
STUK-YT0-TR115
FI9700020

Model description and
evaluation of model
performance, scenario S
Multiple Pathways Assessment of the IAEA/CEC
co-ordinated research programme on Validation
of Environmental Model Predictions (VAMP)

Vesa Suolanen
DECEMBER 1996

SATEILYTURVAKESKUS
Stralsdkerhetscentralen
Finnish Centre for Radiation and
Nuclear Safety



STUK-YT0-TR115
DECEMBER 1996

Model description and
evaluation of model
perfbrmance, scenario S
Multiple Pathways Assessment of
the IAEA/CEC co-ordinated research
programme on Validation of Environmental
Model Predictions (VAMP)
Vesa Suolanen
VTT Energy
Nuclear Energy

In the Finnish Centre for Radiation and Nuclear Safety
the study was supervised by
Riitta Hanninen and Arto Isolankila

This study was conducted by order of
the Finnish Centre for Radiation and Nuclear Safety

The conclusions presented in the report are those of the author
and do not represent the official position of the Finnish Centre
for Radiation and Nuclear Safety.

FINNISH CENTRE FOR RADIATION AND NUCLEAR SAFETY
P.O.BOX 14, FIN-00881 HELSINKI, FINLAND
Tel. +358-9-759881
Fax +358-9-75988382



ISBN 951-712-159-8
ISSN 0785-9325

OyEditaAb
Helsinki 1996



FINNISH CENTRE FOR RADIATION
STUK-YTO-TR 115 AND NUCLEAR SAFETY

SUOLANEN, Vesa (VTT Energy). Model description and evaluation of model performance,
scenario S. Multiple Pathways Assessment of the IAEA/CEC co-ordinated research programme on
Validation of Environmental Model Predictions (VAMP). STUK-YTO-TR 115. Helsinki 1996.
43 pp.

ISBN 951-712-159-8
ISSN 0785-9325

Keywords: Chernobyl fallout, radioactive deposition, biospheric transport, nutrition pathways,
doses, model validation

ABSTRACT

A modelling approach was used to predict doses from a large area deposition of 137Cs over southern
and central Finland. The assumed deposition profile and quantity were both similar to those resulting
from the Chernobyl accident. In the study, doses via terrestrical and aquatic environments have been
analyzed. Additionally, the intermediate results of the study, such as concentrations in various
foodstuffs and the resulting body burdents, were presented. The contributions of ingestion, inhalation
and external doses to the total dose were estimated in the study. The considered deposition scenario
formed a modelling exercise in the IAEA coordinated research programme on "Validation of
Environmental Model Predictions", the VAMP project.

The model predictions were qualitatively consistent with observations over the long term although
there was a need for refinement of models in some of the internal dose pathways. This was made
possible through an increase in the knowledge of real practices related to those dose pathways.

According to the analyses performed, freshwater fish was the most important foodstuff considering
the total ingestion dose over the long term. The observations with which the model predictions were
compared indicated that the ingestion dose contributed most to the total lifetime dose for the population
living in the deposition area. Should radioactive deposition happen in similar environmental conditions
the responses given in this study should be relatively accurate. Rough dose estimates, as derived
from the results of this study, were also applicable should radioactive deposition happen at times of
year other than those in the considered exercise, provided that the obvious seasonal differences are
taken into account.
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FOREWORD

This document is produced in context with the IAEA's co-ordinated research programme on
"Validation of Environmental Model Predictions" (VAMP), "Multiple Pathways Assessment" (MPA),
scenario S [1].

The preparation of this document has been funded by the Finnish Centre for Radiation and Nuclear
Safety and the calculations for this scenario have been made possible through funding from the
Ministry of Trade and Industry. Thanks are also due to Mrs Leena Kajaste for revising the English
language.
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BACKGROUND

In the application of radiological models there is
a continuous need to provide evidence of the re-
liability of model predictions. The injection of
radionuclides into the environment as a result of
the Chernobyl accident has provided a unique
opportunity for improving and validating radio-
logical assessment models [2].

The possibilities for data acquisition and model
testing in this 'natural laboratory' were recog-
nized at a Post-Accident Review Meeting held
in Vienna in August 1986.

In the summary report from the meeting, prepared
by the International Nuclear Safety Advisory
Group, it was recommended that:

"In order to improve predictions of consequences
of accidental releases of radioactivity, the IAEA
should, in collaboration with WMO, review and
intercalibrate models of atmospheric transport of
radionuclides over short and long distances and
of radionuclide deposition on terrestrial surfaces
(soils, vegetation, buildings, etc.) and establish a
database for validation studies on such models.
In addition, it should carry out similar activities
with regard to models of the transfer of radio-
nuclides through the terrestrial environment and
in food chains, their transfer through surface
waters (fresh water and sea water) and their trans-
fer in urban environments."

Two international studies were initiated follow-
ing these recommendations. The first one was a
joint investigation by the IAEA and the Word
Meteorological Organization (WMO): the At-
mospheric Transport Model Evaluation Study
(ATMES) initiated in November 1986 in Vienna.
The Commission of the European Communities
(CEC) joined the IAEA/WMO initiative in 1987.

The study was completed in 1991 and the results
were published in 1992.

The second international study focused on the
validation of models for the transfer of radio-
nuclides through the terrestrial and urban envi-
ronments. The study, in the form of an IAEA co-
ordinated research programme under the title
Validation of Environmental Model Predictions
(VAMP), was started in 1988. In 1989, the CEC
joined as co-sponsor of the programme.

The objectives of the VAMP programme were:
• To provide a mechanism for the validation

of assessment models by using the environ-
mental data on radionuclide transfer that has
resulted from the Chernobyl release;

• To acquire data from affected countries for
that purpose;

• To produce reports on the current status of
environmental modelling and the improve-
ments achieved as a result of post-Chernobyl
validation efforts.

Inside the VAMP research programme it was con-
sidered necessary to establish four working
groups:
• Terrestrial Working Group,
• Urban Working Group,
• Aquatic Working Group,
• Multiple Pathways Assessment Working

Group.

This report and model predictions are prepared
under the Multiple Pathways Assessment Work-
ing Group (MPA). The objective of this study is
to increase the reliability of environmental mod-
els in predicting long-term doses after radioac-
tive deposition. The dose estimates can be uti-
lized for the planning and realization of counter-
measures applied for population.
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1 TEST SCENARIO S

The Multiple Pathways Assessment (MPA) Work-
ing Group aims to test models that predict doses
to actual population groups living in contami-
nated environments. Therefore, the models may
have to be capable of predicting doses arising
from pathways related to different environments.
Ingestion pathways related to terrestrial and
aquatic environments, inhalation of contaminated
air either directly or after resuspension, as well
as external exposure from contaminated surfaces
or from the radioactive discharge plume are in-
cluded in the model predictions.

