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Abstract

Case-control studies of leukaemia and non-Hodgkin lymphoma (NHL) and of thyroid cancer have
been carried out, nested within the cohorts of Chernobyl liquidators, the persons who were involved
in the clean-up of the Chernobyl accident in 1986 and 1987 in the area around the Chernobyl
nuclear power plant, under a contract from the European Commission. The leukaemia and NHL
study included 70 cases and 304 matched controls, while the study of thyroid cancer included 73
cases and 309 matched controls.

The majority of liquidators in the studies were exposed predominantly to whole body radiation
(from external sources and intake of 13’Cs), although substantial dose to the thyroid from iodine
isotopes could be received by liquidators who worked in May-June 1986 and who resided in
contaminated territories of Belarus.

The main objective of the current project was to develop, test and implement a detailed method for
individual dose reconstruction for the subjects in these epidemiological studies. Two different
approaches were considered and tested. The method adopted, RADRUE (Radiation Dose
Estimation with Uncertainty Estimates), a variant of an analytical dose reconstruction method
previously derived for professional radiation workers of the Chernobyl power plant, appears to
work well. It is based on detailed time and motion studies, coupled with the use of very
comprehensive databases of radiological data.

The development of this method has involved very extensive work to:

1. locate, collate and evaluate very large databases of gamma background measurements made by
various organisations at different times on the industrial site and throughout the 30 and 70 km
areas around the Chernobyl nuclear power plant;

2. bring together experts knowledgeable about working conditions in different groups of
liquidators and formalise and compile their knowledge into an integrated database;

3. develop an integrated software program that allows the calculation of doses and associated
uncertainties from a subject’s work history;

4. carefully reconstruct itineraries of the study subjects using the information provided in the very
detailed study questionnaires.

Extensive validation of the work has been carried out.

The contract also provided funds for the extension of the case-control study to further groups of
liquidators in Baltic countries and Russia. This has allowed the evaluation of possible recall
difficulties for a number of questions related to work as a liquidator, as the majority of Baltic
liquidators had previously been included in a cohort study and had responded to asimilar
questionnaire. Data from this questionnaire was obtained. Overall, there was good agreement
between the answers to the two questionnaires concerning dates and places of work and type of
activity performed.

Doses and associated uncertainties were estimated for all of the subjects in the case-control study.
Doses to the bone marrow range from close to 0 to over 1 Gy, with a median of 20 mGy. The
average geometric standard deviation was of the order of 2. Doses to the bone marrow among
Belarus liquidators tended to be much lower (8 mGy) than among Russia liquidators (55). Doses to
the thyroid gland ranged from close to 0 to 2 Gy, with a median of about 70 mGy. The highest
doses were found for Belarus liquidators who lived and worked in areas of high contamination and
are related to ingestion of 1-131. For Russian and Baltic country liquidators, doses from ingestion
are thought to be close to zero. Doses from inhalation of 1-131 were, however, received for
liquidators who worked in the first weeks after the accident.
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In conclusion, this contract has permitted the development, testing and optimisation of a detailed
analytic dose reconstruction method for the estimation of individual doses and related uncertainties
for Chernobyl liquidators. The method has been successfully applied to the subjects included in
case-control studies of leukaemia, NHL and thyroid cancer among Chernobyl liquidators from
Belarus, Russia and Baltic countries. Analyses of these data are underway under a separate contract
and results should be submitted for publication in late 2003.

The approach has implications for dose reconstruction in other situations, and may be adapted for
populations of workers involved in clean-up of accidents in the future.

Vi
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Significant findings

The work has shown that it is possible to reconstruct, with adequate precision for an
epidemiological study, individual doses for workers involved in clean-up from detailed time and
motion studies. This requires the development and testing of a detailed questionnaire about history
and conditions of work, a set of relevant visual aids to assist the subjects in recalling their places of
work, the collection and integration of all available dosimetric information and the analysis of work
histories from questionnaires by experts familiar with the work and conditions of work in the clean-
up areas.

The result is a fully integrated program that can be adapted to includethe following: extensive dose-
rate measurements, an interface for plotting and entering information on the liquidators route and
conditions of work, calculation of individual doses and simulationsdesigned to take into account
dosimetric and questionnaire uncertainties. The dose reconstruction method has been tested,
validated and optimized, and an approach for assessing uncertainties has been implemented.
Though the method must rely on expert assessment of the questionnaires, it was shown to be
sufficiently standardized to be reproducible.

Usefulness of findings
The work has the following important results:

e The development and validation of methods for assessing individual doses and associated
uncertainties for liquidators involved the Chernobyl accident — this is essential for prediction of
the consequences of the accident among liquidators, for improving radiation protection
measures and emergency preparedness in the case of future accidents, as well as for estimating
radiation doses to other populations of workers involved in clean-up and accidental situations in
the US and elsewhere.

e The reconstruction of individual doses and of their associated uncertainties for the subjects
included in the epidemiological studies — this is essential to ensure that the case-control studies
provide valuable scientific information concerning the size and pattern of cancer risk following
low dose protracted radiation exposure. This work, in addition to contributing to the
understanding of mechanisms of radiation carcinogenesis, has important implications, for
radiation protection of workers as well as of the general population.

vii



RECONSTRUCTION OF DOSES FOR CHERNOBYL LIQUIDATORS

viii



RECONSTRUCTION OF DOSES FOR CHERNOBYL LIQUIDATORS

Scientific report

Background

Since the 1950's, routine occupational radiation doses from external photon radiation have been
relatively well monitored through the use of personal radiation dosimeters [Fix et al., 1997]. This is
not always the case, however, when workers participate in clean-up and decontamination in the
course of a nuclear accident or in environmental clean-up in general. This is illustrated by the
Chernobyl accident, which happened on 26 April 1986, exposed millions of people to radiation at
different dose-rates and dose levels. The majority of exposed persons received relatively low doses
(Table 1).

Tablel  Estimates of collective effective doses among populations exposed as a result of the
Chernobyl accident [Cardis et al., 1996]

Population Number Collective effective dose (Sv)
Evacuees 135,000 1,600
Liquidators (1986-1987) 200,000 20,000
Persons living in contaminated areas:
Deposition density of 137Cs >15 Ci km-2 270,000 10,000-20,000
Deposition density of 137Cs >1 to 15 Ci km-2 6,800,000 35,000-100,000

The populations at risk can be separated into the following groups:

1. the “liquidators” [1 also referred to as “clean-up workers” [] they include persons who
participated in the clean up of the accident (clean-up of the reactor, construction of the
sarcophagus, decontamination, building of roads, destruction and burial of contaminated
buildings, forests and equipment), as well as many others, including physicians, teachers,
cooks, interpreters who worked in the contaminated territories [

2. the “evacuees” [] those who were evacuated from the town of Pripyat and the 30 km zone
around the Chernobyl reactor in April-May 1986 [J;

3. the residents of the “strict control zones” (SCZ’s): those members of the general population
who have continued to live in the more heavily contaminated areas (with level of 137Cs
deposition greater than 555 kBg/m2), typically within a few hundred kilometers of the
Chernobyl Nuclear Power Plant. Within these areas, radiation monitoring and preventive
measures have been taken to maintain doses within permissible levels;

4. the general population of the contaminated territories in the three countries.

Because of their numbers, comprehensive registration and follow-up system, and because of their
levels of radiation dose, the population of Chernobyl accident recovery workers or “liquidators”
appears to be the most likely to be informative for the study of risks following low dose protracted
radiation exposure[Cardis et al., 1996; Cardis and Okeanov, 1996; Ivanov et al., 1997a].

Liquidation of the Chernobyl accident consequences lasted for about three years and during that
period, different tasks were carried out, such as:

! These doses are for the 1986-1995 time period; over the longer term (1996-2056), the collective dose will increase by
approximately 50%.
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e the initial localization of the catastrophe (fire fighting, closing down not affected units of the
power plant)

e evacuation of the Pripyat and 30-km zone population

e decontamination inside the Chernobyl NPP buildings, roofs of the nearby buildings and nearby
territories

e renovation, run up, and maintenance of the first, second and third blocks
e construction of sarcophagus

e actions to decrease the radioactive materials spread in the environment

e safe guard of the 30-km zone and settlements

e other activities in the 30-km zone (health care, ecological monitoring, servicing of the
liquidators, etc.)

Different groups of liquidators were involved in these tasks; they worked under differing conditions
of radiation monitoring and safety and were exposed to different types and levels of radiation. The
group of the liquidators cannot be simply defined only by the type of the work they have
undertaken. It is also necessary to take into account which institution sent the liquidator to the 30-
km zone, the time period during whichthey worked there, the organizationto which he/she was
affiliated while working in the 30-km zone, and how the dosimetric control was organized.

In all, some 600 000 liquidators from all over the former Soviet Union are thought to have
participated in the clean-up of the contaminated areas around the reactor and in other areas of
Ukraine and Belarus [UNSCEAR 2000]. For practical reasons, not all of these received individual
dosimeters. Moreover, logistic difficulties arose in accurately recording and centralising doses for
very large numbers of workers sent and monitored by different organisations. As a result, 12 years
after the Chernobyl accident, only a small proportion (less than 10%) of the clean-up workers
(usually referred to as "liquidators™) had reliable estimates of their doses [Pitkevitch et al., 1995,
1996].

Little effort had been put, until this contract began, into the physical reconstruction of individual
doses for the majority of liquidators. The exception is for staff of the Chernobyl Nuclear Power
Plant (ChNPP) and a limited number of professional radiation workers from other institutions who
worked on the industrial site of the plant. For these, much work has gone into the development,
validation and application of methods for estimating individual radiation dose based on an analysis
of factors involved in the creation and the dynamics of the radiation field at the plant site and in the
immediate vicinity of the ChNPP [lllichev et al., 1996].

A large proportion of liquidators involved in the clean-up of the accident were not professional
radiation workers, however, but included military reservists and construction workers who worked
throughout the 30-km zone around the Chernobyl reactor. Dose-reconstruction methods developed
for professional radiation workers therefore needed to be modified to take into account the less
precise and accurate knowledge of the place and conditions of work, different exposure conditions
and different dosimetric control practices.

The funds received under this contract were for partial support of the development of these methods
and for the application of the method to the reconstruction of individual doses and associated
uncertainties for subjects included in the case-control studies of risk of leukemia, non-Hodgkin’s
lymphomas and thyroid cancer carried out among Chernobyl liquidators in Belarus and Russia in a
collaborative project co-ordinated by IARC and funded by the European Commission.

To be informative for the evaluation of radiation related risks, these studies must rely on individual
estimates of radiation dose. Dosimetry, however, poses an important problem. As mentioned above,

2
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official data regarding individual doses received by liquidators are not available for all liquidators;
further, data available for some groups of liquidators require verification [Pitkevitch et al., 1996].
The biological techniques currently available to estimate individual radiation dose are not
sufficiently reliable to derive precise and accurate estimate individual doses in the range received by
the majority of liquidators [Cardis and Okeanov, 1996]. Work is actively continuing in this area in
many laboratories around the world, and better methods may be available in the future. In
anticipation of such developments, blood samples have therefore been obtained from consenting
study subjects, lymphocytes isolated, frozen and kept at -70 °C until a biological technique exists
which is demonstrated to be sufficiently reliable, precise and accurate for estimating low doses in
the range of interest.

Currently, and in the foreseeable future, the most promising approach for estimating doses in
epidemiological studies is through analytical dose reconstruction based on time and motion studies.

The development and validation of the current analytical dose reconstruction approach has
applications for reconstructing doses to other worker populations involved in clean-up or in
accidental situations where individual accurate dosimetric control may not always be possible.

Specific aims
The specific aims of the project were two-fold:

e To adapt the existing methods for assessment of doses for non-professional liquidators having
worked in the zone around the ChNPP in 1986 and 1987

e To reconstruct the individual doses (and uncertainty) to the subjects included in the case-control
studies of leukaemia, NHL and thyroid cancer among Belarus and Russian liquidators.

The work was divided into four tasks, as follows:

1. Compilation of data from various sources concerning radiation levels, work histories, etc.

2. Adaptation and validation of existing dose reconstruction methods for professional radiation
workers on the industrial site of the Chernobyl NPP and calculation of associated uncertainties.

3. Collection of additional questionnaire data for validation of dose reconstruction method.

4. Reconstruction of dose and uncertainty for study subjects.

The methods and procedures used and the results are described for each of these tasks, below.

Task 1. Compilation of data from various sources

Work under this task involved the collection, critical review and compilation of data from many
sources, including data on radiation environment (RE) measurements, dose records, work histories
of liquidators’ clean up activities and topological maps of the areas where clean up activities took
place after the Chernobyl Nuclear Power Plant (ChNPP) accident. The detail of the information
collected is provided below.

1 Data on radiation environment (RE) measurements. Verification of the data.

Available data on instrumental measurements of radiation environment for the period from the 26™
of April 1986 till the 31 of December 1987 have been collected within the framework of the
project. On the basis of these data, a system of interactive digital GIS maps of dose-rates for the
whole period and for the territories of interest was created and incorporated into a software package
specially conceived for this project. This software, called RADRUE (Radiation Dose
Reconstruction with Uncertainty Estimates) contains all of the collected data in one integrated
database, an interface to enter the details about the liquidator’s work history, a “calculator” that uses
the information entered as well as the data from the database to calculate a central estimate of dose
and a link to a Monte Carlo simulation program for uncertainty calculations. Details of the
RADRUE system are provided below under Task 2.
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Several types of radiation environment data were collected: data on exposure rate (ER), surface
activity and nuclide composition measurements. According to the location where the measurements
of the RE were made, data is grouped into several sets, which form the so-called “base maps”. The
following different base maps were developed: the base map of the main buildings of ChNPP, that
of the industrial site of ChNPP, the 4-km zone map, the 30-km zone map and the 70-km zone map.

The measurements compiled were made by different organizations, in different accident
remediation (AR) workplaces. The list of organizations that conducted the measurements is
presented in Table 2.

The discrete data on the radiation environment for the Ukrainian part of the 30-km and 70-km zones
(including the industrial site and the main building of the ChNPP) were aggregated from different
sources and verified by ChNPP radiation protection service, in cooperation with the Sosnoviy Bor
branch of the Radium Institute. The methodology used for the collection, systematization and
checking of the data is described in Sakulin et al. [1992].

For the Belorussian part of 30-km and 70 km zones, RADRUE used an electronic database (DB)
which was aggregated and verified in the Institute of Biophysics (IBPh), Ministry of Health USSR
[Savkin, 1993] by means of integration of measurements made by regional sanitary-and-
epidemiological units and regional civil defense offices, as well as by the IBPh complex expedition.

Thus, the data assembled in the developed RADRUE system have been verified and computerized
by the relevant organizations. The total number of original measurements for the different locations
in the combined database is given in Table 3. The number of records in the table for the 30-km and
the 70 km zones are for the Ukrainian and Belorussian parts of these zones.

