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ABSTRACT

COSYMA (Code System from MARIA) is a program package for assessing the off-
site consequences of accidental releases of radioactive material to atmosphere, developed as
part of the European Commission's MARIA programme (Methods for Assessing the
Radiological Impact of Accidents). COSYMA represents a fusion of ideas and modules from
the Forschungszentrum Karlsruhe program system UFOMOD, the National Radiological
Protection Board program MARC and new model developments together with data libraries
from other MARIA contractors. Mainframe and PC versions of COSYMA are distributed to
interested users by arrangement with the European Commission. The system was first
released in 1990, and has subsequently been updated.

The program system uses independent modules for the different parts of the analysis,
and so permits a flexible problem-oriented application to different sites, source terms,
emergency plans and the needs of users in the various parts of Europe. Users of the
mainframe system can choose the most appropriate combination of modules for their
particular application. The PC version includes a user interface which selects the required
modules for the endpoints specified by the user. This paper describes the structure of the
mainframe and PC versions of COSYMA, and summarises the models included in them.

The mainframe or PC versions of COSYMA have been distributed to more than 100
organisations both inside and outside the European Union, and have been used in a wide
variety of applications. These range from full PRA level 3 analyses of nuclear power and
research reactors to investigations on advanced containment concepts and the preplanning of
off-site emergency actions. Some of the experiences from these applications are described
in the paper.

An international COSYMA user group has been established to stimulate
communication between the owners, developers and users of the code and to serve as a
reference point for questions relating to the code. The group produces a regular newsletter
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and organises yearly meetings to discuss thS use and future development of the code system.

1 INTRODUCTION

The European Commission's (EC) MARIA programme (Methods for Assessing the
Radiological Impact of Accidents) was initiated in 1982 to review and build on the nuclear
accident consequence assessment (ACA) methods in use within the EC. One of the objectives
of the MARIA programme was the development of a computer program system for assessing
the off-site consequences of accidental releases of radioactive material to atmosphere. A new
program system, called COSYMA(1) (Code System from MARIA), was therefore developed
jointly by Forschungszentrum Karlsruhe (FZK) in Germany and the National Radiological
Protection Board (NRPB) in UK. The first version was made generally available through EC
in 1990. COSYMA has been updated subsequently; the most recent version was made
available in 1995. COSYMA was based on the earlier programs UFOMOD(2), developed by
FZK, and MARC(3), developed by NRPB.

The mainframe version of COSYMA was intended to provide a flexible package which
would allow users in different countries to investigate a variety of special problems, and also
to investigate and understand detailed aspects of the results obtained. It was also intended
for use in standard applications. Because of these objectives, it is a relatively complex
system. It consists of a suite of programs each representing a different part of the analysis,
together with a set of associated data libraries. Alternative models are provided for some
parts of the calculations and the user must select the one most appropriate for his purpose.
The user must also specify values for a large number of input parameters. The application
of COSYMA requires a mainframe computer or workstation as large amounts of CPU time,
and considerable disk storage for the intermediate results, are necessary.

A PC version of COSYMA has also been developed by NRPB and FZK, and is
available through EC. This was first released in 1993 and updated in 1995(4). PC COSYMA
is intended primarily for users who do not in general require access to the more complex
features included in the mainframe system, either because they normally undertake relatively
straight forward applications or because they are not themselves experts in the field of
accident consequence assessments.

The EC MARIA programme included a large number of different organisations
working on a variety of projects related to accident consequence assessment. The suite of
programs and data bases comprising the mainframe and PC versions of COSYMA contains
a number of models, data bases and sets of parameter values derived by various organisations
working on the MARIA programme. The COSYMA and PC COSYMA computer programs
relied on the success of the overall project.

