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Introduction 
Over the past 60 a set of specific facilities being the powerful radiation sources was created in a 
number of states, in the former Soviet Union (FSU) in particular, in result of carrying out 
military and civilian nuclear programs, great amounts of radioactive wastes were accumulated, 
vast territories were contaminated with radionuclides. The Cold War termination made it 
possible to unclassify a substantial information, to begin efforts to assess the damage and 
develop countermeasures for remediation. The idea of FSU radiation legacies evaluation was 
firstly formulated by the Russian Academy of Sciences (RAS) in 1992 [1]. A bit later, in March 
1993, a governmental White Book entitled “Facts and Problems Related to Radioactive Waste 
Dumping in Seas Surrounding the Territory of the Russian Federation” was published, initiating 
a series of publications concerning the radiation legacies problem.     
The first systematic study of the FSU radiation legacies problem was undertaken by the 
International Institute of Applied Systems Analysis (IIASA), setting up in 1993 the “Radiation 
Safety of Biosphere” project (RAD-project). One of the RAD-project’s activities was dedicated 
to initial evaluation of the FSU radioactive contamination scope and extent. In 1995 the # 245 
project titled “The Development of a Sophisticated Computer Data System for Evaluation of the 
Radiation Legacy of the Former USSR and Setting Priorities on Remediation and Prevention 
Policy” (RADLEG) initiated by the RAS, Minatom of Russia, Russsian Research Center 
“Kurchatov Institute” and IIASA was launched by the International Science and Technology 
Center (ISTC) with financial support of the European Union and Sweden.  
 
The RADLEG data system 
The goal of the project was to create a data system on radiation sources, radioactive waste, and 
contaminated areas in the FSU to achieve technically sound and cost effective radioactive waste 
management, and cleanup of radioactively contaminated lands. In the course of works under the 
project a great amount of published and archive data was collected among more than twenty 
project participant-organizations [1, 2], and a public accessible RADLEG database on radiation 
sources, radioactive wastes and radioactively contaminated lands on the FSU territory was 
developed in both Access and Oracle media. The term “Public accessible database” means that 
users can work with the database without working out their own software. The user’s interface 
gives any users, irrespective of their specific skill, an opportunity to work with the database,  to 
retrieve and select concrete data, to display the information in screen-forms, to generate and print 
reports, both in English and in Russian. Essentially, the database describes a physical object, 
containing and/or producing radioactive materials, which can get (or have already got) into the 
environment. It includes data, which can become necessary in intended efforts for creating 
efficient clean-up technologies [3].       
Each record in the database contains a description of a particular object. Two categories of 
objects are distinguished: man-made (engineered) and natural. The currently accepted version of 
the database worksheet includes seven major data blocks: general information on an object, 
physical, chemical and technical characteristics of radioactive materials isolated from the 
environment; physical, chemical and technical characteristics of radioactive materials in the 
environment; geographic & geologic data; institutional data; social & economic information; 
data source description. In total there are about 300 fields and sub-fields in the database 
worksheet structure.       
Following creation of the public accessible database on 13 sectors of investigation, including 
characteristics of more than 120 radiation hazardous objects of Russia, with 15 screen-forms of 



the user’s interface, development of a geo-referenced information system (GIS), describing the 
radiation legacy of Russia and CIS countries in its full diversity, became a key stage of efforts 
under the project. Descriptive mapping of objects comprising the radiation legacy and, firstly, 
contaminated lands is needed for the radiation legacy impact assessment and development of 
remediation policy.  

Selection of objects and areas for GIS development within the framework of the project final 
stage was performed taking into account experts and users’ opinions, as well as availability of 
data and the budget restrictions.  

A pilot GIS-project on the assessment of radioactive contamination within the region of location 
of the Mining & Chemical Combine (MCC) in Krasnoyarsk Land was fulfilled. The 
radioecological GIS on the Yenisei River floodplain in the zone of MCC impact was created 
under MapInfo Professional software package. The GIS is based on a set of digital subject-
related 1:200 000 maps and radioecological databases. The results of detailed foot-path gamma-
survey of 1990 of the bank line and islands of the Yenisei River, as well as maps of 137Cs 
contamination density and distribution of exposure dose rate (EDR) within the floodplain of the 
Yenisei River derived from airborne-gamma-survey data of 1993, are presented in the GIS. Data 
of pedestrian route survey between Atamanovo village and Lesosibirsk town carried out in 1990 
along both the left and right banks are also presented in the GIS. 