Table2  Location of research sites and organizations conducting RE measurements

Ne Location Name of organizations which made the measurements [References]

1 30-km zone, Chemical forces of the MD? USSR [MD USSR, 1988] ; DMA PA
“Combinat”® [UDK NPO “Prypiat”, 1987]; External dosimetric
service ChNPP [Shteinberg, 1986] ; Sub-units of the HMSB* USSR
[1zrael, 1987]; CA DMD ° Ne605 [US-605, 1986] ; AUSRPIET®
[AUSRPIET, 1987] ; IBPh MH USSR’ [Lyubchanskyi et al., 1988] ;
Hlopin's Radium institute [Sakulin et al., 1992]

2 4-km zone CA ChNPP® [US ChNPP, 1986] ; AUSRPIET [AUSRPIET, 1987] ;
IBPh MH USSR [Lyubchanskyi et al, 1988] ; DMA PA “Combinat”
[UDK NPO “Prypiat”, 1987] ; Chemical forces of the MD USSR [MD
USSR, 1988] ; Hlopin's Radium institute [Sakulin et al., 1992]

3 The industrial site RPD ChNPP® [IBPh MH USSR, 1986]; CE ! Kurchatov's Institute
[Shikalov et al., 2001]; CA DMD Ne605 [US-605, 1986]; Chemical
forces of the MD USSR [MD USSR, 1988];

70-km zone

2 Ministry of Defense of the USSR

3 Dosimetric monitoring administration of the production association «Combinat»
4 Hydrography and Meteorology Statutory Board

5 Construction Administration Dosimetric Monitoring Department

& All-Union Scientific Research and Planning Institute of the Energy Technology
TInstitute of Biophysics, Ministry of Health USSR

8 Chernobyl Nuclear Power Plant Construction Administration

9 ChNPP Radiation Protection Department

10 Complex Expedition
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Ne Location Name of organizations which made the measurements [References]

Hlopin's Radium institute [Sakulin et al., 1992]

4  The rooms of Unit 1 RPD ChNPP [IBPh MH USSR, 1986]; IBPh MH USSR [Lyubchanskyi
and Unit 2 of the etal., 1988]
ChNPP

5 The rooms of Unit 3 RPD ChNPP [IBP MH USSR, 1986], CE Kurchatov's Institute
and Unit 4 of the [Shikalov etal., 2001], CA DMD Ne605 [US-605, 1986]

ChNPP
6 The ChNPP main RE group of the DE USSR [DE USSR, 1987], CE Kurchatov's
building roofs Institute [Shikalov et al., 2001], AUSRPIET [AUSRPIET, 1987], IBPh

MH USSR [Lyubchanskyi et al., 1988]

Analysis of the completeness of measurements made in different locations and different time
periods showed that information was missing for some time periods and base maps. Information for
these had to be reconstructed using a combination of interpolation (which was in fact used as a
basic RE reconstruction method) and the following methods: multiple linear regression from early
dates after the accident to later dates, dose-rate reconstruction based on radionuclides fall-out
density and a 4- dimensional interpolation method (4-D) specially developed during the project for
dose reconstruction inside main ChNPP building. The details of dose reconstruction methods are
given under Task 2 below.

A database of fall-out density measurements was also created, based on the information from the
database of IBPh. This DB includes 312 records. All of these records correspond to June 1989. The
DB contains fall-out density values for gamma-emitters 1°Ru, ¥'Cs and '#*Ce, which were the main
contributors to the radiation background for the period from the end of the year 1986 till the end of
year 1987.

Table 3  Electronic DB on RE description for different zones of AR.

Ne Zone of AR Number of Distance from the Unit 4
records

1 70-km zone around ChNPP 14091 2 km-168 km

2 30-km zone around ChNPP 8203 2 km—-43 km

3 4-km zone around ChNPP, including Pripyat 461 350 m-4700 m

4 ChNPP - industrial site 3126 20m-1120m

5 ChNPP - main building 3463 14m-930m

6 ChNPP roofs 1364 40m-140m

The data collected on the experimental measurements on RE in combination with values obtained
by regression and interpolation, permit the estimation of dose-rate for each location of interest
within the zone of 70-km radius around Unit 4 of ChNPP, at any moment of time during the period
from the 26™ of April 1986 till the end of year 1987 (the period of interest for the epidemiological
study of cancer risk among liquidators, for which this dose reconstruction method was developed).
The data on RE was included into the integrated database of the RADRUE software and is used

HRadiation Exploration of the Department of Energy and Electrification of the USSR
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automatically by the program in the process of the external exposure dose reconstruction for the
liquidators within the study.

2 Collected visual information about clean up activities of the liquidators in ChNPP

(photographs, videotapes).

Collected photographs and topographical schemes of the main buildings of the ChNPP, ChNPP
industrial site, 4km zone, 30 km zone and 70km zone have been digitized and integrated into the
RADRUE software as images in the interactive GIS dose-rate maps. They served as a visual
interface for the RADRUE users to facilitate the indication and drawing of the locations and
itineraries of each liquidator’s activities during his/her missions. The images of digital maps used in
the program are presented in Figures 1-7.

Videotapes and photographs reflecting different cleanup activities after the accident were collected
and were used for the training of the interviewers and during interviews of the liquidators. Some of
the photographs were also included into the Booklet (Annex 3) used by the interviewers to assist the
liquidators in describing their work history in the epidemiological study.
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3 Data on individual dose records of liquidators.

A very large set of individual dose measurement records for liquidators was collected from
organizations which had carried out dosimetric measurements and all information was systematized.

In addition to previously available data, the data of the Specialized State Construction Company
US-605, hereafter called US-605, consists of individual dose records for 35 000 liquidators from
1986-1987 from all republics of the former USSR. These data, which have been computerized,
include an identification number of the individual (the time card number), the date and time of
beginning and end of work and the dose received during this period. Data on several hundreds of
these liquidators have been crosschecked with information from the IBPh database on professional
liquidators and appear to be correct.

Data on the individual dose records was used to derive dose distributions for the different
contingents of the liquidators, which were implemented in the SEAD (Soft expert Assessment
Dosimetry) program (see Task 2). A summary of the distribution of dose measurements for the
different categories of the liquidators is presented in table 4.

Table4  Parameters of empirical dose distributions for different groups of liquidators.

Dbf-files (without exclusions) Number of entries  <D>, cGy oD <lgb> oclgD
Witnesses of accident 658 55.2 41.7 1.61 0.36
Early liquidators 326 115 16.93 0.62 0.74
Personnel of ChNPP-86 2358 8.69 12.9 0.65 0.54
Personnel of ChNPP-87 4498 1.54 2.92 -0.005 0.44
Detached to ChNPP-86 608 5.74 9.03 0.27 0.73
Detached to ChNPP-87 3453 0.86 1.89 -0.41 0.55
Detached to the 30 km zone-86 29866 2.52 5.30 -0.16 0.72
Detached to the 30 km zone-87 33620 0.87 1.31 -0.42 0.56
Military liquidators and MIA-86 13791* 20.0 8.65 1.25 0.265
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Dbf-files (without exclusions) Number of entries  <D>, cGy oD <lgb> olgD
Military liquidators and MI1A-87 14368* 10.8 5.92 0.957 0.315
Civil personnel of US-605 in 1986 8351 6.99 8.04 0.42 0.72
Civil personnel of US-605 in 1987 4086 3.75 5.18 0.116 0.70
Military builders from US-605 in 1986 4790 10.8 9.48 0.75 0.63
Military builders from US-605 in 1987 1352 5.92 6.30 0.44 0.64
Combinat personnel in 1987 6281 1.01 1.12 -0.16 0.39
Belarussian liquidators- 86 4956 6.41 5.16 0.64 0.44
Belarussian liquidators- 87 1822 2.53 2.30 0.26 0.35

* Doses for these groups of liquidators are given in Roentgens.

4  Data on operative exposure dose-rate measurements (bank of standard episodes)

Information on operative exposure dose-rate measurements made before assignment of work in
different locations is available from dosimetric journals of the Chernobyl NPP and was verified by
officials of ChNPP Dosimetry Service. It includes measurements of exposure dose-rate taken in
work sites before the conduct of specific tasks; organization (hame, address) to which liquidator
was affiliated during cleanup work; type of work; specialty of the liquidator; place of work; dates of
work and, in some cases, evaluated average dose per episode. Information on 437 different episodes
of work have been computerized and previously used in the reconstruction of dose to professional
liquidators.

For the case-control study, the data collected were used in RADRUE to assign doses for liquidators
who had performed one of these “standard” work episodes. A special databank of “standard
episodes” incorporated into RADRUE ensured the systematization of dose assignment for
liquidators by the different experts reviewing the questionnaires.

Task 2 - Adaptation and validation of existing dose reconstruction
methods for professional radiation workers

1 Development of methods for external exposure dose reconstruction for the liquidators.

Two approaches were considered for estimating individual external exposure dose for the
liquidators in the case-control study:

¢ RADRUE (Radiation Dose Reconstruction with Uncertainty Estimates);
e SEAD (Soft expert Assessment Dosimetry).

As explained below, RADRUE was selected as the main method for the external exposure doses
assessment. RADRUE was developed and formalized within this contract on the basis of the
previous analytical dose reconstruction (ADR) method that had been developed and used earlier for
evaluation of the dose of liquidators who were professional radiation workers at the ChNPP
[IHichev et al., 1996]. That initial ADR method was modified, with the purpose of:

e obtaining more reliable dose estimations through verification and smoothing of the radiation
environment data;

e automating dose estimations to decrease the influence of subjective factors (experts influence on
outcomes of doses estimation);

e integrating calculation of uncertainties of dose estimations.

10
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Another, more crude method, SEAD, was also developed within the framework of the current
project. Based on the results of the validations described below, it was decided not to use it as the
main method for dose reconstruction among liquidators as it has a tendency to regress all doses
towards the mean of the doses for a particular type of liquidator. It was, however, used to assign
doses for a very small number of liquidators in the case-control study, for whom the data collected
by questionnaire was insufficient to calculate their doses analytically with RADRUE. For such
subjects individual external exposure doses, and ranges of the uncertainties, were assessed using
SEAD and later were entered directly into the RADRUE software. Such possibility of direct entry
of pre-assessed doses and uncertainties was foreseen in RADRUE software.

2 Development of the RADRUE method

During this contract, the procedure for external dose reconstruction using RADRUE was developed
and formalized. It is described in the following.

Main terms and definitions used in RADRUE system

The first step of the dose reconstruction procedure in RADRUE is the analysis of the questionnaires
in the case-control study and the transfer of information from the questionnaire to the RADRUE
software. This step is performed by a small number of experts from the dosimetry services in
Ukraine and Belarus, who are very familiar with the dosimetry, radiation protection and working
conditions of liquidators from various organizations in different areas of the 30 and 70 km zone.
The experts review thoroughly the information collected in the dosimetry part of the questionnaire,
and reconstruct the so-called “liquidator's route” (itinerary).

The liquidator's route is the sum of movement patterns of the liquidator, including indications of the
movement speed (staying at the same place is considered as a movement with a zero speed). Once
reconstructed, the liquidator’s route is input into the computer (by means of the graphic interface
made on the basis of the Surfer 7.0, computer program). The graphic interface allows the
representation of the liquidator's movement patterns on the base maps (Figures 1-7), with indication
of the trajectory's attributes (including movement speed, time of beginning and completing of
movement, type of transport used) in the special form view, and also all attributes of uncertainties
(when the exact date, duration or place is unknown or uncertain). The data entered appear in the
RADRUE frame dialog window (see example in Figure 8). RADRUE then calculates the
liquidator’s dose automatically, from the data thus entered.

Analysis of the questionnaire and characterization of the route is not a simple task, however. While
developing questionnaires for liquidators and the RADRUE method, a series of terms was
identified; these are used to describe the liquidator's route in RADRUE:

mission
episode
event
frame
subframe

There is a hierarchy of routes in the RADRUE system. The highest is the mission. A mission is the
sum of movement patterns, which completely characterizes the collection of operations of the
liquidator during one trip to Chernobyl region (at least within the 30-km or 70-km zone around the
reactor). Most liguidators had only one mission, but some of them may have had several missions.
In an interval between two missions, the liquidator would have returned home.

The next level of organization is the episode. An episode is a route that completely characterizes
one of liquidator’s operations due to which one of the mission targets is achieved. Usually one
episode corresponds to one day in Chernobyl region. One of the reasons for defining the term
“episode” is that different liquidators may have had exactly the same episodes; thus, once the

11
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episode is described, the same description can be used repeatedly for other liquidators. The episode
has a certain logical completeness and due to this may be repeated. The episode cannot be described
as a sum of two or more episodes. The same episode can be frequently repeated for one liquidator.
Examples of episodes include: the trip along the route Chernobyl - Pripyat — Chernobyl for
liquidators who were truck drivers, or cleaning the reactor debris from the roof of the Units 3-4
turbine hall. The RADRUE system considers the participation (mission) of the liquidator in AR as a
sum of separate episodes.

Fragment of map
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Figure 8 An image of the RADRUE frame dialog window
Any episode can be described as a series of events, which are the following:

e transportation (from the place of residence to the place of work or vice-versa, from one
workplace to other),

changing of clothes,

instructions period, where appropriate,

walking to a workplace,

the work (on the spot or in motion),

resting at workplace or waiting for an assignment,

lunch,

resting at place of residence during AR.

The reason for defining the term “event” is the high events frequency in questionnaires.

The RADRUE system uses a number of base maps, and one event connected with transportation
may occur on one, two and more base maps. That's why in RADRUE system the concept of
“frame” has been introduced. The frame depicts the sum of a person's movement patterns within
one base map as well as their attributes. If movement parameters vary, the frame is broken into two
so that each frame is associated with constant attributes. Each episode of each mission of a

12
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liquidator is represented as the sum of a number of frames. If the person’s movement pattern is
located within only one base map and if the movement attributes are constant, then “the event” will
correspond to one frame. In other cases, the event will be broken down into several frames. Unlike a
logically completed episode the frame is characterized by invariability of base map and attributes.

The final term used is the subframe. This term is invisible for the RADRUE computer program user
but very important for understanding the uncertainty estimations. For every base map in RADRUE
system there are several grids of dose-rates. One grid works within a given time interval. For each
frame the appropriate grid is chosen according to frame’s attributes. Each base map and grid is
divided into 10,000 cells (subframes) (100x100). The dose-rate within one cell is a constant value
for one grid. The computer uses the values of dose-rates that correspond to the cells of the
appropriate grid the trajectory passes through. Together with the grids, the RADRUE system uses
other means to describe radiation environment like analytic formulas, for example. It is important to
understand that the term “subframe” is connected not only with grids but also with all other means
of description.

The event and frame are the basic terms in RADRUE system. The first term describes some
elementary liquidator’s action from the logical point of view, and the second — from the point of
view of RADRUE computer program. The discrepancy of elementary actions from these two points
is the result of using several local base maps instead of one universal base map. Creating the event’s
template can eliminate this discrepancy. In this case the frames are used only while creating the
event’s template, and then the initial data is inputted to computer in parts that correspond to the
events, but not to frames.

The events usually follow each other. The same thing is with frames. But there are two important
exceptions to general rules.

1. In case the exact route is unclear, it is possible to enter alternative events” — the RADRUE
program will then have, for the same event, two different descriptions. Example: liquidator
could have gone from Pripyat to Kopachi using either road #1 or road #2. The liquidator could
take only one of these roads, but the expert is unsure which one it was. Both events are therefore
entered and given a probability (see the Operations Manual in Annex 1).

2. If there were two sources of radiation at the same time — for example the liquidator was driving
a contaminated car in the 30-km zone around ChNPP. He was then being exposed by two
irradiation sources at the same time - radionuclides dispersed on the ground and on the surface
of the car. Two frames are then used to describe that liquidator’s exposure. The first frame
describes the ground surface effect, the second the effect of the surface contamination of the car.
The duration of the first frame is used in the calculations that ensure that the 24 hours in the day
are accounted for (between work, transport, meals and rest). The second frame, however, is a
“parallel frame” and its duration is not taken into account in the 24 hours calculations.

The RADRUE method makes it possible to manually input the dose-rate in case the expert does not
agree with ER value offered by the program. The expert must however include a comment to
identify this and justify his reasons.