An international group has been established for users of the mainframe and PC
versions of COSYMA, and is co-ordinated by KEMA, Netherlands. The group produces a
regular newsletter and holds meetings each year. It provides a forum for users to discuss their
experiences with the code systems, and to reinforce feedback between users, owners and
developers of the code. The group enables users and developers to discuss various problems
and helps to ensure that the code is being used correctly.

Four training courses have been given by NRPB and FZK on the mainframe and PC
versions of COSYMA. The first, held in Karlsruhe in 1990, was concerned with the first
version of the mainframe system. The others, held near NRPB in 1993, in Kiev in 1994, and
Madrid in 1995 were concerned with PC COSYMA. Further training courses will be held
as and when required.
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•2. THE STRUCTURE AND MODELS IN COSYMA

2.1 Mainframe COSYMA

COSYMA is a package of programs and data bases rather than a single program. It
contains three distinct accident consequence programs, designed for application in different
time periods and distance ranges, together with a number of preprocessing and evaluation
programs. This split into different main programs allows considerable flexibility in the
application of the overall suite of programs to particular problems and can save computer time
for many applications.

The three main programs are known as the NE, NL and FL sub-systems of COSYMA.
The NE (near, early) sub-system is limited to calculating early health effects and the influence
of emergency actions taken to reduce those effects, and so is intended for use near to the site.
The NL (near, late) sub-system is also mainly intended for use near to the site, but it
considers only late health effects and the associated mitigating countermeasures. The FL (far,
late) sub-system is concerned with late health effects at distances far from the site, together
with the appropriate countermeasures.

The split between the programs for early effects and for late effects means that
computer resources need not be used to calculate zero early effects or early countermeasures
from small releases. The sub-division into the NL and FL sub-systems means that different
dispersion models can be used for the different distance ranges. In this way, a detailed site-
specific model could be applied in the vicinity of the site and a more general one at larger
distances. Alternatively, a simple linear Gaussian model could be applied near to the site
while a trajectory model is used for larger distances.

• The main programs are modular in structure, with different modules addressing the
different steps in the calculation. The user must choose which is the most appropriate
combination of modules and sub-systems for his particular application.

Following an accidental release to atmosphere, people can be irradiated by several
routes from material in the cloud and after its deposition. COSYMA considers external
irradiation from material in the plume, on the ground or deposited on skin and clothes,
inhalation of material in the plume or after deposition and resuspension and ingestion of
contaminated foods. A variety of emergency actions could be taken to reduce doses. Those
considered in COSYMA are sheltering, evacuation, thyroid blocking, relocation,
decontamination and food bans.

For some parts of the calculations COSYMA includes models directly within the
various modules of the main programs or in subsidiary programs. In other cases it uses data
libraries containing results of pre-calculations with other models.

COSYMA contains five different models for atmospheric dispersion appropriate for
different applications or based on different assumptions. However, it can be used with any
atmospheric dispersion model that can be used to calculate air concentration and deposition
at each point on the grid considered, and can provide the appropriate interfaces. The NE and
NL sub-systems include the MUSEMET program, written by Kernforschungsanlage Jiilich and
modified by FZK. This is a segmented Gaussian plume model which allows for changes of
atmospheric conditions and wind direction during plume travel, assuming that the conditions
affecting the plume are the same as those at a meteorological station in the region. These
sub-systems can also be used with the COSGAP model, which is a similar Gaussian plume
model based on that used in MARC, or with RIMPUFF, a Gaussian puff trajectory model
developed by Ris0 National Laboratory which derives its meteorological conditions by
interpolating between different meteorological stations in the region of interest. The FL sub-
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system is intended for use with the Mesos model of Imperial College of Science, Technology
and Medicine. This is a trajectory model intended for dispersion over large distances. It
derives the conditions affecting the plume from meteorological data over a wide region such
as the whole of Europe. The NL sub-system can also be used with IS OLA, a FZK model for
very long duration releases which uses statistics of atmospheric conditions and is appropriate
for releases which are sufficiently small that no countermeasures would be expected.

