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FOREWORD

For many years, particularly since the accident at Chernobyl in 1986, the
NEA Committee on Radiation Protection and Public Health (CRPPH) has been
involved in promoting international co-operation in the areas of nuclear
emergency planning and preparedness, and emergency management. Part of the
CRPPH programme in this area is devoted to the organisation of international
nuclear emergency exercises INEX 1, the first such exercise, was conducted
in 1993. Based on the results of this table-top exercise, several follow-up
actions were recommended. One of these was the organisation of a workshop
to discuss the practical problems associated with the implementation of
short-term countermeasures, specifically sheltering, distribution of stable iodine
and evacuation. This workshop organised by the NEA and hosted by the
Swedish Radiation Protection Institute (SSI), took place in Stockholm, Sweden,
in June 1994. These proceedings contain the papers presented at the workshop
and a summary of the conclusions and recommendations which emerged from
discussions.

These proceedings are published on the responsibility of the
Secretary-General of the OECD. The opinions expressed are those of the
authors and do not necessarily reflect those of any Member country.
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INTRODUCTORY REMARKS
by

Ted Lazo
OECD Nuclear Energy Agency

Since the accidents at Three Mile Island in 1979, and more especially
Chernobyl in 1986, many countries have intensified their efforts in emergency
planning and preparedness for nuclear accidents. As a result of this interest by
its member countries, the Nuclear Energy Agency (NEA) of the Organisation for
Economic Cooperation and Development (OECD) has been actively involved in
this area for some time.

As part of the work in this area, the NEA's Committee for Radiation
Protection and Public Health (CRPPH) agreed in 1990 to launch a programme
of work in the field of off-site emergency exercises. The Committee defined
two broad objectives for the programme,

1. to contribute to the identification of those aspects of off-site emergency
response which involve neighbouring countries and international
organizations and which would benefit from improved international co-
operation and co-ordination; and,

2. to contribute to increased understanding between participating countries
regarding national approaches to the response to nuclear emergencies.

Part of this programme was devoted to the organisation of international
nuclear emergency exercises. The first of these exercise, called INEX 1, was
conducted in 1993 and comprised two stages. The first stage was a national
Tabletop exercise, which was carried out during the months of March - May.
A total of 16 countries, 14 NEA Member countries and 2 non-NEA Member
countries, participated. The Tabletop exercises involved key decision-makers
and experts responsible for emergency response matters. The second stage
involved an international meeting, held in Paris in June 1993, to analyze and
discuss the results of the Tabletop exercise. Representatives of each
participating country attended in order to share experience from the exercise and
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to discuss possible follow up work in the area of emergency response and
exercises.

The participating countries concluded that INEX 1 had been a very useful
and instructive undertaking. The Exercise was particularly beneficial in helping
the participants to test the content and efficiency of their emergency plans, and
to identify weak points and aspects requiring improvement. The Exercise also
provided useful experience for the improvement of criteria and methods for the
organisation and execution of emergency exercises at the national and
international level.

Based in the preliminary review of the results of INEX 1, and on proposals
made by participating countries, the CRPPH at its meeting in September 1993
established a follow-up programme of work for the following years. The
CRPPH Expert Group on Emergency Matters was assigned the task of
implementing this programme. One component of this work, a direct outgrowth
of recommendations from INEX 1, was the organisation of a workshop on
technical, organizational, economic and social aspects related to short term
countermeasures, particularly stable iodine distribution to, and sheltering and/or
evacuation of populations in emergency situations.

The Expert Group concluded that in relation to sheltering, evacuation, and
stable iodine distribution many practical and operational problems exist.
Although in theory these are relatively straightforward countermeasures, there
exist in practice a number of problems related to the sheltering of various
population groups (tourists and campers for example), the organizational aspects
of large-scale population evacuations, the risks of stable iodine administration
to various age groups versus the risk of radioactive iodine, the mechanisms
which could be used to distribute iodine to large population groups, etc. Finally,
many questions were raised as to the economic and social consequences of those
countermeasures.

The main purpose of the Workshop was thus to address these practical
issues, and to share experience on and review various technical, organizational,
economic and social aspects associated with short term countermeasures, in
particular sheltering and/or evacuation of, and stable iodine distribution to,
populations in a nuclear emergency.
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The specific objectives of the Workshop were:

1. To review criteria on short term countermeasures as established by
international organizations;

2. To discuss the effectiveness and costs of, and risks associated with, the
implementation of short term countermeasures in view of the experience
gained from the Chernobyl accident as well as from other accidents and
incidents;

3. To share information on national policies, practices, practical experience,
and recent developments (e.g. research) in relation to stable iodine,
sheltering, and evacuation;

4. To discuss factors influencing the choice of strategy for implementing
the countermeasures; and

5. To develop conclusions and recommendations based on the workshop
papers and discussions.

The Workshop was hosted by the Swedish Radiation Protection Institute, and
was held in Stockholm, Sweden, 1 to 3 June 1994. Dr. J. O. Snihs acted as
Chairman. The Programme for the Workshop, provided in its entirety as
Annex 1, included five sessions as follows:

Session 1: Criteria, Practice and Medical Aspects

Session 2: Effectiveness and Risk of Countermeasures

Session 3: Selection of Strategies

Session 4: Implementation of Strategies and National Practices
Session 5: Conclusions and Recommendations

The Programme Committee for the Workshop was Chaired by
Mr. C. Viktorsson, Swedish Radiation Protection Institute (SSI), and included
the as members Ms. R. Hinninen, Finnish Center for Radiation and Nuclear
Safety (STUK), Finland; Ms. R. Hogan, Nuclear Regulatory Commission (NRC),
United States; Dr. G. N. Kelly, Commission of the European Communities
(CEC), D.G. XII, Brussels; Mr. 1. Todd, Health and Safety Executive (HSE),
United Kingdom; Mr. B. Weiss, International Atomic Energy Agency (IAEA),
Vienna, Austria; and Dr. T. Lazo, NEA Secretariat.
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Session 1

CRITERIA, PRACTICE AND MEDICAL ASPECTS

Co-chairman: Jan Olof Snihs, Sweden
Rapporteur: Peter Waight, Canada




WHO GUIDELINES ON THE USE OF STABLE IODINE
AFTER NUCLEAR ACCIDENTS

by

Dr Keith F. Baverstock
World Health Organization
European Centre for Environment and Health,
Rome Division

Abstract

The radioactive isotopes of iodine will form an early and important public
health hazard following any accident to an operating nuclear power station. The
sequelae of the Chemoby! accident strongly suggest that children are particularly
at risk. Stable iodine, taken in appropriate amounts, can be used to block
effectively the further uptake of iodine by the thyroid, thus reducing exposure
to the isotopes of iodine. The WHO has produced guidelines for the
implementation of such iodine prophylaxis in the event of nuclear accidents.
These guidelines are briefly introduced and possible future developments
discussed. In particular it is noted that if the isotopes with iodine are as effective
at inducing thyroid cancer as external radiation, presently adopted levels for the
initiation of iodine prophylaxis may need to be reduced, especially for children.

Introduction

It was the Chernobyl accident in 1986 that stimulated the WHO to frame its
present guidelines on the prophylactic application of stable iodine in the event
of a nuclear accident involving the release of the isotopes of iodine although
experience from earlier accidents, in particular the Windscale accident in the UK
in 1957, had much earlier stimulated the consideration of this problem. In any
accident to an operating nuclear reactor which involves a release to the
environment of fission products the isotopes of iodine will be a prominent, if
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transitory, cause of radiation exposure. Initially, exposure will be by inhalation
of the radioactive cloud, to be followed, particularly if rainfall occurred at the
time of the passage of the cloud, by ingestion as the radioactive iodine enters the
food chain. The affinity of iodine for the thyroid gland and the extent to which
it is concentrated by the small gland results in very high doses to the thyroid.
A comparison, in table 1, of doses to populations close to the Chernobyl
accident (IAEA 1991) reveals the extent of this problem and shows that thyroid
doses were typically some 20 to 50 times those to the whole body, over the four
years after the accident.

Table 1. Comparison of doses to the whole body from external exposure
and internal contributions from the isotopes of Cs and Sr
with those to the thyroid from the isotopes of iodine (IAEA)

Whole body doses between Thyroid Ratio
1986 and 1989 doses
Settlement External | Interna | mGy | In Children Thyroid/

mGy 1 mGy mGy Whole

body
Bragin 26 24 50 1000 20
Korma 18 3 21 670 32
Veprin 32 7 39 1200 31
Narodichi 17 11 28 1300 46
Polessko 24 15 39 1900 49
Nozovebkov 16 5 21 640 30
Zlynka 26 10 36 1100 31

Even at much more remote distances from the accident, for example in the
UK, the ratio of dose to the thyroid from iodine-131, to that from all other
sources was still about 10 but at this distance ingestion was a much more
important exposure route than inhalation (Baverstock 1986).

That the exposure to doses of the order experienced closer to Chernobyl
leads to measurable health effects seems now to be indicated by the rise in
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childhood thyroid cancer in the southern parts of Belarus (Kazakov et al 1992)
and the northern Ukraine

An examination of these figures in the light of what is known about the
sensitivity of the infant or child thyroid to radiation shows that the increases
observed are consistent with the current knowledge of the effects of radiation on
the thyroid (Baverstock 1994).

The infant thyroid is particularly at risk for two reasons, namely that for any
given environmental exposure (radioactive iodine in the air or food chain), the
dose to the infant thyroid is likely to be up to one order of magnitude greater
than that to adults with the same exposure, because of the differences in mass
of the infant thyroid (about 1.8g at six months) compared to that of the adult
(about 20g). In addition the young thyroid is up to an order of magnitude more
sensitive to the cancer inducing effects of radiation than the adult. (Shore 1992)

The thyroid is a complex organ responsible for the control of growth through
the supply of hormones. Inorganic iodine, enters the body as a component of
food and is rapidly transported to the blood stream from where the thyroid
concentrates it. The extent of uptake may depend upon iodine status of the
organ; in areas of iodine deficiency the gland is of greater size and uptake is
more avid. Iodine is eliminated from the thyroid relatively slowly and for the
case of all the radioactive isotopes of iodine except '*’I, which has a very long
radioactive half life, the effective half-life of the isotope in the thyroid is
dominated by radioactive decay with only marginal variations with age or
previous iodine status.

With respect to iodine metabolism, the thyroid, under more-or-less steady
conditions (100 ug/d) of iodine intake, adopts a steady state, responding to
increased inorganic iodine by increasing the output of organic iodine. However,
sudden and marked increases (more than 100 mg/day in the case of iodine
prophylaxis) in iodine concentration in blood can cause an auto regulatory
mechanism to be invoked which leads to the cessation of iodine conversion to
organic states. This condition, known as Wolff-Chaikoff syndrome, temporarily
suspends thyroid function and constitutes the main adverse effect of iodine
prophylaxis.

However, the administration of relatively large quantities of stable iodine,
either as iodide or iodate, orally can be used to rapidly, within a hour or so,
block the uptake of further (radioactive) iodine by the thyroid for about
24 hours.
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Iodine prophylaxis is thus effective, simple to administer but not entirely
without a risk of adverse effects. It is against this background that the WHO has
set its guidelines on the use of iodine prophylaxis.

Background to the WHO Guidelines

The WHO has adopted the concept of “near” and “far” field (WHO 1993,
1994) where actions to mitigate the effects of radiation exposure in the event of
a nuclear accident are concerned. The near field extends to a few kilometres
from the origin of the release and is a region in which external exposure from
the radioactive cloud and inhalation of its contents may present significant health
hazards to the general public. If the accident involves either, a prompt fission
event, or a release from an operating nuclear reactor, the risk of exposure to
isotopes of iodine is particularly important since the short lived isotopes, with
half lives of a few hours to one or two days, will be present. In the near field
there is therefore a need to be prepared to take very rapid action which may
involve sheltering, evacuation and the distribution of iodine tablets.

In the far field the external and inhalation contributions to dose from the
cloud are less important than the longer term problem of ingestion of
radionuclides from the food chain. Consequently in the far field there is more
time to consider appropriate actions.

A basic principle of the response to nuclear emergencies is that the risks
incurred by mitigating actions should be less than the risks averted by taking
them. The mitigation risks depend on a number of factors that may vary from
circumstance to circumstance and so depend on local conditions. It is thus best
to determine the mitigation policy for an accident in terms of the circumstances
prevailing in each individual case. However, it is also advisable to have a plan
of action to implement at the outset of an accident, even before the situation can
be assessed in an individual case. Emergency Reference Levels (ERLs) are
criteria for the implementation of mitigating measures in the very early stages
of an accident. They are, at present, usually given as two doses, the lower one
being a dose below which initial action is unlikely to be justified and the upper
one the dose at which action should be taken to reduce exposure. ERLs are
particularly useful in the case of mitigating iodine exposure since the earlier the
first prophylactic dose is taken the greater the effectiveness of stable iodine.

Within the general population are groups with special varying sensitivities
to radioiodine. They are as follows:

Foetuses and pregnant women: at about 90 days post conception the fetal
thyroid starts to concentrate iodine and thus the risk of thyroid damage from
radioiodine commences. There is a rapid increase in the dose per unit of activity
up to about 100 to 120 days post conception and then a steady decline until
birth. At the time of peak dose per unit intake the dose to the fetal thyroid
probably exceeds, by a factor 2, that to the maternal thyroid but overall the
pregnancy the absorbed dose to the maternal and fetal thyroids are about the
same.

Neonates: the immediate two to three weeks after birth are a time of
enhanced iodine uptake and thus represent a period of abnormally high risk,
doses from a given exposure (intake) being up to five time greater than in
subsequent weeks. In addition, the infant thyroid is up to a factor 10 more
sensitive than that of the adult.

Infants and children and adults under 40 years: the main factor in
determining the dependence of dose on intake in children is the increasing mass
of the thyroid gland with increasing age, there being about one order of
magnitude between the dose per unit intake in infants and aduits. Sensitivity of
the thyroid to radiation decreases markedly with increasing age.

In all the above groups the principle adverse effect of iodine prophylaxis is
the temporary deficiency in thyroid hormone production known as the Wolff-
Chaikoff syndrome which effectively limits the safe prophylactic dose of stable
jodine. Especially sensitive to this effect are neonates who should receive no
more than a single dose of stable iodine. Pregnant women and lactating mothers
should be limited to two doses. These groups should be removed from the
exposure as soon as possible so as to limit exposure.

Adults over the age of 40 years: there is little evidence that in this age
group the thyroid is sensitive to radiation induced cancer and the increasing
%ncidence of thyroid disorders and predisposition to hyperthyroidism with age
increases the risk of adverse side effects. The latency of thyroid cancer makes
the administration of iodine prophylactically less effective.
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Guidelines

The following serves as a very brief summary of the main points in the
Guidelines (WHO 1989):

Near field: Todine tablets (either as iodide or iodate) should be available for
immediate distribution to all groups if the predicted doses to the thyroid are
likely to exceed the national emergency reference level operative at the affected

location.

Far field: lodine, as above, should be available (either in tablet form or in
solution as iodide or as iodate) for distribution to pregnant women, neonates,
infants and children if the predicted doses are likely to exceed the emergency
reference level in the country concerned but they should not be distributed on
a wide scale to juveniles, adults or in more than the above prescribed doses, to
pregnant women and neonates. Arrangements should be made to limit exposure
to neonates and pregnant women by control of foodstuffs as a priority.

Dosage: For adults (including pregnant women) a daily dose of 100 mg
(equivalent mass of iodide) will effectively inhibit iodine uptake without undue
risk of adverse side effects, except as above The following table gives the
dosages for all groups.

Table 2. Recommended doses of stable iodine as potassium ijodide
or potassium iodate for various age groups in the population

Age group Equivalent KI (mg) KI0,
mass of iodide (mg)
(mg)
Birth - 1 month 12.5 15 20
1 month - 3 years 25 30-35 40-45
3 years - 12 years 50 65 85
Adolescents & Adults 100 130 170
(including pregnant women)
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Timing and duration of administration: The effectiveness of the blocking
mechanism depends on the early administration in relation to the exposure so,
in the near field, timing is of the essence. In the far field there will be more time
so the issue of distribution is of less importance. Even if there is a delay after
exposure, administration of iodine should not be discounted since, where
ingestion is concerned, later administration may still be beneficial. With
continuing exposure administration may be continued for several days, except
as detailed above, but iodine prophylaxis should be considered in the context of
other mitigation procedures, especially controls of food stuffs.

Storage and distribution

Near field (predictable): Close to nuclear installations iodine tablets should
be stored or predistributed so that prompt utilization is facilitated. There needs
to be a continuing surveillance of this situation by the competent authorities so
that tablets are not lost or misused.

Near field (unpredictable): For mobile sources of potential public exposure
to radioactive iodine arrangements should be made for the rapid distribution of
tablets to potentially exposed populations.

Far field: Arrangements should be made for the distribution of iodine to
special groups as defined above through the storage of iodine at emergency
centres, produce stations and hospitals etc.

In all cases, because both iodide and iodate are relatively unstable,
arrangements should be made for storage under optimum conditions and
replacement of old stocks at regular intervals.

Informing the public: The public, especially in the predictable near field,
should be aware of the arrangements for distribution, and the benefits and risks
of the administration of stable iodine as a matter of course so that in the event
of an emergency they are prepared for the actions required of them.

Implications of what we have leamned since Chemobyl
Guidelines should not be “written on stone”. The Regional Office for Europe
keeps its advice on the response to nuclear emergencies under constant review

and will periodically update its advice through the Handbook on Nuclear
Emergencies (WHO 1994) presently in the process of publication. What follows
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are thoughts, to stimulate discussion, on developments that might be
incorporated into future advice.

The sequelae to the Chernobyl accident in terms of childhood thyroid cancer,
even apparent in populations at distances of several hundred km from the site
of the accident, highlight the need for an efficient and reliable system for the
administration of prophylactic iodine in the event of a nuclear emergency, in the
far field or even in countries which do not have potential sources of radioiodine.
In particular the high risk to young children is evident and thus the need to get
iodine to them quickly. In Poland an early decision was taken to distribute
iodine in the eastern part of the country. It is too soon to say how effective it
was in preventing childhood thyroid cancer but the extent of adverse effects has
been assessed and found to be small. (Naumanan and Wolff 1993).

A notable health effect of the Chernobyl accident is the incidence of stress
related illness resulting from the widespread fear, in the affected populations, of
the health implications of the accident. Such fear occurs regardless of whether
exposure takes place or not and is more concerned with the perception among
the population of the competence of the authorities, to deal with the situation,
and the feeling that the situation is or is not under control by the authorities and
whether they can act to protect themselves. Iodine prophylaxis is an effective
risk control measure and public awareness of it and its application should help
to mitigate the stress in the event of an accident..

As unplanned exposures, accidental releases do not fall within the framework
of cost benefit analysis in which public dose limits are framed, i.e. the incurred
risks of the exposure are not justified by societal benefits and mitigation of
exposure must therefore be seen as being based purely on a balance between risk
that' can be averted by mitigation and risk associated with the mitigation
measure. Thus, after the initial phase (lasting perhaps 12 hours) in which
Emergency Reference Levels are operative, decision making should be based on
the above criteria in the circumstances of the particular emergency. If mitigating
measures of low risk can avert significant dose, and thus risk, they should be
taken even though they may be below the lower bound of emergency reference
level. In any case, in the event of an accident it is the risk to the individual that
should dictate action and not population based risk.

The risk of severe reaction from the administration of 300 mg of stable
iodine daily is up to 1x10°® (Pochin 1990). Mild reactions (vomiting, diarrhoea,
stain rashes, etc.) were reported in about 1% of the population given a single
dose of potassium iodine solutions in Poland (Nauman and Wolff 1993). It is
not, however, known to what extent these reactions were due to the way the
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iodine was administrated and to what extent psychological factors played a role.
The risk to a child of exposure to an absorbed dose to the thyroid of 1Gy is
about 1% (ICRP 1991). It follows therefore that significant risk may be averted
by the administration of stable iodine at doses somewhat less than the
emergency reference levels of dose which is typically in the range from 50mGy.
Taking into account the practicalities of distribution of iodine Paile of the
Finnish Centre for Radiation and Nuclear Safety (personal communication) has

proposed an intervention level in the region of 10 mSv to the thyroid for
children.
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Induced Thyroid Cancer, Radiation Research 1992, 131: 98-111 p | objectives were to keep the dose to the public below an established level.

i
Strategy for Public Health Action in Relation to Nuclear Emergencies: ; Which urgent countermeasures for the general public are employed in your
report on a WHO working group, Solothurn, Switzerland, 15-18 October | country?

1991, Copenhagen: World Health Organization 1993
Sheltering, evacuation and stable iodine were listed by most countries as near

Handbook on Nuclear Emergencies, Copenhagen: World Health field urgent countermeasures. Seven countries also initiate other

Organization, in press countermeasures promptly such as access control and food restrictions. For far
field urgent countermeasures, seven countries would shelter, but only four would

Guidelines for lodine Prophylaxis following Nuclear Accidents, evacuate and five would distribute stable iodine.

Copenhagen: World Health Organization 1989, Environmental Health

Series, No. 35 Which urgent countermeasures for specific populations are included as possible

options in your country's emergency plan?
Pochin E. E., lodine Prophylaxis: Quantitative Considerations, in “lodine
Prophylaxis following Nuclear Accidents”, Oxford: Pergamon Press 1990 Ten countries plan specific countermeasures for special populations including
hospital patients, prisoners, long-term care populations, school children, campers,
1990 Recommendations of the Intemational Commission on Radiological etc.

Protection, Annals of the ICRP, 21, (1-3)
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Are different countermeasures intended for different groups within the
populations, such as children pregnant women, etc.?

Most countries do not plan counteryneasures for specific segments of the
population, but a few countries plan to recommend special countermeasures to
infants, children and pregnant women.

Are there established dosimetric criteria for emergency workers?

For life-saving activities, the range of dose limits is from
50-250 mSv(Gy)/event-year. For protecting property, the range is
15-100 mSv(Gy)/event-year. The dose limits for other activities were the most
consistent with a range of 5-50 mSv(Gy)/event-year.

Are there different countermeasures planned (stable iodine, dosimetry, protective
clothing, etc.) for farmers or other non- emergency workers who may need to
be outside in an affected area?

Six of twelve countries plan countermeasures for non-emergency workers
who may be outside. The responses did not identify which categories of
non-emergency workers would receive separate countermeasure
recommendations.

Are there different countermeasures planned (stable iodine, dosimetry, protective
clothing, etc.) for emergency workers, such as police, army, monitoring teams
who may need to be outside in an affected area?

All countries provided specific countermeasures for emergency workers,
however, emergency workers were not specifically defined. From the responses
it was not possible to discern whether police, army or other public workers
would be considered emergency workers.

Were costs of implementing various countermeasures considered in developing
the countermeasures plan that is used in your country?

Costs of implementation were included in half the countries when developing

their plan. In other words, some countermeasures were not chosen or were
designated as last choice if the costs to implement the countermeasure was high.
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Were other factors considered in developing the countermeasures plan?

Most countries indicated that the time needed to implement a
countermeasure, the time needed to complete the notification of the public and
the availability of transportation for evacuation were factors when considering
whether to include a countermeasure in their country's plan. Six countries
considered the anxiety of the public toward a particular countermeasure and two
countries considered the disruption a particular countermeasure might have on
the public.

Was public preference considered in developing the countermeasures plan that
is used in your country?

Only one country stated that the public's preference for a countermeasure
influenced the choice of a country's preferred short term countermeasure.

What intervention levels are used to initiate countermeasures?

Despite efforts in recent years to harmonize intervention levels within the
international community, there remains a wide range of levels. Nearly all
countries expressed the level as a range. Lower levels of the ranges for
sheltering were from 1 to 10 mSv while the upper limit was from 10 to
100 mSv. Some countries plan to shelter at 10 mSv or below while others plan
to shelter at 10 mSv or above. Evacuation intervention levels are even more
diverse. The ranges were from 10-50 mSv to 100-500 mSv to above 500 mSv.
For stable iodine the intervention levels was generally starting at 30-50 mSv
although some countries do not plan to distribute stable iodine until 250 mSv are
projected. The upper limit for use of stable iodine ranges from 100-1000 mSv.
These very different ranges for intervention levels could present a challenge to
authorities of neighbouring countries in an emergency. This disparity highlights
the need for coordination of countermeasures before public notification.

What type of organization is responsible for recommending the implementation
of countermeasures?

YVhat type of organization is responsible for deciding which countermeasures to
implement at the time of an accident?

National level organizations in fourteen countries recommend that a
countermeasure is warranted. Five countries mentioned regional organizations,
four countries mentioned the nuclear power plant and two countries mentioned
local organizations as having the responsibility to recommend that a
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countermeasure should be taken. Twelve countries stated that regional
organizations were responsible for choosing the specific countermeasure during
an emergency. Ten countries stated National organizations and four countries
stated local organizations choose the countermeasure.

Has an attempt been made to harmonize emergency plans with neighbouring
countries? If so, what parts of the emergency plan are/will be harmonized?

The most successful efforts at harmonization have been in the notification
function mentioned by twelve countries. Drills and training are harmonized in
nine countries. Less harmonization has occurred in intervention criteria, as was
noted above, the emergency planning area and dose prediction methods with
only four or five countries mentioning harmonization efforts in these functions.
Three countries stated that no harmonization has taken place. This may be
because there are no nuclear power plants in those countries or the borders are
far from a nuclear power plant.

How is the general population told of the countermeasure decision?

A variety of communication methods are used in each country to notify the
population. Mobile speakers were mentioned fourteen times, sirens with
subsequent radio and television announcements-thirteen times, radio and
television alone-ten times, fixed public address system-four times, door-to-door
notification-three times, short-wave radio-twice and telephone notification-once.

Is there a geographic emergency planning area surrounding a nuclear power
plant in which planning for implementing short term countermeasures should be
in place?

Four countries have planning areas between 1-5 km, five countries have
planning areas from 6-10 km, one country has planning areas of 11-15 km, two
countries have planning areas from 16-20 km, one country has planning areas
from 21-25 km. One country has no emergency planning area, but also has no
nuclear power plant within its borders.

What factors are considered at the time of an emergency when selecting which
countermeasures to implement?

Virtually all countries consider weather conditions, length of warning time,
time of day, whether a release is in progress, time needed to complete
implementation of the countermeasure and the size of the population designated
to implement the countermeasure.
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Are there plans for a phased implementation?

Nine countries plan to implement countermeasures first for close areas.
Schools were mentioned by four countries and specific populations were
mentioned by three countries for a phased implementation of countermeasures.
Two countries do not plan any phased implementation of countermeasures.

Is sheltering ever intended to be used initially accompanied by another or
followed by countermeasure?

Nine countries may accompany sheltering with evacuation and five countries

will accompany sheltering with stable iodine. One country plans to recommend
sheltering alone.

Has your country ever experienced sheltering, evacuation or issuance of stable
iodine for an actual or potential radiological emergency?

The United States experienced shelter and evacuation for the Three Mile
Island accident. Sheltering was recommended for persons within a 16 km
radius. Evacuation was recommended for pregnant women and children (about
2500 persons) within 24 km.

The actual population that evacuated was about 144,000. The town of Kotka
in Finland experienced sheltering of less than 1000 people during an exercise
and stable iodine was distributed to the onsite staff of a gas-cooled reactor in the
United Kingdom due to an onsite leak of coolant gas.

Are there early plans for warning of farmers, hospitals or others needing extra
time for sheltering or evacuation?

Six countries provide early warning to people who need extra time to

prepare for the implementation of sheltering or evacuation. Seven countries do
not.

Are there any precautions planned for members of the public who may be
allergic to stable iodine?

Of tt.ne nine countries that do issue precautions regarding stable iodine, seven
provide a warning with the recommendation, three direct potentially allergic
people to consult a physician and two do not recommend taking the stable iodine
at all if an allergy is suspected. Four countries do not provide any warning.
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If stable iodine is used as a countermeasure, where is the stable iodine
stockpiled?

Stable iodine is stockpiled at a variety of locations. Nine countries store it
with local officials, six at schools, five with National authorities, three at
shelters, three at the nuclear power plant and two at pharmacies.

If stable iodine is used as a countermeasure, who pays for it?

The National authorities purchase the stable iodine in ten countries, the
nuclear power plant in six countries, individual members of the public in four
countries, local authorities in two countries and businesses in one country.

Is stable iodine a countermeasure that could be selected for accidents occurtring
in foreign countries?

Nine of fourteen countries plan to recommend stable iodine for an accident
occurring in a foreign country. Stable iodine is not considered viable in some
countries due to the distance to the nearest foreign nuclear power plant.

If stable iodine is used as a countermeasure, what form of stable iodine is used?

Virtually all countries use potassium iodide tablets to administer stable iodine.
At least one country uses potassium iodate.

What iodine dose (mg) and ingestion frequency are recommended in territories
with normal environmental iodine levels?

What iodine dose (mg) and ingestion frequency are recommended in territories
with low environmental iodine levels?

The range of dosage for iodine is 12.5-65 mg for children less than one year,
50-150 mg for children and 100-300 for adults. Nearly all countries have the
same doses for breastfeeding women, pregnant women and adults. Several
responders stated that their country follows WHO guidelines. No countries
indicated different iodine doses in territories with low environmental iodine

levels.
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Is there any plan for the usage of stable iodine in patients with thyroid diseases?

Six countries plan to administer stable iodine to persons with thyroid disease.
Three do not plan to administer stable iodine and two plan to administer stable
iodine to persons under 45 with thyroid disease.

What is the assumed shelf life of stable iodine?

Seven countries use five years as the shelf life of stable iodine. One country
uses two years and one country uses eight years. Two countries have extended
the shelf life to ten to twelve years.

Is there a quality control program for stable iodine?

For stockpiled stable iodine, nine countries have a quality control program
while two do not. For predistributed stable iodine, only three countries have a
quality control program while one country does not. Some countries do not
have program for predistributed stable iodine.

The questionnaire provided insights into short term countermeasure planning
and implementation. Countries can compare their situation to the responses of
other countries and identify areas for further review and coordination. On the
other hand, some questions elicited responses indicating a complex situation that
raised more questions. A future questionnaire on the same issues would be
beneficial in a few years. This would give countries an opportunity to conduct
harmonization discussions and participate in more bilateral exercises.
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THYROID CANCER RISK AMONG PATIENTS EXPOSED TO
DIAGNOSTIC DOSES OF IODINE-131

by

Per Hall
Department of General Oncology, Radiumhemmet,
Karolinska Hospital
Stockholm, Sweden

Abstract

The level of risk associated with "'l is not well defined but appears lower
than equivalent doses of x-rays. To provide quantitative data on the risk of
thyroid cancer following ""'I exposure, 34,104 patients surviving >5 years after
BIT administration between 1950-69 for diagnostic purposes were studied. The
mean thyroid dose was estimated to be 1.1 Gy (range 0-40.5). Overall, 67
thyroid cancers occurred in contrast to 49.7 expected based on rates from the
general population (SIR=1.35;95% CI 1.05-1.71). However, the excess rates was
based entirely among patients referred because of a suspicion of a thyroid
tumour whose risk was significantly higher than for those referred for other
reasons.

Introduction

The correlation between high-dose rate ionizing radiation and thyroid cancer
was first suggested more than 50 years ago (1,2) and thyroid cancer has since
then been convincingly linked to ionizing radiation only after childhood
exposure (3-7). In the most recent follow-up of A-bomb survivors, thyroid
cancer risk was increased only among individuals under age 20 years at
€xposure (8). Age at exposure thus appears to be the most important determinant
of future risk, and differences in reported risk estimates might merely reflect
differences in age distribution.




No increased risk of thyroid cancer has been found among hyperthyroid
patients treated with 1311 (9-11). Fallout from nuclear weapons tests has resulted
in increased risk of thyroid cancer among Marshall Islanders, but most of the
dose was delivered from gamma rays and short-lived radioiodines and not Bl
(12, 13). A recent registry evaluation reports high rates of thyroid cancer in
children living in the Chernobyl area (14).

Against this background, we extended the follow-up of a large series of
patients administered 13I[ diagnostically (15). Individual radiation dose to the
thyroid was computed for the first time. The aim was to provide quantitative
data on the risk of thyroid cancer after exposure to relatively low dose and

dose-rate exposures.

Methods

The cohort has been described elsewhere (15, 16). Patients were examined
with "I during the period 1950-1969, less then 75 years of age at exposure, and
had not received external radiotherapy. The cohort consisted of 34,104 patients
(80% women and 20% men) with a mean age of 43 years (range 1-75 years) at
first exposure, and a mean follow-up of 24 years (range 5-39 years). A total of
2,408 individuals were exposed before 20 years of age and 316 before the age

of 10 years.

We estimated absorbed thyroid dose using the individual administered "'l
activity and 24 hour thyroid uptake of 1311 as well as ICRP tables (17).

The follow-up period started at the time of first exposure or if exposed prior
to 1958, at January 1, 1958, and lasted until thyroid cancer diagnosis, death,
emigration, or December 31, 1990. The first 5 years at risk were excluded in
order to reduce the number of thyroid cancers that were related to referral or to
increased medical surveillance and not to the 'I exposure. All thyroid cancers
observed within the first five years of follow-up were excluded for the same

reasor.

The cohort was matched with the Swedish Cancer Register (SCR). The
expected number of thyroid cancers were calculated using incidence data from
the SCR and indirect standardization with adjustment for sex, attained age at
exposure, and calendar period.

The standardized incidence ratios (SIR) were calculated as the ratio between
observed and expected numbers of thyroid cancers. The 95% confidence
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intervals (CI) were calculated assuming the observed n i

. N umber of cancers bein

Poisson distributed. Trends for SIR were calculated usi rm s
sing the fi

by Breslow and Day (18). ¢ ormulas suggested

Results

The absorbed dose to the thyroid gland using ICRP tables was 1.3 Gy (range
0.0-25.7 Gy) among those referred under the suspicion of a thyroid cancer and
0.9 Gy (range 0.0-40.5 Gy) among those examined for other reasons.

Between 1958 and 1990, a total of 67 thyroid cancers were found more than
5 years after exposure. Forty-two were referred under the suspicion of a thyroid
cancer, and 25 for other reasons. The mean time from exposure to "'l and
diagnosis of the thyroid cancer was 15 years.

The overall risk for thyroid cancer more than 5 years after exposure was
1.35 (95%.CI 1.05-1.71; Table 1). A significantly higher risk was seen for those
10,785 patients referred under the suspicion of a thyroid cancer (SIR=2.86; 95%

525.361-3586) compared to those referred for other reasons (SIR=0.75; 95% CI

. Wh'en Patients were divided into different dose categories no trend of
increasing risk with increasing dose was noticed regardless of reason for referral
The highest risks were seen during the period 5 to 9 years after exposure;
regar(‘iles.s'of reason for referral (Table 1). For both referral categories a
non-significantly higher risk was seen for the period 20 years of more after
exposure compared to 10 to 19 years after exposure.

The risk of a thyroid cancer was highest among those exposed b
of 20 years (SIR=1.69; 95% CI 0.35-4.93), althouggh based gn 3 thyeri)oilc-fczgscigr:
only‘ (Table 2). Among the 1,764 exposed children not referred under the
suspicion of a thyroid tumour, 2 thyroid cancers were found, giving a
non-significantly elevated SIR of 1.38. The three individuals develop’ing thyroid
cancers were exposed between the age of 15-19 years.

Discussion

3 The thyrqid. gland c?f children appears to be one of the most susceptible
gans to radiation carcinogenesis with relative risk estimates at 1 Gy ranging

from 4 to over 30 (19). As 93% of our patients were over age 20 years when "'l
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was administered, the absence of an overall effect might be attributable to the
lower sensitivity of the adult thyroid gland.

A recent report from cancer registry data in Belarus purports high rates of
thyroid cancer to be associated with radioactive fallout from the Chernobyl
accident (14). This opinion was shared by an expert panel formed by the
Commission of the European Communities, although they emphasized that the
influence of screening should be carefully considered in assessing the

results (20).

The strengths of this investigation include the unbiased and exceptionally
complete ascertainment of thyroid cancers. and the doses to the thyroid were
substantial and covered a wide range. Limitations include the relatively small
number of individuals <20 years of age, and therefore a strong evaluation of age
effects could not be made. The influence of the underlying condition on risk
could operate in several ways. Patients with an underlying hyper/hypothyroid
condition have been reported to be at slight increased risk of thyroid cancer, and
clearly patients who are examined because of a suspicion of a thyroid tumour
are at increased risk. These conditions, however, would lead to an overestimation

of risk whereas none was found.

In conclusion, it is in some sense reassuring that the careful examination of
about 34,000 patients who received substantial radiation doses to their thyroid
glands from "'I did not identify a significant increased risk of thyroid cancer.
While it is impossible to exclude the possibility of a low risk associated with
this exposure, nonetheless, it appears clear that exposures in adult life are
associated with minimal risk. Contrasting studies of childhood exposures, 13
appears considerably less effective in inducing thyroid cancer than acute

exposure to X or gamima rays.
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Table 1. Observed number of thyroid cancers, SIR, and 95% CI,

in relation to reason for refemal and years after exposure

The first 5 years after exposure were excluded.
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Table 2. Observed number of thyroid cancers, SIR and 95% CI, in relation to age at exposure and sex

The first 5 years after exposure were excluded.
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THYROID CANCER IN CHILDREN LIVING NEAR CHERNOBYL
Presentation of an Expert Panel Report

by

A. Karaoglou & K.H. Chadwick
European Commission
Directorate General Science, Research and Development
Radiation Protection Research Action

Abstract

In January 1992, under the Radiation Protection Research A ction, a Panel of
experts was set up to evaluate the current situation concerning reported increased
incidence of thyroid cancer in children living near Chemoby! at the time of the
nuclear reactor accident on 26 A pril 1986.

The report written by this Panel documents their findings with respect to the
occurrence of childhood thyroid cancer in Belarus and the Northem Ukraine.
The Panel arrives to a consensus opinion and makes strong recommendations for
urgent technical and humanitarian assistance and research cooperation. The Panel
report and the response of the European Commission to these recommendations
are discussed.

Background

The Chernobyl nuclear reactor accident on April 26 1986 released large
amounts of radioactivity including radioactive isotopes of iodine into the
atmosphere. In 1991 in Belarus increased rates of thyroid cancer in children
under the age of fifteen living in the neighbourhood of Chernobyl at the time of
the accident were reported.
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In order to assess the authenticity of the reported increased rates of thyroid
cancer in children the European Commission (EC) in cooperation with the
European Office of WHO in Rome, held a meeting of thyroid experts, at
Neuherberg on 15 January 1992. The conclusion of this meeting was that there
was a serious likelihood of these cancers being a consequence of the Chernobyl
accident. It became clear that there was substance to the claims and that it was
necessary to confirm the validity of the data by an independent international
body of scientists. It was recommended that EC experts should reassess the
pathology of the cases, review case notes, and receive the most appropriate
material for histological examination.

A Panel of thyroid experts was formed of the following individuals: Prof. Sir
Dillwyn Williams (Cambridge University, UK), Prof. A. Pinchera (Pisa
University, Italy); Prof. B. Egloff (Kantonsspital Winterthur, Switzerland); Prof.
C. Reiners (Essen University, Germany); Dr. P. Fragu (INSERM, France); in
addition Dr. K. Baverstock (WHO Europe, Rome Division, Italy) was also
invited to participate.

In June 1992, several of the experts who attended the Neuherberg meeting
met together with Dr. A.W. Furmanchuk from Minsk and Commission officials
in Dublin. After viewing a series of slides made by Professor B. Egloff from
microscopic examination of thyroid tissue samples from Belarus, the experts
were convinced of the validity of the pathological diagnosis. The aim of this
Dublin meeting was to discuss a joint EC/WHO mission by an international
panel of thyroid experts to Belarus to examine, in collaboration with Belarussian
physicians, the childhood thyroid cancer excess. In October 1 992 the EC Panel
Members and EC Officials of the Radiation Protection Research Action visited
Minsk together with a representative of WHO Europe. Japanese and American
thyroid experts were invited to participate as observers representing their
respective countries. Switzerland and The Netherlands also sent participants to
accompany the Panel as observers. The aim of this mission was to examine the
data and the available patients, to make a thorough assessment of the newer
cases, and to prepare a detailed report for the Commission. In Minsk the Panel
defined future needs and actions which would aid these children, drafted
recommendations for the report and arrived at a consensus opinion.

The Panel Report

The report entitled “Thyroid cancer in children living near Chernobyl”
(EUR 15248 EN) was published in October 1993. It is a comprehensive report
including a Consensus Opinion and Recommendations. The Consensus Opinion
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of the' Panel Members and Observers documents the agreement reached that
there. is a tme increase in childhood thyroid cancer in areas around Chernobyl
Fhat mter'lswe screening programmes are unlikely to account for much of ti,le:
increase in cancer incidence, and that exposure to radioactive isotopes of iodine
from the Chernobyl accident is the most likely cause of this increase. The report
therefo.re Proposed that urgent action be undertaken to deal wit.h bothpthe
human.ltarlan and scientific aspects of the problem. The recommendation for
Tech'mcal Assistance proposes a complete package of facilities and training to
provide optimal treatment for the childhood thyroid cancer patients. ¢

The report explains the situation concernin i i
. ! g the children suffering from
thyroid cancer. Childhood thyroid cancer is a rare disease but if optimally %reated
does not have to pe fatal. Th‘e number of childhood thyroid cancers reported in
Belarus and also in the Ukraine is already of the same order of magnitude as the

total number of all types of cancers which have be i
. en ascribed over th
years to the Atomic Bomb Explosions in Japan. e past 40

The qp?nion of the Panel is that the situation is serious and the children are
not receiving optimum treatment despite all the efforts of the Medical
Authorities in Belarus and the Ukraine because of the lack of adequate surgical
and therapeutic facilities. Humanitarian aid would have an immediate impacg:t on

the health of these young victims. The magni i
. . gnitude of this health probl
not be underestimated and may persist for decades. problem should

Thyroid Cancer in Children: the Evidence

The ph.enomenon of childhood thyroid cancer following the Chernobyl
nuclear accident can be examined in terms of the observed increase in incideng
rates, the geographic distribution of increased rates, the effect of screenin oﬁ
observed incidence rates and the clinical and histopathological nature ofg the
observed tumours. The most important factors to be considered are radiation
Zzp_c:lsure after the Cherl?obyl accident and intensified screening as a result of the

cident, or a combination of those. However, only 30% of the thyroid cancers
were found by screening and not the remaining 70%. Concerning the geographic

distribution incidence r i -
ates .
Chernobyl, were highest in the Gomel region, closest to

" '{'Jh;rrféponed incidenc&? of thyroid cancer in children living in Belarus and

. talsn.e was steady in the few years immediately after the Chernobyl

o nt. ince 1990 the reported incidence has increased in both republics with
gher rates in the areas closer to Chernobyl.
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The number of cases of childhood thyroid cancer recorded in the three CIS
countries during the years 1986 to 1993 inclusive, was Belarus 252,
Ukraine 127, and Briansk (Russian Federation) 7. The total number is 386 cases.

In the republic of Belarus, which has a well developed cancer registry, there
was an increase in the rates of confirmed cases of thyroid cancer among children

aged 0-14 years as follows:

1978-1988 between 0 and 0.14/100,000/yr.
1989 - 0.25/100,000/yr (confirmed cases)
1990 . 1.15/100,000/yr. (confirmed cases)
1991 : 2.25/100,000/yr.

The increase was about twenty-fold from before the accident to 1991 for the
whole of Belarus.

The pathology diagnosis has been confirmed by international experts in over
90% of the cases studied from Belarus (1986 to 1991). The majority (96%) of
cases in Belarus were papillary in type with about 16% well differentiated, 40%
moderately differentiated, 18% poorly differentiated and 18% follicular variant.
Of the 86 histologically verified cases occurring between 1986 and 1991, more
than half of the cases were between 0 and 4 years old at the time of the accident
and many of the rest were 5 to 9 years old. At diagnosis more than half of the
cases were between 5 and 9 years old and many of the rest were between 10 and
14 years old. This data indicates that the first cancers are starting to appear after
about 4 years, in accordance with what has been found previously for childhood
thyroid cancer. Nearly half of the cases from Belarus showed involvement of
perithyroid tissue. No statistically significant changes in thyroid function or in
antibody levels have been consistently reported in all three CIS countries. The
reported increase in thyroid cancer does not appear to be associated with a
consistent increase in any other type of thyroid disease including nodules across

the three CIS countries.

