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PREFACE

The analyses presented in this paper were performed at the Netherlands Energy
Research Foundation (ECN), project number 71077. The work was sponsored
by the Dutch Ministry of Economic Affairs.

This paper is intended for users of Nuclear Accident Consequence Analysis
program packages (COSYMA and MACCS). It will be published in the
proceedings of the COYSMA/MACCS User Group Meeting in Portoroi,
Slovenia (September 1996).

ABSTRACT

A severe nuclear accident will contaminate large areas of land. This paper
discusses the output that can be obtained with COSYMA and MACCS to
evaluate this contamination. Both codes associate contamination with deposition
of given nuclides and the severity of contamination is expressed in terms of the
ground concentration (Bq/m2). However, for this analysis we decided to judge
the severity of the land contamination by the dose rate (Sv/year) to the local
inhabitants.

To explain the differences between the COSYMA and MACCS results some
details of the results were compared. This revealed that the results depend
strongly on the choice of the grid if severe contamination occurs beyond about
50 to 100 km from the source.

Another important factor to take into account when judging the severity of land
contamination is the duration of the contamination; i.e. the time it takes until the
contamination has decreased below a given level. Since we judge the
contamination by the dose to the local public, the "averted dose" concept has
been used to evaluate the duration of the contamination. ^
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1. INTRODUCTION

GOAL

This paper shows some methods to evaluate the potential contamination of land
as one of the consequences of a large accident at a nuclear plant. The codes
COSYMA [1] and MACCS [2] can be used as tools for this evaluation. By
showing some results obtained with these codes the applicability and the
limitations of these tools will be discussed.

PROBLEM

The first problem encountered is how to quantify "contamination". From the
point of view of "consequences of a nuclear accident" the size of the
contaminated area is important. This causes a new problem: what level of
contamination of ground should be regarded as threatening. Given such level,
it may be difficult to implement this level in an input file in MACCS or
COSYMA. Last but not least a method must be chosen to evaluate the sizes of
contaminated area (calculated by the codes).

FRAME

After a discussion of contamination as a measure of consequences of a nuclear
accident, this paper will be restricted to only one type of approach to judge the
severity of contamination. Although this approach is not unusual, it is
surprisingly difficult to implement it in the input of MACCS and COSYMA.
When the results of the calculations are discussed, it will not be discussed which
sizes of contaminated area are acceptable from the point of view of public
safety.
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2. JUDGING THE SEVERITY OF A GIVEN
LEVEL OF CONTAMINATION

At relatively low levels of contamination there are two major radiological
consequences that are threatening: (1) contamination of food products grown on
contaminated ground and (2) exposure of local inhabitants due to groundshine
and inhalation of resuspended radionuclides. The consequence of the first effect
is loss of farm ground, the second effect may require relocation of the
inhabitants.

Loss of farm ground is one of many economical consequences of a large nuclear
accident, and these economic consequences should be evaluated together: e.g.
by evaluating the costs of the accident. Evacuation or relocation is more than an
economic consequence: apart from the economic consequences of relocation,
people's well-being is affected. It is our point of view that the size of the area
that has to be evacuated is a good measure for the consequences of a nuclear
accident. Loss of farm ground, however, is a part of the economic consequences
of a nuclear accident.

Therefore, in this paper, contamination of land is associated with habitability.
Habitability is judged by the dose to inhabitants. Based on national regulations
and some IAEA guidelines an area is evacuated if the doserate exceeds a level
between 50 mSv/year and 300 mSv/year. In most of the results presented in this
paper we used the level of 50 mSv/year, which was an arbitrary choice.

Apart from the size of the area that is contaminated, the number of people that
has to be evacuated is a good measure for judging the severity of the
contamination. However, the goal of this work was focussed on land
contamination, and did not cover the whole range of effects that indicate the
severity of an accident.
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3. USING MACCS AND COSYMA TO
CALCULATE THE SIZE OF THE
CONTAMINATED AREA

In COSYMA and in MACCS there is no direct method to calculate the size of
the area where a given dose level is exceeded. The codes associate
contamination with deposition of given nuclides, where the level of
contamination is expressed in ground concentration (Bq/m2). However, we
decided to associate contamination of land with a dose rate (Sv/year).

In MACCS the required CCDF was calculated as follows: in MACCS the
decision of relocation of inhabitants is based on a dose rate. This dose rate has
been set to 50 mSv per year. Further, the population density was set to
1 person/km . So, the number of people relocated is proportional to the size of
the area where the dose is larger than 50 mSv in the first year. The MACCS
result in Figure 1 is actually the CCDF of the number of people relocated.

Although the same approach would have worked in COSYMA, a more elaborate
way to obtain this result was chosen. A WRITE-statement was added in the
code, resulting in an additional output file containing the dose that COSYMA
had calculated in each grid element and for each weather sequence. A post
processor has been developed that calculates the required CCDF. This enabled
us to perform a sensitivity study with respect to the choice of the sizes of the
grid elements. This approach also enables us to evaluated dose histories.

