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1 Introduction: The RODOS project

The Chernobyl accident on 26 April 1986 had
a profound effect on emergency preparedness and post-accident management worldwide and, in particular, in Europe. Deﬁciencies in emergency preparedness at both
national and international levels (e. g., in
world food trade) led to many problems of a
practical and political nature. Many lessons
have been learnt, and considerable resources have since been allocated, to improve
emergency preparedness and post-accident
management capabilities. Improvements
have been made at national, regional and
international levels. They have been diverse
in nature. However, more needs to be done
and continuous effort is needed to ensure a
timely and effective response to any future
accident.
Emergency management, more generally,
has received increased attention following
the tragic events in the U.S. in September
2001. Attacks with radiological dispersal
devices (RDD), which spread radioactive material by aerosolising or dissolution in water
reservoirs are currently under intense public
and political discussion.
A number of requirements emerge from
these considerations; they include
• the need for a more coherent and harmonized response in Europe and in the different stages of an accident (in particular,
to limit the loss of public conﬁdence in the
measures taken by the authorities for their
protection);
• exchange of information and data in an
emergency to enable neighbouring countries to take more timely and effective
actions; and
• the necessity to make better use of limited
technical resources and avoid duplication.
The RODOS project was established to
respond to these needs. It was launched
in 1989 and increased in size through the
European Commission’s 3rd, 4th and 5th Framework Programmes. Signiﬁcant additional
funds have been provided by many national
6

R&D programmes, research institutions and
industrial collaborators. In particular, the
German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU) contributed to the project ﬁnancially with a special focus on early emergency
response. Up to 40 institutes from some 20
countries in the European Union, Central and
Eastern Europe and the Former Soviet Union
were actively involved in the project [1].
As a result of these collaborative actions,
a comprehensive decision support system
(RODOS) has been developed which can be
applied within Europe [2, 3]. It can be used in
national or regional nuclear emergency centres, providing coherent support at all stages
of an accident (i. e., before, during and after
a release), including the long term management and restoration of contaminated areas.
The system is able to support decisions about
the introduction of a wide range of potentially useful countermeasures (e. g., sheltering
and evacuation of people, distribution of
iodine tablets, food restrictions, agricultural countermeasures, relocation, decontamination, restoration, etc.) mitigating the
consequences of an accident with respect to
health, the environment, and the economy.
It can be applied to accidental releases into
the atmosphere and into various aquatic
environments. Appropriate interfaces exist
with local and national radiological monitoring data, meteorological measurements and
forecasts, and for adaptation to local, regional and national conditions in Europe.
The current version of the system (RODOS
version PV 6.0) has been, or is being, installed in national emergency centres of
several European countries for (pre-)operational use, such as Germany, Finland, Spain,
Portugal, Austria, the Netherlands, Poland,
Hungary, Slovakia, Ukraine, Slovenia, and the
Czech Republic. Installation is foreseen or
under consideration in Switzerland, Greece,
Romania, Bulgaria, and Russia within the
next few years. Installation in the CEE and
FSU has been achieved with support from
the European Commission’s ECHO, PHARE

and TACIS programmes, respectively. Installation of the system for (pre-)operational
use in many national emergency centres is
indicative of the success of the system and its
potential for achieving more coherent and
effective responses to future accidents which
may affect Europe.
As the installation of RODOS and its integration in the national emergency management
arrangements is most advanced in Germany,
technical and organisational details are given
as an example in Annex 5.
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2 Structure and functions of the RODOS system

From the beginning, the RODOS system has
been designed as a comprehensive system,
that:
• incorporates state-of-the-art methods,
models and data bases for assessing, presenting and evaluating the consequences
of a nuclear accident,
• can be applied at any distance from the
release site,
• takes into account the most important
emergency actions and countermeasures,
• can be used before the release of radioactive material to the environment through
to long-term actions implemented months
or years after an accident,
• provides information ranging from largely
descriptive reports (Levels 0–2, see Table
1) to a detailed evaluation of the beneﬁts
and disadvantages of various strategies
and their ranking according to the societal
preferences expressed by the decision makers (Level 3, see Table 1).
The system should be capable of coping with
differences in site and source term characteristics, in the availability and quality of
monitoring data, and in national regulations
and emergency plans. In addition, the use of
RODOS for training and education in radiological protection and emergency management has been one of the major objectives
from the very beginning. Another important
requirement was that the system uses meteorological and radiological monitoring data
and ﬁeld measurements to improve the accuracy of its model simulations of atmospheric
and hydrological dispersion and of radioecological processes.
Due to the complex requirements on the
RODOS system, during planning and development only minor beneﬁt could be taken of
the experience gained with existing systems.
Therefore, from the beginning the iterative
“prototyping” concept was pursued, which
8

Level 0:
Acquisition and quality checking of radiological
data and their presentation, directly or with minimal
evaluation, to the end-users, along with geographical and demographic information.
Level 1:
Analysis and prediction of the current and future
radiological situation (i. e., the distribution over
space and time in the absence of countermeasures)
based upon monitoring data, meteorological data
and models, including information on the radioactive material released to the environment.
Level 2:
Simulation of potential countermeasures (e. g., sheltering, evacuation, issue of iodine tablets, relocation, decontamination and food-bans, restoration),
in particular, determination of their feasibility and
quantiﬁcation of their beneﬁts and disadvantages.
Level 3:
Evaluation and ranking of alternative countermeasure strategies by balancing their respective beneﬁts and disadvantages (i. e. costs, residual dose,
reduction of stress and anxiety, socio-psychological
aspects, political acceptability, etc.) taking account
of the judgements and preferences of decision
makers.
Table 1: Levels of decision support provided by the RODOS system

led step by step to the completion and continuous improvement of the system. In this
sense, the operational version RODOS PV 6.0
released in mid 2004 has to be considered as
preliminary as well: already now a number of
requests exist and complementary R&D work
is continuing to further enhance functions
of and models integrated in the system. In
addition, the users’ experience gained with
the system during its operational application
will lead to the deﬁnition of further development aims (see also Chap. 6).

2.1 Design features of RODOS
The basic concept and design of RODOS were
speciﬁed and agreed upon by participants
at the outset of the project. The conceptual
RODOS architecture (see Fig. 1) is split into
three distinct subsystems, which are denoted
by Analysing Subsystem, Countermeasure
Subsystem and Evaluating Subsystem. Each
subsystem consists of a variety of modules
developed for processing data and calculating endpoints belonging to the corresponding level of information processing. The
modules are fed with data stored in three
different databases, comprising real-time
data with information from regional or national radiological and meteorological data
networks, geographical data deﬁning the
environmental conditions, and program data
with results obtained and processed within
the system. The interconnection of program
modules, the input, transfer and exchange of
data, the display of results, and the interactive and automatic modes of operation
are all controlled by the specially designed
RODOS Operating System.
The dialogue between RODOS and a user is
organised in two different modes. In the socalled “automatic mode” the system automatically presents all information relevant to
decision making and quantiﬁable in accordance with the current state of knowledge in
the real cycle time. For this purpose, all the
data entered into the system in the preceding cycle (either on-line or entered by the
user) are taken into account in the current
cycle. Interaction with the system is limited
to a minimum amount of user input necessary to characterise the current situation and
adapt models and data.
The diagnostic calculations are performed in
the automatic mode with cycle times of 10
min. Prognostic calculations and simulations
of emergency actions together with consequence assessments are repeated typically
every 30 min. The automatic mode is limited
to the near range around the nuclear facility,
deﬁned by an area of 160 km by 160 km; it

Figure 1: Conceptual structure of the RODOS system

Figure 2: Operation of RODOS in different time scales and distances

is terminated after the cloud has left the calculation area and thus when “stable” conditions are reached (see Fig. 2).
Either in parallel to the automatic mode or
as single option, RODOS can be operated in
the “interactive mode”. In particular, all calculations at distances outside the 160 km by
160 km area are performed interactively.
The dialogue between RODOS and a user is
performed via various user-interfaces tailored to the needs and the qualiﬁcation of
the user. The access rights of different user
groups determine the type of user-interface,
which allows increasing access to models,
data and system parameters in a hierarchical
structure. At the lowest level of access, there
9
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is an easy to understand but in a functional
sense very limited interface; at the highest
level, the full spectrum of interface tools
is available for system administrators and
operators, who are familiar with the system’s
content and structure (see also Chap. 4).

