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Abstract . Broad agreement has been achieved between institutes and institutions
in the European Union, Belarus, Russia and the Ukraine to cooperate in the
development of the RODOS system, a decision support system for general
application in Eastern and Western European countries. This is being coordinated
within the Joint Study Project 1 (JSP1) of the EC/CIS Agreement for International
Collaboration on the Consequences of the Chernobyl Accident. The ultimate goal of
this joint venture is the integration of an operational RODOS system into the
national emergency management arrangements. To provide a standard platform for
the common R&D work within JSP1, the hardware and software components of
RODOS have been implemented at SPA "Typhoon", Obninsk, IMMS CC, Kiev,
and GLAVHYDROMET, Minsk. This paper summarises the activities of the CIS
institutes in generating their RODOS teams, educating and training the personnel
involved and to organise cooperation with other institutes for securing access to
meteorological and radiological monitoring data, national geographical information
and specific expertise necessary to adapt models and data of the RODOS system to
local, regional and national conditions. The problems encountered during
implementation, the status of the installation of data transmission lines for the
remote operation of RODOS and for information exchange with RODOS teams in
other countries and the current RODOS development activities are discussed.

1. Introduction

It is largely recognised that at present no alternative to nuclear energy exists and, this
being so, not only the probability of potential harmful effects from nuclear installations need to
be reduced, but also the preparedness for emergency response should be enhanced. By scale
and severity, nuclear accidents have the potential of being comparable to natural catastrophes.
They are no longer "national assets" and pooled efforts are required to ensure radiation
protection of the general public and the environment in the case of any future emergency.

The proper selection and timely application of countermeasures can help to significantly
reduce the consequences of an accident. For selecting effective countermeasures, a decision
maker should take into account specific features of a given facility and the conditions under
which the accident developed. The characteristics can change as a result of the application of
radiation protection measures, which makes the task of a decision-maker even more difficult
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Considering all this, rational decisions are impossible to be made without a monitoring system
operating on a constant basis and special information and decision supporting tools. Moreover,
this being an international problem, a common monitoring system and a common computer
technology for decision making information support is required.

The RODOS (Real - time On-line Decision Support) system [1] being developed with
support of the European Commission is meant to be a base for creating a unified programming
environment for supporting collective decisions in the event of a nuclear accident. The
RODOS system is being developed on the UNIX operation system using graphic workstations
such as HP-9000/735 and DEC-ALPHA. The implementation of the RODOS components in
the CIS Republics aimed at checking whether the RODOS system can be used as a common
platform. The main efforts were concentrated on a series of problems related to emergency
response:
• interaction between RODOS and national radiation monitoring systems with a view to

collect and process on-line data;
• organisation of a distributed system for collection and processing of on - line data on the

basis of territorial, departmental and off-site systems of radiation monitoring;
• using the RODOS software for analysing real accidents and their consequences (the

Chernobyl accident, first of all);
• studies of the RODOS applicability and its acceptability by the potential RODOS users,

i.e.national institutions that are responsible for the arrangements for off-site emergency
response in the event of a nuclear accident;

• adaptation of the RODOS system in each of three CIS Republics to the needs of the specific
RODOS users;

• preparing and providing data to international organisations under the Convention on Early
Notification of nuclear accidents and other international agreements.

2. Directions in implementation of RODOS and its supporting infrastructure

2.1 Belarus

In Belarus the development of RODOS is carried out in the structure of the Ministry
for Emergency Situations and Population's Protection from the Consequences of the Chernobyl
NPP Catastrophe (Fig.l). A workstation HP-9000/735 has been installed in the Centre for
Radiological and Environmental Monitoring (CREM) of the Commitee on Hydrometeorology
which is in the structure of the Ministry for Emergency Situation.

The group of RODOS operators has been formed in CREM, the installation of
software is being carried out as well as the link of RODOS with the systems of radiation
monitoring and meteorological observations is being developed.

The preparedness of RODOS software (adaptation of program modules developed
within the RODOS project, compilation and assimilation of databases, verification of models
and programs, etc.) are being carried out at the Institute of Power Engineering Problems and
the Institute of Radioecological Problems/Academy of Sciency of Belarus, CREM, Branch
Research Laboratory of the Management Academy, etc.

2.2 Ukraine

In Ukraine the Cybernetics Center, Institute of Mathematical Machines and Systems
(IMMS CC) has received since 1986 an important experience in developing and executing
decision support systems for off-site emergency management after the Chernobyl accident. The
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Institute was responsible on the national level for the development of the decision support
system for the Dnieper basin management after the Chernobyl accident To that purpose,
models and methods for treating releases of radioactive material into hydrologjcal systems
were developed and applied[2]. The Institute experience in developing efficient procedures for
the problems of discrete and combinatorial optimisation was also used for developing decision
making modules for different kinds of the decision support systems.