Concerning the dosimetric aspects, the May-June 1986 thyroid doses for
120 000 subjects have been reconstructed, of which 30 000 children, from
Gomel and Minsk cities. This work was realised by the Institute of Biophysics,
Moscow. The analysis of the data showed that the largest thyroid exposure doses
have been received by children under 7 years of age who lived in the 30 km
zone at the moment of the accident. Mean dose for this age group in Khoiniki
district was 5Gy, for adults 1.5Gy, and in Bragin 2Gy for children of 0-7 years.

Response of the European Commission to the Panel Recommendations

Following the publication of the thyroid report in October 1993, in response
to the ‘recommendations of the panel for research activity th’e Radiation
Protect19n Research Action initiated two thyroid research project’s 2 months later
The projects are dependent upon cooperation between EC and CIS centres The:
context.of this cooperation for the research projects is the Agreemen.t for
International Collaboration on the Consequences of the Chernobyl Accident
between the European Commission and the representatives of the Republics of
Belarust Ukraine and the Russian Federation signed on June 23 1992. In the
ﬁrs? period (1991-1992) of the Agreement a series of Experimental Colla.boration
Projects on environmental issues and Joint Study Projects on emergenc
magagement have been initiated. In order to carry out the research, Euro eaz
p{Ojects groups have been composed which are working very closeiy toggther
with szlen.tlsts from the three republics, under the supervision of a competent
Coordination Board. In 1992-1993 six additional projects on the Health

consequences of the Chernobyl accident were launched. T
projects is 16. - The total number of

'1‘“h.e. main objectives of this CEC/CIS collaboration are to increase the
POS?lbllltleS for training of CIS scientists; to provide financial support to CIS
institutes for allocating staff to the joint projects; to introduce new technologies
anq to train CIS specialists to improve the local infrastructure and to crea%e a
regional network of data management/information centres in Belarus, Russia and

Ukr.au:e and to underpin their activity with dedicated collaborative research
projects.

The overall objectives for the proj
' jects on the health consequences of th
Chernobyl accident are to evaluate the medium (1-10 years) and long term ( 10?
50 years) consequences of the accident, evaluate the health consequences of the

acgldept for the public and the “liquidators”, and to establish international
guidelines for treatment of victims.

The.two tl}yroi‘d pro.jects will contribute to a better understanding of thyroid
cancer induction in children and to the development of improved treatment

protocols. Local assistance, exchan ienti ini
- s ge of scientists, training and equipmen
research is included in these projects. : avipment for
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Description of the Projects

Development of Optimal Treatment and Preventive Measures for Childhood
Thyroid Cancer

The scope of research is:

« To develop appropriate protocols for diagnosis, treatment and follow-up
of radiation-induced childhood thyroid cancer in the CIS. Most International
centres have common general guidelines for the management of differentiated
thyroid carcinoma, but protocols may differ in relation to local conditions. In
Belarus, however, variable diagnostic and therapeutic approaches have been
followed in relation to the limited facilities available in most local centres.
Protocols specifically aimed to solve the problems related to local situations will
be developed in collaboration with CIS scientists by the experts participating in

this programme.

«  To train CIS medical specialists and technicians in the management of
childhood thyroid cancer and other radiation-induced thyroid diseases. The
institutions involved in this project will provide training of personnel, assistance
and implementation of technical procedures (thyroid sonography, scintigraphy
and fine needle aspiration cytology).

« To develop new technologies for the assessment and management of
thyroid cancer and related disorders.

« To standardize laboratory diagnostic and monitoring procedures. Methods
and evaluation criteria should be standardized in order to ensure comparability
and reproducibility of the data among and within different centres.

« To evaluate the features and the outcome of the post-Chernobyl
radiation-induced thyroid carcinoma as compared with the differentiated thyroid
carcinoma observed in children living in unexposed areas in Western Europe.

« To evaluate the effectiveness of iodine supplementation and thyroid
suppressive therapy as a secondary measure in the prevention of radiation-
induced thyroid cancer. Since the correction of iodine deficiency by iodine
prophylaxis decreases the risk of radiation-induced thyroid cancer by decreasing
thyroidal uptake of radioiodine, admittedly, iodine prophylaxis by distribution
of iodised salt would be most effective if instituted before a nuclear accident.
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The objectives of the above project are based on the facts that:

Differentiated thyroid carcinoma is in general susceptible to effective
treatment and may be cured, provided that early diagnostic and therapeutic
measures are undertaken; b) Benign thyroid nodules need to be differentiated
fr.om malignant lesions, require appropriate treatment and careful follow-u
given their potential susceptibility to malignant transformation Tlf)e’
gffectlveness of the above diagnostic, therapeutic and follow-up prc.)cedures
imply the .availability of adequate facilities, equipment and know-how. Because
of the r_anty of childhood thyroid cancer and the limited experience. acquired
with this disease in most hospital centres, the specific expertise of 2na'or
Europ;an .referral institutions are being made available to Belarus and other éIS
countries in order to cope with the multiple and difficult aspects of the post-
Chernobyl outbreak of childhood thyroid cancer. °

Molecular, Cellular, Biological Characterisation of Childhood Thyroid Cancer

The scope of research is:

« Pathological, Cytological and Molecular Biologi ot
. T gical characterisat
childhood thyroid cancers in the CIS; sation of

* Confirmation and statistical analysis of the pathology of current and new
cases;

» Classification and prognosis of tumours;

. Cytqlogical 'fmc.l molecular analysis of thyroid tumour cells including
specific radiation induced changes, oncogene expression, tumour
suppressor genes, mutation and correlation with dose assessment;

¢ Comparison with normal tissue and benign tumours;

Preservation of samples of tissue for future examination.

molThel ovefall a'im of the project is to investigate both the pathological and
ecular biological features of the tumours concerned to identify changes

:thlch may !)e specifically related to radiation and to investigate the fundamental
anges which relate radiation exposure to the development of thyroid neoplasia.
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In response to the recommendations of the panel on humanitarian aid, in
March 1994, the European Office for Humanitarian Aid (ECHO/2) of the
European Commission has submitted a purely humanitarian project to supply
specialist equipment and medicines for the diagnosis, treatment and follow-up
of the children suffering from thyroid cancer for Belarus and the Ukraine. These
will be delivered to the two republics as soon as possible.

The facilities include:

«  Nuclear medical facilities for radioactive iodine for diagnosis and
treatment of metastases (e.g. scanners or gamma cameras for
radioiodine scans);

« Modern equipment for diagnostic use i.e. microtomes, microscopes,
consumables and material (glass slides, etc); (These needs will
necessarily be accompanied by training of anaesthetists, surgeons and
other specialists, and assistance in the quality control of the
equipment);

« Continuing provision of replacement therapy drugs after surgery
since the children adequately treated will be hypothyroid. Centres
will be provided with drugs of sufficient quality necessary for
medical treatment or trained to be able to produce these drugs
independently, in their own countries;

 High quality reagent kits for laboratory analysis, for the follow-up of
the children.

Implementation

The first step was the bilateral formulation of projects by centres of the CIS
countries and the CEC. The projects are realized as partnerships between
Eastern and Western hospitals and research institutions. With the financial
support of Radiation Protection Research, the medical staff (physicians, nurses,
technicians) will be invited to visit hospitals in the EC specializing in the
diagnosis, treatment and follow-up of thyroid cancer. In the same way, research
personnel will visit relevant research institutions in Member States of the

European Union.

The programme will enable senior physicians and scientists of CIS countries
to become familiar with the special methods used for diagnosis, therapy and
follow-up of thyroid cancer as well as with methods used in radiation dosimetry
and biology. This will usually be achieved by relatively short visits to EC
centres (2-4 weeks). After delivery of equipment and material financed by
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ECHO/2, medical and research partners of the European Union will support CIS

partners concerning implementation of technical i
lers _ procedures, quality co
continuing education. auality controland

The future

As tim_e passes the cohort of children in the 10-14 year age group at the time
of the accident will gradually decrease as these children move into the grou
above 15 years of age and are classified as young adults. Cancers arising in thig
group after they had turned 15 would no longer be classified as childhood
cancers. Unfortunately no information is at present available to us on the
occurrence of thyroid cancer in young adults in Belarus.

‘ Similar!y', the low number of cases noted in the 0-4 year group at diagnosis
is not surprising as this cohort contains a decreasing proportion of children who
were actu.ally exposed to radioactive iodine from the Chernobyl accident as the
year at diagnosis increases. The number of cases is further decreased by the
latency period between exposure and the appearance of the tumour which seems
to be at least three years. One will expect a drop in the cancer incidence in
children who were conceived after April 1986 and whose thyroids were
unaffected by the radioactive iodine compared with those children who were
born 'before the accident. A study of the cancer incidence in children as a
function of date of birth through the period of the accident could provide the

best. informatign linking the radioactive iodine from the Chernobyl accident to
the increased incidence of childhood thyroid cancer.

The future extent of the incidence of thyroid cancer is not predictable
Becagse there is likely to be a long-term continued considerable increase in-
thyrc?ld carcinoma incidence, it is most important that steps be taken now, to
proylde help for the current 386 children with thyroid cancer and for the fut’ure
patle?nts. It is the aim and the hope of the European Commission to be able to
continue this collaborative work with the CIS on a longer-term basis.
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Abstract

The United States Nuclear Regulatory Commission (NRC) and the
Environmental Protection A gency (EPA ) have assessed the risks and benefits
associated with evacuation and sheltering following a severe reactor accident.
In the case of a severe accident and the associated uncertainties with the source
term and containment behaviour, these assessments suggest that prompt
evacuation of areas close to the plant offers the highest protection of the public
against acute doses. Sheltering may be used as an alternative in special
circumstances where evacuation may not be feasible. The source term
associated with reactor accidents and containment failure mechanism affect the
effectiveness of different protective measures. A comparison of different
protective measures is made and results discussed.

Introduction

The United States Nuclear Regulatory Commission (NRC) has adopted the
concept of defense-in-depth at commercial nuclear power plants. This concept
is based on designing plants that have accident prevention features (Emergency
Safety Features), accident mitigation features (siting, containment, containment
Sprays), and emergency planning features such as determining the emergency
Class, activating the emergency operation facility, the technical support centre,
and the operational support centre, notifying offsite officials, and recommending
Protective measures to limit offsite adverse consequences on public health and
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safety. Emergency planning has, in many respects, reached maturity since the
accident at Three Mile Island (TMI). The plant operator uses in-plant instrument
readings and emergency plans and procedures to determine whether an
emergency condition exists. The operator priorities are to prevent accidents,
mitigate their consequences, and provide support to offsite agencies to
implement appropriate protective measures for the public. The plant operator
promptly notifies offsite authorities if an emergency condition exists and, if
warranted, issues recommendations to the State for public health and safety.
The offsite authorities will evaluate the licensee's recommendations and notify
the public of the existing emergency and protective measures to be implemented.
These authorities use their emergency plans and procedures which direct them
to determine the extent of the threat to the public and the most appropriate
countermeasures. These plans and procedures are based on federal guidance
issued by the US Environmental Protection Agency (EPA), on risks associated
with radiological emergencies and the recommended countermeasures (1). The
plant operators make offsite recommendations based on the EPA and NRC
guidance (2). Recently the NRC clarified its guidance on protective measures
for severe reactor accidents. The recent guidance recognized the effectiveness
of prompt evacuation close to the plant and downwind. This clarification in
NRC guidance was based on the effectiveness and risks associated with
sheltering and evacuation. The following discussion will provide some insight
on the assessments and evaluations that led to this clarification.

Cost of Evacuation and Sheltering

Evacuation risks were reviewed by EPA and determined to be no different
from routine automobile travel (3). In the United States, the risk of death from
travel is about 9E-8 per person-mile; or 9E-6 for a 100 mile round trip. This
corresponds to a risk of about 0.03 rem, based on the assumption of a fatal
cancer risk of 3E-4 per person-rem. The EPA determined that the cost of
evacuation is $185 (1982 dollars) per person for a 4-day evacuation involving
a 100 mile round trip, with an average of 3 persons per household (4). The
EPA study applied the acceptable range of costs for avoiding a statistical death
from pollutants of $400,000 to $7,000,000 as an acceptable range of costs for
avoiding a radiation caused deaths. When this range is applied to a risk of
3E-4' cancer deaths per person-rem, the result is a range of $120 to $2000 per
person-rem avoided.

! EPA currently uses SE-4 cancer deaths per person-rem.
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Most nuclear sites in the US use a key hole approach wh i
protective measures; that is, people are advised to evaEEate if theyell]ivngvli)&l?ﬁ
a smal! circle of a 2-mile radius from the plant and a 90 degree sector
downwind up to distances where EPA protective action guides (PAGs)? are not
excee.ded. The EPA study found that the cost per unit dose avoided is greatest
for wide angle evacuation and for the most stable atmospheric conditions. Other
general conclusions drawn by the EPA study are listed below 3): .

1. Advanf:ed planning is essential to identify potential problems that may
occur in an evacuation;

2. The risk of injury or death to evacuees does not change as a function of
the number of persons evacuated:

The. risk of injury or death to evacuees can be approximated by the
National Highway Safety Council statistics for motor vehicle accidents;

4. Most of the evacuees use their own personal transportation during an
evacuation;

5. Most of the evacuees assume the responsibili iri
ility of
shelter for themselves; ’ Y O aequining food and

6. Evacuation costs are highly area dependent and should be computed
based on local demographic, economic, and geographic conditions;

7. No panic or hysteria has been observed in evacuations.

Sheltering is considered to be a low cost activity and easy to implement
The Yalue of sheltering, however, depends on the kind of shelter available anci
the kmd. of radioactive release (5). In the United States, most residents within
2 Fo 3 miles around commercial nuclear plants live in wood-frame houses which
will not provide shielding for radioactive releases comparable to evac’uation

g

P . . . .
fotective action guides (PAGs) are projected doses at which prompt protective action should be initiated

The EPA has (Ievel()ped the P
h A fi h ]y ph n n -
Gs for t € ear ase of a nuclear accident to be 1 5 rem total effective
dOSE eq“lvaleﬂt ([EDE), and 5-25 rem committed dose equValelll to the thyfold.
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While sheltering may be preferable to evacuation in some situations for some
special groups, EPA recommends that, under normal conditions, evacuation of
the general public should be initiated at a projected dose of 1 rem. This
approach is partly due to the uncertainties associated with severe accident
phenomena and atmospheric dispersion (6). Because itis a low cost-low impact
action, EPA did not set a specific minimum level for the initiation of sheltering.
In fact, most sheltering is considered more to be a means to ensure

communication with the general public than it is for radiation shielding.

A simplistic approach to compare the effectiveness of evacuation with
sheltering was published in the CRC Handbook of Management of Radiation
Protection Programmes in 1986. The dose to an individual travelling downwind
with a puff was calculated and compared with the dose to a stationary
individual. It should be noted that this represents an extreme scenario and is
presented here only as an illustration. Table 1 shows the results of this

calculation (7):

Table 1. Travelling to stationary dose ratios for shielding factors 1 and 0.5

Traveller's speed

Starting 5 mph 10 mph 20 mph 30 mph
distance (PF* of (PF* of (PF* of (PF* of
(miles) 1/0.5) 1/0.5) 1/0.5) 1/0.5)
1 0.4/0.8 0.2/0.4 0.1/0.2 0.07/0.14
2 0.8/1.6 0.4/0.8 0.2/0.4 0.17/0.34
3 1.2/2.4 0.6/1.2 0.3/0.6 0.20/0.4
4 1.6/3.2 0.8/1.6 0.4/0.8 0.27/.054
5 2.0/4.0 1.0/2.0 0.5/1.0 0.33/0.66

* Shielding protection factor represents the ratio of indoor dose to outdoor dose.

It is assumed that the puff duration is 0.5 hrs. Longer duration releases will
decrease the calculated dose to traveller, thus resulting in lower travelling to
stationary dose ratios. Exposure to ground contamination by the stationary
individual is ignored. Accounting for this exposure would reduce the ratios
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further. It is also assumed that the traveller's speed is equal to the wind speed
Doseg to the travellfar would be less if the traveller's speed were different thati
the wind speed, or if the puff did not follow the road.

.The table shows that the evacuation doses are generally much less than th
stationary doses for persons starting at close range; this means that leaving ar N
closer to the plant provides greater benefit than leaving areas further awga ef}i
also shows that the benefits of evacuation increase with evacuation speedy'

This simplistic analysis shows that the effectiveness of evacuation durin
relez.lse depends on the evacuation speed. For example, at a starting distanc ; 2;
5 miles, the dqse to an individual travelling at 10 mph would be theg same asetl?e
dose to a stationary individual who remains unshielded. It is clear that for
events where there is enough warning time, evacuation can prevent exposures
It should also be noted that doses to an individual travelling across a pug woulci
be even less than travelling downwind with the puff. If the release is of lon
duration, the ratio of the travelling dose to the stationary dose would be e\%: ,
smaller. A more site specific analysis was performed for 5 US nuclear ower:
plants' and documented in NUREG-1150 which provides more insight g th
effectiveness of different protective measures. s e

Source Term

The effectiveness of a protective measure such as evacuation or shelterin
depends largely on the timing, quantity, and radionuclide mix of a releaseg
referred to as the source term. Source terms for five US plants were anal zed’
and documented in NUREG-1150. In this document, a number of ger}lleral

1. ’Ijhe.uncertainty. in .radionuclide source terms is large and represents a
significant contribution to the uncertainty in the absolute value of risk. The

S:urce terms for bypass sequences, such as accidents initiated by steam
lg nerator tube rupture (SGTR), can be quite large and comparable to the
argest Reactor Safety Study source terms;
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3. Early containment failure by itself is not a reliable indicator of the severity
of severe accident source terms. Substantial retention of radionuclides is
predicted to occur in many of the early containment failure scenarios in the
BWR pressure suppression designs, particularly for in-vessel period of
release during which radionuclides are transported to the suppression pool.
Containment spray system and ice-condenser decontamination can also
substantially mitigate accident source terms;

4. Flooding of reactor cavities or pedestals can eliminate the core-concrete
release of radionuclides, if a coolable debris bed is formed, or can
significantly attenuate the release from the molten core-concrete interaction
by scrubbing in the overlaying pool of water.

Reference (6)° shows the predicted frequency of radioactive releases among
five U.S. plants: 3 PWRs, Surry, Zion, Sequoyah, and 2 BWRs Peach Bottom
and Grand Gulf. Virtually all source term groups developed for this study have
two release phases: an early phase and a later phase. The most outstanding
feature of these curves is their relative flatness over a wide range of release
fractions. For the iodine, cesium, and strontium groups, the curves decrease
only slightly over the range of release fractions from 1E-5 to 1E-1 and then fall
rapidly from 0.1 top 1. For the lanthanum group, the rapid decrease in the curve
occurs at a release fraction od 1E-2 to 1E-1.

The NRC has defined fission product barriers whose status can be used to
determine the severity of an accident and potential offsite consequences. These
fission product barriers are the fuel cladding, the reactor coolant system (RCS)
pressure boundary, and the containment. In a severe accident, the fuel cladding
and the RCS pressure boundary are assumed to be significantly degraded or
breached. The containment status, under these conditions, will determine the
magnitude of offsite consequences. If the containment remains intact, like the
TMI accident, or if it fails late, the offsite consequences can be non-existent or
minimal. Table 2 shows the containment failure mechanisms and their

predictability (8,9).

Figure 10.1 in this reference contains the predicted frequency of releases among five plants.
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Table 2. Containment failure mechanisms

When Failure Is it predictable?
Start of accident existing leak no
isolation failure no
bypass no
Before over pressurization no
vessel melt through hydrogen combustion no
late bypass no
late SGTR no
venting yes
At or Soon After steam spike/explosion no
vessel melt-through hydrogen combustion no
direct containment no
heating
core melt contact with no
containment
venting yes
Later > 2 hours After overpressurization no
vessel melt through hydrogen combustion no
basemat melt through no

Afs Table 2'shows, given a core melt accident, containment performance
remains unpredictable except for containment venting.

Evacuation Versus Sheltering

. Hurpan response to a major unfolding disaster depends on the availability of
timely information to the key decision makers and the ability of those decision
makers to use the information to make sound judgements about the best and
most effective public protective measures. In a rapidly changing situation, like
a Seven? reactor accident, time is of the essence. Decisions which impact iarge
Populations need to be made with minimum room for error. Experience has
Showqd that in the early hours of an accident, critical information is scarce, and
:grr:ztlir:;a la'ter, the amount of information available to decision makers incre,ases
challp y in rate aqq volgme that mapagement and assessment becomes a

enge at a very critical time. Not all information is of equal value, nor is all
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information accurate. Sorting through the raw data to extract meaningful
information during a crisis is particularly challenging.

During severe accidents, decision making should be simple and straight
forward. There are many reasons for keeping the decision making process
simple.  Decisions that affect large populations usually involve many
jurisdictions and agencies. These jurisdictions and agencies should be able to
agree on the very basic issues and not be bogged down in controversy and
detail. Since time is of the essence, the number of parameters affecting the
decision should be reduced to a critical minimum.

Furthermore, whatever the decision, it has to be conveyed to the public in
a manner that is understandable and reasonable. The official position should be
presented to the public so that the average individual considers the
recommendations to be implementable, adequate, and timely. Different
jurisdictions should ensure consistency with each other when issuing their
assessment of the risk and the recommended countermeasures. The decision
makers should remain focused and be clear in their assessment. To achieve
these objectives, the decision making process should remain simple.

In the United States, for severe reactor accidents, the principal protective
action is evacuation, with shelterin'g serving as a suitable alternative under some
conditions. This is based on the studies and estimations of the risks,
uncertainties, and effectiveness of evacuation versus sheltering.

Studies such as NUREG-1150 have shown that the effectiveness of
evacuation is “very site specific and source term specific. It is largely
determined by two site parameters, namely, evacuation delay time and effective
evacuation speed, and two source term parameters; namely, warning time before
release and energy associated with the release (which during some
meteorological conditions, could cause the radioactive plume to rise while being
transported downwind.)” (6, p. 11-10)

In NUREG-1150, the effectiveness of various protective measures were
evaluated for the Zion plant. The conditional probabilities of acute red bone
marrow doses exceeding 200 rems and 50 rems were calculated for different
protective measures. These protective measures were:

1. Normal activity: no protective actions were taken during the release but
the people were relocated within 6 hours of plume arrival;
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2. Home sheltering: Sheltering in a single family house. After an initial
'delay of 45 minutes from the reactor operator's warning, people get
m_doprs and remain indoors and are relocated to uncontaminated areas
within 6 hours of plume arrival. The penetration fractions for
gr'oundshine and cloudshine were representative of masonry houses
without basements as well as wood frame houses with basements
Indoor protection for inhalation of radionuclides was assumed; .

3. Large building shelter: sheltering in a large building, for example, an
office building, hospital, apartment building, or school. Incioor
protection for inhalation of radionuclides was assumed. People were
relocated from the shelter mode within 6 hours of plume arrival;

4. Evacuation: doses were calculated for people starting to travel at the time
of release, 1 hour before start of release, and 1 hour after start of release.
An evacuation speed of 2.5 mph was assumed.

Fi gures 1 through 4 show the conditional probabilities of exceeding a 50-rem
and a 200 rem red bone marrow dose for the various possible response modes
assuming an early and late containment failure at Zion with source term
magnitudes varying from low to high. It can be concluded that if a large release
occurs, there is a large probability that doses may exceed 200 rems within 1 to
2 miles from the plant. Sheltering does not significantly lower this probability
Prompt evacuation would provide the best protection. At distances 3 miles anci
beyond,. sheltering in large buildings provides comparable protection to prompt
eyacuatlon. Basement sheltering does not reduce the probability of exposure
significantly.

In the event of a severe accident, prompt evacuation of areas nearby the
plant offers the highest degree of public protection against acute health effects
In the case of late containment failure, there is time to complete evacuation of
thfa population close in and avoid exposure entirely. For early containment
fa11ure§, pfompt evacuation provides protection better than, or as good as
sheltering in large buildings. Because of the unpredictability of containmen;
performance, however, prompt evacuation of areas close in offers the highest
assurance of public protection from acute doses.




Figure 1. Probability of Exceeding 50-Rem Acute Red Bone Mamrow Dose
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Figure 3. Probability of Exceeding 50-Rem Acute Red Bone Mammow Dose
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Figure 4. Probability of Exceeding 200-Rem Acute Red Bone Marrow Dose
Late Containment Failure
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1. nomal activity

2. basement shelter

3. shelter in large building

4, start evacuation 1 hour before release
5. start evacuation at release

6. start evacuation 1 hour after release




Conclusion

The EPA and the NRC have independently assessed the risks an.d benefits
associated with evacuation and sheltering following severe rez'ictor acm_dents. As
part of the defense-in-depth concept, the two agencies have 1§sued gu1danc§ on
protective measures following radiological accident§. The guidance emphasizes
the effectiveness of prompt evacuation in the vici‘mty of the plant. In the cas(el
of severe accidents and the associated uncertainties w1_th the source‘term an
ent behaviour, prompt evacuation offers the hlghesF protection of the
public against acute doses. Sheltering will be recommended in thfa areas farthgq
away from the plant. Sheltering may be used as an gltematlye in specia
circumstances where evacuation is not feasible. Thc? basis _for this guldance. is
documented in the EPA Manual of Protective Action Guides and Protective

Actions for Nuclear Incidents.

containm
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EFFECTIVENESS AND RISKS OF
STABLE IODINE PROPHYLAXIS

by

P.J. Waight
Radiation Protection Bureau
Health Canada

Abstract

i The factors upon which the efficacy of stable iodine prophylaxis depends are

reviewed, with particular reference to the dose of stable iodine, the timing of the
dose, the influence of dietary iodine and the impact of other protective actions.
The risks of stable iodine ingestion are estimated, and the their application to the
principle of Justification is outlined.

Introduction

Stable iodine administration in the event of a nuclear power reactor accident
appears to be assuming the status of a “desirable” protective measure. It seems
to be so generally accepted that it is almost unquestioned. There appear to be
a number of reasons for this: one is that it is the only substance available which
has been clearly shown to afford protection, albeit only to the thyroid, during a
nuclear accident. Another is that its administration carries with it trivial public
health consequences. These two characteristics elevate stable iodine to a unique
Position in the preventive measures armamentarium and uncritical acceptance of
its justification could lead to blanket application in situations where it might not
be appropriate. In addition, these attributes make it very attractive for decision
makers, who may feel obliged to adopt the policy if only to demonstrate that
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something is being done to protect the public. I do not wish to imply that I
condemn stable iodine prophylaxis, but merely to alert you to the danger of
uncritically adopting a measure which may not be as universally effective as we
might hope. This is one of the questions that I hope we will be discussing over
the next few days.

I have been given the task of summarizing my views on the effectiveness
and risks of stable iodine administration as a preliminary step in our discussions.

Effectiveness

The criterion upon which to judge the effectiveness of stable iodine ingestion
during a nuclear power reactor accident, is the level of dose to the thyroid
averted, leading to a reduced risk from this exposure pathway. Stable iodine
ingestion prior to exposure reduces the uptake of radioiodine by the thyroid in
a number of ways, such as saturating the iodide transport mechanism, increasing
the storage of stable iodine, impeding the re-circulation of radioiodine and by
eliciting the Wolff-Chaikow effect. The oral administration of 100mg of stable
iodine is effective in reducing the uptake of radioiodine to between 0.5 and 5%,
provided it is given just before exposure. It becomes less effective as the time
interval before or after exposure is extended. Thus a single dose of 100 mg of
stable iodine given 24 hours before the radioiodine will reduce the uptake by
about 60% and given 40 hours before, by 20-25%. If stable iodine is given
3 hours after radioiodine, it will reduce the uptake by up to 50%. Some
reduction can be expected up to 6 hours after exposure to radioiodine, but by
10 hours, the administration of stable iodine will only have a minimal effect on
uptake. The blockade induced by a single dose of 100 mg of stable iodine will
be significantly reduced after about 48 hours, but it is interesting to note that
ingestion prior to exposure confers a greater period of protection than ingestion
of stable iodine after exposure. Where an accident continues to involve the
release of radioiodine for an extended period, several daily doses of stable iodine
may be necessary. After 11 days administration of 100 mg of iodine, the
thyroid takes about six weeks to recover most of its iodine trapping function.
Thus the timeliness of ingestion of stable iodine is a critical factor in its
efficacy, being maximal just prior to exposure and falling within hours after
exposure. The other major factor which influences the efficacy of stable iodine
is the average uptake of radioiodine in the population that you are trying to
protect. This varies quite widely, depending mainly on the level of dietary
iodine. For example, in USA and Canada, where iodine is added as 2
supplement to the diet, average 24-hour uptakes are in the 20% range. However,
in some countries with mild iodine dietary deficiency, such as south eastern
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Germapy, the uptake may !)e t.wo or three times greater, which will enhance the
pr'otectlve effect of ste.lble iodine ingestion and increase the dose averted. This
will need to be considered in the optimization process, and may well work

St'able iodine administration should not be considered in isolation. It need
to be mtegrgted with other short-term intervention measures such as .shelteri )
aqd eve.lcpatlon. Sheltering in cold climates, where buildings are constructlt:.cgl
yv1th mmlma! air exchange, can be an effective way to reduce thyroid dose; but
in warmer climates where some reliance is placed on air exchange for cooiinu
sheltenqg wil.l have virtually no effect on thyroid dose from inhalatioﬁ,
Evz}cuatlon prior to the passage of the plume may avoid the need for stabl'
iodine prophylaxis, but if evacuation is deemed necessary during the passage ?
the plume, the evacuees could be more exposed to radioiodine fov'd'g °
compelling reason for stable iodine ingestion. pronene

. I have only d.ealt with the metabolic aspects of effectiveness. It is clear that
e overall effect.lveness of the countermeasure is dependent also on the logistics
of the plan for timely distribution.

Effectiveness
1. Dose 100 mg of iodine for an adult, less for children and infants.
2. Timing  Maximal just before exposure, useless 10 hours after
exposure. Effective to some degree up to about 40 hours
before exposure.
3. Uptake  The higher the average uptake, the greater the dose averted

will be.

4. The influence of other protective actions.

Risk

The risks associated with stable iodine ingestion have been reviewed

extensively in NCRP 55 and Iodi i i :
N blishod by WHO. odine Prophylaxis following Nuclear Accidents
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The adverse reactions to stable iodine can be divided into two categories:
effects on the thyroid itself and other effects.

a) Effects on the Thyroid

Thyrotoxicosis: The induction of thyrotoxicosis has been observed in the
treatment of iodine deficiency goitre, but in most areas where there is an
adequate iodine intake. this should not be a problem, especially as the ingestion
of stable iodine would be for a short period. This side effect has been noted
where very much larger doses of stable iodine are ingested over a long period.
There is the real possibility that these doses will provoke a recurrence of
thyrotoxicosis in those patients who have been successfully treated for the

disease in the past.

Hypothyroidism: Prolonged hypothyroidism is extremely rare after iodine
ingestion. Transient hypothyroidism can be induced by the Wolff-Chaikoff
effect, but this is usually self limiting and recovers within a matter of days. The
foetus and neonate are more sensitive to the Wolff-Chaikoff effect than the
adult. It is possible that persons who have been treated for hyperthyroidism or
who have existing thyroid disease such as Hashimoto's disease can have
hypothyroidism precipitated by iodine ingestion, although this ingestion needs
to continue for several weeks. This is unlikely in the circumstances of a nuclear

power reactor accident.

b) Other Effects

Swelling of Salivary Glands: A swelling of the salivary glands, which
normally concentrate iodine, is only seen after gram doses of orally ingested
iodine or intravenous iodine containing contrast media. It appears within two
days and disappears within days of stopping iodine ingestion.

Cutaneous eruption (Cutaneous lodism): This rare complication of a pustular
skin rash occurs only in those who ingest iodine in large doses over long periods

of time.

Other. Fever, generalised skin rash and arthraigia have been reported but are
extremely uncommon. Allergic systemic reactions may require treatment in a
few people if a large number are given prophylactic iodine.

It should be emphasized that many of the conditions listed above are only

seen after large oral doses over a long period, or after intravenous iodine
containing contrast media. They are most unlikely to be seen after a few daily
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doses of 100 mg for the adult. In addition, th. i i
mg f . , these side effects d ithi
days of stopping iodine ingestion. > Cisappear within

Risk Estimates

I'oc‘lme, often in the form of Potassium Iodide, has been used extensively in
medicine to treat respiratory disease especially asthma. NCRP 55 has estim;,ted
the fr'equency of side effects from data obtained from manufacturers of
Potassium lodide. One manufacturer produced about 43.2 x 10° therapeutic
doses of 300 mg of KI solution per year and had not received any reports of
adverse effects over a period of five years. Another manufacturer produced a
furthc':r 4.9 x 10° doses of 300 mg of Potassium Iodide. Together, these two of
tbe six manufacturers produced about 48 x 10° doses of 300 ,mg of KI, a
significant underestimate of the actual production. During a seven year eri(’)d
168 ade:l'SE': reactions were reported. Assuming that all 168 reactions in ’17) ears,
were to iodine, then it can be expected that there would be 24 reactions eryear
and the reaction rate can be estimated at 24/48 x 10° or 5 x 10”. In vie%v o}; the
f)b\fxou.s undf?r-reporting of the doses and the dose reduction involved in stable
iodine ingestion during a nuclear accident, it can be predicted that the risk to the
general population would be of the order of 107,

I"ochm, in the WHO publication “Iodine Prophylaxis following Nuclear
Acc;xdents”, quotes a report on the use of iodine containing contrast media in
radiology of the urinary tract. This report notes a total of 26 deaths in
§62.,OOO procedures involving the intravenous injection of 2.5 to 16.8 grams of
1od}ne. Of these, eight deaths were thought to be due to the underl};ingdiseas
or its complications, which gives a death rate of 2.7 x 10°. Other reg orts oe
smaller series appear to be consistent with this figure. These datapcan bg
regarded as the risk from iodine delivered intravenously in high doses, and are
the upper bound on the risk of oral ingestion of iodine in milligram d’oses.

In the same WHO Publication, Nauman reviews the experience gained in
Pol:cmd from the widespread use of Potassium Iodide following the Chernobyl
acc1de.nt. While this data is still being evaluated, Nauman reports that transie:t
elevations in TSH, but not T3 or T4 were noted in about 10% of neonates who
tlvyare treated.. About 8 million adults took 70 mg of iodine once or repeated

mes, and it was noted that those who were euthyroid but who had had
ﬁrewous t'h}'lrotoxicosis, were prone to develop a recurrence of their
rg’;:iirg:]yroll)dlsm. Of the 8 mi}lion adqlts treated, only three had severe allergic
oy s ( ronchqspasm) which required treatment with intravenous steroids.
e number of mild or moderate side effects (unspecified) was assessed at
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5,000 in the adults. Inthe 10.5 million children who received Potassium lodide,
there were no reported adverse effects. From this, it can be calculated that the
risk across the whole population for severe adverse effects is of the order of
1.6 x 107, very similar to the previous NCRP estimate. In summary, it can be
concluded that the risk of severe detriment to the general public from the oral
ingestion of Potassium Iodide in the doses recommended for a nuclear accident
is vanishingly small, of the order of 107. Having reached this conclusion,
perhaps we should discuss its impact on our deliberations and how we can
use it.

This low risk to the general public from stable iodine ingestion strongly
suggests that it can be implemented at low dose saving because the lack of
inherent risk heavily weights the Justification analysis in its favour. However,
we should try to arrive at a more quantitative comparison by comparing this
predicted low risk with the risks involved in exposure to radioiodine.

WHO suggests that the total detriment risk from "'I exposure is, over a
lifetime, 8.4 x 107 Gy at age less than 20 years, and 1.9 x 10 Gy at age
greater than 20 years. The 1991 Canadian census shows that the fraction of the
population which is over 20 years of age is 0.723, giving an overall detrimental
risk weighted for that population of 3.7 x 10? Gy' [(1.9 x 10 x 0.723)
+ (8.4 x 107 x 0.277)]. This would mean that for an average individual dose
saving of 500 mGy, 18 persons with severe detriment would be avoided in a
population of 10,000 exposed. For an average individual dose saving of
50 mGy, about 2 persons in 10,000 exposed would be saved severe detriment.
Compared with the risk from stable iodine ingestion (107), the same 10,000
people would run the risk of one in one thousand of a severe detriment
occurring. It is therefore clear that stable iodine ingestion will be Justified, even
at small dose savings. However, the next phase - Optimization - is not that easy
and will need more sophisticated treatment.

THE ECONOMIC COSTS AND BENEFITS OF
POTASSIUM IODIDE PROPHYLAXIS FOR
A REFERENCE LWR FACILITY IN THE UNITED STATES

by

U. Hans Behling
Kathleen Behling
S. Cohen & Associates, Inc.,
US.A.

Abstract

Polt:cy z{ecisions relating to radiation protection are commonly based on
evaluarzgn in which the benefits of exposure reduction are compared to th
economic costs of the protective measure. A generic difficulty countered i
cos%‘-benefzt analyses, however, is the quantification of major elementse chzz‘
define t.he costs and the benefits in commensurate units. In this study, the cost.
of making KI available for public use and the avoidance of thyro)ttial hef;t}j

effects (i.e., the benefit) in the event of a nuclear emergency are defined in the
commensurate units of dollars.

Introduction

Today,
States that
facilities

ther.e are approximately 110 licensed power reactors in the United
prowdp .nearly 20 percent of the country's electricity. Most of these
o ae::r:i j:,ffw]l]emly close to major Population 'centres that in the event of
L g urnan. exposure tq al'rborr'xe radiation would be inevitable.

Posure to radioactive isotopes of iodine, in particular iodine-131, and the

resulting irradiation of the thyroid gland presents possibly the most serious
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radiological risk from the accidental release of fission products into the

atmosphere.

In the United States, the early and dominant hazard would arise from
population exposure to a passing plume containing radioiodines and other
radioactive fission products. There is unanimous scientific consensus that the
administration of stable iodine can prevent thyroidal uptake of radioiodine with
a near 100 percent efficiency. In spite of the effective remedial action of stable
iodine, there are, however, some limitations on its use in protecting the public.

Policy decisions relating to radiation protection standards have to balance the
benefits of exposure reduction to the economic impacts of protective measures.
As a rule, whenever radiation exposures can be controlled by a protective
measure, its endorsement by policy makers is linked to a favourable cost-benefit
ratio. A major difficulty that is frequently encountered, however, is that the
cost-benefit analysis requires value judgements for which there are few points
of reference, and on which administrative and political authorities must,

nevertheless, take a stand.

A common problem encountered in defining a cost-benefit ratio is the
quantification of major elements that constitute the costs and the benefits. When
the elements are expressed in their usual units, a highly subjective approach is
required at the final stage of decision-making. Conversely, when all major
elements that define the cost and the benefit of KI prophylaxis are expressed in
the commensurate units of dollars, the decision can be supported by a defensible

cost-benefit analysis.

The quantification of cost for the protective measure can be made by the
conventional method of assigning monetary values to materials, labour, and other
resources needed. The assignment of monetary values to avoidable radiation
health effects, however, is not well established. For this reason, experts in
several disciplines were consulted to provide guidance in assigning monetary
equivalency values for thyroidal health effects that could potentially be avoided
by the timely administration of KI.

Information presented in this chapter has been extracted from a
comprehensive study performed by S. Cohen and Associates, Inc., McLean,
Virginia and Scientech, Inc., Rockville, Maryland for the U.S. Nuclear
Regulatory Commission (NRC) under Contract No. NRC-04-90-070 (see

Behling 1992).
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sum]r)n:;i ;Zdﬂ;ce)rlihm;tsd .scc;Pe offthis paper, only the most relevant topics are
. erivation of cost-benefit ratios. Topics di i
estimates for (1) the cost of idi . e () the o elude
: providing KI to the public, (2) the i
. a . . ’ Ot

;r:]z:jgl(];t)ug]e and .dlStI‘lblltloﬂ of thyroid doses and associated thyroid healtlrl)efef:ct:ltzl
a c; .a551gned monetag equivalence of avoidable thyroid health effects,

orrespon mg!y,‘ these topics are discussed in Section 1, 2, and 3. wi .
Section 4 providing the cost-benefit ratios. o o

T . . .
. Vizsv rc(:jader is cfautloned that the derived cost-benefit ratio values should not
v e:1 as rigid numbers. In addition to numerous uncertainties (most
gcr)st 1;2?12; t' th:? fre‘quel:nsy of the severe accident release categories), the derived
- it ratios include subjective factors a i ic fac

nd socioeconomic factors, whi

sge, . ’ 1
may not have the same values for facilities outside the United States .

The Cost of Providing KI

avai(lirgilcztll :g the assessment of cost is the method by which KI is made
- e to the general public. The two princi i i
* to the . principal options includ ili
and predistribution, and any poli isi F
, policy decision must address not onl i
aspects but also logistical factors i i ation " Foonomie
: ‘ imposed by either opti isti
gep . ption.  Logistical
- is;:j‘e:ratlons are govemeq by (1) the potentially short time interval betwien the
i u:jg events of a serious reactor accident and atmospheric releases of
opt;rorilc; rr:nﬂe}s al:l((ji (2) the need to administer KI prior to plume exposure for
yroid protection. The timeliness of KI availability i
thyroi availability is most criti
persons living in close proximit ili i
y to a nuclear facility where potenti
' en
exposures are maximal and plume travel times are small potential plume

In soi . .
spite of the perceived advantage of timeliness for the predistribution

] 1 ll l . . 1
g ’

Accessibility - K1 predistributed to households (and assumedly stored at

the residence) may not be i i
readily available during ti i
e 2ok ey 1oL ® g times when residents

Availability - .
res‘cglabzlzty At any point in time, there are transients as well as new
idents to whom KI may not have been provided.

L .
0ss or misplacement - Based on a 5-year shelf-life/replacement period

there is a significant probability ¢
[ : probability that tablets wi i
during this lengthy time interval. » il be fost or misplaced
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« Improper storage - Improper storage may adversely affect its shelf-life
and potency at time of administration.

«  Misuse and accidental administration - Like any pharmaceutical kept by
a household, there is a potential for misuse and/or accidental
administration with prolonged possession by the general public.

+ Improper disposal - For expired tablets, there is a loss of control for
proper disposal.

Per Capita Cost of S tockpiling: Most of the disadvantages associated with
predistribution are either eliminated or minimized for the stockpiling option. A
programme can be developed under the direction of a State's emergency
management staff, which provides for the necessary controls and oversight of
stockpiles. Thus, the benefits include proper storage, controlled access to
stockpiles, assurance of adequate replacement and proper disposal of expired

capsules.

With a properly trained emergency staff and an informed public, potential
problems associated with a timely distribution of KI can be minimized. Timely
distribution requires an adequate number of strategically located stockpiles
within the community. Suitable locations include police stations, fire houses,
schools, community centres, hospitals and major health care centres from which
an efficient localized door-to-door distribution could be initiated or where
residents themselves could procure the needed KI.

Beyond logistical and practical issues, cost considerations are likely to be the
major factor in a policy decision that selects stockpiling, predistribution, or a
combination of these two options.