After the Chernobyl accident, suitable data sets
for testing these models exist in several coun-
tries. The observed data provide the modellers
an opportunity for testing their ability to predict
the temporal behaviour of cesium concentrations
in foodstuffs and in the bodies of human
populations. The exercises in the MPA working
group are being carried out as so-called 'blind-
tests', i.e. the modellers receive a scenario de-
scription and are provided with the observation
data only after their predictions have been sub-
mitted to the Secretariat.

Test Scenario S uses data from Finland [1]. The
deposition area considered in Test Scenario S is
presented in Fig. 1. The area of S includes fully
the area of the highest deposition intensity meas-
ured in Finland after the Chernobyl accident. Fig.
2 presents the relative position of population ar-
eas (POP1, POP2, ..., POP9) and air sampling
stations (AIR1, AIR2) given in the scenario de-
scription [1]. Furthermore, the relative positions
of agricultural areas (AGR1, AGR2 AGR17)
and fish catchment areas (FISH1, FISH2
FISH6) are presented in Figs. 3 and 4 [1].

The modelling tasks, predictions, and compari-
son of observed data vs predictions of Test Sce-
nario S are presented in the following text of this
report.

Fig. 1. Deposition area of Test Scenario S.
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Fig. 2. Relative position of population areas (POP) and air sampling stations (AIR) [1].
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2 MODEL DESCRIPTION

2.1 Name of model, model
developer, model user

The numerical calculations have been performed
employing the computer code DETRA [3] {Doses
via Environmental Transfer of Radionuclides).
The DETRA code has been originally developed
by Dr. Ilkka Savolainen and Dr. Riitta Korhonen
from VTT. The present user of the code is Vesa
Suolanen.

The DETRA code employs a dynamic compart-
ment approach. Except for the fish model [4],
the conceptual models i.e. the compartment mod-
els to simulate the transfer of cesium via differ-
ent pathways of Test Scenario S have been cre-
ated by the user. Some dose calculations were
performed by additional analytical equations.

2.2 Important model
characteristics

2.2.1 Intended purpose of the model in
radiation assessment

The computer code DETRA is a generic tool for
environmental transfer analyses of radioactive or
stable substances. The code has been applied for
various purposes, mainly problems related to the
biospheric transfer of radionuclides both in safety
analyses of disposal of nuclear wastes and in con-
sideration of foodchain exposure pathways in the
analyses of off-site consequences of reactor ac-
cidents. For each specific application an individu-
ally tailored conceptual model can be developed.
The biospheric transfer analyses performed by
the code are typically carried out for terrestrial,
aquatic and food chain applications.

2.2.2 Intended accuracy of the model
prediction

The intended accuracy of the model predictions
depends on the specific application, but in the
type of analyses discussed in this report the in-
tended accuracy is roughly within a factor of
about 10, based on the estimation of uncertainty
related to the conceptual models and to the input
parameters.

2.2.3 Method used for deriving uncertainty
estimates

The uncertainty estimates were derived based on
simplified Monte Carlo type analyses for the most
important parameters. Basically the model at
present employs a deterministic approach.

2.2.4 Past experiences using this model

The total set of the conceptual sub-models ap-
plied in the context of this exercise was used for
the first time. Past experiences of the sub-mod-
els have, however, shown in many cases harmonic
temporal behaviour with the observed values
available. Considerable experience has been
gained in modelling pasture and aquatic environ-
ment while the metabolic models of domestic
animals have been created recently.

2.3 References describing
detailed documentation of
model

This document presents the detailed documenta-
tion of the model used in this exercise.

10



STUK-YTO-TR115
FINNISH CENTRE FOR RADIATION

AND NUCLEAR SAFETY

2.4 Model structure

Fig. 5. presents the structure of the compartment
model used for pasture, grain and related path-
ways. The lines between each compartment de-
scribe the transfer of radionuclides from one com-
partment to another. A precondition for a reliable
prediction of the contamination of milk, beef and
pork is a successful modelling of the contamina-
tion of pasture and grain products. Simplified
metabolic models for cows and pigs are used to
estimate the accumulation of cesium in organ-
isms of those animals.

than via the consumption of contaminated mixed
grain.

Many uncertainty factors affect concentrations
in animal products in the long term, such as con-
taminated soil particles which are sorbed on feed,
changes in the solubility of elements, various ag-
ricultural practices, etc. The effect of these fac-
tors can approximately be considered e.g. with
indirect methods such as assuming an additional,
gradually decreasing fraction of contaminated
material in the feed system of animals for some
years after deposition.

Based on the description of scenario S, the beef
cattle do not usually graze. Therefore, the con-
sumption of soil particles of pasture was not con-
sidered in case of beef cattle. Additionally, the
feed consumption rate for beef cattle is assumed
to be one third of that for milk cattle [1].

The feed for pigs is assumed to consist mainly of
mixed grain and a minor fraction (0.05) of the
byproduct of milk, whey. The specific activity of
cesium nuclides in whey is, however, higher by
a factor of about 9.5 than for milk [5]. The activ-
ity inflow to pig organism might therefore be even
higher via the consumption of contaminated whey

The model used is based on sequential model-
ling approach by accounting multiple season se-
quences after deposition. The calculation proce-
dure is based on realistic agricultural practices,
i.e. modelling systematically the sequences of
grazing periods and housed periods. The selec-
tive concentration values at the end of each graz-
ing period are used as initial concentration val-
ues for the further calculation of the housed pe-
riod and vice versa. According to the scenario
description, the grazing period was assumed to
start on the 10th of May and end on the 20th of
September when the housed period starts.
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Fig. 5. The compartment model used for modelling pasture and related pathways.
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2.5 Descriptions of procedures,
equations and parameters
used in different components
of the model

2.5.1 Total deposition

The total deposition was calculated based on the
measured deposition values of the sub-areas of
Scenario S which were given in the scenario de-
scription [1]. By using the given deposition val-
ues and surface areas of the sub-areas, the mean
total deposition value for the whole area of S is
obtained as follows:

ds = Idi-Ai
As

where

d is the mean total deposition over the area S,
[Bq/m2]

d is the mean deposition of sub-area i,
[Bq/m2]

As is the area of S, [m2]
A. is the area of i, [m2].

According to the scenario description, there were
only a few measurement stations for collecting
data for air concentrations. Because the area S is
relatively large, it was decided to use the meas-
ured deposition values which are likely to give a
more comprehensive and reliable picture of the
deposition profile for the area S than an approach
based on the use of air concentration. The calcu-
lated mean deposition value, based on measured
values of sub-areas of area S, was assumed to be
realistic for the purpose of further predictions of
Scenario S. Reliable deposition values were also
regarded as important considering prediction of
the ingestion doses which were one of the main
tasks of Scenario S. As a result, the mean depo-
sition value, integrated over the whole area of
Scenario S, was estimated to be 19.3 kBq/m2.

