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ABSTRACT

Preparedness and response for nuclear and radiological accidents in the countries without
nuclear power plants (NPP) have some peculiarities. Accident at the Chernobyl NPP clearly
showed the necessity of effective response for non-reactor countries in the case of
transboundary release. Experience obtained in Belarus is providing evidence for the necessity
of changing some aspects of emergency preparedness. The results of analysis made of some
protective actions taken during the early stage of the accident form the basis for
recommendations provided this paper. Real experience is supported by model predictions of
the consequences for the hypothetical accident at a NPP close to the Belarus.

Preparedness for proper and efficient response in the case of nuclear or radiological emergency

is an important aspect of nuclear power utilization. The necessity of such preparedness is

justified for all the countries near a nuclear power plant. Originally non-reactor countries paid

more attention preparing for radiological accidents such as transportation accident, lost or

stolen sources, etc. However, the experience obtained from the Chernobyl accident in the

different countries clearly showed, for the non-reactor countries, the necessity -of increased

preparedness in countries without nuclear power plans. Evaluation of some protective actions

performed in Belarus in responds to the Chernobyl accident provides the most significant

evidence for necessity to update some aspects of emergency preparedness.

The comparative analysis of the extent of the contaminated territories in different countries

showed that Belarus appeared to be the most affected. 23% from the Belarusian territory was

contaminated by long-lived radionuclides. About 2.1 million people (20% of the population)

were living in contaminated territories, greater than 37 kBq/m2 [1]. The most important

problem was to make the timely decision to protect the population. During the large-scale
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accident with off-site radionuclide release, the decisions on the protection of the population are

being made under very stressful conditions with little reliable information and extreme time

deficiency. This is being aggravated in the situation of the transboundary transfer of

radioactivity when prognosing and decision making is complicated due to lack of information

concerning the state of the plant in the neighboring country. Such situation was observed in

Belarus at the initial phase of the Chernobyl accident.

During the early phase of the accident, evacuation of about 24,700 people was performed

within the 30-km zone of Belarusian territory. The evacuation was started at 2 of May, 1 week

after the beginning of the accident, which means with an unjustified delayed. Nevertheless, this

measure prevented deterministic health effects among the evacuated Belarusian population.

This late evacuation prevented deterministic only because the accident release was highly

elevated. If the release had been at the ground level the delay in the performance of the

evacuation would not have meet the first objective of emergency response, to prevent

deterministic health effects among population. On the other hand, a prompt evacuation would

have been more effective in meeting the second objective of emergency response, decreasing

the development of stochastic effects. The analysis showed that the doses for evacuees

obtained till the beginning of evacuation can induce an increase in the spontaneous level of

cancer incidence of 2.6 - 7.7% among exposed children and in 6.3 - 13.1% among exposed

adults (using different models for prediction of the health consequences of exposure). This

increase could be definitely prevented by performing the evacuation at the early stage or by

effective sheltering which was not done at all in Belarus.

The prognosis was made for the possible dose levels for the Belarusian population in case of a

hypothetical accident at the Ignalina NPP (Lithuania). Belarusian territory is within 7 km of the

plant. The analysis was done using the computer models RASCAL NRC USA [2] and

InterRAS. The following release fractions were used for calculation (Table 1).

The estimation of doses was done using assuming a constant wind direction and the regular

approaches and dose coefficients [3,4,5,6,7,8]. In both cases it was assumed that there was

severe core melting/damage but the releases are only a fraction of these release from

Chernobyl. These lower release fractions were used to better estimate the maximum dose

received by a release over the course of an accident. Scenario A and B differed from each
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other based on the duration and the height of the release. The release assumed under the

scenario A was characterized by longer duration then under scenario B and was at the ground

level.

Table 1

Release fractions used for the assessment of hypothetical accident at the

Ignalina NPP in comparison with the Chernobyl accident

Radionuclide

I
Cs
Sr

Release fraction, %
Hypothetical accident at the Ignalina NPP

Scenario A
14
10
1

Scenario B
3.5
2.5
0.3

Accident at the Chernobyl
NPP 26.04.86

50-60
20-40

4-6

Table 2 shows the distances to which various protective measures would be called for by

IAEA criteria for these scenarios. Note this is for a ground level hypothetical release with the

release fraction lower than during the Chernobyl accident.

Table 2

Distance from the Ignalina NPP on which the IAEA criteria for decision-making

will be exceeded in a case of the hypothetical accidents

Type of intervention

Threshold for the development of
acute radiation sickness
Evacuation
Thyroid blocking
Relocation
Restriction of milk consumption
Restriction of vegetables
consumption

IAEA criteria

1000 mSv

50mSv
100 mSv
30mSv

0.1 kBq/1
l.OkBq/kg

Distance (km) from Ignalina NPP
Scenario A

25

450
>550
100

>550
>55O

Scenario B
-

-
25-300

-

>550
>55O

The results of prognosis are definitely characterized by uncertainty, connected with the

characteristics of the release, assumptions for weather conditions and dose calculation. It is

known that any model cannot predict the consequences of the severe accident with the high

level of confidence [9,10]. Nevertheless, the results of model projection can be used at the

stage of the emergency planning along with the precise consideration of the real experience. In

our case, the results of prediction clearly shows that delay in evacuation in the case of ground

level release could lead to the early death even relatively far from the plant.
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The first lesson learned from this analysis is the necessity of early notification about the nuclear

accident. This problem is not difficult to solve within the country where the reactor is located.