MEXTPMBfil
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4. TECHNIQUE TO EVALUATE THE SIZE
OF THE CONTAMINATED AREA

For a given source term the size of the contaminated area can vary over a broad
range: e.g. for a PWR5 [3] release from a 1000 MWe LWR, the area where the
groundshine dose is larger than 50 mSv in the first year varies from 1 to 2400
km2. The actual value depends on the weather conditions during the release.
Since this weather condition cannot be predicted, it is not possible to give a
useful "point estimate" of the size of the contaminated area.

A common approach in a PSA is to calculate a CCDF. Figure 1 illustrates this.
This figure shows a CCDF calculated with MACCS and a CCDF based on a
COSYMA calculation. The latter also includes an evaluation of the accuracy of
the calculation of the CCDF.

0 500 1000 1SOO 2000 2S00
size Cl<m2} of area where dose larger than 50 mSv In f i r s t year

- © - M A C C S - A - COSYMA

Figure I A CCDF of the area where the grounddose is larger than 50 mSv in
the first year after a PWR5 accident
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5. EVALUATION OF THE RESULTS OF
THE EXAMPLE CALCULATION

5.1 Explanation of Differences of COSYMA and
MACCS Results

As Figure 1 shows the difference between the COSYMA and MACCS result is
large. To explain this difference we looked up the weather sequence that resulted
in the largest area. Figure 2 shows the centerline doses MACCS and COSYMA
calculate for this weather sequence.

1jr-COS

1E+03 1E*04

distance

- * _ 1jr-MACCS 50 mSv

Figure 2 Centerline doses for weathersequence L5803 in the Schiphol 1982
meteorological data file

The peak in the doses between 50 km and 150 km from the source coincides
with a period of rain. The grid elements at this distance from the source are
large. Because the 50 mSv level is exceeded at this distance, the size of the area
is increased by almost 1200 km2, which largely explains the difference between
the COSYMA and MACCS result. However, until now we have not been able
to explain why COSYMA and MACCS give this very different response to rain.
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Calculation of the Magnitude of Long Term Contaminated Area with COSYMA and MACCS

Also the width of the plume will affect the size of the contaminated area.
Therefore, in Figure 3 the values of sigmaY, representing the cross wind plume
width, calculated by MACCS and COSYMA are plotted.

d i s t a n c e CmD

-MACCS - ^ C O S - c a l c

Figure 3 The value of sigmaY calculated by COSYMA and MACCS for
weathersequence L5803

If the centerline doses were exactly equal, Figure 3 suggests that MACCS would
calculate larger sizes for the contaminated areas. The sigmaY's for COSYMA
are calculated from the dose results. At large distances the size of the grid
elements gets larger than sigmaY. This causes some "numerical noise" in the
calculated values of sigmaY. The MACCS values for sigmaY are obtained using
a default output option.
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Evaluation of the Results of the Example Calculation

5.2 Importance of the Chosen Grid

COSYMA and MACCS calculate the dose in one representative place in each
grid element. If the dose is larger than the given level the codes assume that this
level is exceeded all over the grid element. However, it cannot be excluded that
in some parts of the grid element the dose does not exceed the given level. To
account for this, in the post processor an alternative algorithm was implemented.
In this alternative algorithm also the doses calculated in the adjacent grid
elements are taken into account, and based on these adjacent doses the fraction
of the area of the grid element where the level is exceeded is estimated. In
Figure 4 the three different results for the COSYMA calculation are plotted: the
simple area calculation as in Figure 1 (COS-max), a "best estimate" (COSintp),
and an unconservative estimate (COS-min). The results show that the grid may
influence the results significantly.
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Figure 4 A CCDF of the area where the grounddose is larger than 50 mSv in
the first year after a PWR5 accident
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Calculation of the Magnitude of Long Term Contaminated Area with COSYMA and MACCS

As an illustration contaminated land was associated with 50 mSv in the first
year. In Figure 5 a more generic concept for "contaminated" has been used. Here
"contaminated" is still associated with a dose level. However, this level has been
varied from 0.01 mSv to 100 mSv in the first year. The CCDF (as in Figure 1)
which can be found for each dose level, is represented by only two values: the
zero-percentile (i.e. the size of the contaminated area that will be exceeded for
all weather condition) and the 90th-percentile (the size that will not be exceeded
with a probability of 90 percent).

