to diary plants.

Prior to complete monitoring set over the accident radioactive source, it is necessary to
take into account various likely scenarios of its behavior. About 70% of the initial radioactivity
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of the destroyed Fourth unit at the Chernobyl NPP is enclosed with the shielding construction
"Sarcophagus". Due to various degrading processes a considerable amount of fuel has turned
into dust [4]. In case of a possible complete or fractional collapse of the "Sarcophagus" the dust
will be raised and dispersed as far as 30 km and a considerable territory will be contaminated
with radionuclides 137Cs, 90Sr and isotopes of plutonium. The possibility should be taken into
account to protect workers on mission in a particular zone.

Estimation of Dexp by the expressions 1-4 allowing for variants of the event development

turns apparently into a complex and laborious procedure that is particularly difficult to follow at
the time of an accident.

Therefore it seems to be reasonable for emergency planning to differentiate three following
periods in evaluating the accident irradiation: the acute (at and 4-6 hours after a radioactive
discharge), the short-term (duration of the acute period plus 48 hours) and the long-term (50-70
years).

The primary task in the acute period is to make a territorial forecast of radioactive
contamination in order to prevent deterministic effects as the irradiation doses can exceed lSv at

the moment of discharge and in the following 4-6 hours. Estimation of the averted dose Dav is

made by the formulae (2-4) with the integration for the period T = 6 hours and due account of
all possible scenarios of the accident. The principal protective measures are evacuation,
sheltering, relocation, iodinic prophylactic, ban on consumption of food products and water
contaminated at the accident.

The acute appraisal is generally made on the forecast of the state of the reactor core or
another accident source including data furnished by the system of emergency monitoring around
NPP.

The main purpose of the short-time period appraisal is to forecast territories, where doses
will exceed 1 Sv in the following month. The forecast is made on the base of accident
radiomonitoring with due account of protective measures undertaken.

The averted dose Dav is estimated by the corresponding formula with integration being

made for period T = 1 month and ^jj.dy, E)j{tj allowing for undertaken and planned

countermeasures.
The long-term appraisal is designed to forecast territories where doses for 50-70 years can

exceed permissible levels, notwithstanding the countermeasures. The forecast is made on the base
of comprehensive radiomonitoring, soil characteristics, expected "soil-plants" transfer
coefficients, other harmful effects, the economic possibilities to carry out corresponding
countermeasures, the analysis of socio-psychological situation.

Correction for socio-psychological risk

People involved into accident, are subjected not only to the risk of direct irradiation, but
also to harmful effect of the socio-psychological stress triggered by the
accident. The total risk to life and health can be expressed in the following form

Rt = RQ + Rs

where, RQQ'IS the objective additional risk related to the expected averted dose;

Ro = k0Dav

where, /(Q is the dose risk factor.

Rs is the subjective risk that is formed from many factors including the population
intelligence in radiation safety, the coverage of events in mass-media, the sequence of decision-
making and carrying out countermeasures, etc.
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It is possible to assume that

where, Ks is the subjective risk factor.

Chernobyl tragedy demonstrated the subjective risk to have been formed mainly during the
first months after the accident with the consistency of government actions and comprehensive
coverage of the event in mass-media having been of utmost importance. The psychological effects
of the Chernobyl accident resulted from the lack of public information, particularly immediately after
the accident, the stress and trauma of relocation, the breaking of social ties, and the fear that any
radiation exposure is damaging and could damage people's health and their children's health in the
future. It is understandable that people who were not told the truth for several years after the accident
continue to be skeptical of official statements and to believe that illnesses of all kinds that now seem
more prevalent must be due to radiation. The distress caused by this misperception of radiation risks is
extremely harmful to people.

The lack of consensus about the accident's consequences and the politicized way in which they
have been dealt with have led to psychological effects that are extensive, serious and long lasting for
the population. Severe effects include feelings of helplessness and despair, leading to social withdrawal
and loss of hope for the future. The effects are being prolonged by the protracted debate over
radiation risks, countermeasures and general social policy, and also by the occurrence of thyroid
cancers attributed to the early exposures [5].

Conclusion

The contribution of NPPs into the world electric power generation is growing with all
being done to reduce the risk of serious radiation accidents. However, the accidents in Three-
Mile Island and Chernobyl have shown that due safety in operation should be complemented by
the high readiness for accidents with the detailed description of dose assessment and criteria for
decision-making and all eventual variants of accident scenarios taken into account.
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