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INTRODUCTION

Fissile and radioactive materials are mainly used in energy production and in research, medical
treatment and industry. The handling of such materials is imposed very strict nuclear and
radiological safety regulations regarding enclosure of the material and shielding of the ionizing
radiation. Even though the risk of unintentional radiation exposure to people is extremely small, it
can not be ignored. Therefore, an emergency preparedness organisation must be available, if
radioactive materia has been released, to assess the situation and suggest measures, in order to
minimize the exposure of the population. In Sweden, there are several different emergency
preparedness organisations, local and regional as well as national ones. The nuclear power plants
have their own emergency preparedness organisations; the municipalities have theirs, as have the
county administrative boards on a regional level. The Swedish Radiation Protection Institute, SSI,
also has a well-established emergency preparedness organisation consisting of several teams in
different places in the country. One of these teams is the Department of Nuclear Protection at the
Swedish Defence Research Establishment (FOA).

Today the Department of Nuclear Protection answers for the emergency preparedness within its
main field of research, checking the effectiveness of measures to be taken following nuclear
weapons explosions in such vicinity that radioactive materia could fall out in Sweden. FOA's
Department of Nuclear Protection has existed for a long time and a considerable competence has
been built up over the years in the fields of radioactivity and ionizing radiation.

Thus, the dual-purpose emergency preparedness team at FOA must have the competence to take
experts' measures both following nuclear weapons explosions and any other kind of releases or
accidents involving radioactive materia. In the last few years, the growing concern for intentional
dispersion and other illegal handling of radioactive materia, to the extent that people could be
injured, has even more increased the need for an efficient emergency preparedness.

An important part of the work to establish adequate radiac preparedness is the arrangement of
exercises, in scenarios as realistic as possible, for the training of cooperation of different parts of
the preparedness group and to check their capacities for the sake of completeness. In order to do
this and to get information about the professional composition and the competence status of the
preparedness group as a whole, two exercises have been conducted, called "CONNY" and
"LOTTA" respectively. They were both accomplished by the use of a meteorological prognosis
model and simulation methods developed at FOA. The CONNY-exercise scenario concerned a
nuclear reactor accident, while the LOTTA-scenario assumed a nuclear weapons explosion in a
neighbouring country.

Two quite different simulations were prepared for the exercise, one for the radiation
measurements and one for the laboratory analyses. The first of these two was the MARS-
simulation of the entire scenario, described in Ref. 1. This was an application of the genuine
MARS model, with all its possibilities to choose, arbitrarily, the fallout dimension and strength,
the deposition rate and time, and so forth. The second simulation was exclusively physical. The
fission products created in a nuclear weapons explosion were estimated from data in Ref. 2, and
from that, an experiment was designed, aimed at creating a corresponding set of fission products



by neutron irradiation of uranium in a nuclear reactor. Ref. 3 is a presentation of how this was
done and includes an attempt to evaluate the result.

The meteorological model, PELLO, whose prognosis constituted the basis for the MARS
simulations, is described in Ref. 4.



RADIOACTIVE SOURCES

The dominating sources of release and deposition of radioactive materia are nuclear reactor
accidents and nuclear weapons explosions. From a physical point of view, there are points of
similarity between the two sources. They are based on processes in which large amounts of
radioactive materia, to a great extent of the same physical quality, are produced and released. The
basic process is fission of uranium- or plutonium nuclei, resulting in the formation of different
radioactive fission and activation products. There is no major difference whether the fission takes
place in a nuclear weapon or in a nuclear reactor. In the case of nuclear weapons, some of them
contain thermonuclear fusion charges, which do not produce fission products. However, this will
hardly lead to a situation where the demand for competence of the emergency preparedness team
is affected.

Courses of events and character are in certain respects relatively different for nuclear weapons
explosions and nuclear reactor accidents. A short survey of the different scenarios as well as of the
differences between the two, of importance to the work of the emergency preparedness team, is
given below.

NUCLEAR REACTOR ACCIDENTS

The fission processes are continuous in nuclear reactors. Fission products are formed at a rate that
is a function of the neutron flux and the fission cross-sections, i. e. the probability that a particular
nuclide will be formed when a nucleus in the fuel element is split. The different nuclear fission
products have half-lives ranging over several orders of magnitudes. There are a lot of very short-
lived products that decay quickly and are transformed into daughter products with longer half-
lives, also several long-lived products are formed in the splitting process. Nuclides of longer half-
lives can thus be formed in more ways than one, instantaneously or by disintegration of short-lived
mother nuclides.

For every nuclide, there is an equilibrium activity determined by the rate of production and the
disintegration rate. The activity approaches exponentially this limit value and after some time,
equivalent to six-seven half-lives for the nuclide, the limit value is reached within a percent. The
fuel in the reactors are renewed regularly, which means that certain long-lived nuclides never
reach their limit value before the renewal, while the really short-lived ones reach their final levels
rather quickly.

In reactor technology the core inventory is defined as the amount of radioactive materia in an
equilibrium core, which can be estimated in many ways. When it comes to emergency
preparedness, this information is necessary when estimating how large the release might be in the
event of an accident. It describes what is in the core, which of the nuclides that might get out of
the fuel and further out of the building.

An international scale, ranging from 1 to 7, applied when classifying reactor accidents states the
estimated character and extent of the accident and its anticipated development. The estimation
includes speed of release and delay time for the radioactive materia in different parts of the
construction before it escapes to the surroundings. On the basis of the delay, an evaluation can



estimate which nuclides are so short-lived that they will decay before possibly getting out. This
means that the really short-lived elements have time to be transformed into other, more long-lived
and possibly stable ones, while still in the building.