The presented predicted concentration values of
foodstuffs of Scenario S are weighted by deposi-
tion and by production values.

2.5.2 Foodstuffs contributing to total diet

2.5.2.1 Milk

The conceptual model employed is condensed in
Fig. 5 on previous page. The parameters and data
are presented in Table I. Airborne 137Cs was as-
sumed to be deposited on grass, soil (and also on
other crops such as grain, etc.). The time of the
year in which the deposition of the Chernobyl
release in the area S took place was late spring,
end of April. At that time of the year and consid-
ering the milk model it was assumed that a frac-
tion of 30 per cent of the deposited material was
intercepted on the grass surface [6] and the rest
of the material was assumed to have been depos-
ited on soil surface. The interception factor be-
tween grass and deposited nuclides is directly
proportional to the grass intensity on pasture
[kg /m2], i.e. generally the leaf area of crops.
The effective half-life of cesium on grass sur-
face was assumed to be 25 days [7]. The loss rate
of cesium from grass surface is affected by the
intensities of rain and wind.

General method for prediction of the contamina-
tion level on the surface of grass or other leafy
vegetation is given by:

A = ln —

where

As (tj is the initial surface activity on crop j ,
[Bq/m2]

AsJ(t) is the temporal surface activity on crop j ,
[Bq/m2]

A.w is the weathering loss-rate, [1/d]
X is the radioactive decay rate, [1/d]
T]/2w is the weathering half-life, [d]
T1/2 is the radioactive half-life, [d].

The model used accounts for the foliar uptake,
but it was assumed to have only a minor effect
when considering the transfer of cesium in the
pasture system. The root uptake becomes rela-

12
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Table I. Data used in the pasture and milk models.

PASTURE MODEL
grass intensity on pasture, [kg^/m2]
grass interception factor for deposition
initial fraction of soil sorted
on the grass surface', [per cent of dry weight of grass]
radioactive half-life of nuclide, [a]
effective half-life of cesium on grass surface, [d]
soil to grass concentration factor, [Bo/kg,,]/[Bq/kgJ
absorption factor from grass surface into grass, [d1]
soil layer311: [cm]
soil layer312: [cm]
soil layer313: [cm]
density of soil31, [kg/m3j

• water, [k&/m3 j
• solid matter, [kg/m3j

distribution coefficient K,, [liter/kg]
average rain intensity, [mm/d]
evaporation, [per cent of rain intensity]
HOUSED PERIOD MODEL
assumed harvesting times in feed production:

MILK CATTLE DATA
grass consumed by cow, [kg,./d]
soil consumed by cow during grazing, [kg/d]
average milk production of cow, [liter/cow/year]

Reference1'

[8]
[6]

[9]

[7]
[10]

[11]

[12]
[13]
[13]

[1]
[9]
[1]

General data of the
model

0.45

4(T,, = 1a)

30

0->1
1->5
5-> 10
1650
300
1350

1.8
45
15th June
15th July
15th August

50
2
4900

Data for mCs nuclide

0.30

25
2 • 102

2 • 10*

M 0 3

1) Reference which is used directly or from which the data used in this study is derived.
2) The half-life for fraction of soil contamination on grass surface is assumed to be one year (14]. The used value for half-life is based on

observed temporal behaviour of resuspension after deposition in the Nordic environment.
3) The data used is based on previous experience of environmental modelling and on review of literature.

tively more important in the longterm. The
resuspension of contaminated soil particles and
their deposition on grass are modelled as well
(see Fig. 5), although resuspension has in gen-
eral only a minor effect on grass and milk con-
tamination levels. In the case of Scenario S, the
main contribution to the contamination of milk
comes, however, from the effects of direct depo-
sition.

The modelling approach of the milk model used
is based on multiple season sequences. During
the calculation, the grazing period and the housed
period of cows are assumed to alternate in con-
stant periods. Therefore, at the beginning of each
calculation sequence, initialization of the concen-
trations in each relevant compartment is per-
formed in the model.

The grazing period was assumed to start on 10th
May and to end on 20th September, when the

housed period of cows correspondingly starts [1].
Additionally, a grazing restriction up to the end
of May was applied at the beginning of the cal-
culation of Test Scenario S. Because the deposi-
tion occured at the end of April there was a pe-
riod of one month during which the contamina-
tion level of grass decreased from the maximum
value. By the time the cows were allowed to go
on the pasture contamination level had therefore
passed the maximum value. The real temporal
behaviour of the contamination level of pasture
was used in the calculation.

The assumed harvesting times of hay were 15th
June, 15th July and the 15th of August, when the
feed for the housed period was gathered. It was
also assumed that for each harvesting time the
yield is equal. The mean concentration value of
feed can then be estimated based on the contami-
nation levels of those three harvests.

13
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Table II. Data used in the beef model.

BEEF CATTLE DATA
grass eaten by beef cattle, [k&./d]

biological half-life T1/a, in beef, [d]

Reference"

[1]

[15]

STUK-YTO-TR115

General data of Data for 1l7Cs
the model nuclide

17

40

1) Reference which is used directly or from which the data used in this study is derived.

In the longterm, many uncertainty factors such
as contaminated soil in feed, changes in the solu-
bility of elements, and matters related to agricul-
tural practices affect the contamination level of
milk and other domestic animal products. In or-
der to account for these uncertainty factors and
to apply a conservative modelling approach, it
was assumed that the loss of contaminated mate-
rial from the considered system will be delayed
to some extent. Fig. 6 presents the assumed de-
crease in the amount of originally contaminated
material in the feed of cows during the housed
period after the deposition. The values employed
for the fraction of contaminated material in feed
in the years following the accident are based on
a qualitative judgement and not on direct empiri-
cal observations.

Besides being radiologically a very important
foodstuff in itself, milk contributes to contami-
nation levels in other foodstuffs such as pork. This
is due to the fact that whey, a byproduct of milk,
is used as feed for pigs. This question will be

discussed in more detail in the context of pork.
Additionally, the temporal behaviour of the con-
tamination of beef is qualitatively closely related
to the contamination of milk. The essential dif-
ferences between milk and beef consist of dif-
ferent infiltration factors and metabolic time con-
stants related to those foodstuffs.