Evaluation of the person’s external exposure dose
A person’s exposure dose, X, for a frame is calculated as follows:
X =nx X xt , (1)

where n denotes the repetition factor (i.e. the number of times the frame was repeated within the

episode, unitless), X the average-exposure dose-rate for that frame (in mR h™*) and t the time spent
to accomplish the activity described within the frame (in hours). A person’s total exposure can be
thought of as a sum of all frames defined for that person, although the actual process of “summing”
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the total exposure is more complicated due to the Monte Carlo simulation that is used to define
uncertainties and to derive this sum. A person’s dose is then defined in terms of air kerma, K, as:

K=CxX , (2)

where C is a constant equal to 0.00875 mGy mR™. Based upon assumptions on the energy
spectrum of the field, values of K can be converted to other quantities such as effective dose or dose
to the red bone marrow. Air kerma is also the agreed upon standard to be used for the comparison
of calculated doses versus those derived from electron paramagnetic resonance measurements of
teeth or bone (one of the approaches used to check the adequacy of the RADRUE estimation
process).

Exposure dose-rate reconstruction for the RADRUE base maps
As mentioned under Task 1 above, the RADRUE system uses the following base maps:

From 30-km to 70-km zone around ChNPP,

From 4-km to 30-km zone around ChNPP,

From industrial site boundary to 4-km zone around ChNPP,
ChNPP industrial site,

The rooms of Unit 1 and Unit 2 of the ChNPP

The rooms of Unit 3 and Unit 4 of the ChNPP

The ChNPP main building roofs

Reconstruction of the RE for the locations and itineraries of a liquidator is done automatically by
the RADRUE program and independently in each of the 7 base maps. Each base map includes a set
of files with smoothed dose-rate sub-maps, which correspond to different time periods. Those
smoothed sub-maps of dose-rates were obtained from the point experimental measurements by
applying several interpolation or extrapolation methods. Figure 9 summarizes the ER reconstruction
methods used for different places of AR activities and for different periods following the accident.

70-km zone | 30-km zone 4-km zone Period, The industrial | Unit1and | ChNPP roofs
Days after site Unit 2
Chernobyl
accident
Kriging-
Kriging- interpolation No works
interpolation 0-100 Kriging-
interpolation
4D
interpolation
Kriging- 101-130
interpolation 131-140 e
Regression interpolation
141-160

Fall-out
density

161-220 Trend function

221-611 Regression

Figure 9 The ER reconstruction methods usage by different places of AR activities

Table 5 shows the list of files used for these estimations and the number of points (measurements)
contained in each. Each file is made for such a time period that allows to get a sufficient number of
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points for interpolation/extrapolation for any site of 70-km, 30-km, 4-km zones and buildings or
industrial site of ChNPP. The filename reflects the time period of the data contained.

30-km zone around ChNPP

The DB on 30-km zone that contains 8203 records is divided into 25 data files. ER interpolation
was conducted by means of Surfer 7.0 application package. The Kriging method was used for
interpolation. Kriging is an unbiased, minimum variance method of data interpolation that may or
may not be performed on a regularly spaced grid. The smoothing Kriging version was used. The
point searching method is quadrant without anisotropy. The logarithm of the ER was interpolated,
notthe ER value itself. As mentioned above, this interpolation method, in comparison with ER
interpolation this interpolation method gives better results in high ER gradient conditions {lllychev
et al, 1996]. ER co-ordinates equal records were averaged. Linear and nugget effect models were
used. The models’ parameters were defined right before the interpolation. The grids were of
standard sizes: 100x100 cells (in the RADRUE terms — subframes). For better adjustment of the
interpolation results on 30-km zone with the results on 4-km zone, the initial data (measured ER) on
4-km zone was added to the file of initial data on 30-km zone (taking into account time periods).

Starting from the 141th day till the 615th day after the accident there were not enough ER
measurements within the 30-km zone. Dose estimation for this time period was made basing on
density of the quite long-living radionuclides such as %Ru, *Cs, ¥'Cs and *Ce fall-out. The ER
dynamics was calculated based on already available conversion factors, taking into account the
radionuclides fall-out and ground deepening [lzrael, 1990]. The model of plane unending source
screened by 1-meter air layer was used.

The Kriging method was used for the starting time period and for the later periods the exposure
rates were estimated on fall-out density.

Table5  List of files for interpolation in 30-km, 70-km and 4-km zone, on the industrial site
and ChNPP roofs.

File Period, N
Days
30-km zone around ChNPP
0-3.dat 1-2 225
2-4.dat 3-4 252
4-6.dat 5-6 267
6-8.dat 7-8 503
8-10.dat 9-10 307
10-12.dat 11-12 219
12-15.dat 13-15 397
15-18.dat 16-18 482
18-21.dat 19-21 379
19-24.dat 20-24 439
24-29.dat 25-29 369
27-30.dat 28-30 250
30-40.dat 31-40 325
40-45.dat 41-45 138
45-50.dat 46-50 168
50-55.dat 51-55 118
55-60.dat 56-60 146
60-65.dat 61-65 167
65-75.dat 66-75 394
75-85.dat 76-85 330
85-90.dat 86-90 152
90-110.dat 91-110 461
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File Period, N
Days
110-120.dat 111-120 364
120-130.dat 121-130 512
130-140.dat 131-140 438
70-km zone
1-10.slk 1-10 1679
10-20.slk 11-20 1736
20-30.slk 21-30 871
30-50.slk 31-50 956
50-70.slk 51-70 1165
70-90.slk 71-90 2137
90-110.slk 91-110 770
110-130.slk 111-130 1716
130-150.slk 131-150 1260
150-200.slk 151-200 1317
200-270.slk 201-270 327
270-360.slk 271-360 46
360-450.slk 361-450 48
450-600.slk 451-600 63
4-km zone around ChNPP
bd_4km_1-9 right.dat 1-9 183
bd_4km_10-35_right.dat 10-35 190
bd_4km_35-60_right.dat 36-60 352
bd_4km_ff_60- 61-100 321
100_right.dat
The ChNPP industrial site
prom_0-1 right.dat 1 74
prom_1-2.dat 2 42
prom_2-4.dat 3-4 51
prom_4-14.dat 5-14 86
prom_14-22.dat 15-22 53
prom_22-27.dat 23-27 146
Prom_27-32-right.dat 28-32 157
prom_32-38-r.dat 33-38 238
prom_38-45-r.dat 39-45 328
Prom_45-50-r.dat 46-50 258
Prom_50-60-r.dat 51-60 529
Prom_60-70-r.dat 61-70 303
Prom_70-85.dat 71-85 446
Prom_85-90.dat 86-90 189
Prom_90-120.dat 91-120 286
Prom_120-130.dat 121-130 86
Prom_130-160_right.dat 131-160 40
Prom_350-374_right.dat 351-374 366
Prom_725_right.dat 725 306
The ChNPP roofs
Digit_rad_09 86 right.dat  100-158 527
Digit_rad_10_86_right.dat  159-359 93
Digit_rad_20_04_87_right.  360-387 201
dat
Digit_rad_05 87 right.dat  388-445 255
Roofl.dat 446-615 332
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70-km zone around ChNPP

DB on 70-km zone contains 6888 recordsis divided on 14 data files. For better interpolation results
the DB records on 70-km zone were combined with those of 30-km zone (8203 records). The
filename reflects the time period of the contained data. Table 5 shows the list of files and the
number of points contained in each. Each file is made for a time period that allows getting a
sufficient number of points for any site of 70-km zone. 124 ER values from Table 5 were added to
the last five ER measurements files. These values were calculated using radiation pollution density
by the method described above. They were added because of the lack of ER value records for some
sites of the 70-km zone. The ER interpolation was made using the Surfer 7.0 application package.

4-km zone around ChNPP

The DB on the 4-km zone contains 461 records and data from the industrial site DB. DB is divided
on 4 data files. The list of files and the number of points contained in each are given in Table 5.
Each file is made for such a time period that allows getting a sufficient number of points for any site
of 4-km zone. Kriging interpolation method was applied. Because of insufficient data, a multiple
regression has been used for time period of 101-615 days (till the end of 1987).

ChNPP industrial site

The DB on the ChNPP industrial site contains 3126 records and it is divided on 18 data files. The
filename reflects the time period during which the measurements were made. The list of files and
the number of points contained in each are given in Table 5. Each file is made for such a time
period that allows to get a sufficient number of points for any site of the Industrial Site. Kriging
interpolation method was used. The ChNPP industrial site data were directly used only for
interpolation itself in the time period of 1-160 day after the accident. Starting from day 161 after the
accident, there were only two short time intervals that containedlarge enough number of ER records
from the industrial site. These maps have been used together with days 1-160 maps and by means of
the Excel “trend-function” for estimation of ER dynamics in the period of 161-615 day after the
accident (31 December 1987). Trend-function has also been used for all time intervals with the
exception of the first day of accident.

ChNPP roofs

The DB on the ChNPP roofs contains 1364 records and it is divided on 5 data files. The list of files
and the number of points contained in each are given in Table 5. Unlike industrial site, 4-km, 30-
km, 70-km zone files, the roof files contain ER values that were measured within one workday. The
records on these maps were done accordingly on 4 September and 1 October 1986, 20 April, 18
May and 15 June 1987. Kriging was used for the spatial interpolation of the dose-rates. In the
current RADRUE version, the RE on the roofs is considered to correspond to discrete time periods
as shown in Table 5. Trend-function has also been used for all time intervals.

The rooms of Unit 1 and Unit 2 of the ChNPP

Unlike all other base maps, ER reconstruction in the rooms of Unit 1 and Unit 2 of the ChNPP
needs another approach, because Kriging and other standard interpolation methods work only in
two dimensions. For the inside of the ChNPP building a simple 4-D interpolation method has been
invented. This method is similar to 2-D method of inverse distance zero degree (weight dependence
inversely to a distance in zero degree). There were 3463 measurements inside ChNPP main building
within the 1-220 days interval after the accident. For each point for which an interpolation was
needed, the 5 nearest neighbor records were taken. To find the distance between the points (X1, yi,
z1, t1) and (X2, y2, Z2, t2) the Mahalanobis distance (m) was used.

A different approximation was preferable for later time periods (from 220 days after the accident -1
December 1986) on Unit 4. In this case the exposure dose-rate logarithm P at point with co-
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ordinates (x, y, z, t) is defined by a non-linear interpolation function with empirically fitted
coefficients.

All basic maps of doses rates were reviewed by the panel of experts, guided by A.Tsykalo. Data
was confirmed to be consistent with official documents, as well as with the personal notes of dose-
rate measurements held by the expert.

Dose factors for conversion from air kerma to dose for red bone marrow and thyroid gland

The RADRUE calculation program estimates exposure dose. For the purpose of the epidemiological
study, it was required to estimate the dose to the red bone marrow and to some other specific
organs. Parameters of the distributions of air-kerma to organ-doses ratios were derived.

It was shown that the conversion ratios quasi don’t depend on the time period. Therefore
calculations were done for the 60th day after the accident on the Unit 4 on ChNPP. It was presumed
that radionuclide composition listed in Table 6 was typical for that day. The second and the fourth
columns give the radionuclide’s relative activity (100% is the summary radionuclide’s activity at the
moment of the accident).

From [llyin et al., 1995] it was known that the geometry of irradiation of liquidators can be
considered as a combination of directed, isotropic and rotational irradiation. The contribution of
each geometry depended on the concrete place of work, as well as on whether the activity of the
liquidator in a given place was connected to environmental radioactivity or not. The latter means,
that for the liquidator occupied with cleaning of sources of radioactivity, with radiation survey or
construction of protective barriers, the main geometry of irradiation would be anterior-posterior
since the liquidator is generally facing the main source. In cases when the activity of the liquidator
is not connectedto radioactivity, the geometry of irradiation was assumed to be close to rotational.

Table 6  Nuclide fall-out compound on the 60-th day after the accident.

Radionuclide Activity, % Radionuclide Activity, %

Ba-140 1.0 Pm-147 0.5
Ce-141 1.0 Ru-103/Rh-103M 1.0
Ce-144/Pr-144 2.8 Ru-106/Rh-106 1.7
Cs-134 0.4 Sr-90/Y-90 2.6
Cs-137/Ba-137M 0.8 Zr-95/Nb-95M 1.8
Nb-95 2.7

Based on these considerations, and in order to simplify the calculations, it was decided to allocate
two geometry of irradiation depending on whether the liquidator was on the roofs or not.

On the roofs, the geometry of irradiation was considered a combination of AP and rotational
geometry; in all other cases the geometry of an irradiation was considered as mixture of rotational
and isotropic. It was clear, however, that on the industrial site and on Unit 4 of the ChNPP cases of
AP irradiation were possible; this was solved by postulating a distribution for the conversion
factors, taking into account the likelihood of such irradiations. The chosen distributions and their
parameters are given in Table 7.

Table7  Parameters of dose conversion factors distributions

Organ Everything, except for roofs The roofs

RBM normal distribution; mean=0.72; 6=0.07 normal distribution; mean=0.77;0=0.08
Thyroid Gland  normal distribution; mean=0.80; 0=0.16  lognormal distribution; mean=0.86; =1.34
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The values and distributions of the conversion factors satisfy the following criteria, which were
established after examination of experimental measurements on spatial distributions and spectrums
of radiation [Kotchetkov et al., 1992; Troshin et al., 1992; ICRP, 1975; Jacob et al., 1990]

« the values of dose conversion factors for the roofs [1(RBML and [JTG) is more [Ithan factors
for other places of work,

« the standard deviation of dose conversion factors distributions should be more than 5 % for
TRBM17 and 13 % for(] TG,

o the average valuel] of dose conversion [Ifactors should be in limits from 0.69 till 0.77 for
IRBMI1 and in limits from 0.73 till 1.0 for [ITG,

o the most part of probability of values of [1dose [] conversion factors should fall in the intervals
0.69-0.77 for [IRBM11 and 0.73-1.00 for [1TG, [

« the values of [Idose conversion [Ifactors for [JTG [Jon the average should be greater than those
for[1 RBM,

o the standard deviation for distribution of idose conversion factors [lon the ChNPP roofs
"10Jshould be higher(], than the standard deviation in other places of works,

e 0N average, conditions of irradiation are the closest to rotational geometry, even for roofs
JChNPP, 1]

o the value of [Idose conversion factor [lis higher in places where there was more scattered
radiation.

Dose uncertainty estimation

The RADRUE system includes a program, which consists of two modules: CALCULATOR and
SIMULATOR. CALCULATOR allows the description of the liquidators route, the attribution of
frame describing uncertainties in non-standard situations and also provides central dose estimates.
SIMULATOR automatically calculates dose uncertainties. Below are described the different dose
uncertainty estimations stages.

Uncertainty in the ER estimations

A key assumption in the ER estimations is that the ER values from any liquidator workplace point
are distributed according to a lognormal distribution. This assumption is right with all ER
reconstruction methods: Kriging method, interpolation or extrapolation, estimation based on
available radionuclides fall-out. In accordance with our assumption, the estimation of ER
reconstructed values is associated with a geometric standard deviation Pg.