Several other factors are of importance when estimating the composition of the escaping
radioactive materia in the event of a reactor accident. For example, the chemical and physical
states of the elements are crucial in many cases. In the report Ref. 5, The Swedish Radiation
Protection Institute (SSI) gives an account of the effects of three hypothetical nuclear reactor
accidents under different conditions, based on terms of sources as described by The Swedish
Nuclear Power Inspectorate (SKI). The three cases are the Realistic case, the Nominal case, and a
worst case - the Rest risk case, where the radionuclides in the reactor are grouped into four
classes; Noble gases, Volatile (L), Non-volatile (S), and Very Non-volatile (MS). The expected
leakage of Noble gases, L, S and MS, were estimated and are, in rounded figures, given in table 1.

Table .1. The estimation of the expected leakage of Noble gases: L, S and MS (in rounded
figures).

Category of release

Noble gases
L (Cs, I, and others)
S (Sr and others)
MS (La and others)

Fraction of core
inventory

(Realistic case)
1

2-10"6

4-10"7

410"8

Fraction of core
inventory

(Nominal case)
1

MO"3

2-10"4

2-10"5

Fraction of
core inventory
(Rest risk case)

1
HOT1

MO'2

MO"3

It is assumed that 0.1 % of I is organically bound and follows the noble gases. As to the rest, L, S,
and MS are released through diffuse leakage for about an hour after the shutting down of the
reactor. The main part of the noble gases pass through the special filter, fixed in the system for
pressure release of the containment, where they are slowed down a couple of hours and the time
depends on type of reactor. In all cases the main release is estimated to continue for approximately
four hours.

The core inventory of radionuclides is proportional to the reactor effect. From different
estimations of the inventory, the core equilibrium at 3000 MW thermal effect contains about 4E19
Bq nuclear fission products of importance in the release and 2.5E19 Bq Np-239. The activities of
the categories L, S and MS are according to the same sources about:

L: 0.3E18BqofCs-137
S: 3E18BqofSr-89
MS: 5E18BqofLa-140

3E18 of Bq 1-131
0.2E18ofSr-90

The nominal release of a 3000 MW reactor will then contain all noble gases plus the amounts of
representative radionuclides in the three groups. These are given in table 2.
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Table 2. The amounts of representative radionuclides (except for the noble gases).

Nuclide
Cs-137
1-131
Sr-89
Sr-90
La-140

Activity [Bq]
0.30 E15
3.0 E15
0.60 El 5
0.04 E15
0.10 E15

Other radionuclides are also produced in the reactor. The construction material in the reactor is
continuously irradiated with neutrons whereupon several stable elements are transformed into one
of their radioactive isotopes.

Since the fuel exists in a high neutron flux for a long time, transuranic elements are successively
created. Neutrons are caught in the uranium nuclei resulting in new elements that either
disintegrate to again new elements or catch a neutron themselves and are transformed along
another line of development. In that way, a number of transuranic elements are produced, not
reaching any higher level of activity compared to that of fission and activation products, but still
demanding analyses and consideration in case they are released and deposited on the ground.

NUCLEAR WEAPONS EXPLOSIONS

The fission processes are very similar in a nuclear weapons explosion and in a nuclear reactor.
Thermonuclear weapons are based on the fusion process, which do not create any nuclear fission
products. Nevertheless, there may be uranium and plutonium elements included in the nuclear
charge, which will be split by neutrons from the fusion process. This creates certain amounts of
fission products, but they are mainly part of the set formed in ordinary nuclear reactors and the
differences will therefore only be commented on in exceptional cases. The duration of the nuclear
charge explosions is only a very small fraction of a second. During this short period of time, no
building up of activity is brought about and the activities of the different nuclear fission products
are completely determined by the individual fission yields and disintegration constants.
Consequently, the relative amount of short-lived nuclides is very large compared to the
corresponding amount in a nuclear reactor release.

A minute or so after the explosion, the activity is about 1E21 Bq per kiloton of fission charge and
after an hour about 2E19 Bq. The decay then takes place according to the time dependence t"1"2,
where t denotes time in hours after the explosion. The composition of nuclides is successively
altered due to the fast decay of the short-lived nuclides, which are transformed into more long-
lived elements. Another important factor is the fractionation taking place when the radioactive
cloud cools off, thus leading to different elements ending up in and on particles of various size,
and having an effect on the atmospheric transport and the subsequent deposition on the ground.

At the explosion, neutron activation products are also produced, by neutron irradiation partly of
the ground material when the explosion takes place near, or in contact with, the ground and partly
of the construction material in the bomb. As far as transuranic elements are concerned, mainly Np-
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239 is produced through neutron activation of the large amount of U-238 likely to be present in
the nuclear charge.

COMPARISON BETWEEN A REACTOR ACCIDENT AND A NUCLEAR
WEAPONS EXPLOSION

There are several points of similarity and differences between the headlined events. In the reactor,
the process takes place indoors and all measures must be taken in order to try to keep the
radioactive materia in the reactor case. In this particular situation (emergency preparedness
training), it is assumed that it is impossible to hold the enclosure and the reactor building airtight
and consequently a release takes place. However, after the inner event itself, it takes a certain time
before leakage to the surroundings starts, maybe about an hour. During that time, some short-lived
activity has time to decay and some liberated radioactive materia have time to deposit within the
reactor case. In the situations mentioned above, the release lasts for a couple of hours, maybe four.
This results in a cloud, formed in the shape of a radioactive plume in the open, with a certain
distribution of activity at right angles of the direction of transport.