2.5.2.2 Beef

The calculation method applied to predict the ac-
tivity content in beef is presented in Fig. 5. The
additional data used are presented in Table II,
other necessary data used to calculate the con-
tamination level of beef were presented earlier
in Table I. The calculation method for beef is very
similar to the calculation method for the milk
component. The reason for that is the similarity
of the metabolism of the animal in the two cases.
There are significant differences, however, in the
metabolic infiltration factors and in the time con-
stants needed to reach the steady state between
the source term (i.e. the activity intake) and the

Fraction of * -0
contaminated
material in feed 0.8 - -

0.6-

0 . 4 -

0.2-

i ii ni

Moused periods after deposition
rv

Fig. 6. The assumed amount of originally contaminated material in feed of cows during the housed
periods after the deposition.
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Table III. Data used in the pork model K

DATA RELATED TO PIGS
mixed grain feed eaten by pigs, [kg/d]

whey eaten by pigs, [kg/d]

ingestion transfer factor, [d/kg]

biological half-life T1Bh in pork, [d]

Reference21

[5]

[5]

[15]

[15]

General data of
the model

1.5

0.15

Data for 137Cs
nuclide

2.6-10'

18

1) See also Table VIII, the cereals model.
2) Reference which is used directly or from which the data used in this study is derived.

contamination of the considered foodstuff. The
time constant related to the contamination of beef
is much larger than the time constant for milk.
The biological half-life used for cesium in beef
is 40 days [15]. Qualitatively the temporal be-
haviour of concentrations of cesium in beef and
milk is of similar form, but the concentration
curve of beef has a smoother tendency than the
concentration curve of milk. The reasons for this
were discussed above.

The consumption rate for feed beef cattle is lower
than that for cows, because of the lower require-
ments of nutriments for beef cattle. The mean
consumption rate used for grass for beef cattle is

feed. The modelling approach of grain is to a large
extent of the same type as in the case of grass,
although the interception properties and the de-
rived interception factors of grass and grain dif-
fer.

The biological half-life of cesium in pork is as-
sumed to be 18 days [15].

2.5.2.4 Game

The activity concentration in game meat is pro-
portional to the activity concentration in the for-
est soil. The concentration of cesium in game has
been estimated by applying the following equa-
tions:

2.5.2.3 Pork

The calculation method applied to predict the ac-
tivity concentration in pork is presented above
in Fig. 5. Some cereals data related to the pork
model are presented in Table VIII, the other data
of the pork model are presented in Table III.

The pig feed consists mainly of mixed grain feed
[1], about 90 per cent, and the rest is assumed to
be supplementary feed such as whey. Because
the cesium activity concentration in dried whey
is about 9.5 times higher than cesium concentra-
tion in dried milk [5], whey forms a very signifi-
cant activity flux into the pig organism. Occa-
sionally, activity flux via whey might be even
higher than via intake of grain feeds.

A prerequisite for a successful prediction of the
contamination level in pork is a sufficient accu-
racy of predictions of the contamination levels
of grain and milk products which are used as pig

For summer and autumn

Cgame(t) = Cs(t)-C

For winter (tt < t

where

v' Jv'Tg

<u--
In 2

(1-e

b

/

Tia b

is the concentration of cesium in game
meat, [Bq/kg]
is the concentration in forest soil,
[Bq/kgfJ
is the forest soil to forest vegetation
concentration factor
is the consumption rate of vegetation by
the game animal, [kg/d]
is the ingestion transfer factor of the
game animal, [d/kg]
is the biological half-life of cesium in
game, [d]
is the time point of 1 May
is the time point of 31 December.

15
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Table IV. The data used in the game model.

GAME
ingestion transfer factor'1, [d/kg]

biological half-life", [d]

eff. soil to forest vegetation transfer factor21,
[Bq/kfl.]/[Bq/kg ta.J

consumption rates of vegetation", [kg,./d]

General data of
the model

0.5

Data for 1S7Cs nuclide and
consumption rates

Big game Small game
4 • 102 9•102

40 30

9 2

1) See explanation 3) under Table I.
2) Includes all kinds of vegetation, such the contaminated organic material in the top layer of forest soil, mushrooms, etc.

Table V. Data used in the wild berries model.

WILD BERRIES
soil to berries transfer factor", [Bq/kg,. fcJ/IBq/kg^ J

harvesting time

General data of
the model

31st August

Data for 1I7Cs
nuclide

0.1

1) See explanation 3) under Table I.

According to analyses performed by the soil
model, the cesium activity concentration in for-
est soil decreases slowly. In the case of 137Cs the
decrease rate of the activity level in forest soil is
about five per cent per year. Thus the decrease of
the activity concentration in game meat will also
be relatively slow. The diet of game is different
according to the season. During the winter the
diet of game includes probably less contaminated
material which tends to decrease the cesium con-
centration in game.

The data used in the game model are presented
in Table IV.

2.5.2.5 Wild berries

The activity concentration in wild berries, such
as blueberry and lingonberry, is proportional to
the activity concentration in forest soil. There-
fore, the prediction of the cesium concentrations
in wild berries was based on dynamic calcula-
tion of the surface activity concentration in for-
est soil (up to 1.5 centimeters depth in soil) after
the deposition. Subsequently, the concentration
factor method was applied to calculate the con-
centrations in berries at harvesting times based
on forest soil concentrations. The activity con-
centration in soil was calculated with a compart-
ment model, as shown in Fig. 5, to simulate the
vertical migration of cesium nuclides in the for-
est soil. The data used are presented in Table V.

The soil to berries transfer factor represents a
mean value applied for various types of berries.

2.5.2.6 Mushrooms

As in the case of wild berries, the activity con-
centration in mushrooms is also proportional to
the activity concentration in the forest soil. The
mushrooms grow out of a so-called mycelium
which spreads out widely in the soil. The myc-
elium increases the transfer of radionuclides from
the soil to the mushrooms, because the contact
surface area for infiltration is remarkably larger.
Also, in the case of Scenario S, the mushrooms
had to penetrate the contaminated soil surface and
thereby interact with soil particles. It is easy to
see that the contaminated soil particles will, to
some extent, be sorbed on the surface of the
mushrooms. Considering the circumstances men-
tioned above, it was concluded to increase the
concentration effect and concentration factors
compared to wild berries. Otherwise, the model-
ling approach for mushrooms is of the same type
as for wild berries. The data used are presented
in Table VI.

2.5.2.7 Leafy vegetables

According to the information given in Scenario
S description, most of the leafy vegetables are
grown in greenhouses. Therefore, the average
deposition value of area S has to be reduced in
order to obtain a realistic value of deposition on
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Table VI. Data used in the mushrooms model.

MUSHROOMS
soil to mushrooms transfer factor11, [Bq/kgw .^^J/tBq/kg,^ J

harvesting time

General data of
the model

15th October

Data for " C s
nuclide

0.5

1) See explanation 3) under Table I and chapter 2.5.2.6.

Table VII. Data used in the leafy vegetables model.