The GSD estimation procedure is as follows. One ER records was consecutively excluded from
every file. Then the ER value for the excluded point was reconstructed. Then these reconstructed
and measured ER values were compared and the difference between reconstructed ER value
logarithm and measured ER value logarithm was found. The procedure was repeated for the next
point until the procedure was done for all points from current file (each time only one point was
excluded). So if the file contains n experimental points, then a subset of n differences is formed. For
this subset, the GSD value was found and was then used as a parameter of the potential dose
distribution for every point on the base map corresponding to the file used. As the uncertainty of
measured ER value is much less then the uncertainty of the reconstructed ER value this procedure
has been chosen quite properly. The calculated GSD values are given in Table 8. In case of Kriging
interpolation there are several data files for each base map. For this case Table 8 gives average GSD
values. For interpolation, regression extrapolation and 4-D interpolation there is only one file for
each base map. For this case Table 8 gives exact By values.
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Table 8  Estimates of geometric standard deviation, By associated with values of external y-
exposure rate for different sites where liquidators worked, rested or were

transported.
Map type Bg Time of validity, day Method
2.17 3 August — 30 September 1986 Kriging
2.25 1 October 1986 — 19 April 1987 Kriging
2.26 20 April 1987-17 May 1987 Kriging
Roof 2.99 18 May 1987-14 July 1987 Kriging
2.01  After 15 July 1987 Kriging
ChNPP 3.58 26 April 1986 — 1 December 1986 4-D interpolation
building 4,78 2 December 1986 — 31 December 1987  Extrapolation by Regression
2.77  Until 2 October 1986 Kriging
Industrial Site  3.27  After 2 October 1986 Kriging+trend function
2.98 26 April 1986 — 3 August 1986 Kriging
4-km zone
431  After 3 August 1986 Extrapolation by Regression
2.64 26 April 1986 — 12 September 1986 Kriging
30-km zone 1.67  After 12 September 1986 Analitical Formula
70-km zone 2.71 26 April 1986 — 31 December 1987 Kriging

The uncertainty estimation for ER reconstruction through fall-out density was done in a different
way. In this case the records in 30-km zone settlements were chosen at random and ER in these
points was reconstructed based on fall-out density of available isotopic composition. After that, the
uncertainty estimation procedure was no different from that used for the other methods.

Frames uncertainty estimations

Each subframe consists of one grid in a map. For an individual frame, there may be only one
subframe, but for movements there may be many subframes. There obviously exists a spatial
correlation of the exposure rate in one subframe with the exposure rate in another. For the
industrial site and the 30-km zone, for example, the lengths of one of the 10,000 cells in the map
grid are equal to 20 m and 600 m, respectively, and the spatial correlation between exposure rates
in cells assumed to be of an exponential form:

corr(R) = exp(?j ,

3)

where R is the distance between points and k is equal to 500 m and 4000 m, respectively, for the
Industrial zone and the 30-km zone. Thus, the coefficients of correlation for the industrial site and
the 30-km zone were found to be 0.96 and 0.86, respectively. A general value of 0.9 for this
coefficient has been accepted provisionally for all maps.

Let GSD for exposure rate on the current base map be equal to Sy and Sgo=exp(co). Let also the
movement trajectory pass through the series of the “subframes” (grid’s cells) consisting of N
subframes. At first we’ll consider some i-th grid’s cell (pi,gi), where (pi,qi) a couple of numbers,
which define the position of the i-th grid’s cell, in X-direction or in Y-direction, correspondingly.
Let the geometric mean of the exposure corresponding to the part of the trajectory passing through
the chosen i-th cell be equal to Dgpigi and the GSD value of this exposure be equal to the GSD value
of the exposure rate on the current base map, i.e. fg. Then the average dose <Dyigi> for exposure,
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which liquidator receives when passing the subframe (pi,gi) and the standard deviation for this
exposure obpiqi are equal to:

<D, >=Dg,, exp(o; 12), Otpq =[Dgpq - XP(0 /2)] - [exp(og) —1] 4)

gp;

Total frame average dose <D> and total frame standard deviation ob are calculated according to the
following:

N N N 2 2
<D>= Z< DPiCIi > Gé = ZZ(OQ)W *Op Y ! (5)
i=1

Pidi Dp,q,
i=1 j=1
where (pi,gi) and ( p;j,q;) a couple of numbers, which define the position of the i-th and j-th grid cell,
in X-direction or in Y-direction, correspondingly.

Finally (this follows directly from the form (4) while the summary frame dose consider to be a
logarithmically normal value), uncertainty on the whole frame is equal to:

Bx=exp(oy), where ol = In[1+ (22)°] , (6)

<D>

where <D> and op are calculated according to the form (5).

Uncertainty in time spent in various activities

A further source of uncertainty is the amount of time a person spent executing each task or activity
(including resting and sleeping). The dosimetry subcommittee for the epidemiological study
decided to assume the time spent for each task or activity could be described by a uniform
distribution with the distribution centre on the value provided by the interviewed person. The lower
time limit is equal to 0.9 and the upper time limit to 1.1 of the stated time (it is noted that the range
of uncertainties will be broadened for some subjects, based on the level of detail available in the
questionnaire - the epidemiologists are currently working on these distributions).

Note: the duration of the final activity of the day (including resting and sleeping) is not given a
distribution as it is adjusted to make sure that the total duration of the day is 24 hours.

Uncertainty in location factor

For the persons traveling in vehicles or for persons who worked in lead-shielded clothing a
shielding factor (“location factor”) is taken into account by RADRUE in calculating the dose. This
shielding factor was considered to have a normal distribution. The standard deviation was assumed
to have a value equal to 0.25 from the best estimate. The location factors values used by the
RADRUE system are listed in Table 9.

Table9  Location factors values used by the RADRUE system.

Location Factor Location Factor
Man on the open air 1,00 Helicopter, h=100 meters 0,04
Tent 1,00 Adobe (wooden) house 0,11
Motorcycle 1,00 ATC! 0,017
A man in the lead apron 0,67 ALTC? 0,017
Car 0,50 Country brick house (cottage) 0,07
Bus 0,29 Brick multi-storey building 0,03
Truck 0,29 Reinforced concrete multi-storey building 0,03
Helicopter, h=10 meters 0,36 EOCM? 0,01
Helicopter, h=20 meters 0,14 CEFM* 0,01
Helicopter, h=30 meters 0,11 Bathyscaph® 0,0005
Helicopter, h=50 meters 0,08 Demag® 0,0003

1) armoured troop-carrier,
2) armoured landing troop-carrier,
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%) engineering obstacle clearing machine,

#) chemical exploring fighting machine,

%) Exploring device used for the high ER values conditions moving by means of the lifting crane «Demag».
8)The operator’s workplace on the lifting crane «Demagy.

Uncertainty due to special situations

There were additional uncertainties in liquidator’s dose estimations when the liquidator could not
recall the dates of a mission, the location of his workplace or the number of repetitions of this or
that activity when working on AR. For these cases rules were developed in RADRUE, which the
experts had to obey when entering initial data into the computer. These rules are specified as
experts’ instruction in the Operation Manual. If the beginning work date is known roughly (with +kp
days error) and the ending work date is known roughly (tke), then the SGD value Sy will be
increased:

B, =0.5- B, -[exp(0.02-k,) +exp(0.02-k,)] @)

The form (7) was found by means of the regression analysis of the ER time dependences in
different 30-km zone points and was extended on all other base maps.

Correlations in RADRUE

An episode dose is a summary of separate frame doses, which are taken in RADRUE as random
values.

Frame parameters can be unambiguously defied through a subset of 4 numbers (values): (N1, N2, N3,
Na), where Ni- the mission number, N2 — episode number, N3 —frame sequence number. Na
characterises parameter type: exposure dose-rate P, task time T or the location factor value ShF. If
Ns4=1, then it is equal to P, if N4=2, then it is equal to T, if N4=3, then it is equal to ShF. If we have
two parameters subsets for two frames (N1 ,N2 ,N3 ,N4) and (N1", N2, N3", N4, then correlation
coefficient for either pair of these frames —  ~i.~z.~s.o~s o are calculated based on the rules

N;.N> ,Ns,N
summarized in Figure 10.

If a person goes on more than one mission, there is generally a substantial separation in time
between the missions, and typically the missions are also separated geographically. Therefore, the
assumption is made that there is no correlation among the exposures received during different
missions. That is, the correlation coefficient is set equal to 0.

For the performance of a single episode, there may be many frames involved. For the purpose of
the simulation, it is assumed that the exposure rates in all frames except the one(s) for the resting
and sleeping period(s) are perfectly correlated.

If a person performs the same episode multiple times during the same mission, then the assumption
is made that the exposure rates experienced are perfectly correlated, that is, the correlation
coefficient is assumed equal to 1.0. It is also assumed that the values of the shielding factors in the
simulation are correlated perfectly. However, a separate simulation is performed for the duration of
the activity for each day the activity was repeated.

If a person performs different types of episodes during the same mission, it is assumed that the
correlation among the different types of episodes is equal to 0.

3 SEAD method

The alternative dose reconstruction method considered in this project, SEAD, relies on the use of
determinant analysis, taking into account the answers of the liquidator to the questionnaire. In this
method, liquidators are classified according to the period in which they worked and the institution
which sent them to the Chernobyl area in order to derive more uniform groupings (categories) of
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individuals with similar working conditions and dosimetry control (factors which are determinant
for dose formation), e.g. drivers, dosimetrists, management etc.

Then, a set of parameters (factors) which may influence the dose within the group needs to be
determined. Factors to be considered include: time of beginning of clean-up activities, type of work
in the Chernobyl area, organization which sent the liquidator to the zone, place and duration of
work, personal perception of exposure, attitude to the performed task. The reliability of answers
obtained from the questionnaire is assessed by experts familiar with the work and taken into
account in this step.

The dose D received by a liquidator is determined as a function of these factors as follows:
In(pD) + pD=f1+ f2+ ... fn

The parameters of this function are estimated by fitting this model to data on specific liquidators
under study for whom individual dose measurements are available. Since each category of
liquidators has its own peculiarities, “calibration” of the factors needs to be performed separately
for each category.

Initially SEAD method was using the same weights for all of the modifying factors. Later the
method was improved by allowing assigning different weights for the different modification factors.
Different sets of values of the weight were assessed (see Table 10) and a new SEAD software was
created.

Good agreement was initially demonstrated between SEAD with new weights and other dose
estimates. This agreement, however, was based on estimation of the weights on the subjects on
whom the method was being tested. Despite extensive searches, no sufficiently large and detailed
databases had been found to allow the independent estimation of the importance of the different
modifying factors.

Following extensive discussions, it was decided to abandon the SEAD method for two reasons:

e in its current form, the method had a tendency to regress all dose estimates towards the mean of
the distribution in that group (this is normal as the distribution of doses in each *“group” of
liquidators was characterized and subjects are initially assigned the geometric average, and then
their dose may be increased or decreased by the expert depending on a number of factors)

e absence of independent data to estimate the weights given to the modifying factors.

Table 10 Factor weights for different variations in SEAD

Factor Weights

N~ Name of variant 1 2 3 4 5 6 7 8 9 10 11 12

1 Method of Likert 1 1 1 1 1 1 1 1 1 1 1 1

2 Automation xI1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12

3 Likert without psi- 1 1 1 1 1 1 1 0 0 0 0 1

factors

4 ADR 0 0 0 0 1 1 0 0 0 0 0 0

5 DEA 0 0 0 0 0 0 0 0 0 0 0 1

6 Regression 1/4 0 1 0 1 0 0 0 0 0 0 1

7  DirectiontRegression 1/2 1/2 1 12 1 1/2 12 0 0 0 0 1
1)

8 Direction+Regression 1/4 1/4 1 14 1 1/4 1/4 0 0 0 0 1
(2)

9 Correlation model 14 14 1 14 1 1/4 14 O 0 0 0 1
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For multiple times episode the exposure rates
perfectly correlated. The shielding factors too.
However, a separate simulation is performed for the
duration of the activity for each day the activity was
repeated.

N2#N2' (multi episodes)

N1=N1'
N1#N1'
N2=N2' (uniaue episode)
vCC=0 N2#N2' (different episodes)
/ N3=N3'
VY CC=0 Na#N3'

vVCC=1 —— Ns=1 N2=N4' NNy
; 4=Ng
N2#N4'
Nazl Na=N4' /
vVCC=1
VYCC=0

Vv CC=0 vCC=0

Figure 10 Rules for the correlation coefficients

4  Validation of RADRUE and SEAD methods

A number of validations were carried out to assess the adequacy of the methods, by applying them
to various sets of liquidators with reliable alternative doses estimates:

These validations involved identification of liquidators with reliable dose estimates, tracing of these
subjects, interviewing those willing to participate using the case-control study questionnaire and
application of the initial ADR, SEAD and RADRUE methods to the calculation of their individual
doses.

The “gold standard” used depended on the group of liquidators: official dose records or doses
reconstructed by method of measuring electron spin resonance signals, induced by the liquidators’
tooth enamel. The EPR method is sensitive to influence of X-rays, therefore efforts had been made
to identify persons who did not have prior dental X-rays and history of occupational radiation
exposures. However, high EPR doses were found for some liquidators who, on the basis of the
questionnaire data provided, were unlikely to have received such doses. EPR techniques were
improved by separating the enamel into buccal and lingual parts. EPR doses were then measured for
both parts separately. If the doses for the two parts of the teeth were significantly different, it was an
indication, that person received significant dental X-rays dose. It helped to trace liquidators with the
high prior dental X-rays dose and to exclude such tooth from the analysis.
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The first set of validations showed that ADR (the predecessor to RADRUE) and SEAD methods
performed reasonably well for liquidators who were professional radiation workers (Figure 11).
Note that this is the group of liquidators for whom the method was initially developed.

For Military liquidators, the agreement between the reconstructed doses and the official doses was
not good — particularly for ADR (ILLin Fig. 12). For civilian liquidators, there was little relation
between the SEAD and ADR doses and the EPR doses (Fig. 13). The EPR doses shown here were
assessed without separation of the teeth to the buccal and lingual parts.

Specific cases with large differences were explored and discussed. Validation enabled to reveal and
correct number of problems (for example the ADR method did not consider dose received by

military personnel in places where they slept).

Figure 11 Professional: Correlation SEAD dose, ADR (ILL) dose and DVO (device

measurements)
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Figure 12 Military liquidators: Correlation SEAD , ADR and DVO

Figure 13 Civilians: comparison of SEAD, ADR (ILL 1 & 2) and EPR doses
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When RADRUE was developed, dose estimated by this method were validated on the liquidators’
with instrumental measurements as well. For a large part of the Russian liquidators official dose
records were available. A comparison of RADRUE with recorded doses is presented in Figure 14.
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Figure 14 Comparison chart of the RADRUE and official doses from Russian registry for
some of study subjects.

It can be seen satisfactory agreement between official doses from Russian registry and RADRUE
estimates. RADRUE tends to overestimate high doses, compared to official dose records. It is
noted, however, that the adequacy of the registered doses is under question. A system of dose
constraints for the maximum daily dose was proposed to be introduced in the RADRUE estimates,
reflecting the radiation protection practices at the time of the work of liquidators. This may improve
the correlation with recorded doses. The rules for the application of these constraints are under

development.

Further comparisons with dose estimated with EPR among Ukrainian workers are underway in a
parallel project and will be available shortly. It should be noted, however, that comparisons with
EPR are limited by the sensitivity of the method (sensitivity level of about 100 mGy).

Despite the absence of a satisfactory gold standard (in the range of dose under study) to validated
RADRUE, it was decided that, once the internal consistency of the RADRUE was completely
checked (as was done during the project — see Task 4), the epidemiological study would rely on
dose estimates calculated with RADRUE, which is a logical, consistent and reproducible approach
to the reconstruction of doses, based on extensive validated data on exposure rates and ER as

described under Task 1.
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5 Methods for thyroid dose assessment

In addition to the liquidators’ external thyroid dose estimates, calculated by RADRUE, internal
thyroid exposure doses were evaluated as well for the case-control study of thyroid cancer. An
initial screening of liquidators was made to identify those for whom reconstruction of internal
thyroid exposure doses was necessary. They were:

e Russian liquidators who took part in the clean-up in the first weeks after the accident (until June
20 1986)
e Belarussian liquidators who resided in contaminated territories of Belarus

Others were assumed not to have received a significant internal thyroid exposure dose.