The temperature in the plume is not particularly high and therefore it does not rise more than to a
couple of hundred metres where it stays below the top of the boundary layer. The radioactive
materia stick to relatively small particles and can therefore be transported far before falling out on
the ground.

When the nuclear process in a nuclear weapon takes place in the open, all radioactive materia
produced is already out and immediately exposed to atmospheric dispersion. The significance of
this is that from the start, all activity in the nuclear weapons fallout is accumulated in a limited
cloud, presumably having a spherical Gaussian activity distribution. The cloud rises to about 10
km as a result of its high temperature and is at once drifting away in the wind direction. Part of the
contents of the cloud is transported to the ground producing a deposition area of a certain
spreading. For nuclear weapons explosions with ground contact, which is the case throughout this
report, part of the radionuclides will stick to relatively large particles falling to the ground early
while the smaller ones are transported farther away. Therefore a fallout area is produced, an area
of very high activity in the direction of the wind closest to ground zero for the explosion but
declining with distance.
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EXERCISE SCENARIOS

As mentioned above, FOA's emergency preparedness team has the competence necessary for
operative experts' measures in the event of radioactive fallout following both nuclear weapons
explosions and nuclear reactor releases. Exercises must be conducted in both scenarios, as the two
cases are different in many respects. Exercise scenarios must be selected in the way that they test
the ability of the team under conditions as realistic as possible. The probability of major accidents
or of very powerful nuclear weapons is of course much smaller than of small reactor releases and
medium-sized nuclear weapons. The greater effect of the events, the harder are the duties of the
emergency preparedness team to carry out and the greater is the need for exercises. Exercising
scenarios with only small effects are insufficient and give no information about the real
competence of the emergency preparedness team. A choice must be made between the probability
of the event and the possibilities of testing the ability of the team and give opportunities for
adequate training. During the performed exercises, scenarios were chosen with a degree of
seriousness being between the nominal case and the rest risk case in the case of the reactor
accident and a medium-sized explosion in the nuclear weapons case.

The exercises have been carried out and the first one, in May 1997, named CONNY, was about a
fictitious reactor release from the reactor TV01 in Olkiluoto, Finland, resulting in a fallout of
radioactive materia in Vasterbotten. For the second exercise, in May 1998, a scenario was chosen
describing a fictitious nuclear weapons explosion near Hamar in Norway, resulting in a fallout
area extending from the middle to the norm of Sweden.

THE CONNY (NPP) EXERCISE

TV01 is a medium-sized Nuclear Power reactor, 710 MW, of BWR-type. The reason for choosing
this very reactor was based on the technique of setting up an exercise scenario.
The first criterion was that the event should lead to fallout in Vasterbotten and the other that the
release had to be considered realistic and sufficiently serious to create a suitable exercise scenario.
Another condition was that the whole scenario would be based on realistic weather conditions,
with winds that could carry the radioactive materia from the reactor plant to Vasterbotten. From
these demands, the meteorologists at FOA tried to find weather conditions that could be used and
that was suitable for the TVO nuclear power plant in Finland acting as the release site.

Next step was to create a realistic course of events giving the desired character on the deposition
area in Vasterbotten. Based on the material from SSI and SKI, and also on the judgements made
by those leading the exercise, the scenario CONNY was created. On the whole the course of
events were such that the safety systems in the plant were assumed to be out of order to such an
extent that the reactor was not cooled enough. Through a pipe break, the water level in the reactor
tank sunk causing the fuel to be successively uncovered. The temperature rose and the nuclear
fission products were released. The scenario was not meant to contain a detailed, correct reactor
technological description of the course of events leading to this very release. SKI and SSI were
able to study the scenario proposition before it was fixed and the technical motivation was thus
considered sufficient.
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The scenario consisted of a release going on for six hours and the released Cs-137 and 1-131 was
about half a percent of the inventory, or 1E15 and 1E16 Bq respectively. The meteorologists'
prognosis of the highest ground deposition of Cs in Vasterbotten was between 1E-11 to 3E-11 Bq
m'2 per Bq release activity. Assuming certain differences in deposition of iodine in comparison to
cesium, the final average deposition of Cs-137 was set to 20 kBq m'2 and of 1-131 to 100 kBq m"2.
Equivalent external doserate, mainly from other fission products than those mentioned above, was
set to 8-10 nSv h"1 with a maximum of around 25 jxSv h"1.

THE LOTTA (NW) EXERCISE

As when preparing for the CONNY exercise, it was a question of finding suitable weather
conditions creating the conditions required for performing a realistic exercise. Among other
things, there was a demand that the point of time for the nuclear weapons explosion was to be set
to a suitable number of hours before the emergency preparedness team would arrive and get to
work. This would allow them to collect information about the explosion and about data from
doserate measurements performed in other parts of the country, if any. Since Swedish RADIAC
preparedness efforts only focuses on incidents outside the country, the explosion is assumed to
have taken place abroad. However, not too far away since it must cause a relatively serious radiac
situation in the northern parts of the country.

The size of the nuclear charge would have to be moderate so that the scenario would not seem
unlikely for that reason. As in the previous exercise one did not attach that great importance to
describing the actual bomb and its construction. The size was set to a 300 kt fission charge and
was assumed to have exploded relatively close to the ground. The question whether or not it also
contained a fusion part was left open. The meteorologists at FOA found weather conditions
suitable for the exercise thus placing the explosion site in Norway, near the city of Hamar, a few
miles from the Swedish border, Ref. 6. The prognosis put together with the PELLO model showed
that it took about eight hours for the radioactive cloud to reach Vasterbotten.

