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Sammanfattning/abstract:

In the present report, we discussed the comparison of two models for assessing
the environmental transfer of radionuclides from routine releases to the sea from
Nuclear Power Plants: BIOPATH and MARCEN. The purpose of the comparison
was to assess the credibility of MARCEN's predictions of doses to critical groups.
BIOPATH, which has been previously validated and compared with other
models, was a suitable code for this purpose.
The releases from the Ringhals NPP during 1993 were used as scenario for the
comparison. For this scenario BIOPATH and MARCEN predicted the same
critical radionuclide/pathway combinations.
The observed quantitative disagreement between the models was due mainly to
scale differences. The ratio of the mean values predicted by BIOPATH and
MARCEN ranged from 0.91 (Co-60/shellfish) to 2.43 (Cs-137/fish).
The observed differences between the model in general are small and can be
neglected if the predicted doses are one or more orders of magnitude below dose
limits.

I derma rapport diskuteras jämförelsen av två datormodeller för att beräkna
överföringen av radionuklider vid rutinutsläpp från kärnkraftverk till angräns-
ande hav: BIOPATH och MARCEN.
Syftet med jämförelsen är att fastställa MARCENs prestanda vad avser uppskatt-
ningar av doser till kritiska grupper. BIOPATH, som tidigare har validerats och
jämförts med andra modeller, är lämplig för detta ändamål.
Utsläppen från Ringhals kärnkraftverk under 1993 användes som scenario för

jämförelsen. För detta scenario förutspår BIOPATH och MARCEN samma kom-
binationer av dominerande radionuklider och exponeringsvägar.
Den observerade kvantitativa skillnaden i Överensstämmelse mellan modellerna
beror huvudsakligen på skillnader i skala. Kvoten av medelvärdena beräknade
med BIOPATH och MARCEN sträcker sig från 0,91 (Co-60/skaldjur) till
2,43 (Cs-137/fisk).
De observerade skillnaderna mellan modellerna är generellt små och kan för-
summas ifall de beräknade doserna är en eller flera storleksordningar under
dosgränserna.
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1 Introduction

The recommendations of the International Commission on Radiological
Protection (ICRP) [1] include a system of dose limitation which also applies to
environmental releases of radioactive effluent. For every facility, that releases
radioactive effluent to the environment, the individual doses to critical groups
and the collective doses have to be evaluated and compared with established
standards.

In most cases, such evaluations involve the use of models for assessing the
environmental transfer of radionuclides and the subsequent exposure of man
to radiation. One important requirement that has to be fulfilled is the
validation of the models, which means that it should be demonstrated that the
model predictions are in good agreement with the observed data. Often there is
a lack of experimental data. Thus commonly model comparisons are used
instead of validation in order to measure the credibility of the models.

In the present report, we discussed the comparison of two models for assessing
the environmental transfer of radionuclides from routine releases to the sea
from Nuclear Power Plants: BIOPATH [2] and MARGEN [3]. As scenario for
the comparison we used the releases from the Ringhals NPP during 1993. To
perform the comparison we followed the qualitative and quantitative guidelines
proposed by a working group of the BIOMOVS II study [4].

The purpose of the comparison was to assess the credibility of MARCEN's
predictions of doses to critical groups due to routine releases to the sea from a
Nuclear Power Plant. BIOPATH, which has been previously validated [5] and
compared with other models [6], is a suitable code for this purpose.

2 Materials and Methods

Formally the comparison process was divided into three stages: definition of the
scenario, qualitative comparison of the models and their quantitative compa-
rison. Below follows a description of each stage.

2.1 Definition of the scenario for comparison of the models

A mixture of radionuclides equivalent to the routine releases from the Ringhals
NPP during 1993 (see table 1) released in one year to a coast sea at a constant
release rate were used. Other parameters of the source term and the environ-
mental conditions are presented in table 2. The magnitudes we used for the
comparison were the effective doses to individuals of the critical groups for the
critical radionuclide/pathway combinations.