A unique aspect of the stockpile option is that it is essentially transparent to
the public and the cost of distribution to residents only becomes a reality in the
unlikely event of a major nuclear emergency. Thus, for the stockpile option, the
principal cost is the initial purchase of KI and its periodic replacement from the
two FDA approved sources: Carter Wallace and ANBEX.

o Carter-Wallace - At the current purchase price of $75.00/carton
containing 100 vials with 14 tablets of 130 mg KI per vial, the cost per
tablet is about 5 cents. With a suggested S-year shelf-life (i.e.,
replacement period) and a 10-day supply (.., 10 tablets/individual), the
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annual cost of KI prophylaxis per individ .
stockpiling option. p ividual is about 10 cents for the

. ANBEX - The initial cost for 14 scored tablets of 130 mg KI in a
moisture resistant blister pack is 60 cents per pack with a guaranteed
4-year shelf-life. Thereafter, annual payments of 15 cents per ack:e
wou!d be required if, and only if, the stockpiled product c[;n o
required FDA tests for stability and effectiveness. The angizsl

stockpiling cost of KI procured from ANB
E
cents per individual. X would also be about 10

. Fpr some nuclear facilities, additional costs might include the amendment of
ex;sttmg emergency plans to include protocols for distribution, public notification
and training of the emergency staff. These one-time costs, however, are likely

to be modest and may only margi i
ginally add to the baseline
cost of KI at 10 cents per year per individual. purchasclreplacement

‘ Per. Capita Cost of Predistribution: For predistribution, the f
dlspc.ar‘lsmg KI tablets to residents is an integral part of the prc; ramn?oSt ;
Additionally, for a predistribution programme to be effective the%e has f (;)OSL
(\)I?rzrhc;on:)grektl}ensivefpul;lic relations programme that not only i,nforms the gubeiiz

_objectives o iodide prophylaxis and provides supportive inf i
regarding safe storage, proper usage, dosage, contraindicati ot 2l
fastablishes public confidence. In summary, t’he 10{15, 'etc"' o
includes the purchase/replacement of KI,rZhe pr:c?issttrlicgfltli);fld:ft rtlztl)ll)]ltl?n o
comprehensive public information programme. e and e

h An assegsment of cost for the predistribution option was derived from the

w?:lhr;iszese pl!?t prggramfme in which State officials predistributed KI to residents
-mile radius of the TVA's Sequoyah Nuclear P i

the Three Mile Island Accident and i Kl 1o the e
: the failure to provide KI to th ic i

timely manner, an attempt was made i istri Rl ke e

! , to simulate distribution of KI to
:;ts;c’i;:rt; as part Vofl la nuclear emergency drill at the Sequoyah Plant operategrt?;
essee Valley Authority. On two separat i i
distribution of KI to downwind resi sidorod “too slo Ei
residents was considered “to ” wi
t : todc o slow” with respect
0 plume arrival time in order to protect residents effectively (Fowinckle 191;3)

E c/]\esrl :ls :s?tuhlt, T(;nngslsee public health officials decided to predistribute KI to
in a 5-mile radius of the power station. A signifi i i
thi ; . gnificant consideratio
I‘:’raesd .the. ant.1c1pated degree of public acceptance and anxiety induced by thg
istribution of KI tablets. State health officials proceeded on the premise that
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open communications and proper explanations can achieve public acceptance.
The method for predistribution included the following:

1. A letter from the Tennessee Commissioner of Public Health advised
residents that a member of the local health department would come to their
home to deliver a vial of KI tablets and to explain their proper use.

9. A trained field staff made house-to-house deliveries, provided technical
information, and responded to questions.

3. News coverage of the project was extensive and involved local and national
television and newspapers.

4. Each household was provided a package containing a child-proof capped vial
of 14 tablets each containing 130 mg of KL

5. The labelling on the vial and a package insert from the manufacturer
provided carefully worded information and instructions that the drug was to
be used only for thyroid-blocking in a radiation emergency.

It is estimated that the cost of predistribution of KI to the 3704 households
around the Sequoyah Nuclear Power Plant was accomplished at the cost of about
$125,000 (Fowinckle 1992, personal communication). On the assumption of a
5-year K1 replacement schedule and that the average “household” represents four
individuals, the cost per individual for the predistribution option is estimated at
$1.70 per year. (It is important to note that this cost estimate is conservative
since it does not consider the loss of KI within the 5-year interval or relocation
of households into or out of the prescribed area.)

Population Distribution: The ratio of cost to benefit for KI prophylaxis is
not a constant value but varies among population segments as a function of
distance from the reactor. For individuals living close to a reactor facility where
potential exposures are highest, the benefit (i.e., avoidance of thyroid effects) is
also highest per unit expense associated with the stockpiling/predistribution of
KI tablets. For this reason, an attempt was made to determine representative
population densities around reactor facilities as a function of distance.

To date, comprehensive information regarding population densities around
nuclear facilities does not exist in the open literature. A suitable alternative was
to construct a “Reference Population” density distribution from Final Safety
Analysis Reports (FSARs) filed by utilities as part of the NRC licensing process.
At the time of filing, FSARs typically contain the most current population data,
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as well as projected data at 10 i ing i
' -year intervals, taking into ac i
regional population trends. : count nationa and

FSAR population data were obtained from the ! i
Room from all currently licensed light water reactor (LI;IVRR% ;aglillﬁ:ecs Dl:cfrusm e
licensees, however, population data were either insufficiently (ietail dOme
formatted so that the data could not be collated with that of other utiliti N ;)r
total, usable population data were obtained for 55 LWR facilities re reézzt' :
26 BWRs and 60 PWRs. Population data for 16 sectors were addeI:i to yileI}cgi

total population values for each su i
ol ccessive annular area starting at th i
zone of a facility and out to a 50-mile radius. * © exclusion

Populatiop densities beyond the 50-mile radius are not defined in FSARs and
had to be.denved by alternate means. All States in which at least one li and
commercu}l.nuclear facility exists or whose borders are within 50 miI: ensfe
reactor facility were identified. The average population density was deﬁnidof ;
each Statg by dividing the 1990 State population by the State's area defined in
square miles. States with multiple reactors were weighted proportionatel A:n
overall population density of about 200 individuals per square mile wa)s,.thuz

obtained. This value wa . ;
radius. s used to represent population density beyond a 50-mile

Table 1. Population Distribution for Reference LWR
(representative of U.S. facilities)

]I)iftancf " Mean Populza;t“iotn1
(Ix]neilrzsa) (person/mile?) Radi o (perony
adial Segment Cumulative
<1 63 185 185
1-5 138 10,406 10,591
5-10 234 55,142 65,733
10 - 25 284 468,472 534,205
25-50 309 1,820,396 2,354,601
50 - 100 200 4,713,000 7,067,601
100 - 150 200 7,855,000 14,922,601
150 - 200 200 10,994,000 25,919,601
200 - 350 200 51,843,000 71,762,601
350 - 500 200 80,121,000 157,883,601
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Annual Programmatic Costs: Annual cost estimates .for pro'vidingb KIt;o
population segments of the reference LWR are re.a(.hly denYzf:l y.this
multiplying annual per capita costs by the nurpber of mdwxduals.resx 1(111g wtlh nn
corresponding distance intervals. Table 2 cites annual costs with and wi

predistribution to the less than 5-mile population.

Table 2. Annual Programmatic Costs of KI Prophylaxis

Distribution Options

Stockpile Combination”

Distance | Number of | segment cost | cumulative | segment cunlt:)l:ttive

(mies) | Indvidust 31000 (x ;(1)?;00) (x ;?i)t()O) (x $1000)
<5 10,591 1.1 1.1 18.2 18.2
5-10 55,142 5.5 6.6 5.5 23.7
10 - 25 468,472 46.8 534 46.8 70.5
25 - 50 1,820,396 182 2354 182 252
50 - 100 | 4,713,000 471 706.4 471 723
100 - 150 | 7,855,000 786 1492 786 1509
150 - 200 | 10,997,000 1100 2592 1100 2609
200 - 350 | 51,843,000 5184 7776 5184 7793

350 - 500 | 80,121,000 8012 15,788 8012 15,805

* includes predistribution for the < 5-mile resident population.

Computer-Modeled Thyroid Exposures and Risks

The economic benefit of KI prophylaxis is the avoidance of p‘ot%nt;la:
thyroidal health effects that can be assumed to occur among expo.sed md}l}; lrloid
following plume exposure associated with a severe m'lc.lear 2.1001dent. . ylllde
health effects that are avoidable by the timely administration of Kd}nc
thyroid cancers (fatal and non-fatal), thyroid nodules, and hypothyroidism.
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The expected occurrence of thyroidal health effects is determined primarily
from thyroid doses received by individuals among the exposed population. In
turn, thyroid doses are determined by numerous factors that include ;i ) quantities
of radioiodine species released into the atmosphere, ii) release duration,
1ii) plume dispersion, and iv) the location of individuals relative to the passing
plume. Additionally, the thyroidal health risks are significantly modified by the
age and sex of the exposed individual as well as the dietary intake of stable
iodine.

An Overview of MA CCS: For the calculation of population exposure doses,
the MELCOR Accident Consequence Code System (MACCS) computer code
was used (Chanin 1990; Rollstin 1990). Developed by Sandia National
Laboratory under sponsorship of the U.S. NRC, MACCS was designed to
support evaluations of the off-site consequences from hypothetical severe
accidents at commercial nuclear power plants in which a plume of radioactive
materials is released to the atmosphere. For such an accidental release, the
radioactive gases and aerosols in the plume are dispersed in the atmosphere and
transported by the prevailing winds. The fundamental uses of the MACCS
computer model for off-site consequence estimates are to track the dispersal of
radioactive material away from the accident site, to account for its eventual
disposition in the environment, and to estimate potential exposure doses to the
surrounding population from plume inhalation, plume immersion, cloudshine,
and ground deposition.

The MACCS code also allows for the substitution of default values with
values considered more appropriate. Based on current information cited by
BEIR V, ICRP Publications, NCRP Reports, NUREGs, and other scientific
publications, age- and sex-specific model parameters were selected by which
integrated air concentrations were converted to individual thyroid doses and
thyroid risks. For the determination of population or collective thyroid
doses/risks, the most recent 1990 U.S. population census data were used.

Core Inventory and Source Term

Core Inventory: The radioactive inventory of the core at accident initiation
(e.g. reactor scram) is a major input parameter. The core inventory is a function

of the type and the operating power of the reactor and the duration of operation
after loading fuel.
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The core inventory of a pressurized water reactor (PWR) of thc;,m'lal po¥§;
of 3050 MW at the end of power cycle was used for. the calcu a'tloni.Ven °
inventory of seven radionuclides most releva.nt to thyroid expodsure is %0 o
Table 3. The isotopes Te-131m and -132 are important as they decay in

and -132 respectively.

Table 3. Core Inventory of Pertinent Isotopes

Isotope Inventory (Ci)
Te-131m 1.13E7
Te-132 1.12E8
I-131 7.74E7
I-132 1.14E8
I-133 1.64E8
I-134 1.80E8
I-135 1.54E8

Source Term: The atmospheric source term produced by an acc@en} is
defined by the number of plume segments released, sen51t.)le heat contzpt, tlmll_lclii,
i i f release, and for each important radionuciide,
duration, height of each segment o , an 1 o
i i ide's release with each plume of release. g
the fraction of that radionuclide’s re : e g
imi i istics, MACCS segregates 60 radionucli
similar chemical charactenstics, : s i
9 release categories. These categories are representeq by noble gas, iodine,
cesium, tellurium, strontium, rubidium, lanthanum, cerium, and barium.

For estimates of thyroid exposures and thyroid health effects, radio}llpg;cail:
source terms were identified for the Surry Nucl;z;;r Power f:::lg, e‘:’n pllcoyed
i i -design LWR. The source
dered representative of a U.S.-design \ 1 .
E(;nl\s/;:écs cgrrespond to principal reactor accident release categories, which do

ual accident sequences but rather correspond to distinct

not describe individ T eories for o

groups of accidents. A detailed description of reactor relea
Surry Nuclear facility is contained in NUREG-1150.
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For the Surry plant, the accident sequences that lead to core damage and in
the release of significant quantities of radioactivity are grouped into four release
categories (Table 4).

The principal tool used in NUREG-1150 for characterizing possible scenarios
is the Accident Progression Event Tree (APET). The event tree is a
computational tool used to display the combination of plant-system failures that
can result from an accident initiating event. Initiating events include support-
system failures such as electric power or cooling system water faults. From
system event trees, combinations of plant-system failures are identified that can
result in core damage for each initiating event. An individual path through such
an event tree (a specific accident sequence) identifies a unique combination of
system successes and failures leading to (or avoiding) core damage. As such,
the event tree qualitatively identifies what systems must fail in a plant in order
to advance the initiating event toward core damage.

In order to estimate the frequency of individual accident sequences, the
failure probability of each system is obtained. The important contributors to
failure of each system are defined using fault-tree analysis methods. Such
methods allow the analyst to identify the ways in which system failure may
occur, assign failure probabilities to individual plant components (e.g. pumps,
valves, electrical components, etc.) and human responses to the system's
operation, and combine the failure probabilities of individual components into
an overall system failure probability. Thus, for a given initiating event, there are
many permutations of intermediate events (i.e. accident sequences), which may
all lead to the common endpoint of core damage.

The four accident release categories identified in Table 4 represent all the
accidents postulated for the Surry nuclear plant in which significant quantities
of radioactivity are released. Important characteristics include the accident
frequency, release time(s), release duration(s), and source term (i.e. fraction of
core inventory released). For the first three categories, the initiating event of the
accidents is the loss of off-site power, while for the other category, RSUR-4, the
initiating event is containment bypass resulting from a large break in a system
interfacing with the primary reactor cooling system. The highest release of
iodine is associated with the release category RSUR-1, in which the containment
rupture coincides with the breach of the reactor pressure vessel induced by steam
explosions. For the RSUR-2 category, the containment failure involves a leak
and follows the occurrence of corium and concrete interaction (CCI. For
RSUR-3, the containment functions as intended, and a release occurs through a
leak that is within the design limits of the containment. The RSUR-3 source
term is further mitigated by the operation of a containment spray system, which
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is not available for the other three categories. For RSUR-4, no containment

ccurs, but two plumes are released by bypassing the containment. For

failure o
r coolant system is at low

all four accident categories, CCI occurs, and the reacto
pressure (<200 psia) at the breach of the reactor pressure vessel.

Plume Centreline Thyroid Doses by Age and Sex

Tables 5 through 8 present the plume centreline thyroid doses from all
applicable exposure pathways in behalf of seven population subgroups located
at discrete distances from the reactor facility. Independent of reactor accident
release category, a comparison of thyroid doses among the sub-populations
reveals that the male child (age 1-12) receives the highest thyroid doses while
the adult female receives the lowest. Subgroup differences reflect the impact of
and sex-specific variations (i.e. ventilation rate, iodide metabolism, and

thyroid dose. The last column in each of the four tables
» This set of values

age-
thyroid mass) on the
defines the plume centreline dose to the “average person.
was derived by weighting each subgroup value by its respective percentage of
field residents residing within a five-mile radius,
thyroid exposures in the thousands of rads are estimated for RSUR-1, RSUR-2,
and RSUR-4. Thyroid doses for RSUR-3 are lower by several orders of

magnitude and beyond 10 miles may be considered trivial.

the total population. For near-
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Table 4. Radionuclide Release Characteristics into the Environment for Sumy
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Population Thyroid Health Effects

Population thyroid health effects for the reference LWR are estimated by
deriving the cumulative population thyroid exposure for each population
subgroup and applying the appropriate risk coefficient. The percentage of
individuals representing each sub-population for the reference LWR was
assumed identical to that of the whole U.S. population, as defined by 1990
census data. By multiplying the age- and sex-adjusted populations at fixed
radial distances with the corresponding thyroid dose values of the exposed
individuals, population thyroid doses were derived for each distance interval.
It is important to point out that the exposed population is limited to individuals
within the plume pathway, which based on dispersion parameters may represent
only a small fraction of the total population residing 360 degrees around a
reactor facility. Additionally, thyroid doses within the plume pathway for any
given radial distance are assumed to exhibit a Gaussian distribution whose
maximum value approximates the plume centerline values cited in Tables 5
through 8.

Population thyroid doses are converted to thyroid health effects by means of
the risk coefficients for thyroid cancer, thyroid nodules, and hypothyroidism.
For example, for I-131, the lifetime risk coefficients (weighted for the U.S.
population based on age and sex) of 23.2, 2.3, and 44.7 per 10° person-thyroid
rads were used to estimate total thyroid cancers (fatal and non-fatal), fatal
thyroid cancers, and thyroid nodules, respectively. The derived numbers of
thyroid health effects estimated to occur within selected distance intervals for the
four accident categories are given in Table 9. Estimates of thyroid effects
represent a population exposed under normal conditions with no KI. The
number of expected thyroid effects is highest for RSUR-1, followed by RSUR-4
and RSUR-2. The small release fraction for RSUR-3 results in small population
thyroid doses and yields estimates of less than 0.5 excess thyroid cancers and
nodules for all population segments. A less than 0.5 probability of observing
a single thyroid cancer or nodule for a population cell is reported as a zero ()]
value.

The numbers of cases of hypothyroidism for the four accident categories are
also shown in Table 9. Since hypothyroidism is a non-stochastic effect with a
dose-threshold, its occurrence is limited to those populations in which individual
thyroid doses exceed threshold values. With the exception of RSUR-1, the
likelihood of exceeding the threshold value is minimal beyond a distance of
25 miles.
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Avoidable Thyroid Health Effects

resu'ﬁh;,r Opl:)]t(:}?tial red;u;éilon in the mean number of thyroid effects that would
e use o is governed by the fraction of the thyroj

. . verne roid d

thg mhal'atlon exposure of radioiodide. When KI is properly );dminigts:r:crioq:

reduces internal thyroid exposure from radioiodides with a 99% efficiency !

The prophylactic value of KI, however, is limi ing i
exposure to the thyroid from radioiodides. Horw:vel;,nl]tltlzdmigorr‘:::: :ng lnte"_”lal
that not all thyroid exposure is mitigated by KI. About 90% of th ro'odrecogmze
results from the internal dose of radioiodides, of which I-131 isy thi: ; ot
form. A small fraction of the thyroid dose comes from the combined inﬁ:;:i?r:

of non-radioiodi i
n FadIOIOdldeS, and external exposure resulting from plume immersio
cloudshine, and ground deposition. "

avoﬁgdcoirfdglgl.y, tcllle 'm.meer of thyroid health effects that can potentially be
1s administered under optimal conditions is shown i

wn in Table 10.
Thus, for RSUR-1 among the less than 5-mile population, 119 thyroid ca::ce?s

are avoidable through the timely admini i
thyroid cancers. ¢ y administration of KI among the 137 expected
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The Monetary Value of Avoidable Health Effects

For cost-benefit analyses, the monetary equivalence of human illness and
disease must be assessed for the patient, family, and society. The burden of
illness may include financial losses, pain and suffering, reduced quality of life,
and premature mortality. Ata minimum, the economic benefits must consider
the cost of resources used for medical care and the loss of human resources due
to morbidity, disability, and premature death. Additional consideration should
be given to the impact of disease, injury, or death on the quality of life for the
affected individual and family members.

This comprehensive approach, termed the “cost-of-illness” approach, was
pioneered by Dorothy Rice, former Director of the National Centre for Health
Statistics (Rice 1985). In brief, this methodology is defined by three
components that include: direct medical costs, morbidity/mortality costs, and

psychological costs.

Direct costs include resources used for medical care from the time of
diagnosis until total recovery or death. Morbidity and mortality costs, when
combined, are referred to as indirect costs (Hodgson 1984). Indirect costs are
the time and output lost or forgone by the individual and/or family members
from employment (including imputed earnings for domestic work), volunteer
activities, and leisure. Lastly, morbidity and mortality invariably cause patients
and family members to incur psychological costs, such as pain and suffering,
impaired function in personal relationships, and a general reduction in the quality

of life.

Derivation of Direct Costs

Direct cost estimates of radiation-induced thyroid illness include medical
costs associated with the initial diagnosis, treatment of the disease, and the long-
term management, surveillance, and care of the patient. Estimates of costs for
relevant diagnostic procedures, treatments, hospitalization, etc. are based on 1991
U.S. Government and private insurers' reimbursement schedules defined by
Physicians' Current Procedural Terminology (CPT) Codes. CPT is a listing of
descriptive terms and identifying codes for reporting medical services and
procedures performed by physicians under Government and private health
insurance programmes. Additional information was obtained from the Health
Care Financing Administration Division (HCFA) of the U.S. Department of

Health and Human Services.
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The following cost estimat i i
hypothyrodion: ates were derived for thyroid neoplasms and

cas,cons nchde the i, dagnose. esimen: e B et
, , treatment, and long-term follow-

long-term follow-up of potential patients resulting from aﬁ accid e
an average residual life-expectancy of 30 years is assumed fC(l:ll e‘?tal the initial
diagnosis of a nodule. Estimates of costs for long-term pati oot s
sgrveillance include routine office visits, horm S
dlagnostiq pr.ocedures. For a benign thyroid ?]r;zuriplfhc;m;:;tlgf . a'nd
surgery,.llfetlm_e medical costs of $5,148 to $7,375 were estimated rig’ll]]lre
surgery is required, direct_medical costs for a benign nodule range .b t on
$.11,82§) and $14,047. For either situation, the upper value rgefl etwe;’;ﬂ
discretionary use of ultrasound for patient evaluation. For a detailed anzfyzisto?’

these and subsequent cost estimat :
es, the reader i .
sponsored study. s referred to the original NRC-

" T.lzjyrozj ancer. The major cost difference between a thyroid cancer and a
! yr01h nod ule 1s'the need for aggressive treatment of the former. Medical costs
orat ){r01d malignancy are estimated to be $15,413 to $19,348. This range in
;2::] :sitslrg:tes rtn':ljy, fnevelrtheless, be low in instances where residual thfroid
spected of malignancy following an initial ¢
' f treatment. I
cases of persistent suspected mali tional 1131 "and
' gnancy, additional I-131 therapi
associated procedures and services are requi i o oach
oc ‘ quired. It is estimated that
additional I-131 therapy would increase the total cost by about $4,000 aInerE:;];

For the 10% of thyroid mali i
' gnancies that are fatal, cost estimat
at::rl:]s‘teci to rfaﬂect (1) the reduced follow-up period of medical care ar:; (628) 3:2
inal patient care costs. Based on mean survival ti i
: . al times of papill
follicular thyroid cancers, the mean follow-up period of 35 yearspafsluilrgdafl:)?

non-fatal cancer is reduced to 9.4 i i
' .4 years. Itis estimated that the ave i
care of a cancer patient costs about $16,000. roge ermina!

thyrf)}ildvre: lt'he opt?ons that are available for the treatment and management of
alignancies and the multiple therapeuti

‘ peutic treatments ing di
Costs are assigned to thyroid cancer: thefollowing direct

Non-fatal Thyroid Malignancy = $20,000
Fatal Thyroid Malignancy = $32,000
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Medical costs in cases of radiation induced hypothyroidism
are limited to initial diagnostic tests, which confirm the reduction or loss of
thyroid function, hormone replacement and management, and follow-up
evaluation of thyroid status. Cost estimates are based on a 35-year life-
expectancy following the diagnosis and loss of thyroid function. For
hypothyroidism, medical costs are estimated to be $5,669.

Hypothyroidism:

Table 11. Summary of direct medical costs of
the radiation thyroid effects under consideration.

Thyroid Disorder Total Direct
Cost ($)
Thyroid Nodule’ 9,600
Thyroid Cancer
- Non-fatal 20,000
- Fatal 32,000
Hypothyroidism 5,600

* assumes that 50% of nodules require surgery

Derivation of Indirect Costs

Indirect costs principally reflect the time and output lost or forfeited by the

patient due to illness, permanent disability, and premature mortality. Indirect
costs may also be incurred by individuals other than the patient who may forego
activities to accommodate a family member's illness. Economic
activities include occupational work that is lost to either the patient or his/her
employer, as well as non-occupational (e.g. domestic) work that must be
performed by someone else at the expense of the patient. The number of days
appropriated to long-term management of the disorder is based on the average
remaining years of life following diagnosis and latency periods. A special case
involves a thyroid malignancy, which may result in premature death.

economic

In addition to time lost from economic activity due to illness, a patient may
and/or disabled. Permanent impairment Of

also be permanently impaired
disability can reduce a patient's ability to be fully effective in occupational of
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economic activities and must, therefi i
. - ’ ore, 3 :
indirect cost. be included in assessing the total

o I')I:’l;Ameri(]:an Medical Association has published Guides to the Evaluation

framewoﬁi(en\;itrgipilw’\;n;n; (AI}:/IA. 1990). These Guides provide a reference
ic i

impairments. physicians may evaluate and report medical

The AMA provides guidelines for ev i
: aluating permanent medical impai
of the thyroid due to hypothyroidism from radiation exposure or th impairment
as follows (AMA 1990): yroidectomy

Class 1 - A patient belongs i

( gs in Class 1 when: (a) continuous thyroi

. . : roid th

:lsorrerznq:llrt;c)l/ rford conje(ftlon of the thyroid insufficiency or for mZintenanir: Fc)))i”
1 oid activity, and (b) there is no objecti i

evidence of inadequate replacement therapy. Jective physical or laboratory

Class 1 Level of Impairment of the Whole Person: 0 - 10% "

t(}?}l;lrs;ij c; A patient belongs in Class 2 when, (a) symptoms and signs of

1sease are present, or there is anatomi i

: . , c loss or alteration

: and (b

chmtt}inuous fthyrmd horrpoqe replacement therapy is required for correcti(mz
e confirmed thyroid insufficiency; but (c) the presence of a disease

Class 2 Level of Impairment of the Whole Person: 15 - 20% "

In this report, the central value
: , of 5% for Class 1 permanent impai i
' airm
;g)p}ili: dto tbe permanent hypothyroid conditions that are likely to resglt frofrlllt(lli
3 egatm 1ta;10n exposure doses received accidentally, (2) from the radiothera
: Willerf]urtcl)]re ;ozlec :odules(;ci:lceri]or (3) the surgical removal of nodules/cancfe)ry
- will ssumed that this 5% medical i i i :
dinability for oo impairment results in a 5%
‘ pational and non-occupational i iviti

affected individual, family members, and/I())r societ;conomlc revities for the

The co i i .
. aChievne\éerbs;mrln ;); t1mef l;)]st gom economic activities to equivalent dollars
) ns of the Gross National Prod
conside ) oduct (GNP). The GNP i
b inclrsg thehmost comprehensive measure of the country's economic activitl y
es the market value of all goods and services that have been bough);
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for final use during a year. From the Gross National Product of $5,200 billion
in 1989, the gross average annual per capita income of about $21,000 is-derived.
This value of $21,000 per year can be used to determine the equivalent dollar
value for the number of days lost over the lifetime of an individual afflicted with
a thyroid condition. This value can also be applied to determine the equivalent
value of a 5% permanent disability (i.e. a 5% disability equates to about $1000
annually in reduced income). Table 12 provides estimates of the total average

indirect costs associated with thyroid disorders.

Table 12. Average Lifetime Indirect Costs Associated

with Thyroid Disorders
Lifetime Indirect Costs ($)
Thyroid Disorder For Time Lost For Disability Total
(%5)

Thyroid Nodule 3,337 30,000 33,337
Thyroid Cancer

Non-Fatal 3,625 35,000 38,625

Fatal 619,586 9,400 628,986
Hypothyroidism 3,222 35,000 38,222

Derivation of Psychological Costs

Disease may cause numerous chang
patient and family members that may in part
in the direct and indirect economic cos
deteriorations in the quality of life (QOL)
referred to as psychological costs. For thyroid neo
deterioration in the quality of life may

function,
disfigurement from surgical scars, the uncertainty 0

reduced financial security.

Although psychological costs are consistently iden

component by health care
been made to quantify these costs in mone
Brown 1990). The reason for this omission is o
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es and impositions on the lives of the
be linked to, but are not reflected
ts identified above. The wide variety of
brought on by illness are frequently
plasms and dysfunction, 2
be precipitated by the loss of bodily

a lifetime dependence on medication, hormonal instability,
f normal life expectancy, and

tified as a major cost
researchers and economists, no formal attempt has
tary terms (Hodgson 1984 Rice 1985;
bvious. From the forgoing
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i, self it e condio which the health effect is of unknown

Situ;?:ng?:s;ihqnhofhpszchlological costs, however, is not readily justified for

ich the health effect is clearly avoidable, or i

r : , or is th

;)Vfr onnegt}lfgnfze or wrongful action of a second party. In litig:tiC:nnS::sl::m;

o gnl;islg:]t? or death, monetary compensation for psychological cost factors

are consistent y awqded and exceed those involving medical costs or loss of

earni gt.) e t'hyr01d hea‘lth effects under consideration in this report must

Addigon :1150281('1?6(1 lavotl)dable through the optional administration of K;

, accidental public exposure to radioiodine is li i -
. , ac s likely to be

z}::;n dllretct or indirect consequence of human negligence or wro):lgful a:::iec:l:d i:

o P (:, e cost-benefit 'analys1s of KI prophylaxis should, therefore incl. d
imates of psychological costs expressed in units of dollars , -

cmr}z:s(zgeoAn the rr_lonetary awards for the radiation and non-radiation inju
T ppendix D of the NRC-sponsored study) and the opinion express&g
ject matter expert, the psychological cost component for any of the

aforementioned radiation-ind i .
$500,000. induced thyroid health effect is estimated to be

Summation of Thyroid Health Effects Cost

T . .
b a:)l:: ill;jdisrl;r(:ltmarlzes all prewousl)( derived values for the direct medical
costs,atmbmed « :}(})sts of lost economic opportunities, and the psychological
g by o the reduced quality of life for each of the thyroid disorders

ed in this report. For all thyroid effects, the direct medical cost for
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Table 13. Average Total Cost Per Radiation-Induced Thyroid Effect

Direct Indirect Psychological Total
Thyroid Effect $) %) %) )]
Nodule 9,600 33,300 500,000 542,900
Cancer
Non-fatal 20,000 38,600 500,000 558,600
Fatal 32,000 629,000 500,000 1,161,000
Hypothyroidism 5,600 38,200 500,000 543,800

* Value represents the midpoint of the range in direct medical cost estimates.

Estimating the Cost-Benefit Ratio of KI Prophylaxis

In review, a cost-benefit ratio for KI is represented by a dimensionless
quotient derived by dividing the programmatic cost of KI stockpiling by the
monetary equivalent value of avoided thyroid health effects. In Section 1 of this
report, the programmatic cost of KI prophylaxis for the stockpiling option was
assumed to be principally determined by the purchase cost of KI and its periodic

replacement.

K1 tablets, currently available from two FDA-licensed firms, continue to be
evaluated by the FDA for residual potency. At this time, a minimum shelf life
of 5 years can be assumed for KI under proper storage conditions. At the
current retail price and a 5-year replacement schedule, the programmatic cost of
stockpiling KI was estimated to be about $0.10 per person per year. Multiplying
the number of persons within each population cell by $0.10 yields the annual
programmatic cost estimates for discrete distance intervals, as was shown in

Table 2.

Deriving a monetary equivalence for the thyroid health effects potentially
avoided when KI blocks thyroidal uptake of radioiodides with a 99% efficiency
was considerably more complex. Section 2 identified four specific accident
scenarios with the potential to release large quantities of radioiodides into the
atmosphere. By means of the MACCS computer code, atmospheric releases of
radioiodides were modeled to yield integrated air concentrations at fixed
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Also, thyroid doses to individuals i
Also, ' s in the plume pathway were conv i
fh?::;ci)g i etoltt:yr;);d health effects by means of risk coefficients N:llmet;t;g :;
alth effects were estimated for the a vei
. ‘ ' ge- and sex-weigh
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. cost equivalence included lifetime medical
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mic : : utable to pain and sufferi
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yroid effects in each population cell with their economic worth yielded the

economic benefits of avoidable thyroi
yroid health eff i i
o o 0 avordable ects associated with each of the

A ) L. . .
o cl?cs)tv l;e‘zlt:;,ﬁt ratl'o in zhlch the KI stockpiling costs are expressed in annual
, , requires that the economic benefits i i
. of avoided thyroid h
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teerz:n tS be;, fects resulting from each accident scenario can be expressed in annueal
incorporating the probability that a gi i
_ . given reactor accident scenari
occur in a year's time. Best estimates i " the fou
. of accident frequencies fo
i r
release categories analyzed were previously defined in Table 4 fhe four

effe'(I:'tI;e(;l)utll:gi):icrzstivet values of (1) the number of expected thyroid health
Cts, onetary equivalence, and (3) the accident f;
accident scenario yield estimates of e benetis of mresaen
the yearly economic benefit i
f:elailtg &;ffects through the administration of KI (Table 14). For tlhse ([))fo al‘lllc:tqed
bzneﬁ:, :)1;9;14;;' .the lfass than 5-mile radius, for example, a yearly ec?onorlnoilc:
1s estimated. For illustrati ’ ion i i
for the less than 5-mile population cell. o sample caleulation Is provided
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Total
$-Value
487
710
925
705
448
330
257
473
763

6))
79
84
42

2
0
0
0
0
0

Value

Hypothyroidism

No. of
Cases
1.46E4
1.54E4
7.78E-5
3.32E-6
0.00E+0
0.00E+0
0.00E+0
0.00E+0
0.00E+0

Value

6))

281
432
608
483
306
224
173
315
485

Thyroid

Nodules

No. of
Cases
5.18E4
7.95E4
1.12E-3
8.89E4
5.63E4
4.13E4
3.18E4
5.80E4
8.94E4

$)
24
36
52
41
27
20
16
30
52

Value

Fatal Thyroid
Cancers
No. of
Cases
2.05E-5
3.14E-5
4 44E-5
3.55E-5
2.29E-5
1.71E-5
1.34E-5
2.55E-5
4.50E-5

&
103
158
223
179
115

86

68
128
226

Value

Non-Fatal
Thyroid Cancers
No. of
Cases
1.84E4
2.83E-4
4.00E4
3.20E4
1.54E-4
1.21E4

200 - 350 | 2.30E4

5-10
10-25
25 - 50

Table 14. Yearly Reduction in Population Thyroid Effects and Their Equivalent Monetary Values
0-5

50 - 100 | 2.06E4
350 - 500 | 4.05E4

(miles)
150 - 200

Interval
100 - 150

Distance

Sample Calculation Derivation of the yearly reduction in population thyroid
effects and their monetary values for the < 5-mile population cell.

1. From Table 10, the total number of avoidable thyroid health effects per
accident release category for the < 5 population is as follows:

Release Non-Fatal Fatal

Category Cancer Cancer Nodules Hypothyroid
RSUR-1 107 12 303 99
RSUR-2 37 4 103 28
RSUR-3 0 0 0 0
RSUR-4 40 4 114 32

2. Annual reduction in avoidable thyroid health effect = (No. of expected
effects) x (Accident frequency):

Release Non-Fatal Fatal

Category Cancer Cancer Nodules Hypothyroid

RSUR-1 3.1E-5 3.5E-6 8.8E-5 2.9E-5

RSUR-2 8.9E-5 9.7E-6 2.5E-4 6.6E-5

RSUR-3 0 0 0 0

RSUR-4 6.4E-5 6.4E-6 1.8E-4 5.2E-5
TOTAL 1.84E-4 2.0E-5 5.18E-4 1.46E-4
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3. Annual equivalent cost estimates = (No. of htyroid effects) x (equivalent
monetary cost)

Non-fatal thyroid cancer: (1.84E-4 cancers) X ($558,600/cancer) = $103
Fatal thyroid cancer: (2.05E-5 cancers) x ($1,161,000/cancer) = $24
Thyroid Nodule: (5.18E-4 nodules) x ($542,900/nodule) = $281
Hypothyroidism: (1.46E-4 hypothyroids)
x ($543,800/hypothyroid) = $79
TOTAL = $487
= $487

Total yearly economic benefit for the < 5 population cell

Dividing the annual programmatic cost of stockpiling KI by the average
annual economic benefits from avoided thyroid effects represents the cost-benefit
ratio of KI prophylaxis. These two parameters and their quotient are presented
in Table 15. For example, the annual programmatic cost of stockpiling KI for
about 11,000 people living within five miles of the reference LWR is estimated
to be $0.10 per person or $1,100. The economic benefits of avoided thyroid
effects for this population cell were estimated to be $487 per year, which gives
a cost-benefit ratio of 2.26.

The cost-benefit ratio is in effect a measure of the cost-effectiveness of the
prophylactic measure. For the < 5-mile population cell, it can be estimated that
$2.26 would be spent in order to avoid the economic equivalent cost of $1.00.

The cost-benefit ratios for population cells increase nearly exponentially with
distance. This is to be expected inasmuch as the programmatic cost of 10 cents
per person per year is a constant while the integrated air concentration, which
defines individual thyroid dose, can be expected to drop off exponentially with
distance. Thus, the cost-benefit ratio for the 50-100 mile population cell is
reduced to 1,051. Within this distance interval, $1,051.00 would be spent for
stockpiling to avoid the economic equivalent of $1.00.

Table 15 also provides cumulative cost-benefit ratios, which define the
cumulative areas of the circle. If, for example, on the basis of thyroid
intervention levels, cost-benefit considerations, logistical factors, etc., a decision
was made to provide stockpiles for populations out to a distance of 100 miles,
the cumulative cost-benefit ratio of 216 can be estimated.
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Limitations and Significance of Data

Sum}“rl::ri z;;r;n;i’pal purpose of the NRC-sponsored study that was briefly
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thyroid health effects yielded cost-b i . .
a policy decision. st-benefit ratios that provide a limited basis for

dataAalltll:)ough these cost-benefit ratios are as credible and objective as current
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X om in using these values in a poli

. . . lc
decision. Existing uncertainties in reactor accident frequencies and dispgrsioz
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ge the cost-benefit rati
orders of magnitude or more. fos by s il 25 one o two

asse/:ddltlonally, the deriv'ed cost-benefit ratios do not represent a total
sment of the cost-effectiveness of KI prophylaxis protective measures. The
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Cost/Benefit Ratio

KI Benefits: Reduced Thyroid
Effects

Table 15. The Cost-Benefit Ratio of KI Prophylaxis

KI Cost: Stockpiling
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Abstract

There are a number of countermeasures that can be used, singly and in
combination, to reduce doses in the short-term following a nuclear accident.
Which strategy is adopted will depend on local factors, such as the type of
accident, local geography and demography, and the resources available, and on
the form of national and intemational guidance. The purpose of such national
and intemational guidance is to facilitate a consistent level of response to
accidents, wherever they occur, whilst at the same time providing for flexibility
of response to suit local circumstances.

This paper discusses the influence of dll these factors on the choice of
protective strategy. The goal of any off-site emergency response strategy should
be the protection of the public, not just against radiation, but in the sense of
providing overall benefit. To achieve this goal, differing local and national
constraints mean that the precise strategy adopted may vary from site to site.

Introduction

Protection against the consequences of accidents should be built into the
design of nuclear power plants. The likelihood of a serious accident actually
occurring which causes off-site hazards should therefore be very small.
However, since the consequences of a very serious accident are potentially so
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far reaching, it is prudent to develop an emergency response plan as well as to
design safeguards into the plant. The purpose of an emergency plan is to
provide a framework of rapid response to a radiological emergency.

Following a radiological accident, members of the public may be at risk both
from short term, relatively high, intakes and exposures, and from longer term,
chronic, intakes and exposures. Generally, in order to be effective,
countermeasures intended to provide protection against short term intakes and
exposures (‘urgent’ countermeasures) will need to be taken very quickly.
Conversely, decisions on countermeasures intended to provide protection against
chronic intakes and exposures (‘'longer term’ countermeasures) may be postponed,
at least until there is no further potential for release and a reasonable number of

environmental measurements have been made.

A well-constructed emergency plan is mainly concerned with the urgent
response to an accident. Its purpose is to define the immediate response
structure and arrangements for establishing control. A plan should combine
prescription with flexibility, so that appropriate decisions can be taken rapidly,

whilst inappropriate decisions can be avoided. The major part of an emergency

plan will be concerned with communication channels and responsibilities.

Discussion of these aspects is beyond the scope of this paper. However, a clearly
important aspect of an emergency plan is the choice of protective strategies, and
the specification of events or measurements which will trigger the
implementation of these strategies. This paper discusses the factors which
influence this choice of protection strategies. The paper begins by considering
the generic advice which has been provided by international and national bodies.

1t then discusses some more detailed factors which need to be considered for
individual plants.

International Advice

The Need for Justification and Optimisation

Earlier papers have discussed international advice (1). There is general
agreement that no countermeasure should be planned for unless it is expected to
achieve greater good than harm (justification), and that effort should be made
to implement it in such a way as to maximise the net benefit (optimisation)
(2,3,4). These basic principles have important implications for the choice of

countermeasure strategies, as discussed below.

First, justification and optimisation should apply to all the consequences
resulting from a countermeasure strategy, not just the dose consequences. In
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precautionary countermeasures, that is, countermeasures implemented because
a serious release is anticipated, but before it has actually occurred.

Linked to this need for optimised decision-making, is the need to develop
a plan that is straightforward to follow, but robust for a wide range of
circumstances. Unless this is achieved, unwelcome delays in deciding on the
appropriate response are likely to occur, resulting in loss of confidence by the
public and a much less optimum response. In other words, it is not intended
that the need for mathematical optimisation should take priority over clear
planning and rapid response. The advice to optimise response should be
interpreted in the broadest sense, ie. to make best use of the available
information within an appropriate timescale. This can best be achieved by the
development of a single, robust plan for the urgent response to most envisaged
accidents and circumstances. The plan should clearly indicate the (few) types
of accidents and circumstances for which it is not appropriate, and indicate
alternative responses for these. It is recognised that the response dictated by
such a plan is unlikely to be precisely optimum for any specific accident.
However this disadvantage is offset by the advantages of a fast response
facilitated by a clear and straightforward emergency plan. Therefore, a major
factor that should influence the choice of strategy is the likelihood that a given
form of response will provide adequate protection under a wide range of
circumstances.

In summary, then, the need to justify and optimise an emergency response
strategy means that no two emergency response plans would be expected to be
identical. The need for a plan to be straightforward and robust under a range
of circumstances will mean that the strategy adopted for response for one site
may appear to be very different from that adopted for another site. However,
what is important is that a planned response will protect the public, not just
against radiation, but in the sense of providing an overall net benefit. There are
many ways of achieving this goal, and it is quite reasonable that different sites
will adopt different strategies for this.

Factors to be Considered in the Optimisation of Response
In order to develop countermeasure strategies that are both justified and
optimised, it is necessary to identify and, at least to a limited extent, quantify the

potential consequences of implementing different countermeasure strategies.
International and national guidance lists a number of factors that should be
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considered when deciding u
K pon urgent counterm ;
most important ones are: easure strategies (e.g. 6). The

Health Factors:

Averted individual risk from exposure to radiation;
Avc?rt.ed collective risk from exposure to radiation',
Ind1v1d}1al physical risk introduced by the counter;neasure'
Collective physical risk introduced by the counten'neasureZ

Risks incurred by workers i i
ers implementing the counterme ;
Monetary Cost Factors. e

Social Factors:

Rea§surance provided by the countermeasure;
A‘x‘nxwty caused by the introduction c,)f the
(“countermeasure anxiety”);

Disruption to the individual;

Disruption to society.

countermeasure

The influence each of thes
e ma . ..
. y have on the choice of strategies is discussed

comlr):lci;vttsdzfés amfi {’opulations: Before discussing each factor, some general
useful concerning those factors which rel indivi
ot shieh reloe o oo ' ‘ relate to individuals and
pulations (collective factors). The relative i
attached to these two types of f: i , on the Jovol of (rtividual
actor depends primarily on the 1 indivi
harm (or benefit). Here the t e the st el
. erms harm and benefit are used i i
. . n the widest s
encompassing the risk of radiation-ind sk
r : -induced health effects, physi i
disruption and reassuranc i il e
e. Generally, at high levels of indivi :
benefit, it is the individu , : - trongly e o
, al related factors which most i
ef strongly influence an
decision on countermeasures. Conversely, where individual levels of harm o);

benefit are very low, a decisi
s ecision on countermeasures is likely t i
. . O b
by consideration of the collective risks or benefits. ’ © dominated

popl"]l'l}:t:iol;lagrnl;ude of. ;mydcollective harm or benefit is dependent upon the
oup considered. Many countermeasure
s affect a larger b
people than those directly subj e ammie. n
pl ject to the countermea
decision to evacuate has implicati  tvacuens, bt
as implications, not only for th ’
= . , only for the evacuees, but for all
accie;n nr:;c(;jt::ed tc:j ma:jnage the evacuation, for those providing food
ion and medical attention for the ,
oo nd evacuees, and for all those who
planned to visit the area or make contact with individuals within it. If
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consideration were restricted to the collective harm experienced by the evacuated
population only, then the total collective harm caused by the countermeasure
could be significantly underestimated. Therefore, a strategy developed solely to
optimise the consequences of a countermeasure for the people directly subject
to the countermeasure could be different from a strategy that took account of the
consequences for the whole of society. (Equally, the definition of 'the whole of
society' could affect the decision. For example, the optimum strategy for the
UK only, might be different from that for the whole of Europe.) It is beyond
the scope of this paper to recommend how widely the optimisation should be
carried out. However, it is clear that since the size of the population group
considered will affect the choice of strategy, it is important that an explicit
decision is taken concerning the importance of different population groups when

developing it.