The activity at the deposition area following a nuclear charge explosion, when the deposition has
ceased, decays and is described as a simple function of time after explosion. It is important for the
emergency preparedness team to assess when the fallout has stopped, since all calculations and
estimations of the doses to the population are based on the doserate that would have prevailed at
the site one hour after the explosion, the so called H+l value.

In this scenario, the speed of the radioactive cloud was different in its western and its eastern parts.
In the eastern part the cloud passes more slowly causing the deposition to continue much longer in
that region, delaying the estimation of the H+l value.

A nuclear weapons explosion would always release considerably larger amounts of activity than
would a nuclear reactor accident. A common-sized nuclear reactor contains a total accessible
activity equivalent to that of an explosion caused by a few kt nuclear charge. In the NW exercise,
the scenario gave much higher doserates and activities in the deposition area than in the NPP
exercise. In areas with distinct accumulation of activity, and nearly twelve hours after the
explosion, more than 5 mSv h'1 were measured, a couple of hundred times more than the highest
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doserate in the NPP exercise making the equivalent H+1 value 50-100 mSv h"1. These doserates
gave reason to quickly making recommendations for the population staying indoors. There could
also be reasons for evacuation and moving people out of the area.
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PROGNOSES

A very important part of the work of the national emergency preparedness organisation is the
development of prognoses regarding the atmospheric transport and the deposition of the contents
of the radioactive cloud. This has to be the very first estimation made of the effects of a nuclear
weapons explosion or a nuclear reactor release. Proper emergency preparedness prognosis models
are a matter of great importance when it comes to how central authorities such as SMHI, SSI,
county administrative boards and also the FOA central command should act following deposition.
For this purpose, a model developed by The Swedish Meteorological and Hydrological Institute
(SMHI) in co-operation with FOA exists in Sweden. In the NW exercise, SMHI presented
material on which the central command built their initial planning. The importance of the
prognosis was evident.

The meteorologists at FOA use a different prognosis model than the one used by SMHI and since
they have based respective prognosis on the same weather data, a comparison between the two is
presented in Ref. 4. The FOA prognosis was used in the planning of the NW exercise and formed
the basis for the MARS simulation of the detailed deposition area.
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SIMULATION

It is of great importance when performing an emergency preparedness exercise that the scenario is
designed in a way that enables the whole emergency preparedness team to train since most of the
tasks are solved in collaboration. For example, the central command gives instructions concerning
doserate measurements and collection of various samples and the laboratories perform the
analyses of the samples. The results of the analyses must then correspond to the measurement
results obtained by the mobile units after having performed simulated measurements on the site
where the samples were taken. At the current exercises the simulation has been carried out through
a combination of special simulators for doserate measurements and of a radionuclide standard
solution of a composition as realistic as possible for addition to samples.

The radiometric measurement laboratory and the radiochemical analysis laboratory are important
parts of the emergency preparedness team, to which it is important to give realistic tasks when
training. Natural activity and the deposition present in the nature do not provide realism enough to
make the laboratory work interesting. In order to create active interest, the samples must contain
radionuclides belonging to the simulated deposition. Specially selected radioactive materials
should thus be obtained that can be added to the samples before the analyses and measurements
are started. In the NPP exercise, with releases mainly of L- and S-nuclides, it was not possible to
get a representative nuclide combination. Such a combination would also have contained a number
of short-lived radionuclides but as it turned out only the more long-lived ones could be obtained.
The most important were the gamma-emitters Cs-137, Cs-134 and 1-131, the beta-emitters Sr-89,
Sr-90 and certain transuranic elements, for example Pu-239. For this purpose, wastewater from the
reactor in Studsvik was obtained containing a number of long-lived nuclides in suitable relations.
Furthermore, standard solutions of such radionuclides possible to be analysed in the real case were
used. The result was, as mentioned above, that the relation between activity in samples and the
doserate in the field was not the right one. However, this was of no importance to the exercise.

In the NW exercise the demands were different. The radioactive materials formed at the nuclear
weapons explosion have a composition, which can be described by the fission yield, the individual
and the cumulative. In this case a set of radionuclides were produced by neutron radiation of
natural uranium, for the purpose of trying to get the same composition as created by a nuclear
charge explosion. The choice is then between irradiating a small quantity of uranium during a
proportionally long time, or that of irradiating a larger amount during much shorter time. A longer
radiation time means that the activity of the short-lived nuclear fission products will not be
proportional to the radiation time, which is the case with the long-lived ones. The most short-lived
nuclides can even reach equilibrium activity, causing unwanted imbalance between the long- and
short-lived nuclides.

The solution to the problem is to set off the explosion far away from the exercise area so that the
short-lived nuclides have time to decay before reaching the exercise area. At the same time, this
time of transport enables the irradiated uranium with its nuclear fission products to be transported
from the reactor where the actual radiation took place to the laboratory where the samples are to
be prepared. The irradiation can thus be permitted to take place for a long time making it possible
to use a smaller amount of uranium. The irradiated material was in this case uranyl-nitrate, which
means that it had to be dissolved in the laboratory before addition to the samples. Then it is an
advantage to have a small mass and for that reason, too, it is desirable to use as small amount of
uranium as possible. In the NW exercise, a mg-quantity of natural uranium was irradiated for an
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hour in a reactor with a neutron flux of about 3E13 n cm"2 s"1. Amounts of activity and additional
technical data are presented in Ref. 3.

MATHEMATICAL RADIAC SIMULATION, MARS

The simulated doserate measurements are made with simulators replacing the real doserate
instrumants. A simulator essentially consists of a microcomputer and a GPS set up as one
instrument. The simulation itself is made with a mathematical MARS-function programmed into
the computer and provided with in-data from GPS. The whole scenario is run in real time and the
only in-data required by the MARS-function are real time and position co-ordinates. The
simulators are built into the boxes of real doserate instruments and the reading off is made on the
ordinary display.