COSYMA allows the user to specify a wide range of countermeasures to reduce the
exposure of the population. Some of these actions may be introduced sufficiently quickly that
they can reduce doses and risks in the short term, while others are introduced over a period
of a few days and so can only reduce longer term doses. The user has considerable freedom
to specify the criteria at which these actions will be initiated and withdrawn, and so can
model the countermeasures plans appropriate to his particular situation. The actions that may
be considered, and the criteria for their initiation and withdrawal are summarised below.

Sheltering as the only action, or sheltering followed by evacuation, can be initiated
automatically in a user defined area or on the basis of dose. The user can define the
pathways and organs considered in the dose calculation and the period over which doses
should be integrated. The distribution of stable iodine tablets can also be initiated
automatically in a defined area or on the basis of dose to the thyroid over a user defined
period. These actions are assumed to reduce doses over short periods of time, and so can
reduce the risks of early or late health effects.

Relocation can be implemented on the basis of the dose over a user defined period.
Return from evacuation or relocation is based on the dose in a defined period following
return. The effects.of decontamination in reducing the dose following return can also be
considered. Food bans can be initiated or withdrawn on the basis of dose or on the basis of
concentrations of groups of nuclides in foods. These actions are assumed to be initiated a few
days after the accident, and so only reduce the risk of late health effects.

COSYMA allows the user to consider the actions of several groups of people during
the period before emergency actions are initiated and during the sheltering period. These
groups can be assumed to spend their time either outdoors or indoors in buildings with
different shielding properties.

The contribution to dose from ingestion of contaminated food is calculated within
COSYMA by using pre-calculated data libraries. These give the concentrations of a range
of nuclides in foodstuffs (green vegetables, root vegetables, grain, milk and milk products,
beef, pork, lamb and offal) at a series of times following unit deposition. COSYMA includes
libraries derived using the NRPB program FARMLAND and the GSF program ECOSYS, for
deposition during summer and winter to enable the system to consider seasonal effects. The
ingestion doses are calculated in COSYMA using one of two assumptions about the
distribution of food production. One uses agricultural production grids to derive the
production pattern around the site, and calculates collective dose assuming that all the
produced food is consumed somewhere. The other assumes that the amount of food produced
at each location equals that consumed by the population at that location.

COSYMA calculates the risks of fatal and non-fatal early and late health effects. The
late effects considered include both cancers in the exposed population and hereditary effects
in their descendants. The models adopted for calculating the risk of these effects are based
on those recommended by NRPB, US Nuclear Regulatory Commission and
Forschungszentrum fur Umwelt und Gesundheit GmbH (GSF). The risk of early death is
calculated using "hazard functions" with an allowance for the relationship between the D50,
the dose at which half the exposed population suffers the effect, and the dose rate. Late
health effects are calculated assuming a linear dose-response relationship, using a method
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which allows for the variation of dose with age at intake, of risk with age at exposure and of
the variation of intake rates with^age. COSYMA can also calculate the time at which the late
effects occur, both in the people alive at the time of the accident and in their descendants.

The final part of COSYMA is the calculation of the economic costs of the accident,
considering the costs arising from the countermeasures (food bans, movement of people and
decontamination) imposed and the health effects.

2.2 PC COSYMA

The biggest difference between the mainframe and PC systems lies in the way in
which the user interacts with the program. In mainframe COSYMA, the specification of input
parameters is done by editing a file, and the user must control the flow of the system through
the appropriate Job Control Language. PC COSYMA consists of three major sections, the
Input Interface, Calculation Programs and Results Interface which are selected through a
menu. The Input Interface provides a user-friendly system which uses a series of menus to
guide the user through the process of setting values for the appropriate input parameters. The
Calculation Programs, which are run from a single command, include the various modules
required for the calculation. The system automatically executes the appropriate combination
required for the particular calculation specified by the user. The Results Interface allows the
user to examine the results of the calculations on the screen, again through a menu controlled
system. The results are initially presented simultaneously in graphical and tabular form.
Either the table or the graph can be expanded to fill the whole of the screen, and results can
be printed in either form, or written to a text file, as needed.