Averted Health Risk: Clearly, the principal reason for implementing urgent
countermeasures is to avert doses that would otherwise be received. However,
the importance that should be attached to this depends very much on the levels
of doses involved. Clearly every effort should be made to avert doses that
would otherwise cause very serious deterministic injuries (2,3,4). On the other
hand, the likely harm caused by disruption and the other '‘non-dose’ factors
mentioned above should play a major role in decisions where the averted dose
is likely to be small. Referring again to the longer term experience after
Chernobyl (which is acknowledged not to be directly comparable with the
consequences of urgent countermeasures), it became clear during a series of
decision conferences held in the contaminated CIS republics, that the anticipated
reduction in radiation-related health injuries achieved by the relocation strategies
had only a small influence on the choice of relocation criteria. Social concerns
and monetary costs were far more influential factors (5).

A second point about averted health risk is that, in general, urgent
countermeasures should be designed to protect against individual exposure.
Strategies planned to achieve a large dose saving to a few individuals are likely
to be more appropriate than those planned to achieve a small dose saving for a
large population group. This is clearly a different situation from longer term
countermeasures. This means that, within the constraints of prompt decision-
making and practical issues, urgent response needs to be targeted at those likely

to be most at risk.

Physical Risk: Generally, at least in the UK, and therefore probably in
western Europe, the physical risks associated with countermeasures are small.
A survey of individuals in south-west England concluded that most people
would shelter for 1 or 2 days with little difficulty (7). For the administration of

116

stable iodine, a UK Department of Health working group concluded that
generall'y, the health risk from this countermeasure was very low (8). Even fa :
evacuation, which is carried out frequently for hazards other than radia;tion th (r)r
have been very few documented injuries either in the UK or in the US;% (39)3
How.ever,.lt is always possible to postulate scenarios where the individu l
physical risks might become a dominant factor in determining the appro riail
strategy for a site. For example, in very hot weather, prolonged sheltefizg gf th:

young or elderly might pose health problems, whilst i
o, ) st 1
conditions, evacuation might endanger lives. n very bad weather

Even though the individual physical risks involved in early countermeasure
may bc? smgll, the collective risks may not be trivial. The magnitude of th:
collective risk is, largely, dependent on the number of people affected by the
countermeasure, while the magnitude of the individual risk is less strgn |
affected by this. This means that as the intervention level for a countermeasﬁ .
decrea§es (resulting in an increasing number of people being involved) tl:e
?ol!egtlve physical risk increases proportionately. At some low leve’l ef
md1‘v1‘dual risk, the collective physical risk may become a major facto ;
deciding on an appropriate countermeasure strategy. o

Individual Disruption, Reassurance and Countermeasure Anxiety: These
three factor§ are very difficult to quantify, and they may well be very ;lifferent
for each individual. = Moreover, the dissociation of reassurance and
couptermeasure anxiety is convenient for the discussion in this paper; it i
unllk_ely to be so clear-cut in reality. However, it is also clear that fhe;e arlS
very important factors for all decisions where the individual radiation risk is no(:
extremely high. Socio-psychological issues are dealt with in a separat
paper (10), so it is necessary only to outline a few major points here P

The level.of disruption experienced by individuals will be related, to som
extent, to their lifestyle, health and intended activities during the peri’od of th:
countermeasure. For example, the advice to shelter for a few hours, given to
parents of 'several young children on a wet and cold winter evening r;lf caus
them negligible disruption. The same advice to those parents on a vz hof:
summer's day might cause significant disruption, particularly if their houseI:.y
small. However, evacuation will always be very disruptive. e

The reassurance afforded to individuals by the introducti
Zgunterdmeasure depends on .their perception of tl)lle risk to whictllogle; farz:i
- g:ls? and the 'extent to which th.ey perceive the countermeasure will protect
; rom that r{sk. If the Protectlve strategy proposed accords with the level
Of protection which the individual judges necessary then they are likely to be
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more reassured than if it differs significantly from their judgement. Individuals
who judge the risk to be high will not be reassured by advice that little
protective action is required. An individual's perception of the risk will be
determined by a complex set of interacting factors, including the general nature
of the risk (in this case, exposure to ionising radiation). The problem with a
radiological accident is that individuals have little opportunity for directly
assessing the seriousness of the risk; they must rely upon information supplied
to them by a third party. In this case, the reassurance afforded will be strongly
influenced by the level of control and competence the authorities are perceived
to have in the management of the accident, and the level of trust that exists
between the individual and those providing the information (11). For example,
advice to shelter from authorities who are trusted will provide more reassurance
than advice to evacuate from authorities who are perceived to have lost control

of the situation.

It is likely that countermeasure anxiety will be strongly influenced by the
level of risk that would exist in other circumstances where the countermeasure
would be implemented. For example, evacuation is a typical response to bomb-
scares, hurricanes and flooding - i . situations in which there is a significant risk
of direct serious injury or death. Generally, it is only for rare types of accident
(involving the release of, for instance, radioactive or carcinogenic substances)
that plans are made for urgent countermeasures to protect against late, stochastic
health effects. Therefore it is likely that if countermeasures are taken after a
nuclear accident, individuals will overestimate the health risk to which they are

exposed.

Consideration of each of these factors indicates that estimations of social
consequences should play an important role when decisions on appropriate
countermeasure strategies are taken.

Monetary Cost: Monetary cost is a factor which some might argue should
not be taken into account when developing a strategy for emergency response.
Clearly, for situations where the individual health risks are high, the monetary
cost of introducing countermeasures will not be a major factor in such decisions.
However, for many situations, monetary cost forms a very significant
contribution to the harm introduced by a countermeasure. Moreover this cost
is rarely borne solely by those benefiting from the countermeasure, nor is it
necessarily shared equitably throughout the wider population.  For the
countermeasure of evacuation, the decision to implement it will involve 2
significant monetary cost, however few people are evacuated. This is because
a decision to evacuate people requires the organisation and mobilisation of a
number of supporting services; personnel to organise the evacuation and t0
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ensu i i
acco:‘;:m tlclle ‘ security of property in the evacuated region, transport
o Odatl'OI'I, food supplies, counselling services, monitoring services anci
administration. This sharp increase i
ene in monetary cost is much 1
significant for the other earl ision to
. y countermeasures, although the decisi
implement any countermeasure is b i ; ction of sorme
ound to require the mobilisati
support services. Therefore, at interventi oot ereams
ort , ion levels of dose which d
a major individual health risk, it is r Cthe fePfeSaerym
j s easonable that evaluation of th
. . . e
cost is one input in the choice of countermeasure strategy monet

A separate paper will deal with economic factors in more detail (12)

. n;S‘lZlcz(c)zi eD)(z;:g:é:n:ff So;:ial disruption is the collective disturbance to the
ifestyles of those affected by th i
likely to be experienced b i T than those bencfiting from
y a larger population group than tho i
. : se benefitin
the introduction of a countermeasure. As with monetary cost, social disr%l;f)iioczg

. l-] l I . . f. f . l . .

Worker Risk: The factor “w i
‘ : orker risk” encompasses individu
. . al
Zgiile:lt;:;eal:}eyaltl;rls.kslmc':ukrred by workers as a result of exposure to radiatzilgg
physical risks involved in implementi h
ICRP has recommended that, exce i i s all dotes to-workers
. , pt for life-saving actions, all d
involved in mitigating the conse i , e Koot el
quences of the accident should be kept b
] el
?ui th (2). In the UK, the National Radiological Protection BoardFZNRPc;?»v;
v :,r recommends tbat workers involved in implementing off-site
anlrjln ir:lneasu.res. should, in general, have their dose restricted below the statuto
ual dose limit (4). If this advice is followed, then the individual radiati;z

risk to off-site workers
should not be a maj i i
ajor factor i
countermeasure strategies. ! in declsions on

. mﬁ;;llroig()h th; m?ividual dose received by off-site workers is unlikely to be
nsideration in the determination of
: : countermeasure strategi
consideration should also be gi i ve. For
given to the collective dose they migh i
example, it would rarely be justi icos persommel o
ple, justified to ask emergency servi
experience a greater collective i . oy
exposure in the course of introduci
. ucin
countermeasure than the collective dose averted by that countermeasure 0

wca?}::?i oa;::((i:‘ltc'lent)sitlljations may be hazardous for workers (e.g. very bad
itions). It is therefore important to tak i

hysioal ek facen by et e account of the level of

gency workers. Where this is signifi
expected individual risk saving i o hould be o loas
g in the exposed populati

3 ual | pulation should be at lea

mmensurate with it, or else the countermeasure will not be justified )
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The Influence of International Advice on the Choice of Urgent Countermeasures

The purpose of international advice on countermeasure implementation is to
provide a degree of commonality in the response to radiological accidents,
wherever they occur. If international advice is followed then this will strongly
influence the choice of countermeasure strategy adopted fora particular accident,
in terms of both the level of response and the way in which it is implemented.
However, no two accident situations will be identical, and so it is important that
international advice is formulated in a way which leaves flexibility of response
for accident- and site-specific features. In the following section the influence of
some of these more detailed, local factors is addressed.

Developing Planning Strategies

There is a wide range of countermeasures which can be applied to avoid
stochastic and non-stochastic effects (see, for instance, Ref. 13). The
countermeasures are not really alternatives as some may need to be carried out
simultaneously. These include:

» sheltering

* evacuation

 iodine prophylaxis

» prevention of access to the area
« respiratory protection

* body protection

« personal decontamination

e relocation

» food control

o decontamination of the area

The countermeasures which are of most interest in this paper are sheltering,
evacuation and the administration of stable iodine. Some of the other
countermeasures may be carried out in conjunction with these (e.g. personal
decontamination of exposed and evacuated people). Factors which influence the
circumstances in which these countermeasures may be employed are discussed

in the following sections.

Sheltering

There is a wide range of factors to be considered in the adoption of
sheltering as a countermeasure. The factors include, for instance, the type of
shelters available, the timing and nature of the release, and the local weather.
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In developing a strate i i :
consideredrz) g gy for sheltering the following points need to be

i ) Typfz and availability of shelters: There may be a wide range of buildi
'wnhm which people could shelter in the emergency planning zoneg The: l 1'nlgls
1nc.lu§le permanent residences, industrial premises, schools hos. italsSe mlbgl't
bu1l.d1ngs etc. There may also be a significant number of less s,ubstz?ntial ’shp ult s
a\{allable eg. mobile homes and tents. Emergency planners should be f: e'l?rS
with the number, type and distribution of all permanent and semi-pe manent
accommodation and be aware of the likely numbers and distribution orf) al’;naﬂem
permanen? accommodation (mobile homes, campers etc.). Consideration syhlcl)?lrl]ci
also be given to the capacity for public buildings to provide sheltering for

.

it) Shielding characteristics: The dose reduction ' wi i
depending on the structure of the shelter and on ho“fas:(e)lrl 1‘:, lcl:la: al;: :V Kieil)'
Generally the protection offered by shelters from groundshine is likel eta eb.
better than from cloudshine as walls are usually thicker than roofs %ab(;e T
taken from an IAEA publication (14) gives representative dose reducti.on fact
for various types of structure and location. There is a wide range of constru t'Ors
codes and standards between different OECD countries and the degr:el(c):;’

shielding provided will theref
available locally. etore need to be assessed for the types of shelter

1

D R _ .
ose reduction factor = dose that may be incurred with sheltering/dose in open.

Thus the shielding effectiv i
hicliing) 4 eness of a shelter can range from 0 (maximum effectiveness) to 1 (no
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Table 1. Representative reduction factors for desposited activity

Structure and/or location

Reduction factor

1 m above a hypothetical infinite smooth plane
1 m above ordinary ground
1 m above centre of 50-ft (ca. 16 m) roadway half-way contaminated
Cars, pickups, buses and trucks on 50-ft (ca. 16 m) road:
Road fully contaminated
Road 50 % contaminated
Road fully decontaminated
Trains
1 & 2-storey wood frame homes (no basement)
1 & 2-storey block or brick homes (no basement)
Home basement | or 2 walls fully exposed
1-storey less than 2 ft (60 cm) of basement walls

exposed
2-storey less than 2 ft (60 cm) of basement walls

exposed
3 or 4-storey structures, 5000-10 000 ft? (ca. 500-1000 m?) per floor:
First and second floors
Basement
Multi storey structures > 10 000 ft* (ca. 1000 m?) per floor:
Upper floors
Basement

1.00
0.70
0.55

0.5
0.5
0.25
0.4
0.4
0.2*
0.1*

0.05*

0.03*

0.05*
0.01*

0.01*
0.005*

Representative reduction factors for cloud source

Structure location

Reduction factor

Outside

Vehicles

Wood frame house, no basement

Masonary house no basement

Basement of wood frame house

Basement of masonary house

Large office or indusstrial-type building away from doors/windows

1.0
1.0
0.9
0.6
0.6
0.4

0.2 or less

* Away from doors and windows.
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Source: Ref. 14

The pmtecu'pn given against inhalation or ingestion of active materials
(gases fmd par&culate@ 'will depend on the ventilation rate of the shelter.
Depgnd.mg on the building structure, this will be due to natural or forced
yenhlatnon or both. For purpose-built shelters the type and efficiency of an
fns.talled filtering system will influence the rate of build up of active Iblllaten‘aly
gs;;l;u tlc:iemslhelter.ﬁ'lhe natural ventilation rate will also depend on nationa?

_ Practices. In colder countries, for i identi
accommodation will generally be better sealed. The nmnjgsu?féﬁor:ﬁ:ﬁﬂ
depend on the local wind velocity and direction, the rate increasing with the

wind speed. However, a hi i ; .
quickly, a higher wind speed will also disperse the release more

Figure 1 shows the way in which activi i i
. ‘ ty may build up inside a buildi
rTah; prt?tt?cngn will clez.xrly diminish with time as the concentration ngf
1ogctxv1ty increases. It is important, therefore, not only to seal the buildings
effectively but also to ventilate thoroughly once the plume has passed

Figure 1. The increase of the inside concentration of airborme materials
in a closed building for a fixed outside concentration
and a given ventilation rate (Reference 22).
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iii) Nature and timing of the release: Sheltering, as a countermeasure on 1ts
own, is likely to be most effective for:

« releases which consist primarily of radioisotopes of .noble gase;; e
« situations where there is little or no time to orgar;lse comprehen
i ] -existent threat phase);
evacuation (i.e. a short or non-exis . .
« releases which take place at night (when most people are aiready in their

s ; . . .
° 2:1):: 1))uff releases which are likely to lead to relatively low radiological

doses.

iv) Other factors: Other factors may be important in deciding on sheltering
as a countermeasure, for example:

Extreme weather. People will be less willing to leave the apparent secu;lgz
of their homes in extreme adverse weather (e.g. freelzlmg fog.orh dgep:g:;'])];g e
i ion i i tances may well outweigh dos
risks of evacuation in these circums ' dose savines 10
i i i he other hand, advice to put ou
be achieved in evacuation. On t ce t | domesue Tiee
i duce natural ventilation), could e
and close chimney dampers (to re : . Jiminate 0
i i heltering less attractive. In very !
main source of heating and make s s
id usi ilati tems may lead to extremely u
the need to avoid using ventilation sys .
sheltering conditions and might lead to people choosing to leave the sheliter early

or to self evacuate.

The duration of sheltering: Apart from the progressive build up :f
radioactive concentration inside buildings, shel:lerlmg‘ beyond ]a; tfiz\: l;ct):l;sssri\v ilyl
i iety in the sheltering popu .
lead to high levels of stress and anxiety in AR
rtainty about the health e
be related not only to fear and unce : : ‘ o
i 1 disruption that sheltering causes.
accident but also to the degree of persona e e o]
i illing to shelter for long periods 1
example, farmers will be less wi ! er ore it
i i be alleviated by advising peop !
to attend to livestock. This may Sing oo e A
i i ttend to important matters, will not u y
periods spent outside to a . At
i i larly true for an emergency !
high exposures. This may be particu le A
iodi ini d. The willingness of people to
jiodine has already been administere . . o Sl
It public and domestic shelters.
depend on the prevalence of purpose bui ‘ : ;
2§§nt§£s with a high provision for purpose built shelten}t:g1 suchtas :fvf\:;(zle&z?rg
i i i in the ability of the shelters to
or Finland, public confidence in t o o
i ill miti inst other concerns. A UK survey (7) s :
protection will mitigate agains o
Iter for longer than one day
ost people would be willing to she . ;
;rilgnifipc):anlt) disruption, although the IAEA (3) recommends sheltering for n

longer than two days.
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Pre-publicity: 1t is vital that any population which may be called upon to
shelter has been provided with clear instructions in advance. This is can be
achieved by issuing (and periodically reissuing) written instructions to homes,
places of work and public buildings within the emergency planning zone. It is
a particular problem for areas with significant transient populations such as
tourists and visitors. As a minimum, those responsible for the management of
camp sites, trailer parks, recreation areas etc., should be provided with
information on the emergency planning arrangements for the area. This could
include information on what advice should be transmitted to transient
populations to facilitate application of countermeasures.

Notification to shelter: The potential communication channels from the
decision makers to the public include personal notification (through door-to-
door visits), loudspeakers, public address systems, radio, television,
telephone and sirens. The decision to advise sheltering must be based on a
high probability that the majority of people will receive, understand and act
upon the instructions issued. Transient populations are less likely to receive
and understand warning messages than residents. The likelihood of
significant mis-interpretation of instructions, and possible counter-effective
actions (such as self-evacuation) needs to be considered in selecting
sheltering as a countermeasure. Research carried out in the US has indicated
that between about 50% and 66% of people are likely to comply with advice
to shelter (15, 16). In sub-populations (e.g. racial, ethnic and political
groups) and in transients (e.g. tourists) the compliance factor may well be

significantly lower unless warning messages are specifically aimed at these
groups.

v) Costs: ICRP recommendations (13) state that costs used in the
justification and optimisation analyses for sheltering should include consideration
of monetary losses to both individuals and society, monetary losses to industry,
trade and agriculture and cost in dose to those responsible for implementing the
countermeasure (e.g. the police). Depending on a variety of factors, including
means of alerting the population, the time of day when sheltering is
recommended and its duration, such costs are likely to be quite small. The ICRP
report recommends that an averted effective dose of 50 mSv will always justify
sheltering as a countermeasure. Optimised levels may be up to a factor of 10

lower when consideration is given to specific accident conditions and sub-groups
of the population.
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Stable Iodine

The accumulation of radio-iodine in the thyroid gland due to inhalation or
ingestion can be blocked or reduced if stable iodine is administered before or
soon after exposure. If stable iodine is administered orally in the six hours
before exposure, the protection provided is about 98%. If administered at the
time of exposure the protection is about 90%. The effectiveness of the
countermeasure decreases with delay but may still be about 50% even if
administered within four to six hours of inhalation (17). From this, it is clearly
desirable to administer stable iodine as soon as possible, preferably before any
exposure has occurred. In considering stable iodine as a possible countermeasure

a number of factors need to be considered:

i) Type of accident. The administration of stable iodine is only of benefit
if an accident has the potential to cause exposures to the thyroid in excess of the
appropriate intervention level (13). In general only accidents in operating nuclear
reactors have this potential. Used fuel in storage or reprocessing plants will
normally have been cooled for a sufficient period for its radioactive iodine
content to be reduced to insignificant levels. For accidents with a significant
threat phase, there may be sufficient time to complete the distribution of the
stable iodine before the release occurs (see (iii) below).

ii) Dosage: The WHO (17) recommended quantity of stable iodine for
adults is 100 mg. This is normally in the form of potassium iodide (130 mg) or
potassium iodate (170 mg). WHO recommends smaller doses for children and
neonates but makes no distinction for pregnant or lactating women. The WHO
recommended doses are considered to carry a very low risk even to people in
countries where there is a marked iodine deficiency in the diet. In the short
term, a single dose should be planned for but if exposure to radio-iodine
continues beyond about 2 days a further administration may be required.
However, for such an extended release, a combination of a single dose of stable
iodine combined with evacuation is likely to provide the optimum level of

protection.

WHO make additional recommendations regarding the administration of
stable iodine to people with known thyroid problems which may be adversely
affected by the intake of stable iodine. National health advisory bodies will need
to develop guidelines for such cases based on the WHO or other

recommendations.
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iit) Distribution: In order to maximise the effectiveness of stable iodi
a countermeasure, it is important that it is administered as soon as po n'T)las
Iimergency plapning authorities therefore need to give careful considefat?ts)ln (;
;) e-l(‘:ll'l'OSt. efft?ctlve means of supplying stable iodine to the affected population.
re 1'str1but10n within the emergency planning zone might form part of th

planl?n:g strbalt.egl))'. Il’re—distribution could be to individual homes tg pla(c)estoi
work, to public buildings or to all of these. For certai instituti

schgols, hospitals, residential nursing homes, evacue;:ia(;:: rtgf:;tic:)fnlcr:l:::ttrl:lon g?g-
stations etc), pre-distribution is probably always justified. Pre-distribs,t'po o
plac?es of worl'c is also probably justified if there are adequate roll-cail fu l'(;rl'to
available and if the iodine tablets are under the control of nominated res on l'tlljs
persons. In addition, stockpiles of tablets may be held in reservep(l))nSl he
operator's organisation, or at national or regional government offices v e

The questiqn of pre-distribution to individual households is more difficult
iSfotmh:ypt;c;gle wgl ;lm?)Sth certainly mislay the tablets and be unable to find th:.m.
needed. Others will not follow i i i
administer either too much or too little. In add?t]iZn(fth:E:elllgslfir:r(:l;T aﬂ?hWIU
spare taplets for visitors. Medical authorities may also be w ) rlof e,
dls.mb'utmg drugs (albeit fairly innocuous drugs) to the general pui?ilc OT}E’TC‘
objections may be outweighed by the fact that at least a large pro o.rtio esef
affe:cted pe.ople will have immediate access to the tablets. Distribution Eurin nt}?
acc1dent.w1ll take some time, particularly to isolated buildings and will alsog :
a potential radiological hazard to those who carry out the distribution Inp(t)}ie
UK, the gent?ral policy is not to pre-distribute to individual households bl.lt ith N
been done in some remote areas where there are few residents. If pr:?

distribution is carried out, there will be a i .
, non i
new tablets and withdraw old ones. going need periodically to supply

A further consideration is whether stable iodine should be available f
purc‘:hase by' the general public. A wide range of potentially harmful d s
?vallable 'w1thout prescription in most OECD countries. For most I-ugslls
Inappropriate consumption of stable iodine will not cause any particulagel?p .
and, on that basis, there would seem to be no reason why people should noztirblz
?rl,)le to purchase supplies if they so wished. On the other hand there is a danger

at‘ large numbers of people would consume tablets whenever any radiati
accident was reported in the belief that they would be protecting thems&lvl:sn
(rjegflrfiless of whgther th'ere was any danger from radioactive iodine or not The:

ecision of public availability is one which has to be decided b na.t' 1
medlcgl adyisers in consultation with emergency planning authorities )I,n thﬁlgjnlz(l
potassium iodate and iodide are not available for purchase by the gen;aral public’
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iv) Costs: Monetary costs are likely to be reasonably small. Stable iodine
tablets are relatively cheap to buy and the costs of limited pre-distribution and
stockpiling will also be fairly low. The costs in radiological dose to persons
distributing the tablets during an accident could be significant, however, and this
needs to be taken into account in any planning strategy.

Evacuation

Evacuation is the temporary moving of people from an area to avoid
significant short term eXposures. It is distinct from relocation which is the
removal of people from an area for extended periods of time such as weeks,
months or even years. Evacuation has the potential to prevent virtually all
exposure to a release if it is carried out before the release occurs. However it
can also be implemented at various stages in the development of an accident. Of
the countermeasures discussed in this paper, evacuation is the most disruptive
and, potentially, carries the most cost, especially if the numbers involved are
large. Decisions about evacuation must therefore be based on very careful
consideration of the potential benefits and detriments. Among the factors to be

considered are the following:

A ccident Scenario: Evacuation can be an effective countermeasure following
a wide range of accidents. NRPB (6), has identified five main accident situations
in which evacuation is likely to be the optimum early countermeasure:
i) precautionary evacuation in response to a threatened release of unknown
magnitude. Additional factors such as adverse weather conditions may

preclude this;

i) in response to a large release of predictable duration and size,
particularly one for which there is sufficient time for evacuation to be
completed before it begins. As an example, a ruptured tank containing a
known amount of radioactive material; the evolution of the accident can be
predicted with confidence and dose savings compared with appropriate

intervention levels;

iii) in response to an accident for which the release to the atmosphere may
be prolonged, and the magnitude of the release is very uncertain and
potentially large. In this case the potential dose saving is likely to outweigh

the exposure incurred during the evacuation;
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Logistics: . .
img;sé:; . Evacuation may present considerable logistical problems. It is
cal;l) ortant § :t the;se are considered, so far as possible, in developing plans.which
ountermeasure. Experience has shown th
at pre-defined evacuati
areas or sectors are valuable in ensurin i i —
[ g efficient and timely e i
evacuation following the Mississau i i s, 1679 dhowen
‘ ga train derailment (Canad
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affect the efficiency of an evacuation: ’ © amon fhose that could
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i . , ons, what to d
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s}t:gzltdclt)idren' at school, family pets, members of the family at work, what they
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: uring the evacuation may b
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ir operations completely. Wh i
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advance and suitable advice i
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protective measures for staff remaining at work ¢ on allemative

Re . . .
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At the i r;i)vat I;ecessary for organised evacuation should be identified
"y 1. P ely owned transport vehicles are to be used, advance

al arrangements should be made. In an area with a signiﬁcar,lt number
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of private cars and with a good road system, self evacuation may be an efficient
means for many people to leave. However, for resource planning purposes, it is
better to assume that most people will be evacuated using mass transport
arrangements. There is, in addition, a need to identify who will organise and
carry out the evacuation from the area. The police, the military, local
government personnel, private contractors and volunteers should all be
considered. Radiological protection and monitoring requirements for such
personnel also needs to be taken into account if evacuation cannot be achieved

before the release starts.

Traffic management: Planning should take into account the number and nature
of roads leaving the emergency planning zone. To achieve a smooth flow and
avoid traffic jams the information given to the evacuating population should
identify recommended routes. Ideally, major escape routes and routes to
evacuation reception centres should be signposted as soon as possible. Traffic
patrols and road blocks may be necessary to ensure that certain routes are kept
clear for access by the emergency services and by public transport vehicles. In
addition, large numbers of the media could be expected to converge on an
affected area and steps may need to be taken to ensure that key routes are not
obstructed by them. The use of helicopters to monitor traffic movement should
be considered. The use of check-points on routes out of the area would enable
valuable information to be gathered on the numbers of people self-evacuating,
although this could slow the movement of traffic and lead to a delay in the
completion of the evacuation.

Evacuation time: In order to assess the practicality of an evacuation strategy,
estimates are needed if the time taken to evacuate various sectors around the
site. Estimates can be based on professional judgement derived from information
about actual evacuations and on detailed knowledge of the geography and
demography of the area. However, there are a number of evacuation models
available which allow the factors affecting evacuation rates to be investigated in
a more rigorous manner for individual sites (18, 19). A UK study (20)
identified four components to the time taken for people to evacuate an area:

i) Decision time: this starts from the moment a threat is identified and
continues to the point at which the relevant authorities decide to recommend
evacuation;

i) Notification time: this starts from the point at which the first evacuation
warning is issued and ends when 100% of the target population has received
the intended warning. (Of course, 100% may never receive a warning);
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vt,z : nll’ir:gazr;téon tlime. l:hls commences from the time individuals receive the
ends when the they are ready to 1| i
b and ends v | y to leave. It includes such
g information on reception centres, waiti i
' ‘ ! , waiting for offi
transportation and collecting family members who are not prefent o

v .
) Evacuation time: This starts once people actually start to leave and ends

(theoretically) when 100% i
(theo y b of the target population leave the evacuation

The time distributions of some of the above factors will inevitably overlap

The following conclusions from the UK study are relevant:

1. Tthe'rekls likely to be a significant over response amongst the population
at risk from a nuclear accident. At Three Mile Island, for instance

approximately 1% of the population with 8k i
m were ad
whereas over 60% actually evacuated. advised to evacuate,

2. The delay bfatween people receiving the instruction to evacuat d
actually starting evacuation after a toxic release is typically about 1 eh o
If clear and unambiguous instructions are given to the public, th dolur.
time for nuclear accidents could be expected to be similar e
3.

E]amléles tend to‘evgcuate as units. Individual family members will
erefore be less inclined to evacuate during normal working or school
hours when the family may not be together. >

4. 1In a theoretical situati i

: 10on, about 20% said the

i o e st y would not evacuate even
5. Most people evacuating i i

Ing in their own vehicles will se inati i
ek d

excess of 80 km from their homes. setinations in

6.

Ev i
Bag:;latlon rates sl‘mw a dependence on the total numbers evacuated
on a comparison of data from 25 cases, the mean evacuation rate

(numbers per hour - R) was found t .
. o be given by R=
is the number to be evacuated. given by R=14 NO.5 where N
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Reception centres: In planning for evacuation, suitable and sufficient reception
centres should be identified in advance. To reassure evacuees that they are no
longer threatened by the release, reception centres should be a considerable
distance outside any area that is likely to be significantly affected by the
accident. Schools or other large public buildings are suitable. Because of the
likely short duration for which they will be used, reception centres do not need
to be specially equipped in advance but it is important that they can be rapidly
equipped once the decision has been made that evacuation should take place. As
a minimum the reception centre should be warm, with adequate space for the
expected number of evacuees plus a number of self evacuees from outside the
evacuation area. People will require food and drink, blankets, bedding etc.
Medical attendants and social workers should also be available. It is also
essential that an accurate register is kept of those evacuated persons arriving at
the centre. If evacuation commenced after the start of the release, radiation
monitoring will probably be required for reassurance. There may be special
religious and cultural needs which will also need to be considered.

Risks: A UK study (9) indicates that physical risks associated with evacuation
are small. However, weather conditions, time of day or night, road capacity and
traffic density will all affect the risks involved. In addition, special groups such
as the elderly or ill may be at particular risk, if not from physical injury, then
from the stress caused by the disruption to their daily lives.

Costs: Of the three countermeasures considered in this paper, evacuation is
likely to be the most costly. Costs include the transportation out of the area and
back, the provision of reception centres ot other accommodation, additional
living costs (e.g. food, medical care, reassurance monitoring and counselling,
schooling etc), compensation for loss of income and inconvenience and the costs
of surveillance of evacuated properties.

Combining Countermeasures

The previous discussion has highlighted some of the factors to be considered
in the application of sheltering, evacuation and the administration of stable
iodine. Whether the countermeasures are applied singly or in combination
depends partly on the pre-determined plan and partly on the circumstances
prevailing at the time of the accident. However, for reactor accidents, it is
unlikely that sheltering within the emergency planning zone would be
contemplated without also planning for the administration of stable iodine-.
Likewise, evacuation from an area already affected by the plume would probably
need to be supplemented with the administration of stable iodine. Flexibility in

132

the countermeasure strat i i
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Table 2. The effect of different countermeasures
on radiological dose from an extended release

Table 2a. Effect on Thyroid Dose

Without |lodate at |lodate at

Countermeasure(s) lodate |3 hours |6 hours

1.0 0.052 0.164

No countermeasures 0.57 0.04 0.112

Plume exposure for 3 hours then shelter

.026 0.082
Immediate shelter ‘ . 5)6’57 88 B o
Immediate shelter - evacuation at 3 hours . .

1
Plume exposure for 3 hours then evacuate 0.140 0.02’10 0 "
Prior evacuation ~

Table 2b. Effect on Whole Body Dose

Without |lodate at | lodate at

Countermeasure(s) lodate |3 hours |6 hours
0.46 0.52
No countermeasures 15(5) 0.25 0.29
Plume exposure for 3 hours then shelter 8'48 0'21 0.25
Immediate shelter ‘ : X 0.043
Immediate shelter - evacuation at 3 hours 0(;)?:5’, 083?'7 0.089
Plume exposure for 3 hours then evacuate . " . 0 -0

Prior evacuation

Source: Ref 21

ative of the effects of various combinations

Note:  There numbers should only be taken to be indic wrrent UK. radiological

of countermeasures. They do not represent a rigorous application of ¢
protection strategy.

Extendibility

ite

In the preceding paragraphs it has been assumed that for ez.lch nu}i:.lelt:.r s:}:e

there exists a pre-defined emergency . plann.mg zone In »\; I1lcS ]

countermeasures strategy can be planned in detail. Emer‘gency{) [t) ; » 1'1](51):

i d to an accident more serious, bu .
however, to be extendible to respon | e
i i lan was developed. Planning au
than the accidents for which the p ; . -
need to strike a balance between ensuring thE.lt pl&ns aretﬂe);ltr)zoillgzsg g
i ident and avoiding the waste 0

respond to a more serious accl : . s e

cofld occur through excessive planning for extremely improbable events
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minimum, there should be outline plans for the extension of countermeasures to

an area larger than the emergency planning zone. In assessing the extendibility
of the detailed plans, use can be made of existing severe accident scenarios.

Factors to be considered in assessing extendibility of plans include:

“cliff-edge” effects. Extending the area of application slightly may bring in
areas of very high population density, or include installations that could
present particular difficulties (eg. airports, military bases, harbours etc)
* the identification of additional possible evacuation reception centres
* stockpiles of additional stable iodine tablets
* arrangements for mutual assistance from neighbouring regional
authorities or states

* the means of warning and informing the public in the wider area.

Other Influencing Factors

The preceding discussion of short term countermeasures has highlighted
some of the factors which may need to be taken into account in developing a
countermeasures strategy. There may be additional factors, for instance, local
and national legislation and policy decisions, which may form a major element
in strategy development. As an example, the legal requirements for relevant
organisations to take part in the planning process, or in the actual emergency
response, may have a strong influence on the detail of the emergency plan. In
a country where there is a national emergency response organisation with wide
ranging legal powers, a plan based on large scale evacuation, for example, may

be easier to implement than a plan based on voluntary agreements between the
various organisations involved.

As a further example, the size of the detailed emergency planning zone
(EPZ) varies widely from country to country and sometimes from site to site,
The size of the zone is generally a matter of national policy and is sometimes
specified in legislation. Developing a countermeasure strategy may depend
crucially on the size of the detailed planning zone and the number of people
covered by it. In general, there will be more flexibility in the development of a
strategy for a smaller, sparsely populated EPZ than for a larger one. The
difficulties in planning for the evacuation of a very large EPZ, for instance, may

influence the priorities given to in-situ sheltering and the administration of stable
iodine.

Finally, at the risk of stating the obvious, countermeasures strategy cannot
be developed without taking account of national and regional cultural and
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sociological attitudes. In an area where authorities are trusted and respectebd1 2
countermeasures strategy is more likely to be successf}ll than where the puI ic
has little confidence in those charged with implementhg such a strategy. It 1s
unfortunate that public perceptions of the events following the 'two best klrllown
accidents, at Three Mile Island and Chernobyl, have done little tg en am;e
international confidence in the ability of emergency Planners to pr.owde p;,op e
with the protection they expect and demand. Regau;mg that Pubhc confidence
is probably the most difficult task that those of us involved in the emergency

planning process have to face.

Concluding Remarks

This paper has considered both the principles and practical'ities of dgyxalloplngl
a strategy for applying short term countermeasures following a raflo ogica
emergency. It has not been possible to consider all of .the.relevant actors 1r;
detail, but the preceding sections should, .':‘lt least, indicate the range o
considerations that may influence the planning process. Other pu.bllcatlons
(e.g. Refs. 3, 13, 14 & 22) contain useful det'fnled' advice and gulqan;:)cla c?n
planning strategies. How far the points raised in th.1s paper are applica e in
different countries will depend on national and regional emergency planning
practices. Socio-economic, political and regulatory'factors will also play ax;1
important part in the development of any national strategy for suc

countermeasures.

Note: The views expressed in this paper are those of the author's and should not
be taken to be those of either the National Radiological Protection Board or the

Health and Safety Executive.
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PSYCHOLOGICAL AND SOCIAL FACTORS
INFLUENCING THE CHOICE OF STRATEGY
AFTER A NUCLEAR ACCIDENT

by

Gilles F. HERIARD-DUBREUIL
Mutadis Consultants, France

) 'I;he analysis of t‘he post-accident situation in Chernobyl provides information
that focuses on social and psychological factors in the management of nuclear

accidents, both during short and long term accident management. This paper will
concentrates on the short term countermeasures.

M‘any characteristics of the post-accident situation are determined by th
behaYlour .of the decision-makers during the first stage of the acci)c,lf:mte
Consideration must therefore be given to the close link between short, mediu .
and long term problematics, all the more so since the logic under,l in tl:n
emergency plans generally leads to an arbitrary separation betwegn %hese
dlffgrelllt pha'ses. The proposals below are based in particular on the results i
studies’ carried out in Ukraine by Mutadis as part of an EEC programm .
assess the consequences of the Chernobyl accident. pree o

Psycho!ogical and Social Consequences of the Chernobyl Accident:
Main Conclusions of Field Surveys '

Extent of post-accident response at Chernobyl
Seven years after the accident at Chernobyl in the Ukraine, an analysis of its

soqo-economic impact at national level has confirmed the extent of the post-
accident response. In administrative terms, this involved almost 3 million people

Girard P. and Hériard-Dubreuil G. Consequence ociales et P yclnque € lacciae Tchermno
S S t Ps s de | ident de hmbyl

ard Dubreu . “Un pre| T es effe psychiques et soclaux de ident de T
Heri ilG premie: bilan des ts h q y
s et de l'acc td chernobyl , to
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(those relocated, people who had helped bringing the accident under control
(liquidators), inhabitants of the contaminated territories. In financial terms, the
post-accident management system proved a source of serious difficulties for the
Ukraine, with 1/6 of the Ukrainian state budget being dedicated to it. This
amount is levied by a 12% tax on wages and is administered by a special
department, the “Chernobyl ministry”. In political terms, Chernobyl remains a
major factor in the process of institutional change initiated after the demise of

the soviet state.
A General Mood of Anxiety; Worries over Health

A general mood of anxiety has been noticed in the various groups of
population studied (those relocated, inhabitants of contaminated land and
liquidators). This anxiety derives from the effects of the Chernobyl accident on
the health of the persons surveyed and on that of their immediate family. This
takes the more specific form of worries over the health of children. This anxiety
is expressed in several forms; in the interviews, many references are made to the
various somatic effects encountered by the population and systematically
attributed to the Chernobyl accident, including constant references to thyroid
problems and the mention of frequent sudden deaths in adults without any

apparent specific reason.

The studies also show that this high degree of psychological distress is
clearly linked to a feeling of partial loss of control by individuals over their
existence which leads to an attitude of passivity toward their environment.

One Over-riding Concern: Contamination

Contamination of the environment is an over-riding concern for all
interviewees. All of the persons questioned expressed their concern over the
effects of this contamination on their health and the health of their immediate
family. An examination of the interviews carried out by Mutadis shows that this
fear does not conform with a clinical phobia. It is associated with a lot of
distrust with regard to the statements made by the authorities and by the
scientific and medical bodies.

Concern over the Future: “The Catastrophe is a Growing Tree”
The people interviewed expressed their deep concern over the future. “The
catastrophe is a growing tree” is a recurring image showing the typical feeling

which was expressed during the interviews. The future effects of the accident
seem to be especially feared, even more SO than past ones. This feeling is
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fl}lfllgng afpissimistic and fatalistic vision of the future, most obvious in th
children of those who have been relocat iction :
i ed. The conviction that the situati
situation can
only get worse seems to strengthen the passivity of those interviewed

Complexity of the Post-accident Situation

Sim;?:nc‘letxleg ilrcllte;/}'iews have shown the complexity of the post-accident
in the field. Multiple explanatory factors (histori i
s (historical, physical iti
cultural etc.) seem to be at the origi ituati e oy e
gin of the situation prevalent in the fi
All of these factors contribute i i P A
te in varying degrees in givi i
this situation, but no sin in i etons themeaoneaein of
s gle one can explain it. These factors th i
which leads us to speak of s i i R
ystemic complexity®. In particul
taken of the fact that this situati conca o ot varons i
ion results from a concatenati f vari i
events which have occurred in succession si i o which al oo
] ession since the accident, and which
; ‘ , all se
albeit to varying degrees, to contribute to the current situation o

A . . .
g ;’;c;lr:s;r:;tlon of1 th.e v?nous phases in accident and post-accident
an analysis of their characteristics and their i
men their impact on th
population is hence a necessary step i i ident
opul p in any approach to understand th i
situation. Once this reconstruction i it wi reing e
. 1s complete, it will be possible, usi
' T : , , using the
t\ilaérllc;)u:ngacttors identified, to attempt to interpret the situation encountered i%l the
0 suggest a way of modelling the vari i
‘ arious factors interacti
produce this complex situation, in order t i action
. , o put forward possible courses of acti
with the prospect of future nuclear accident situations. eeton

manI:gZIr]c]l:rrnto smtglg o:;t the various explanatory factors, the effects of accident
must be distinguished from those of i
P shed from post-accident management.
, ggest distinguishing on the one hand th i
of the accident in the short, medi e comemonees of 1
, medium and long term and the ¢
: : onsequences of the
type of accident or post-accident management on the other (seequgure 1)

In the sense developed by
various research teams in the USA and in France (Herbe; O
) ( rbert Sim n, Jean Louis

141



the Chemobyl Accident
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Mutadis Consultants -
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Differentiating the Causes of Direct Somatic Effects in Phases A and B

The radiation-induced effects of the accident are not all of the same type,
and so we suggest that a distinction be made between the effects of the accident
phase (which we shall call Phase A), and those of the post-accident phase
(which we shall call Phase B) in which there is still residual contamination (that
currently observed), but with only a fraction of the radioisotopes present in
Phase A. By convention, we shall take Phase A to refer to the time elapsed from
the start of the accident to the end of sarcophagus construction (April to
November 1986) and we shall take Phase B to refer to the period beginning with
the end of Phase A. The somatic effects of these phases differ with the physical
causes (variety of radioisotopes, intensity of exposure, nature of the
contamination etc.). These effects are only partially known today, since a latency

phase can arise between the accident phase and appearance of the effects of this
phase.

The effects of Phase A are the result of a physical environment which no
longer exists. Some of the effects appeared very rapidly (determinist effects of
Phase A), but delayed effects are, it seems, presently in the process of appearing,
as shown by the recent results of research carried out by the various teams
(OMS, EEC, Ukrainian and Belorussian public health specialists) into the
medical consequences of Chernobyl®, which all seem to point to a significant
increase in the frequency of thyroid cancer.

The potential effects of Phase B would be the result of residual
contamination. These effects are evaluated in stochastic terms and are, according
to the specialists, difficult to pinpoint in a population.