LEAFY VEGETABLES
yield, [kg./m2]

soil contamination on surface of leafy vegetables, [per cent
of dry weight of vegetable]

effective half-life of cesium on surface of leafy vegetable, [d]

infiltration factor for greenhouses21

interception factor31

Reference11

[8]

[9]

[7]

General data of
the model

1

0.01

Data for w Cs
nuclide

30

0.05

0.3

1) Reference which is used directly or from which the data used in this study is derived.
2) Educated guess based on the sealing properties of greenhouses.
3) Effective interception factor applied in the case of greenhouses is: interception factor • infiltration factor = 0.3 • 0.05 = 0.02

Table VIII. The data used in the cereals model.

CEREALS
yield, [kg^/m2]

interception factor (grain):

initial fraction of soil on surface of cereals, [per cent of dry
weight of grain]

effective weathering halflife, [d]

harvesting time:

soil to cereals transfer factor, [Bq/kg.ypq/kgJ

Reference1'

[8]

[16]

[9]

[7]

[10]

General data of
the model

0.4

0.01

Data for 1"Cs
nuclide

0.05 (rye21)
0.005 (others)

32

15th August

1 -10""

1) Reference which is used directly or from which the data used in this study is derived.
2) The interception factor of rye accounts for the additional contamination effect of soil particles which were assumed to be sorted on winter rye when rye

penetrated the contaminated soil layer in the spring. Cesium was assumed to be transfered into cereals by transtocation and by root uptake.

leafy vegetables in greenhouses. The reduction applying a given half-life. The data used for leafy
of the activity content of air in greenhouses is vegetables are presented in Table VII.
caused by infiltration from the atmosphere into
the greenhouses. The phenomena which ac- 2.5.2.8 Cereals
counted for the contamination of leafy vegeta- The conceptual calculation method used is pre-
bles were deposition and resuspension during the sented in Fig. 5. The essential data in the predic-
first summer and autumn seasons, and only tion of the contamination level of cereals is the
resuspension thereafter. initial interception factor between cereals and the

deposited radionuclides on the one hand, and the
After the assumed deposition on leafy vegeta- effective loss rate of nuclides from the surface of
bles, the loss of radionuclides from the surface cereals in the later phase on the other. Table VIII
of leafy vegetables is traditionally calculated by presents the used data.
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After ploughing, the soil contamination level is
recalculated, based on the concentration profile
of the soil before ploughing.

2.5.2.9 Fish

The method of predicting the contamination of
freshwater fish in area S is based on the utiliza-
tion of three selected lake size classes, three se-
lected environmental sorption classes and on the
dynamic fish model for non-predatory, interme-
diate and predatory fish types. The compartment
structure of the fish model is presented in Fig. 7
below. Detailed information on this type of a dy-
namic fish model is given in ref. [4].

The characteristics of different selected sizes of
lakes are presented in Table IX. The selection of
lake size classes is based on information given
in the scenario description [ 1 ]. The dilution prop-
erty of a lake, i.e. lake volume multiplied by the
water exchange rate, is an essential factor when
predicting not only the contamination of lake

water but also the contamination of various fish
types. Additionally, the sorption properties related
to the considered aquatic environment affect the
concentration of radionuclides in fish.

The deposition area of S was divided into six fish-
ing areas which have different areal occurrence
probabilities of lake sizes. The occurrence prob-
abilities of different selected lake sizes and mean
areal deposition values in different fishing areas
are presented in Table X. The selection of occur-
rence probabilities of lakes sizes is based on a
rough investigation of areal maps available of the
areaS.

In the first phase of the calculation procedure,
the mean concentration values of different fish
types (non-predatory, intermediate and predatory)
of sub-areas (FISH1, FISH2,..., FISH6) [1] were
determinated as a function of time. In the second
phase, the results of the sub-areas were integrated
to obtain the mean fish concentrations of the
whole area S.

DEPOSITION OF RADIONUCLIDES

INFLOW ~~*

>

INFILTRATED
WATER AND
EROSION

f
-*

LAKE

SEDIMENTATION

^ —

^ f jRESUSPENSION

WELL MIXED SED. LAYER
EFFECTIVE SEDIMENTATION^

BURIED SEDIMENT LAYER J

i

I
r\ DRAINAGE AREA

DYNAMIC FISH MODEL
TOP PREDATOR

NON-PREDATOR ^ ^VeTi

INTERMEDIATE/ ™«>ATOR
NON-PREDATOR

[

^ WATER
~ OUTFLOW

Fig. 7. The compartment model used for fish and related pathways.
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Table IX.
Lake
surface
area,

[kmi

1

100

1000

The characteristics of the

Effective
drainage
area,

[km4]

2

300

1000

used lake types.
Mean depth Suspended
of lake,

[m]

2.5

5

7

sediment
load of lake
and sedim.
rate
[kg/m1] or
(kgymVa)

1.5-10*
(0.5)
1 • 10'
(0.2)
1 • 10'
(0.2)

Water
exchange
rate,

[1/a]

2

1

1

Sorption distribution coefficient,

class 1"

1.1-10'

1.1 '10'

1.1-10'

[Bq/kgJ/[Bq/literJ

class 2* class 3"

M O 3 9-102

M O 3 9 • 102

M 0 ' 9-102

1) Fishing areas [1 ]: FISH1, FISH2, FISH5, FISH6
2) Fishing areas [1]: FISH4
3) Fishing areas [1]:FISH3

Table X. The occurrence probabilities of different lake sizes of area S and the mean deposition rates in
fishing areas FISH1 to FISH6.

Fishing area

FISH1
FISH2
FISH3
FISH4
FISH5
FISH6

1
0.6
0.6
0.1
0.02
0.3
0.5

Occurrence probabilities
Lake area, [km1]

100
0.4
0.4
0.5

0.08
0.5
0.5

1000
0
0

0.4
0.9
0.2
0

Mean deposition of
"7Cs[1],[kBq/ms]

14.0
12.2
6.7
30.7
31.8
15.3

2.5.3 Human intake

The human intake is given as follows:

Uf,HB(t) = JfCf(t)

where

UfJffl(t) is the intake rate of activity of human,
[Bq/d]

Jf is the consumption rate of foodstuff,
[kg/d]

Cf(t) is the concentration in foodstuff, [Bq/kg].

The typical consumption rates of foodstuffs of
the population living in area S, were given in the
scenario description [1]. Because of the relatively
high deposition values it was felt reasonable to

give some recommendations of the consumption
rates of some important foodstuffs, such as fresh-
water fish, by the authorities responsible for ra-
diation safety in area S. Additionally, when pre-
dicting the ingestion doses of area S, it was as-
sumed that people will voluntarily reduce tem-
porarily the consumption rates of some food-
stuffs. The typical consumption rates and the as-
sumed reduction of consumption rates after depo-
sition are presented in Table XI. The calculation
results of area S are based on reduced consump-
tion rates. A reduction of cesium concentrations
by decontamination is applied for cereals, veg-
etables and mushrooms. The decontamination
methods generally used for leafy vegetables and
mushrooms are washing and boiling. In the case
of cereals, the husks can be removed from the
grains.