Intake of KI pills and other protective measures was taken into account according to approaches
described in the Operations Manual, Annex 1 [Gavrilin et al., 2001].

Study subjects with a potential for exposure, were further subdivided into three groups according to
the main model of 3! intake:

3. Liquidators who worked only at the Chernobyl NPP;

4. Liquidators who worked only in settlements located within the 30-km zone and did not work at
the Chernobyl NPP;

5. Liquidators who worked in settlements located within the 30-km zone and at the Chernobyl
NPP.

Liquidators who worked only at the Chernobyl NPP

For the liquidators included in this group, thyroid dose assessment is carried out according to the
methodology of Styro et al [1992], assuming inhalation intake of *3I. That 3! intake is considered
to be typical for the liquidators who worked at the Chernobyl NPP in the period from April 26 to
May 5, 1986. These liquidators are thought to have little or no dose from ingestion of 3| as they
did not consume milk, milk products, and leafy vegetables during their work at the ChNPP.

In late April/early May 1986 and again in late May 1986, direct gamma spectrometry of the thyroid
was made for approximately 700 liquidators (including workers of the ChNPP and about 100 other
persons in the 30 km zone) at their temporary place of residence during the clean-up operations. In
addition, about 300 direct thyroid measurements were also made in Clinic No.6 on “accident
victims” (liquidators who participated in the very early emergency operations and were hospitalized
in Moscow for radiation sickness). Some of the measurements were made on the same persons on
different times, thus allowing a better estimation of the actual incorporated dose from iodine and
other short-lived isotopes. Information on itineraries, time of work and use of stable iodine
prophylaxis was obtained by questionnaire at the time of the measurement on a large number of
these liquidators. Results of analyses of urinary excretion of 3!l are also available for some
liquidators

Thyroid dose estimation for these people is based on available data on dynamics of concentration of
radionuclides [Styro et al, 1992] (especially of *3) in air above the damaged reactor as well as at
different directions from ChNPP at the altitudes of 200-1300m (Figure 15),

It follows from the data, presented in Figure 15 that dynamics of concentration of 3!l (C) in air
above the reactor can be fitted by equation:

C =417 x exp(-0.135xt), (T12=5.13 days) (8)
where tis counted from April 28, 1986.

Comparison of data in Figure 15 with available data on dynamics of concentration of 31 in ground-
level air at the place located at 140 km to south direction from ChNPP as well as with data on
dynamics of concentration of $3’Cs and ***Cs in ground-level air at Berezin national park of Belarus

27



RECONSTRUCTION OF DOSES FOR CHERNOBYL LIQUIDATORS

shows good agreement of peaks and minimum values of daily radionuclide concentrations at least
from May 5, 1986. This agreement supports the hypothesis that contamination of ground-level air in
the vicinities of the reactor since May 5, 1986 was due to radionuclides coming from upper air
layers rather than from release of radionuclides from the reactor.
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Figure 15 Dynamics of concentration of 13!l in air above the damaged reactor in April-June
1986.

In such case it is assumed that dynamics of inhalation intake of radioiodine to the liquidators who
worked at ChNPP and around it would be correlated with (on average) the dynamics of
concentration of 3| above the reactor. To calculate thyroid doses it is thus assumed that the
concentrations of 3 in air of the rooms of ChNPP, in ground-level air in the vicinities of the
reactor (10 km around the reactor) including Pripyat town since May 5, 1986 were equal to
averaged values of concentration of 311 (C) above the reactor. Time variation is also described with
equation.7.

The estimates of thyroid dose for the liquidators in this group are calculated as follows (note: this
correspond to the maximum values of possible thyroid dose):

D=CxYxHxSxvxFnxKixKz Gy (8)

where Y is number of days of work in episode;

H is number of hours of work during a day;

S is number of seconds in an hour (5=3600 s h%);

v is breathing rate for an adult person, v = 2.8x10* m® s;

Fg is inhalation dose coefficient for an adult person, Fq = 2.8x107 Gy Bq'*;

K1 is coefficient accounting for iodine prophylaxis (K1 ~ 0.043 under prolonged
consumption of potassium iodide pills);

Kz is coefficient accounting for presence in the air of hardly absorbed fractions of iodine
(K2 = 3).

Insertion of Kz is explained by the fact that only aerosol filter was used under aircraft sampling
above the reactor and other territories of the former USSR. That filter does not catch hardly
absorbed fractions of iodine. The use of respirators was not taken into account, because of their low
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efficiency, especially in case of presence in air of hardly absorbed fractions of iodine [Styro et al,
1992].

Liquidators who worked only in settlements located within the 30-km zone and did not work at
the Chernobyl NPP

For Belarus liquidators included into this group the following procedure was used. If a liquidator
worked and lived in a non-evacuated settlement, the individual thyroid dose was estimated to be the
average thyroid dose for the adult population in the settlement considered.

The average thyroid dose for adult population in this settlement was estimated according to
available “passport” for that settlement, or (in case such “passport” is absent) by use of a modified
semiempirical model as described in the operations manual [Gavrilin et al, 2001]. An average
consumption rate (0.7 L d) of milk typical for adult Belarus population was accepted for dose
calculation. If the liquidator worked in several non-evacuated settlements, then the total thyroid
exposure was calculated as a sum of the separate doses (inhalation and ingestion), received in each
settlement taking into account the length of time that the liquidator worked there.

If the liquidator served with the military or any other large organization and lived in non-evacuated
settlement, but worked in an evacuated settlement, the milk consumption rate, Vmik, was
determined as follows:

Vil = (X/24) x 0.7  Ld* 9)
where X is time spent by the liquidator in non-evacuated settlement.

If the liquidator served in a civilian organization (especially if such organization was small) and
lived in non-evacuated settlement, but worked in an evacuated settlement, the milk consumption
rate should be accepted to be equal to 0.7 L d, assuming that he took milk with himself for his
work.

If the liquidator lived and worked in an evacuated settlement, then no intake of contaminated milk
is assumed. In such case total dose is a sum of inhalation doses received in each settlement where
he lived and worked.

For non-Belarus liquidators included this group, the presumption is that they did not have any
significant thyroid dose other than through inhalation exposure. This is because they did not come
from contaminated territories, and they are presumed to have consumed clean food during their
period of working within the 30-km zone. Their inhalation dose was calculated as for the first group
of liquidators.

Liguidators who worked in settlements located within the 30-km zone and at the Chernobyl NPP

For the liquidators included in this group, their thyroid dose estimate was calculated to be the sum
of two contributions: (1) during the work at the Chernobyl NPP, and (2) during residence and work
within the 30-km zone.

Radiation dose not related to the work as a Chernobyl liquidator

Due to the wide-scale contamination of Belarusian territory following the Chernobyl accident,
liquidators from Belarus have received radiation doses not only related to work as a Chernobyl
liquidator but also related to their residential status. This is a peculiarity of Belarusian liquidators in
comparison with subjects of study from Baltic States and Russia. Radiation doses to Belarusian
liquidators were therefore estimated for the following pathways and radionuclides:

e Internal dose from 13! inhalation and ingestion for Belarusian subject, applying the same
method as for the liquidators who worked in settlements located within the 30-km operations
manual [Gavrilin et al, 2001];
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e External dose to thyroid from deposited radionuclides [Drozdovitch et al. 2003; Minenko et al.
2002].

Task 3 - Collection of data for validation of dose reconstruction method
—interviews of persons with dose estimates

Information on work history was obtained for the study subjects from a detailed questionnaire
covering aspects of the time, place, type and condition of work in the Chernobyl area (Annex 2).
This questionnaire was prepared as a collaborative effort between dosimetrists, radiation protection
experts, persons familiar with the organisation of work in the Chernobyl area and epidemiologists.
It was successfully tested on 120 liquidators (half professional workers and half military) to ensure
that the questions were clear and answerable and that all the information needed in principle by
dosimetrists for dose reconstruction could be obtained. Specific sections (2, 3 and 4) of the history
of work had to be completed respectively for each mission on which the subject was sent and for
each episode of work within each mission. Spare sets of sections 2-4 were provided to the
interviewer for this purpose.

The case-control studies of leukaemia and NHL and of thyroid cancer were extended to the
populations of Baltic country liquidators in order to test the adequacy of the dose reconstruction
method developed in Task 2. A workshop was therefore held in Tallinn (Estonia) on 15-16 May
2000 to train the interviewers for the case-control study in Estonia, Latvia and Lithuania. This
workshop included interviewers, principal investigators as well as faculty from IARC and the
Institute of Biophysics. Practical training of the interviewers took place on the second training day:
four volunteer interviewees participated in the workshop and were interviewed by the interviewers.
The completed practice interviews were then analysed by the lecturers and the results discussed
with the interviewers.

Standardised description and explanation of terms used in the study questionnaire which may be
difficult for some interviewees to understand were provided in an Interviewer Instructions
Document, together with specific instructions related to specific questions. To assist the study
subject and the interviewer in obtaining the most precise and correct information about the subject’s
work in the Chernobyl area, the interviewer was also provided with a Booklet (Annex 3) including
detailed maps, photographs, a glossary of Chernobyl “jargon”, a historical review of events which
took place in the clean-up of the accident, a list of organisations involved as well as detailed lists of
settlements within and outside the 30 km zone around the plant, in which subjects may have
resided, worked or rested.

If the case has died, the next of kin (the spouse, brother or sister or child of the liquidator) was
found where possible, interviewed and asked about the name of colleagues who worked with the
subject in the Chernobyl area. One of these colleagues should then have been contacted and asked
to answer questions from section 2-4 of the questionnaire concerning the history and conditions of
work as a liquidator. The identity of the respondent was clearly indicated.

1 Extension of the case-control study to Baltic countries

16 retrospective cases of leukaemia and NHL among liquidators from the Baltic countries were
identified during a cohort study of cancer risk among the Baltic liquidators, coordinated by the
National Cancer Institute, USA, and Finnish Cancer Registry (hereafter — the Baltic cohort study).
The procedure was similar in the three countries — all cases diagnosed in 1990-1998 were identified
through the cancer registries in Estonia, Latvia and Lithuania, which cover the three entire
countries, using record linkage techniques. No prospective cases have been identified in the Baltic
countries (numbers of the liquidators in these countries are very small and one-year period was too
short for diseases of interest to occur in the study population).
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In Estonia, two retrospective cases of thyroid cancer were detected through thyroid screening
carried out in 1995 (Inskip et al, 1997). In Latvia and Lithuania, where specialised medical care
centres for Chernobyl liquidators were set-up (in Lithuania operated until 1998), and the ultrasound
examination of thyroid gland is a regular procedure of the annual health check-up, 4 thyroid cancer
cases were diagnosed during their regular medical examinations. Two prospective cases were
identified in Latvia in 2000, also during the annual health check-up. No prospective cases were
identified in Estonia and Lithuania. In all, 8 thyroid cancer cases were included in the study.

To maximise the statistical power, 4 controls were interviewed for each case (hence 64 for the
leukaemia and NHL study and 32 for the thyroid cancer study). In a first step, potential cases were
selected at random from the roster of the study population using a random numbers generator,
among all liquidators of the same age as the case (within 1 year). The controls had to be alive at the
time of the diagnosis of the case to which they were matched in order to minimise selection bias.
For each potential control selected, information on their names, gender, date of birth, address at the
time of registration and most recent address registered were abstracted from the lists of Chernobyl
liquidators rosters available in the national cancer registries in Latvia and Lithuania and at the
Institute of Experimental and Clinical Medicine in Estonia. They include the current address of the
liquidator, which was used for mailing questionnaires during the Baltic cohort study and obtained
from all available sources - address bureaus, population registries, migration offices, Chernobyl
liquidators’ non-governmental organizations, local medical and social welfare institutions.

The most recent address of the cases and potential controls was available from the lists of
Chernobyl liquidators (see above). When a potential study subject’s address was changed, attempts
were made to trace the new address through the population registry (formerly known as “address
bureau’), as was previously done in epidemiological studies in Baltic countries [Tekkel et al, 1987].

Once the current address of the cases and potential controls was obtained, primary contact was
made by letter signed by the principal investigator in the study. In Latvia and Lithuania, the
interviewers contacted the majority of study subjects also by telephone, explained about the study
and asked to participate. If a study subject agreed to participate then an appointment for interview
was made - either at home or at the Institute of Experimental Medicine in Tallinn, the Latvian
Centre of Oncology, the Lithuanian Cancer Registry or the offices of the local Chernobyl
Movement Committee in Lithuania. Every effort was made to maximise the participation rate. If the
subject did not answer within 3 weeks (1 week in Estonia), therefore, a reminder letter was sent. If a
case refused to take part in the study, this was noted and the reason specified. If a control refused to
take part in the study, he or she was replaced by another one until four controls were interviewed
for each case. If any of the selected controls could not be interviewed, the reason was specified.

Information from previous questionnaire

Sixty-one liquidators from the Baltic countries included in the case-control study were previously
interviewed in the cohort study of Baltic liquidators, coordinated by NCI. As some of the questions
in the previous cohort study questionnaire are similar to those in the case-control questionnaire, this
re-interviewing allowed the evaluation of the reliability and replicability of answers to the
questionnaire. The comparison was done in the following steps:

e ldentification of study subjects interviewed in both studies;

e Retrieval of information from questionnaire (duration, dates of mission, type of work, anything
relevant to the mission);

e Cross-checking of the answers to the similar questions from both questionnaires using kappa
test for agreement.
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Biological dosimetry data

Blood samples from majority of Estonian study subjects and from part of the subjects in the Latvian
and Lithuanian cohorts have been collected previously for the Baltic cohort study. Biodosimetry
using two biological markers of exposure, namely, fluorescence in situ hybridisation (FISH) for
translocation analysis and the glycophorin A (GPA) somatic cell mutation assay has been applied
on a number of collected samples in several laboratories [Bighee et al, 1996; 1997; Inskip et al,
1997]. Though overall results of the biodosimetric assays suggested that the average radiation
exposure of the Baltic liquidators did not greatly exceed 10 cGy, the minimum level at which
radiation effects might be detectable by the assays, it was expected that some of the individuals
included in the case-control study could have received doses higher than 10 cGy. The case-control
subjects, who donated their blood samples for biodosimetry during the Baltic cohort study, were
identified and the results of GPA and FISH assays compared with RADRUE predictions for the
same subjects.

2 Additional interviews in Russia and Ukraine

Additional information for validation was also collected from Russia by interviewing cases and
controls within a subcohort of the professional radiation workers who were employed by the
Ministry of Atomic Energy (MAE) and are registered by this Ministry. The doses of these
liquidators were measured directly with the use of personal dosimeters and the dosimetric data are
supposed to be included in the archives of the MAE. Twelve cases were identified from the clinics
of the MAE and four controls were interviewed for each case (i.e. 48 controls), selected at random
from the list of liquidators registered by the MAE. It was found out during the study, however, that
the dosimetric data in the archives was incomplete and usable dose estimates could not be obtained
in the framework of this project.

52 professional radiation workers with good quality instrumental dosimetry were also interviewed
using the case-control study questionnaire. Both SEAD and the ADR method (the predecessor to
the final RADUE) were used to estimate their dose, which was compared to the dose recorded by
filmbadges and/or TLD (Figure 11 — see Task 2, above) in order to inform the choice of dose
reconstruction approach.

50 military liquidators from Russia were also interviewed and their SEAD and ADR doses
estimated. For these liquidators, good records on dates, place and type of work are kept by Military
Registry (maintained by the Military Medical Academy in St Petersburg) and time and motion
studies have been used by the military at the time of the work to estimate doses. The SEAD and
ADR were therefore compared to the official military doses to inform the choice of dose
reconstruction approach (Figure 12 — see Task 2, above).