Table 1 Release rates to the sea from the Ringhals NPP in 1993 (Bq/y)

Nuclide

H-3

Cr-51

Mn-54

Co-58

Co-60

Fe-59

Zn-65

Nb-95

Zr-95

Ru-103

Ag-110m

Sn-113

' Sb-124

Sb-125

Cs-134

Cs-136

Cs-137

Ba-139

Ba-140

1-131

Ce-144

Release Rate
Bq/y

4.4*1013

5.8*109

2.5*109

4.9*1010

6.1*1010

7.0*108

6.4*108

3.5*109

2.1*109

1.5*108

2.2*109

1.8*108

6.0*109

1.7*109

2.4*1010

1.0*108

4.2*1010

2.3*106

2.6*108

1.4*109

6.8*108



Table 2 Source term parameters and environmental conditions (yearly
averages for two outlet channels)

Parameter

Water temperature in the
outlet channel

Cross section of the outlet
channel

Water flow in the outlet
channel

Temperature of the sea
water

Salinity of the sea water

Speed of sea current near
the outlet channel

Concentration of
suspended sediments

Units

°C

m2

m3/y

°C

%

m/s

g/1

Value

22.5

65

86

12.5

2

0.5

0

2.2 Qualitative comparison of the models

The tasks of this stage were:

i To compare the conceptualization adopted in both models: pathways,
compartments and transport processes that were considered,
mathematical representations and solutions.

ii To do a screening of both models in order to identify the critical
radionuclide/pathway combinations. The obtained results were used to
identify possible conceptual differences between the models and to reduce
the scope of the quantitative comparison.

2.2.1 General description of the models

2.2.1.1 MARGEN

MARGEN [3] was developed from the generic models recommended by the
IAEA [7] for assessing the environmental transfer of radionuclides from routine
releases to coastal seas. The adopted model of water bodies was a box type one.
Complete mixing was assumed to take place within a volume "V", from which



radioactivity is lost by a combination of water exchange, radioactive decay and
sediment interaction. To estimate the volume of water in which the contami-
nants are diluted, the mixing depth was calculated accounting for the buoyancy
of the effluent and its moment.

In MARGEN the following exposure pathways were considered: fish, shellfish
and algae ingestion, external irradiation by sunbathing, swimming and boating.
The transfer of radionuclides through the aquatic environment was described
by the concentration factor method.

Random model parameters were generated by using a random sampling
method and neglecting possible correlations between parameters. After that,
dose predictions for each set of parameter values were made and finally the
joint set of model parameters and predictions were statistically evaluated and
summarized.

2.2.1.2 BIOPATH (PRISM)

The mathematical method included in the BIOPATH code is based on compart-
ment theory with first order kinetics. Therefore, the cycling and content of
radioactive matter in different ecosystems were described by a system of first
order differential equations with constant or time varying transfer coefficients
and a number of physically defined areas of volume (compartments). The
premises were that the outflow for reservoir "j" is solely dependent upon the
quantity Yj, of the radionuclide in that reservoir. The reservoir is instanta-
neously well mixed, all atoms, molecules or other elementary units have the
same probability of leaving the reservoir. The amount of activity in a given
reservoir is dependent on the outflow to and inflow from other reservoirs, the
source term for the reservoir, such as release to the reservoir or generation
within in by decay, radioactive decay. BIOPATH accounts for the same
exposure pathways as MARGEN.

The PRISM-system consist of three main parts. Firstly in PRISM 1 random
model parameters are generated by using a systematic sampling method, Latin
Hyper cube. In addition correlations between model parameters can be taken
into account no matter what distributions they are drawn from. Secondly, in
PRISM 2 model predictions are made for each set of parameter values. Finally
PRISM 3 statistically evaluates and summarizes the joint set of model parame-
ters and predictions.

2.2.2 Screening for important radionuclide/pathway combinations

For screening the important radionuclide/pathway combinations, we compared
the model predictions with an arbitrarily selected limit. The model output that
we used in the screening was the effective annual dose to individuals of the
critical group. In tables 3 and 4 are presented the nominal values assigned to



the models input parameters and variables. We considered that the radio-
nuclide/pathway combinations, with a contribution to the total dose rate higher
than 1 %, were the critical.