It should be noted, in particular, that the problematics associated with these
two phases differ greatly. They are of different lengths (six months for Phase A
which is now over, and soon over seven years for Phase B, the length of which
will be proportional to the half-life of the radioisotopes remaining). In some
ways, the problematics associated with Phase A are problematics of the past,
even if delayed effects might still appear. The effects of Phase A are the result
of an earlier attack on the health of the population. Conversely, the problematics
associated with Phase B are current and of the future, insofar as its effects are

See the report EUR 15248 EN “Thyroid Cancer in children living near Chernobyl” and also OMS
communication of 29 October 1993 conceming the results of research into the consequences of the
Chernobyl accident on health, which indicates a “spectacular increase in the incidence of thyroid cancer”

in Ukraine and in Belorussia, and also the various reports by the Ukrainian and Belorussian public health
specialists.
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the result of a physical cause which will only very gradually disappear. It
should also be noted that the risks associated with Phase A vary grfeatly between
individuals within the population. They depend on the .behav1our of these
individuals during this phase, on their proximity to the accident, on the type of
work they carry out (outdoor, indoor), on their access to [?reventlve measures
(preventive instructions, iodine distribution, information regarding the

contaminated areas, evacuation etc.).
Differentiating the Soviet and Post-soviet Management of the Accident

Historically speaking, there is a need to draw a cleaf‘ ling between “‘soviet
management” of the accident (from 1986 to 1990)_ and the nathnal management
efforts” (Ukrainian, Belorussian and Russian) which succeeded it; these national
efforts differed in practice and in their consequences.

The interviews carried out as part of the Mutadis study in 'Ukrainet highlight
different features of these two stages which have left a deep impression on the
picture the public had of the accident and of its consequences for them.

The first stage ( “soviet management”)

As regards the first, or “soviet management” stage, the study h‘ighlights three
major characteristics which seem to be the cause of direct or indirect effects at
both the somatic and the psychological levels.

e The first characteristic concerns the absence of efficient protection for
the population during Phase A (with the exceptign of measures for
evacuation which were often delayed, especially in 'thg case of 1"ura1
populations) and in particular the absence of iodine distribution, .Wlth a
few rare exceptions. These observations made by the populatlon,'lf
confirmed, could explain the appearance of pathologies of the thyroid.
Our understanding of the situation encountered willivary' greatly
depending on whether the somatic effects are r§al or imagined and
whether or not they are directly related to the accident.

In the current state of our knowledge, we have form'ed the hypothesis
that the population is clearly suffering from real somatic effects, and that
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these effects, at least* in the case of the pathologies of the thyroid, are
delayed effects from Phase A. We base this hypothesis partly on the
medical observations mentioned earlier, and partly on our own
observations regarding the absence of phobia within the population.

* The second characteristic of the “soviet management” stage was the use
of censorship and secrecy by the soviet authorities until about 1990.
Interviews show that the official statements made during Phase A were
systematically euphemistic. Several studies have shown that information
likely to reveal the scale of the accident and its consequences to the
public was kept secret. In particular, the measurements of the doses
received by the population and by the liquidators of the accident were
hushed up by the authorities. The authorities' attitude will have decisive
psychological consequences. These will take the form of an absence of
representation and conception of this Phase A by the population; this
will in turn lead to a confusion of the effects of the two phases
(A and B) of the accident, to focusing on Phase B, and therefore to
ignoring the possible impact of Phase A.

* The third characteristic of this first phase was the high numbers of
people taking part in accident management (almost 600,000 liquidators
in the CIS), followed by their release into the population, without,
apparently, any serious evaluation of the risk being made. It should be
noted that, in view of the size of this group (almost 200,000 people for
Ukraine), any deterioration in the state of its health combined with
uncertainty over the root cause of this deterioration (no clear distinction
between Phase A and Phase B) can be a major cause of confusion and
worry in the public as a whole.

The second stage of post-accident “national management” (after 1991)

As far as the second stage of post-accident “national management” is
concerned (from 1991 onwards), the study carried out by Mutadis also highlights
several factors which explain the present state of affairs. The first factor is the
political context in which responsibility was transferred to national level. The

Account must certainly also be taken of the various factors likely to aggravate a poor state of health, such
as the high degree of psychological distress which can be the root cause of psychosomatic effects, but
also such as the worsening economic climate in the countries of the CIS (drop in the quality of foodstuffs,
shortage of medicine). Account should also be taken of factors likely to reveal a deterioration in health,
such as the development of medical surveillance and epidemiology for certain categories of the
population following the accident.
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collapse of the Soviet Union opened the way for Ukrainian independence and
institutional transition to a democracy. In this context, the post-accident
management of the Chernobyl accident became even more important as a
political issue because demands for information and for public debate over the
consequences of Chernobyl were being made in an atmosphere of censorship and
secrecy (see earlier). Defending the rights of the “victims” and the
implementation of a compensation system became major political issues, which
would bring to power a new wave of politicians. This culminated in the passing
of the law of 16 April 1991. Following a period of silence, the issue of
Chernobyl became a battleground of political overbid and came to embody the
clamour for self-determination and separation from a weakened central system’.

This should be borne in mind, when considering that the public debate which
developed over the consequences of the accident concentrated on the effects of
Phase B. This tendency is evident in the Ukrainian law (april 1991), which
attempts to assess all of the effects of the accident (Phase A and Phase B) using
the figures for Phase B contamination®.

The Ukrainian law (april 1991) is based on concepts of post-accident
management which generate many adverse social and psychological side effects.
They will not be developed here.

Suggested Modelling of the Interplay of Factors Accounting for the
Post-accident Situation in the Ukraine in 1993 (Figure 2)

We listed a certain number of factors accounting for the situation in the
field. These factors are of different types. They come into play, depending on
the individual cases, at the various stages of the accident and post-accident
process, the successive physical phases of the accident, Phase A then Phase B,

This is the reason why the Ukrainian parliament passed very generous guidelines for compensation which
was to be funded by the central soviet authorities (this draft law was vetoed by the soviet authorities,
resulting in the decision by the Ukrainian State to suspend payment of its share of the central budget etc.
right up until the declaration of independence).

This law defines the zones of contaminated land (there are four types of zone), which are delimited in
terms of evaluations of the lifetime dose which will be received by the populations living in these zones,
taking into account present and future contamination of the land on which they live (Phase B).
Qualification for compensation is dependent on the amount of time spent living there in the past (Phases
A and B) and in the future (Phase B) by persons (liquidators, those relocated and inhabitants of
contaminated land) in a zone, and the classification of this living zone (between 1 and 4).
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ol; successive.organisational stages, soviet management or national management
(by the Ukraine, Belorussia or Russia). The factors cited are the following:

¢ censorship during Phase A (soviet management)
absence of efficient protection of the ion duri

population during Ph i
manngement). g Phase A (soviet

high number of liquidators and thei

: eir subsequent return to the i
(soviet management), population
political context of national independence (national management)

the Cl?ernobyl acc@ent becomes a political issue (national management)
overbid on post-accident countermeasures and compensation, but focused
on Phase B (national management),

adverse effects of the compensation system (national management)

' A model of the interplay between these various factors is put forward in
Figure 2. It shows that the interplay of factors leads to the emergence of delayed
effects from Phase A and to the attribution of these effects to Phase B b };h
populatlpn. This situation, the result of an adverse combination of the vaZiouz
factors, is extremely harmful socially and psychologically insofar as it leads t
a confusion between the effects of Phase A and those of Phase B. °

We me?ntioned earlier that these two phases were very different in nature
and in particular that the problematics associated with Phase A were of the ast’
whereas those associated with Phase B were problematics of the present ang th ’
futqre. 'The confusion between the effects of Phases A and B brings about thz
PrOJectlon of a past situation (which appears to have quite considerable risks)
into the f}]ture. The delayed effects of Phase A are experienced as effects of
Phase B., in other words, as effects of residual contamination which would take
a long time to disappear. Needless to say, the public sees no reason for the
effects to disappear, but rather feels that they must increase. ”
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Figure 2. Post-accident situation at Chemobyl in the Ukraine

Mutadis Consultants -May 1994
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Draft Guidelines for Intervention Giving more Consideration to Social and
Psychological Factors in the Short-term Coutermeasures

Introducing criteria of openness and automatic triggering of measures to
inform and protect sections of the population during the accident phase.

It should be pointed out here that, contrary to popular opinion, the
implementation of measures to protect and inform the population during the
accident phase is a difficult decision for the people in charge of accident
management and one which can be postponed because of the concern not to
spread panic among the population: to inform and implement protective
measures is in part to recognize at the very least the potential severity of an
accident and hence to run the risk of worrying the public’. It seems that we
should insist on the danger and adverse nature of this logic of preventing panic,
which can lead to serious social and psychological problems, not to speak of
medical effects.

In this context, it seems that the difficulties and hostilities with which the
decision-makers are faced should be taken into account, for example:

* by introducing criteria for automatic triggering of the procedure for
implementing measures to protect and inform the public,

* by introducing principles of openness when evaluating situations,
including, for example, the participation of independent experts.

The Public Must Clearly Identify Phase A and Distinguish it From Phase B

The various considerations set out above have led to the recommendation
that measures be taken at the start of the accident in order to prevent the onset
of confusion among the public concerning the problematics associated with
Phase A on the one hand, and Phase B on the other. The public must clearly
identify Phase A and distinguish it from Phase B. Several practical guidelines
for this can be laid down. A distinction can notably be made between Phase A
and Phase B from the point at which the first information is released to the
public, at the start of the accident.

The decision-makers' concems are, furthermore, increased where no prior information was given to the
population as part of the emergency plans.
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The risks associated with Phase A must be assessed individually; this implies
an evaluation of the doses received (by direct measurement if possible, or if
necessary by reconstruction). Individual evaluation is recommended since these

risks can vary greatly. A principle of openness must be introduced in all

is not

approaches evaluating the effects and associated risks in Phase A. In particular,

the public should be informed, if necessary, of the potential for delayed effects
very soon after the end of Phase A. It is essential that the population have a
clear picture of the risks associated with the accident phase.

Reduce Stress on the Population by Reshaping Preventive Measures

It should be noted that, as a preventive measure, one can help limiting any

element of surprise caused when implementing protective measures by
developing the practice of drills in normal situations.

Some research into cognitive psychology carried out by the French military,
has shown that stress can be reduced in an emergency by a certain type of
behaviour which will allow the subject to feel in control again, for instance:

information measures are withheld in

order to avoid panic amongst

In accident condition: protection and
unexpecting populations

ible risks

n: absence of preventive

the population

accident

actively controlling the situation, instead of being a passive participant
in it;

searching around for information and checking the consistency of it;
anticipating events by foreseeing any eventualities.

social and psychic

It should also be noted that the emergency response plans are generally

Figure 3. The dangerous logic of preventing panic

To avoid anxiety within the
informed about the possi

populatio
measures,

consequences in post-

Somatic,
situation

designed to leave as little room for individual initiative as possible (using
instructions which are generally written to be passive). It is by exercising his or
her individual ability to act that an individual® is able to overcome his fear when
faced with a risk and thereby reduce any temptation he might have to panic. It
f should be noted that designing the emergency response plans in such a way as

to give greater room for individual action when faced with risk in an accident
situation would reduce the effects of panic.

Official statements ar
systematically
euphemistic

See the relevant study by Mutadis from February 1993, which puts forward a model for the process of

perceiving individual and collective risks and showing the importance of the ability to take individual
actions thereby instilling a feeling of risk control.
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CONSIDERATIONS ON THE ECONOMIC CONSEQUENCES
OF SHORT-TERM COUNTERMEASURES
AFTER A NUCLEAR ACCIDENT

by

Thierry Schneider
Centre d'étude sur I'évaluation de la protection
dans le domaine nucléaire (C.E.P.N.), France

Introduction

The conceptual framework for the management of short-term
countermeasures is now well established and the assessment of their
effectiveness in terms of dose reduction can be performed with reasonable
confidence (1). As far as economical consequences are concerned, the situation
is more debatable. Methods for the estimation of costs are restricted to the direct
impacts of countermeasures and the use of the optimisation approach is still
limited.

The objective of the paper is to present the various dimensions of economic
consequences of the short-term countermeasures. The first part is devoted to the
description of the different costs with emphasis on the main methods for their
calculation. The second part is dealing with the total costs of short-term
countermeasures and mainly with the distinction between “direct costs” and
“indirect costs” of an accident. The third part presents the general framework for
the implementation of the optimisation procedure. It should be noted that only
few formal experiences exist in the application of optimisation for the choice of
strategy for short-term countermeasures while this procedure is the core of the
definition of strategy when dealing with long-term consequences (2).

Economic Consequences of Short-term Countermeasures

Six components are generally considered for the costs associated with the
earlier phase of the accident: i.e. population evacuation or sheltering, temporary
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interdiction, food ban of directly contaminated products, distribution of stable
iodine, decontamination, and health effects (3).

Population Evacuation or Sheltering

The direct costs associated with the evacuation of the population include the
transportation costs of the population defined as a function of distance, number
of people, and type of transport (public/private). This leads to a cost per
person.km in the range of 0.03 to 0.08 ECU (1 ECU = 1.2 US$) or a cost per
person.day in the range of 1 to 3 ECU (3). The other elements to be considered
within the direct costs are accommodation and food. They are a function of the
number of days of evacuation and persons as well as the type of premises
(public/private). The cost per person.day is in the range of 5 to 15 ECU (3). The
organisation of evacuation and the monitoring of people also imply additional
costs because of the involvement of personnel during the emergency phase.

The evacuation of the population and the sheltering induce indirect costs on
the economic system (3). These reflect the income and production losses caused
by the shutdown of industry and commerce activities in affected areas. The
calculation of these costs are based on the gross value added (except for the
agricultural sector where a detail evaluation on market price is done). According
to the area considered (size of the area, industrial/agricultural level...), this
component should be quite large. One of the key element of this evaluation is
to know how workers will be affected by the evacuation or sheltering: do they
have to stop or not their occupational activities? Especially, around certain
nuclear installations, “sensitive” industries should be concerned with short-term
countermeasures and if the duration of countermeasures is greater than a few
days, this shutdown of activities may cause large economic consequences at the
regional level as well as in terms of loss of asset.

Temporary Interdiction

The temporary interdictions may have an incidence on the economical
valuation of affected area. That means that the implementation of short-term
countermeasures may decrease the cost per unit of area of farmland or the value
of properties in urban area because of the loss of use (for example: acceleration
of depreciation rate for the buildings...). Nevertheless, this component is a
marginal aspect as far as short-term countermeasures are concerned.
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Food Ban Costs of Directly Contaminated Products

The calculation of the costs associated with food ban are of great importance
because of the large areas which may be affected by an accident. The impact

of this countermeasure depends i i
. on the intervention levels adopt i
and/or international organisations. pied by nationa

dGen'erally, three elemeqts are considered for this cost: the loss of agricultural
production, the lost services of agricultural capital, and the disposal of

contaminated products. The calculation i i
. is based either on the ibuti
GDP or on the market prices. ¢ contribution to

Health Effect Costs

In order to evaluate the benefit associated with the different short-term
countermeaSI‘lres., one of the main component is the reduction of the collectiv
exposure to ionising radiation. Thus the calculation of the health effect coi
becomes a key indicator. The health effects may differ according to the level sf
exposure (deterministic/stochastic  effects), the time of ex rsio
(immediate/late), and the severity (death/incapacity or disease) P

t Tdhllf economic evah_lati‘on, mainly depends on the value of life. It should be
note that the value of life is really specific to the country considered and there
is no real consensus in economics about the value to be used as well as the

methodology to be adopted. Basicall i
. y, two approaches exist: the h i
approach and the “subjective” valuation of life. ¢ humen cepitl

‘ Th? first one includes medical treatment costs and compensations fo
dlSi.lblll'ty as well as the loss of human capital (generally based on GNP/inhabr
Whl?h is about 15,000 ECU for European countries). Thus, assuming 15 .
of l‘1fe !ost associated with radiation-induced fatal cancer’ the loss gof hy'aars
capital is about 225,000 ECU per cancer (4). , o

; The second apprgach is based on contingent valuations which are really

'eiendent on the enwrpnment considered for the survey as well as the level of

E:twconcsegngg(.) A ;,Swew of the literature has pointed out a range of value
een 80, to 26,000,000 ECU for the value of life ¢ i

- ! orresponding to the

amount that people are willing to pay in order to reduce the risk of degath ).

Such a range of values d
: emonstrates the ambiguity of the results
valuation of the benefit of the countermeasures. ’ o of the
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As mentioned, the distribution of the effects accond'ing to Fime has to t:g
taken into account in the case of stochastic' effect§ associated wallth ;);Egs?:: o
ionising radiations. Figure 1 provides Fhe distribution of potential €
exposed population according to the time after exposure.

Figure 1. Relative frequency of occurrence of a cancer
for a French population after one year of exposure
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Because of the time-distribution of these effect§, a discount rate has tokbi
introduced when the cost of the health effect is considered. As far as non ma; Ifo
good is concemed, there is a wide range of values for the discount rate z;n e
real consensus exists among the economists ab.out the value .to be S(; 20(6).
Table 1 presents a set of discount rates adopted in Europe and in the b

It should be noted that the value of discount rate may have a large eff'ect 01;
the effectiveness of the countermeasures. In the field of economics t:d
environment, discount rates in the range of 1 to 3% have been generally adop
for non market good such as health or the environment.
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Table 1. Evolution of discount rates in Europe and in USA

COUNTRY YEAR RATE (%)
Belgium:
Public investments 1969 7.0
Public investments 1982 4.6
Life-insurance 1992 4.75
United States:
Electricity companies 1990 5.0
Medical 1990 0.0to 5.0
Office of Management & Budget 1990 10.0
Environment 1990 1.0 to 3.0
France:
Public investments 1970 10.0
Public investments 1992 8.0
United Kingdom:
Public investments 1989 6.0
Sweden:
Electricity companies 1989 5.0

Direct Costs Versus Indirect Costs

Although the methodology adopted for the calculation of direct economic
consequences associated with a nuclear accident is now well-established, the
potential for a large disturbance on the national economy has also to be
considered. First attempts have demonstrated that the indirect costs may increase
the total costs of an accident of about 30 to 50 % (7).

The Total Direct Cost of a Nuclear Accident

The calculation of economic consequences of nuclear accident are now really
easily obtained, especially with the distribution of PC-codes including an
economic module such as COSYMA and MACCS (3, 8, 9). In the framework
of the calculation of external costs associated with different fuel cycles within
a joint EU/US programme, the following calculation has been performed for an
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hypothetical nuclear accident (10). This calculation is based on the COSYMA
code and its economic module.

The scenario adopted assumes a 10% of releases of the core, from a
1,200 MWe NPP located in central Germany'. For the estimations of the
consequences, the evacuation lower criteria from ICRP 40 were adopted
(i.e. lower dose level: 50 mSv whole body, and 500 mSv to the thyroid) (12).
It should be noted that these calculations have been performed before the ICRP
Publication 63 (13). This publication defines the intervention level of averted
dose for which evacuation is 'almost always justified' (i.e. 500 mSv whole body
dose, and 5 Sv equivalent dose to skin). Furthermore, it specifies that the 'range
of optimised values' is 'not more than a factor of 10 lower than the justified
value'. The duration of the evacuation was three days and food bans were
adopted above 1,000 Bg/kg. Table 2 presents the direct costs for this scenario.

Table 2. Direct costs derived from the economic module of COSYMA

Cost % of total cost
(MECU) including long term
Population evacuation (44 000 people) 78 0.25
Health effects:
- immediate morbidity (138 people) 0.6
- immediate mortality (9 people) 3 0.01
- late morbidity nd
- late mortality nd
Food ban: - local 890 2.8
- regional 28 870 91

nd: not defined because mainly associated with long term countermeasures

It should be noted that the main cost is due to food ban at the regional level.
This component is partly associated with short term consequences and moreover,
there is no direct relationship between food bans and countermeasures such as
evacuation, sheltering and distribution of iodine. The total social cost of this
scenario (including long term consequences, and willingness to pay of the

! This rather pessimistic scenario has been selected by OECD/NEA and CEC as an example for the
comparison of computer codes (see source term TS2) an.
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pf)pulation for th(? valuation of health effects) is about 30,000 MECU while the
direct compensation cost is only in the range of 2,000 MECU

. Above thg difficulty to clearly delineate the categories of costs of an accident
(z.e: lf)cal/reglonal, short term/long term, direct costs/indirect costs), a lar
varlatlop sl}ould appear according to the location of the site as fa;r as tﬁe
evacuat1_on is concerned. Sensitivity analyses on French NPPs lead to one ordee
of magrptude for the number of people to be evacuated (and thus for the cost ;
evacuation) according to the site considered. e

Towards the Integration of Indirect Costs

According to the duration of the countermeasures, especially if there is a need
to evacuate a large area for a week or more, indirect consequences could a ee
on the economic system. In order to evaluate this kind of consequencespli)teil;
necessary to analyze the “input/output” matrices of the regional ecor;o
Figure 2 describes the logical framework for such an analysis (7). m)’-

Figure 2. Framework for the calculation of indirect costs
on economic activities
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The Evaluation of Compensation Costs

Beyond the distinction between direct and indirect economic consequences
of a nuclear accident, one of the major concemn is the delineation of the
compensation associated with these consequences. Although insurance systems
have been adopted at both national and international levels for the compensation
in the case of a nuclear accident, there is still a lack of detailed analyses
concerning the categories of consequences to be compensated as well as the
practical criteria for compensation.

The Role of Optimisation

The interest of the optimisation procedure appears in areas where action has
to be taken and the question is to know how far to go in the implementation of
countermeasures. Based on the model of acceptability developed by the HSE in
United Kingdom (14) and the last ICRP recommendations (15), this optimisation
procedure should provide information for the selection of optimised intervention
levels for the implementation of countermeasures (see Figure 3) (13). In the case
of post accidental situations, the limit of tolerance has to be considered with
cautious, and should referred to the upper value of intervention level.

In order to allow the selection of the optimum level, a cost-benefit analysis
is performed implying the definition of a system of monetary values of the
man-sievert. Figure 4 presents the system adopted in the International Chernobyl
Project for the optimisation of long-term countermeasures (2) taken into account
both avertable collective dose and the individual residual level of exposure (4).
This system is also used for occupational exposures in France and UK (4, 16)
and could be adapted for short-term countermeasures. An aversion factor is
introduced to reduce the dispersion of individual exposures, in accordance with
the last ICRP recommendations.

The evaluation of the monetary value of the man-sievert can be based either
on the human capital approach or on the willingness to pay approach. In France,
the values adopted are in the range of 15,000 ECU to 3 MECU per man-sievert
according to the level of individual exposure. Various valuations of the
man-sievert should be adopted for the protection of the public after a nuclear
accident. The adoption of this system is necessary in order to determine, within
an a priori evaluation, the optimum levels for short-term countermeasures and
to choose the strategy according to the situation considered.
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Figure 3. The model of acceptability of risk
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Figure 4. The system of monetary values of the man-sievert
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Individual level of exposure (d)

Conclusion

The direct costs associated with short-term countermeasures are relatively
well delineated and represent only a small part of the total costs of an accident.
The food ban costs are really the main component of these direct costs.

Furthermore, it appears that the indirect consequences on the regional
economy has never been studied in details and should be addressed in the future
as far as it may represent a significant part of the total costs according to the
“size” of the initial impact on the economic activity. Moreover, it would be of

interest to better define the part of costs to be potentially covered by the
insurance system.

Finally, there is a need to introduce social considerations for the valuation
of health effects as well as for the determination of a specific value of the
man-sievert for public protection associated with the definition of short-term
countermeasures. In this perspective, the objective should be to performed
surveys based on the recent developments in the field of revealed preferences
and to define a consensus on the values of the man-sievert to be used in the
decisional process allowing for the adoption of intervention levels which will
decide about the choice of strategies for short-term countermeasures.
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NUCLEAR EMERGENCY PLANNING IN BELGIUM

P. Smeesters & L. Van Bladel
Belgian Ministry of Public Health and the Environment

1. International Recommendations Supporting Decision-making

The countermeasures provided for in nuclear emergency planning, their
medical background, as well as the related reference intervention levels are
characterized by a fair level of international consensus on the approach of the
matter.

However, a similar approach can not conceal that some stumbling blocks still
remain; trying to remove these was one of the reasons why this workshop was
organized.

When comparing the available documents, we should bear in mind the
possible differences in the field of radiological risk evaluation. Some of these
documents were indeed published before the latest re-assessment of the risks,
while others were drawn up afterwards.

In fact, the whole system is based on the evaluation of the magnitude of
these radiological risks, and, taking this into account, on the economic and
public health price that society as a whole is willing to pay, in order to reduce
or dispose of the risks involved.

One critical matter has to do with the radiation hazard before birth, more
particularly with the risk of brain damage.

Yet, the attitude towards pregnant women in a nuclear emergency situation
depends upon the basic approach or hypothesis agreed on: either we accept a
threshold value for radiation-induced effects on the brain or we consider that the
existence of such a threshold level has not been established yet, the latter
involving that stochastic radiation-induced brain damage cannot be excluded.
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Moreover, some conceptual problems also remain unsolved. They can be
explained by the following considerations: although a broad scientific consensus
— which, in itself, would be an encouraging achievement — seems to exist, not
everyone is aware of the fact that this consensus is not a purely scientific one,
but comprises choices in the political, ethical and socio-cultural fields, choices

that are rarely being explicated.

We should focus on two concepts: first on the meaning of lower Emergency
Reference Level (ERL) and, second, on the concept of “net benefit”.

In international recommendations the lower ERL value is often regarded as
the dose level below which a countermeasure is not justified — or is probably not
justified — for reasons related to radiological protection.

But is it really so ?

If the risk of a countermeasure in terms of public health is low or
nonexistent (e.g. some preventive measures in the field of agriculture or
recommendations to the public), and if, for ethical or other reasons, society as
a whole accepts to pay a higher financial price to reduce the risks for some well-
defined categories of individuals, it is perfectly acceptable — on the ground of
scientific as well as strictly human considerations — to suggest lower ERL levels
than those usually set forward in the available recommendations.

But the conceptual ambiguity remains and the myth of threshold levels as far
as long-term radiation-induced effects are concemned, is matched here, mutatis
mutandis, by “justification thresholds” of the countermeasures.

Obviously, we do not argue that there should be no threshold at all in view
of responsive actions such as evacuation; what we do like to stress, though, is
that it could never be a threshold, below which no harm can be expected (even
in the broader sense, after weighing advantages and disadvantages). Decisions
in that domain are always influenced by ethical and economic arguments.

There is another questionable conceptual item : the “net benefit”. The
question is: a benefit for whom? In the classical formula (B = 4Y — (X+R)), the
avoided radiological damage and the risks linked with the countermeasures,
relate to individuals exposed to the risks; but the price of the countermeasures
and the public health costs related to radiation-induced effects, concern the State

or society in general.
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Examples abound of situation i
mple s where health interests of an in
clash with financial interests of society. volved growp

E‘\"en 1f all international recommendations agree on the principle that th

term “cost” goes beyond its purely economic meaning, the fact remains that the
above‘: formula cannot be applied without a common unit. And if we ? ;
practical examples in the literature, we notice that the concept of “cost” i noarly
always reduced to its mere financial aspect. ey

.An ethical' approach of post-accidental decision-making could consist i
doing away with this exclusively mathematical and financial approach of tlin
problgm, and in opening up the debate to concepts such as “benefit” and “the
conflict bet‘ween individual and social benefit”, with solidarity as a backgrou de
It may be incorrect to state that health is priceless, but it is truly imrr%o lnt.
claim that the health of individuals should not cost anything to societyrils Z

whole (we are only paraphrasin i :
benefit”). y parap g the financial translation of the “net positive

) Soc1ety may be perfectly willing — provided it has the necessary means — to
efar (;ertam cogts as an expression of solidarity. By doing so, it is no longer
referring exclusively to the purely mathematical approaches of the justification

and optimisation concepts, but it i i
- ’ s paving the w idaritv-mi
decisions. paving ay for solidarity-minded

‘ Let us briefly discuss another conceptual difficulty: the distinction betw
Jusﬁlﬁcatlon and optimisation. Distinction is not as clear-cut as one wozeig
belleve. at first sight. The I.C.R.P. (International Commission on Radiological
Protectfon) states that protection should be optimized by modulating the glcf
of the intervention; the fact is that the dimensions of the responsegare Scag
particularly the integration of big cities in this zone, are an essential co oner
of the ... justification process. Both concepts thus intersect. mponent

2. The Belgian Approach

The main features of the Belgian approach can be summarized as follows:

to take account of the most recent i i
ake acc evaluations of the risk coeffici
radiation-induced effects; rents for

to reject, for ethicz.ﬂ reasons, any purely financial cost/benefit analysis
and, as far as possible, give priority to protecting public health;
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+ to give, also for ethical reasons, priority in decision-making to tl(;e
justification concept, which requires a gradual, step-by-step and upwards
analysis of intervention reference levels;

« to give priority to the protection of the most vulnerab.le su!)groups of ‘th.e
population, probably through specific recommendations in the media,

e to integrate countermeasures aiming at preventive protection of the food
chain in the large set of possible interventions;

(1] b
« to include exceptions in the application of countermeasures for “special
groups” whose presence is mandatory;

« to reduce the range of recommended guide l‘eve.ls for. interv.entlon ina
process of “cold pre-justification” — iL.e. Jgstxﬁcatlon prior to tar:));
emergency situation, on the basis of scenarios —, to'take czilccouln o
national realities and of the potential gravity of the higher dose :\II ”
(possible thresholds of fetal effects clearly exce'ed‘e'd, absence off ots
dose reduction factors for long term effects, possibility of acute effec

due to incorrect modelling...).

3. Main Problems

Working out emergency plans in Belgium proved to be a long and ar?gs:;
process. This is partly due to some of the conceptual problems“ merll dl e
above. Another factor should be stressed h.ere: 'paIt of the nuclear v;/or L
still some doubts about the reality of the risks .mvolvgd. Some peop efar .
convinced that accidents are highly improbable in the light of tl‘le tytge 0 nui oleat
power plants that are operational in our cquntry; or Fhey question N e gra\l' )l'ow
the dangers linked with exposure to ionising radl'atlop (at least w fn on tyleast
or medium doses are involved). That lack of motivation could explain, a
partly, why it took so long to work out those plans.

Now that emergency planning exists, exercises confirm that not all problems
have yet been overcome.

The main difficulty is related to the informatim.] available at tl}e 'tlme wpce:l
a decision is to be made: is this information sufﬁmept or nqt? ThlS 1fs a tﬂem
example of decision-making in a context of 1.1ncertz'unty.. Th1§ line o arrrliasures
raises the problem of the feasibility of preventive af:tlons. for lms_ta:;.ceic, ppric
intended to protect the food chain, or the absorption of stable iodin
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only provides for the distribution of iodine pills within a 10 km radius of nuclear

power plants, and an even smaller radius for other installations), or preventive
evacuation, limited or not to a specific group.

Centralisation, continuous evaluation, and modelling are the key concepts of
our system: decisions are taken at the national political level after evaluation by
experts. In practice, decision-making in the area of urgent countermeasures
largely boils down to dose projections based on models.

However, recent tests have shown that, using the same parameters, the
Belgian models yield quite different results from those used in other countries.

For the measurements to be reliable, they must reach a certain “critical
mass”’; waiting for them implies giving up every possibility of preventive action.

Finally, the principle of a political discussion on decision-making following
expert meetings, holds the danger of generating inefficient decisions or decisions
that are no longer adapted to the current situation.

We advocate a “cold” analysis of different possible scenarios and a final
decision based on “cold political arbitration”. It is important that decision-makers

are involved in this preparatory stage because it allows going to the heart of the
matter.

Another problem is the concept of “phased response”.

The proposed countermeasures are often put forward as “mandatory”

measures: “the whole population is being evacuated”; “everybody has to stay
indoors”, etc.

This mandatory aspect ipso facto generates complications that balloons both

the risks and the social or financial costs, and these effects, in turn, require
higher dose levels for intervention.

We are convinced of the usefulness of “recommendations” through the mass
media; this system crystallizes the idea that each individual has the right to be
informed and is free to follow the recommendations or not. It is a possible
solution to the problem of dealing with sensitive groups (especially pregnant
women). Along the same line, we should also provide for exceptions to the
countermeasures, for examples in favour of certain groups whose presence on
the spot is absolutely required (certain industries,...)
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The public is becoming aware of the principle of “ser}sitive” or “vulneralr)llﬁ”
persons (for example the risks for pregnant women takl‘ng Fertam drugs). i e
concept of “relative” risk is also getting better known. Guidelines r.ecczrnrllmen mlg
to stay inside “if possible” in heavy storm are an example of thlS.. . eydcou
be used as a model for recommendations to be issued at low radiation doses.

We will have to make the public become familiar with these concept§ if we
want to convince them of the fact that key-industry personnel has to continue to

work when other people stay indoors. o . .
The risks linked with the absorption of stable iodine will be reduced if

sensitizing campaigns inform people in due time of possible contraindications.

If we want to avoid the “all or nothing” situation and try to (‘:Ut the facts
down to size, there is no alternative than to issue accurate information aimed at

a correct assessment of risks.
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THE FINNISH MODEL FOR
SHORT-TERM COUNTERMEASURES
AFTER A NUCLEAR ACCIDENT

by

Raimo Mustonen
Finnish Centre for Radiation and Nuclear Safety

Summary

A short description on the radiation surveillance and on the intervention
policy in a radiological emergency in Finland is presented. The Finnish Centre
for Radiation and Nuclear Safety (STUK) is the national contact point in
emergency situations in Finland. It collects all data about the event of an
accident and about the radiation situation. It also makes assessments of health
effects and gives recommendations for countermeasures to the executive
authorities.

The first concern in the event of a radiological emergency is to assure that
the radiation exposure to individuals from all pathways will be below thresholds
for serious deterministic health effects. In an operational intervention, the aim
of every countermeasure is to keep the stochastic health effects in all population
groups as low as reasonably achievable. When considering a specific
countermeasure or a set of countermeasures, it has to be taken into account that
the countermeasure will do more good than harm, i.e. it is justified, and the
form, scale, and duration of the countermeasure should be optimized so that the
net benefit of the countermeasure is maximised.

The basic short-term countermeasures to be implemented in emergency
situations are described, together with the proposals for the generic operational
intervention levels to be applied with countermeasures. STUK proposes that
operational intervention levels in Finland would be given in external dose rates
in outdoor air, because it is the only real-time monitored quantity in the country-
wide surveillance networks. Practical problems with using directly measurable
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quantities to trigger an operational intervention in the acute phase of an accident
is discussed.

STUK recommends the following operational intervention levels to be
adopted in Finland: external dose rate of 10 pSv/h for protection of cattle and
its feed in the acute phase of an emergency situation, 100 pSv/h for sheltering,
for prophylactic administration of stable iodine and for control of access, and
500 uSv/h for preventive evacuation. These operational intervention levels are
generic in nature, i.e. they can be changed either downwards or upwards as soon
as the authorities have got adequate data about the severity of the situation.

Radiation Surveillance in Finland

Several organisations are participating in radiation surveillance in Finland.
The Ministry of the Interior maintains the country-wide monitoring network of
external dose rate. This network contains about 250 automatic stations which can
be read and managed in real-time by the radiation experts at the Ministry of the
Interior, the Finnish Centre for Radiation and Nuclear Safety (STUK), the
Meteorological Institute, the General Staff of the Defence Forces, and at the

county governments.

STUK has its own country-wide surveillance network for airborne
radioactivity (high-volume air samplers and laboratory measurements) and for
radioactive deposition (dry and wet deposition and laboratory measurements).
STUK also has a mobile laboratory for rapid measurements of external dose rate,
airborne radioactivity and deposition.

The Meteorological Institute supports the radiation surveillance by supplying
meteorological data, making weather forecasts and trajectory calculations. The
institute also has its own network for measuring airborne total beta-activity.

The Defence Forces measure airborne radioactivity by a gammaspectrometer
installed in an airplane or a helicopter, or take high-altitude air samples and
measure them in the laboratory. The Seismological Institute of the University of
Helsinki participates in radiation surveillance by informing the other
organisations about observations of nuclear explosions and seismic events near
nuclear installations.

STUK is the central organisation in case of nuclear or radiological hazards.
In emergency situations, STUK collects all technical data concerning the
accident, makes estimates of the development of the accident, makes dose
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estimates, collects all data on radiological situation, gives recommendations for

coun_termeasures to executive authorities, provides advices to industry, trade etc
and informs the public. , ’

Generic Intervention Levels for Short-Term Countermeasures

Ip accident situations, an intervention for protection of the public ma
coqsmt of several different countermeasures. The first concern in an event ofz
radiological emergency is to assure that the exposure to individuals from all
pathways will be below the thresholds for serious deterministic health effects
In an operational intervention, the aim of every countermeasure is to keep the:

stochastic health effects in all population groups as low as reasonabl
achievable. ’

When considering a specific countermeasure or a set of countermeasures, it
has to be taken into account that the countermeasure will do more good th,an
harm. In other words the dose reduction and other benefit due to the
couptermeasure should be sufficient to justify the harm and the costs, including
social costs, of the countermeasure. Secondly the form, scale, and du’ration of a
countermeasure should be optimized so that the net benefit of the

cquntermeasure is maximised, i.e. the gross benefit less the detriment associated
with the countermeasure, is maximal.

Ina radiolo.gice'll emergency, countermeasures for protection of the public are
almost always justified if the projected individual doses from a specific pathway

or a combination of pathways may approach thresholds for seri inisti
or 2 combina serious deterministic

The key concept for an intervention, used by the ICRP and the IAEA, is the
averted. dose, which is the dose saved by implementing a protective ;ction
Thesg 1r'1temational organisations have given their recommendations (1, 2) fo;
generic 1ptervention levels in averted doses. The averted dose, in the acut:a phase
of a radiological emergency, however, is not very practical quantity for the
short-term countermeasures. Operational intervention levels given in directly
measurable quantities, will be needed for a rapid implementation of short-term
countermeasures. These operational intervention levels should also be generic in
nature. That is, they are chosen to be reasonable for the majority of situations,

and they can be changed either downwards or upwards as soon as the severity
of the situation has been settled.
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STUK has started to develop the operational intervention levels for difff:rent
short-term countermeasures needed in a nuclear accident. These operat.lonal
intervention levels should fulfil the following criteria: 1) they have to be sultz}ble
for the Finnish conditions, and 2) they should be measurable by the real-time
radiation surveillance network used in Finland. In addition, they.should not legd
to remarkable deviations from the international recommendations on generic
intervention levels. External dose rate in outdoor air hz}s been chosen for the
operational quantity of the generic operational intervention l.eve.ls, because the
real-time surveillance network in Finland is based on monitoring of external

dose rate.

In connection with short-term countermeasures there always is thg problem
that the countermeasures should be implemented before the radioacFlve plgme
arrives to the area to be protected. Therefore, decisions in pr.otect.lve fictlons
must be based on a prejudgment of possible release and radiation situation. If
a radioactive plume already has affected one area, results of the real-time
radiation monitoring network together with the weather forecasts can be used
when estimating the spreading of the plume to another area.

Proposals for Operational Intervention Levels

The operational intervention levels have been studied for the following short-
term countermeasures after a nuclear accident:

« Sheltering: advising people to stay or to go indoors, to close and to t‘ighten
doors and windows, and to turn off the ventilation systems, before an arrival of
radioactivity plume. Sheltering usually lasts not more than for one day.

« Prophylactic administration of stable jodine: advising people to Fake .KI
tablets according to instructions given in advance, if high intakes of radioactive

iodine are expected to occur or is occurring.

« Preventive evacuation: urgent removal of people from a spe‘ciﬁed area for
periods of the order of days before any radioactive release of radionuclides into

the environment.

« Control of access: limitation of access to an area to be affected by a
radioactive release or to an contaminated area. Access 1S only allowed to

workers undertaking rescue or recovery operations.
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* Protection of cattle and its feed: advising farmers to keep the cattle sheltered
and to protect the feed before arrival of radioactive plume.

The operational intervention levels have been calculated for a radiological
emergency where the composition of radioactive plume is not known. Therefore
a conservative scenario of the origin of the radioactive plume has been used. In
the scenario used, the main part of the projected dose (>80%) during the passage
of the plume is received through inhalation. This kind of plume is estimated to
occur after a severe reactor accident where radionuclides are released to the
environment without any filtration. The external dose rate, in this kind of
radiological situation, is not the best possible quantity to trigger an intervention,
because it describes a small part of the total potential exposure. If estimates e.g.

on airborne iodine concentrations are available, they should be used instead of
external dose rate.

The projected doses are calculated to an “average” member of the public in
his/her normal living conditions. This individual is a person whose age is the
weighted mean of the age distribution of the Finnish population and who is more
probably indoors than outdoors at the moment of the accident. The house where
he/she is staying during the emergency situation has average shielding and
filtrating factors against external dose rate and airborne radioactivity. So the
projected doses and the efficiencies of countermeasures are not estimated to
individuals who are most sensitive to radiation and who are staying outdoors at
the moment of arrival of the plume. Population groups being more sensitive to

radiation (e.g. children, pregnant women etc.) can be considered as separate
subgroups if it is possible in practice.

Table 1 gives the proposals for the generic operational intervention levels for
the short-term countermeasures in a radiological emergency. The
countermeasures to be performed at sites where people are staying at the
moment of need for protection (sheltering, prophylactic administration of stable
iodine and control of access) are grouped to the same intervention level
(100 uSv/h) for practical reasons. The estimates on individual avertable doses
in sheltering and prophylactic administration of stable iodine shown in the table
are at the same level recommended by the ICRP and the IAEA. On the other
hand, in the area where people are advised to stay indoors, it is reasonable to
control other people to access the area.

The operational intervention level of 500 uSv/h is proposed for the

preventive evacuation. STUK recommends that in Finland the word
“evacuation” should always be used for the preventive and urgent removal of
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people from a threatened area. This countermeasure is foremost intended for
being implemented only in close areas of the domestic nuclear power plants. If
the removal of people is necessary to be performed after the passage of a
radioactive plume, STUK proposes the “temporary relocation” to be used.
Preventive evacuation should always be performed in good time bhefore a
radioactive release.

Protection of cattle and its feed is an efficient countermeasure to protect the
food chain. It is especially important to protect milk from contamination with
radioactive iodine during the first few weeks after the deposition. Seasonal and
local circumstances have great influence on the effectiveness of protective
actions. The operational intervention level of 10 pSv/h for the acute phase of a
radiological emergency is recommended on the basis of the experiences achieved
from the Chernobyl fallout in Finland.

Table 1. Proposals for generic operational intervention levels
for the short-term countermeasures in Finland after a nuclear accident

Protective action Operational intervention Avertable dose
level as an external dose
rate
Protection of cattle 10 pSv/h depends on
and feed circumstances
Sheltering 100 uSv/h ¥ few mSv/h »

Iodine prophylaxis 100 uSv/h few tens mGy ?

depends on the
duration

Control of access 100 pSv/h ¥

Preventive evacuation | 500 pSv/h ¥ about ten mSv/day ”

a) Predicted external dose rate in outdoor air

b) Predicted or measured external dose rate in outdoor air
1) Effective dose

2) Absorbed dose in thyroid

These intervention levels are intended to be used in a radiological emergency
where the composition of radioactive plume is not known. In specific accident
conditions where the nature and the severity of the radiological situation are
known, it is reasonable to define the accident-specific intervention levels.
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THE GERMAN PRACTICE WITH SHORT-TERM COUN TERMEASURES
(Stable Iodine; Sheltering and Evacuation)

by

Ms. Sabine Bittner
Bundesamt fiir Strahlenschutz
Institut fiir Strahlenhygiene

1. Introduction

The Federal Republic of Germany is, as its name suggests, a federal country
with 16 constituent states (Linder). Both, the federal government and the states
have tasks and responsibilities in the emergency management.

Disaster response is within the responsibility of the states. It is based upon
the Atomic Energy Act (1) as well as the disaster planning legislation of each
state and has been developed since the initial construction of commercially used
nuclear power plants (in Germany: end of sixties/early seventies). Disaster
response includes all measures which prevent acute damage to health, such as
sheltering, evacuation, the distribution of iodine tablets, the sealing off of areas
and other traffic control measures as well as the decontamination of individuals.
Disaster countermeasures are planned and prepared for a distance of 25 km from
a particular installation.

Long range precautionary radiological protection, on the other hand, is
within the overall responsibility of the federal government. It is based on the
“Act on Precautionary Protection of the Population Against Radiation Exposure
(Precautionary Radiological Protection Act)” (2) which was drawn up after the
Chernobyl accident. Precautionary radiological protection measures are designed
to prevent chronic exposure, in particular in connection with the commercial
trade of food and feedstuff, relocation or large scale decontamination.