However when the notification of neighboring countries to be done, political, legal and other

aspects are influencing the time of the notification. That is why the arrangements of bilateral

and multilateral agreements should be completed in advance. The notification of neighboring

countries through the IAEA under the Convention on Early Notification of a Nuclear Accident

is too slow to lead to the effective early protective actions within the close territories to the

reactor. It is necessary to admit that the arrangements for bi- and multilateral agreements have

been completed for a number of countries after the Chernobyl accident. However, these

arrangements are done at the governmental level between the countries. The experience says

that in order to arrange the early protective measures in time the decisions should be often

made at the local level of the non-reactor country. It means that the presence of a national level

bilateral agreement itself sometimes will not solve the problems of early protection of the

population. After development of such an agreement the legal arrangements within the non-

reactor country should include the right for decision making at the local level in the event of a

very severe accident. This combined with provisions for direct notification by the plant allows

for prompt implementation of protective action in all areas near the plant. That could be

accomplished through updated emergency plans with the clear assignment of responsibilities to

implement protective action promptly in the event of a very severe accident (core melt) for all

areas near the plants.

Another aspect of the Chernobyl accident supports the early protection of population in non-

reactor country by the establishment of provisions to promptly conduct monitoring in the

country and arrangements for the exchange of information with the reactor country. In

Belarus, for instance, the effective net of monitoring is provided for in the territory close to the

Ignalina NPP. However it would not totally solve the problems associated with making

decisions about preventive evacuation or sheltering. In order to reach that goal, the exchange

of data from monitoring should be agreed and arranged between the countries. Such exchange

of monitoring data should include notification to conduct agricultural countermeasures and

intervention related to food. Belarusian experience showed that contaminated food was one of

the main sources of doses to the population far from the reactor. Ingestion was the primary

source of thyroid doses, in particular [11].
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Belarus also has obtained very valuable data from the analysis of the effectiveness for different

types of intervention carried out to protection of the thyroid gland. After the Chernobyl

accident, the majority of Belarusian territory was contaminated with 1-131. In five out of 6

regions of Belarus the density of contamination with 1-131 ranged from 0.4 to 37 MBq/m2 [1].

The highest levels of contamination density were registered on the territories closest to the

NPP in the southern part of Belarus. In general the contamination decreased with the distance

from the NPP, but there were hot spots, areas with higher contamination, found at significant

distances from the NPP.

Because of the late warning of the population and incompleteness of measurements for thyroid

protection, significant doses were formed in the thyroid glands of Belarusian people. Children

up to 6 years old who lived in the southern part of Belarus received highest thyroid doses.

Exposure from 1-131 resulted in the development of thyroid stochastic consequences among

the exposed population. Low efficiency of thyroid gland protection performed in Belarus

resulted in development of radiation-induced thyroid cancer case not only among the

population of the nearby territories but also among the population at considerable long-

distance territories [12]. While the average density of contamination decreased with distance

from the NPP, the collective dose increased with distance. Thus it would be expected that most

of the thyroid cancers would be seen further from the NPP. This was has been confirmed to be

the case in Belarus.

Among persons less than 18 years old who were evacuated from the 30-km zone of Belarusian

territory 4 thyroid cancer cases were observed. All these cases were registered after the end of

latent period for the radiation induced thyroid cancer. Taking into account spontaneous rate of

the disease in this age group and number of evacuated persons, all these cases can be

considered as accident-induced. However, the vast majority, more than 90%, of the thyroid

cancers (of all registered after the accident) were diagnosed among those living more than 50

km from the site. This fact is explained by the concept of collective dose, which is the main

parameter correlated with the number of radiation-induced stochastic effects. From radiation

protection point of view the distribution of the registered thyroid cancer cases among

inhabitants of the territories located at the different distances from the Chernobyl NPP is an
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argument for the necessity of iodine prophylaxis for the inhabitants of the territories located far

from the site of accident if the objective is to reduce stochastic effects.

The Chernobyl health consequence in Belarus showed that children are the critical group for

the development of the thyroid cancer. However, there is no complete data yet to clearly show

absolute absence of increase of thyroid cancer among adults. In addition, the Polish experience

during the Chernobyl accident showed a very low number of serious side effects from

administration of stable iodine (2 serious side effects for adults with known iodide sensitivity

among total of 17.5 million doses of KI given to children and adults) [13, 14]. The Polish

experience also showed that under accident conditions the population of different ages would

start to use the stable iodine even without instructions to do so. Therefore, from practical point

of view, it is unnecessary to have the separate criteria for thyroid gland protection of children

and adults.