The fundamental idea of the MARS-model is being able to describe a whole scenario and all its
integrated components, static as well as time dependent ones, by only using one mathematical
expression. This has been proven to be possible and experience points to the fact that the model
has a very large development potential. The mathematical expression consists in most cases of a
number of functions of the three variables; real time, the x-coordinate of the position and its
y-coordinate. The main function represents a radioactive deposition of a certain distribution and
one or more functions giving smaller deposition areas, i.e. hot spots, with higher activity
concentrations. The natural background is included, mainly as a background doserate constant
over the whole deposition area. The whole deposition process is manoeuvred with some functions,
partly giving the shape of the cloud front, partly deciding how fast the cloud will proceed and for
how long the deposition will last and the decay of the activity.

At every measurement using actual instruments the measurement values will vary randomly for
natural reasons, making the estimation of the present doserate level difficult. The MARS-function
simulates these variations by using a normally distributed random function. By choosing a suitable
standard deviation, the size of the variation can be set.

It is not very difficult to create a MARS-scenario by the use of fairly simple mathematics, and
adapt it to the meteorological prognosis and to the exercise requirements. The model has been
used at several conducted exercises for some years now and it is in all essentials fully developed
as far as known applications are concerned. Besides MARS-scenarios adapted to prognosis
produced by using some model, entire free-standing scenarios can be designed, from simple ones
consisiting only of a few radiation point-sources to more complicated ones, with varying
radioactive plumes and quite complex deposition lapse.

The MARS-function is also used when deciding the amount of activity that must be present in
samples taken within the area. When the sample is taken the simulator value is recorded and the
activity in the sample can then easily be transformed from this value, the period of time and the
size of the sample. Especially in the nuclear weapons case, the activity and the doserate are
assumed to vary in a similar way. Mainly in the nuclear reactor case, separate decay functions for
interesting nuclides are feasible to be introduced. A description of the technique and details about
the MARS-simulation can be found in the Ref. 7.
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THE CONNY (NPP) SIMULATION

The simulated deposition area must as far as possible have the same contents and qualities as that
of a real deposition caused by the defined release. What such a deposition looks like is not known.
Thus, one must make suitable assumptions.

The main task of the simulation is to make possible the different parts of emergency preparedness
exercises. To produce a simulated deposition area involves, from the medium activity in the area
and the character of the prognosticated deposition, creating a natural detail structure. At the same
time one has see to that it contains parts or elements which help training the emergency
preparedness team. This means that one has to put great effort in preparing details that are
demanding for the team. In the MARS-model there are excellent possibilities for adding this type
of conditions. For example, local accumulation of activity placed in sensitive areas, in population
centra or along transportation roads.

The values of the activity of Cs-137 and 1-131 given under 3.1 and, the doserates in the deposition
area composed the base of the simulation in the NPP exercise. In some places, accumulations of
activity were created, of levels two to three times the medium activity in the county, e.g. about
50 kBq m"2 Cs-137 and 250 kBq m'21-131. The doserate in such places amounted to more than

1

During releases from nuclear reactors lasting for a couple of hours, the radioactive materials will
be transported away in the form of a plume, having a certain extension in the direction of
movement and a certain width. The current scenario deals with a release lasting about six hours,
which means that the deposition would at least last that long.
For example, if the exercise lasts one day, as in the NPP exercise, the deposition must partly be
terminated within a reasonable time. The plume must partly advance rather fast above the exercise
area in order to give the emergency preparedness team a chance to work when the deposition is
over. In the MARS-function there is a component deciding the speed and shape of the simulated
plume. In the NPP exercise the deposition time was set to two hours. This made it possible for the
team to take air samples during the deposition, as well as being able to wait for the deposition, and
when it was over, being able to carry out measurements and take samples of the final fallout.

THE LOTTA (NW) SIMULATION

As in the NPP exercise, the MARS-function described the overall exercise scenario, the time for
the cloud transport, the duration of the deposition in the whole area, the final activity and doserate
in the area, together with the decay function, t"1"2. The mean value of the activity of the prognosis
model, PELLO, constituted the starting-value, the H+l-value, and was 2E19 Bq kt"1 fission
charge, thus 6E21 Bq for 300 kt.

This mean value, in the area of Vasterbotten, was according to the prognosis 1E10 Bq m"2. It was
assumed that fairly large local variations might exist, simulated in the MARS-function by using a
couple of functions giving limited areas with levels of activity up to three to four times the mean
value. In these areas, the doserate, H+l, was about 100 mSv h"1. The deposition in Vasterbotten
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was not similar in the whole area; it started early in the morning and lasted till after lunch. This
means that the activity had decayed with a factor of 20 when it was possible to perform
measurements, the results of which could be converted into H+1-values.

22



FIELD WORK

Well-trained teams suited for an overall effort in the field are of necessity for a good emergency
preparedness. Within FOA such teams have been equipped and instructed but training has not yet
been performed to a required extent. In spite of that, it felt appropriate to carry out and eventually
evaluate the NPP and NW exercises. Ref. 8 is a description of the preparedness subgroups that
were active in the exercises and it also gives a brief evaluation of the result of the field
measurements.