Since 1991 IMMS CC is involved in the R&D activities of RODOS in the fields of
hydrological modelling, system development and optimisation of early emergency actions. The
hardware and software components of RODOS PRTY 1.0 were installed at IMMS CC in
spring 1994. The system is used both for the R&D work, including RODOS adaptation and
customisation, and for the wide scale RODOS presentation for the Ukrainian emergency
management institutions.

The following governmental institutions are reponsible for the off-site emergency
management in Ukraine:
• State Emergency Commission, chaired by the Vice-Prime-Minister on Emergency

Situations;
• Headquarters of the Civil Defense (BCD);
• Ministry of Environmental Protection and Nuclear Safety (MEPNS);
• Committee of Nuclear Power Production (GOSATOM);
• Administration of the Chernobyl Exclusive Zone (ACEZ) of the Ministry of Chernobyl

Problems (Min Chernobyl).
All above-mentioned governmental institutions have expressed they will to implement

the RODOS system for decision support at the upper level of data processing and monitoring
systems. As a first step, the organisational conditons for the RODOS implementation were
stablished at ACEZ. The joint programme of ACEZ and IMMS CC has been started in
October 1995 to ensure the test-operation of RODOS in late 1996 and its operational use in
late 1997 to support the off-site emergency response in the event of a nuclear accident in the
Chernobyl Exclusive Zone. The system will be adapted for two kinds of the releases - from the
Chernobyl NPP units still in operation and from the SHELTER (destroyed Unit 4).

The second Programme was signed in October 1995 between GOSATOM and IMMS
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CC to develop in cooperation with some other Ukrainian institutions on the base of RODOS
the decision support systems for the EmergencyLGentres of the NPPs and the National Crisis
Centre of GOSATOM. The pioneer implementation would be done for the Zaporoshe NPP.
The work programme comprises five work packages:

Coupling of RODOS to the UkrHydromet meteorological and radiological network: The
on-line network will be installed at the RODOS centre in the IMMS CC and the Computer
Center of the UkrHYDROMET to receive national: level meteorological information. The
regional and local level meteorological networks for the Zaporoshe NPP and Chernobyl NPP
will be linked to RODOS via the national meteorological service branches and
UkrHYDROMET communication net; a corresponding agreement has been recently signed by
the IMMS CC and UkrHYDROMET. The developed software tools will be transferred to the
RODOS systems at ACEZ and GOSATOM.

Development of modules to link RODOS with the Ukrainian radiological monitoring
systems and the distributed data bank on post-Chernobyl radiological information: The
RODOS system in the IMMS CC will be on-line connected via INTERNET and specific
national channels with the MEPNS Data Processing Centres of the GAMMA system and the
Zaporozhe GAMMA Regional Centre. Submodules will be developed for transferring the
GAMMA radiological monitoring information to the RODOS data bases. The working
package will include the development of on-line communication with the distributed data base
of the MinChernobyl's "Inform-Chernobyl" system.

Extension of RoGIS and incorporation of country specific information: Several
enterprises of the Ukrainian State Committee on Geodesy and Cartography and Defense
Ministry are preparing digitised maps of the Ukrainian territory in different scales. Conversion
routines will be developed to transfer the map data into the format of RoGIS, the geographical
information system of RODOS. Further geographical data will be collected, such as on
demography, topography, land use, agricultural production, building types, and economy, and
data about territories with radioactive contamination after the Chernobyl accident. In a first
application, data of the regions around the Zaporozhe NPP and the Chernobyl NPP will be
provided, later regions of other Ukrainian NPPs and of the whole Ukrainian territory will be
put into the RODOS databases.

Customisation of the RODOS modules: In the CIS Republics, decision making on off-site
emergency actions and countermeasures is based on national radiation safety rules and
standards different from those applied in the EU. Large differences exist in the economic
systems. Another problem are the country specifics in radionuclide transfer through the
environment and food chains and differences in the organisation of the agriculture production
in the Ukraine and EU countries. Therefore the RODOS implementation in the Ukraine needs
preparatory work to adopt the Ukrainian standards and economic specifics in its
countermeasure, consequence and evaluation modules. In particular, when implementing
RODOS at ACEZ, the specifics of the SHELTER as the potential release source and the
environmental contamination in the Chernobyl zone have to be considered.

23 Russia

The Russian Federal Service on Hydrometeorology and Environmental Monitoring
(Rosgydromet) is performing the development and implementation of RODOS in Russia.