Table 3 Nominal values assigned to input parameters: concentration
factors for sediments Kd (Pkg"1), bioacumulation factor in fish B
fish (^kg"1), bioacumulation factor in shellfish Bp-shell

Element

H

C

Na

S

Se

Gr

Mn

Fe

Co

Ni

Zn

As

Sr

Zr

Nb

Mö

Te

Ru

Rh

Äg

Sn

Kd

0.001

2

0.01

0.001

100

100

100

100

100

100

20

10

1
100

100

0.3

0.1

0.3

0.1

1

10

Bp-fish

1

1800

1

1

100

400

100

1000

200

200

600

30

5

100

100

10

30

10

10

1000

100

Bp-shell

1

1800

1

1

100

1000

300

200

300

300

1500

20

5

50

50

100

30

100

300

2000

1000



Sb

I
Cs

Ba

La

Ce

Np

Pu

Am

Cm

2

0.02

3

5

50

1000

5

1000

1000

1000

100

10

70

10

30

100

10

30

100

50

50

50

100

100

100

500

20

100

100

100

Table 4 Consumption and occupancy rates of members of the critical
groups

Pathway

Fish ingestion (kg/y)

Shellfish ing. (kg/y)

Sunbathing (h/y)

Average

30

6

90

Minimum

27

5

80

Maximum

33

7

100

2.3 Quantitative comparison of the models

The objective of the quantitative comparison was to determine if the models
predictions agreed within the claimed precision. We considered that it was
sufficient to compare the critical radionuclide/pathway combinations. A release
rate of 1*1010 Bq/y of each radionuclide was used for dose evaluations.

The distributions of dose values (200 values for BIOPATH and 1000 for
MARGEN) obtained with both models were compared by several nonparametric
statistical tests [8]: Kolmogorov-Smirnov, Mann-Whitney, Median and Squared
Ranks test for variances. The Kolmogorov-Smirnov test allowed us to determine
whether or not the models distributions were identical. When the distributions
were not identical, we used the other tests to determine the type of the
observed differences. We did all evaluations for a significance level of 5 percent.



Results and discussion

3.1 Results of the qualitative comparison

BIOPATH and MAECEN have the same conceptualization, except for the way
they consider the dilution of the radionuclides in the sea water. In BIOPATH a
four box compartmental model was adopted, while in MARGEN only one box
was used.

The screening procedure (table 5) pointed for both models to the same critical
radionuclide/pathway combinations: Cs-137, Cs-134, Co-58, Co-60 and Ag-110m
via fish and shellfish ingestion. This result suggests that the above mentioned
conceptual difference between the models, should not be a cause of significant
quantitative differences. The reason is that in both models the averaged water
concentration of the radionuclides is used for calculation of the concentrations
in fish and shellfish.

Table 5 Contribution of different radionuclide/pathway combinations to the
total dose to individuals of the critical group, %

Radionuclide/Pathway

Cs-137/Fish ingestion

Cs-137/Shellfish ingestion

Cs-134/Fish ingestion

Cs-134/Shellfish ingestion

Co-60/Fish ingestion

Co-60/Shellfish ingestion

Co-58/Fish ingestion

Co-58/Shellfish ingestion

Ag-110m/Fish ingestion

Ag-110m/Shellfish ingestion

Summa of all others

BIOPATH

28.3

5.8

14.5

3.0

26.7

11.0

2.3

1.0

1.8

1.4

4.2

MARCEN

15.5

•4.4

13.0

3.7

34.6

10.4

3.1

1.5

2.5

1.0

10.3



3.2 Results of the quantitative comparison

We compared the models quantitatively only for the critical radionuclide/
pathway combinations. For caesium and cobalt we considered that it was
sufficient to study one of the critical radionuclides: Cs-137 and Co-60. The type
and parameter values of the distributions that were assigned to each model
parameter, are presented in tables 6-8. The ingestion and occupancy rates
were simulated by triangular distributions (table 4). The empirical distributions
obtained by Monte Carlo sampling, are represented in figures 1,3,5,7,9 and 11
(Appendix A).

Table 6 Parameters of the distribution of Kd

Nuclide

Cs-137

Co-60

Ag-110m

Distribution

Logtriangular

Logtriangular

Logtriangular

Best Est.

3

100

1

Min.

0.1

1

0.1

Max.

10

200

10

Table 7 Parameters of the distribution of Bp-fish

Nuclide

Cs-137

Co-60

Ag-110m

Distribution

Triangular

Logtriangular

Logtriangular

Best Est.

70

200

1000

Min.

30

20

100

Max.