2.2 Interfaces to plant safety data,
radiological monitoring data and
meteorological information
The RODOS system offers appropriate interfaces to plant safety data, radiological and
meteorological networks (see Fig. 3):
• ﬂexible input of source term information,
• accident source term data base for
nuclear power plants, such as PWRs, BWRs,
VVER440 and VVER1000,
• radiological real-time data:
- stack release data,
- local monitoring data,
- national monitoring data (incl. EURDEP,
the European Data Exchange Platform),
• site meteorological data (multiple meteorological stations),
• meteorological forecasts of numerical
weather models of national weather
services,
• prognostic long range atmospheric dispersion calculations performed externally.

Figure 3: Coupling RODOS to meteorological and radiological monitoring data.

10

Parallel to the development of the RODOS
system, prototype software tools have been
developed within the STEPS/ASTRID and
STERPS projects [1] which, in the event of an
emergency situation in a light water reactor, allow to follow up the progression of an
accident from the moment it is detected, and
to forecast the future behaviour of the reactor including potential releases. The source
term, thus evaluated faster than in real time,
can be used to predict with RODOS potential
and/or real radiological consequences. Appropriate interfaces exist to directly transfer
to the RODOS system the source term data
estimated with the software packages mentioned above. On the basis of the results of
the prognostic calculations, decisions about
precautionary emergency action can be initiated in a timely manner.

2.3 Diagnosis and prognosis of the
radiological situation
2.3.1 Meteorology and atmospheric
dispersion
RODOS provides comprehensive and continuously updated assessments of the radiation
exposure of the population following accidental releases of radioactive material (or
the threat of such a release) into the atmosphere and/or the aquatic environment. The
calculations are performed

(1) either with the incoming on-line meteorological data and prognosticated meteorological ﬁelds,
(2) or with historic and/or user deﬁned
meteorological information
Case (1) corresponds to the typical real-time
operation of the system. In the automatic
mode, diagnostic calculations can be performed without time limitations, the 30 min
interval prognostic calculations extend over
a time period of 24 hours. In the interactive
mode, the time period of the prognostic
calculations is limited by the duration of the
available meteorological forecast data sets.

model can also be used. The state of the
atmospheric turbulence can be characterised
by different parameterisation schemes (Karlsruhe-Jülich, Mol, German-French modelling
[5]). Estimates of the current cloud position
(diagnosis) are automatically updated every
10 minutes. The situation after cloud passage
(prognosis) is recalculated typically every 30
minutes.
Weather data and forecasts are provided
in real-time via on-line connections to local
meteorological observations (from on-site
meteorological towers or SODARs) or via network connections to national or international meteorological services (NWS). Prognoses

In case (2), RODOS is used for calculating
complete episodes of past or artiﬁcial accident situations based on available information about meteorology and source term.
These episodes can extend over a time
period of up to 47 days. The main purpose
of this kind of application is to educate and
train current and future RODOS operators
and users and to support the preparation
and performance of local, national, regional
or international exercises.
The dispersion and deposition of material
released into the atmosphere is predicted
by means of a nested chain of models. The
models consistently simulate dispersion and
deposition processes over two distinct ranges, the local scale within an area of 160 km
by 160 km, and the far range up to several
thousands of kilometres. The models included in RODOS were selected from a variety of
available models. The ones which best met
the operational demands of the system were
chosen.
The local scale model chain comprises the
local-scale Meteorological Pre-Processor MPP
[3], the puff dispersion model RIMPUFF [2,
4] and the elongated puff model ATSTEP
[2] (see Fig. 4). MPP provides the local-scale
system with actual and forecast local scale
wind ﬁelds and local boundary layer variables by processing of the meteorological
input data; if need be, a diagnostic ﬂow

Figure 4: The local scale model chain and long range atmospheric dispersion model chain

Figure 5: Example presentation of activity concentrations on ground surface
Main picture: Ground concentrations I-131
Small pictures: Time integrated air concentrations for Xe-133, I-131; Individual doses without
actions for thyroid, bone marrow
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of ground-level air, dry and wet deposited
concentrations including dose rates in half
hour steps can be produced on the local scale
for the time period, for which forecasted
meteorological data are available.
The applicability to farther distances is mainly a result of the integrated far range atmospheric dispersion model MATCH [6] with
an interface for accessing meteorological
data of the Danish forecast model HIRLAM
[7]. Through its coupling to the near range
model chain, a complete model chain is realised and consistent dispersion calculations
are possible from the near range to large
distances at the European scale. However,
interfaces exist to other numerical weather
prediction models, such as those operated by
the German Weather Service (DWD) and the
ALADIN [8] model.
The hydrological model chain in RODOS is
comprehensive [9], covering the dispersion
of material released into and through most
aquatic environments (e. g., rivers, reservoirs,
lakes, estuaries, coastal waters, seas, etc.). In
addition, transfer to various water bodies of
material deposited from the atmosphere (e.
g., by run-off from catchments) is modelled.
Many models in the system have different
levels of complexity and detail, thus enabling
users to choose the most appropriate one,
depending on the application and the desired output (see Annex 1).

Figure 6: Food chain and dose modules integrated in RODOS
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2.3.2 Exposure pathways and dose
calculations
Exposures from all pathways of potential
importance are assessed both during and after the passage of a radioactive cloud (e. g.,
external exposure from a radioactive cloud,
external exposure from material deposited
on the ground and on the skin and clothing,
and internal exposure from the inhalation of
airborne material and ingestion of contaminated food).
The transfer of radionuclides from the cloud
to terrestrial food as well as the resulting
radiation exposure are modelled in the Terrestrial Food Chain and Dose Module, FDMT,
which comprises the Food Chain Modules
and the Dose Modules (see Fig. 6). Activity
concentrations of soil, plants and other surfaces as input to FDMT are calculated in the
Deposition Module DepoM. Activity intake
by animals is taken into account using season
dependent feeding practices. The products
considered in the Food Chain Module can be
adapted to the speciﬁc situation in different
parts of Europe; the default list of products
presently comprises 21 types of feedstuff (17
based on plants, 4 based on animal products)
and 33 types of foodstuff (17 plant products,
16 animal products). The relatively large
number of products results from the need
to reﬂect appropriately the diversiﬁcation
of plant species in reality. The estimation
of doses is performed via all external and
internal exposure pathways of importance
during and after the passage of the radioactive cloud; the endpoints are collective and
individual organ doses for people of different ages.
For several regions in Northern and Eastern
Europe or in parts of the Alps, an additional
specialised radioecological model has been
developed for semi-natural (forest) pathways, FDMF. It considers transfer of radionuclides to mushrooms, berries and game and
quantiﬁes the internal and external exposure
from contaminated forests. After reviewing
the present status of tritium modelling for

Figure 7: Data assimilation in RODOS

emergency response purposes, a simple module describing the transfer of tritium through
foodchains, FDMH, has also been developed.
The dose combination module, DCM, combines results from these and the FDMT food
chain and dose modules.
2.3.3 Data assimilation
Another main focus of development was
to implement data assimilation methods
into the RODOS system. Data assimilation in
general is the concept of combining measured data with results of model predictions
for improving the diagnostic and prognostic results. The aim is to smoothly change
from pure model output to a description of
the radiological situation mainly based on
on-line monitoring data and measurements.
Particularly, data assimilation is important
for the food chain and the dose modules of
RODOS, since output of these modules is the
main source of information for deciding on
emergency actions and long-term countermeasures (see Fig. 7).
Data assimilation methods, including uncertainty handling, have been developed which
are ‘primed’ either with the concentrations
in air or the depositions predicted by atmospheric dispersion models, or with food
contamination from the food chain modules.