The intention was not to assess the effort of separate teams but to form an opinion on how to
continue building up the emergency preparedness and if the exercise methodology tested is
suitable for RADIAC emergency preparedness teams. The results of the emergency preparedness
overall effort are to a great extent dependent on the basis of the resulting fieldwork. The
conditions in the deposition area must be assessed and the basis of the measures formed. The first
thing has to be to define the actual situation. It is the duty of the field teams to describe this,
through measurement efforts and the collection of samples.

DOSERATE MEASUREMENTS

Doserate measurements or reconnaissance are the first duties for the emergency preparedness
team. As soon as possible after receiving an alarm about a possible deposition of radioactive
materia, consideration concerning reconnaissance must be made. In the area where the deposition
is expected to be noticeable, a measurements patrol must be in place preferably before the
radioactive cloud has arrived. The first measurement values can possibly be crucial for the
decision about immediate measures to be taken in order to protect the population from
unnecessary radiation doses. Thus, the doserate measurements are the highest priority effort in the
emergency state.

GAMMA SPECTROMETRIC MEASUREMENTS

Field gamma spectrometry is considered to be an important form of radiation measurements in the
field. The emergency preparedness team has access to equipment employed for such
measurements and it was used at both conducted exercises. The conditions are the same as for
sample taking in the field and laboratory analyses, because the natural activity and existing fallout
are not enough to create a meaningful measurement and operation analysis. The measurements
must somehow give results strongly connected to the simulated scenario.

Different existing alternatives can match up to this demand. It was chosen to provide the detectors
with especially fabricated radiation sources, estimated to give measurement values related to the
doserate on the measurement site estimated with the simulators. In the NPP exercise only the most
prominent radionuclides could be part of the sources, e.g. the same nuclides included in the liquid
used to prepare samples. The measurements then gave about the same gamma-ray spectrum,
which evidently was an acceptable disadvantage. When assessing the measurement values a
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correction factor was introduced, obtained from the MARS-expression and based on the doserate
value shown by the simulator at the measurement site.

In the NW exercise the conditions were different. A standard solution was employed, produced
through neutron irradiation of a uranium sample, containing mainly the same nuclides as those
present in the fallout after a real nuclear weapons explosion. Specially prepared sources made
from the standard solution and mounted on the detectors decayed in a realistic way. Gamma
spectra measured in the field gave results corresponding to an H+l activity of 1E10 Bq m"2 and
then a MARS-based correction factor, dependent on measurement location, was introduced to give
the activity in that position. Further details concerning the technique of simulating the nuclear
fission products from a nuclear charge explosion by using neutron irradiation of a uranium sample
are given in Ref. 3.

SAMPLING

As mentioned above, there are different functions within the emergency preparedness team, each
and everyone with a special area of responsibility. The initial efforts in a fallout situation are the
collection of air samples and reconnaissance, e.g. doserate measurements in the surroundings. The
air sampling must be carried out during the actual deposition and it is therefore necessary to
measure the doserate from the fallout in connection with the sampling, to make sure that it
increases, indicating an ongoing deposition. At constant doserate the main part of the air activity
will most probably have disappeared and at decreasing values the deposition has most certainly
ended resulting in no radioactive materials left in the air.

In the case of the nuclear weapon it is assumed that the activity in the cloud is normally distributed
in the direction of the movement and thus increasing the fallout according to the corresponding
cumulative distribution function, having the most powerful deposition in the middle of the
interval. The activity decreases according to f1"2 making the decision, whether the deposition is
ongoing or not, difficult.

In the nuclear reactor case it is assumed that the release continues for a certain time and after the
very first stage, the doserate from the fallout will rise continuously during the whole deposition
interval. Even here there are short-lived radionuclides but the decay function is most probably
different from case to case.

At exercises based on the MARS-model, great importance is put on the simulation of the
deposition phase, when it starts as well as how it changes and when it ends. In the NW exercise
there were more than one deposition function as the meteorologists' prognosis showed that the
deposition speed was different in the western and in the eastern parts of the cloud. Despite that the
exercise went on for two days it is uncertain whether this condition was noticeable in the
measurement values. However, the simulation provided valuable experience.

The emergency preparedness effort, concerning the collection of the basis of decisions about
measures to be taken, consists partly of direct measurements in the field and partly of
environmental sampling of air, soil, vegetation, milk or other matrices for analysis in the
laboratory. When it comes to air samples taken in order to collect the iodine isotopes it is hard to
provide full realism. A particle filter, only letting through non-particle-bound iodine, and
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collecting all other radionuclides, precedes the charcoal filter. Thus, in the charcoal filter only
iodine isotopes are expected. Iodine is simulated by using a standard solution of only the most
long-lived, 1-131. Another deviation from the real case concerns milk samples. It is not probable
that the activity present in the cows grazing has time to be digested by the cows and transferred to
the milk during the short time of the exercise. Despite this, it is important to analyse milk samples.

Emergency preparedness-adjusted instructions for sample taking is missing in many cases, when it
comes to the choosing of test samples sites as well as number of samples per given area as a test
sampling technique, but this shortage will hopefully be helped. Today the test sampling performed
by the emergency preparedness team at FOA is based on the great deal of experience obtained by
the staff through radioecological research in several projects. Individual competence within
different fields of research is used and the overall competence is estimated to be very good.

25



LABORATORY WORK

It is desired that the laboratory have access to resources and methods in order to make fast
analyses of the most interesting radionuclides. At FOA, development is ongoing leading to the
development of such methods. The experience from the exercise will most hopefully improve the
conditions of the development work.