Besides that, two more regional GIS were developed: that of Russia’s North-West, showing 
radiation-hazardous objects in the region, and a GIS of East-Urals Radioactive Trace formed as a 
result of 1957 Kyshtym accident. At last, a global GIS was formed basing on the USSR 1:8 000 
000 survey map, showing the main radiation-hazardous objects in the CIS states.  

The RADINFO project 
The ISTC # 2097 project titled “The Development of a Sophisticated Information System 
Including a Meta-Database and Regional Radioecological Cadastres for Assessment of the 
Radiation Impact on the Environment and Population. Evaluation Study of the North-West of 
Russia and Krasnoyarsk Region”  (RADINFO) launched on August 1, 2002 with financial 
support of the European Union and the USA is based on the information system created during 
the previous five-year period within the ISTC RADLEG project # 245, and is a substantial 
extension of the system 

 In the course of carrying out works under the RADLEG project 12 regions of the former 
USSR were determined, where vast radioactively contaminated areas are situated as well as 
industrial objects with large amounts of spent nuclear fuel and/or radioactive waste. As far as 
implementation of countermeasures aimed at radiological rehabilitation of the territories and 
prevention of emergency situations is very expensive, setting of priority regions from the point 
of view of probable and real hazard  was made , using expert judgement approach. Such objects 
as ”Mayak” Industrial Association (South Urals), Siberian Chemical Combine (Tomsk) and 
Mining & Chemical Combine on the Yenisei River, having for several decades generated large 
amounts of radwaste, and also the Chernobyl-affected areas were ranked first. And the North-
West Russia was named the next. 

It should be noted, that both “Mayak” and Chernobyl have been studied in detail within 
the framework of a lot of various programs and projects, and have not been, therefore, included 
into the project’s workplan. The Siberian Chemical Combine has not been included into the 
proposed list of works by another reason: radiological data, concerning the enterprise are for the 
present practically inaccessible. 

Thus, the regions of Krasnoyarsk and the North-West of Russia have been selected as 
objects of studies under the project.  
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The efforts under the ISTC # 2097 project have to complete the RADLEG-RADINFO 
information system with the following new components [4]:  
• a meta-database including characteristics of radiation-hazardous objects of the FSU states;  
• regional radioecological cadastres on the radioactive source-terms and contamination in two 

regions: North-West Russia and Krasnoyarsk region; 
• subject-oriented radioecological cadastres (peaceful nuclear explosions, NPP radioecology, 

etc.); 
• a demonstration pilot subproject on assessment of the impact on the population health and 

environment as well as recommended countermeasures. 
 
The RADINFO meta-database  

Meta-data, i.e. data about data, is information, describing the content, quality, condition, 
and other characteristics of data. Meta-data help a person to locate and understand data. 

In spite of the fact, that the meta-data concept preceded both Web and Internet, the 
worldwide explosion of interest to meta-data standards and application expertise has been 
provoked by ever-growing number of electronic data sources and “information overburdening” 
due to emergence of a huge amount of digital data, accessible in real time processing mode. 

The meta-data describe existing databases and other types of data sources, concerning 
certain objects and their characteristics.  

A meta-data record includes a set of attributes (or elements), required by a prospective 
user to determine the content, quality, condition and other characteristics of an information 
resource. 

As far as we deal with a sophisticated information resource to be described with a large 
set of various attributes and with a complex structure, including a number of integral parts (each 
of the parts can be in its turn regarded as an object in a certain way related to other components 
of the system), it should be clear by intuition, that meta-data, describing the resource, would 
have a rather sophisticated structure, too. Therefore, it is working out a meta-data description 
model, i.e. generation of a formal approach, the logic of description of the objects, their features 
and their inter-relations, that is one of the main tasks to be solved when starting the meta-
database creation. 