Updates of their diagnoses and prognoses
are received as monitoring data (e. g. gamma dose rates, ground deposition or food
contamination) become available. The times
after the cloud has passed are covered by
techniques which allow estimates of contamination and of uncertainties to be made
purely on the basis of databases of radiological monitoring data and measurements.
Uncertainty handling and data assimilation
have also been introduced in the river models to update the predictions of contamination downstream of measurements made
upstream. Theoretical investigations exist for
the other parts of the hydrological model
chain.
Prototype real-time data assimilation modules have been introduced into RODOS
version PV6.0 to improve the predictions for
deposition onto different types of plants and
for foodstuff contamination by assimilation
of measurements. The implementation of
data assimilation procedures in other modules of RODOS, such as those for the estimation of atmospheric and aquatic dispersion
(see below), foodstuff contamination and
radiation exposure, will be continued in the
RODOS versions PV 7.0.
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2.3.4 Customisation
The transfer of radioactive material to food
(both commercial and natural) and, subsequently, to man is modelled with seasonal
variations (e. g., state of crop growth) taken
into account; special tools allow topical
databases to be used in speciﬁc emergency
situations, thus improving the predictive
power of the models. Differences in agricultural practice and climatic and soil characteristics can also be considered by adapting the
databases of the models applied to various
regions in Europe. This makes RODOS a
unique tool in a consistent approach to dose
assessment on a multinational level. Comparable models are used to assess exposures
from radioactive material in different aquatic environments (e. g., drinking water, crop
irrigation, ﬁsh consumption, etc.). Estimates
are made of exposures of individuals (with
average and special habits) and the population as a whole.
As the models for food chain transfer have
been originally developed for Central Europe, an important task in connection with
the customisation of RODOS for use in other
regions of Europe is the adaptation of the
many model parameters in the food chain
and the dose module FDMT. The selection
of appropriate radioecological regions, with

relatively uniform radioecological conditions,
is predominantly determined by prevailing
agricultural production regimes, growing
periods of plants, harvesting times, feeding
regimes for domestic animals, human consumption habits, etc. Typically, a country is
subdivided into 1 to 5 such radioecological
regions. Radioecological regions have been
deﬁned for Czech Republic, Hungary, Poland,
Romania, one part of Russia, Slovak Republic,
and Ukraine (see Fig. 8). The collection of
the relevant radioecological data has been
completed to a large degree.

2.4 Extent and implications of emergency actions and countermeasures
The RODOS system, in a coherent and comprehensive approach, simulates and estimates the timing and the extent and duration of all countermeasures which might
be implemented to limit the health and
environment impact of an accident. Intervention strategies adopted in various European
countries can also be considered. All information available about the types of intervention listed below have been integrated and
synthesised in the corresponding models and
the databases associated with them:
•
•
•
•
•

sheltering,
distribution of stable iodine tablets,
evacuation,
decontamination of inhabited areas,
temporary and permanent relocation,

plus these agricultural countermeasures:

Figure 8: Example subdivision of the Ukraine in radioecological regions
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• banning foods, which may imply food disposal or stopping food production,
• food processing and storage,
• changes in the feed composition of grazing
animals; factors for evaluation include the
effect of supplying clean feed for a certain
period after deposition, changes in the
proportion of contaminated feed in the
diet, and the use of different feedstuffs,
• administration of sorbents or boluses,
• soil treatment, such as the addition of fertilizer,

• change of crop varieties or crop species
grown,
• change in land use from agriculture to
forestry,
• decontamination of agricultural land by
plowing and soil removal.
The areas of early emergency actions and
later countermeasures deﬁned by intervention dose criteria can be modiﬁed by the user
via the graphical user interface and fed back
into the system for repeated calculations.
This is of importance particularly in countries with regulations concerning the size or
extension of areas in which measures are to
be implemented. For example, prescribed
emergency planning zones and sectors necessitate the projection of the areas deﬁned by
isolines onto these ﬁxed geometric areas (see
Fig. 9). The same holds for countries, where
decisions on agricultural countermeasures
would only be taken for areas deﬁned by administrative borderlines (districts). Software
tools for automatically presenting RODOS
results for administrative units will be available in the next RODOS version PV7.0.
Measures to reduce radioactivity concentrations in freshwater ﬁsh and drinking
water are also analysed for situations when
streams, rivers and lakes have been contaminated. Measures range from changing the
sources of drinking water supply to processing fresh ﬁsh to applying fertilisers to lakes
in order to reduce the uptake of radionuclides by ﬁsh feeding in these lakes.
The relative merits and disadvantages (e. g.,
residual and avoidable doses, health risks,
costs, effort) of individual or combinations
of emergency actions and countermeasures
can be assessed (e. g., sheltering indoors and
taking iodine tablets as against immediate
evacuation) and presented to those responsible for emergency management and/or
decision making. In particular, the doses
that would potentially be received by workers implementing countermeasures can be
assessed for decontamination in inhabited
areas, relocation of the population and agri-

cultural countermeasures.
In order to explore the effectiveness of combinations of agricultural countermeasures,
selected combinations of two options can
also be considered for each type of food,
however, with the underlying constraint
that the combination is broadly feasible. For
decontamination, the effect on the extent
and duration of relocation and the need
for, and duration of, food restrictions can
be considered. In the case of relocation, the
implications of relocation on the further use
of agricultural land in the relocated area can
be studied.

Figure 9: Deﬁnition of areas where early emergency actions are warranted

Figure 10: Example presentation of areas with sheltering
Main picture: Areas with sheltering
Small pictures: Areas with actions: administration of iodine tablets; individual doses with
actions for thyroid; plume arrival time; spectra of individual doses for thyroid.
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For agricultural countermeasures and decontamination in inhabited areas, a ‘decision
mode’ has been deﬁned. It provides information on a number of countermeasure options
and combinations of these options for a
single type of food or up to ﬁve decontamination options. This information is transferred to the evaluation subsystem of RODOS
to enable countermeasure strategies to be
evaluated using a wide range of information
including effectiveness, costs, health effects
and feasibility considerations (see Chap. 2.5).
A database of technical information on
decontamination and agricultural measures
has been compiled for use in RODOS within
Europe. It is based largely on experience following the Chernobyl reactor accident in the
Ukraine and other experimental research.
This allows information about the costs of
implementation, the manpower needed, and
the quantities of waste produced to be estimated as well as the effectiveness in reducing contamination levels in the environment
and radiation doses to members of the population. Technical, logistic and radioecological
information pertinent to the implementation
of countermeasures in individual countries
has been collected. This has made it possible
to provide guidance in the use of the RODOS

Figure 11: Evaluation of countermeasure strategies
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database on countermeasure effectiveness
and technical feasibility for speciﬁc areas of
Europe.

2.5 Evaluation of countermeasure
strategies
Whenever there is an option of two or more
countermeasure strategies, a choice has to
be made by the emergency management.
Evaluation techniques may support this
process by proposing those options and/or
combinations of countermeasures, which are
practicable under the actual or future conditions, and which are ranked by balancing of
beneﬁts and effort.
The MAV/UT-based software package, WebHIPRE [10], has been integrated in RODOS to
enable users to compare and evaluate the
beneﬁts and drawbacks of different countermeasure strategies (e. g., risks, costs, feasibility, public acceptance, perceptions, social,
psychological and political implications, and
preferences or value concepts of decisionmakers, etc.). Rules, weights, and preference
functions are encoded and applied to a list
of alternative countermeasures providing a
ranked shortlist to decision makers together

with the rules and preferences which determined the order of the list. Intuitive justiﬁcation of choices and underlying uncertainties
inherent in the predictions are also provided.
The evaluation software assists users in
modifying rules, weights, and preferences
and other model parameters as well as
exploring the consequences of each change.
The importance of this exploration cannot
be emphasized too strongly. Any decision
support systems helps decision makers not by
making the decision itself, but by enhancing
the decision makers’ understanding of the
problem, the issues before them, and their
value judgments. Because of this improved
understanding, they are then in a better position to make sensible decisions (see Fig. 11).
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3 Operation of RODOS

There are fundamental differences between
the operation of the RODOS system under
normal operating conditions of the nuclear
power plant and in emergency situations.