Concerning this workshop on short-term countermeasures (sheltering,

€vacuation and stable iodine), we are going to talk about disaster
Countermeasures only.
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2. Disaster Response Management
2.1  Basic Recommendations

In order to ensure that, as far as possible, the same principles for
organisational regulations and the planning for emergency countermeasures by
the individual disaster response authorities are applied all over the Federal
Republic of Germany, federally oriented guidelines were named. The latter were
considered in the “Basic Recommendations for Emergency Preparedness in the
Environment of Nuclear Facilities” (3) jointly prepared by the Federal
Government and the Federal States. In supplement hereto, “Radiological Bases
for Decisions on Measures for the Protection of the Population against
Accidental Releases of Radionuclides” (4) were issued by the Federal States
Committee for Nuclear Energy as a decision making aid to radiological

protection experts.

The “Basic Recommendations” apply exclusively to the disaster response in
the environment of German nuclear facilities, including reprocessing plants and
foreign plants which, because of their location near the frontier, require planning
measures as defined in the above mentioned recommendations to be carried out
on German territory. The “Basic Recommendations” do not apply to
precautionary measures in the area of preventive medical care or other
government measures in compliance with the “Precautionary Radiological
Protection Act” for which the governmental as well as the federal state
environmental ministerial authorities are signing responsible. The “Basic
Recommendations” do likewise not apply the on-site emergency protection for
which separate recommendations are valid.

The competence for disaster response in the environment of nuclear facilities
is differently distributed in the various federal states. In some of the federal
states, the county district magistrates and the district authorities are responsible
as a lower disaster response authority while in other federal states such
competence is assigned to the regional government as an intermediate authority.

2.2 Principles for Setting Up Special Disaster Response Plans for the
Environment of Nuclear Facilities

Basically, the environment of the nuclear facility is subdivided into the
following zones in order to locate preparatory measures:

» Central Zone,

 Intermediate Zone and

» Outer Zone.
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Th .
e Central Zone surrounds the nuclear facility directly. Its outer limit must

be adjusted to the local diti .
facility. conditions and not exceed a distance of 2 km to the

WithT:e:nI:;ei:Irrllnediatg‘Zonef: surrounds the Central Zone. Its outer limit is a circle
um radius of about 10 km. In order to be able t

: . . o respond f:
flexibly the Intermediate Zone may be subdivided into further suIt’>-area?sISt e

The Outer Zone surround i
. s the Intermediate Zone. I imit i i
with a maximum radius of 25 km. s outer limitfs @ cirle

The Intermedi ivi
iate Zone and the Outer Zone are subdivided into 30° sectors

which are numbered clockwise with sec i
tor 1 . .
towards the north (see figure 1). or 1in general symmetrically oriented

The
necessary countermeasures must be prepared for each zone. In principle
£

special disaster response plans in relati
: : ation to the nuclear facilit
not required outside of the referred zones. Y concemed are

2.3 Remarks on the Disaster Response Plan

The disaster response plans for the environment of individual nuclear power

plants are prepared by each proper federal . . ;
Recommendations. prop eral state in compliance with the Basic

When such plans are pre i i
‘ 1 pared, special population gro
kindergartens, hospitals, prisons, etc.) are considered. BIoUpS (€. schools

Also included is alerting cam
‘ pers or anglers outd
by helicopters or public address vans. ¢ oors: They wouldbe alerted

Likewise considered is the time needed to implement the individual

measures. Among others, the prevaili iti
‘ , ing weather conditions i
etc.) will also be taken into account. (blaclcfce. snow,

T . ..
he financial costs arising from these measures are generally not included
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Figure 1. Subdivision of the nuclear facility environment

®

Z: Central Zone
M: Intermediate Zone
A: Outer Zone
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The financial costs for the measures may be regulated differently in each of
the federal states. In the federal states of Rheinland-Pfalz and
Baden-Wiirttemberg the facility operators will have to carry the costs for the
individual disaster response measures and also for the precautionary initiation of
such measures (particularly the distribution of jodine tablets). In Bavaria, the
federal state will carry those costs.

The disaster response plans are generally coordinated with the neighbouring
federal states, particularly in cases where nuclear power plants (e.g. the nuclear
power plant Philippsburg in Baden-Wiirttemberg) are located near the border
with another federal state. The plans are usually not coordinated with other
countries since the distance between German nuclear installations and the
national border is in excess of 25 km in each case, so that other countries are
not within the applicable range of disaster response plans.

The only exception is the nuclear power plant Emsland in the federal state
of Niedersachsen. The outer planning zones for this nuclear power plant is
touching the Netherlands. Accordingly, the Netherlands are considered in the
plan and advised of it. Additionally, annual meetings are held where among
others the plans concerning the nuclear power plant are discussed (among others,
also within the scope of German-Dutch Commission meetings).

In addition there are disaster response plans for foreign nuclear power plants
close to the German border, as for example the nuclear power plants Leibstadt
and Beznau in Switzerland. These plans are agreed on by the various authorities.

2.4  Emergency Workers

Emergency workers are needed to protect against the dangers arising from
a nuclear accident.

For the emergency workers of the police and the fire department, dose limits
are set (Table 1) in compliance with the guideline “ABC-Wesen LF 450" (5) and
the “Fire Department Regulation 9/1” (6) respectively. Originally, the application
of these limits is intended for other events (e.g. after accidents in radionuclide
laboratories, transport accidents, and others). Their application in a nuclear
accident — possibly in reference to an eventual excessive exposure — should be
handled in a manner avoiding a conflict between the reference intervention
values for the population in an actual case. Here it may also be taken into
account that emergency workers are usually persons whose health is in good
condition and that special risk groups (e.g. children, pregnant women) are not
included.
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Table 1. Permissible radiation exposure (total body dose) of
emergency workers on the basis of FwDV 9/1 and LF 450

Operations for the protection of 15 msv
material goods:

Maxium total of: 15 mSv/a

Operations for the rescue of 100 mSv/injurious event

persons, to avoid injury expansion
and to perform high priority
measurement tasks:

once per lifetime of an emergency

Operation to save human lives:
worker 250 mSv*

only when considered as justified

Exceeding the maxium limit
by a radiation protection expert

permissible?

*  According to LF 450 - Supplement of 1992, a total maximum value of 100 mSv/a may not be
exceeded for an emergency worker of the police.

3. Disaster Response Countermeasures

Short-term countermeasures serve for the defense against acute dangers, that
means the prevention or limitation of deterministic effects from the impacts of
nuclear accidents on the population, and in particular early effects and high
individual risks. They can only be taken on the basis of a close knowledge about
the condition of the facility and after the radiological situation has been assessed.
These countermeasures may be applied, if necessary. The following short-term
countermeasures are mentioned in the Basic Recommendations:

« warning and information of the population,

 regulation, control and restrictions of traffic in accordance with a
prepared plan,

» staying indoors (sheltering),

 precautionary clearing or evacuation in accordance with a prepared plan,

« distribution of iodine tablets in accordance with a special plan - possibly
in conjunction with evacuation,

« decontamination of the population and task personnel involved,

« medical care and treatment of the population and task personal involved,
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warning of the lati : . .
foo dstugffs, population against the ingestion of newly harvested

1 F ] .
t] : g 4 I ng gzunStthE use Cf atEI and

* initiation of traffic restrictions for rai PR .
rail traffic, riv ; .
traffic. er navigation and air

The ac?dntional measures (like barring from contaminated water catchment
areas, barring from heavily contaminated areas, if necessary relocation of Pin
ensuring the supply of foodstuffs and drinking water and so on) follgi(/)ﬁlf’
short‘-t'erm‘ countermeasures and serve as a precaution, and for the eliminati .
or mitigation of dangers that may still exist. As these measures depend . lgn
circumstances of the individual case, they cannot be planned in adI:'anceon e

. 'In”the fo'llowing, only the measures “sheltering, evacuation and stabl

10dm§ are dlS.CUSSCd. Here, it must be explicitly stated that Germany ha ;
practical experience in the application/implementation of such measure); si o
nuclea}r accident has so far not occurred, nor did any consequences of thisntce .
of a@}c}?pt (e.g. Chernobyl), by which Germany was affected, sufficientl 'usi,'If’e
the initiation of such measures as evacuation or the distributic,)n of iodineytilbleltsy

3.1 Reference Doses for Stayi e .
aying Indoors, the D ,
and Evacuation istribution of Iodine Tablets

.The dose to be expected during a continuous stay outdoors has to b
estlmat'ed for deciding on the implementation of measures. This dose shall be
det:crrfnned as the dose commitment to be expected within 7 days from ext ?
radiation and the inhalation of radioactive materials. e

Based on ICRP-Publication No. 40 (7) and to a far-reaching extent on the
propc.Jsal from an EC Group of Experts (8), reference doses for the ab
ment'loned measures are contained in Tables 2, 3 and 4. They have t OL’C
considered during the early and intermediate phases of an ;lccide);lt ce

3.2 Sheltering

L Rer?ammg indoors may be the first and most practical protective measure
: fin 3 'ter a sudden or tempora}'y rele?se of radioactive material. This is also
pplied if the expected exposure is relatively low and a precautionary ev i

of the affected region would not be warranted. oy eracuation
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According to chapter 3.1, the following reference dose values apply to
sheltering (Table 2):

Table 2. Reference doses for Sheltering

Dose in mSv
Whole Body Lungs or any
(external irradiation and Thyroid (inhalation) preferred irradiated
inhalation) individual organ*
(external irradiation
and inhalation)
lower upper lower upper lower upper
ref. dose ref. dose ref. dose
5 50 |50 250 50 250

* with the exception of the skin

The upper reference dose for this measure was set to be 50 mSv (whole
body dose). This reference dose is oriented on risk estimates as specified in
Section 28, paragraph (3) of the Radiological Protection Ordinance 9.

The lower reference dose for the countermeasure sheltering was set to be
5 mSv. It is of an order of magnitude for which the additional radiation risk is
considered small in accordance with internationally recognized views. (For
comparison purposes: In Germany, the mean effective dose caused by natural
radiation sources is 2 mSv/year, with considerable regional variations between

1 and 6 mSv/year).

During an actual accident situation it has to be checked at which
«intervention level” within the dose range defined by upper and lower reference
doses the measures concerned have to be initiated, considering the existing
conditions. At radiation doses below the lower reference level, measures are, in
general, no longer justified. In the case of radiation doses above the upper
reference doses the respective measures have to be initiated.

The measure will be rescinded if the ambient radiological conditions are
below the lower intervention levels.
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. To _mform the public, respective announcements/proclamations with
mstruc_tl.ons for the affected population are prepared for use in the actual event
In addition, the population in the vicinity of nuclear installations will rec v 1
!)ooklet with informations about the countermeasure. By this, the public \j'll\l’eba
instructed about the reason and the benefit of the counten,neasure (shieid' :
eff('act of buildings, reduction of the direct contact with radioactive substanc o
Gu1dejs on the shutting of windows and doors and the turning off of ventilat?S).
and 'alr-conditioning systems are also included. The booklet also points outlcin
f:o:tmuously listen to the official situation reports on the radio while remaining
;25 :icr)l;se dto hear, among others, when the countermeasure will have been

3.3 Evacuation

The evacuation of the population is the most extensive (extreme)
countermeasure of disaster response. An evacuation may be necessary for two
reasons: for one as a precautionary measure if, due to the situation in the nucle
installation, a subsequent and essential release of radioactive material cannot l?r
exclude.d or if the amount of radioactivity released can no longer be counter:ctes
b}/ sta'lymg indoors but demands a consecutive evacuation. This is mainly th
situation when a dangerous amount of radioactive substances will hav }l,) ;
deposited in a specific area. o

According to chapter 3.1, the following ref
evacuation (Table 3): g reference dose values apply for

Table 3. Reference doses for Evacuation

Dose in mSyv
Whole Body
. ly Lungs or any preferred
(extem'al 1rra§1at10n Thyroid irradiated imﬁvidual
and inhalation) (inhalation) organ*
(external irradiation and
inhalation)
lower upper lower upper lower upper
ref. dose ref. dose ref. dose
100 500 300 1500 300 1500
* with the exception of the skin
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When specifying the actual intervention level, it has to be taken into account
that this measure will become more difficult with an increasing number of
persons needing to be evacuated in connection with a low reference dose. Apart
from the increase in the risk connected with the measure, an additional radiation
exposure resulting from longer evacuation times has to be taken into account.
Therefore, in summation, the protective effect of the evacuation measure cannot

be fully achieved.

For the decision on the type and extent of an eventual evacuation it is
important for the disaster response management to be informed about the
following factors next to the extent and characteristics of the event and the

actual meteorological conditions:

« the immediately or consecutively affected region,

« the number of persons needing to be evacuated and their living
conditions,

o special provisions for the evacuation of schools, hospitals, homes,
institutions and other facilities from which people need to be evacuated
by means of public transportation,

 densely populated regions, conurbations, geographical difficulties,

« suitable evacuation roads,

. the receiving regions and availability of emergency receiving centers,

o the time needed for

» providing emergency receiving camps,

 providing means of transportation,

« relocation into the receiving regions,

o registration of evacuated persons (reunification of families),

¢ traffic control measures,

« securing the evacuated area.

The evacuation is following a specific plan. Such plans were prepared e.g.
in Baden-Wiirttemberg up to 8 km distance around a nuclear installation and up
to 10 km in Rheinland-Pfalz, Hessen, Niedersachsen and Bayern.

Moreover, in the federal state of Bayern, there are three types of evacuation,
as explained in greater detail in the following. In evacuation type I, the central
zone (2 km) and the immediate area with 3 sectors (90°) in the direction of
expansion up to a distance of 5 km is evacuated; evacuation type II comprises
the area of the central zone and partial areas of the intermediate zone up to 2
distance of 10 km in which evacuation reference dose values are reached
according to Table 3; evacuation type TII comprises additional areas of the outer
zone (10 to 25 km) and, possibly, in further distance, if evacuation reference
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dose va.llues are reached also in those areas. Respective preparations f
evacuation t'ype I are meant to guarantee the clearance of this immlc):diate ar ?f
be accomplished within about two to three hours. The local situation wi)a .
traffic r'oads, river crossings, proximity to the dangerous site are concerned st
be partlcularly considered and is important for time element. The actions $USI
be p.rep.ared in a manner (task sheets) that will allow for their immed'utS
application by zones and sectors. The task includes emergency teams lafl
personnel deployed by the local county administration authority. Should than
forces not suffice, the aid possibilities of the adjacent county ;1uthoﬁti e
included, unless these are not themselves endangered within a predictablzst'are
by an unfayc?urable wind direction and developing damage. Evacuation ph lmli
mu;t b.e initiated if other countermeasures such as sheltering and the irf) ast?
of 10c}me tablets are exhausted; and, furthermore, if there is any da e 102
reaching reference dose values according to Table 3 during the COU!‘S)(; of :llfer .
developmen.t. The release of this evacuation phase requires also the assisinage
of extra—reglonal forces for transport into the receiving regions and the ca::amc:;
persons in need of aid. The transport capacities of local and regional bus
companies, community transport enterprises, the federal railway and postal
systems as yvell as the transport capacity of the Armed Forces must be klﬁ)owa
Ip copperatlon with the local railway authorities it must be checked in whi nt;
time intervals trains may be available for evacuation purposes. The evac t'lc
measures of phase III need not be prepared by plan. (10) . e

The basic principles of evacuation planning are:

. 'If posglble, members of the population should leave the endangered areas
in their own vehicle after the disaster response authority decided t
evacuate (ordered evacuation). °
The police must direct traffic in a manner permitting the speediest and
most unenf:umbered evacuation. Roadblocks prevent incoming traffic
from entering the danger area and guarantee a free flowing evacuation
process unobstructed by other traffic movements.
* People without own transportation are evacuated from the danger ar
by busses and taxis leaving from assembly points. ¢ -

* A collective evacuation i .
o cuation is planned for schools, hospitals and old-age

s I.ffthe‘ tlrpe factor allo.ws, the director or other responsible person of a
il}:lem c1lc institution (hospitals, old-age homes, etc.) will be ordered to
insltriltel:J ¥atel.y send the persons belonging to such institutions home, unless the

tion involves persons incapable of walking and/or sick persons. In such

193



case or if the time factor is insufficient, the respective director will be ordered
to prepare for a collective evacuation in busses at a specified time.

Included in the evacuation plans is the possibility of large parts of the
population attempting to leave the actual or assumed danger area on their own
accord and by their own means before the competent authority has decided on

an evacuation.

The population in the vicinity of the nuclear facilities Philippsburg, Biblis
and Miihlheim-Kirlich will, for instance, be informed on respective evacuation
routes and assembly points by the prior distribution of booklets containing such
information. The population is additionally advised to drive to an emergency
centre before looking for an assembly point where persons likely to have been
exposed can be examined and decontaminated, if necessary.

The appropriate emergency reception centres are planned to be situated
outside of the outer zone (25 km) up to a distance of about 50 km. Suitable
objects for receiving a larger number of persons are schools, sports complexes,
homes and similar facilities. To equip and furnish such emergency reception
centres could be done, apart from own supplies, by supplies from local aid
organisations, among others from the stores of such federal aid organisations as,
for example, the German Red Cross.

The. population is informed about its imminent evacuation by prepared
notices which are announced locally and by the radio networks. Such notices
include information about the hazard potential, which protective measure to take
and on the anticipated length of the evacuation as well as information required
for a fast evacuation (e.g. evacuation routes and receiving communities,
recommendations to look for private quarters when possible, etc.). Furthermore,
the notices include important information on necessary items needed while being
evacuated (taking along drugs, personal documents, etc.).

3.4  Stable Iodine

Todine tablets will saturate the thyroid with nonradioactive iodine and thus
prevent an accumulation of radioiodine in the thyroid, if taken in time. If
required, both the task personnel and the population concerned will receive
jodine tablets as soon as possible.

According to chapter 3.1 the reference doses for the distribution of stable
iodine are as shown in Table 4.

194

Table 4. Reference doses for the distribution of stable iodine

Dose in mSv

Whol
(extem:l eir?a%?ition Thyroid (inhalati o Preformed
alatio .2 S
and inhalation) K madlafrdgz:ﬁwmual
(external irradiation and
inhalation)
lower upper lower upper lower upper
ref. dose ref. dose ref. dose
- - 200 1000 - -

* with the exception of the skin

factThefl:vtver2 ggd ucpl)per reference doses for this measure were increased by a
orof4to and 1000 mSv, respectively, in compari

v, , parison to those suggested

l()}y the EC .Group. of. Experts,.smce the greatest part of the Federal Repfflic Zf

ermany is an iodine deficiency area. The intake of iodine tablets is thus

connected with an increasing ri i i
g risk of undesirable si i
Reference Sheet in Annex). de effects Gee Todine

In congectlon with the countermeasure “Stable Iodine” three “Iodine Instruction
Sheets” were prepared (see Annex):

A: Instruction sh‘eet concerning the application of iodine tablets in the case of
a nucflear accident (instruction sheet for distribution with the tablets) o
‘Spe'c1men of advance information for the public regarding the appli t', f
iodine tablets in the case of a nuclear accident and prIeene

Instruction sheet for physici i i
: physicians (regarding the application of iodi
in the case of a nuclear accident). o dine tablets

B:

C:

N fnstructlon she_et A contains particular instructions on dosage as well as on

% erances and side effects. In the dosage of iodine tablets, a difference was
Zloake )betxc;,gn adults (including pregnant women), children (up to a weight of
£ ! gn,s <;v 11] ‘ ren ll)lelow 6 years of age and infants (up to a weight of 20 kg).
Jrroons i are y.persen51.t1\./§ Fo iodine should not take the drug. Instruction
e pOtaSSiso nz}rrlll'ng possibilities of blocking the thyroid by other medication
1. Dot um io ‘d?’ as for example. by perchlorate which competitively

its the intake of iodine (e.g. potassium perchlorate baer or Irenat®).
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Each tablet contains 0.1 g potassium iodide. The basic package of
potassium-iodide tablets produced in accordance to an uniform pattern contains
10 tablets per 100 mg. The limited storage period under favourable conditions
(cool and dry) is 10 - 15 years. Upon expiration of the storage period (controls),
withdrawal from supply and appropriate replenishment are initiated.

In Baden-Wiirttemberg, for example, 10 tablets per person are kept on
supply by the local authority. Iodine tablets were procured by this federal state
since 1978 and 1979. This was followed by a first procurement of expired tablets

during 1990 and 1991.

The collective package which is also the smallest unit for dislocated storage
contains 100 basic packages (= 1 000 tablets). The forwarding packages contain
50 or 100 collective packages (= 50 000 or 100 000 tablets) and are intended for
regional supply and as a Federal State reserve.

Aside from an instruction sheet (iodine instruction sheet A) contained in each
package, additional information is prepared for the involved physicians and the
population.

The centrally procured potassium-iodide tablets are distributed by the
competent authorities of the respective federal state, e.g. in Bavaria by
collaboration between governmental and county administrative authorities and
health offices, to the communities in the vicinity of nuclear installations up to
a distance of 10 km. To assure a timely distribution in case of need, the
distributed potassium-iodide tablets should be locally stored by the communities
in a decentralized manner at public facilities, pharmacies, hospitals, old-age
homes, schools, kindergartens, industrial plants, etc., which will also serve as
distributing points. Special arrangements for orderly and ready storage should
be made with the competent authorities for police, border police and armed

forces personnel quarters.

Appropriate instruction signs should be set up at the designated distribution
points. The distribution to persons who are incapable of collecting their tablets
by themselves is intended to be done by assisting personnel.

In Bavaria, for example, people incapable of collecting their own tablets, are
directed to identify their residence by a white piece of cloth on the streetside of

the building, so that fire department personnel may deliver the tablets.

The potassium-iodide tablets intended for the active forces of local fire and
disaster protection units, emergency aid organisations and emergency aid units
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of thle police must be dist.riputed to the organisational offices for a central ready
supply. There are no provisions for a precautionary distribution to emergency aid
personnel. Enforcement and substitute emergency personnel must be considered

Disaster response authorities within a radius of 25 km from the nuclear

facility must establish a local su iodi
pply of iodine tablets meant to mai
need of other than local emergency personnel. manly cover the

For sta}e police radi.ation detection units and nuclear/chemical detection
teams of dlsastgr protection units, iodine tablets are to be separately carried in
emergency vehicles for ready supply.

' Within the range of disaster response authorities where no iodine tablets are
being stored, such tablets may be requested in case of an accidental radiological
event (e.g. transport accidents and fires involving the release of radioi § "
from the authorities of the regional reserve depot. odne)

The general rule is that iodine tablets kept on supply for protection in
nyclear emergencies may only be distributed by order of the correspondin
disaster response authority to the population and to emergency workers irl;) char .
of protection. A precautionary distribution to the population is not planned “

Th.e countermeasure “stable iodine”, which in any case can only be
attendu_lg measure, is currently discussed in Germany by the Radi)élo 'arl1
Protection Commission. The pick-up of tablets is rejected by the workin %(l;]a
on emergency radiation protection since it is in controversy wigtl% thg
countermeasure “sheltering”. Proper organisational measures (clearly defined

competence and Procedural plans) will have to assure a safe distribution. In this
context, other points are discussed, such as .

* reference value/dose range,

* intervention dose values (age groups, pregnant women)
* dosage as well as ,

* single dosage/multiple dosage.

e Cuqently it is also disgussed to which extend Germany will also adopt the
emational recommendation concerning iodine blockage. At the moment it is

proposed to conf i ; :
prophylaxis. orm with the WHO (11) Recommendations for iodine
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4. Exercises

At this point, it should be emphasized again‘ that. the Federa.l Rgpubl;ctl?f
Germany has no practical experience of any kind in the application of the

discussed measures.

To guarantee readiness in case of emergency protectior:l crlr'lte_asurlest r:jaﬁid:; tlcs>
ional tr
ied i ts, regularly programmed addi : ‘
be applied in nuclear events, : ro; :
necefsr;ry Therefore, aside from technical training courses, p}annmg dlslcussmr?;;
table top — exercises and command post — exercises are taking place along wi

training by field exercises.

Within the scope of such exercises which, de_pending on the fedteraflos:ltratee?sd
the type of exercise, are taking place in regular intervals fr?rg once0 rﬁmuni ():'atim;
newly developed or modified disaster response pl'ans are tested —
pathways, etc. — according to the type of exercise.

Exercises within the range of disaster response are, of cou;seH not 1;1:(:)61\1512
i i ere, S
i i icati testing of the measures discusse , St
in the practical application or of the scus
exercisis are held without public participation. Evacuation 1s not exercised for

reasons of accident prevention.

5. Information of the Public

Advance information

In advance, the public is informed about these disaster respor;lse‘rr;e.aﬁreaj
: i istri in the individu
booklets as they are distributed in
largely by means of specific ey 2 i e I
ion in the vicinity of nuclear installal .
federal states among the population in o tally very
i i dioactivity, these booklets contain p
to general information on ra hese o et aecopta
ive i i incipally organisational rules of plan '
extensive information on principa nal | carastoopts
i ith i tions and guidelines on personally ppli
rotection together with instruc n p 3
grotection measures (e.g. booklet on “Emergency pfolt]ec‘:tloln c1ln thle3s$(;1;n3v ; tlg1
Biblis” (12), which includes
area of the nuclear power plant : 1 3m ’
evacuation routes as well as a list of assembly points and iodine tabl

distribution points).

. o o
Aside from verbal descriptions, the attempt is made in ‘thlS booklitstggnzl
explain individual protection measures by means of graphic demonstra .
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Furthermore, the booklets contain also practical hints and suggestions which
aspect of such countermeasures should be particularly considered. For example,
in reference to “sheltering” it is pointed out that, while staying indoors, the radio
broadcasts of the authorities should be continuously followed to, among others,
learn about how long the recommended conduct should be kept up. Or also the
urgent recommendation in connection with this measure, to keep windows and
doors shut and to be certain to turn off ventilation and air conditioning systems.

In reference to “evacuation”, some booklets contain practical advice
(e.g. “Emergency protection in the vicinity of the nuclear power plant
Philippsburg. A public guide”) (13) in reference to how this information can be
passed on to need-to-know persons in the neighbourhood (elderly fellow citizens,
sick and handicapped persons) and also where the packing of an emergency case

is concerned and the care of domestic animals by providing a proper supply of
food.

Concerning the countermeasure “stable iodine”, in addition to the
information given in the booklets, there is advance information in the form of
“iodine information sheets” (see chapter 3.5, Annex).

Planned is the publication of a standardized booklet for the information of
the public in the vicinity of nuclear facilities all over Germany by the current
Ministries of the Interior of each Federal State. These standardized booklets
should include a general part as well as a special plan tied to the locality of each

nuclear facility (e. g. information of evacuation routes, iodine tablet distribution
centres, etc.).

In the actual event

In the actual event of a nuclear accident, the population will be alerted by
a widespread sounding of sirens, where available. Civil defence sirens have
generally been removed by Federal order. In some Federal States, however, the
sirens were retained and modernised for use in the area of the intermediate zone
around nuclear installations or in the vicinity of installations with a high.danger
potential. As a warning signal, a siren is sounded for the length of one minute
with the meaning to “turn on radios and listen to the announcements”. The

individual announcements are adapted to the actual situation and repeated by
broadcast.
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Certain elements of the broadcast content in case of an actual event have
already been prepared. Accordingly, a respective broadcast in reference to
picking up iodine tablets might be as follows:

“You will receive tablets at distribution points (pharmacies, schools,
kindergartens, fire department facilities) which are accordingly identified. To
prevent unnecessary traffic activity, please collect the tablets also for
neighbours and other residents living in your building. Citizens who are
unable to collect the tablets will identify the streetside of their houses by a
white cloth. Fire department personnel will then bring you your tablets.

You are also asked to inform your neighbours or non-German speaking
persons of this announcement as accurately as possible”.

In support of the information by radio broadcast or additionally to the locally
limited sounding of alarm, public address vans of the police or fire department

may also be used.

The public is not only informed by radio announcements but additionally by
video instructions repeating the radio announcement in writing. Video text isa
television aided telecommunication service introduced in the Federal Republic
of Germany by the official public television institutions on 1 June, 1980. Video
text communications are a particularly practical tool in nuclear events because
of the great amount of information and recommendations involved.

6. Summary

Countermeasures such as “sheltering, evacuation, stable iodine” are disaster
response regulations according to German law and, therefore, within the
competence of the individual Federal States.

The planning and the adaptation of the individual measures conform with
federally uniform skeleton recommendations introduced as being binding for all

Federal States.

Disaster response countermeasures such as evacuation and distribution of
jodine tablets are to be prepared only for the central zone (2 km) and the
intermediate zone (10 km) surrounding a nuclear installation.

Decisive for the initiation of the individual measures is the fact that the
respectively set reference dose has been exceeded. Reversely, the reduction to
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a dose .value below the specific reference dose is the decisive criterion for the
respective measure to be rescinded.

. The countermeasures “sheltering” and “evacuation” may be described as
in epc?ndent measures whereas “distribution of stable iodine” is to be regarded
more in the sense of a supplemental or supportive measure.

bro;ihe tpopllllat(;on ;ls( alerted primarily by the sounding of sirens. Radio
casts, loudspeaker announcements and vid i i
additionally applies video text instructions are

7. Conclusions

. Discussions. in. reference to the here described countermeasures are expected
in Germany w1th1r'1 the near future. The debate will be, among others, on
whether the latest international recommendation, ICRP 63 (14), and thus’ the

proposal of a single intervention reference level, sho
, should be ado
a dose range concept. pted rather than

» F1'1rthc.=,rmore it wi1.l h.ave to be discussed, for example in reference to the
' d1§tpbut10n of stable iodine” measure, if the tablets should be distributed to the
individual households as a precautionary measure and to which extent

international recommendations, e.g. the WHO i
: , e.g. -recommendati
adapted in Germany. o should be
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Mainz; Hessisches Ministerium des Innern, Wlesbadep (“Protection of
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from: TRANSLATIONS-SAFETY CODES AND GUIDES

Annex 1

Iodine Instruction Sheets
(as published in the Gemeinsames Ministerialblatt 1984, page 232)

IODINE INSTRUCTION SHEET A

Instruction Sheet for Distribution with the Tablets

Instruction Sheet concerning the Application of Iodine Tablets in the case of
a Nuclear Accident

Formula

Each tablet contains 0.1 g potassium iodine.

Important Note

These iodine tablets are for the purpose of safeguarding against the dangers
of radioactive iodine in the case of radiation accidents and are only to be taken
after public and specific instructions of the responsible authorities. The
authorities alone are in possession of all the details concerning the situation that

enable a decision to be taken regarding the necessity and advisability of taking
iodine tablets.

Properties and Purpose of Application

When taken in the dosage indicated, the iodine tablets saturate the thyroid
and thus prevent the accumulation of radioactive iodine.

This application is particularly effective when the tablets are taken shortly
before the possible absorption of radio-active iodine or within two hours after
such absorption. However, the retention time of radioactive iodine in the body
is also shortened if iodine tablets are taken even several hours after absorption
and thus radiation exposure is reduced.

Iodine tablets do not protect against the intake of other radioactive
substances by the body, nor against external radiation of the body.
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Intolerance and Risks

Persons suffering from a hypersensitivity to iodine (a very rare iodine
allergy) must not take iodine tablets.

Persons suffering or having suffered from hyperthyroidism should continu'e
their treatment whilst taking iodine tablets. However, they should see their
physician after the termination of the emergency.

Persons beginning to suffer from disorders such as palpitation, loss of weight
or diarrhoea one week to three months after the intake of the tablets, should see

their physician.
Accompanying Symptoms

In general, iodine tablets are well tolerated. Side effects (gastric disturbances
may occur in individual cases, but these disappear of their own accord when
medication is discontinued. A physician should be consulted if the symptoms

continue over a longer period of time.

Dosage

Adults, including pregnant women: Initial dose 2 tal?ler, then 1 tablet
approx,imately every 8 hours, up to a total of 10 tablets within 3 or 4 days.

Children (up to a weight of 40 kg): Initial dose 1 tablet, then 1/2 tablet
approximately every 8 hours, up to a total of 5 tablets.

Children under 6 years and infants (up to a weight of 20 kg): 1/2 tablet daily,
up to a total of 2 tablets.

The duration of application may be extended and the total number of tablets
increased if so directed by the authorities.

As far as possible, the tablets should not be taken on an empty stomach. To
facilitate taking the tablets, they may be dissolved in any preferred beverage (to
be consumed immediately as the solution is unstable).

Note: The tablets are to be stored away from light and humidity. Only sealed
tablets can be kept for longer periods of time.
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IODINE INSTRUCTION SHEET B

Specimen of Advance Information for the Public Regarding the Application of
Iodine Tablets in the Case of a Nuclear Accident

Radiation accident involving the release of radioactive iodine

Accidents are possible in places where radiation and radioactive materials are
in use (for example, in engineering, in the medical field, or in nuclear facilities).
In this respect, there is no difference between the use of radiation and the use
of other technologies or, perhaps, road traffic.

In particularly unfavourable although extremely rare circumstances, in the
case of accidents in operations that involve radiation and especially in the case
of nuclear power plants, radioactive materials could be released in quantities
which make countermeasures necessary. Radioactive iodine (a special form of
the iodine that is present everywhere in foodstuffs, etc.) plays a particular role
in this respect, since it is accumulated in the thyroid in the same way as non-
radioactive iodine. This accumulation in the thyroid is the distinctive property
which sets iodine apart from the great number of other radioactive elements.

How does radioactive jodine get into the body?

Like other substances in the human environment, iodine theoretically has
three ways of getting into the body:

firstly, through the skin;
secondly, with food and beverages; and
thirdly, with the air, through the respiratory system.

In our case, absorption through the skin is so minimal that it can be
disregarded. The intake with water or foodstuffs can be considerable if, for
example, grazing cows absorb radioactive iodine from a large pasture area and
then discharge it in their milk. It is, however, very easy to prevent this intake
in the case of a radiation accident: milk and fresh vegetables from areas where
corresponding amounts of radioactive iodine may have precipitated are withheld
from immediate consumption until, after a few weeks, they are practically free
of radioactivity as a result of normal radioactive decay. The observance of any
Wwarning issued by the Emergency Control Management against the consumption
of certain foodstuffs from certain areas is quite sufficient to keep such intake of
radioactive iodine under control.
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It is more difficult when radioactive iodine is in the air that is breathed.
Here it is difficult to prevent absorption by the body completely. However, it
is possible to do something to reduce the effect of the radioactive iodine in the
body by eliminating it as quickly as possible. This is best done by taking iodine
tablets.

How do iodine tablets work?

TIodine absorbed by inhalation or with food is accumulated by the thyroid
until it is “saturated”. If more iodine is absorbed than the body can hold, the
excess iodine is eliminated from the body. Therefore the “saturated” thyroid
absorbs iodine only in small amounts, further it is largely “blocked” against the
absorption of radioactive iodine. Such a blockage is achieved by means of
iodine tablets.

Why are iodine tablets taken as a preventive measure?

It must be emphasized that the taking of iodine protects exclusively against
the effects of radioactive iodine, and not against the effects of other radioactive
materials.

The earlier this protective action is taken, the more effective it is. The
tablets are most effective of all when taken shortly before or practically at the
same time as the inhalation of radioactive iodine. However, a certain protection
is still achieved if they are taken within a few hours after inhaling radioactive
iodine.

Where and when are iodine tablets obtainable if needed?

The Federal States have adequate supplies of iodine tablets in stock which,
if there is a suspected need, can be distributed immediately to those members
of the public who may be affected. In this case, “suspected need” means that
an accident may develop in such a way that the application of iodine tablets may
become desirable. The tablets would then be distributed already. However,
distribution is merely a precautionary measure and does not mean that the tablets
should be taken immediately. Should it in fact become necessary to take them,
the members of the public affected would be requested to do so, by means of
announcements over the radio or public address systems, for example.
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Since only the authorities have the necessary overall view of the situation
which may require the application of iodine tablets, the tablets should in no
circumstances be taken on one's own initiative or because of apprehension. It
could then happen that no further tablets are available when they are really
needed.

It is also absolutely unnecessary and even absurd to buy iodine tablets — that
are available at pharmacies for other purposes — on one's own initiative. They
may deteriorate if improperly stored. Indiscriminate and uncontrolled application
also increases the possibility of undesirable side effects.

How should iodine tablets be taken, and how many?

A reference sheet will be distributed with the tablets themselves containing
exact indications of how they are to be taken. The indicated dosage is the
optimum amount required for the desired purpose of a largely “blocking” the
thyroid. A higher dose does not increase effectiveness and a lower dose in no
way prevents the possible side effects that may occur in certain rare cases.

What side effects may iodine tablets have?

Like all medicines, iodine tablets may also produce side effects in those
persons whose metabolisms exhibit special peculiarities. Although rare, there
are persons who are hypersensitive to iodine (however, most of those who are
classified as “hypersensitive to iodine” at the time of and X-ray examination are
in fact not hypersensitive to iodine but to the X-ray contrast medium). In the
case of genuine iodine hypersensitivity, the person's life may even be endangered
if iodine is taken. Persons who believe to be hypersensitive to iodine should
consult their physician. He can recommend alternative preventive measures, if
necessary.

There are also persons who react to an increased supply of iodine with
increased hormone activity of the thyroid. However, the symptoms of
hyperactivity of the thyroid (hyperthyreosis) do not appear while iodine is being
taken but occur days or even weeks after the intake of iodine. This may also
occur if the hyperthyroidism has not been known. Therefore, persons suffering
from a known hyperthyroidism and persons observing signs of hyperthyroidism
such as palpitation, loss of weight or diarrhoea one week to three months after
the intake of the tablets, should see their physician. If necessary, the physician
can initiate medical attention.
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Jodine tablets during pregnancy?

Pregnancy does not stand in the way of a short-term intake 0(1; iﬁdlzi bt(l;:;
does not continue for weeks. On the contrary, both tl:le mo;her apmfl ri o
iodi Nor does the opti
i 1d be protected by the iodine tablets. ‘
f:llllalrclig:cl))l;causepof pregnancy. No particular side effects are to be feared for

either the mother or the unborn child. After the birth, however, the mother

i ici fact that she took iodine tablets during
should inform the physician of the fa L she ook o artant for the

pregnancy, since this knowledge may 1n c¢
physician's conclusions.

What do iodine tablets not protect against?

Iodine tablets do not protect against radiation from Eutsidebtheb:giyy r:}c]);
e .
i i i i ther than iodine that have been abso
against radioactive materials 0 ‘
b%)dy Other protective measures that are designed for these ca;es; ail:,:h 2(1;
rema.ining in a closed room, are not rendered superfluous‘by the taki gued
iodine. In your own interest, therefore, you should follovy the mstruc.:tlortl.s Lssa »
by the. authorities, since only they are in a position to judge the situatio ,

consequently, to know what is to be done.
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IODINE INSTRUCTION SHEET C

Instruction Sheet for Physicians
Regarding the Application of Iodine Tablets in the Case of a Nuclear Accident

Preliminary Remarks

Iodine tablets (0.1 g potassium iodatum) are held in stock by the authorities
responsible for emergency preparedness that they can be distributed to the public
if needed. This brochure is intended to inform the physician about the
fundamental problems associated with the blockage of the thyroid with iodine,
and to provide him with the means to advise his patients properly and to treat
them if necessary. In this connection, attention is drawn to the advance
information given to the public by means of Iodine Instruction Sheet B.

Why block the thyroid?

Among the fission products that are generated during the operation of
nuclear reactors are the various radioactive isotopes of iodine. Because of the
biological peculiarity of iodine, i.e. its incorporation in the biological peculiarity
of iodine, i.e. its incorporation in the thyroid hormone, these are of special
importance. Since the temperatures in nuclear reactors are such that the iodine
is present in gaseous form, the possibility must be faced that, in the case of
accidents occurring under favourable circumstances, radioactive iodine may be
released into the air of the environment. Most of this radioactive iodine would
precipitate on to the ground and plants. From there it can be absorbed by
humans by way of foodstuffs, and in particular through milk.

However, in case of an accident, attention must above all be paid to the fact
that radioactive iodine can be inhaled and completely absorbed in the lungs.
After being absorbed, the radioactive iodine reacts in exactly the same way as

we have experienced in the case of stable iodine and the radioactive iodine used
to test thyroid activity,

It is dispersed in the extravascular area, then there is a temporary
concentration in the salivary glands and the mucous membrane of the stomach
and, in particular, long-lasting accumulation in the thyroid. The extent of
accumulation in the thyroid depends on the functional state of that organ and,
in the case of euthyroidism, especially on the iodine supply in the diet. The
lower the amount of iodine in the diet, the higher the percentage accumulated
in the thyroid. In the Federal Republic of Germany, the daily intake of iodine
from foodstuffs is generally under 70 pg and it is therefore probable that in the
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case of euthyroidism more than 50 % of the radioactive iodine absorbed would
be accumulated in the thyroid.

When is an iodine blockage advisable?

The blockage of the thyroid with iodine is only to be considered if the
release of a considerable quantity of radioactive iodine must in fact be feared as
a result of the particular emergency situation. It may be of interest to know that
there has been no known nuclear reactor accident in the whole world where
iodine blockage was necessary. This includes the Windscale incident in England
a few years ago and the TMI incident at Harrisburg, USA, in March 1979.

The release of radioactive iodine to the extent that an iodine blockage must
be considered advisable for the population living in the vicinity, does not happen
suddenly. It is one of the later stages in an unfortunate chain of circumstances
that takes at least 1 to 2 hours, if not days, to develop. There is consequently
a warning period, during which the authorities can give the necessary
instructions, based on the information available to them and their judgement of

the situation.

Please point out to your patients repeatedly that it would be useless and even
absurd to proceed with an iodine blockage on their own initiative, without being
requested to do so by the authorities. They would merely expose themselves to
the risk of side effects, even if these are minimal.

Is a blockage of the thyroid permissible in the case of pregnant women and
nursing mothers?

Foetuses take iodine into the thyroid no earlier than the 13th week of pregnancy.
From the 6th to the 9th month the accumulation of todine in the foetal thyroid
is considerable. It is therefore also necessary to block the thyroids of more
advanced foetuses and this is achieved by means of the iodine content in the
mother's blood, with no specific increase in the dose being necessary.

Occasionally, the sensitive foetal thyroid can develop a goitre with
hyperthyreosis. However, this can be cured post partum with thyroxine.
However, more pregnant types of goitre may develop which may require a

tracheotomy.

It should therefore be pointed out to women who are treated with iodine
during pregnancy that they should inform their obstetrician of this fact, so that
his attention is drawn to the thyroid of the new-born child.
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How is the thyroid blocked against radioactive iodine?

approximately 6 hours.

iOdii::nicse ,t:(e, a:cc?fmul‘atim} curve is very steep at the beginning, a blockage with
st eftective if the stable iodine is alre nt i
 effective if th ady present in the sys
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: ' g the first few hours after the j
radioactive iodine, whereas a i fion o inpecior
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the intake of stable iodine no longer has any appreciable effect ogn this

What should be the dose of potassium iodide?

;;gcgntra}tli.on of stable iodine in the blood plasma must be obtained initi
18 1 achieved with an initial dose of 200 i i

red with ¢ mg potassium iodide wi ich, i
general, no digestive Intolerance is to be feared. © b which, in
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dose, although not h
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exposure. P es no further reduction in the radiation
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The following doses are recommended

Adults, including pregnant women: Initial dose 2 tablets of 100 mg each, then
1 tablet approximately every 8 hours, up to a total of 10 tablets within 3 or 4

days.

Children (up to a weight of 40 kg): Initial dose 1 tablet, then 1/2 tablet
approximately every 8 hours, up to a total of 5 tablets.

Children under 6 years and infants (up to a weight of 20 kg): 1/2 tablet daily,
up to a total of 2 tablets.

As far as possible potassium iodide should not be taken on an empty stomach.

The period of application may be extended without hesitation, thus
increasing the total number of tablets taken, should the authorities consider this
necessary under the circumstances of the emergency and issue instructions

accordingly.
What health risks are involved in the blockage of the thyroid with iodine?