RADIOMETRIC ANALYSES

Direct measurements of activity are dominated by gamma spectrometric analyses. A brief
description of the features of the exercise gamma-ray spectrometric equipment is presented in Ref.
3. The fallout contains a large number of nuclides emitting gamma-rays, easily analysed with this
type of analysis. If it originates from a nuclear reactor release, the nuclide composition is probably
more uncertain than that following a nuclear weapons explosion. The release from the reactor can
go on for a long time and the nuclide composition at the beginning may be different from that at
the end of the plume. It is important to study certain radionuclides, e.g. 1-131 and Cs-137, of
importance when it comes to inhalation and food intake and when deciding their activity in
different kinds of samples by using gamma-ray spectrometry.

The nuclear weapons fallout can in some ways change in the course of the deposition, the
composition may vary from place to place as a result of fractionation effects and decay of short-
lived nuclides. The starting-point is however better defined, since all active material is created in
the open. Even if there is a good consensus in the assessment, e.g. the activity and the doserate
decays according to t"1'2, one can sometimes encounter unexpected diversities.

Overall measurements of alpha- and beta-activities can be of help when making rough
classifications of samples. Measurements are valued against a reference nuclide, often T1-204 for
beta- and Am-241 for alpha-activity.

Direct alpha spectrometric analyses could be performed, giving complementary information about
the contents in the fallout. In the reactor case, there are a number of transuranic elements present if
the fallout has had the character of releasing them, while in the nuclear weapons case the
transuranic elements are less, but still some uranium isotopes should be present.

RADIOCHEMICAL ANALYSES

Certain radionuclides demand radiochemical analysis in order to be determined. In the first place,
one tries to make fast analyses of long-lived Sr-isotopes (i. e. the pure beta-emitters Sr-89 and Sr-
90). In the long run, the Sr-90 activity may set the dimension for minimising the radiation dose to
the population. Thus, it is important to learn about the levels as soon as possible. In the short run,
the Sr-89 activity might be the limitating one. During fallout following a reactor accident the Sr-
89 activity may be 10-20 times the Sr-90 activity.
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During nuclear weapons fallout there are large amounts of short-lived gamma-emitting Sr-
isotopes. The relation between long-lived and short-lived Sr-isotopes is not difficult to estimate
from the fission yields. Therefore the chances are good to estimate the existence of long-lived
isotopes from knowledge about the activity of short-lived isotopes. Besides, the ratio between the
activities of Sr-89 and Sr-90 is expected to be an order of magnitude larger than in the reactor
case. Ref. 9 presents the results from Sr-analyses of samples collected in the fallout area and
which were prepared with radioactive standard solutions according to Ref. 3.

Radiochemical analysis of plutonium is another important part of the analysing operation. It gives
information about the character of the fallout in both the nuclear weapons case as well as in the
reactor case and is necessary for the overall assessment of the situation.
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EVALUATION OF THE LOTTA EXERCISE

The aim was to exercise the whole emergency preparedness team using the methods and resources
developed and built up at FOA in the last few years. It was about the internal work at the central
command, detection, dose estimation, test sampling, field- and laboratory measurements,
radiochemical analyses, communication, the design of results and reporting and finally about the
application of the new exercise methodology based on the MARS model. All parts were exercised
to a certain extent and were also evaluated in one way or another. The emergency preparedness is
not yet optimal so the evaluations will hopefully form the basis of a continuing development of the
competence of the emergency preparedness team. A detailed evaluation of the efforts of the
various supgroups in this exercise seems therefore not appropriate. The evaluation will instead
concentrate on certain aspects of the simulation methods that were used to form the scenario and
make comments on its applicability for future simulation of exercise scenarios.

Certain evaluation of the NPP exercise has been made earner and the results have been presented
in Ref. 10. A video film was made during that exercise in order to verify how the work was done
at the central command, in the laboratories and in the field. The present evaluation is therefore
concentrated on the NW exercise.

In the first place, the idea was to assess the amount of information available at different periods of
time and hence evaluate the very information from an emergency preparedness point of view. This
information is in essence given in Ref. 8, which also presents comparisons with the true values
from the MARS scenario.

Some parts of the scenario are below taken to illustrate the usefulness of the MARS method.

1. Preparedness group preparation before fallout

The MARS scenario is a real time scenario in every aspect. As soon as the nuclear weapons
explosion has taken place, the radioactive cloud moves on in a direction and at a speed governed
by the prevailing winds in the chosen real weather situation. Information on the incident reaches
the preparedness group at an appropriate time, probably not later than a couple of hours after the
explosion. The group has then to take proper measures to be prepared to act when necessary.

2. First indication on fallout

From the information on where the explosion took place and knowledge about the atmospheric
parameters, SMHI produce a first prognosis on where and when the fallout may appear. This will
take less than an hour.

With a MARS simulation scenario in good agreement with the SMHI prognosis the preparedness
group has got a basis for its initial actions. The field subgroup started the radiation measurements,
going by car towards the radioactive cloud and thereby trying to get an early indication on when
the fallout started in the region. In that way they got a verification of the SMHI prognosis and also
a rough indication on the magnitude of the future doserate levels.
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Evaluation:

This phase of the exercise turned out quite well. The simulated cloud activity distribution together
with the way the measurements were carried out gave this part of the exercise a good realistic
character.

3. The deposition course of event

Three types of information are of importance: when the deposition starts, when it has stopped and,
finally, the ultimate doserate level.