100

400

2000

Table 8 Parameters of the distribution of Bp-shellfish

Nuclide

Cs-137

Co-60

Ag-110m

Distribution

Logtriangular

Logtriangular

Logtriangular

Best Est.

100

300

2000

Min.

10

50

1000

Max.

200

1000

5000

The two-sided Kolmogorov-Smirnov tests showed that for all studied radio-
nuclide/pathway combinations the hypothesis of identical distributions had to
be rejected, for a significance level of 5%. In other words, there was a probabili-
ty of at least 95 %, that the models predictions had different distributions.

8



The Mann-Whitney test results pointed to different conclusions among the
studied radionuclide/pathway combinations. For Cs-137 BIOPATH's predictions
tend to be higher than MARCEN's. For Co-60 we observed the opposite picture,
MARGEN's predictions tend to be higher than BIOPATH's. In the case of Ag-
110m the situation was more complicated. For the fish pathway MARGEN
underestimated the doses with respect to BIOPATH, while for the shellfish
pathway it was the opposite.

The results of the median test indicated that the distributions predicted by
MARGEN and BIOPATH for the pathways Cs-137/ fish, Cs-137/shellfish and
Ag-110m/shellfish, have different medians. For other radionuclide/pathway
combinations the hyphotesis of equal medians was accepted.

According to the squared ranks test for variances the models predictions had
the same variances for all radionuclide/pathway combinations. The exception
was Cs-137/fish, for which BIOPATH predicted distributions with higher
variance than MARGEN did.

From the test results we concluded that in most cases the disagreement
between models was due to scale differences. The ratio of the mean values
predicted by BIOPATH and MARGEN, then could be used as an indicator of
the degree of disagreement between the models predictions. The obtained
values (table 9), were between 0.91 and 2.43. Such disagreement can be
considered as acceptable if the dose predictions are one or more orders of
magnitude below the relevant limits.

Table 9 Ratio between mean values of BIOPATH and MARGEN predic-
tions

Nuclide

Cs-137

Cs-137

Co-60

Co-60

Ag-110m

Ag-110m

Pathway

Fish ingestion

Shellfish ingestion

Fish ingestion

Shellfish ingestion

Fish ingestion

Shellfish ingestion

Ratio
BIOPATH/MARCEN

2.43

1.59

0.93

0.91

0.92

1.29

In figures 2,4,6,8,10 and 12 (Appendix A) are shown the distributions obtained
after multiplication of MARCEN's predictions by a factor equal to the ratio of
mean values predicted by BIOPATH and MARGEN (table 9). We compared



these distributions with the BIOPATH's predictions by using the same statis-
tical tests. For all studied radionuclide/pathway combinations, except for Cs-
137/shellfish and Ag-llOm/fish, the hypothesis of identical distributions was
accepted. These two cases passed the Mann-Whitney, Medians and Variance
tests, but did not pass the Kolmogorov-Smirnov test. Therefore the observed
differences in those cases are due only to differences in the form of the
distributions. This result indicated that the disagreement between BIOPATH
and MARGEN predictions is due mainly to scale differences.

4 Conclusions

For the studied scenario BIOPATH and MARGEN predicted the same critical
radionuclide/pathway combinations. The observed quantitative disagreement
between the models is due mainly to scale differences. The ratio of the mean
values predicted by BIOPATH and MARGEN ranged from 0.91 (Co-60/shellfish)
to 2.43 (Cs-137/ fish). The observed differences between the model in general
are small and can be neglected if the predicted doses are one or more orders of
magnitude below dose limits.
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Dose distributions for the studied radionuclide/pathway combinations
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Fig. 4 Cs-137 / shellfish corrected

Fig. 3 Cs-137 / shellfish
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Dose distributions for the studied radionuclide/pathway combinations
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Dose distributions for the studied radionuclide/pathway combinations

OS
45
O

(U

CO
I-H

3
fi
3
O

U3

0

Fig. 7 Co-60 / shellfish

10 15

nSv/y

20 25 30

OJ

o

0) o"

'•£>
cai—i

f
O

Fig. 8 Co-60 / shellfish corrected

O

BIOPATH

MARGEN

10 15 20

nSv/y

25 30

Appendix A



Dose distributions for the studied radionuclide/pathway combinations
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Dose distributions for the studied radionuclide/pathway combinations
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