In very rare cases, signs of a hypersensitivity to iodine (iodine allergy), for
example iodic rhinorrhea or iodic rash, can be observed. However, the
possibility of an intolerance to iodine should not be overrated. The iodine effect
can be mitigated by sodium bicarbonate or neutralized by sodium thiosulphate.

In the case of an existing disease of the thyroid, even if its course has so far
been asymptomatic, a hyperthyroidism may be triggered within weeks or months
of the intake of iodine.

Newborn children and infants are especially susceptible to hyperthyroidism
if iodine is taken over protracted periods of time.

The induction of hyperthyreosis

A healthy thyroid has several regulatory mechanisms that enable it to tolerate
an over-supply of iodine without any harmful increase in the production of
thyroid hormones. The pathological mechanism by which an increased supply
of iodine leads to a clinically manifest hyperthyreosis is not yet fully clear.
Nevertheless, it is known that this transition to hyper thyreosis occurs mainly in
areas where goitres are endemic.
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This possibility has to be anticipated in the Federal Republic of Germany

A hyperthyroidism may develop on one of the following bases:
1. Diffuse autoimmuno processes (type M. Basedow)

2. Nodular autonomous adenomas

3. Multiple autonomous microadenomas (so-called diffuse autonomy)

All three diseases of the thyroi i
: ise yroid may also exist as | i
showing any clinical signs of hyperthyroidism. ;ent diseases ot

Contra-indications for the blockage of the thyroid with iodine

dpnfsmnded 'contra-indications occasionally mentioned in publications are
cardiac insufficiency and the various forms of tuberculosis. Pregnancy and the

lﬁctatlon period, as well as hyperthyreosis and thyroiditis, are mentioned but
these do not represent true contra-indications.

iOdiI:ea l1lr1take o; }i](')dir}l]e should be waived if there is a known disposition to an
ergy. 1s should not be confused with

: IgY. ' an allergy to X-ray contr
media which in most cases, is not due to the iodine they contain ’ aSt

Patients suffering from the v iti
nts ¢ ery rare Dermatitis Herpetiformi i
not take iodine under any circumstances. P * Pulring must

trea::i:ﬁ:ltsb bc?cilng trl;aated against hyperthyroidism have to continue their
esides the intake of iodine All i i

be . patients suffering from
hyperthyroidism, whether or not undergoing treatment, have to be seﬁn by a

physician at short intervals followin inati
‘ : g the termination ivi
nse to the intake of iodine. vl fhe emergency giving

Possibilities of blocking the tyroid with other medication

E nfl:ce the aim of tl?e bl?Cka..ge' is to prevent the thyroid as far as possible
ccumulating radioactive iodine, the most suitable medication other than

iodine is perchlorate, which iti inhibi
. , competitively inhibits the intake of iodi
Potassium perchlorate Baer or Irenat®). odine (e
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The following dosage is recommended:

Potassium perchlorate (Baer) - initially, 3 tablets of 200 mg C:lch, f'ol.ltc?vi'led
b0 1 tablet every 5 hours, or Sodium perchlorate (Irenat®™) - initially,
35 drops (450 mg), followed by 15 drops (200 mg) every 5 hours.

The duration of administration corresponds to that of iodine tablets.
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EMERGENCY PLANNING IN ITALY
by

S. Frullani and A. Rogani
Istituto Superiore di Sanita

A. Susanna, S. Piermattei and M. Roberti
Agenzaia Nazionale per la Protezione dell'Ambiente

1. Introduction

The emergency situations which could arise are strictly connected with the
possible accident types and strongly depend on the facilities existing in the
country. After the Chernobyl accident, the Italian Government, following a
referendum for a nuclear moratorium, stopped the nuclear power production
programme. Four nuclear power plants have been built in Italy (see Figure 1),
two of them are now in shut down conditions; the nuclear fuel has been partially
removed from the reactor core in the Trino plant, while in the Caorso plant, the
fuel is still present in the core. The remaining two reactors are in the
decommissioning phase. Other than the above mentioned plants, in Italy there
exist nuclear research reactors, fuel and waste storage facilities (Figure 2), that
could give rise to a radiological emergency situation.

The utilities, around 3 500, using radioactive substances and radiation
sources employed for different purposes, i.e.medical, research, industrial, etc.,
as well as the transport of radioActive materials, may give rise to incidents
which are handled case by case according to general provisions set up at local
levels. National Authorities could give their advice, if the case.

2. Pre-Chemoby] Situation

In Italy the protection of workers and general public against the risks of
ionising radiation is regulated by the Presidential Decree n.185, february 1964.
In this decree the actions to be taken following an accident in a nuclear
installation are set out.
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Figure 1. Nuclear Power Plants

Figure 2. Nuclear Research Reactors
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The procedure established in the regulations is the following:

« The utility has the responsibility to make an analysis of the possible

accidents. . o
« The regulatory control body reviews the analysis, which is then approved

by a technical committee.

« The Ministry of the Interior receives the final analysis suppqrted by a
technical annex containing the main provisions to be followed in case of

emergency.

« A Committee of Experts appointed by the Prefecture where the plant is
located is charged to set up the emergency plan. Members of the Expert
Committee are local and national Authorities, the Control Authority and

the Director of the installation.

The final approval of the emergency plan is gi.ven by. t'he.Ministryd(')f Fhe
Interior. The main objective of an emergency plan is to minimize the radiation
population exposure, well below the threshold for harmful health effects.

2.1 Definition of Accident Situation and Provisions to be Taken

The utility shall perform the evaluation of the Design Basis Accidents, under
pessimistic assumptions. Typical DBA are:

Steam Line Break Accident (SLBA) outside the containment;

Control rod accident; . .
Spent fuel handling accident; Loss of Coolant Accident (LOCA) inside the

containment.

These types of accidents may give rise to radiological releases of the order
of 37 TBq "' and associated radionuclides and about 37 PBq noble gases.

These releases shall be considered as an upper limit.

The law foresees two situations: prealarm and alarm.

Prealarm, when the radiation level at the plant fepce is 10 times higher th?:h?c]ﬁ
alarm threshold set for the radiation area momto‘rs or LOCA cg;;:urs,r i
requires the intervention of the emergency cooling system. ' 'ef ?m .
situation is notified to local Authorities and plant personnel is info

acoustic means.
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Alarm, when the radiation level at the plant fence is higher than 10 microSv/h,
or SLBA, LOCA with malfunction of ECCS or of emergency ventilation, etc,
occur. The alarm situation is notified to plant personnel and to population living
within 2-3 km from the plant by means of acoustic devices. The information is
also passed to local authorities. The Prefect is charged of the declaration of the
emergency situation and is the Authority responsible for whatsoever action to be
taken. After the declaration of emergency the Prefect and the Committee of
Experts provide the implementation of the emergency plan. Population living
further away 2 km from the plant is alerted by means of vehicles using
loudspeaker, or by telephone, or couriers.

2.2 Emergency Action Zones
The area surrounding the plant is divided in two concentric zones:

1) a zone of 2-3 km radius around the plant in which the countermeasures to
be taken are: the sheltering of the population during the cloud passage, iodine
tablets administration and, if the case, evacuation.

2) a zone of 10 Km radius (including the zone mentioned in 1) around the plant.
This zone is divided in 45° sectors, which allow to identify, according to the
meteorological situation, where actions shall be implemented. Sheltering,
administration of iodine tablets, and evacuation are the possible
countermeasurements. The decision to apply protective measures is taken after
a case by case evaluation. The reference criteria are set up in Circular n.70 of
the Ministry of Interiors dated August 1973. The basic criterion for the
protection of the public is to avoid a whole body exposure of 25 rem (0.25 Sv)
for adult and 15 rem (0.15 Sv) for pregnant women and children. It has to be
underlined that evaluations of risks and benefits connected with the adoption of
countermeasures is always needed. Other provisions concerning the radiation
protection of the population can also be taken such as banning of milk and other
foodstuffs, fishing, swimming, etc. radio and television both national and local
are used by the Prefect to disseminate information.

2.3 Responsibilities and Duties of Various Bodies in Case of Emergency

Director of the plant is in charge to: inform the Prefect about pre alarm and
alarm conditions; alert the population in the immediate vicinity of the plant by
acoustic means; implement the internal emergency plan; provide teams to carry
out environmental radioactivity measurements.
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Prefect, as outlined above, has the full responsibility of the emergency, in
particular is responsible to implement the emergency plan, to convene the Expert
Committee, to inform the population about any action to be taken.

Fire Brigade, other than its ordinary duties, is responsible to provide teams
to carry out environmental radioactivity measurements, to collect meteorological
and radiological data until the Committee of Experts has been set up.

Army and Police, are responsible for traffic control, forbid the transit where
necessary, to provide the transport means in case of evacuation, to take all the
measures to maintain order.

Air Force is responsible for provide meteorological data and weather
forecast.

Health Service is in charge for radioactivity measurements, to set up and
operate the decontamination centre, to supervise iodine prophylaxes, to collect
contaminated materials, to supervise the consumption of food.

Veterinary Office is charged for livestock, to maintain them in stables and
give uncontaminated pasture, to collect them in ad hoc stable in case of
evacuation of the population.

National Institutions can supply mobile units for area monitoring and experts
teams, other than to give expert advice.

Emergency exercises are carried out annually in each plant according to the
requirements of the existing regulations. They allow to verify the provisions set
up by the utility, their adequacy to the emergency situations.

2.4 Remarks

It has to be underlined that the approach described above to face emergency
situations, relies on the assumptions that accidents are characterised by
degradation of the plant and of the safety systems. However a complete
malfunctioning of the safety and containment systems is not foreseen and the
consequences are, therefore, limited in space and could affect the environment
and human beings only on local scale.
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3. Post-Chemobyl Planning

After the Chernobyl accident, the need was expressed to include in the safety

analysis disrupting evepts with a low probability, but whose consequences were
such as to demand nation-wide interventions.

3.1 Reference scenario for nationwide emergency interventions

The .Italian National Emergency Plan considers “severe” accident
charaf:terlsed by the complete fusion of the fuel and degradation of ths,
contafnment system. However it is assumed that the immediate loss of the
containment system could be avoided, with large margin of .
(95 per cent), by human interventions. : e

In case of 1000 MWe light-water reactors, releases for this category of

accidents are equal to 10 of the inventory of fissi i
omesponding 0 3000 154, ry 1sston products in the core,

Table 1 shows the characteristics of the severe accidents taken into account

Table 1: Characteristics of the accident scenario
outlined for national emergency planning

* Fuel fu.sion and degradation of the containment system
* Remedial actions by the personnel

* Release outside the plant: 3 hours after th _—
. . e beginnin i
* Duration of release: 3 hours ginning of the accident

* Caesium and iodine released: ~107 of the related inventory

! 1It should be stressed .that considering severe accidents implies a reduced time
cale and a clear and timely recognition of the accident situation. The plant

conditions, requiring the implementation of th i
! ns, e National Emergency Pl
be identified on the basis of the plant parameters. sency Fiam, should

3.2 Protective Measures

The dose reference levels adopted to implement protective measures are those

recommended by several International Bodies i
C in th
accident and reported in Table 2. " corly phase after the
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Table 2. Doses for early phase protective measures

Protective measures Dose (mSv or mGy)

i ingle

bod Lung, thyroid and any sing
Whole body organ preferentially irradiated

Sheltering 5-50 5(;-222

50-
Administration of
stable iodine —
Evacuation 50-500 500-5

On the basis of the above-mentioned accident sc;enatrigsatcll;l v?; et(ljle;ut:jsjc;fq;:g:
i lear power plant I
releases, the area surrounding a nuc ’ : .
zones, to implement the Emergency Plan actions (Figure 3)

Figure 3. Accident Response Zones (not to scale)

—
Direction of the plume
\ ZONE
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Table 3 shows the dimensions of the zones affected by the accident and the
protective measures foreseen by the National Emergency Plan.

Table 3. Zones and actions for severe accidents

Zone Distance (km) Angular width Actions

sheltering
iodine administration
evacuation

I 3 360°

sheltering
iodine administration
evacuation

Ii+ 10 70°

III 20 45° sheltering
iodine administration

* Sheltering should also be implemented in the other sectors of Zone IL In Zones I, I and III the
consumption of probably-contaminated foodstuffs should be banned as matter of caution.

The target of the plan is to carry out evacuation before the arrival of the
radioactive cloud, that is within 3 hours from the declaration of national
emergency state, without waiting for the results of the radiometric
measurements. In case difficulties should arise for the actual implementation of
the evacuation, population has to remain on sheltering. Evacuation will be then
performed after the cloud transit. The protective measures, foreseen by the
Emergency Plan, aim at keeping the dose equivalent values below the lower
limits of the dose intervals, shown in Table 2.

This strategy allows to:

1) have a proper safety margin with respect to the uncertainties about the
release and the dose estimations;

2) foresee the event of more severe accidents, without any remedial action by

the personnel. In this case, the adopted countermeasures should be suitable
to prevent deterministic effects.

225



3.3 Organization Structure

The units which, according to Emergency Plan, have to cope with severe
accidents are outlined below:

Decision-making bodies: (Premier of the Ministers' Council, Operational
Committee of the Civil Protection Ministry);

Technical unit: whose task is to evaluate both the post-accident situation and
its evolution on the basis of radiometric data from selected laboratories existing
on the territory. These laboratories carry out intercomparison exercises at regular
intervals. The related health impact is also assessed, in order to allow the
adoption of protective measures by the decision-making bodies. The unit is
formed by radioprotection experts from the main Italian Research Institutes;

Operational unit: (Police, Fire Brigade, Italian Red Cross, etc), which has to
implement the protective measures adopted by the decision-making bodies;

Support unit: (Services of the Civil Protection), which has to assure the proper
functioning of the decision-making bodies and to get in touch with the press .

3.4 Implementation of the National Emergency Plan

In case of severe accident, the Director of the utility informs the Prefect and
the local Fire Brigade. The Prefect informs the Support unit and starts
immediately the implementation of the protective measures foreseen in the Plan,
till Premier assumes the coordination task. The Support unit informs the
decision-making bodies and the Technical unit.

4. Conclusions

In 1987, when the Italian National Emergency Plan was set up, the Italian
Government decided the nuclear moratorium. The plan has therefore never
implemented as far nuclear power plants are concerned (in this case local
emergency plans as described are still in force). As the National Emergency
plan takes into consideration other types of nuclear emergency such as nuclear
fallout over the Italian territory, (due to accidents involving foreign nuclear
plants, nuclear fuel-propelled ships, fall of nuclear powdered satellites etc), it
should become effective if the need arises. The Technical unit (see par.3.3) was
assembled and was put in operation in 1989 in occasion of the fall of Cosmos
1900 satellite. It took also part in the first international emergency exercise
INEX 1, organised by OECD/NEA.
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EMERGENCY PREPAREDNESS IN JAPAN
by

Hiroshi KATAGIRI
Japan Atomic Energy Research Institute

1. Regulatory System for the Nuclear Reactor

Nuclear and radiation related facilities in Japan are operated under the
license of relevant regulatory systems to ensure a high degree of safety.
Figure 1 shows an example of the licensing procedure of nuclear reactors in
Japan. This consists of two stages of strict safety examination (check) processes
of the basic design and concept (called “double check system”). The first stage
is carried out by the competent administrative organization, either MITI
(Ministry of International Trade and Industry) or STA (Science and Technology
Agency), and the second stage by the Japan Nuclear Safety Commission
(hereinafter called “NSC”) and public hearings. Permission for installation of
nuclear reactors is issued by the competent administrative organization.

Licensees permitted the installation of nuclear reactors shall get permission
for the construction and must undergo the inspection of reactor and incidental
facilities at every stage of construction by the competent organization. When
the licensee begins to operate the reactor after the completion of the reactor
facility, he must request inspection before use, by the competent organization,
and also establish the safety prescriptions defining precisely the routine
inspection of the System, radiation monitoring, waste management and disposal
etc. The chief reactor engineers licensed by the government must also be
assigned to operate the reactor.  After the commencement of the reactor
Operation, the licensee bears a legal obligation to recejve governmental
periodical/temporal inspections and to submit periodical reports on the radiation
Exposure of workers and the status of storage of radioactive wastes etc,
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2. Needs for Emergency Preparedness Arrangements

Nuclear reactors are designed, constructed and operated on the concepts of
defense-in-depth with strict safety examinations and various kinds of inspections
for quality assurance, it appears that no serious release of radioactive materials
into the environment will occur. Nevertheless, in spite of all precautions that are
taken, the rerpote possibility of failure or accident conditions leading to a nuclear
emergency situation cannot be eliminated. These nuclear emergency situations
(hereinafter called “accidents”) differ from other emergencies in that they lead
or are likely to lead, to unacceptable releases of radioactivity or to unacceptablej
| exposures. The operating organization (licensee) therefore needs to make

preparations, in conjunction with national, regional and local government and
other organization, to cope with these situations.

Consent by the
Prefectural
Govenment
Commitiee

nical Matters

: Committee on Examination

Local PeoplesJ
Oplinlon
of Reactor Safety
Local Government

Examination by CEHSJ

%sont by the Prime Minister J

onTe

ACTM : Advisol

[ACTM ]

CERS

Japanese Government (NSC,MITI,STA etc.)

3. Emergency Preparedness Armangements in Japan

Advice
— JInquiry

l

| First Public Hoarlnng.ocal People's Opinion l
nual Inspection |

Y
Nuclear Safety

3.1 The Disaster Countermeasures Basic Act and Nuclear Disaster

Commission

In Japan, nuclear disaster is defined as a “large quantity of radioactive
release” in “The Disaster Countermeasures Basic Act” which was established in
1961 to consolidate an effective and coherent system for the protection of
population from a disaster by making clear assignment of the responsibilities to
the national and local governments and public organizations. The Act also aims
to establish the comprehensive and systematic administration for the prevention
of disasters by defining the basic rules for making disaster prevention plans,
prevention of disasters, emergency countermeasures, remedial/recovery actions
for the disasters and financial supports. The Act covers all kind of disasters
such as typhoon, heavy rain and snow, flood, high tide, earthquake, seismic
wave (tsunami), volcanic eruption, and large-scale fire and explosion.
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Figure 1. Nuclear Power Station Licensing Procedure
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1. Responsibilities of National Government

To adopt ‘the prudent policy for the prevention of disaster by making
the basic plan” for the prevention of disasters, emergency

countermeasures and recovery actions and to enforce the basic plan
under regulation.
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According to the basic plan, relevant organizations for disaster
prevention are nominated as “designated administrative organization
(STA, MITI)” and “designated public organizations (electric power
company, Japan Atomic Energy Research Institute (JAERID), Power
Reactor and Nuclear Fuel Development Corporation (PNC) etc.)” which
must enact “Disaster Prevention Operational Plan”, while local
governments also enact “Local Disaster Prevention Plans”. Local
governments have a primary responsibility for off-site emergency
countermeasures.

ii. To promote the operations of local governments and designated public
organizations for the prevention of disaster and to make overall
coordination between them.

iii. To share rationally the expenditure needed to cope with the disasters.

iv. Relevant national organizations for disaster, such as designated
administrative organizations and designated local administrative
organizations, should cooperate with each other in order to satisfactorily
achieve the obligations assigned to them. They should also take proper
measures with local governments (prefectures, cities, towns and villages)
for making and implementing the local disaster prevention plan smoothly
by appropriate recommendations, guidance and advice.

Responsibilities of local govemment (prefecture)
i. To protect the life, body and property of the people in the district, local
governments have the responsibility to enact local disaster prevention

plans in cooperation with other relevant organizations.

ii. Assistand coordinate prevention services sponsored by the municipalities
and local offices of the national government.

Responsibilities of local government/(municipality)

i. To enact and implement disaster prevention operational plans with the
cooperation of relevant organizations and local government.

ii. To strengthen the disaster related organizations in the district by
education and training, and to systematize substantially public

organization.
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4. Responsibilities of designated public organizations

i. To enact and implement disaster

act revention i
orvanaati, p operational plans for each

1. To cooperate with national government and local governments
(prefectures and municipalities) on disaster prevention plans

5. Responsibilities of the public organizations
1. Public organizations and the managers belong to the responsible facilities

1
u::CIcllg [C []E l[:zll :lszS[ IFrE ention p]zus

ii. Every r'e31denF m the district should also cooperate with the disaster
prevention activities according to the instruction of local government

3.3 Nuclear Emergency Action Plans

. llg’gt;r tt}l:e nuclear accident at Three Miles Island Nuclear Power Plant (TMI)
» the emergency preparedness arrangements in Ja i
ared pan were r
strengthen and fill up considering the special aspects of the e;‘:rj;ict;

countermeasures of nuclear power stati i
ations
TMI accident. reflecting the lessons learned from the

3.3.1 Action plan for nuclear disaster prevention by national govermnment

In July 197?, “The Central Disaster Prevention Council”
measqrei for (!1saster prevention at nuclear facilitie
agencies” (hereinafter called “Urgent measures”

nuclear emergency response system in Japan.
following:

issued “Urgent
es by the governmental
). Figure 2 shows the off-site
“Urgent measures” specifies the

i

A}n etmerggncy communication network system connecting nuclear power
sv e;ln S, natlon.al and local governments is fully equipped and maintained
en an accident has the possibility of off site influence, headquarters.

for disaster control consisti
sisting of governmental agenci i
aster es
called “national headquarters”) is set up. * (hereinafter
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ii. Inthe event of an accident occurring at nuclear facilities and should such
an accident affect the off-site areas, the Emergency Technical Advisory
Body is convened for giving directions, guidance and advice to the
national headquarters who assist the local em
headquarters (hereinafter called
which actions to take.

ergency response
“local headquarters™) in deciding upon

% Pubilic

iii. Anorganization consisting of technical specialists in the fields of nuclear
reactors, radiation protection etc. is composed and maintained by the

government to dispatch these experts to the local headquarters in case of
emergency situations.

patched
speclalist group
u|
paptched
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Traffic control
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Local government

Dis

Emergency Monitorin

Emergency Medical
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.

iv.

The operational system for dispatching the emergency radiation

monitoring staff and for supplying instruments to the local headquarters
is called and maintained to provide for the emerg
monitoring.

-

falists

ency radiation

ters
protection,
eclalists

The emergency dispatch system of medical staff is called and maintained
to strengthen emergency medical countermeasures at local headquarters.
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3.3.2. Action plan for nuclear disaster prevention by local government

Advisory Body

Dose

In June 1980, the NSC established from a technical viewpoint the guideline
entitled “Off-site Emergency Planning and Preparedness for Nuclear Power
Plants” (hereinafter called “Guideline for off-site emergency”). The guideline
intended to make possible the implementation of harmonious and effective
emergency countermeasures by local governments, taking into account the
special aspects of nuclear disaster. The outline of the Guideline is as follows:

System for

Science and
Technology Agency
Ministry of
IntematI:)ynal Trade
and Industry
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Enegy Agency)
Ministry of Healith
and Welfare
National Land
Agency etc.
fon of
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Figure 2. Off-site Nuclear Emergency Response System

1. General

Agvlsory Body
SPEEDI 8yssm or ¢
COSTA ¢©

It is mostly possible to cope with the nuclear disaster by conventional
emergency plans for natural and industrial disasters by adding the appropriate
technical advice on the radiation (radioactivity) and their impact on the human

body and on the nuclear reactor by the specialist on radiation protection and
nuclear engineering.

Nuciear Safety Commlssltil

Emergency Technical

Disaster Control

(National
Government)

Headquaters for

From the physical and chemical natures of radioactive materials in nuclear
reactors and the safety systems of the nuclear power plants, and from a view
point of disaster prevention of nuclear reactors, the most important radio-
nuclides are noble gases (Kr, Xe etc.) and volatile nuclides (I etc.). Therefore
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it is important to constitute the emergency preparednessbarranzex;;z::tsiolr)])s'
focusing on these nuclides. It is also 1mportant.to know theg nonfn | situations
precisely by accurate information for the 1mplementathn c; pp:ati;:) e
countermeasures. The following items are important for the implemen
harmonious and effective emergency countermeasures:

i. Popularization and enlightenment of the knowled'g‘e.on nuclear disaster
. prevention among the inhabitants around the facilities

It is necessary to enlighten the general public' on nuclear .dlsaste;
prevention so that they behave orderly and without confusion an
agitation in accordance with the instructions by the local headquarters.

a.

b.
c.
d

characteristic of radiations and radioactive materials;
general descriptions of nuclear power station;

specialty of nuclear disaster;. o .
matters to be taken into consideration in case of nuclear disaster.

ii. Education and exercise for the personnel assigned for the disaster
prevention in local government:

Education: ) ' ,
a. basic knowledge on the atomic energy .
b. knowledge of the system and organization of nuclear disaster
prevention ;
c. knowledge of the facilities of nuclear power generation
d. knowledge of radiation protection o .
e. measuring methods for radiation and radioactive materials and

knowledge of the equipment (including radiation measuring
instrument) used for countermeasures

Table 1.

Training courses on nuclear disaster prevention

by Nuclear Engineering School of JAERI

Training Categories

Courses

Capability for application Term Quarum
(frequencies/y
ear)
Elementary Courses Elementary Staff of local government 2 days (14) 50
(i) Elementary course on nuclear | responsible for safety of
knowledge on disaster residents
nuclear disaster prevention
prevention
(ii) General Course on Staff of local government 5 days (2) 32
knowledge on nuclear disaster responsible for disaster
nuclear disaster preventive prevention measures
prevention measures
Specialized Course Specified course Staff for EEM (members 2 days (4) 30
of fields monitoring team)
Emergency
environmental General course Staff for EEM (members 5 days (2) 30
monitoring (EEM) of Information acquisition
and dose estimation team)
Training for the Course for the Manager and supervisor 2 days (4) 30
manager and manager of local government
supervisor responsible for responsible for the
the disaster disaster preventive
prevention measures
Occupational Fire defence Staff responsible for fire 2 days (4) 30
training defence
Police Staff responsible for the 2 days (1) 30
public safety as a police
Exercise

a. exercise of emergency communication

b.
c.
d

b. communication

iii. Preparation of instrument, equipment and installation

a. emergency communication network for residents

system among related organizations
congestion of telephone lines and to cover the lack of co
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exercise of emergency environmental monitoring
combination of a), b) and information notification to residents
overall exercise including the national organizations

to prevent
mmunication



lines in case of emergency; communication network to transmit the
projected information calculated by the SPEEDI' network system

c. equipment needed for the emergency staff
instrument and installation for the emergency environmental monitoring

e. installation for the emergency medical treatment

e

iv. Preparation of data needed for disaster prevention

a. data on organization and system of nuclear facilities, local government

and public agencies etc.
b. social data around the site
c. dataneeded for the projection of radiological impact to facilitate SPPEDI

system.

2. EPZ (Emergency Planning Zones)

To effectively enforce the protective measures in order to reduce the
exposure of the residents in the limited time of the emergency situation, it is
important to that the EPZ be established beforehand, so that specific measures
for the nuclear disaster can be fully provided for, i.e. emergency environmental
radiation monitoring, places and routes of evacuation, evacuation and
communication systems, etc. EPZ is defined by comprehensively taking into
account the specific features and the effectiveness of disaster prevention
measures such as technical aspects of the facilities, the distribution of
population, administrative division and topography, etc. Considering these
requirements, EPZ for the nuclear power plants in Japan is proposed to be about
8~10 km in radius from the plant.

As the concentrations of radioactive materials released sharply decrease with
distance, due to atmospheric dispersion, the countermeasures beyond the EPZ are
not necessarily effective. Exposures caused by the ingestion of contaminated
foods and water might develop wider area via commercial distribution system,
but there may be sufficient time to restrict (control) the ingestion of

! System for Prediction of Environmental Emergency Dose Information (SPEEDI). SPEEDI was developed
as a system which provides emergency headquarters with information on predicted concentration of
radioactive materials, radiation dose etc. in case an emergency situation is imminent or occur. In normal
situations, SPEEDI acquires the meteorological and radiation monitoring data around NPP sites from the
monitoring centers of local government together with nationwide meteorological data (AMeDAS) from
the Japan Weather Association and forecasts wind direction and velocity. During an emergency,
predicted weather data are combined together with the geographic data and the source term information.
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contaminated food and water com i
i pared with the exposure from the radioactive

3. Emergency environmental monitoring

When. large quantities of radioactive materials are released (or i
relegsed) 1pto the environment due to the serious situation of nuclea e
spec¥al qnwronmental monitoring (hereinafter defined “Emergenc envir S
monitoring or EEM”) is implemented to get the information on {' -radir:trilgrllegrtliil

radionuclides in the environme i
. nt (Figure 3). The objecti
environmental monitoring are as follows: Joctives of emergency

i (I;“,vtalua.te'the exposure.to the residents and furnish the data needed for
Yer :;ml.mng thi p(;otectlve measures for them using the information on the
-ray air absorbed dose and the concentrati i i
. ion of radionuclides in the aj
: ir
:;)tf;]ed by emerger}cy environmental monitoring and other information such
€ase, meteorology and dose estimation. Rapj
rel ‘ / . Rapid measurement -
radiation and radionuclides are required for this purpose ser

ii. Evaluate and decide the radiological impacts on the public and environment

4. Guidelines for the implementation of disaster countermeasures

i. Protective measures

sheltering in house

sheltering in concrete building

evacuation

restriction of the intake of food and water
dosage of stable iodine (tablets)

control of access and egress

protective measures for the staff engaged in disaster prevention

mrmopao op

1. Criteria for protective measures are shown in Tables 2 and 3
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Table 3. Guidance on the ingestion restriction of
contaminated food and water

Item I-131 Concentration
Drinking water 1 x 10* Bg/L
Vegetables 6 x 10° Bq/kg
Milk 2 x 10> Bq/L

5. Emergency medical treatment

An Emergency medical centre is organized undgr the loca} imerizgzz
response headquarter. The role of the emergency mfedlcal centre 1sh 0 pIrIthetic
medical treatment to the injured and exposed populations baseq ont ' :ahsy et
judgement and coherent view obtained.by the close co‘operatlon wt1 reeasures
medical agencies. Invalids considered in the nuclear disaster counterm

are classified in the following three groups.

i) The first group N . .
) Persons with general physical abnormalities and aggravgtlgn of diseases
caused by the confusion of emergency regardless of radiation exposures

and contaminations.

ii) The second group . '
: Persons with radiation exposure without any acute sickness and low level

internal and surface contamination with radioactive materials. The first
group might be included in this group.

iii) The third group o . '
)Persons with radiation exposure and contamination required special
clinical observation or medical treatment.
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CORRELATIONS BETWEEN MALIGNANT TUMOURS AND
LOW DOSES OF IONIZING RADIATIONS FROM
NATURAL BACKGROUND, GLOBAL FALLOUT

AND CHERNOBYL ACCIDENT IN RUSSIA

Ramzaev P.V., Kadin N.E., Kacevich A.IL, Kacevich N.A,,
Miretsky G.I., Parkhomenko V.L, Ramzaev V.P., Savinkina L.P.
Institute of Radiation Hygiene

1. Introduction

The latest (up to 1994) results obtained by Saint Petersburg Institute of
Radiation Hygiene on carcinogenic effects of low doses of ionizing radiations
represent two regions of Russia:

* the Arctic coast of Russia, from Chucotka to Kolski peninsula; and

* the most contaminated part of Russia resulting from the Chernobyl
accident (Bryansk oblast).

Effective radiation doses found in aborigines in Arctic (50 000 inhabitants)
in the lichen-reindeer-man food chain during 30 years (1961-1990) from *'Cs
were an average of 30 mSv with a fivefold difference between regions.
Effective dose from natural *°Pb - 2°Po was 1 mSv annually. In Bryansk
oblast' with a total population of 1.47 million, about 112 000 people were
exposed to higher radiation dose from Chernobyl accident in May-June 1986;
up to 10 Gy to thyroid from radioiodine and 50 mSv effective dose during 1986-

1993. Mean absorbed dose to thyroid was 54 mGy and collective absorbed dose
for the all oblast 79 120 person-Gy.

Arctic studies indicate that the mortality of aborigines from all malignant
tumours correlates with *'°Pb-**Po content in reindeer bones, corresponding with
radiation dose in population (correlation coefficient +0.68+0.22), with *'Cs in
reindeer (-0.79+0.16) with “’Cs in human body (-0.35+0.34), with annual

Bryansk Oblast is an Administrative district.
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precipitation rate (-0.68+0.22), vegetation periods (-0.63+0.26) and with
anthropogenic properties of population (-0.80+0.12).

In 1986-1993 in all Bryansk oblast 608 thyroid cancers have been registered,
and 16 from this number in 316 000 children (0-14 years old at the time of the
accident). Morbidity per 100 000 population increased from 1.5-2.4 to 5.0-10.5
cases. The correlation of this increase with radiation exposure is doubtful, since
the morbidity difference between populations of “clean” (*'Cs less than
0.037 TBq or 1 Ci/km?) and contaminated regions ("’Cs from 0.037 to 3.7 TBq
or 1-100 Ci/km?) during the last five years was not observed. Health statistics
data showed the peculiar increase 2-5 times of morbidity rate in contaminated
areas immediately after the accident in 1986-1987. It might be explained by a
tremendous improvement of diagnosis in contaminated areas during the first two
years. Children's morbidity rate (14 years and under at the time of the accident)
in Bryansk oblast was the following for 100 000 children:

1989 - 0.0 ||
1993 - 1.8 ||

" 1986 - 0.0 1987 - 0.3 1988 - 0.0

" 1990 - 0.9

1991 - 0.6 1992 - 1.2

These data are similar to the statistics for Ukraine and Belarus, with the
exception of the Gomel region, where they are five times higher. Increase of
cancer in children after 1990 was observed also in “clean” areas of Bryansk
oblast, however, in these areas the rate was 3.5 times lower than in the

contaminated ones.

To prove the connection of childhood cancer dynamics with radiation we
still need more detailed and time consuming studies.

A radical change in the recently dramatic re-evaluation of radiation risk (1),
which plays role of foundation for radiation protection, has poured oil on the
flame of scientific investigations of radiation cancer. Following the Chernobyl
accident discovery by Belarus scientists on unusual early and frequent children
thyroid cancers, that have been confirmed by the World Health Organization
(2,3), well known orthodox radiologists (4) became anxious. The problem of
radiation carcinogenesis has many blind alleys. And one of them is an absence
of the radiation specificity of carcinogenic effect, which can be induced,
promoted or weakened from influence of many factors in environment and of
genetic nature. Now it is quite clear there is essential variability of radiation
risk for the same dose and the same organism. A lot depends on the
combination of others factors including even consumption of different ordinary
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nation from original presiberian population (8, 9). The two tests reflect an
adaptation of nations to the environment.

Methods of research of radiation doses and pc.>pu1ation he(:llth in Bryansk
oblast were reported during an international scientific workshop in J anuary .199éi
(Japan, Chiba, Institute of Radiological sciences, (6)). Here we show additiona
data for 1993. The number of thyroid cancer cases among children aged fr.om
6 to 16 has increased by including persons aged from 15 to 22 years ;‘1t the time
of the study but who were children aged 14 years'and under at the time of the
accident. Earlier (6) they had not been included in the tables.

3. Results and Discussion (see Tables I-VI)

As one can see from Table I, doses from natural .rafiionuclides (*'°Pb apd
210pg) in reindeer bones had a positive correlation coeff1c1ent (+0.681-0.2.2) W{th
total cancer mortality at aborigines. But the correlatlpn of the mortality with
137Cs in reindeer and aborigines themselves was a negative one (-0.79i0..l6'and -
0.35+0.34; in the last case not essential). ‘ High enough and stat1§tlcally
significant such were negative correlation relatlo‘nshlps. of cancer mortality and
climatic conditions as annual levels of precipitatloqs, air tempe'rature and mean
vegetation period. The more severe climate of Timir, Yakutia andhCh;ccl;tki
probably promotes the induction and develgpmenF of cancer. But t e highes
correlations of cancer mortality were determined with the ethnoger'letlc features.
The more the percentage of people who do not excrete ABH-antigens the .less
the cancer mortality in the studies populations. Thg same results were obtained
in relationship with the mean quadrat of genetic distance.

These relationships between cancer mortality and climatic and genetic factors
appear more reliable than those with radiation.

The difficulty in demonstrating the importance of radiat'ion . in cance;
induction can see from the data on thyroid cancer among population in Bryans
oblast after Chernobyl accident.

The dynamics of thyroid cancer morbidity dudng 8 years after the 'acmden;
in connection with the levels of radioactive contamlr.la_u.on of' the regions aI:0
absorbed doses in thyroid from "'I do not give possibility with conviction
prove the sought for correlation (Tables II-III).

Sharp rise (2-5 times) of thyroid cancer morbidity‘ for all ages in
contaminated areas, as compared with the levels before accident and in clean
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zone (<0.037 Tbq *"Cs/km?), happened in 1986 and 1987. In the following
years these differences between regions became unstable and even in contrary
position. The above mentioned sharp rise hardly could be explained by
influence of radiation. As well known a minimum latent period for thyroid
cancer is 5 years. Exactly during “the rise” the Ministry of Health had sent
additional hundreds of physicians from Moscow, Leningrad and other centres for
more careful examinations of people only in contaminated regions (6). A total
between 1986-1993 of two times rise of thyroid cancer morbidity over all
Bransk oblast (314 cases observed before the accident, 608 cases observed after)
was not due to cancer in children (all in all 16 cases during 8 years), but was
due to cancers in older people. Taking into account that children (0-<14) consist
of 22% of Bryansk populations, it is easy to demonstrate that absolute morbidity
risk for adults for the 8 years was 5 times higher (24 per 100 000), than for
children (5 per 100 000) and thus to conclude that there exists higher
radiosensitivity of children to thyroid cancer is not correct. Child morbidity
drew special attention because it was sporadic and had not been revealed before
the 4 years after accident. The importance of rise of medical attention can not
be crossed out in this case too. Belarus scientists could not have provided
hystological diagnosis almost for 10% of operated children (3). This is clear
evidence of exaggerated diagnostics.

Child thyroid cancer morbidity in Russia (Bryansk oblast) per
100 000 children is almost the same as in Ukraine and Belarus (11, 12), but in
Gomel oblast (neighboring to Byransk oblast), the morbidity was 5 times higher.
Half of 16 cases (8 cases) at Bryansk children fall on the “clean” zone with
absorbed dose from "I for thyroid < 38 mGy (4 rad). The total number of
children living in others “contaminated” zones is 3,5 times less than in “clean”
one, the cancer morbidity here is accordingly higher. Of course it is early yet
to conclude about radiation cause here: not enough cases and high attention of
medical service could not be excluded. Considering mean data on morbidity in
1986-1993 (Table II bottom line) the increasing of “effect” with dose or
contamination levels (2 times at contamination 1, 10-3, 70 TBq *’Cs/km? and
thyroid mean dose 200 mGy) is changing even to the confidential decreasing at
0, 19-0, 52 TBq *’Cs/km? and dose 91 mGy.

According to reference (13), risk of morbidity from *' I is equal to 25 per
10* person-Grey. It means that for all Bryansk oblast (dose - 79, 120 Person-
Gy) 200 cases of additional thyroid cancers (morbidity) for the whole life (for
30 years) are expected. But in reality the rise of morbidity (Table III) during
8 years (of which 5 should be considered as minimum latent period) made up
294 cases, and for 30 years the effect will reach about 1100 cases, otherwise 5
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times more than accordance to ICRP-60 (1). We have not observed any latent
period at all.

During all 8 years there was very stable and quite confidential relation in
morbidity of females to males 5, 7: 1. At the same time for other countries it
accepted at 2: 1 (13). Relations of different hystological forms of cancers
stayed without changes in 1986-1993 (Table V). No dependence of these forms
on the levels of radiation (Table V1) has been determined. One can notice
definitely a decrease in the portion for cancers under the diagnosis “others and
without diagnosis” from 40% in 1986 to 13% in 1993. This is an evidence of
improvement in diagnostic quality.

4. Conclusion

Studying the influence of low doses of jonizing radiations on carcinogenesis
one should take into account, apart from well known factors (chemical
carcinogens, smoking, food stuffs) such other ordinary factors as climatic and
ethnogenetic. They can modify carcinogenic effects of radiation considerably.

Almost twofold increase of thyroid cancer morbidity among Bryansk
population in Russia (from 341 to 608 cases) during 8 years after Chernobyl
accident till now could not be connected directly with influence of radiation.
Sharp rise of morbidity (3-5 times) on higher contaminated regions happened
already in 1986-1987, when here medical diagnostic was improved and
mimimum latent period (5 years) for thyroid cancers did not expire. It was not
possible to prove surely the dose-effect relationship. At “middle” dose
(91 mGy) and level of contamination 0, 19-0, 52 TBq 137 Cs/km?, the morbidity
appeared for certain less than in “clean” area (0, 037 TBq 137 Cs/km?).

The highest and essential absolute augmentation of morbidity for 8 years
happened among adults (24 per 100 000) and not for expenses of children (5 per
100 000). The observed rise of children morbidity by 10 cases (of 16) in latest
years (1992-1993) was noticed for 7 cases at attained age 16-20 years. As the
irradiated children will be growing older a future rise of morbidity 5 times even
without influence of radiation can be predicted. Subsequent development of
diagnostic and its approach to revealing so called dormant or occult cancers
(8 per cent in accordance to (14)) can result in almost 1000 times rise of thyroid
cancer morbidity without taking into consideration severity of the illness and
influence of radiation.
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COUNTERMEASURES IN SWITZERLAND

Hans Brunner
Nationale Alarmzentrale (NAZ)
Martin Baggenstos
Swiss Nuclear Safety Inspectorate (HSK)

Introduction

The present concept of emergency planning and preparedness around Swiss
nuclear power plants is a part of a comprehensive concept of emergency
preparedness for all types of radiological hazards and has been described in the
information submitted for INEX 1 and in the references (1) and (2). Parts of the
concepts are tested every year in exercises. Developments, experiences and
trends since 1991, influenced by the installation of containment venting and
filter systems at all NPP and the distribution of iodine tablets, are described in
the following presentation.

Swiss NPP are located in relatively densely populated areas with several
hundred thousand inhabitants in the emergency planning zones (EPZ: zone 1
radius 3-5 km, zone 2 radius 20 km). The majority of the houses are built in
brick, stone or concrete and almost all have massive stone or concrete
basements, including civil defence shelters in those built after World War 2.
Thus staying indoors provides protection factors of 10 to over 100, and
therefore “vertical evacuation” (sheltering) within the buildings was chosen as
the main prophylactic countermeasure if a release is expected. Public buildings,
schools, hospitals, industrial and office buildings etc. have shelters for their
normal number of occupants during working hours. The population has also
been advised to have at any time food stores sufficient for several days in their
homes.
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The alarm concept (1) has several steps of action following the beginning of

an emergency in a NPP. As soon as the NPP has to activate its on-site
emergency organisation it has to alert the National Emergency Operations Centre
(NAZ) and the Nuclear Safety Inspectorate (HSK). Criteria have been fixed in
the NPP emergency procedures when they — in accordance with NAZ and
HSK — have to alert the emergency staffs of the cantons and the communities
in the EPZ (WARNING). If the radiological situation in the plant deteriorates,
the decision to issue a GENERAL ALARM is taken by NAZ after consultation
with HSK and the NPP. GENERAL ALARM is given by sirens followed by
a radio message prepared by NAZ. All communities in the country have civil
defence sirens, with a higher density in the EPZ. The population is instructed
to listen to radio messages if “General Alarm” is sounded by sirens. If a
release seems imminent, the population is advised by another GENERAL
ALARM + radio message to stay indoors and to move into basements or
shelters. The beginning of a release is announced by another siren signal
“RADIATION ALARM”. Cable television and broadcast are relatively
widespread in larger villages and in the cities, and FM radio emitters can be

boosted in order to allow reception even inside shelters.

An operational emergency management in the EPZ is a condition for
operating a NPP in Switzerland, and the NPP operators have to pay the costs for
special installations and preparations within the EPZ such as sirens, dedicated
communications, automatic monitoring network in the inner EPZ and iodine

tablets for the EPZ population.
Recent Developments which Influence Emergency Planning

At the end of 1993 all five NPP were equipped with installations for
containment venting through special filters. While this does not influence the
rare gas cloud, it reduces the release of iodine and volatile fission products such
as Caesium by a large factor and reduces the potentially contaminated area

around a NPP.