Finally 50 military reservists and 41 civilian liquidators sent on mission, were also chosen at
random among Ukrainian subjects for whom samples of dental enamel are available and EPR
dosimetry has been carried out at the Scientific Centre for Radiation Medicine in Kiev. These
liquidators, once identified, were traced and interviewed using the case-control study questionnaire.
Their SEAD and ADR doses are compared to EPR in Figure 13 (Task 2, above).

3 Evaluation of reliability and replicability of answers to the questionnaire

Twenty subjects were included in the Estonian study, 65 in Lithuania, 35 in Latvia and 60 in Russia.
Their distribution by case and control status is shown in Tables 11 and 12, respectively for
leukaemia and NHL and for thyroid cancer.

Table 11 Distribution of subjects by country and case-control status — Leukemia and NHL

Status Russia Estonia Latvia Lithuania Total
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Status Russia Estonia Latvia Lithuania Total

Case 6 2 3 11 20
Control 24 8 12 44 80
Total 30 10 15 55 100

Table 12 Distribution of cases and controls by country — Thyroid cancer study

Status  Russia Estonia Latvia Lithuania Total

Case 6 2 4 2 9
Control 24 8 16 8 36
Total 30 10 20 10 45

Out of the 145 subjects interviewed, 61 were found to have also responded to the Baltic
country/NCI cohort study questionnaire.

Information on demographic variables (date of birth) shows very good agreement between the case-
control and Baltic/NCI cohort study questionnaires.

Many of the questions differed slightly (in the way they were formulated and in the choice and
groupings of answers) and hence comparisons are not always possible.

Table 13 summarises differences in answers between the two studies related to dates of start or
ending of mission. The great majority of answers are in agreement (within one week). In some
cases, information was available in the case-control study from official documents on the dates of
start and stop of mission and in these cases the answer in the case-control questionnaire was in
agreement with the dates on these documents. It should be noted that the duration of missions in the
Baltic country cohort study was from the date the liquidator left his home to the date he returned,
while in the case-control study, only the period of actual stay in the Chernobyl area was considered.
This may explain some of the differences in end dates reported.

Table 13 Comparison of dates of start of mission between NCI and IARC questionnaires

Differences between answers to NCI and IARC questionnaires (date of mission
IARC- date of mission NCI, in days)

) ) ) 0 (+) (+) )
> 1 lweekto 1dayto ldaytol 1weekto >1month
month 1 month 1 week week 1 month
Start date of mission 2 3 9 30 9 3 4
End date of mission 2 3 4 35 7 6 2

Overall, information on the location of work in the Chernobyl area (70 km zone) agrees only
partially between the two questionnaires. 7 are in perfect agreement; for 26 subjects, the agreement
is partial (in the majority of cases this is due to the fact that more settlements are listed in the IARC
questionnaire); for 20 subjects a disagreement is observed, but is difficult to interpret as the NCI
questionnaire did not differentiate between places of work and residence. The information collected
with the case-control questionnaire tends to be more detailed than in the cohort study questionnaire.
This is most likely related to the much more detailed questions about work in the case-control study
and to the use of maps, lists of settlements and other documents designed to assist the liquidator in
reconstructing his history of work at the time. It is noted however that, in a few instances, the

33



RECONSTRUCTION OF DOSES FOR CHERNOBYL LIQUIDATORS

liquidator answered the name of a settlement in the cohort study but could not give a precise name
in the case-control study; this is most likely related to the time that has passed since the accident
and the greater difficulty in remembering the details in the later study (the cohort study
questionnaire was administered in the period 1993-1996, depending on the country, while the case-
control study interviews were carried out in 2000-2002).

Agreement is complete for the question concerning the organisation that sent the liquidator to the
Chernobyl area (Table 14).

Table 14 Comparison of answers concerning organisation which sent the subject to the
Chernobyl area between NCI and IARC questionnaires

IARC Regulararmy  Military reserve office  NIM/KGB  Other  Missing

NCI

Regular army 0 0 0 0 0
Military training ex. 0 60 0 0 0
Hired/contract work 0 0 0 1 0
Other 0 0 0 0 0
Missing 0 0 0 0 0

Out of 61 subjects who answered they had used protective measures, agreement was reasonable for
use of masks (only 10 subjects reported having used a mask in one of the questionnaire but not in
the other); it was less good for the use of gloves (18 subjects gave conflicting answers).

There was complete agreement concerning the activities carried out as a liquidator for 21 of the
subjects; the agreement was good (but not complete) for 34 more subjects — it should be noted that
the IARC questionnaire is more detailed than the NCI questionnaire and hence lists activities which
are not included in the later -. Disagreement was noted only for 5 subjects (including one for whom
a proxy was interviewed); in addition, one subject listed activities in the IARC questionnaire but not
in the NCI one. Overall, the agreement in the main activities is quite good. Again, the case-control
study questionnaire is much more detailed concerning type and conditions of work than the cohort
study questionnaire.

Concerning the use of stable iodine prophylaxis, agreement was reasonable: 42 out of 53 subjects
who answered the question gave the same answer in both questionnaires.

Concerning doses assigned at the time of the accident, 3 out of the 18 subjects who showed their
official dose documents had reported a different dose in the cohort study. Two out of the three had a
10-fold difference in dose, probably reflecting the fact that the liquidator reported his dose in the
wrong unit in the cohort study questionnaire.

For those who could not show an official dose document (forgotten or not issued), 38 out of 43 did
not report a dose in the case-control questionnaire. The doses were the same for 3 out of the five
liquidators who reported a dose in that questionnaire. It is noted that 12 subjects reported a dose in
the cohort study questionnaire but not in the case-control study.

Biological dosimetry and RADRUE

Fifteen cases-control study subjects were identified to be MN heterozygotes and GPA assay could
therefore be performed during the Baltic cohort study: on 2 liquidators from Estonia, 4 from Latvia
and 9 from Lithuania. Frequency of erythrocyte variants, expressing GPA allele-loss (N/@) or GPA
allele-loss and duplication (N/N) phenotypes, which in previous studies have been found to be
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correlated with radiation dose, was compared with the RADRUE doses for the same individuals
(Figure 16).

Blood for translocation analyses was previously taken from 3 liquidators from Estonia included in
the case-control study. Because stable types of chromosome aberrations in lymphocytes are
considered to be the most relevant marker for exposure to ionising radiation, the comparison
between translocation frequencies and RADRUE predictions was performed. No correlation was
found between RADRUE doses and translocation frequencies.

The absence of correlation between RADRUE and GPA and FISH is not surprising and does not
invalidate the use of RADRUE for dose reconstruction. Indeed, the minimum level at which
radiation effects might be detectable by these assays is of the order of 100 mGy. Only two of the
subjects in the case-control study for whom GPA results are available had received doses estimated
to be above this level by RADUE. Even at this level, uncertainties in GPA are very large.

Comparison GPA and RBM RADRUE doses
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Figure 16 Comparison between RADRUE doses and GPA results.

Task 4 - Reconstruction of dose and uncertainty for study subjects

1 Processing of questionnaire data and entering of data into RADRUE software

Following the development, testing, optimization and systematization of the RADRUE method, a
decision was made to base the dose calculations for subjects in the case-control studies on this
method.

The dose reconstruction procedure consisted of the following steps:

a) assembling of personal file and recording it into RADRUE database: available information
(primarily from the questionnaire) was analyzed by a team of experts and entered into RADRUE
software for the calculations of liquidators’ external exposure doses.

b) _quality control of the dose calculations: a small subcommittee of experts review and check all of
the dose estimates.

Data from the questionnaires in the previous European Union funded case-control studies were sent
to the experts for analysis and data calculation. The data sent was in the form of computerized files,
containing only the information from sections 2-4 of the questionnaire (i.e. history and conditions of
work of the liquidator). No information on case/control status of the liquidator was sent to the
experts.

Two experts from Ukraine (led by Dr. A. Tsykalo) and two from Belarus (led by by Dr. A.
Mirkhaidarov) were chosen to analyse the questionnaires and extract information on the liquidators’
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routes for entry into RADRUE. The Ukrainian experts, who had previously worked for the
dosimetry department of the ChNPP and were very familiar with exposure conditions on the
industrial site and in the Ukrainian part of the 30 km zone around the plant, were responsible for
dose calculation of liquidators from Russia and the Baltic countries. The Belarus experts focused on
dose reconstruction for Belarus liquidators who, because of the proximity to their residences to
Chernobyl generally worked in the Belarus part of the 30 km zone and had activities of a different
nature than that of liquidators of other nationalities. In the case a Belarussian liquidator had worked
on the industrial site, the questionnaire data for that part of the work was sent to the Ukrainian
experts who calculated the relevant dose.

Detailed instructions were provided to these experts (see Operations Manual in Annex 1) and a
number of meeting were held to review possible errors in interpretation of the questionnaire data
and/or in describing the liquidators missions, episodes, frames, etc. The manual describes the rules
to be applied, which all experts had to follow strictly. In cases where the experts needed to make
personal decision or completely disagreed with the data in the questionnaire, they entered their best
evaluation of the work conditions and were ask to document it extensively in the remarks sections
of RARDUE. All such disagreements had to be reviewed and proved by the panel of experts
afterwards.

The main issue of concern was the possibility that interpretation of the questionnaire data may be
subjective and hence that the dose reconstruction may not be reproducible. Because of this, dose
reconstruction was done independently by two (and in some cases three) experts for a 5% sample of
all subjects and resulting dose estimations compared. Some of these meetings and exercised
revealed features which were not clear in the RADRUE and this software was updated for clarity
and user friendliness. Frequent communications took place between the experts and Dr Krjuchkov,
who had developed the method, as well as staff at IARC in Lyon who reviewed the doses calculated
and checked their internal consistency. During the course of the dose assessment, experts from the
Institute of Biophysics in Moscow and the Ukrainian Institute for Radiation Medicine were
reviewing the work of the experts and discussing errors and inconsistencies at periodic meetings
held in Kiev, Gomel and Moscow.

In all, the Ukrainian team assessed doses for 310 Russian and Baltic’s liquidators, and the Belarus
experts for the 464 Belarusian liquidators. In the dose reconstruction all experts used the same
RADRUE method and the same software.

Monte Carlo simulations were performed at IARC for the evaluation of the uncertainties of the dose
estimates by the specialized computer software program. The computer program for the uncertainty
evaluation was created according to methodology under Task 2.

During the course of the dose assessment, experts from the Institute of Biophysics in Moscow and
the Ukrainian Institute for Radiation Medicine were reviewing the work of the experts and
discussing errors and inconsistencies at periodic meetings held in Kiev, Gomel and Moscow.

As indicated under Task 2, there were a small number of liquidators for whom it was not possible to
apply RADRUE due to the incomplete nature of the information provided in the questionnaire. For
these, an average dose and associated uncertainty were assessed by the SEAD method and the
information directly entered into RADRUE. Again, when applying SEAD, experts had strict rules to
follow, which are described in the SEAD application Operations Manual.

2 Quality control and checking of the RADRUE experts work

As the process of the dose reconstruction was extensively relying on the processing of the experts
(with possible data entry errors when the information was transferred into RADRUE), all the
information in RADRUE for each questionnaire in the study was reviewed by one to two
independent experts in Lyon.
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This checking included automated checks of the internal consistency of the data in RADRUE,
checks of the consistency of dates, activities, places between RADRUE and the questionnaire and
manual review of all of the questionnaires and how they had been translated into a liquidator’s route
in RADRUE. This involved in particular checking one by one the break-down of every liquidators’
missions into episodes and frames performed by the experts.

Approximately 13 500 corrections were made in RADRUE after checking, as illustrated in Table
15. About 12 500 corrections were related to the introduction of sub-frames, which appear after
additional breaking-down of long episodes into shorter ones, in order to ensure that each
corresponded to exactly one of the exposures rates grid maps in RADRUE. Having identified this
problem, these corrections were automated, using a specially created macro program. Corrections
were also made of erroneous repetition of some frames, start or end dates of the episodes,

Belarusian liquidators A Russian and Baltic liquidators B
100000

1000000

10000 o+
A 100000

1000

10000

-
o
S

=
o
=]
=]

checking, mR
checking, mR

=
Q
=]
o

[N
o
3

External exposure dose after
External exposure dose after

=
o

1 10 100 1000 10000 100000 1000000

1 10 100 1000 10000 100000 .
) External exposure dose before checking, mR
External exposure dose before checking, mR

inadequate uncertainties on dates and durations of the episodes, incorrectly indicated living/work
places in RADRUE, durations of the work/living/traveling, improper location factors for the frames
and other mistakes and discrepancies. Many of these errors are likely to be the results of data entry
errors in RADRUE. To systematize the work, extensive use of standard frames, particularly for the
frames related to travel of the Russian and Baltic liquidators in the 70 and 30 km zones, was made.

Comparison charts of the dose estimates before and after verification are presented in Figure 17.
The vast majority of corrections had, in fact, very little effect on the resulting dose estimates.

Figure 17 Correlation between RADRUE external dose estimates before and after
corrections, for all subjects in the case-control studies, for Belarus and other
liquidators separately.

During systematic checking of the RADRUE experts” work it was required that processed data had
to fulfill the following formal consistency criteria, as follows:

Repetition of the episode could not be more than duration of the episode in days.

Start date of the episode could not be later than end date.

Start of the first episode could neo be different from the start of the mission.

End of the last episode could not be later than the end of the mission.

Frames “contaminated cloth” had to be marked as parallel frames.

Control of 24h/day.
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e Frames with indicated uncertainties of the dates in questionnaire had to have entered
uncertainties in RADRUE.

Start of the episodes could not be before 26/04/1986 or end could not be later than 31/12/1987.
Frames without indicated itineraries on the maps of RADRUE.

Repetition of some specific frames (traveling, lunch) was controlled.

Screening of very long episodes was done.

Standard frames for the traveling of the Russian and Baltic liquidators were introduced.

Review of the location factors on the list of all RADRUE frames, sorted by the type of action
was done.

Review of the values of velocity and location factors in the frames was done.

e Review of the description of the frames was done.

Table 15 List of the corrections made in RADRUE after the checking

Type of mistake Number of corrections

Insufficient breakdown into frames and sub-frames for long episodes ~12500
Introduction of standard frames ~320
Incorrect uncertainties for the beginning and end dates of the episodes 144
Shielding factors 75
Incorrect dates of working/living episodes 43
Repetition of the episodes 43
Duration of travel 31
Incorrect or missing place of work/living in RADRUE 28
Duration of work 23
Added comments 18
Description of the frames 10
Application of the RADRUE map system 6
Balance of the 24h/day 5

3 Calculations.of external doses

Once the information from the questionnaires was entered into the RADRUE database, calculations
of exposure doses were carried on automatically by the computer. The CALCULATOR module in
RADRUE estimated the central estimates of the liquidators’ external exposure dose in Roentgens
(R).

The average and median absorbed exposure doses by the RBM and THY organs were derived by
consequent running of the RADRUE SIMULATOR, as the exposure-to-organ dose conversion
coefficients had probabilistic nature.

The uncertainties of the calculated doses were calculated by RADRUE SIMULATOR module as
well. The simulator generated a set of 1000 point dose estimates for every liquidator, with had
distribution of the values caused by the probabilistic nature of the variables (dose-rates, durations,
shielding factors and etc.). Average, median and uncertainties of the organ specific dose estimates
were calculated from this set of the values of point estimates for every liquidator.