3.1 Normal conditions
The operation of RODOS under normal conditions is characterised by the stand-by mode
of its operating system with the possibility of
performing ad-hoc simulation runs. The following functions are active:
• waiting for messages or events (in particular, system start for simulation runs in the
interactive and automatic modes),
• checking of messages or events,
• protocolling and output of function tests
performed with data networks and the
system.
This functionality enables the user to start
the RODOS system at any time, to perform
simulation runs with user deﬁned accident
situations at selected sites of nuclear power
plants, and to obtain the whole spectrum
of consequence endpoints calculated by
the system (see Annex 3). It differs from the
operation in emergency situations by the following boundary conditions:
• the user starts the system, deﬁnes the time
of the accident and the release characteristics (source term and weather conditions)
and selects the forms of presentation;
• the user initiates the transfer of data if
required (e. g. on-line radiological and
meteorological data, weather forecasts);
• the systems does not provide automatic
protocolling; the user is responsible for
storage and/or documentation of intermediate and ﬁnal results.

3.2 Emergency situation
In the case of a pending or an actual accidental release of radioactive material from
18

a nuclear power plant, the RODOS system
will be started by the responsible authority
in its automatic mode with on-line diagnosis
and prognosis of the radiological situation.
The transfer of on-line meteorological and
radiological monitoring data and forecast
weather data begins synchronously with the
system start. The time interval covered by
prognosis calculations in the automatic mode
is ﬁxed to 24 hours. Release times are limited
up to 47 days.
During the automatic diagnoses every
10 min, prognostic calculations are performed in a pre-deﬁned time interval (multiples of 10 min, e. g. 30 min). The prognoses
are based on the data available and obtained during the preceding diagnostic interval; using the meteorological forecasts, they
provide estimates of the future distributions
of activity concentrations and doses/dose
rates. As source term input, default data sets
are used as long as no better information
is provided in the form of emission data or
expert assessments. The automatic prognoses
comprise simulation calculations for urgent
emergency actions (sheltering, evacuation,
distribution of stable iodine tablets, temporary and permanent relocation, and urgent
agricultural countermeasures) and an assessment of their radiological consequences in
terms of radiation doses (saved). The input of
data is limited to source term information.
In parallel to the automatic mode, the user
can start prognostic runs with user deﬁned
calculation conditions. In this dialogue-oriented interaction with the system he/she can
modify situation data via the user interface
as input to models running in both the interactive and the automatic modes.

3.3 Operational quality checks
The functions requested in the different
operation modes of RODOS are realised by
an extensive control logic for the diagnosis
and prognosis programs which is in strong
interaction with the RODOS operating sys-

tem. In particular, the following operations
are performed to enable a disturbance-free
operation of RODOS:
• integrity check of the environmental data,
and data set repair if necessary and possible (topographical data, such as elevation
and land-use, data from radioecological
regions, etc.),
• integrity check of the meteorological input
data and replacement of faulty data if possible,
• processing of monitoring data for the data
assimilation tools,
• check of the results of the meteorological
pre-processor (MPP) and rerun of MPP in
different conﬁgurations if necessary,
• restart of the RODOS automatic mode
without loosing previous faultless time
steps.
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4 Interaction with users

The interaction between the RODOS system
and its users has three main objectives: (1)
operation of the system in its automatic and
interactive modes including the processing of
meteorological and radiological on-line data,
and the choice of module chains for performing the necessary calculations; (2) input
of data deﬁning the accident situation, such
as source term information, intervention
criteria and timing of emergency actions; (3)
selection and presentation of results in the
form of spatial and temporal distributions
of activity concentrations, areas affected by
emergency actions and countermeasures,
and their radiological and economic consequences.

Internet connected X desktop machine, such
as UNIX workstations from different vendors, X- Terminals, LINUX PCs, and PCs with
X-Emulation or VNC can be used. A number
of X-Window based graphical user interfaces
(GUIs) provide direct access to all functionalities of the RODOS system and allow for
handling the various user interactions with
the RODOS system described above. Among
others, the user can trigger or interrupt the
automatic processing mode, execute application programs simultaneously, modify and
delete data, import data sets from databases,
and change conﬁguration ﬁles. As the user
interacts directly with in-memory active
processes, the system responses immediately
after having performed the necessary calculations.

Direct access (Users of Category A)
Users of Category A have direct access to the
RODOS system via ISDN lines, local or wide
area networks through the client/server protocol Internet/X (see Fig. 12, left side). Any

Figure 12: Interaction with remote users
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For obtaining the requested results, the users
must know, which chain of application software has to be selected, how to interact with
their interfaces, which sort of initialisation
data have to be assigned, etc. This ﬂexible

interaction with RODOS implies that only
experienced and well-trained users are able
to operate the system and to obtain correct
information.

Indirect access (Users of Categories B and C)
A further interface has been developed
which is based on the commonly used and
platform independent Web technology. This
enables accessing the RODOS systems by
remote users from all kinds of computer platforms with Internet browser. The layout and
content structure of this Web interface have
been designed and developed with a unique
standardised interface layout and information structure under due consideration of the
needs of the RODOS users (see Fig. 13). Two
types of Web-based interfaces have been
realised:

The Web client/server interaction is schematically shown in Fig. 12 (right side). The Category B user deﬁnes his/her request to the
RODOS system via an interactive Web-based
interface. The corresponding HTML ﬁle is
sent to the RODOS Web server. It transforms
the information into RODOS compatible
input data, initiates the corresponding
RODOS runs, produces an HTML results ﬁle
and returns it to the Web browser. The Web
browser receives the HTML ﬁle, it interprets
the page content and displays the page.

Category B: Active user with access to the
RODOS system via Web Browser. These users
have access to only part of the system’s functions but can perform analyses and select results from pre-deﬁned standard information.
They have no access to data bases and cannot operate RODOS in its automatic mode.
Category C: Passive user with access via Web
Browser only to RODOS results produced by
users of Category A or B.

Figure 13: Start page of interface for users of Categories B and C
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5 Data exchange between neighbouring countries

As past experience clearly demonstrates, the
consequences of nuclear emergencies do
not stop at national borders. It is an essential feature of a good emergency management that dose assessments and decisions
be co-ordinated and harmonised among the
countries affected. Countermeasures, recommendations, and information of the public
and the media must be consistent. Discrepancies in assessments by different emergency
centres and decision makers in different
countries must be avoided or, at least, must
be understood. Consequently, there is great
need for a thorough, rapid, reliable exchange of all kinds of information.
Given the fact that computer-based decision
support systems for nuclear emergencies
have become a reality in Europe, the most
effective way of achieving this goal is by
ensuring timely and direct data and information exchange among those systems. Accomplishing this objective will guarantee that
decision support systems will be able not
only to run and serve their purpose, but also
to communicate with each other and share
all necessary information and data associated
with an accidental release of radioactivity.
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RODOS version PV 6.0 supports the direct
exchange of data between RODOS systems
installed in different institution (e.g. in
neighbouring countries). Export and import
functions allow for sending and receiving
source term and meteorological ﬁles via ftp.
In that way, atmospheric dispersion calculations can be performed with the receiving
RODOS system based on the same data used
by the sending system.
With the MODEM Project [1, 11], a Web
server technology based data exchange tool
using the XML format has been developed
which allows for direct communication
among decision support systems, such as
RODOS (push-pull concept).
The tools have been tested successfully in a
number of European-wide emergency drills,
partivularly those performed under the DSSNET network of 37 R&D institutes and emergency management organisations of East
and West Europe [13]. The application of
the XML data exchange tool in international
data exchange between Europe, the U.S. and
Japan is currently under investigation.