19



FINNISH CENTRE FOR RADIATION
AND NUCLEAR SAFETY STUK-YTO-TR115

Table XI. The consumption rates of foodstuffs [1 /.
Foodstuff Type of

human

MILK1' male
female

child (10 yr)

BEEF male
female
child

PORK male
female
child

FISH male
female
child

SMALL GAME
male
female
child

BIG GAME
male
female
child

RYE2' male
female
child

WHEAT2'
male
female
child

OAT2' male
female
child

VEGETABLES2'
male
female
child

WILD BERRIES
male
female
child

MUSHROOMS2'
male
female
child

Mean consump-
tion rate, [g/d]

940
636

766

64
49
39

88
54
37

15
10
5

0.4
0.3
0.2

3.8
3.1
2.1

58
42
32

135
109

• • • " 1 1 5

38
28 "
32

35 :
: 45 " " " " ;
: 96 i

• 9 I
: 9

9 ;

I 3.6 |
'1 3.6 r

[ ' ' " " ' " 2 . 5 \

Estimated

1986
30
30

20

10
10
5

10
10
5

35
35
30

25
25
25

25
25
25

0
0
0

0
0
0

0
0
0

5
5
5

30
30
30

35
35
35

reduction

1987
20
25

15

0
0
0

0
0
0

25
25
20

10
10
10

10
10
10

0
0
0

0
0
0

0
0
0

0
0
0

15
15
15

20
20
20

of consumption rates, [per cent
consumption

1988
10
15

10

0
0
0

0
o
0

20
20
15

5
": 5

...... ^ .

5
5 ""

en
;

0
0
0

0
0
0

0
0
0

0
0
o

0
0
0

10
10
10

rate]

1989
0
5

0

0
0
0

0
0
0

5
5

"o "

0
" " o

0

0
0

". ' o" '

0
0
0

o
0
o

0
0
0

"l o :"
0

"'; 0 :'"

0

"[ o •'"
"l o :'

"I o r
": o I "

'": 0 j"

of mean

1990
0
0

0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
o
0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

1) Includes t ie consumption of cheese.
2) Reducion factor by decontamination: 0.1 for cereals and 0.3 for vegetables and mushrooms.
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Table XII. Data used in the body model.

BODY MODEL
biological half-life Tia, for cesium, [d]

body mass, [kg]

Child
10 year

50

45

FINNISH CENTRE FOR RADIATION
AND NUCLEAR SAFETY

Female

85

65

Table XIII. The input data applied in uncertainty analyses of milk pathway.
Parameter

interception factor

effective half-life from grass surface, [d]

distribution coefficient in soil, Ka, [liter/kg]

^
0.3

25

1000

min
0.1

8.3

300

Male

90

75

max
0.9

75

10000

2.5.4 Whole body concentrations

2.5.4.1 Mean whole body concentrations

The prediction of the body burden of human is
based on the utilization of the biological half-
lives which are known for cesium in the body
and on single compartment approximation for the
human body. The data used are presented in Ta-
ble XII. The biological half-lives presented in
Table XII are shorter than those proposed by the
ICRP. The data for biological half-lives used in
this study reflect the studies of whole body con-
tamination measurements performed in Finland
[17,18]. The intake rates [Bq/d] described above
were used as source-term in the body model. The
body masses used for child and female in this
study are probably overestimated.

2.5.4.2 Distribution of whole body concentrations
(man)

The uncertainty in the input data was studied with
the model by performing several computer runs
for the considered scenario. At the beginning of
each run, a new set of input data was casted from
the input data distributions. The cumulative and
complementary cumulative probability distribu-
tion function (CCDF) was satisfactorily reached
after about 30 computer runs. Furthermore, the
uncertainty bounds corresponding to 0.95 prob-
abilities were determined for the distributions of
the whole body concentrations.

Analyses performed earlier indicated that the un-
certainty in predictions for body burdens are con-
tributed mostly by just a few important dose path-
ways, such as milk. The parameter values of the
input data distribution of the milk pathway are
presented in Table XIII.

2.5.5 Dose calculations

2.5.5.7 External

The prediction approach of external dose from
ground is similar to Gale's formula [19]. The
mean external dose from contaminated ground
is given as follows:

Hexl.g (0 = (a,,s • (fMS • Ss.MS + fsF ' S,,SF)

+(l-<xl,s)-Ss.ou,)-dg-DF-

MS

SF

s,MS

s.SF

where

H (t) is the individual dose from external
exposure from ground, [Sv]

at s is the fraction of time spent inside
is the fraction of population living in
multi-storey buildings
is the fraction of population living in
single-family houses
is the location factor of multi-storey
buildings
is the location factor of single-family
houses

s is the location factor outside
s,out

d is the total deposition on ground,
[Bq/m2]

DF is the dose conversion factor,
[Sv/a]/[Bq/m2]

^ is the fraction of the fast migration
component

fij is the removal rate constant of the fast
migration, [I/a]

|i2 is the removal rate constant of the
long-term migration, [I/a]

X is the radioactive decay rate, [I/a].

21



FINNISH CENTRE FOR RADIATION
AND NUCLEAR SAFETY STUK-YTO-TR115

Table XIV. Data used in the external dose models.

EXTERNAL DOSE FROM GROUND
fraction of time spent inside
fraction of population living in multi-storey buildings
fraction of population living in single-family houses
location factor1' of multi-storey buildings
location factor of single-family houses
dose conversion factor21, [Sv/ayiBq/m2]
fraction of the fast migration component
removal rate constant of the fast migration, [1/a]
removal rate constant of the long-term migration, [1/a]

EXTERNAL DOSE FROM PLUME
dose conversion factor, [Sv/ayfBq/m3]
shielding factor of multi-storey buildings
shielding factor of single-family houses

Reference

[21]
[21]

[1]
[20]
[20]
[20]

[1]
[21]
[21]

General data of the
model

0.95
0.5
0.5

Data for "Csnucl ide

0.05
0.5
1.1 -10*
0.63
1.13
0.0075

8.1 • 107

0.2
0.5

1) Location factor accounts for the modification of the reference dose rate at different locations [21],
2) Includes shielding caused by roughness of terrain.