For the present "The Dublin Core Metadata Initiative" (http://dublincore.org/ ) set, which 
has been developed by an international expert group during last several years, is one of the most 
widespread sets of elements for meta-data creation. The set includes 15 elements (fields), 
describing the main characteristics of an information source.  

The meta-data set was chosen as the basis for the RADINFO MDB development. The 
DC structure is the meta-data minimum needed for an information resource description.  
The involvement of geo-referenced data sources, however, is a specific feature of the RADINFO 
project. And it is linked with spatial meta-data application and the necessity of describing their 
characteristics, such as coordinate systems, special presentation accuracy, resolution, scale, map 
projections, map legends, etc.  
One of the main standards in this area is the meta-data set developed by the US Federal 
Geographic Data Committee in 1994. It contains 334 various elements in total, although many of 
them are not mandatory. Currently the FGDC-STD-001-1998 (http://www.fgdc.gov ) standard 
second edition is valid. In addition to resource identification, the meta-data set gives 
characterization of its structure and main features (using such component as "Entity and 
Attribute"), as well as the data quality and spatial characteristics.   
So a decision was made to complete the DC set with some elements of the FGDG standard in the 
part concerning spatial data characteristics.  
The main features of the RADINFO-related data sources are taken into consideration using such 
a limited meta-data set.  
Design of the RADINFO meta-database has been completed at this stage of efforts [4, 5]. 
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On the basis of a conceptual model (Fig.1) in the form of entities diagram (Entity Relationship 
(ER)-model), a physical data model has been constructed. It means that tables and descriptions 
of the database structures for chosen DBMS have been formed. For that purpose the MS 
ACCESS-97/2000 DBMS was used. In the process of generation of the physical data model each 
entity is provided with appropriate table, the entities’ attributes are transformed into columns of 
the tables, and the entities’ identifiers become keys. 
Information structure of the meta-database on radiation source-terms and radionuclide transfer 
media have been formed. The meta-database structure, showing links between tables and titles of 
the fields, is presented in Figs. 2a and 2b. The table “Role” is just cross-table which sets links 
“many-to-many” between the BaseMetaTable (resources) and the CPC table (creators-
contributors-editors). The fields indicated bold are primary keys. Necessary screen-forms to 
provide data input and editing procedures have been developed. In order to unify descriptions of 
various information resources types a set of classifiers and glossaries has been compiled.   
A demonstration prototype, based on the meta-database designed, has been constructed.  
 
Regional and subject-oriented geo-information radioecological cadastres 

To achieve the RADINFO goals a series of local GIS, scanning the territory of the both 
regions under investigation, as well as a set of local GIS of certain object types (areas around 
nuclear power plants, peaceful nuclear explosion sites, etc.) is being developed. The former are 
considered to be components of regional GIS, giving an overview of the radioecological 
situation in the region as a whole and being the basis for drawing up regional geo-information 
radioecological cadastres, the latter are made with the purpose of compiling subject-oriented 
radioecological cadastres. All of the geo-information systems are formed using multi-layer 
digital maps [5].  

The compilation of regional and subject oriented geo-information radioecological cadastres is 
a part of activity on creation of the Ecological Cadastre of the Federal Agency on Atomic Energy 
(FAAE). In accordance with a contract with the FAAA Directorate for Ecology and 
Decommissioning of Nuclear Objects, VNIICHT has developed a structural, regulation, and 
methodological guidance for data input into the agency’s ecological geo-information cadastre. 

In accordance with project’s tasks, information for the GIS is taken from the RADLEG 
database, reference books, published materials and results of radioecological modeling are also 
used. The data can be attached to maps either in form of static and dynamic images (radionuclide 
migration tracks, lines or colored spots, showing contaminated areas, etc.) or as attributive tables 
related to definite points on the map or describing a certain map layer as a whole. To provide 
efficient user’s interaction with the system a series of applied computer codes with user-friendly 
interfaces is being developed. ,    

The creation of radioecological cadastres of Krasnoyarsk and North-West regions is one of 
the main activities of the RADINFO project. The regional geo-information radioecological 
cadastre is an information system, using geo-information technology and containing a set of 
pertinent data on human activities’ effect on the environment and population health in the 
observation zone of associations, enterprises, organisations, and institutions, located in a region 
of interest. For the present a radioecological cadastre on the MCC radwaste storage and disposal 
sites and radioecological status of the Yenisei River floodplain in the Combine impact zone and 
a regional radioecological cadastre of the North-West Russia have been formed in their basic 
parts.  