6 Further development under the EURANOS project

Despite the considerable resources devoted
to improving the management of consequences of nuclear emergencies and, in particular, the progress achieved in the RODOS
project, the situation in Europe continues
to be characterised by national solutions in
the technical as well as the administrative/
political areas. The EURANOS Project, which
integrates 17 national emergency management organisations with 33 research institutions, combines best practice, knowledge
and technology to further preparedness for
Europe’s response to any nuclear or radiological emergency (see Fig. 14). The ﬁve year
multinational project, which started in April
2004, combines all EC-funded activities in
nuclear and radiological emergency management and rehabilitation strategies in one
integrated project (http://www.euranos.fzk.
de).

Nature and Scope of the Project
European countries are prepared to respond
to radiation emergencies to various degrees.
Emergencies of this kind can occur within
a country or outside its borders; as a result
of an accident or of a deliberate terrorist
attack; at a site for which emergency plans
exist or at an unexpected location. Whatever
the cause, an emergency in one country in
Europe to some extent will affect all others.
By sharing expertise, data and technology
among member states, Europe is getting
ready to respond to a radiation emergency
appropriately and effectively.

• Create regional initiatives to achieve information exchanges based on state-of-theart information technologies.
• Develop guidance to assist member states
in developing a framework for the sustainable restoration of living conditions in
contaminated areas.
• Maintain and enhance knowledge and
competence through emergency drills,
training and education, thus fostering best
practice in emergency response.

Activities
The project is divided into three R&D ‘Categories’ and a set of ‘Demonstration’ activities. The project is subdivided into a ﬁrst and
a second phase lasting two and three years,
respectively.
The R&D ‘Categories’ address speciﬁc issues
previously identiﬁed by users or by previous
research in the area. They are focused on
• emergency actions and countermeasures,
• enhancement of decision support systems
for ﬁeld use,
• rehabilitation strategies and guidance.

The main objectives of the project are:
• Collate information about the likely
effectiveness and the consequences of a
wide range of countermeasures.
• Provide guidance to emergency management organisations and decision makers
in establishing an appropriate response
strategy.
• Further enhance advanced decision support systems, in particular RODOS, through
feedback from their use in the ﬁeld.

Figure 14: European extension of the EURANOS project.
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6 Further development under the EURANOS project

Demonstrations test the methods and tools
developed in their real ﬁeld environments.
In Phase 1, they will focus on methods and IT
tools developed within previous EC Framework Programmes. In parallel, the R&D
activities requested by end users will be performed. The results of these R&D activities
will be demonstrated in Phase 2. Throughout
the work programme, training activities are
planned to ensure broad dissemination of
the project results.
At the end of Phase 1, a strategic review will
be conducted to respond to the needs, and
reﬂect the experience, of the emergency
management community, thus allowing project activities to be refocused for the remaining three years. In particular, the project will
be reviewed on the basis of feedback from
demonstrations and training activities, R&D
results, and recommendations from users. As
a result of that evaluation, the strategic
orientation and the key elements of the
work programme will be (re-)deﬁned.

Expected Results
The project is to improve the technical,
methodological and strategic approaches to
national and cross-border emergency management and rehabilitation in Europe. This
could progressively lead to the establishment
of a European policy of emergency management and rehabilitation strategies. The
results expected in each of the three R&D
areas and the demonstration activities will
contribute to attaining this objective.
A detailed working programme is in place
for the ﬁrst two years of the project. It will
lead to signiﬁcant improvements in three
major areas:
(a) Compilations and Handbooks of Countermeasures
Decisions on countermeasures are based on
many criteria, such as effectiveness, feasibility, legal constraints, avertable dose, ethical
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and social implications. Countermeasures,
together with the data and information
required for all feasible options, will be compiled for food production systems in agricultural and semi-natural areas, and for inhabited and industrialised environments. The
compilations will cover all phases not only of
nuclear, but also of radiological accidents
(e. g., terrorist attacks).
Differences, for example, in climate, terrain, agricultural production, infrastructure
and culture, make it unlikely that individual
member states will adopt all countermeasure
options in their emergency response plans.
To assist decision makers in their choice of
options for addressing future nuclear and
radiological incidents, a handbook for use
in Europe will be developed. It will provide guidance on how to extract a subset
of countermeasures and waste disposal
options most applicable within a region.
Stakeholder involvement will be essential
in selecting subsets of options on a regional
basis in Europe. To maximise the usefulness
of handbooks, data sheets from the countermeasure compilations will be supplemented
by regional information about the subsets of
countermeasures included. The handbooks
will not only be a valuable tool for post-accident management, but also serve as a useful
training resource.
In order to manage nuclear and radiological emergencies in an efﬁcient manner, the
authorities must have at their disposal both
measured results and model predictions.
The interface between measurements and
models is important because, on the one
hand, measurements are used to correct and
update model predictions (data assimilation)
and, on the other hand, model predictions
help determine what kind of measurements
to be performed next and where. Both
aspects should be included in the radiation
monitoring strategies intended for use in
real emergencies.
A handbook will be prepared which will
contain information about the general fac-

tors and constraints affecting strategies, such
as (a) the objectives of environmental radiation monitoring in different situations (e.g.,
during and after the passage of the cloud),
(b) the kind of measurements needed to
meet objectives, (c) recommended measuring
equipment, (d) frequency of measurements,
and (e) detection limits. As far as data exchange is concerned, there are a few additional items of importance: (f) quality control
of measured results, (g) harmonisation of
measuring units, and (h) data formats used.
In addition, several model scenarios will be
analysed under the aspect of optimising
monitoring strategies.
All documents mentioned above will contribute to a more comprehensive and uniform
knowledge base for decision-making in
nuclear or radiological accidents in Europe.
In that way, decisions about countermeasures taken in different countries are likely
to be more consistent, which helps maintain
credibility and trust in emergency management in the public.

(b) RODOS Decision Support System
In (pre-)operational application of the RODOS system, a number of improvements have
been proposed by the user community which
will signiﬁcantly broaden the range of applicability of the RODOS system and its distribution in Europe. The key elements of the R&D
work can be summarised as follows:
• Extension of the portability and operability
of the RODOS system (e. g. migration from
the UNIX to the LINUX operating systems).
• Development and integration of models
for estimating activity concentrations in
inhabited areas together with adequate
countermeasure strategies for reducing radiation doses, including the acquisition of
monitoring data to improve model predictions.
• Enhancement of all models with respect
to radiological accidents (terrorist attacks,
dirty bombs, etc.).

• Development of ﬂexible modules supporting the preparation of emergency drills.
• Enhancement of methods and tools for
evaluating and ranking countermeasure
strategies within the decision-making process.
• Improvement, for practical applicability, of
models of the hydrosphere (rivers, lakes,
sea) and agricultural countermeasures.
The deliverables of R&D work will be new
or extended software modules. They will be
part of new RODOS versions which, after extensive tests, will be released and distributed
to existing and new users, particularly those
participating in the demonstration activities.
Two new RODOS versions, PV 7.0 and PV 8.0,
are planned for the end of the second year
and the fourth year of the EURANOS project;
they will incorporate the software products
then available resulting from the R&D activities.
An explicit goal of the work programme
mentioned above is the improvement of
RODOS to an extent that it could be used by
national emergency management organisations in a fully operational emergency mode.
To achieve this goal, the RODOS Users Group
(RUG) has been established as a discussion
and interaction forum for co-ordinating and
managing activities related to the demonstration and enhancement of the RODOS
system and for providing essential feedback
to the developers (see Annex 7).