The mean external dose from plume is given as
follows:

+ MOTJ / , > _ C POPS + MOTHER ' Q-
tlexi.c\l) — ~Z

ALL

'(CCt,s " (f MS ' Ss.MS + fsF ' Ss.SF)

Ml - OCt,s) • Ss.out) -gy'l Ca,POPs(t)dt

where

H ,(0

>DTHER

'ALL

is the dose from external exposure
from plume, [Sv]
is the external dose conversion factor,
[Sv/h]/[Bq/m3]
is the population of sub-area POP8
is the total population of other sub-
areas than POP8
is the population of the whole area S

~ljopg(t) is the cesium concentration in air of
POP8, [Bq/m3].

The data for external dose calculations are pre-
sented in Table XIV.

The variation of location factors is large, depend-
ing on the types of buildings and also on the liv-
ing habits of the population exposed to external

radiation. Recent research work [21] concerning
location factors in the Nordic countries proposes
the following variation of location factors appli-
cable for Finland for external exposure from
ground: 0.01-0.05 for multi-storey buildings,
0.04-1 for single-family houses. The proposed
shielding factors in the case of external exposure
from plume are: 0.016-0.33 for multi-storey
buildings, 0.27-0.52 for single-family houses.
The recent studies, carried out in Finland, sup-
port also the values of location and shielding fac-
tors presented above.

2.5.5.2 Ingestion

The individual ingestion dose is given as:

where

Hb ^ ( t ) is the individual ingestion dose, [Sv]
Cf(t) is the concentration in a foodstuff,

[Bq/kg]
Jf is the consumption rate of a food-

stuff, [kg/a]
d. is the ingestion dose conversion

factor, [Sv/Bq].

* Measurements of total activity in air from ten stations of another monitoring network showed significantly lower concentra-
tions outside the subarea POP8 and the southern half of POP7 than at stations AIR1 and AIR2. During 27.4.-1.5.1986, the
total activities in air at stations in the subareas did not exceed 2% of those measured at AIR2 [1].
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Table XV. Data used in the inhalation model.

INHALATION
fraction of time spent outside1'

inhalation rate", [m%]

soil content in airM , [kg/m3]

inhalation dose conversion factor, [Sv/Bq]

Reference

[1]

General data of
the model

0.1

0.8

Data for 1I7Cs
nuclide

MO"

8.6-10*

1) See explanation 3) under Table I.
2) The activity concentration of resuspended material in air is calculated from a homogenized soil layer up to 0.5 cm from the soil surface.

The total ingestion dose will be obtained by sum-
ming up the dose contributions from all the con-
sidered foodstuffs. The consumption rates of
foodstuffs and ingestion dose conversion factor
(1.4 -10s Sv/Bq) of 137Cs were given in the sce-
nario description [1]. However, as discussed ear-
lier in chapter 2.5.3, the consumption rates of
some foodstuffs by humans were reduced to some
extent during the first two to three years after
deposition.

2.5.5.3 Inhalation

The mean inhalation dose arising from resuspend-
ed material in air is given as follows:

Ha,r(t) = a,,ou,

where

s(t)dt

activity concentration in soil, the initial resus-
pension factor was derived to be about 7 • 108

1/m. This resuspension value is relevant looking
at the observed resuspension values for the Nor-
dic environment as presented in ref. [14]. In the
longterm, the decrease of the resuspension fac-
tor is proportional to the decrease of activity con-
centration in the top soil layer.

The mean inhalation dose arising from the origi-
nal radioactive plume is given as follows:

_ ? POPS + £ OTHER
- -Z

drJiiCa,Pops(t)dt

where

H (t) is the mean inhalation dose from
resuspension to individual, [Sv]

a is the fraction of time spent outside
J, is the inhalation rate, [ma

3/h]
# is the soil concentration in air, [kg/ma

3]
dj is the inhalation dose conversion factor,

[Sv/Bq]
is the activity concentration in soil,
[Bq/kg].

C(t)

The temporal behaviour of the activity concen-
tration of cesium in soil Cs(t) is predicted based
on the compartment model approach as present-
ed in Fig. 5. Taking into account the soil concen-
tration in air •& (see Table XV) and the calculated

'POP8

'OTHER

=ALL

is the mean inhalation dose from
plume to individual, [Sv]
is the population of sub-area 8
is the total population of other sub-
areas than 8
is the population of the whole area S
is the inhalation dose conversion
factor, [Sv/Bq]
is the inhalation rate, [m3/h]
is the cesium concentration in the air
ofPOP8, [Bq/m3].
See explanation on previous page.

The data used in prediction of inhalation doses
are presented in Table XV.

aJ>OP8(0

23



FINNISH CENTRE FOR RADIATION
AND NUCLEAR SAFETY STUK-YTO-TR 115

2.6 Identification of important forest soil has reduced slowly. The calculations
processes and parameters performed support the observed behaviour.

For the terrestrial pathways, the weathering ef- Looking at the aquatic environment, the dilution
fects on the surface of e.g. grass affect signifi- properties of various lakes affect the concentra-
cantly the cesium activity contents of several tion of lake water as well as the concentrations
foodstuffs. The migration rate of cesium in sur- in fish. The strong dynamic behaviour of the
face soil affects also long-term concentrations in trophic chain of different fish types causes a long
wild berries, mushrooms and game. According lasting contamination effect in the aquatic envi-
to measurements, the cesium concentration in ronment after deposition.

24



STUK-YTO-TR115
FINNISH CENTRE FOR RADIATION

AND NUCLEAR SAFETY

COMPARISON OF OBSERVED DATA
AND MODEL PREDICTIONS

3.1 Total deposition

The predicted mean total deposition 19.3 kBq/m2

over the whole area S was consistent with the
observed value. Correspondingly, the predicted
total inventory 3.4 • 1015 Bq, calculated from the
deposition value, was almost identical with the
given inventory value 3.5 • 1015 Bq [1].

3.2 Foodstuffs contributing to
total diet

3.2.1 Milk
The observed values of Scenario S of the VAMP
research programme were prepared for IAEA by

the Finnish Centre for Radiation and Nuclear
Safety and they are presented in publication [1].
Fig. 8 presents the temporal behaviour of ob-
served and predicted concentrations of 137Cs in
milk. For the first year after the deposition, the
model predicts well the activity content in milk.
Thereafter, the uncertainty bounds of the pre-
dicted values cover the observed values although
there is a tendency of underestimation of the con-
centration level in the longterm.

1000

100

Bq kg" 10

0.1

Suolanen/DETRA
Milk

• = observed value [1]
- - - = predicted 95 % confidence interval (lower bound and upper bound)
— = predicted mean value

Fig. 8. Observed and predicted concentrations of'37Cs in milk.
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3.2.2 Beef
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Fig. 9. Observed and predicted concentrations of'37Cs in beef.

3.2.3 Pork

Considering the long-term concentrations in pork, the model clearly underestimates the contamina-
tion level. The reasons for underestimation will be discussed later in chapter 4.2.