In the Russian Federation, a series of regulations are in force such as for announcing a
radiological emergency, real-time information transmission, special assistance to affected
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facilities, and population protection measures in the event of a radiation accident at a nuclear
power plant. By these regulations, Rosgydromet is to play an active role in the emergency
management on the national level.

In this context, Rosgydromet has established a special Emergency Centre for providing
real-time and prognostic information about the radiological situation on the territory of Russia.
The Centre has been installed in SPA "Typhoon", Obninsk, and its primary responsibility is to
provide information and decision support for mitigating the consequences of a nuclear
accident. Among others, data on atmospheric transport and dispersion of contamination in the
environment are provided. The Centre works in close collaboration with organisations which
are involved in the emergency management by Russian regulations.

Rosgydromet suggested that the Emergency Centre should be designated as a regional
specialised meteorological centre (RSMC) of WMO with the responsibility to provide results
of modelling radioactivity dispersion in the environment The activities of the Emergency
Centre as RSMC will be supported by the Russian Hydrometeorological Centre and the
Institute of Experimental Meteorology of SPA "Typhoon" which have the resources required
for this purpose: computer capabilities, telecommunication networks and qualified personnel.

3. Results: experience gained and problems arising on the way to implementation

The differences in the potentialities of the base organisations affected the
implementation of the RODOS in the three countries. Yet, the active collaboration within JSP1
has enabled different aspects of the RODOS application to be analysed.

3.1. Organisation of the RODOS interconnection with national radiation monitoring systems

As part of the RODOS development, the Emergency Centre at SPA ,,Typhoon" has
concentrated its efforts on
• collection of measurement data from the radiation monitoring network of Rosgydromet,

managing the system of distributed databases on environmental contamination located in
Rosgydromet divisions, providing data on the radiological situation on the territory of
Russia and predicting its changes with migration and transformation of radioactivity;

• preparing prognostic data about dispersion of radioactivity in the environment in the case of
a nuclear accident and estimation of the possible transboundary transport of radioactivity.

For accomplishing this, a tool has been developed as part of RODOS to process and
present real-time meteorological and radiological data. The basic meteorological data
(objective analysis data) and numerical predictions are transferred to the Centre in GRID (Grid
code data in symbol form) and GRIB format (grid data in binary form) for the area extending
from 25° N to 74° N and 45° W to 180° E. The data include surface pressure, geopotential,
temperature, wind speed and direction at 1000, 925, 850 and 500 GPa. The predictions are
made for 00,12,24 and 36 hours (00.00H and 12.00H).

At present, the Rosgydromet stationary network of radiological monitoring includes:
• 1355 meteostations located across the country and equipped with gamma-dose rate meters;
• 426 points of soil contamination monitoring based on measurements of atmospheric

depositions;
• 32 points of atmospheric precipitation sampling to measure tritium concentration;
• 52 points of measurements of radioactive aerosols in the ambient air;
• 61 points at hydrological stations on the major rivers, lakes, reservoirs and seas where water

samples are collected on a regular basis to be analysed in laboratories for Sr-90 and gamma-
emitting radionuclides (in specific cases);

• 19 points of river water sampling for tritium analysis.
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Fig. 2 The radiological network of Rosgidromet



The information is largely transmitted through the meteorological telecommunication
system of Rosgydromet. The Rosgydromet system of collecting and processing real-time
contamination data is being developed as a distributed system drawing on the regional and
provincial divisions of Rosgydromet which are constantly in touch with the Emergency Centre
(Fig.2). As basic software, the RECASS system [3] is used (Fig. 3).

Emergency Operations Centre TYPHOON

Monte-Carlo
dispersion model

RODOS

On-line meteo &
radiological DB

RODOS

Telecommunica-
tion Subsystem

RODOS

RECASS
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processes of
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Processing data of
surveys of the
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Preparing notes
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Regional
Informational

Centre

RECASS

Meteorological &
Radiological
Observational

System

Fig. 3 RECASS/RODOS coupling to Rosgydromet

Since the RECASS system is oriented at PC IBM type computers with MS DOS
operation system, one important task of the Emergency Centre is to make the RODOS and
RECASS systems consistent in terms of both system management and data types.

As a result of this work, it has become possible to realise some of the RODOS
objectives at the level of the Emergency Centre, namely:
• management of data transmission lines;
• management of the real-time meteorological and radiological data base;
• modelling processes of transboundary transport of contaminated air masses from the

affected area (this function has enabled the efficiency of the entire system to be enhanced).
In the radiological monitoring network, information is transmitted in two modes: (1)

routine passing and (2) request - answer mode.
In the first mode real time data are transmitted including measured daily dose rates in

the 100 km zone around a nuclear facility, measured total beta-activity in the ambient air and
from depositions, and monthly summary of average values for all types of measurements. If a
threshold for any type of measurements is exceeded, an alarm message is sent. In the same
mode all meteorological information is passed.