(c) Rehabilitation Strategies and Guidance
for Long Term Contaminated Areas
International experience, particularly in
countries most affected by the Chernobyl accident, has demonstrated that the long term
management and rehabilitation of contaminated territories is more than a radiological
issue to be dealt with largely or solely by
technical means. It is a much broader issue of
“governance,” which must address all dimensions affected (e. g., health, environment,
economic, social, cultural, ethical, political,
25
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etc). The need to develop policies and widely
applicable arrangements for the long term
management and rehabilitation of potentially contaminated areas is now generally
recognised, in particular after the events of
11 September 2001.
The R&D activities in this area will provide
general support and guidance which may
inform and enhance the ongoing development of national policies and their practical
implementation. The framework to be developed will be built around an approach both
comprehensive and inclusive (i. e., addressing
all dimensions potentially involved), sustainable (i. e., in terms of the longer term social
and economic development of the territories
affected), decentralised (i. e., involving the
population potentially affected and the local
professionals), and widely applicable. Many
of these features were identiﬁed as being
critical to success in a recent UNDP report on
“The Human Consequences of the Chernobyl
Nuclear Accident – A Strategy for Recovery.”
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8 Annex 1: Hydrological model chain

A complete hydrological model chain has
been implemented in the RODOS system
with access to the RODOS data bases, however, with its own input and output interfaces
(see Fig. 15). It can only be operated in the
interactive mode. The complete hydrological
software package will be delivered with the
RODOS system on request.
The hydrological software package comprises
modules which describe the relevant transfer
processes in the hydrosphere [2, 3], such as
run-off of radionuclides from watersheds following deposition from the atmosphere (RETRACE-1 and RETRACE-2 for small and large
watersheds, respectively), transport of radionuclides in river systems (RIVTOX) and the radionuclide behaviour in lakes and reservoirs
(LAKECO and COASTOX). Finally radioactivity
released into the aquatic environment will
sooner or later reach the continental shelves
of Europe (POSEIDON, THREETOX). This accounts for releases from coastal installations
but also for radioactive releases from inland
installations. The resulting contamination of

Figure 15: Hydrological model chain
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water and ﬁsh is input to the Aquatic Food
Chain and Dose Module FDMA (see Fig. 6),
which simulates the transfer of radionuclides
from contaminated water and ﬁsh to man
and the resulting radiation exposure. Direct
consumption of water and feeding contaminated water to animals are considered
as well as usage of contaminated water for
irrigating crops.
The run-off models RETRACE, the river models RIVTOX and COASTOX and the lake models LAKECO and THREETOX have been coupled, implemented in RODOS and adapted to
the Rhine river system and the Vakh river, SK.
Other rivers can be readily implemented in
RODOS using the same model chain subject
to gathering appropriate data /8/.

9 Annex 2: Input data for RODOS

When RODOS is the ﬁrst time installed in a
national emergency centre, only the most
basic items are included in the installation
package in order to test and demonstrate
the complete functionality of the system.
Beyond that it is necessary to add databases
to adapt the system to national conditions.
In addition, all data that depend on the actual situation and problem considered have
Environmental information
Topographical data (elevation and land use). Population distribution, rivers, roads, vegetation areas
and production data of the various feed and food
products.
Site information for emergency planning
• Site name and country, geographical coordinates
of site, number and radii of emergency planning
zones, number of emergency planning sectors and
orientation of sector 1.
• Index for the roughness length in the vicinity of the
site
Early emergency actions
• Default dose intervention levels for sheltering,
evacuation, and distribution of stable iodine tablets.
• Default values for the timing of the above three
actions
Reactor block information
• Name and type of reactor block, geographical
coordinates of block
• Name of an inventory from the RODOS inventory
library applicable for the reactor
• Nominal power and burn-up days of block
• Stack height above ground level
• Area of stack vent opening and average volume
ﬂux through stack vent opening
• Average dimensions of buildings affecting the
initial plume width
RODOS reactor inventory library
RODOS source term library
Table 1

to be made known to RODOS by the user at
runtime of the system.
Basic guidance for the adaptation of RODOS
to national conditions is given in the RODOS
Handbook, which can be accessed on the RODOS Homepage (http://www.rodos.fzk.de).
It describes which data can be changed and
where they are located in the RODOS directory structure. Descriptions of the data types
and formats for customising the RODOS
system to local, regional and national conditions is provided in special sections of the
same document.

9.1 Fix background data
The ﬁxed background data shown in table 1
have to be collected before the operation.
Such data comprise environmental information, information on the site, the reactor
blocks belonging to the site, and on emergency planning. In the installation phase, applicable reactor inventories and source terms
can be added to the corresponding RODOS
libraries.

9.2 Real time data
Input data to the system comprise mainly
data that are treated by the real-time database: Radiological online data (see Table 2),
on-line meteorological data (see Table 3),

Local gamma dose rate LGDR
Number of monitors, the geographical co-ordinates
of the monitor positions, and the measured local
gamma dose rates
Stack monitor data
• Measured gamma dose rate of activity released
from stack in terms of total noble gas and aerosol
activity and I-131 activity
• Stack exhaust temperature and volume ﬂux
Table 2: Radiological on-line data
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and local scale meteorological forecast
(NWP) data (see Table 4). The real-time database has to be set up in advance. NWP data
for the far range models are transferred to
the system outside the real-time database.
These data have to be made available during
the operation of the system.

For each meteorological tower (at least one)
• Geographical coordinates
• Surface roughness at the tower
• Wind speed and wind direction
- number of measurements at different heights (at
least one)
- measurement heights
- measured data at these heights
• Data for deﬁning the atmospheric turbulence:
- Either diffusion categories (Pasquill-Gifford)
- or temperature data
· number of measurements at different heights
(at least two)
· measurement heights (m)
· temperature data at these heights
- or net radiation ﬂux
- or horizontal wind ﬂuctuations
• Precipitation rate
Table 3: Meteorological on-line data
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Hourly prognosis data up to 48 h at least
twice per day for the area 160 km x 160 km
with the location of the plant in the centre
Multi-level:
• geopotential height
• wind speed
• wind direction
• air temperature
Single-level:
• longitude
• latitude
• net radiation
• surface heat ﬂux
• surface momentum ﬂux
• precipitation intensity
• cloud cover
• atmospheric boundary layer height
• roughness
• fraction of land
Table 4: Local scale meteorological forecast (NWP) data

10 Annex 3: Endpoints of RODOS PV 6.0

The module packages of RODOS PV 6.0
provide a large spectrum of results in both
graphical and numerical forms of presentation. The following list summarised the types
of results; a detailed description of all the
individual results (e. g. broken down by nuclides, organs, exposure pathways, integration times) is given in the User Guide, which
is part of the RODOS Handbook (see http://
www.rodos.fzk.de).
Diagnostic results, automatic mode
(near range)
Meteorological information
Activity concentrations in air and on ground
surface
Dose rates & doses
Areas with emergency actions (based on the
current contamination patterns)
Time when intervention levels are exceeded
Prognostic results, automatic mode
(near range)
Cloud arrival time
Meteorological information
Activity concentrations in air and on ground
surface
Time when intervention levels are exceeded
Dose rates and acute doses without early
emergency actions: without (OpenAir) and
with (NormLiv) shielding
Frequency spectra of individual doses without early emergency actions
Intervention doses
Areas and number of persons affected by
early emergency actions
Acute doses with early emergency actions
Frequency spectra of individual doses with
early emergency actions
Prognostic results, interactive mode
(near range)
Cloud arrival time
Meteorological information
Activity concentrations in air and on ground
surface
Activity concentrations in foodstuffs

Time when intervention levels are exceeded
Dose rates and acute doses without early
emergency actions: without (OpenAir) and
with (NormLiv) shielding
Frequency spectra of individual doses without early emergency actions
Longer term doses without shielding and
without actions
Intervention doses
Areas and number of people affected by
countermeasures
Acute doses with early emergency actions
Frequency spectra of individual doses with
early emergency actions
Radiation doses with long term countermeasures
Doses to workers for long term countermeasures

Prognostic results, interactive mode
(far range)
Meteorological information
Activity concentrations in air and on ground
surface
Activity concentrations in foodstuffs
Longer term doses without shielding and
without actions
Areas and number of persons affected by
long-term countermeasures
Radiation doses with relocation (and without
decontamination)
Radiation doses with decontamination (and
relocation)
The graphical presentation tools for realtime data allow the display and the manipulation of all radiological and meteorological on-line data in the following forms of
presentations:
•
•
•
•
•
•
•

tables
points
lines
histrograms
arrow ﬁelds
time dependent two dimensional graphs
correlations

etc. on request.
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11 Annex 4: RODOS hardware and software environment

11.1

The RODOS operating system

RODOS is a modular system with a clientserver architecture allowing it to be distributed over a network of computers. The modules are written in ANSI C, C++ or FORTRAN.
The interconnection of all program modules,
the input, transfer and exchange of data, the
display of results, and the different modes
of operation (interactive and automatic)
are controlled by a specially designed UNIX
(HP-UX) based operating system providing
an integrated environment for the application software supplied by the contractors.
Databases exist for storing model parameters
and geographical data and for retrieving
and processing meteorological and radiological real-time data. The operation of RODOS
PV6.0 is still limited to workstations and
servers from Hewlett-Packard. A detailed
description of the hardware and software requirements for operating the RODOS system
is given in Sec. 11.3.