4  Calculation of the internal thyroid exposure doses for the liquidators.

The internal thyroid exposure doses were reconstructed according to the methods, described under
Task 2. Dates and places of residence of the liquidators were extracted from the case-control study
questionnaires. The data was entered into created Visual Basic (Excel) computer program, and
doses were calculated automatically by the software for the subjects. No information on individual
consumption rates was available.

For the reconstruction of internal thyroid exposure doses for the Belarussian liquidators, averages of
contamination levels of 13! for the settlements, dates of fallouts and dates of pasture were used by
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the program in the calculations. Residential external doses to thyroid been reconstructed using the
model for estimation of external exposure to population of contaminated areas of Belarus.

5 Distributions of doses among study subjects in the case-control study

Tables 16 and 17 and Figure 18 show the distribution of bone marrow doses, by country, among the
subjects included in the leukaemia and lymphoma case-control study. The median dose in Belarus is
much lower than in Russia and Baltic countries (Table 17), even though doses received in their
places of residence are included for Belarus subjects. If one considers only dose received working
as a liquidator, the median BM for Belarus liquidators is 4.4 mGy.

The distribution of subjects by total dose to the thyroid due to external and internal exposure, and
by country is shown in tables 18 and 19 and in figure 19. The majority of liquidators have received
low doses to the thyroid: 60% of liquidators from Estonia, 45% from Russia and Latvia, and 40%
from Lithuania belong to the lowest exposure category — below 50 mGy. A greater proportion of
Belarusian liquidators was exposed to higher doses — 10% received doses above 500mGy. On
average, doses in Belarus are higher than in Russia and Baltic countries (Table 19).

Table 16 Distribution of all study subjects by RBM dose'? category and by country —
Leukemia and NHL

Dose Country
category _ _ _ _ .
(MGy)_ Belarus Russia Estonia Latvia Lithuania Total
<50 187 47 7 11 25 277
50-99 5 10 1 3 11 30
100-149 1 19 3 28
150-199 4 ) 3 9
200-249 2 1 5 5
250-299 8 1 9
300-349 3 1 4
350-399 2 5
400-449 1 1 5
450-499 1 1
500+ 4 5 6

RADRUE dose calculated as average of simulated doses; results are similar for calculated doses.
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Figure 18 Histogram of doses among study subjects
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Table 17 Median RBM dose?3 and dose range by country — all subjects— Leukemia and NHL

Country N Median BM Range (mGy)
dose (mGy)

All countries 373 19.3 0.1-1928.3
Belarus (total) 193 7.9 0.2-108.0
Belarus (only as liquidator) 193 4.4 0-106.6
Russia: 100 55.9 0.1-1928.3
Estonia 10 21.8 2.5-166.9
Latvia 15 20.7 0.1-240.1
Lithuania 55 59.2 5.0-10925

Table 18 Distribution of all study subjects by total thyroid dose category and by country —
Thyroid cancer study

Dose Country
category Al
(mGy)_ Belarus Russia Estonia Latvia  Lithuania .

countries
<50 69 34 6 9 4 122

50-99 70 15 3 9 4 101
100-149 16 9 1 1 27
150-199 16 5 21
200-249 22 2 1 25
250-299 17 1 1 19
300-349 2 3 1 6
350-399 20 2 22
400-449 5 1 6
450-499 3 1 4

500+ 26 3 29

The median thyroid dose in Belarus is higher than in Russia and Baltic countries (Table 19).

Table 19 Median total thyroid and dose range by country — all subjects— Thyroid cancer

study

Country N Median total dose (mGy) Range (mGy)
All countries all subjects 382 70.845 0.13-2152.1
Belarus (all) 266 86.835 0.29-2152.1
Russia: 76 64.38 0.13-1064.57
Estonia 10 41.58 2.79-307.59
Latvia 20 55.77 2.94-273.54
Lithuania 10 61.1 21.54-200.83
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The dose to the thyroid for the Belarusian liquidators was calculated taking into account the
environmental exposure received in their place of residence. Due to consumption of local
contaminated milk and vegetables, the median internal dose to the thyroid for Belarusian liquidators
is much higher than in other countries (Table 20), while the external thyroid dose is much lower
(Table 21).

Table 20 Median internal thyroid doses (I 131) by country — Thyroid cancer study

Dose (mGy) Belarus Russia Estonia Latvia Lithuania Total

N 160 13 6 10 1 190
Median (all) 175.1 0.6 0.6 0.5 1.4 130.7
Range 1.65-2124.4 0-8.5 0.048-2.3 0.29-1.5 1.4-1.4 0-2124.4

Table 21 Median external thyroid doses— all subjects by country — Thyroid cancer study

Dose (MGy) Belarus Russia  Estonia  Latvia Lithuania  Total

N 266 76 10 20 10 382
Median (all) 2.7 64.4 41.4 55.6 61.1 6.7
Range 0-279.7 0.1-1064.6 2.8-307.2 2.9-273.5 21.5-200.8 0 -1064.6

Figure 19 Histogram of dose to the thyroid among study subjects

Thyroid cancer : histogram of total doses by 50 Thyroid cancer : histogram of total doses by 50 mGy
mGy bins. Overall for Belarus, Russia and Baltic bins. Belarus, cases and controls
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Figure 20 shows the distribution of the geometric standard deviation compared to the median
dose estimate (based on 1000 simulations) for each of the subjects included in the case-control
study. Although for a small number of subjects the geometric standard deviation is very large (up
to 4.5, mainly for subjects with low RADRUE doses — and one subject with a high RBM
RADRUE dose but a very uncertain work history), the median geometric standard deviation is of
the order of 2.

Liquidators all subjects from
Leukaemia and NHL study
GeoStdDev against Median dose to
RBM from Simulator (mGy)

Liguidators all subjects from Thyroid
study
GeoStdDev against Median dose to
THY from Simulator (mGy)
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Figure 20 Distribution of Geometric Standard Deviation by the median dose estimate
(based on 1000 simulations) for each of the subjects included in the case-control
study

Discussion

The main objective of the current project was to develop, test and implement a detailed method
for individual dose reconstruction. Two different approaches were considered and tested. The
method adopted, RADRUE (Radiation Dose Estimation with Uncertainty Estimates), a variant of
an analytical dose reconstruction method previously derived for professional radiation workers
of the Chernobyl power plant, appears to work well. It is based on detailed time and motion
studies, coupled with the use of very comprehensive data bases of radiological data.

The development of this method has involved very extensive work to:

1. locate, collate and evaluate very large databases of gamma background measurements made
by various organisations at different times on the industrial site and throughout the 30 and 70
km areas around the Chernobyl nuclear power plant;

2. bring together experts knowledgeable about working conditions in different groups of
liquidators and formalise and compile their knowledge into an integrated database;

3. develop an integrated software program that allows the calculation of doses and associated
uncertainties from a subject’s work history;

4. carefully reconstruct itineraries of the study subjects using the information provided in the
very detailed study questionnaires.

Extensive validation of the work has been carried out. In particular, large groups of liquidators
with instrumental dosimetry, with doses based on time and motion studies at the time of their
work (military liquidators) and with EPR were identified, traced and interviewed using the case-
control study questionnaire. Their doses were calculated using both of the methods initially
considered for this project (ADR and SEAD) and these comparisons allowed the choice and
further testing and optimisation of the main method, RADRUE. Comparisons with instrumental
doses and doses from time and motion studies were generally good, while there was little
correlation between reconstructed doses and EPR. The later may reflect the fact that it was not
possible in the time frame of the project to exclude other exposures received by the liquidator
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(from UV, for example) by analysing only the lingual part of the tooth enamel. An additional
validation study is currently underway in the Ukraine on a further group of liquidators.
Moreover, the lower limit of detection of EPR is of the order of 100 mGy, and few of the
subjects included in the study are thought to have received external doses much greater than 150
or 200 mGy.

The case-control study was extended to further groups of liquidators in Baltic countries and
Russia, thus increasing the power of the initial epidemiological study. Data were available for
Baltic country liquidators from a questionnaire administered in a previous cohort study and
comparison of these data with those collected by questionnaire in the case-control study allowed
the evaluation of possible recall difficulties for a number of questions related to work as a
liquidator. Overall, there was good agreement between the answers to the two questionnaires
concerning dates and places of work and type of activity performed.

Data on a very small number of Baltic liquidators was also available for biological dosimetry
(GPA and FISH). The correlation between the RADRUE estimates and the biological dose
estimates is poor, as is expected in this dose range, which is below the limit of detection for
individual doses for both of these biodosimetric methods.

Doses and associated uncertainties were estimated for all of the subjects in the case-control
study. Doses to the bone marrow range from close to 0 to over 1 Gy, with a median of 20 mGy.
Doses to the bone marrow among Baltic country liquidators tended to be much lower (8 mGy)
than among Russia liquidators (55 mGy). Doses to the thyroid gland ranged from close to 0 to
nearly 2 Gy. The highest doses were found for Belarus liquidators who lived and worked in areas
of high contamination; these doses are related to ingestion of 1-131. For Russian and Baltic
country liquidators, doses from ingestion are thought to be close to zero. Doses from inhalation
of 1-131 were, however, received for liquidators who worked in the first weeks after the accident.

Uncertainties in the dose estimates have also been calculated, taking into account uncertainties in
the input radiological data and in the answers to the questionnaires. Although for a small number
of subjects the geometric standard deviation is very large (up to 4.5, mainly for subjects with low
RADRUE doses — and one subject with a high RBM RADRUE dose but a very uncertain work
history), the median geometric standard deviation is of the order of 2.

This contract has permitted the development, testing and optimisation of a detailed analytic dose
reconstruction method for the estimation of individual doses and related uncertainties for
Chernoby! liquidators and its application to an epidemiologic study of cancer risk in this
population.

Conclusions

The work under this project has shown that it is possible to reconstruct, with adequate precision
for an epidemiological study, individual doses for workers involved in clean-up from detailed
time and motion studies. This requires the development and testing of a detailed questionnaire
about history and conditions of work, a set of relevant visual aids to assist the subjects in
recalling their places of work, the collection and integration of all available dosimetric
information and the analysis of work histories from questionnaires by experts familiar with the
work and conditions of work in the clean-up areas.

The results are a fully integrated program that can be adapted to include extensive databases of
dose-rate estimates, an interface for plotting and entering information on the liquidators route
and conditions of work, calculation of individual doses and simulations to take into account
dosimetric and questionnaire uncertainties.

The dose reconstruction method has been tested and validated and optimized and an approach for
assessing uncertainties has been implemented. Though the method must rely on expert
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assessment of the questionnaires, the method was shown to be sufficiently standardized to be
reproducible.
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Introduction

This Booklet contains the information, which is needed to help the liquidators answer the
questions of the interviewer as completely as possible, as well as to help the interviewer
complete correctly the answers to the corresponding questions.

Instructions for conducting the interview

General procedures

The questionnaire should be administered by a trained interviewer to the Chemobyl
liquidator during a face to face interview. If the liquidator cannot answer the questions
himself due to illness or death or other reasons, the questionnaire will be administered to the
next of kin and the identity of the respondent will be indicated in the questionnaire. The
person interviewed should not complete the questionnaire instead of the interviewer and the
answers should be given on behalf of the liquidator.

Standardised description and explanation of terms which may be difficult for you to
understand are provided in the following sections of Booklet (list of activities, maps,
schemes etc.) and it is expected you will study them as well as the the questionnaire before
to start the interviewing.

Before the beginning of the interview, you should spend 3-5 minutes talking to the liquidator
about unrelated matters. This helps the liquidator relax and be well disposed towards the
interviewer. The interview should be carried out in active , well-wishing manner keeping up
the interviewee’s interest to participate in the interview. You must avoid showing your
reaction to his answers what ever they could be.

The interviewer must ask all the questions in the questionnaire (unless otherwise indicated).
The questions should not be read but asked looking into interviewee’s eyes.

You should follow up attentively the answers and write down them as more precisely and
completely as possible. You must not hurry the interviewee to answer the questions and
prompt the answers or to ask additional questions not included in the questionnaire. The
explanations of terms, which may be difficult for some interviewees to understand, are
acceptable.

The interview should be carried out in the uniform manner while asking questions. Various
approaches might be chosen only for making contacts with the study subjects before to start
the interview.

The questions addressed to the interviewee are printed as usual text and those addressed to
the interviewer are given in italic

When multiple choices are provided, the interviewer should check the box corresponding to
the correct answer by putting one of the following signs “x” or “+”. Unless otherwise
indicated, only one answer should be checked for each question.

For the questions concemning dates, it is necessary to complete with 2 figures each for year,
month and day, for example: year 19|8|6| month |0]|5| day |0|7|.

Please write clearly (print) when completing the questionnaire avoiding abbreviations.



The questionnaire should be completed using preferably blue ink ball pen. The corrections
are allowed only in red ink above the previously written answer (or word) after crossing it
out.

-The subject identification composed of four digits and a family name appears at the left-hand

upper comer of the first page of the questionnaire. It is to be completed before the interview
by the person in charge of the selection of study subjects. If you use additional materials of
the questionnaire (additional sheets) write down the same number on the first pages.

The questionnaire includes a section 11 with questions directed to you, the interviewer,
concerning the interview. These should be completed immediately after the interview. Here
answering the question 11.7 you can record all details which you think relevant and
important for the study. If you have some difficulties in understanding specific terms or
other problems you can also record them there.

Prior to the interview, the study subject will have been contacted by letter by a staff member
of the regional Chernobyl registry. The letter will include a description of the study
objectives and a form to be returned including whether or not they agree to take part in the
study and providing possible dates for the interview. Following this, you will be asked to
send a letter directly to the study subject confirming the date and time of the interview and
asking them to prepare a number of documents for the interview, including the certificate of
liquidator, all certificates concerning doses obtained and the period of stay in the 30-km
zone.

Specific instructions for the interviewer for completing the questionnaire

For the questions in the section: “Information about liquidator from the Chernobyl
Registry” (page 2), the information should be completed, from the Chernobyl Registry, prior
to the interview. You should check it with the liquidator during the interview. If there is a
difference, you should enter the corrections in the right hand column. Any information not
available from the Registry should be entered in the right-hand column at the time of the
interview.

“Date of interview” and “Time interview began” (page 3) are to be completed by you at the
beginning of the interview. You should write your name in the space provided. Please also
specify who answered the questionnaire. If the questionnaire is not administered to the
liquidator himself but to the next of kin, try to find out and record the names and addresses
of the colleagues with whom he worked in the Chernobyl area.

You should also record the time the interview ends.

If there were some reasons to interrupt the interview the date and the time when it was
stopped and then started again should be recorded and a reason why it was interrupted
should be indicated. The interview should be continued from the same question where it was
interrupted.

*Some information about the liquidator

" Question 1.4. A photograph of an official liquidator certificate is included in Part B

(photograph page 15) of this Booklet; you can compare it with the document shown by the
liquidator.



Question 1.5. The entire work period is considered to be a single mission if:

e A liquidator was sent (for mission) by one organisation (by local military
commissariat and etc) for appropriate period of time, lived in the settlement outside
of 30 km zone and was commuted from there to his working place in the 30-km zone
(including industrial site) by different forms of transport. The starting date is the date
of the first entry to 30-km zone and the finishing date - the date of final departure.

e A liquidator was sent more than for one mission as described above, but the
interruption between the missions was less than one month and another one followed
soon. The starting date is also the date of the first entry to 30 km zone and the
finishing date - the date of final departure.

e A liquidator was sent by organisation that was located near Chemobyl (Kiev) without
special order for appropriate task and was coming back to Kiev (or to the other place
he lived) on the end of the working day. The first time of his entry to 30 km zone is
pointed out as starting date and the finalisation of his task - as the finishing date
(even if it was only one day).

e A liquidator (the staff of the ChNPP, “Kombinat” etc) worked shifts (two weeks in
the zone of the elimination of the consequences of the accident followed by two
weeks of rest). The period of mission is indicated by dates of the beginning and
ending working shifts.