The flexibility of the mainframe system was retained as far as possible to allow an
adaptation to special user requirements. However, some restrictions and simplifications were
introduced either because of the more limited computing resources available, or because of
the different needs of the users of the PC and mainframe versions.

Thus, the system includes only the Musemet model for atmospheric dispersion.
Comparisons between the consequences predicted using different dispersion models have
shown that, for most applications, this is not a serious restriction. However, there are some
applications for which PC COSYMA would not be appropriate and the mainframe version
should be used. These limitations are discussed in reference 4.

The full flexibility of the mainframe system was retained for the part dealing with
countermeasures criteria, because for these national differences may exist in the assumptions
about the actions to be carried out and their timings. However, the PC system was simplified
so that it only considers a single group of people with specific behaviour. Nevertheless, the
more detailed modelling of the mainframe system could be replicated by combining results
for different runs of PC COSYMA.

The method adopted for calculating late health effects was also simplified for PC
COSYMA, and the number of cancers is obtained as the product of the collective dose to
adults and a risk coefficient. Although this means that the system does not consider the
variation of dose and risk with age, it enables the user to easily modify the risk coefficients
used in the calculation.

2.3 Endpoints of the mainframe and PC versions

The mainframe and PC versions of COSYMA calculate the same set of endpoints.
The main endpoints are the numbers of health effects, the numbers of people and amounts of
agricultural production affected by countermeasures and the economic costs of the accident.
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The incidence of late health effects can also be presented as a function of time. These results
are presented in terms of the frequency distributions of consequences should the accident
occur, with the user able to obtain both the full distribution or a summary in terms of the
various percentiles.

A large number of intermediate results are obtained in the process of calculating the
quantities identified above, and the user can obtain information on many of these with either
the mainframe of PC version of the system. However, the mainframe version offers
somewhat more flexibility than the PC version for presenting the intermediate results.

The individual doses and the associated risk of health effects can be presented either
at specified single locations or in terms of the average at different distances from the site.
The contributions made by the different nuclides and pathways to the overall dose and risk
of health effects can also be obtained. The probability of introducing countermeasures at a
particular point can also be calculated.

The mainframe version of COSYMA writes its information to the line printer and to
files which the user can pass to his own graphics system. PC COSYMA presents information
directly to the screen in either graphical or tabular form, which the user can print if required.

3 EXPERIENCE WITH USING COSYMA

The mainframe and PC versions of COSYMA have now been used in a wide number
of different applications, some of which are described below.

FZK has performed studies to quantify the dependence of the areas affected by
evacuation and relocation on the amount of radioactive material released<5). The lower
reference levels of the German regulations were used for the intervention criteria. The result
show that in general the area affected is proportional to the source term. If the source term
inchides a release of 100% of the-noble gas inventory, the affected-areas remain constant for
releases with less than about 1% of the remainder of the reactor inventory. The investigations
also showed that ground level releases with 100% of the noble gas inventory and up to 1%
of the iodine, caesium and tellurium inventory lead in 95% of all weather situations to
affected areas which are covered by the existing German planning zones. Using these results,
the German Reactor Safety Commission concluded that the emergency planning zones do not
need to be extended as the frequency of releases larger than the ones considered have been
reduced as far as is possible.

FZK has investigated*6* the new generation of PWRs under discussion in Europe. The
study showed that significant off-site emergency measures, such as evacuation or relocation,
would not be required for a future 1400 MWe PWR even following a severe core melt if it
had a double containment with the annulus vented through an appropriate emergency standby
filter. A set of parameters for accident conditions have been elaborated under which the
lower reference levels for evacuation will not be exceeded.