PCs and LINUX servers will greatly reduce
installation and maintenance costs. In that
way, dependence on one hardware provider (Hewlett Packard) will cease to exist,
and platform-independent installations of
RODOS will become possible. The ﬁrst LINUXbased version of RODOS PV 6.0 will be available in the second half of 2005.

11.2

Data organisation and data bases

The data organisation in the RODOS system
is realised in the form of a distributed data
base allowing for a decentralised data management and the parallel execution of multiple task operations. From the standpoint
of parallel data processing, distributed data
management and standardised data interfaces, the data in RODOS PV 6.0 are subdivided
into the following three main categories:

Program data
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The RODOS operating system comprises inter
alia: the program and real-time databases
and the geographical information system
RoGIS, together with the geographical
database; interfaces for selecting and specifying the interactive and automatic modes
of operation, the input of source term data,
meteorological and countermeasure data,
and graphical presentations of results; an
extended SQL syntax allowing for database
applications with the database management systems ALLBASE and PostgreSQL. The
graphical software package RtGraph offers
tools and functions for accessing and evaluating the RODOS real-time database. A system manual is part of the RODOS Handbook.
It exists in German and English (see RODOS
Homepage http://www.rodos.fzk.de).

Program data comprise the description of
the various data interfaces, which enable the
generalised administration of data resources
and the management of the execution of external programs by the operating subsystem
OSY. In particular, OSY controls the execution
of an external program with respect to the
following functions:
• input and output
• start and end
• hold and resume
• transfer of data from and to another
program
• temporary storage
• presentation and visualisation of results
• interactions
• storage of intermediate and ﬁnal results

With increasing power of personal computers and the extended functions of their
operating systems it is now possible to
migrate the RODOS system to one of the
most advanced operating systems running
on personal computers, the LINUX operating system. The possibility to use powerful

This data concept allows to make data available from various resources of the system to
an external program during its execution.
Among others, the program data base comprises the data of all NPPs in Europe, which
are relevant for performing RODOS runs for
each individual plant (nearly completed).

Real-time data
Real-time data comprise all kinds of monitoring data provided by meteorological and
radiological measurements devices including
weather forecasts from national weather
services and all kinds of external messages,
which are relevant for describing the environmental situation in case of a nuclear
accident. These data are either received
on-line via data networks or by user input
to the system. A pre-processor handles the
communication with the networks providing
data in different data formats. It monitors
the incoming messages and stores the incoming data after pre-processing (e.g. plausibility checks) in the real-time data base. The
pre-processor can be adapted to various
networks and communication protocols
via a conﬁgurable interface, enabling the
connection to the real-time data base of a
wide range of monitoring networks without
rewriting the interface programs.

Geographical data
The geographical information system RoGIS comprises a geographical data base for
the whole of Europe. It builds a system for
handling various geographical and statistical
information and for organising the access
and interchange of data with other environmental data bases.
RoGIS is designed as a stand-alone program
package and includes all necessary tools for
organising the data base and for handling
various sets of data. An interface to Arc/Info
using the Shape ﬁle format allows RoGIS to
share data with this widely used geographical information system, in particular, to
import data in Shape format.

11.3 Hardware and software requirements

in many cases for (pre-)operational use in
emergency centres before the ﬁnal decision
for its operational use with all requirements
on data security and redundancy. Therefore,
the following hardware and software requirement for installing RODOS distinguish
between its test-operational use and its
operation in an emergency centre.

11.3.1 Test-operational use
Workstation:
Model:
Main memory:
LAN-interface:

HP9000 / C3600, or similar
at least 1 GB, better 2 GB
Ethernet, extension to be
speciﬁed by the supplier
Graphics:
visualize-fxe, or -fx5
Storage and Backup Media:
9 GB internal disk for
operating system and
system utilities;
18 GB or 36 GB internal
disk for RODOS-InstallSoftware and other users:
DDS-2 or DDS-3 Tape
Device Driver;
CD-ROM drive

Software:
For running RODOS only:
HP-UX Version 11.00
(the complete HP-UX
Runtime Environment);
ALLBASE/SQL Runtime
Environment
For users developing applications, if needed:
HP-UX Version 11.0 (the
complete HP-UX Runtime
Environment);
C/ANSI C and C++
Developer’s Bundle;
Fortran 90 Development
Environment;
PostgreSQL Development
Environment

The experience over the past years shows,
that RODOS is installed in R&D institutes and
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11.3.2 Emergency centre
Cluster Hardware:
Servers (at least
Model:
lar
Main memory:
LAN-interface:

2):
HP RP5430 server, or simi-

at least 2 GB
Ethernet (at least 2 interface adapters), extension
to be speciﬁed by the
Supplier
Storage and Backup Media:
at least 2x18 GB internal
disk for operating system
and system utilities;
at least 72 GB hard disk
(RAID disk arrays or Disk
Mirroring);
DAT/DDS-3 or DLT Tape
Device Driver;
CD-ROM drive
UPS:
to be speciﬁed by the
Supplier

Software:
HP-UX Version 11.0
X11R5/X11R6
OSF/Motif
HP-CDE Desktop
High Availability Software(MC/ServiceGuard, AutoRAID, etc.)
In addition, a workstation or powerful PC is
recommended for data acquisition, storage
and miscellaneous tasks.

Interaction with the RODOS system:
The users can access to the RODOS system
over the network by any X Window-Enabled
platforms such as Unix Workstations, X-Terminals, Linux PCs, and PCs with X-Emulation
or VNC Viewer.
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Installation is most advanced in Germany
(see Fig. 16). A RODOS Centre has been
established at BfS/ZdB, Neuherberg, and has
been coupled to the nuclear reactor remote
monitoring systems (KFÜ), the German
Integrated Measurement and Information
System (IMIS), and the German Weather Service (DWD). In the current conﬁguration, ten
main users actively access the RODOS Centre
as A- and B-users; seven of these are responsible for emergency management in their
respective Federal States, and three of them
act at a national level, such as the Federal
Ministry of Environment, Nature Conservation and Reactor Safety (BMU). Five Federal
States are C-users.
The concept of the RODOS operation in Germany, the hardware and software realisation
and the integration of RODOS in the technical and administrative structures of emergency management on the federal level and
in the individual Federal States is extensively
described in /12/. Fig. 17 shows as an example
the scheme of the hardware installation in
the German RODOS Centre. All hardware
components are interconnected via a local
network. The RODOS system runs on a server
cluster SV1/2, which guarantees high performance in case of hardware or software
failure (Segment II). In the workstation WS1,
the incoming meteorological and radiologi-

cal data are stored, checked and processed
before their transfer to the RODOS system
(Segment I). The direct access to the RODOS
system is realised via X-Window terminals
(Segment III).

Figure 17: Example conﬁguration of a central installation of RODOS

Figure 16: RODOS users in Germany
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The following RTD institutes have contributed with models, software packages and data
bases to the development of the RODOS
system.