100

10

Bq kg '

0.1

0.01

i-l T • M • M

Suolanen/DETRA
Pork

Fig. 10. Observed and predicted concentrations of'37Cs in pork.
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3.2.4 Game
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Fig. 11. Observed and predicted concentrations ofI37Cs in big game.
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Fig. 12 .Observed and predicted concentrations of'37Cs in small game.
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3.2.5 Wild berries

Fig. 13. Observed and predicted concentrations of'37Cs in wild berries.

3.2.6 Mushrooms
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Fig. 14. Observed and predicted concentrations of'37Cs in mushrooms.
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Fig. 15. Observed and predicted concentrations ofl37Cs in leafy vegetables.

3.2.7 Leafy vegetables

Fig. 15. presents the observed vs predicted con-
centrations of 137Cs in leafy vegetables. The depo-
sition from the Chernobyl nuclear accident is
unevenly distributed over the area of Test Sce-

nario S. The intensity of greenhouses in area S is
also unevenly distributed. Additionally, deposi-
tion in area S was mainly of the wet type. The
facts mentioned above affect the accuracy of pre-
dictions especially in the case of vegetables pro-
duced in the greenhouses.
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3.2.8 Cereals
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Fig. 16. Observed and predicted concentrations of'37Cs in barley.

Fig. 17. Observed and predicted concentrations ofi37Cs in oats.
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Fig. 18. Observed and predicted concentrations of'37Cs in rye.
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Fig. 19. Observed and predicted concentrations ofI37Cs in wheat.

31



FINNISH CENTRE FOR RADIATION
AND NUCLEAR SAFETY STUK-YTO-TR115

3.2.9 Fish
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Fig. 20. Observed and predicted concentrations of'37Cs in fish.

3.3 Human intake

Bqd1

Suolanen/DETRA
Daily Intake, Man

Fig. 21. Daily intake of'37Cs, man.
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Fig. 22. Daily intake of'37Cs, woman.
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3.4 Whole body concentrations

3.4.1 Mean whole body concentration
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Fig. 24. Whole body concentration of'37Cs, man.

Fig. 25. Whole body concentration of'37Cs, woman.
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3.4.2 Distribution of whole body concentrations (man)
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Fig. 27. Whole body distribution of concentration of'37Cs, man, 1987.
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3.5 Dose calculations

3.5.1 External

Fig. 29 presents the estimated values [1] and pre-
dicted values for a lifetime external dose of
ground exposure based on different models. Ex-
ternal dose from plume exposure is presented in
Fig. 30.

3.5.2 Ingestion

Fig. 31 presents the estimated [1] and predicted
lifetime doses from ingestion of contaminated
foodstuffs. All models conclude that freshwater
fish has the highest contribution to ingestion dose
of Scenario S in the long-term consideration.
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Fig. 29. External dose of l37Cs from ground exposure, estimated and predicted values.
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3.5.3 Inhalation

Inhalation makes a minor contribution to the to-
tal dose arising from the deposition of Scenario S.

Figures 32 and 33 present the predicted inhala-
tion doses from resuspension and from plume.

Total doses, predicted by various models, are
presented in Fig. 34.
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EXPLANATION OF MAJOR SOURCES
OF MISPREDICTION

4.1 Recommendations for
changes to the model

Effects of uncertainty factors on the predictions
of Scenario S seemed to occur in the long-term
considerations. Possible reasons for this include
heterogeneity related to the agricultural practices
of different farms, such as the production of feeds,
and changes in the solubility of radionuclides in
the longterm. The conceptual models applied as
the bases of calculations simplify and homog-
enize the real agricultural practices to some ex-
tent.

To improve the model, more detailed analyses of
the importance of various phenomena in differ-
ent dose pathways should be carried out. As a
result, the main activity flows related to contami-
nation of foodstuffs could possibly be clarified
even better than it is known at present.

4.2 Examples of how changes
improved calculation

The model used to predict the contamination of
pork underestimated the long-term cesium con-
centrations in pork. After careful investigation
of the reasons for such underestimation it seemed
evident that the reason might be the underesti-
mation of the concentration in mixed grain. In
the case of Scenario S, the activity content of
cereals started to increase some years after the
deposition. If this increase in the activity content
of mixed grain is accounted for, a more consist-
ent behaviour with the observed values can be
obtained, as illustrated in Fig. 35. In the longterm,
some of the difference between the observed and
predicted values for concentration in pork is prob-
ably caused by an underestimation of the con-
sumption rate of cereal feed for pigs.

30

[Hq/kg]

PORK= observed for pork [1]
PRED1 = predicted for pork
PRED2 = improved prediction

for pork
FEED = observed for cereal

feed for pigs [1]
MILK= observed for milk [1];

whey is used as
feed for pigs 1986 1987 1988 1989 1990

Fig. 35. Example of the effect of model development on the pork pathway.
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5 SUMMARY OF LESSONS LEARNED
FROM THE SCENARIO

Based on the experiences of predictions per-
formed for Scenario S, successful modelling of
milk pathway is essential considering the expo-
sure from terrestrical pathways. Activity concen-
tration in milk byproduct, whey, also affect the
activity concentration in pork, and the model of
milk pathway is also closely related to the model
of beef. The modelling of activity contents in soil
and pasture also has similarities compared to
modelling the activity content in the forest envi-
ronment.

Looking at the aquatic environment, freshwater
fish have proved important and, according to the
analyses performed, it was the most important
foodstuff considering the total individual inges-
tion dose in the longterm.

According to the observations, the ingestion dose
contributes most to the estimated total life-time
dose for the population living in the area of Sce-
nario S.

The parameters applied in the models of this study
are in most cases relevant, especially consider-
ing the features of the Finnish environment. The
parameters of some pathways are derived based

on the practices in national agriculture. In case a
deposition should occur in the northern part of
Finland, there are some important arctic dose
pathways which were not included in this study
because the deposition of the Chernobyl accident
and the area of Scenario S concerned only the
southern and middle parts of Finland.

The models and off-site parameters employed in
this study are also in most cases applicable to
unexpected severe accidents in either of the Finn-
ish nuclear power plants, the Olkiluoto NPP or
the Loviisa NPP. Factors which will essentially
change the input data applied in this study in-
clude seasonality, production data of foodstuffs
and dilution properties of inland freshwater re-
cipients. Seasonality directly affects the intercep-
tion of grass and other vegetation. Production
rates of domestic animal products, feeds and di-
lution factors of lakes affect the level of concen-
trations obtained in foodstuffs after a deposition.
In any case, rough dose estimates, as derived from
the results of this study are applicable in case a
radioactive deposition should happen at some
other time of the year than in the case of Test
Scenario S.
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