The "request-answer" mode is used to transmit data between information centres of
different levels, both within Rosgydromet and between Rosgydromet and Rosenergoatom. In
this mode, information can be accessed from the databases in the Centres including real-time
data and more precise data of surveys around nuclear facilities.

In Belarus monitoring for radiation situation is mainly carried out in the network of
synoptic stations of Hydromet (54 such stations are located on the territory of the Republic),
which transmit the information daily to regional meteorological centres by telex and then from
regional (district) centres to CREM over the allocated communication links. If necessary the
information can be transmitted every three hours. At present in the framework of the European
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Commission's "GAMMA-1" project, an automatic system of radiation monitoring is being
created in the region adjacent to Ignalina NPP on the territory of Lithuania. It is supposed that
as a first step RODOS will be adapted to this area for operational use. Afterwards the system
will be continuously and consistently extended for application in other regions close to nuclear
power plants surrounding the Republic of Belarus, such as: Chernobyl NPP, Rovno NPP and
Smolensk NPP. The interaction with the RODOS systems operating in neighbouring countries
is supposed to be developed in parallel.

The meteorological and radiological monitoring within Ukraine is provided by the State
Committee on Hydrometeorology (UkrHYDROMET). The radiological monitoring around the
NPP's will be provided also by the Automatic System of Radiation Situation Monitoring
(ASKRO) that is under development by GOSATOM. The radiation monitoring system
GAMMA-1 is being installed in Ukraine with support of the European Commission's TACIS
programme.

The first stage of the GAMMA-1 includes the installation of the monitoring networks
around Zaporoshe NPP and Rivno NPP. The information from these networks as also from the
UkrHYDROMET will come to the Data Processing Centers in the MEPNS and Emergency
Response Center in the HCD. The GAMMA monitoring network will be expanded later on
other Ukrainian NPP's. GOSATOM has started a programme that includes the development of
the Emergency Response Centres at each NPP and the National Crises Centre, based on the
ASKRO network and UkrHYDROMET data.

In the future, real time data collection and processing will primarily be based on data
processing in local centres, accompanied by an improvement of the request - answer mode to
enable the Centres to interact on-line within the distributed databases using the client-server
technique. The system should also be extended to allow for new types of data to be
incorporated.

32. International data exchange

The RODOS concept is understood by the Russian participants as creating a distributed
decision-making support system. To this end, tools have been developed to get access to the
real-time meteorological and radiological data bases through Internet Data can be accessed in
the request-answer mode (as in the national system) and on-line. The developed tools can be
used as basis for interrelating the RODOS local centres within the RODOS international
network (Fig. 4) to exchange monitoring data and results of analyses and predictions of the
radioactive contamination of the environment

RSMC
Regional Specialisation
Meteorological Centre

Tuluze

RSMC Bracknell

RSMC Montreal

RSMC Washington

EMOC

Emergency Operations
Centre "Typhoon"

RODOS/RECASS

WMO

IAEA

RODOS Group
FZK, Karlsruhe

JRCISPRA

Baltic Sea States
Reference Group

Fig. 4 Connection of RODOS local centres to international networks
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Another important direction is organising links with specialised international systems which
may be helpful for solving the RODOS tasks. With this aim in view, the Emergency Centre at
SPA "Typhoon" is working out tools for interconnection with WMO regional meteorological
centres assigned to provide prognostic data on transport of contaminaded air masses. The
users can get this kind of information through national meteorological organisations. Similar
activities are being developed by Hydromet of Belarus. This institution maintains contacts
through regional centre of WMO in Moscow with international meteorological centres in
Toulouse (France) and Bracknell (UK).

The experience suggests that creating an integrated network environment of the
RODOS system with common data formats and data structures and common rules of access to
distributed databases is the shortest way towards practical application of the RODOS system.
Given this approach, three components of RODOS can be developed independently (Fig.4):
• a distributed system of data and expert knowledge based on a common network

environment
• a decision - making support system combining tools to analyse available information and

predict changes in the situation with allowance for countermeasures and protection
measures

• a system of interfaces to interrelate the RODOS components between themselves and with
national monitoring systems.

In the proposed arrangement, users may be involved at different levels - from data
exchange to collective decision-making.