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Forschungszentrum Karlsruhe GmbH, D
Belgian Nuclear Research Centre (SCK•CEN), B
RISØ National Laboratory, DK
University of Warwick, UK
GSF Forschungszentrum für Umwelt und Gesundheit GmbH, D
Danish Hydraulic Institute, DK
Institute of Mathematical Machine and System Problems (IMMSP), Ukraine
Scientiﬁc Production Association Typhoon (SPA Typhoon), Russia
Health Protection Agency, Radiation Protection Division (HPA-RPD),
UK (before April 2005: NRPB)
National Centre for Scientiﬁc Research Demokritos (NCSRD), GR
Radiation and Nuclear Safety Authority (STUK), FIN
CEC, Joint Research Centre Ispra (JRC), I
Swedish Meteorological and Hydrological Institute (SMHI), S
University of Manchester, UK
NRG-Department of Radiation and Environment, NL
Bundesamt für Strahlenschutz (BfS), D
Universität Karlsruhe, D

The institutes listed above build the
RODOS Consortium as owner of the RODOS
software. Forschungszentrum Karlsruhe as
representative of the RODOS Consortium is
authorised to grant access rights for noncommercial exploitation of the RODOS
System on a royalty-free basis to particular
third parties. Access rights will be granted
only to third parties previously identiﬁed by
the RODOS Consortium and established in
the European Union or such states, which
participation is in the interest of the RODOS
Consortium.
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A signiﬁcant part of the RTD work programme of the EURANOS project focuses
on the further development of the RODOS
system for an improved operational utilisation in national emergency management
organisations (NEMOs). An explicit goal of
the EURANOS project (see Chap. 6) is the
improvement of RODOS to an extent that it
could be used by NEMOs in a fully operational emergency mode. To achieve this goal, the
RODOS Users Group (RUG) has been established as a discussion and interaction forum
for co-ordinating and managing activities
related to the demonstration and enhancement of the RODOS system and for providing
essential feedback to the developers.
The immediate goals of the RODOS Users
Group during the EURANOS project are to
provide RODOS system users with assurances
that their experience and their demands are
adequately considered. The aim is also to
assure that there is long lasting commitment
of the RODOS developers to ensure proper
operation and maintenance of the system
for the future. To stimulate the feedback
expected from the RUG, a strong interaction with the demonstration activities within
EURANOS project have been established.
Speciﬁc aims of the RUG include:
• To provide a platform through which the
members of the RUG can communicate
their views, needs and comments and exchange their experience related with all elements of the RODOS system and its use, in
particular provide response and guidance
on reﬁnements to make the system more
user friendly and for any future developments of RODOS.
• To contribute to, to discuss and to approve
the evaluation reports of the individual
demonstration projects.
• To establish reports on RODOS users’
requirements and views to the EURANOS
Management Committee, and to provide
advice on speciﬁc questions of the Management Committee, such as on planned directions for improvements / development.

• To share experience gained while integrating RODOS in the national emergency
management arrangements, and to enable
RUG members to enhance their own arrangements.
• To identify best practices, to share technical
know-how and organisational solutions,
software developments and data bases
and their implementation, and to provide
mutual support, particularly on a regional
basis.
• To share practice and solutions related with
use of RODOS for training and in exercises.
• To provide a forum through which the
members of the RUG can network with
each other, independent of the RUG’s activities.
• To establish contacts to the User Groups of
other decision support systems within Europe (e. g. ARGOS and RECASS) and overseas and/or to emergency management
organisations not involved in the EURANOS
project.
• Strive at reaching compatibility of the
RODOS system with other decision support
systems.
• To ensure sustainability of the RODOS
decision support system after the end of
the EURANOS project through the establishment of maintenance procedures and
sustainable arrangements between the
users and the developers.
• Promote the use of RODOS in Europe.
The primary membership on the RUG is open
to all (national/regional/local) emergency
management organisations (NEMOs) who
already or in the future will operate the RODOS system. Other organisation, in particular
those who are supporting NEMOs in operation (but also in installation, customisation
etc.) of RODOS, could be considered observers to the RUG, but not members.
Each NEMO operating RODOS nominates
its representative to the RUG and his/her
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deputy. The nominated representative shall
be familiar with the operation of RODOS,
but in particular be familiar with the utilisation of RODOS results and overall arrangements related with the integration of RODOS
in the national emergency management
system. Ideally, the members’ representative
shall have the following proﬁle:
• end-users of the products of the RODOS
system, i. e. radiological advisors or people
involved in decision making;
• only exceptionally, operators of the RODOS system, e. g. when special aspects of
its functionalities are key elements of the
agenda.
The RODOS Users’ Group meets at least once
per year, preferably in connection with other

meetings (e. g. annual or working meetings
of the EURANOS contractors).
The RODOS Users Group is managed by a
small Steering Group, which consists of the
Chairperson and his/her deputies. During the
RUG’s kick-off meeting, the RUG members
listed in the table below were nominated as
members of the Steering Group.

Role

Name and institution

Chairperson of the RUG
Deputy Chairperson
Deputy Chairperson
Deputy Chairperson

Florian Gering, BfS*
Tatiana Duranova, VUJE
Michael Amman, STUK
N. N.

*fgering@bfs.de

The following table lists the members of the RUG with status 25 November 2004.
Participant
Role*
Participant name
CO
ME
OB
ME
OB
ME
OB
ME
ME
ME
ME
ME
ME
ME
ME
ME
OB
OB
OB
ME
ME
ME
ME
OB

Forschungszentrum Karlsruhe GmbH
FZK
Germany
Belgian Nuclear Research Centre
SCK·CEN
Belgium
Deutscher Wetterdienst
DWD
Germany
Radiation and Nuclear Safety Authority
STUK
Finland
VUJE Trnava a.s.
VUJE
Slovak Republic
Nuclear Regulatory Authority of the Slovak Republic
UJD
Slovak Republic
RISOE National Laboratory
RISO
Denmark
Bundesamt für Strahlenschutz
BfS
Germany
Niedersächsischer Landesbetrieb für Wasserwirtschaft, Küsten und Naturschutz
NLWKN
Germany
Austrian Federal Ministry of Agriculture, Forestry, Environment and Water Management BMLFUW
Austria
Division de la Radioprotection - Ministère de la Santé
MSLux
Luxemburg
Rijksinstituut voor Volksgezondheid en Milieu
RIVM
The Netherlands
Instituto do Ambiente
IA
Portugal
Consejo de Seguridad Nuclear
CSN
Spain
Scientiﬁc Production Association TYPHOON
SPA TYPHOON Russia
Slovenian Nuclear Safety Administration
SNSA
Slovenia
Universidad Politécnica de Madrid
UPM
Spain
Centro de Investigaciones Energeticas Medioambientales y Tecnologicas
CIEMAT
Spain
Institute of Atomic Energy
IAE
Poland
National Atomic Energy Agency
NAEA
Poland
State Ofﬁce for Nuclear Safety
SUJB
Czech Republic
Ministry of the Interior – National Directorate for Disaster Management
NDGDM
Hungary
Nationale Alarmzentrale - National Emergency Operations Centre
NAZ - NEOC Switzerland
Enconet Consulting Ges.m.b.H.
ENCONET
Austria

CO: Project Coordinator, ME: Members of the RUG, OB: Observers of the RUG
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Participant
short name Country

Contacts

Overall responsibility for the RODOS
development, maintenance and
installations:
Wolfgang Raskob
Forschungszentrum Karlsruhe GmbH
Institut für Kern- und Energietechnik
Accident Consequence Group
Hermann-von-Helmholtz-Platz 1
76344 Eggenstein-Leopoldshafen
Germany
Tel: ++49 7247 82 2480
Fax: ++49 7247 82 5508
E-mail: rodos@iket.fzk.de

Responsible Scientist, European
Commission:
Dr. Michel Hugon
European Commission
CDMA 1/52
1049 Brussels
Belgium
Tel: ++32 22 965719
Fax: ++32 22 954991
E-mail: michel.hugon@cec.eu.int
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