Determination of the starting time and the doserate level are almost trivial tasks. To decide when
the deposition has stopped is on the other hand much more difficult. Furthermore, there are no
generally accepted methods for the decision that the deposition has ended. From the activity point
of view, the successively accumulating fallout is compensated by the decay of the activity, thereby
eventually creating a state of constant radiation doserate. This state is sometimes taken as the
deposition stop, despite the fact that there is still an ongoing deposition, even if it is small.
Nevertheless, this state of equilibrium may be used for the definition of the low, almost negligible,
deposition, which can be a substitution for the concept "end of deposition". The problem is that,
because of random variations in the measuring instrument pulse rate, this equilibrium state is not
easily determined. In fact, there will sometimes be a time interval of uncertainty of the order of
two to three hours, during which it is not possible to say whether there is an equilibrium state or
not. Therefore, it is a very delicate task to determine whether or not the equilibrium state is
reached.

Evaluation:

The end of the deposition or equilibrium-state was not unambigously determined by the field
subgroup, but, because of what has been said above, they were not expected to solve the problem
in the field. There is also the conflict between staying for the equilibrium to be established, which
would take a couple of hours, or go further to assess other parts of the fallout area. The MARS
simulated deposition gives, however, all the necessary conditions for a detailed investigation of
the deposition vs the decay process. As soon as the decision has been made about how to
determine the end of the deposition, it can be carried out and further developed in the MARS
scenario.

4. The doserate distribution, locating hot spots and reconnaissance strategies

As described in Ref. 1, the activity and doserate distribution consisted principally of a continuous,
slowly varying distribution on which a few hot spots with higher concentrations were imposed.
The main task for the field subgroup should be to identify the most serious part of the fallout area,
i. e. where the highest, avoidable radiation doses might be found. As soon as they have recognised
the deposition front and evaluated the first mesurement data, they may have a rough idea about
what doserates can be expected in the fallout area. In this exercise, the doserate levels indicated
that the expected doses to the population would not be negligible, but they would not be extremely
high in any part of the entire fallout area. Nevertheless, there could be some hot spots with
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doserates of the order of what may demand actions for the population. The field subgroup should
therefore be prepared to look for hot spots by applying an efficient reconnaissance strategy.

There are, however, no common reconnaissance strategies available. Therefore, the central
command has to continuously evaluate measurement data reported from the field subgroup and
based on the results, give advice for further measurements. It seems reasonable to start checking
the doserates in densely populated areas to make sure that they are not too high, or, if they should
be extremely high, immediately report to the central command that would give instructions for
prompt measures.

Evaluation:

The number of field subgroups in action was not dimensioned to carry out a complete mapping of
the fallout area. Nevertheless, they achieved a quite satisfactory picture of the most crucial parts of
the radiation pattern. The conclusion is that the MARS scenario together with the simulated
radiation instruments constituted an excellent exercise combination, that provided all the
necessary possibilities for an effective training of reconnaissance personnel and the central
command.

5. Dose calculations

Decisions regarding necessary measures are based on estimations of radiation doses that could be
recieved during a given time. In the nuclear weapons case, the radiation decay function is well
known and the doses to the population may easily be calculated from doserate values and time
after explosion. There is no commonly recognised method available that can be used for
calculation of average doses to the population, partly because there is no universal definition of
the population. It is a matter for the central command to decide upon the prerequisite to be used in
every particular case.

The MARS simulation method offers all the necessary conditions for testing different ways to
define bases for decisions upon eventual actions. They can all be fully evaluated since the MARS
method, due to its construction, in every case gives the right answer.

Evaluation:

The field subgroup and the central command in cooperation performed well professionally, but
lack of resources set limits to what could be achieved during the exercise.
The MARS scenario turned out to be very effective as a method for simulation of what was
considered to be a fallout distribution following a nuclear weapons explosion. It contains all the
necessary information on the radioactive cloud and the following course of events.

6. Radiometric and radiochemical analyses

Fission products from the fictitious nuclear weapons explosion were created by neutron irradiation
of uranium. Theoretical estimations of which products would be present were available in the
literature. It was realised that the neutron irradiation should be as short as possible in order to get
the desired nuclide composition. Some difficulties aroused during the preparation of samples for
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the analysing laboratories. Nevertheless, the final result was a number of samples containing fairly
realistic amounts and compositions of radioactive materia.

Evaluation:

The simulation of fission products from a nuclear weapons explosion turned out to give a
satisfying result, even if the method was not technically fully developed. There are a number of
steps that should be improved, e.g. the chemical resolution of the irradiated material and the
procedure of adding the radioactive substances to different samples.

Valuable knowledge was obtained concerning the possibilities to measure and analyse these
amounts and compositions of radioactive materia.

Concluding evaluation

The NW exercise for the preparedness group at FOA was carried out in cooperation with most of
the authorities involved in the national preparedness organisation. All participating organisations,
institutes and groups were manned with highly competent personnel. However, far from a
proportion that would have been necessary in case of a real incident.

Two types of simulation methods, developed at FOA, which together made up the scenario, were
tested for the first time.

1. The MARS simulation method for the deposition of radioactive materia and the activity and
radiation distribution in the fallout area. In this case, it was a simulation based on a fallout
prognosis, produced by application of the meteorological model PELLO, developed at FOA.

2. A fission product simulation technique, based on neutron irradiation of uranium in a nuclear
reactor.

The two simulation methods were strongly connected to each other, which created a highly
realistic relation between different actions, measurements and analyses in the preparedness group.

The exercise gave an improved insight in needs and possibilities regarding the operation of a
Swedish RADIAC preparedness group with professional composition and commitment.
Experiences gained during the exercise should be evaluated and made use of as bases for further
exercises of corresponding groups in the preparedness organisation.

This type of simulated scenario is useful for training and testing of all responsibility levels in a
preparedness organisation. Any decision on actions and measures, aimed at reducing unnecessary
irradiation of the population in a fallout area, can be evaluated and marked, since the MARS
method provides all the necessary information needed for the judgement.
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