A system is in place in Belarus to protect the thyroid of the inhabitants of the Belarusian

territories located close to the Ignalina NPP. More than 20,000 people are living in the

Belarusian part of the 30-km zone. Among this population the stable iodine is distribution in

advance. Tablets of stable iodine along with instruction of use are located in the family first-aid

sets. Additional stocks of the tablets are in local medical services. In every local medical

service there is special trained person and transport to go along a predetermined route to

distribute additional tablets of stable iodine when necessary. The combination of such

availability of stable iodine in families and local medical services is a strong guarantee the first

dose of iodine will be taken during first hours after making the decision to perform iodine

prophylaxis. The decision is made by the head of medical service at the district level based on

the criterion of gamma dose rate. Efficacy of this system was tested during exercises at the

territory of the Belarusian side of the 30-km zone. The results of the exercises showed that

during 3-6 hours after the warning signal iodine prophylaxis was performed for 95% of the

population. The emergency plan not only makes provisions for iodine prophylaxis but also for

sheltering and evacuation if criteria of gamma dose rate is exceeded.

One of the important actions to reduce ingestion of radioiodine is the restriction of

consumption for the potentially contaminated local foods (in particular, milk and leaf

vegetables). In the territory of Belarus close to the Ignalina NPP radiation survey teams with
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all necessary equipment to collect samples were organized. While in-situ gamma spectroscopy

could provide very fast assessments it is not yet available. Therefore the analyses would be

performed in laboratories and thus would result in some delays. For the territories that are far

from the NPP provisions for collection and analyzing of samples also exist. As for the thyroid

blocking among the population far fromThe^NPP there are centralized stocks of stable iodine in

medical services and pharmacies without predistribution of the tablets. After the decision about

thyroid blocking the distribution of the tablets will be performed through the medical system.

CONCLUSION

The possibility of transboundary impact was clearly demonstrated during the Chernobyl

accident. The experience of Belarus in dealing with the Chernobyl accident highlights several

critical aspects of radiation emergency preparedness as necessary in providing adequate

protection of the population, especially in the acute phase of the event. Corrected by the

Chernobyl experience, emergency response plans should provide timely protection of the

population. For the counties without an NPP one of the most important issues is the

establishment of information exchange with the NPP country at the earliest stage of the

accident. This should be done in advance and include prompt notification of all the officials

responsible for implementation of protective action near the plant (e.g., within 30 km). The

exchange of monitoring data should also be organized within the agreements between the

countries. The thyroid gland protection using stable iodine should be preplanned not only near

the NPP but also up to 300-500 kilometers from the site. The single criterion for decision

making regarding the thyroid gland protection of children (excluding infants) and adults is

reasonable from practical point of view.

REFERENCES

1. The Chernobyl catastrophe consequences in the Republic of Belarus, National report, E.F.

Konoplya, I.V.Rolevich (Eds.), Academy of Sciences of Belarus, Minsk, (1996).

2. Sjoreen A.L., Athey G.F., Ramsdell J.V., McKenna T. RASCAL Version 2.1 User's Guide.

- US NRC. - Washington DC, (1994).

3. ICRP. International Commission on Radiological Protection. Publication N 23. Report of

the Task Group on Reference Man. - Oxford: Pergamon Press, (1975).

4. ICRP. Publication N 56. Age-dependent Doses to Members of the Public from Intake of

Radionuclides: Part 1. - Oxford: Pergamon Press, (1990).

595



5. Martin J.A. Doses while Traveling under Well Established Plumes // Health Physics. - 1977.

-Vol. 32. -P . 305-307.

6. Turner, D. B., Workbook of Atmospheric Dispersion Estimates // US Environmental

Protection Agency, 1982. - 84 p.

7. External Exposure to Radionuclides inAir, Water, and Soil / Environmental Protection

Agency USA. Federal Guidance Report N 12, EPA, (1993).

8. Burson E. G. Structures Shielding from Cloud and Fallout Gamma-Ray Sources for

Assessing the Consequence of Reactor Accidents. - EGG-1183-1670. - 1975. - 78 p.

9. NRC. Severe Reactor Accident Incident Response Training Manual. Severe Reactor

Accident Overview//NUREG-1210, Vol. 2, (1987).

10. NRC. Severe Reactor Accident Incident Response Training Manual. Public Protective

Actions. Predetermined Criteria and Initial Actions // NUREG-1210, Vol. 4, (1987).

11. Balonov M.I. Overview of doses to the Soviet population from the Chernobyl accident and

the protective actions applied // The Chernobyl Papers. Doses to the Soviet Population and

Early Health Effects Studies / S.E.Merwin, M.I.Balonov (Eds).- Washington, 1993. - Vol.

1.-P.23-46.

12. Buglova E., Kenigsberg J., McKenna T. Reactor accidents and thyroid cancer risk: Use of

the Chernobyl experience for emergency response/Radiation and Thyroid Cancer. / Thomas

G., Karaoglou A., Williams E.D. (Eds)-World Scientific, 1999, P.449-453.

13. Wolff J. Iodide prophylaxis for Reactor accidents. Proceedings of the Nagasaki

Symposium 1995, Nagasaki, (1995).

14. Nauman J., Wolff J. Iodine prophylaxis in Poland after the Chernobyl Reactor accident:

benefits and risks / Am.Jornal of Medicine. Vol 94., 1993, P. 524-532.

596