National Radiological
Monitoring System

RODOS
Decision
Support
System

RODOS Network
Environment

On-line meteo & radiological
data

Diagnostic data

Prognostic data

Experts knowledge

Fig. 5 Integrated network environment for RODOS
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33. Practical application ofRODOSfor solving accident-related problems

During the last years, in Russia the RODOS/RECASS databases have been entered
with a large body of data obtained in the surveys of the Russian territory contaminated after
the Chernobyl and other accidents. The Centre prepares maps of contamination of the
environmental media and provides them to users. The continuous inflow of real-time data from
the 100 km monitoring zones around nuclear installations (such as gamma dose rate
measurements) makes it possible to prepare information on the current radiological situation
around nuclear installations.

The models incorporated in the system were actively used for analysing the radiological
situation after the Chernobyl accident and, in particular, for reconstructing the dynamics of
environmental contamination with short-lived and long-lived radionuclides. These data were
used for estimating doses received by the population on the first day of the accident. The
potential of the system was also tested during the accident at the Siberian chemical plant
Tomsk-7[4]. The Centre was engaged in processing measurement data and modelling. The
results presented in a short time included the fields of Nb-95 and Pu-239 environment
contamination obtained from calculations with the RIMPUFF code, which were used to
estimate the projected individual effective equivalent dose received by the population during
the accident (Fig. 6).

In the future, the structure of the RODOS system, its software and databases will
enable decision making support in accidents at nuclear installations and other types of
disasters. One of the cases when the system was applied to such problems was the fire at the
oil storage facilities near Grozny. The hydrological module of RODOS was used in Ukraine in
summer 1995 to evaluate the consequences of the accidental release of the Kharkov municipal
waste water to the rivers. As result of the heavy rainstorm at 29 June 1995 the pumps of the
Dikanki Sewer Water Treatment Station that processed municipal waste water collected from
the whole 2-million city of Kharkov was flooded by a 43-meters layer of water. During the
following month, the waste water was directly released into the Kharkov's region small rivers -
Udy River and its tributaries Lopan River and Kharkov River. The Udy River transported the
contaminated water to the Siversky Donets River, that crosses the whole territory of the
Donbass Region of Ukraine, which then transported the contaminated water to the Russian's
Rostov Region. Under the impact of the heavy bioorganic pollution the dissolved oxygen
concentrations fell down in the small Kharkov Region Rivers to practically zero. A heavy
bacteriological contamination of the Siversky Donets was measured.

The hydrological module of RODOS was adapted to this emergency situation at EMMS
CC within several days to simulate the chemical and bacteriological contamination of the Udy
River - Siversky Donets River systems. The calculated predictions of the pollutants
concentrations along the Siversky Donets River from the inflow of Udy River down stream till
the Russian border were used for decision making by the State Emergency Commission. They
were also used to evaluate the amount of water that should be pumped to the Siversky Donets
through the channel from the Dnieper River to improve water quality parameters to the
permissible levels. This countermeasure on the base of the RODOS' hydrological module
calculations was successfully implemented by the Ukrainian State Committee on Water
Resources.

4. Conclusion

The realisation of the projects described above will lead to the integration into the
national emergency management arrangements of the operational version of the RODOS
system in Russia, Belarus and Ukraine. The system will be adapted to the special conditions
and coupled on-line to the local/regional/national meteorological and radiological monitoring
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networks.
An improvement of the efficiency of the off-site emergency management arrangements

in the Ukaraine, Belarus and Russia would be important for both sides, the CIS Republics and
the neighbouring East and Central European Countries. The simulation of the accidental
situation by national RODOS system coupled with the national meteorological and radiological
monitoring networks and data bases would not only lead to a comprehensive and consistent
evaluation of the present and future radiological situation and the actions to be taken for
mitigating the off-site consequences on the national level, but it will also offer the possibility of
early distributing the information on the emergency thoughout the whole of Europe via on-line
connections between the European RODOS centres.

Experience that has been gained by the Ukranian, Belorussian and Russian specialists
during the joint work with EU instituts and the training with the RODOS system has increased
the scientific and technical level of those people, who have direct influence on nuclear safety in
their countries. This will help to improve the national standards of the scientific work to be
done on decision support for off-site emergency management

Russian, Ukrainian and Belorussian scientists, engineers and programmers have gained
experience on on-line support for decision making after the Chernobyl and other accidents.
They will continue to collect comprehensive data bases on environmental contamination,
efficiency of countermeasures and dose assessment after nuclear accidents. These data provide
a unique base for validation studies with RODOS modules. Therefore the Russian, Belorusian
and Ukrainian project partners will provide significant input for further development of the
whole RODOS system to the benefit of all involved and the future emergency management in
Europe more general.
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