The cadastres formed under the project have three levels of presentation: : regional, sub-
regional, and local. Each level consists of cartographic and attributive parts. 

For the compiled radioecological cadastres selection and analysis of maps were carried out. 
The following scales have been chosen, according to the set tasks: 

1:8 000 000 and 1:1 000 000 for regional level; 
1:200 000 for sub-regional level; 
1:50 000 and larger for local level. 
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Basic and subject-oriented layers of the digital maps were determined: 
The basic layers of the digital maps contain: 

• mathematical background: frame, parallels/meridians; 
• relief – linear objects (horizontals); 
• administrative division - linear objects (provinces’ borders); 
• settlements – point-type objects (city, village); 
• hydrography - point-type and linear objects, and polygons (rivers, 

rapids, lakes, islands); 
• aths);  roads - linear objects (main roads, railways, p
• vegetation – polygons (forests and swamps). 

e. The overlay of separate information layers was carried out for the maps at different scal
At this initial stage of compiling the radioecological cadastre on the MCC RW storage and 
disposal sites and radioecological status of the Yenisei River floodplain in the Combine impact 
zone (hereafter: the MCC Cadastre) the structure of the MCC Cadastre has been developed, 
which is presented by a “cascade” of digital maps at different scale and associated  blocks 
(databases) of attributive information (Fig.3). 
The proposed structure of the cadastre can undergo correction and be supplemented in the 
process of further work. In particular, the necessity has become evident of supplementing the 
cadastre with databases on social & demographic situation in the area and also – on calculated 
effective doses for the population within the 30-km zone around the MCC, on gas-aerosol 
releases and radionuclide content in the on-surface layer of the atmosphere, on radionuclide 
discharges into the Yenisei River. Besides that, the cadastre has been supplemented with data on 
radionuclide content in the river water, in fish tissues, in foodstuffs. 
The work carried out under the project on the MCC Cadastre formation is an initial step of 
development of the “Mining & Chemical Combine ecological geo-referenced cadastre”, which 
will be a part of the “RF FAAE Ecological Cadastre”. 
The MCC Cadastre is a set of digital maps of the MCC territory and adjacent lands at the scales 
of 1:1,000,000 and 1:200,000 combined with an attributive database. The Mapinfo Professional 
has been used in the GIS development. 
The following information is presented in atributive tables of the cadastre: a brief 
characterization of the MCC activity; brief characterization of the “Severny” disposal site 
(geology, location, process of liquid radwaste disposal, environmental monitoring); 
radioecological situation in the Combine impact zone (general characteristics of the sanitary 
protective zone and observation zone, radioactive contamination of the atmospheric air, rivers 
and other water objects, radioactive contamination of fish in the Yenisei River, demographic 
situation in the MCC 30-km zone, population dose rates).  
Some fragments of the regional radiological GIS-cadastre of the North-West Russia have been 
formed, including local and sub-regional GIS-cadastres of the Murmansk Radon Special 
Enterprise (SE), Kola NPP zone (Murmansk Region) and the Sosnovy Bor municipal unit 
(Leningrad Region).   
The local GIS-cadastre of the Murmansk Radon SE includes general information, concerning the 
SE production activities, data on its disposition, radwaste storage facilities arrangement, 
radiation monitoring points and radionuclide specific activity values in the natural environment 
objects.      
The Kola NPP sub-regional GIS-cadastre includes 1:1 000 000 digital maps of the Murmansk 
Region with indication of radiation-hazardous objects’ location in the NPP area and radiation 
monitoring points in the NPP 100-km observation zone, as well as a sketch map of the Kola NPP 
radwaste storage facilities accommodation.  
A scheme of radiation & ecological monitoring in the Leningrad NPP area is presented in the 
GIS of Sosnovy Bor municipal unit. There is a number of monitoring stations indicated in the 
schematic map (Fig.4): 10 points for the air, snow, rain, soil sampling overland, at a distance up 
to 35 km from the Leningrad NPP, 8 points in the shoaling water of the Koporye Bay – the sea  
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Layer 2.1-2.3  Hydrography. 
Scales 1:8,000,000, 1:1,000,000, 
1:200 000 