The lO^-percentile result (and the 90th-percentile) results calculated by
COSYMA are both represented by three lines: a minimum and maximum
estimate, and the best estimate. This illustrates the sensitivity to the grid
definition. For MACCS only the 90th-percentile are plotted.

exceeded dose I eve I

. COS: 10% COS: 9096 _*_MCS : 90%

Figure 5 Relation between area and dose level for a PWR5 source term

The curves representing the COSYMA results are calculated as follows: first the
curve representing the best estimate is determined. Each point on this curve is
asociated to a weather sequence. For each weather sequence the maximum and
minimum area is estimated. These to values are also plotted - above and below
the best estimate. Therefore the curve representing the maximum or minimum
areas is not a true exceedance function.
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Evaluation of the Results of the Example Calculation

5.3 Comparison with Chernobyl Data

Predictions of the codes can be compared to observed data. However, in practise
it is impossible to validate probabilistic results. The (required) probabilities of
large accidents during operation of a plant, are so small (smaller than about 10 )
that they cannot be observed.

In this presentation only conditional PSA results have been shown. The
evaluation concerns the potential consequences assuming that the accident would
have happened. In Figure 6 the results are shown assuming that an accident like
in Chernobyl would happen. (Chernobyl data estimate from plots in [4])

exceeded dose

ChernobyI

• max i mum

ndicative average

Figure 6 Comparison of the probabilistic results ofCOSYMA with the data from
the Chernobyl accident

The indicative average and the maximum are both presented with two curves in
Figure 6. The two curves represent the uncertainty caused by the choice of the
calculational grid.

Still Figure 6 is not a true validation of the results. The figure suggests that the
calculated range of areas is not in conflict with the observation, but the
observation cannot validate the probabilities that the code has associated with
these sizes of contaminated areas.
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6. EVALUATION OF THE DECREASE OF
THE SIZE OF THE CONTAMINATED
AREA IN TIME

The following result could only be obtained by running COSYMA nine times
with subsequent values of IZINT (dose integration time) of 1,2, 3,5,10,20,30,
50 and 70 (years). A WRITE statement was added to have the code write the
(effective) dose for each weathersequence and for each gridelement to a file. The
dose rate during a given period (e.g. 10 to 20 years) after the accident could be
calculated by subtracting the dose of two subsequent periods (e.g. dose(izint=20)
- dose(izint=10)) for each weather sequence and each grid element. The result
is shown in Figure 7.

'maxj 50 mSv/yr

0- 1y 1- 2y 2- 3y 3- 5y 5-1Dy 10-20y 20-30y 30-50y 50-70y

Figure 7 Size of area where dose level of 250 mSvlyear resp. 50 mSv/year is
exceeded versus time

The plateau between the periods of I-2 years and 2-3 years can be explained as
follows:

The DCC database in COSYMA contains time integrated DCC values for
groundshine (and inhalation - resuspension). The integration times larger than
0.5 years are: 0.5 years, I year, 2 years, 5 years, etc. .

The DCC for IZINT - 3 years is calculated by a linear interpolation between
the values for IZINT - 2 and IZINT - 5 years. Because of this linear
interpolation the resulting dose rate will always be constant between 2 years
and 5 years. This explains the plateau in Figure 7: i.e. the dose rates in all
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Calculation of the Magnitude of Long Term Contaminated Area with COSYMA and MACCS

areas/weather sequences are equal during 2 to 3 years and 3 to 5 years, so the
area where the dose rate exceeds 50 mSv is exactly the same.

THE AVERTED DOSE CONCEPT
A decision for dose mitigating actions is based on the dose that is averted by
this action. So, the dose received after the start of this action has to be
calculated. E.g. a decision to allow people to return to their homes (after
evacuation) should be based on the dose they would receive after being returned
to their homes.
In general, averted dose can only be determined by calculating the dose in a
given time span after the accident. This is exactly the same calculation that was
needed to calculate the data for Figure 7.
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7. CONCLUSIONS

1. Probabilistic evaluation of the size of contaminated area after a nuclear
accident is most informative if CCDF's are used.

2. The codes would benefit from a more flexible definition of contamination.
3. If the contamination beyond about 50 to 100 km from the source has to be

evaluated, the results depend rather strong on the choice of the grid
(especially the "high percentile results").

4. The largest areas of contamination are observed for those weathersequences
where rain starts a few hours after the release.

5. If the contamination is judged using the dose to the local public, the "averted
dose" concept is needed to evaluate the duration of the contamination.

EXT PAQEIS)

ECN-RX-96-052 21



REFERENCES

[1] COSYMA, a new programme package for accident consequence
assessment. EUR 13028 Kernforschungszentrum Karlsruhe GmbH, FRG,
National Radiological Protection Board, UK, 1990.

[2] Chanin DI, Sprung JL, Ritchie L, Jow H-N MELCOR Accident
Consequence Code System (MACCS). NUREG/CR--4691, Sandia National
Laboratories, Albuquerque 1990.

[3] Reactor Safety Study, An Assessment of Accident Risks in U.S.
Commercial Nuclear Power Plants. WASH-1400 (NUREG-75/014), U.S.
Nuclear Regulatory Commission, 1975.

[4] CHERNOBYL Ten Years On; Radiological and Health Impact. NEA-
OECD, November 1995.

ECN-RX--96-052 23