In 1993 the Nuclear Safety Inspectorate (HSK) started the operation of four
additional automatic monitoring networks, MADUK, with about 20 stations each
in the central EPZ of the four NPP sites. The new system allows also on-line
access to in-plant data. The MADUK monitoring data are compatible with the
country wide NADAM network and are also updated every 10 minutes, with
results available both to HSK and to NAZ. This network allows an earlier and
more detailed monitoring of the movement of an activity release and the extent

of the ground contamination.
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Figure 1. Alert Steps
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A station of the Swiss country-side monitoring network NADAM is now
operating on the site of the Institute for Atmospheric Physics (IAP) in
Freiburg/Breisgau, Germany, an trials of data exchange between NADAM and
the German IMIS system have started. If they are successful we shall attempt
to connect the Swiss and German monitoring networks.

The old aerosol monitoring network is being replaced by the new automatic
RADAIR network, operated by SUeR Fribourg (with data transfer to NAZ)
which uses the same kind of monitors as the German aerosol monitoring
network (7 alpha/beta monitors, 3 gamma-spectrometry monitors, iodine

monitors).

Swiss embassies in Eastern Europe have been equipped with portable dose-
rate monitors of the same type as used for the AWP (police posts) network; they
perform periodic dose-rate measurements at their sites in order to be able to

judge their situation in case of an accident.

The aeroradiometry equipment of the Emergency Organisation (EOR) is now
ready to be installed in the Army's new Super Puma helicopters and will allow
to follow a radioactive cloud thanks to the much higher peak-altitude and to the
all-weather capabilities of that helicopter. The same equipment will be used for
a first quick survey of the ground contamination after passage of the cloud.

Early in 1994 Switzerland applied formally for participation in the EU
notification system ECURIE.

Finally, during 1993, potassium iodide tablets have been procured for the
entire population and have been distributed to all inhabitants in the inner EPZ
(zones 1) and to local distribution centres in all communities of the outer EPZ
(zones 2). For the rest of the country (zone 3) there is a central storage on an
army helicopter base from where each canton could be supplied in less than
12 hours. Cantonal and local distribution is organised by cantons and
communities, mainly with help of civil defence and health services.

Emergency Planning Zones

In the present concept, the EPZ 1 have a radius of 3-5 km and are always
alarmed entirely. The zones 2 have a radius of 20 km. In the case of the
Muehleberg NPP (KKM) this zone includes the cities of Bern, Bienne and
Fribourg. Depending on wind direction and stability, one or more overlapping
120° sectors would be alarmed, but during the rather frequent situations with
low wind speeds the entire zone 2 would have to be alarmed which in the case
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Hospitals

Special planning for hospitals and similar institutions has been initiated by
the Nuclear Safety Inspectorate. A pilot project at a large cantonal hospital
evaluated the protective factors of the various rooms and floors and analysed the
composition of the patients and the organisation needed for the provision of
adequate protection of the patients and the staff. Hospitals have civil defence
underground facilities into which those patients can be moved which need only
normal care. A relatively large percentage of the patients are those whose
treatment is finished but who still stay at the hospital for observation before
being released, these can be released and go home in the period between
warning and alarm, provided the hospitals are included in the warning. The
remaining problems are those patients which cannot be moved because they need
special facilities for their treatment, mainly the intensive wards. These facilities
are usually located in the inner parts of the floors and have relatively high
protection factors. This allows to keep those patients and a minimal staff in
these facilities during a sheltering period. Based on this pilot experiences such
studies and planning have been made for the hospitals and similar institutions

in the EPZ.

Farmers

Studies of the protection possibilities on farms with regard to the protection
and care of animals have been done which resulted both in an evaluation method
for farms, now being applied by local civil defence teams in co-operation with
the farmers, and in a training program for farmers which is now being started
in co-operation with agricultural schools. More information on this will be
provided for the 1995 workshop on farming problems.

Experiences

We have no experience with sheltering during any radiological event. But
shelters have been used during other types of emergencies, for example
avalanches. Shelters of various types are routinely used during several days for
civil defence and army exercises, and some public shelters have been used over
long periods as housing for refugees or during shorter periods for housing
families evacuated during disasters such as floods or gas / gasoline explosions.
Swiss civil defence has also carried out special exercises with volunteer families
staying several days in public shelters. The hygienic conditions and the
problems arising under such conditions (high humidity, group behaviour
problems, need to occupy children with games etc.) are more severe than when
people have to shelter in their own residences, but the experiences showed that
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events. As such groups mostly have their own transportation means they can be
made to leave the EPZ in the period between General Alarm and a beginning of
a release or can be relocated to public buildings or shelters with better

jon. Similarly the public transport authorities are included in the warning

protect
e timely removal

and immediately start to plan the reorganisation of traffic and th
of their passengers from the EPZ.

For the period between General Alarm and begin of the release we expect
a certain percentage of the population to leave the EPZ on their own initiative
and despite the instructions given by the authorities. Local authorities and police
are advised not to prevent such actions, and public transports shall operate as
long as possible in order to allow people to rejoin their families or pupils to be

sent home from schools.

But as a general countermeasure evacuation or rather relocation remains a

post-release action which shall be implemented only when the

planned
ire such a step.

contamination situation is well known and severe enough to requ
Then this action should be carried out well prepared and at the optimal time.

There is limited evacuation experience from non-radiological disasters, most
recently severe floods in September 1993 in Brig and Locarno and from railway
accidents followed by gasoline explosions in Stein/AG and Zurich-Affoltern. In
all these events population groups had to be evacuated, very quickly in the
explosion cases, with more time for planning in the flood cases. This was
organised by police and fire brigades, later supported by army and civil defence
teams, and did not pose special problems except those later discussed under
information. Evacuated quarters were guarded by police or army against looting.

Information

Information will always be a major problem during any emergency.
Experiences from radiological events in other countries, from a recent plane
crash into a lake followed by rumours that it might have a radioactive cargo,
from satellite re-entries, earthquakes and from the already mentioned flood and
explosion disasters show that it is impossible to predict how the public and the
media will react. Anything from no reaction at all to near panic and media
overreaction without any proportion to the real event have been experienced.
All experiences have shown that it is important to inform the public from the
very beginning of an event, not to try to hide anything, to co-ordinate the
official information in order to avoid contradictions, to facilitate the tasks of the
media by frequent and well organised press conferences and written material.
Official information is broadcast by the Swiss Radio and TV Corporation, but
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types. The NPP are requested (4) to carry out an emergency exercise each year,
every eighth year involving elements of the off-site emergency organisations on
the local cantonal and national level. For EOR and NAZ this means that they
are involved in such an exercise every second year, but each time for another
NPP site. The director of such a major exercise usually is the president of the
consulting commission KOMAC. This year's exercise in November will involve
the Beznau NPP and the emergency organisations both on the Swiss and the
German sides, with information management as a primary exercise goal. The
information teams will be tested by a rather large team of media professionals
(who in a real emergency would be mobilised in the frame of their compulsory
military service in order to reinforce the federal information centre). As in the
previous exercise involving the Muehleberg NPP (DIANA), part of which some
of you experienced as observers in February 93, we find it useful to split-up the
exercise into several parts which are easier to manage and to evaluate than if
you test the entire organisation at the same time and need a huge staff for the
management and observation of the exercise. Thus we have separated the field
exercise for the environmental monitoring organisation (April and August) from
the command post exercise for the NPP and the local, regional and federal
emergency and information management staffs (November) and from a table top
exercise for the federal emergency management board (LAR) on the day
following the NPP command post exercise. The same scenario, a fuel handling
accident, is used for all three parts. Monitoring results from the monitoring field
exercise will be overlaid with calculated accident data and be used for the
command post exercise. While the monitoring and the NPP phases deal with the
first day of the accident, the federal board will have to consider the management

of the following days.
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UNITED KINGDOM APPROACH TO
COUNTERMEASURES FOLLOWING A NUCLEAR ACCIDENT

C. Potter
Health and Safety Executive

Abstract

In the UK, off-site nuclear emergency planning has been subject to continual
review and development since the commissioning of the first commercial
Magnox reactors in the early 1960's. Legislation requires each nuclear site to
be licensed and conditions attached to the licence ensure that operators have
adequate on and off-site emergency arrangements. Planning in detail is
restricted to emergency planning zones of up to 3.5 km radius but plans are
capable of extension in the unlikely event that a very severe accident was to
occur.  The short-term countermeasures of sheltering, stable iodine and
evacuation all feature in plans for UK commercial nuclear sites. Exercises test
on and off-site arrangements at regular intervals.

1. Introduction

This paper presents a brief summary of the UK approach to the use of short
term countermeasures following a nuclear accident. The paper begins with a
description of the legislative framework for off-site planning in the UK, which
requires all sites to be licensed. It is via the site licence that the main regulatory
control over emergency planning is exercised. Off-site planning is based on the
concept of a detailed planning zone around each site which delineates the area
in which the use of short-term countermeasures is planned for in detail. Plans
developed by the local authorities, the operator and other government
departments make provision for the use of the short-term countermeasures of
sheltering, evacuation, the administration of stable iodine and restrictions on
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food and water supplies. Exercises are held frequently and indicate that the
approach adopted is workable, although the plans are subject to continuing

review.

2. The Legislative Basis
2.1 The Current Regulatory Framework

Under United Kingdom legislation governing the safety of nuclear
installations, civil nuclear sites are required to be licensed. Licences are granted
by the Health and Safety Executive (HSE). HM Nuclear Installations
Inspectorate (NII) is that part of HSE responsible for administering this
licensing function. A typical site licence has over thirty conditions attached to
it. One of the conditions deals specifically with emergency arrangements. This
condition places the following requirements on the licensee:

1. There must be adequate arrangements for dealing with any accident on

the site.
The licensee has to submit the arrangements to the HSE for approval.

Outside emergency planning organisations must be consulted.
The arrangements have to be exercised.
Licensee's staff must be trained.

wnh W

The licensee's arrangements for dealing with the effects of an incident or
emergency within the detailed emergency planning zone (including the on-site
response) are defined in the licensee's Emergency Plan. It is this document that
the NII approves as a condition of the site licence. The Emergency Plan is
usually supported by an Emergency Handbook which provides the licensee's
staff with detailed instructions for implementing the Plan. In general, the
licensee will liaise with local authorities and other public bodies to ensure
compatibility between the plans of organisations having responsibilities for
responding to an incident with offsite effects.

2.2 Future Regulations

Legal obligations for nuclear emergency planning extend only so far as the
site operator. Participation of the other organisations involved (local councils,
emergency services, etc.) is by voluntary agreement. This arrangement has
worked well and no problems have been apparent. However, it is being
considered whether it would be appropriate to introduce regulations similar to
those that exist for other major hazardous sites, which require the local authority
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Off-site planning arrangements vary slightly around the UK but are generally
based on the concept of an Off-Site Facility (OSF), together with various other
national and local centres. The OSF provides a centre where the agencies
involved can come together at the local level, where advice on actions necessary
to protect the public can be formulated and given to the local emergency
services, and where information can be supplied to a nearby media briefing
centre. In some cases, the OSF also has a role in supporting the affected site,
by taking over responsibility for the operator's off-site activities, such as
environmental monitoring, and mobilising resources to assist the site. The
advice to the local emergency services would be given initially by the affected
site, then by a senior member of the operator's personnel brought in from
elsewhere, and eventually by an independent Government Technical Adviser

(GTA) appointed by the lead department.

5. Short-term Countermeasures

5.1 Intervention Levels

In the short-term, off-site plans consider the application of sheltering,
evacuation and the issuing of stable iodine. In addition, food and water
restrictions may also be applied very quickly depending on the nature and
severity of the accident. The basic principles for application of such
countermeasures are based on advice from the National Radiological Protection
Board (NRPB) that their use should be justified and optimised. In other words,
no countermeasure should be planned for unless it is expected to achieve greater
good than harm and that effort should be made to implement it in such a way

as to maximise the net benefit.

The NRPB has specified Emergency Reference Levels (ERLs) which are
levels of radiation dose to the public which need to be averted to justify
introducing a given countermeasure. ERLs are formulated in a two tier system
of dose levels (Table 1). The lower levels have been recommended as being
levels below which countermeasures should not, in general, be taken because the
conventional risks and social disruption resulting from the countermeasure aré
likely to outweigh the benefits. The upper levels have been recommended as
being those at which action should almost certainly be taken. At values between
these upper and lower bounds of ERL, implementation of countermeasures is
desirable but not essential and must be considered in the light of the situation
at the time. Application of ERLs will ensure that risks to the health of
individuals are minimised. If ERLs are not exceeded, health effects would be
very small and could not subsequently be distinguished from the normal
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Table 1. Emergency Reference Levels for early Countermeasures

Dose equivalent level (mSv)
Countermeasure Body organ Lower U
. pper
Sheltering Whole body 3 30
Thyroid, lung, 30
o 300
Evacuation Whole body 30 3
Thyroid, lung, 300 30%0
skin ’
Stable iodine Thyroi
yroid 30
300
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There is no national policy on the maximum duration of sheltering.
However, a UK survey has found that people would, in general, be able to
shelter for one or two days without too much difficulty. Most accident scenarios
for UK installations would not require sheltering from the radioactive plume for
more than a few hours. Farmers with animals to tend, may find it difficult to
shelter for more than a short time and, if necessary, special advice to such
groups would be provided by officials of the agriculture ministry.

53 Stable Iodine

The UK has adopted the latest WHO recommendations with regard to doses
of stable iodine. This is available in tablet form as potassium iodate, 50 mg
iodine equivalent per tablet. The tablets have a limited shelf life and are
replaced at two yearly intervals. Distribution is dealt with on a local level,
taking into account such factors as local demography, geography and resource
availability. The responsibility for making arrangements for distribution has
been devolved to local health authorities. In general, local health authorities
have chosen not to pre-distribute tablets. For a few isolated households within
2 km of the site at Sellafield, the local emergency planning authorities have,
however, decided that pre-justification is justified. This reflects a pragmatic
solution to the problem of distributing tablets quickly to widely separated
households.  Stockpiles of tablets, for public distribution, are held at various
public buildings and police stations, and by the operators. The tablets would be
distributed to individual households that have been, or are likely to be affected
by a radioactive plume. Exactly how this is done will vary from site to site but
may, for instance, involve the use of police and local authority staff.

54 Evacuation

Policy on siting and controls over increase in population around nuclear
sites, ensure that evacuation of any affected 300 sector of the detailed emergency
planning zone should be possible within about 2 hours. Local authorities' off-site
plans identify one or more evacuation reception centres which would be
equipped to receive and care for the expected number of evacuees. Special
arrangements would be made to advise farmers who need to re-enter evacuated

areas to tend animals.

6. Information to the Public

On January 1st 1993 the Public Information for Radiation Emergencies
Regulations (PIRER) were introduced by HSE. These regulations implement
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once every three years. Each such exercise requires the operator to staff the off-
site facility and provides an opportunity for agencies with responsibilities or
duties to take part and exercise their function as appropriate. A wide range of
government departments and agencies usually take part voluntarily in such

exercises.

The Level 3 exercise is a national exercise and, in addition to testing the
setting up and operation of the off-site facility, includes the exercising of the
various government departments at their headquarters and at the central
government briefing centre, and the interactions between the various centres.
The exercise may last more than one day and is chosen from the programme of

Level 2 exercises once each year.

8. Closing Remarks

High standards of safety in the design and construction of nuclear plants in
the United Kingdom and strict control of operations provide a very high degree
of confidence that accidents which might affect the public will not occur.
Emergency planning provides an additional safeguard so that even if there was
an accidental release of radioactive material, protection could be provided to the
public who might be affected. Nuclear emergency arrangements are evolving
continually in response to changing circumstances, improved techniques and
lessons learnt from emergency exercises. In recognition of this the plans are
robust, flexible and under continuous review. This ensures that any changes
necessary can be incorporated readily into the relevant contingency plans and

emergency arrangements.

EMERGENCY PLANNING REQUIREMENTS A
SHORT-TERM COUNTERMEASURES FOR P
COMMERCIAL N UCLEAR POWER PLANTS
IN THE UNITED STATES

Falk Kantor
Rosemary Hogan
Aby Mohseni
U.S. Nuclear Regulatory Commission (NRC)

Introduction

Following the accident at Three Mile Island

to the NRC' i .

redimda rﬁi :f:tefense-m—depth philosophy of multiple-barrier containment and

siting and o Ly S}.'stems.‘ They differ in character from most of the NR%]'

maintainingnfn:r??r:ilrl;g desllgn lreqUirements which are directed at achieving 0:

. um level of public safi ;

la . _P sarety protection.

Planning regulations do not Tequire that an adequate plan az}zzvzm:rgenci
prese

avin ini ion ti
& Or a minimum evacuation time for the plume

279



exposure pathway emergency planning zone. Rather, the emergency planning
regulations attempt to reduce the impact (consequence avoidance) and achieve
dose savings for a spectrum of accidents with widely differing offsite
consequences. Emergency planning in the United States is based on postulated
accidents beyond the design basis accidents which the nuclear plant is designed
to handle. For such design basis accidents, the small releases that might occur
would not likely require responses such as evacuation or sheltering for the
general public. These actions only become important when more improbable
accidents than the design basis accidents are considered.

Emergency Planning Zones

Commercial nuclear power plants in the U.S. have two concentric emergency
planning zones (EPZs). EPZs are defined as the areas for which planning is
needed to assure that prompt and effective actions can be taken to protect the
public in the event of an accident. The choice of the size of the EPZs represents
a judgment on the extent of detailed planning which must be performed to
assure an adequate response. In a particular emergency, protective actions might
well be restricted to a small part of the planning zones. On the other hand, for
the worst possible accidents, protective actions might need to be taken outside

the planning zones.

The first zone, called the plume exposure pathway EPZ, is an area of about
16 km (10 miles) in radius from the centre of the plant. The major protective
actions planned for this EPZ, evacuation and sheltering, would be employed to
reduce fatalities and injuries from exposure to the radioactive plume from the
most severe of the core-melt accidents, and to limit unnecessary radiation
exposures to the public from less severe accidents.

The second zone, called the ingestion pathway EPZ, is an area of about
80 km (50 miles) in radius from the centre of the plant. The major protective
actions planned for this zone, putting livestock on stored feed and controlling
food and water, would be employed to reduce exposure to the public from
ingestion of contaminated food and water. The ingestion exposure pathway EPZ
of 80 km was selected because Federal protective action guidelines would
generally not be exceeded beyond 80 km for a wide spectrum of hypothetical

accidents.
The response measures established within the 16 km and 80 km EPZs can
and will be expanded if the conditions of a particular accident warrant it. Also,

although the plume exposure pathway EPZ is generally circular, the actual shape
is determined based on local factors such as demography, topography, access
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of a radiological emergency. The NRC bases its finding on a review of the
FEMA findings and determinations as to whether State and local emergency
plans are adequate and capable of being implemented, and on the NRC
assessment as to whether the onsite emergency plans are adequate and capable

of being implemented.

The NRC and FEMA also work together in evaluating periodic emergency
response exercises which are required by regulation to be conducted every two
years at all operating nuclear power plants. These full participation exercises are
integrated efforts involving the utility and local and State radiological emergency
response personnel. The NRC evaluates the licensee's performance and FEMA
evaluates the response by State and local agencies. In some cases, various

Federal agencies also participate in these exercises.
Responsibilities of Nuclear Power Plant Operator

In the event of an emergency, the nuclear power plant operator (NPP) has
two primary functions: (1) control the event and (2) notify offsite officials and,
where appropriate, recommend protective actions for the public offsite. The
NPP operator's first priority 1s to protect the core by ensuring that crucial safety
functions are maintained by (1) making the core subcritical and keeping it there,
(2) keeping the water flowing through the core, (3) keeping the core covered
with water, (4) providing makeup for water boiled off, and (5) removing decay
heat for the core to an outside heat sink. The licensee must also take action to
prevent or reduce offsite consequences by (1) maintaining reactor containment
and the engineered safety feature systems, (2) controlling radionuclide releases,
and (3) recommending appropriate protective actions to offsite officials.

In parallel with attempts to correct the problem, the NPP operator must
notify offsite officials of an emergency declaration within 15 minutes and the
NRC within 1 hour. The NPP operator recommends initial protective actions to
offsite officials because the licensee is the only one who would have a true and
an early understanding of core and containment conditions. Furthermore, if an
actual offsite radionuclide release occurs, the NPP operator is responsible for
monitoring that release in conjunction with offsite organizations to ensure that
actions recommended to offsite authorities are appropriate, i.e., that initial
protective action recommendations and decisions continue to be valid based on

current, actual monitoring data.
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base their decisions on the recommendations of the NPP operator. The NPP
operator cannot declare a state of emergency or order an evacuation surrounding
the plant; the NPP operator can only recommend protective actions to the
appropriate offsite officials. Those officials must make the decision to notify the

public to implement any protective actions.

Once a decision is made to take protective actions, NRC regulations require
that there must be both the administrative and physical means to alert and
promptly provide information to the public in the plume exposure EPZ. The
alert and notification systems in the U.S. typically consist of a siren warning
system, the activation of which is controlled by offsite authorities to alert the
public to listen for emergency information, and pre-scripted emergency broadcast
system (EBS) messages to inform the public as to what actions should be taken.
The offsite alert and notification systems must have the capability to essentially
complete the initial notification of the public in the plume exposure EPZ within

about 15 minutes.

Emergency Response Centres

The authority to take action in the event of an emergency resides in the plant
control room until the Technical Support Centre (TSC) or the Emergency
Operations Facility (EOF) is activated. This includes the authority to declare
emergencies, to notify offsite officials within 15 minutes of event declaration,
and to provide any appropriate protective action recommendations. The NRC
must be notified after the appropriate State and local officials are notified and
no later than 1 hour after declaring the emergency. Upon declaration of an
emergency, an onsite Emergency Director is designated who is in charge of the
plant's response. This initially is the Shift Supervisor, the senior person in the
control room. Once the appropriate augmentation staff arrive following
declaration of an emergency, this responsibility (and title) normally transfers to

the TSC and then to the EOF.

The TSC is the onsite technical support centre for emergency response. The
TSC staff have access to plant technical information and are responsible for
engineering support of reactor operations during an accident. The TSC also
relieves the reactor operators of peripheral duties and communications not
directly related to plant operation. Until the EOF is activated, the TSC also
performs the functions of the EOF. The TSC is usually located close to the
control room inside a protected and shielded area to allow fast access for face-

to-face discussions with control room personnel.
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2. Movement of even short distances results in substantial reduction in risk.

3. Shelter close to the plant for long periods may not be an effective
protective action.

The initial, early protective actions to be recommended to the public under
a given set of emergency conditions should be determined in advance (predeter-
mined) if at all possible. However, adjustments to preplanned actions may be
required at times if specific local conditions warrant. Early evacuation of nearby
areas is the most beneficial protective action, and for the most severe accidents,
early evacuation is the only protective action available to achieve basic radiation
protection objectives near the plant (i.e., 3.2 to 4.8 km). Severe reactor accident
studies indicate that beyond about 4.8 km, sheltering followed by post-release
monitoring and relocation from “hot spots” would be as effective as evacuation
in meeting the basic protective action objectives. This may not be true under
certain meteorological conditions, such as if the radioactive plume passes
through rainfall or if severe inversion conditions trap and confine the plume near
the ground. Such conditions cannot be predicted with any useful degree of
accuracy, and monitoring results (after a release) must be relied upon to
determine when later evacuation at distances greater than about 4.8 km from the
plant would be warranted.

The NRC has incorporated the above guidance into response procedures and
training manuals for the NRC staff, the latest edition of which is “Response
Technical Manual (RTM)-94,” NUREG/BR-0150, Vol. 1, Rev. 3. The
protective action guidance is shown in a flow chart (Figure 1). The NRC, with
the assistance of FEMA, is in the process of issuing this guidance as a
supplement to NUREG-0654/FEMA-REP-1.

Use of Potassium Iodide (KI)

The use of the thyroid-blocking agent potassium iodide (KI) is not
considered an adequate substitute for prompt evacuation or sheltering by the
general population near a plant in response to a severe reactor accident.
Ingestion of KI will serve only to help reduce the dose to the thyroid caused by
intake of radioiodine. The primary risk to the population from a severe accident
is whole body dose, not the radioiodine dose to the thyroid. In addition, Kl is
not considered to be an effective countermeasure for protection against the
ingestion pathway in the U.S.
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The Federal policy on distribution of KI around nuclear power plants was
issued in 1985 (50 FR 30258) by the Federal Radiological Preparedness
Coordinating Committee (FRPCC), an organization of about 15 Federal agencies.
The policy recommends the stockpiling of KI and its distribution for emergency
workers and institutionalized persons. It does not recommend that predistri-
bution or stockpiling of KI be required for the general public. The policy is
advisory for State and local governmental authorities -- it neither bars nor
encourages State and local authorities from choosing to make KI available on
a site-specific basis. Three States have decided to stockpile or predistribute KI

for use by the public.

The Federal policy concerning the use of KI in the U.S. has been undergoing
re-evaluation since shortly after it was issued. Cost-benefit studies continue to
show that there is insufficient benefit to justify requiring the stockpiling or
distribution of KI around nuclear power plants for the public. However,
consideration of qualitative factors such as public expectation that KI would be
available if needed may lead the FRPCC to recommend the creation of a Federal

stockpile of KI in the future.

Federal Response to an Emergency

Significant improvements in radiological emergency preparedness have
occurred in the U.S. since the accident at Three Mile Island (TMI) in
March 1979. These include the development of a Federal response plan,
establishment of direct communication links between power reactor sites and the
NRC, establishment of a designated staff of operations officers at the NRC, the
development of a means to receive digitized information on key plant parameters
directly from the site, and an upgrade in facilities and training at all levels.

In fulfilling its legislated mandate for protecting the public health and safety,
NRC has developed a plan and procedures that detail the agency's response to
incidents involving licensed material and activities. In its emergency response
plan, NRC recognizes that there are two primary decision makers in a
radiological emergency at a licensed power reactor: the NPP operator (licensee)
and the State or local government. The NPP operator has primary responsibility
for mitigating the consequences of the event by taking the necessary and
appropriate in-plant actions and by recommending the appropriate offsite
protective actions. The State or local government has primary responsibility for
determining whether and how to implement the protective actions recommended

by the NPP operator.
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DEVELOPMENT IN THE EUROPEAN UNION OF
RADIATION PROTECTION CRITERIA FOR
URGENT INTERVENTION IN CASE OF
ACCIDENTAL RELEASE OF RADIOACTIVE SUBSTAN CES

A. JANSSENS
CEC - DG XV/A/1

1. Intervention Planning and Intervention Levels

The current Euratom Basic Safety Standards Directive lays down that each
Member State establishes intervention levels appropriate to different types of
action required in case of an accident. This requirement will be reinforced in
the revised B.S.S. taking into account different kinds of action and applying the
general radiation protection principles for intervention, Intervention levels shall
be part of intervention plans drawn up for the relevant installations within the
Member States' jurisdiction and tested at regular intervals, as wel] as for possible
emergencies outside its own territory.

2. Urgent Intervention

* sheltering,
* distribution of stable iodine,
* evacuation.
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3. Guidance on Intervention Levels
a) CEC-Guidance

In the aftermath of the Chernobyl accident intervention levels were adopted
for foodstuffs and feedingstuffs placed on the market within the E.U. (Council
Regulation 87/3954/EURATOM). Guidance on radiation protection criteria for
temporary or permanent relocation has been given by the Art. 31 Group of
Experts in 1993 (radiation protection-64), to form a basic framework for decision
making in the event of a severe accident. Guidance on urgent countermeasures
was issued already in 1982 (Radiological Protection Criteria for controlling
doses to the public in the event of accidental releases of radioactive material, a
guide on emergency reference levels of dose, V/5290/82).

b) International Guidance

Subsequent to the formulation of the general principles of Intervention in
ICRP publication 60, guidance on the principles for intervention for protection
of the public in a radiological emergency was brought forward by a task group
of committee 4 of ICRP (Publication 63, 1993).

This publication recommends values of averted effective doses above which
intervention is almost always justified, optimised levels for specific accident
conditions expected to be lower by no more than a factor of 10. For sheltering
the upper bound is 50 mSv, for evacuation 500 mSv, iodine prophylaxis will be
justified in conjunction with sheltering or evacuation if an average individual
thyroid dose of 0.5 Sv can be averted.

IAEA has issued guidance on intervention levels in a number of documents
(Safety Series and Tecdoc's) along the principles laid down in SS no 72 (1985).
The latest publications and drafts prepared by advisory groups and technical
committees will be published soon as SS no 109: Intervention Criteria in a
Nuclear or Radiation Emergency. Generic intervention levels have been selected
on the basis of an analysis in cost-benefit terms. The proposed values for urgent
protective measures are 10 mSv for sheltering, 50 mSv for evacuation, and
100 mGy for iodine prophylaxis. These values will probably be incorporated in
Annex V of the IAEA Basic Safety Standards.
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Table 1. Guidance of the Article 31 Group of Experts, 1982

Range of reference levels for intervention

Equivalent Dose (mSv)

Whole Body Thyroid, or Skin
any other
organ
Evacuation 100 - 500 300 - 1500 1000 - 3000
(500)
Stable iodine - 50 - 250 -
(500)
Sheltering 5-25 50 - 250 25 - 250
(50)

(values in brackets are the upper bounds in ICRP-63)
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CONCLUSIONS AND RECOMMENDA TIONS

1. Introduction

proposed conclusions and recommendations.  This draft document was
distributed to the Workshop participants, and each point was discussed and, as
appropriate, amended to better reflect the opinion of the Workshop.

2. Conclusions and Recommendations

The resulting conclusions and recommendations are listed here. An effort
was made to draw conclusions, based on the presentations and discussions, and
from these conclusions to formulate appropriate recommendations. As such,
conclusions and recommendations are grouped. Each is discussed in the context
of the presentation(s) and discussion(s) from which it resulted.

Emergency Planning and Preparedness

Many of the conclusions and recommendations which were made were
somewhat general in nature, and applied to a broad Spectrum of emergency
planning and preparedness areas. These are gathered here, and are generally
recommendations which are suggested to be implemented at the level of
National emergency plans.

The first paper presented covered the general subject of international criteria
for short-term countermeasures. In this context, the author, Mr. Malcolm Crick
of the IAEA, discussed the intervention levels recommended in IAEA Safety
Series 109, the International Basic Safety Standards (BSS), and in ICRP

levels is perspective, that is, in the preparation of emergency plans. The
Workshop agreed with this, noting that intervention levels serve as action
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guidelines, and should be adopted directly from the recommendations of ICRP
Publication 63, IAEA Safety Series 109, or the BSS, or should be developed
using specific criteria for particular populations. In either case, intervention
levels should be adopted at the planning stage, and not in the “heat of the
moment”, at the time of an emergency. Therefore:

1. Conclusion:
The prime role of intervention levels is for the development of emergency

plans.

Another important aspect of emergency planning and preparedness which
was touched on during the Workshop was that of public trust. In paper
number 9, Mr. Heriard-Dubreuil, MUTADIS Consultants, Paris, discussed the
psychological consequences of short-term countermeasures. In order to
minimize the stress which is caused in the public by emergency situations, social
scientists would recommend a “pro-active” approach by decision makers and
emergency planners. Translated concretely, this means that the public should be
involved, in some fashion, in emergency planning and preparedness. The
dialogue between the public and decision makers should be open, and should
involve discussion of risks. It was based on this presentation that the Workshop
Participants reached the following conclusions, and formulated several

recommendations.

2. Conclusion:
The mutual trust between the local (and more distant) population and

decision makers/emergency planners is essential. This relies upon the
credibility of decision makers, the active encouragement of public
participation in emergency planning and preparedness, upon a policy of two-
way communications, and upon the dissemination of clear information on

planning and risks prior to any accident.

2a. Recommendation:
Decision makers and emergency planners should not avoid talking about

risk, they should have an established policy of communication with the
public, regarding risks and risk management.

2b. Recommendation:
In order to reduce stress on the population during an emergency

situation, emergency plans should be designed to give individuals greater
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2c. Recommendation:
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: ective communicatio i i
implementational guidance. ! shesies and practcal

Much of the presentation b i
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po 1t1.cal 51tu‘atlon of that time (the fall of the Soviet Uni e
contributed §1gnificantly to public confusion of ;
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independent National governments, ¢ - controlled by the newly

As explained in the Paper, for various

continues to progree 'bﬁ( r;l;itlglizts 0‘1‘7 goverilments claiming that the situation
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Workshop Partici
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3. Conclusion:
After t ; .
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. y residual contaminati
social and psychological consequences. mination led to very harmful

3a. Recommendation:
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it was noted that the way in which information is managed can have a very
important influence on the decision-making process. The immense volume of
data which flows during an emergency situation must be effectively managed
such that useful syntheses of these data can be performed. It was also noted that
nuclear and radiological emergencies are, in many regards, no different than
non-nuclear emergencies (natural or man-made). From these discussions, the
following conclusions and recommendation were made.

4. Conclusion:
Public and technical information management is important to the success of

emergency management.

5. Conclusion:
There is valuable experience to be gained from the emergency management

of non-nuclear emergencies.

5a. Recommendation:
The experience gained during non-nuclear emergencies should be applied

to nuclear emergency management.

Countermeasures

In view of the title of this Workshop, it is not surprising that it resulted in
several conclusions and recommendations dealing specifically with
countermeasures. Again, these follow from various papers.

Paper 3 was a survey of the short-term countermeasure practices in NEA-
Member countries. The survey was seen as having been useful, although based
on the questions asked and the types of responses received some ambiguities
remain. Based on the results of this survey, it was noted that significant
differences still exist among countries, both in terms of policy and
implementation practices. As was shown by the experience of INEX 1 (which
was discussed during the Workshop, and is presented in NEA Report, “INEX 1:
An International Nuclear Emergency Exercise, Analysis of Results”) differences
in the implementation of countermeasures in geographically close areas separated
by national borders can lead to confusion and stress in the public, and a loss of
confidence in public officials. Based on these observations, the following
conclusions and recommendations were made by the Workshop Participants:
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6. Conclusion:

The survey which was performed shows that there are

differences among count still significant

ries in the application of countermeasures

6a. Recommendation:
A sbort follow-up survey is recommended for the near
clarify several of the points raised by the survey
should be performed every few years to follow,

future in order to
and this type of survey
developments.

7. Conclusion.
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7a. Recommendation:
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countermeasures in border re
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s having cross-
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8. Conclusion:

cessation.

8a. Recommendation:

Criteria to end int i
erventions should be i . . .
emergency plans. considered for inclusion in

8b. Recommendation:

One of the goals of exercises should be t

. A 0 test i ;
intervention policy is based. the assumptions on which
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The papers of Session 3 dealt with the factors influencing the selection of
countermeasures, both at the emergency planning and accident management
stages. Based on these presentations, the following conclusions were drawn by

the Workshop Participants:

9. Conclusion:
Broadly adequate information exists, on the financial costs and risks

associated with countermeasures, as an input to policy decisions.

10. Conclusion:
The financial costs and risks associated with short-term countermeasures

(stable iodine, sheltering, local evacuation) for major accidents are not
dominant factors in implementational decisions.

Use of Stable Iodine

Several papers, particularly in Sessions 1 and 2, dealt with the use of iodine
prophylaxis. These presentations and their subsequent discussions resulted in
several conclusions and recommendations.

In paper 6, Mr. Peter Waight discussed the effectiveness and risks of the use
of stable iodine. From his presentation, it was agreed that, although the use of
stable iodine should always be considered as one of many possible
countermeasures, medically there is very little risk involved with its use. It was
noted, however, that in the case of a population with a normally very low intake
of dietary iodine a higher risk of some adverse thyroid reactions exists, and
irrespective of the level of normal dietary intake, the risk of adverse thyroid
reactions increases with age. It was also noted that, due to the latency period
of thyroid cancer, the effectiveness of iodine prophylaxis decreases with age.

Based on this presentation and the subsequent discussions, the following
conclusion was drawn:

11. Conclusion:
The detriment incurred by the use of stable iodine as a countermeasure

corresponds to that associated with doses on the order of a few mSv.
However, the choice of intervention levels involves the consideration of

other factors as well.
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In addition, while agreeing with the logic of i
dosage.of stable iodine for older individugals (fc:irecwriisrilngtht: erirsicor?mend(?d
cancer is decrfaasing and the risk of adverse reactions is increasing) t}? lth}frmd
having an easily applicable countermeasure (a single dosage of stib’le - dc')glc 2
all ages) was seen by the Workshop Participants as being important Aseit
the following conclusion was adopted: A such,

12. Conclusion:

cIit is recogr?ized that the risk associated with exposure to radioiodine
ecreases with age, and that the risk of side effects from the use of stable

1oc‘ime Increases with age. However, there are practical advantages to the
uniform treatment of all adults.

Dur}ng discussions, particularly of the thyroid cancers in the Gomel area of
Belarusia (where it is suspected that large fractions of the dose from radioiodi
may have been from ingestion rather than inhalation), it was noted thm:
countermeasures other than the use of stable jodine prophylaxis, such as contr;ll

of foodstuffs, would be more effective Thi
’ . l .
following conclusions: 1s lead to the adoption of the

13. Conclusion:

Tl‘hg medical basis for the use of stable jodine is firm. However, stable
iodine use should be limited to the protection against inhalation doses, durin

the early Phase of an accident. Doses by ingestion, which are most likelg
to be received during the late phase, are better controlled by other methodsy

In addition to the above discussions, paper number 2 discussed the WHO
reco‘m'mendations for the use of stable iodine prophylaxis. The Worksh
Participants, taking this and the previously mentioned discussions into accouotp
agreed upon the following conclusion and recommendation. -

14. Conclusion:

Stable iodine is most effective at reducing thyroid exposure from the

inhalation of radioiodine when tak i
al: en before the arrival 1
radioiodine. of any airbome

14a. Recommendation:

The stable iodine dosage, which has been proposed by the WHO for use

dur‘m‘g Fadlol‘oglcal emergency situations involving the release of
radioiodines, is recommended.
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Paper number 3, the survey of countermeasure practices, the country
presentations of national implementation and practice strategies, and their
subsequent discussions revealed that there is significant variation in the use of
stable iodine prophylaxis in the NEA-Member Countries. This includes
differences in predistribution policies and practices, storage practices, distribution
mechanisms, etc. After considering these elements, the Workshop Participants
agreed upon the following conclusions and recommendations:

15. Conclusion:
Most countries include the use of stable iodine in their emergency plans,

however few countries pre-distribute stable iodine tablets to households.
Some countries are presently considering this option. Stable iodine policy
and intervention levels are quite varied from country to country.

15a. Recommendation:
Further international discussion is necessary in the area of stable iodine

pre-distribution policy.

16. Conclusion:
Questions remain as to the methods for the distribution of stable iodine to

the population at risk in a timely manner, and as to the integration of these
methods into emergency planning.

16a. Recommendation:

The practical aspects of the use of stable iodine require further guidance.
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Session 2, Effectiveness i C
, and Risks of Countermea
: ; ' sures, and i
Selection of Strategies, dealt with the practical implementation osfessm'n e
various

] .

g »
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1

of further study. As such, the Worksh ici
recommendations and conclusions: °p Farticipants egreed upon the following

17. Conclusion:

T I
inl;; :tzncefpt of considering the status of the plant, before any releases, as an
I Of countermeasures was not discuss i ,
: ed until the final Sessi
Workshop, but was viewed as a very important issue onorthe

17a. Recommendation:

Gre.ater consideration should be given, during the early phase of an
accident, to the plant state as an initiator of countermeasures

17b. Recommendation:

:l\:::e;]d glakl'ng decisions,. the ensemble of available countermeasures
uld be viewed collectively, not as isolated, independent actions

18. Conclusion:

f(ffch?ve emergency. response decisions often need to be made under
nditions of uncertainty and with incomplete and ambiguous information

18a. Recommendation:
3111; dect:)lsmn-ma.k.ing process should itself be optimized to enable prompt
robust decisions to be made in situations of uncertainty. To

facilitate this, the decision-maki
possible. lon-making process should be as simple as
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the Workshop Participants:

The papers in Session 3 disc

19. Conclusion:
«Rules of Thumb”

response.

can be useful decision aids during an emergency

19a. Recommendation:

Emergency planning .
collected from all countries an

and preparedness “Rules of Thumb”, should be
d put together in “Handbook” format.

19b. Recommendation: N
Further study of the process for decisio
incomplete information should be performed.

n making with uncertain or

19¢c. Recommendation:
Decisions concerning long-term countermeasures S

as early as possible.

hould be considered

Issues to Discuss Further

i ched
In addition to those areas discussed above, on whlch f:c?nsensqs wztl}i ere;a:) hed
by the Workshop Participants, several issues were 1dent1f1elc]i during
of presentations and discussions as requiring further thought.

f paper number 1, concerning international

. . - ion 3,
criteria for short-term countermeasures, as well as dlscussllons during S::,sts;z >
i i sensus o
i ies. indicated that there is not a total con
Selection of Strategies, 1n . ‘ " e o e
ile it i that international guidance
verted dose. While it is clear rat gui CcO e
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uncertain to calculate than projected dose. This results in pro

The presentation and discussion 0

306

application. As such, the Workshop recommended that this issue should be
further discussed such that a consensus could be reached:

1. The choice of averted dose or projected dose as the unit of measure for
intervention levels should be discussed.

In paralle]l with the above mentioned discussions, the question of the use of
operational (derived) intervention levels was addressed. Some Workshop
Participants felt that such levels are unnecessary and confusing, while others felt
them to be of great practical value. It was also noted that the models used to
calculate operational intervention levels could vary significantly, resulting
operational intervention levels which vary from country to country even though
the intervention level used as the basis of calculation is the same. With these

issues in mind, the Workshop Participants recommended further work in this
area:

2. The value of using of operational intervention levels, and the
harmonization/coordination of the models used to calculate them, should be
further discussed.

Also raised in Sessions 2 and 3 were the psychological aspects of emergency
situations. As previously cited in the conclusions and recommendations
discussion, the question of public trust was seen by the Workshop Participants
as being very important, and very practically difficult to obtain. The previously
raised issue of allowing the public some flexibility and personal discretion in the
application of countermeasures, so as to gain public acceptance of and
confidence in countermeasures, was also seen as an important, yet open, issue.
Finally, it was felt that the use of “reassurance” countermeasures, i.e., in
situations below established intervention levels, required further discussion.

Taking all this into account, the Workshop Participants formulated the
following list of issues which require further discussion:

3. The issue of how to get and keep trust should be further elaborated.

4. The amount of flexibility in countermeasures (required vs. recommended)
should be discussed.

5. The question of whether, for psychological and/or social reasons,
countermeasures should be implemented in situations which are below
intervention levels should be discussed.
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Lastly, and related to many of the issues discussed during the Workshop, the
Participants felt that the type of accident scenario which is used in training
exercises will have a large influence on emergency preparedness. If and/or how
certain issues are included in the scenario (social factors; use of real-time; the
size of the simulated release; the emphasis on pre-release, release, post-release,
or long-term phases; etc.) will influence the way in which decisions are made,
the portions of an emergency plan which are exercised, etc. The emphasis
placed on decision-making based on real-time model forecasts, as opposed to on
plant status, will also have a similar effect. As such, the Workshop Participants
proposed these last issues as possible topics for further discussion.

6. The type of accident scenario which should routinely be used for planning
and training should be discussed.

7. The feasibility/practicability of timely decision making on short-term
countermeasures based on real-time model forecasts, versus based on plant

status.

3. Epilogue

The unanimous feeling of the Workshop Participants was that practical and
useful advances in mutual understanding had been made. While some of the
conclusions drawn were seen as “obvious", their value as the stated consensus
opinion of an international Workshop was seen as considerable. Other
conclusions and recommendations were seen as being interesting from the
standpoint that they have been slowly emerging from the international post-
Chernobyl emergency preparedness and management community, and are now
seen as “ripe”. Finally, the list of recommended areas for further study was
viewed as a useful contribution to the continuing debate on short-term
countermeasures. As a whole, then, the Workshop and its conclusions and
recommendations were appreciated by the Participants.
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