Layer 3.0 Relief. Scale 1:1,000,000 

Layers 4.1-4.4. Settlements. 
Scales 1:8,000,000, 1:200,000 

DB: air-gamma-survey; 
pedestrian gamma-survey; 

contaminated territories 

Layers 5.1-5.4 Yenisei riv. flood-
plain Scales 1:1,000,000, 
1:200,000 
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Scale 1:200,000  
Layers 7.1-7.5 Large-scale plans of 
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Fig. 3.  MCC GIS-Cadastre: the structure of a geoinformation system on the MCC radwaste storage 
and disposal sites and radioecological status of the Yenisei River floodplain 

in the Combine’s impact zone 
 

 6



 7

 
 
 
 
 
reservoir being used for nuclear reactors cooling, and 1 point in the shoaling water of the Gulf of 
Finland. 
The measured parameters: man-made radionuclides, particulate matter in the air, heavy metals 
and other toxic substances.  
The checked objects 

• Natural media — water, air, soil; 
• Ecosystems —terrestrial, aqueous, agricultural. 

The following data are presented in the form of individual tables: 
o average annual 137Cs concentration in the Leningrad NPP site; 
o average annual 60Co and 54Mn  concentrations in the Leningrad NPP site; 
o average annual  137Cs and 134Cs concentrations in the Leningrad Radon SE site 

and in the city of Sosnovy Bor; 
o average annual 137Cs concentration in the Leningrad NPP and Leningrad  Radon 

SE sites; 
o daily radionuclide analysis in the Leningrad NPP observation zone (since 29 

April, 1986); 
o 131I content in the drinking  water and milk in Sosnovy Bor city (May 1986); 
o regulated for 1986 concentrations of 137Cs in aqueous ecosystems components; 
o dust content in the surface air in the Leningrad NPP area; 
o 90Sr concentration in the Leningrad Radon SE groundwater; 
o tritium concentration in the Leningrad Radon SE groundwater; 
o heavy metals (Fe, Cu, Mn, Cr, Ni, Cd, Pb) average concentrations in the rivers; 
o petroleum products in the rivers, 1997-98; 
o dynamics of Cd concentrations in the Systa River and drinking water (1997); 
o regulated volume activity of radionuclides in the surface air; 
o man-made radionuclides volume activity levels in surface air on the Baltic coast, 

28-29 April, 1986; 
o Cd and Pb content in vegetables and corn, etc. 

 
Demonstration pilot sub-project on the impact assessment and countermeasures 
The meta-database and radioecological GIS-cadastres being formed under the RADINFO 
project, as well as radionuclide transfer modeling studies carried out using the available data, 
make it possible to start assessment of the radiation impact on the population and the natural 
environment and working out recommendations for countermeasures (that is essentially the 
ultimate goal of the radiation legacy study). The efforts, however, would require significant 
resources to be used. The requirements in the budget resources are difficult to be forecasted, if 
even the works are planned to be limited by a single region or district of the country. By this 
reason a demonstration sub-project is an absolutely necessary stage in the aforementioned 
studies [6].  

A pilot sub-project presupposes works with the most restricted resources, at the same 
time it should have all features inherent to a full-scale study. It allows to verify methods and, 
what is the most important, to estimate the expenditures for the future full-scale study. The 
completion of the pilot GIS-project on the Yenisei River valley radioactive contamination under 
the RADLEG project allowed better understanding of the extent of suitability of the digital maps 
at either scale, and also helped to determine a labour-consuming for realization of the task (in 
this case – plotting both at the digital map and in the form of the attributive data such a 
parameter as exposure dose rate distribution along the Yenisei River bed). 



The pilot sub-project results would help to estimate the resources necessary for 
evaluation study of specific region or sub-region. 

To conduct an assessment of the radiation impact and countermeasures at a scale of the 
pilot sub-project it’s necessary to choose a radiation object and restrict an area to be studied by a 
single local map. The results obtained under the pilot sub-project will be presented in the form of 
a local GIS with a set of interfaces, containing the necessary attributive information. 
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