A third FZK study07' was part of the licensing procedure for upgrading the BER II
swimming pool reactor from 5 to 10 MW with high enriched or low enriched uranium fuel
elements. The consequences of an airplane crash were considered. The radiological
consequences for the different types of fuel were found to show no significant differences.

COSYMA has been used in the Netherlands as part of the safety assessments for its
two nuclear power stations(8>9) and for the research reactor at Delft Technical University005.
COSYMA has been used to investigate the consequences of an airplane crash onto the
research reactor at Rossendorf, Germany, and the resulting doses compared with the
intervention levels for countermeasures00. PC COSYMA has been used to investigate the
consequences of a postulated loss-of-coolant accident with core melt at the Demokritos

28 Nuclear Energy in Central Europe, Portorofc, Slovenia, 16-19 September 1996



research reactor in Greece(I2). .
COSYMA has also been used in a study to investigate the dependence of accident

consequence assessments for nuclear power plants on the different environmental
characteristics between Korea and Germany(13). For this study, data libraries appropriate for
Korean conditions, such as food chains, had to be prepared.

The mainframe version of COSYMA was included in a recent international
intercomparison of accident consequence assessment programs organised by NEA and EC.
This exercise was divided into two sections. In the first, the predictions of seven different
programs, used by their developers, were compared for a series of agreed situations. In the
second, the predictions of COSYMA when used by a number of organisations not involved
in its development were compared. The first study(14) showed that there were differences
between the predictions of the various programs, and tried to identify the reasons for the
differences. With few exceptions, the spreads were within a factor of a few, which is small
in comparison with the overall uncertainty on the predictions of accident consequences. The
second study(15>16) showed that the predictions of COSYMA can depend on the assumptions
made. In particular, the predicted risk of early health effects depends on assumptions made
about the population behaviour in the time before countermeasures are taken, and the
predicted consequences of long duration releases depend on the way in which the release is
divided into shorter phases. The study suggested that further investigations should be
undertaken into the best way of meteorological sampling when calculating probability
distributions of consequences at a point. A suitable sampling scheme has subsequently been
incorporated into the PC and mainframe versions of COSYMA.

4 USER GROUP

The international code intercomparison described in the previous section was
undertaken shortly after COSYMA was first made available to other organisations, and some
of the users lacked confidence in using it. The intercomparison provided COSYMA users
with a regular forum for discussion on the use of the code. This contributed to the quality
assurance of the code and provided feedback to the developers in those areas where
improvements could be made both in the CCSYMA code and in its user guide. There was
a broad agreement that there would be considerable advantage in continuing the exchange
between COSYMA users and developers. The most effective way of achieving this was
through the establishment of a COSYMA Users Group, and this was supported by the
European Commission, under whose auspices the code was developed. The need for a user
group was further enhanced by the release of PC COSYMA, and its use by a large number
of institutes.

The user group aims to stimulate discussion between the code owners, developers and
users. It does this by having regular meetings and distributing a newsletter. The group also
serves as a reference point for questions, and keeps a record of all COSYMA related matters.
Further development of the system will be based on items identified in discussions at the user
group.

The user group has held two meetings, with the proceedings published as KEMA
reports07'183. Papers presented at the user group meetings have included descriptions and
discussions of the new features to be included in modified versions of the code and
applications of particular interest to other users.
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5 OBTAINING THE SYSTEM

The mainframe and PC versions of COSYMA can be obtained, subject to a signed
Agreement on the conditions of their use between the European Commission and the
intending user. This agreement can be obtained from

Dr G N Kelly
European Commission
DGXII/F/6
Rue de la Loi 200
B-1049 Bruxelles
Belgium

Phone: + 32 2 295 6484
Fax: + 32 2 296 6256
E mail george.neale.kelly@dgl2.cec.be

6 SUMMARY

This paper has described the structures of the mainframe and PC versions of
COSYMA, and the models used in them. It has described a number of applications of these
codes. It has also described the functions of the COSYMA User Group.
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