In case when a liquidator worked (the staff of the ChNPP, “Kombinat” etc) continuously for
few years in 30 km zone, you should select the most important periods of time from April
1986 till December 1987 in terms of possibly the highest level of exposure he could receive.
As a fact, most of them were professionals and could help you to do that.

If a liquidator has had an interruption of one month or more between two or more visits to
the zone, he will be assumed to have few missions.

Information about missions in the 30 km zone

Sections 2-4 should be completed for each mission of the liquidator to the 30-km zone. Complete
the sections in the main body of the questionnaire for the first mission and fill in additional sets
of these sections for each subsequent mission if the liquidator had more than one mission in the
30-km zone.

Question 2.1: When the subject was sent to Chernobyl as a military man of the regular army
or as an officer, check “1”, if civilians sent by the local military committees, check “2”.
Check “3” if the liquidator was sent by the Ministry of Medium Machinery, the Ministry of
Atomic Energy Industry or the Ministry of Atomic Energy.

Questions 2.3, 2.4 - see 1.5 above for the definition of a mission.

Question 2.5, 2.7: A liquidator may have several documents on the dates of staying in the
30-km zone and on the radiation doses (you should write down the data only from the
stamped documents), you should record all the documents if the dates mentioned in them
correspond to the period of the mission. If the liquidator has a document on internal and
external doses of exposure to the whole body or to the organ you should write down the
external whole body dose. If the records are not understandable for you, copy them to 11.7
paragraph. Before completing the last column in the table do not forget to ask is this a
cumulative dose or not.



e Question 2.8: shift workers were either permnanent staff of the ChNPP or subjects who
worked for periods longer than one month. They generally worked for periods of 15 days in
a row, sleeping in special settlements outside the 30-km zone, followed by 15 days of rest at
home. Some categories of persons could work longer periods but maintaining the principle
of equal duration of the periods of work and rest at their place of constant residence.

e Question 2.9 When evaluating the percentage of time spent in different places of work,
remember that the sum should not exceed 100%. For the calculation you can use the rough

copy.

e  Questions 2.10, 2.11: To complete these questions, the liquidator should be shown the map
of the territories inside and outside the 30-km zone (pp. 5 and 6 respectively of Part B of the
Booklet) and the list of settlements inside (pp. 22-29 of Part A of the Booklet) and outside
(pp.- 30-51 of Part A of the Booklet) that zone. Note that there are both lists sorted by
alphabetical order of settlement and by alphabetical order or rayon and settlement to help the
study subject to better recollect the events. If the liquidator worked in the industrial site,
write “industrial site of the ChNPP”(not Pripiat-city). If he/she do not remember the exact
date enter only month and year. If the liquidator worked or lived in the same settlement again
after some interval it should be counted together. The calendar (p. 15 of the questionnaire
will help you).

e  Question 2.13. If the liquidator answered that he left the zone because his mission was over
and his radiation dose was higher than the admissible level, you should check “1”, if you
were told that the liquidator had left the zone because his mission was over and his radiation
dose was equal to the admissible level, you should check “2”.

Conditions of work and activities during missions to the 30-km zone

e Question 3.1. If the liquidator wore an individual dosimeter given by the dosimetry service all
the time (or during work in the 30-km zone), you should check “1”, if he didn't wear the
dosimeter himself but knew that there was an individual dosimeter given by the dosimetry
service in the group - check “2”.

Estimation of dose by the itinerary and time of work method is as follows. The dosimetrist
estimated the dose on the basis of known radiation levels in different places, duration of work
and route to the place of work and attributed this dose estimate to all members of a group who
had worked together. If the study subject remembers that his dose was estimated in this way
you should check “3”.

e Question 3.3. “Regularly” in this question should be interpreted as when requested by the staff
of the dosimetry service.

e Question 3.4. Some liquidators estimated their doses themselves. From this question, we'd
like to find out whether the interviewee did in fact estimate his dose himself.

e Question 3.6. Protective clothes means the clothes worn over usual clothes and taken off
before getting into less contaminated zone.

Description of episodes of work during missions in the 30-km zone around the
Chernobyl NPP

Completing this part of the questionnaire you should divide the entire work during the mission
(using the rough copy) into separate episodes. A liquidator will be assumed to have one episode
during entire mission unless he or she has not changed type, duration and place of work as well
as his/her place of residence Otherwise it is considered to be another episode. The number of the
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episodes depends on how many times any of the above-mentioned characteristics has been
changed. Fill in additional sets for each subsequent episode if the liquidator had more than one
episode in the 30-km zone. ‘
Completing section 4 of the questionnaire you should use the material in the current Booklet as
much as possible including pictures, all kinds of lists of settlements, lists of the activities, jargon,

etc

Question 4.1a. If the liquidator informed you that he worked on the industrial site, show all
photographs, diagrams of buildings (if he worked inside buildings or on the roof), maps of the
industrnal site in order for him to better recollect the episode described and to show his route
on the industrial site. If the liquidator worked outside the industrial plant, show him the map
of the 30-km zone and different lists of settlements.

General occupational history

Question 5.3. The term “medicine” includes nuclear medicine, radiology and radiotherapy as
well as research in these areas. Activities in medicine, nuclear industry and industrial
radiography should be indicated as such, even if they were carried out in army institutions.
Ammy service here refers to activities other than those listed above.

Questions 5.4. In the Booklet (p. 51) there is the list of industries; show it to the liquidator. If
he worked in such an industry, you should complete the table. If the liquidator doesn't
remember the exact dates, just enter the years. Record also his occupation, full name of the
plant and the oblast (region) and town/settlement where it was located.

Question 5.5. In the Booklet (p. 51) there is a list of chemicals; show it to the liquidator. If
he worked with any of the chemicals mentioned in the list, you should complete the table. If
the liquidator doesn't remember the exact dates, just enter the years. Record also the name of
the plant and the oblast (region) and town/settlement where it was located.

Conclusion

Questions 10.1. The interviewer should give the liquidator the possibility to write down any
comments he wishes.
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List of activities

1. LIST OF ACTIVITIES AIMED AT THE ELIMINATION OF THE RADIOLOGICAL

CONSEQUENCES OF THE ACCIDENT.

Type of work

Time period !

Responsible organization

1. General work done in the industrial site

e . . 27.04- ..
Fill th, der th: tor of unit 4
1lling in the mine under the reactor of uni 10.05.1986 Ministry of Defense (MD)
Cleaning the territory of the industrial site 30-04- MD
10.05.1986
Strengthening of the fundaments of unit 4 03.06- Minist_ry of Coal Industry,
28.06.1986 Mietrostoy (MCI)
o . e 10.05-
D t t f the industrial site and road
econtamination of the industrial site and roads 15.06.1986 MD
Organization of station of decontamination and 01-10.05.1986 MD,
special treatment (PUSO) e Ministry of Energy (ME)
Construction of waste disposal facility 30.08.1986 ME&}?;:;—;Z?&?;S}:Q,
Machinery (place selection
and design)
Construction of water, heat, and energy supply 30.08.1986 ME
facility for the industrial site R
o e e 15.06- ME
D t t facilit t d2 ?
econtamination of facilities in units 1 an 10.08.1986 Ministry of Montage and
Special Constructions
(MMSC)
Construction of warehouse in Vilcha 30.07.1986 ME
Construction of settlement for shift workers
c . . Jan-Jun 1987 ME, MMSC
(Zelony Mis), including the following: an-Jun
First phase of construction for 3000 persons 30.10.1986
Construction of warehouse for delivery 30.10.1986 ME, MMSC

department

2. Basic activities in the industrial site of NPP

Construction of a “wall in the ground” 28.07.1986 ME, MD
Construc,:’tion of drainage inside the “wall in the 30.08.1986 ME, MD
ground
Construction of drainage in the beach along the 25.09.1986 Ministry osz.xtc?r Supply
Pripyat River (MWS), Ministry of
Construction in Oil and
Gas Industry (MCOG)
Construc?ion of vertical drainage in well along 25.09.1986 MWS, MCOG
the cooling pond
Construction of sarcophagus December ME, Ministry of Middle

" If only one date is indicated, it is the date of completion of the activity
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Type of work

Time period *

List of activities

Responsible organization

1986 Machinery (selection of
location)
Conservation of “zavala” 30.09.1986 MMM
Closing of reactor division of unit 4, including; 30.10.1986 MMM
Put into operation concrete-making plan No. 3 10.07.1986 MMM
in Chemobyl No. 4 30.09.1986 MMM
Covering a territory and site with concrete 30.08.1986 MMM
Construction of cascade walls 26.09.1986 MMM
Montagc? and covering with c.orif:rete the 10.09.1986 MMM, MMSC
protective wall along the axis “51”
Construction of roofing 30.10.1986 MMM
Covering of protective walls of “B” unit with 30.10.1986 MMM
concrete
Cov?r.ing qf protective walls in the dearator 30.10.1986 MMM
facility with concrete
Closing the machinery hall 30.10.1986 MMM, ME, MSPC
Construction of wall that separates units 3 and 4 30.10.1986 MMM
Separation of units 2 and 1 from units 3 and 4 30.09.1986 ME
3. Supplementary work
Finishing the construction of the storage for 30.09.1986 ME
used nuclear fuel with special drainage for 09.
rainwater (Khoyat)
C.onstruc.:tior.x of technical communications in the 30.09.1986 ME, MMM
industrial site
Preparation of the first unit to operate 01.10.1986 ME
Preparation of unit 2 to operate 03.11.1986 ME
Construction of Slavutich 04.01.1987- ME
31.03.1988
Activities of the Construction Organization 605 18.05.1986 - MMM
21.11.1987
Second decontamination of unit 3 02.04.1987 - MMM
01.10.1987 MD, » ME
Covering the red forest 1st trimester of MD
1987
Preparation of unit 3 for operation 03.12.1987 ME
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Abbreviations and jargon

2. ABBREVIATIONS AND JARGON TERMS USED FOR COMMUNICATION DURING THE
ELIMINATION OF THE CONSEQUENCES OF THE ACCIDENT

Terms and Definitions
abbreviations

Ostrov (island) Part of the industrial site near the 5" and 6" reactors

Partisan Military reserve liquidator

Mashka Zone M on the illustration of the building - part of the roof of the 4™
reactor just under the ventilation chimney

Elena Metallic construction “scheme E” of the reactor which fell during the
reactor explosion

Demag Remote control of cranes used for construction of the sarcophagus

Komotsekh Canteen at the comer of Kirov and Sovetskaya streets (the largest in

Chemnobyl)

“Golden” Corridor

Corridor (room 301) decorated by golden aluminum from which it
was possible to enter most of the rooms in which the power plant
personnel worked. This corridor was used by the permanent NPP
personnel but not by partisans

starik (old man)

9" point Same as above

12" point Place for turbines and their control systems in the machine hall - one
of the main facilities with the length of 1 200m.

School No 1 Dosimetry control of Construction Organization 605 and production
union “Kombinat” from 7 June 1986 (Kirov St.)

Jupiter Plant in Pripyat town

Fekalka (Fikalka) Fecal pump station in Pripyat - one of the places from where the
buses to the ChNPP left

Podlesnie (khutor) Small settlement which no longer existed in 1986

Podlesnie (garage) Garage co-operative situated on the site of khutor

Metallist (garage) Same as above

Electronika Canteen for construction workers situated in the most contaminated
place in the 30 km zone

Fialka Canteen in the area of the ChNPP (150m from the 4" reactor)

Ramashka Canteen close to Fialka

Hot channel Canal for return of water after cooling turbine condensators

Cold channel Canal bringing in water for cooling turbines

Beregovaya Water pump station on the dam between cooling pool and river
Pripyat

Khodovaya Pripyat river-bed separated by the dam from the cooling pool

Semykhodovskyi Reservoir of the water of river Pripyat, located close to the city

Yanovkyi starik (old
man)

Part of the same reservoir upstream
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Abbreviations and jargon

Terms and Definitions
abbreviations
Teplyak Office for Installation and Construction GEM, UTEM

Treatment facility (for
chalybeate water)

Water-supply treatment facility in city Pripyat

Wastewater treatment
facility (sewerage)

Wastewater treatment facility, located outside city Pripyat

Hydrotsekh | Hydrotsekh building located on the “Island”

Semykhody (platform) | Railway station for local Diesel trains, located close to the ChNPP

Fakel Metallic torch-shaped monument located nearby Pripyat entry pointer
and cross-road

Byk Sculpture in the village of Kupovatoe

Bronyrowanyi (lead- | Bus equipped to commute the people to the areas with high gamma-

covered) bus radiation dose rate

Dosik Dosimetrist i

Radik, Shitik Ionising radiation

Afghanka Field dress popular among the liquidators

VSO Dress of military builders popular among the civilian

South side South side of the plant - where the main exit from ABK-1 was located
(front part)

North side North side (back) of the plant

Old man Previous Pripyat river-bed

Jupiter Factory in Pripyat

Old Jupiter Factory in Pripyat (old building)

Pine tree Trident-shaped pine tree located nearby industrial site of the ChNPP

MREO Transport police office

ABK Administration/general service building

BSchU Unit control room

GO Civil defense

GTsN Reactor coolant pump

ZGIS Deputy Chief, Power Plant Engineer

ZNRTs Deputy Chief, Reactor Department

ZNTsTsR Deputy Chief, Centralized Repair Department

IDK Individual dosimetric monitoring

KMPTs Forced multiple circulation coolant loop

LA Accident remeditation

LPA Liquidation of the consequences of the accident

LLB Staircase and elevator unit

MO Ministry of Defense

14



Abbreviations and jargon

Terms and Definitions
abbreviations
MSM Ministry of Industrial/Mechanical Engineering
MSTch Medical and health unit
MED Exposure rate
NSO Shift Change Manager
NTs Department Manager
Nts MO Ministry of Defense Science Center
0G 0ZMO Special zone operational group, Ministry of Defense
OLB Acute radiation sickness
ORVD ChAE Retrospective Dose Reconstruction Department, ChNPP
OT&TB Industrial Hygiene & Safety Technology
PO Production Association
RB Radiation safety
RM Radiation route
RO Radiation conditions
RPU Backup control room
RTs Reactor Department
SIUR Senior Reactor Control Engineer
SICh Whole-body counter
TB Safety Technology
TG Turbine generator unit
KhOYaT Nuclear waste storage facility
TsZ Reactor hall
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Industrial sites and construction base of the ChNPP

3. EXPLANATION OF INDICATIONS ON DIAGRAM OF THE INDUSTRIAL SITE AND
CONSTRUCTION BASE

Number on map

Buildings and constructions

1 Bloc “A”

2 Bloc “B”

3 Bloc “V”

4 Bloc “G”

5 VSRO - Reactor hall auxillary structure

6 VZS - Coolant water intake facilities

7 BNS - Coolant water intake pump building

8 ABK - Administration/general srevice building

9 Dining room

10 OBK - Common reactory auxiliary

11 KS - Compressor station

12 TsLK - Silicon-doping shop

13 AKS - Nitrate facility

14 Chemicak reagent warehouse

15 Fresh fuel storage area

16 Reagent storage area

17 PRK - backup boiler

18 TsPR - Repair training facility

19 “LER” - “L’vovenergoremont” (L’vov Off. of State Trust for Overhaul

of Power Equip.)

20 Stage-3 pumping station

21 DES - Diesel generator building

22 Wstewater treatment facility

23 Gas hold-up chamber

24 Garage and vehicle-washing facility

25 KhZhTO - liquid-waste storage facility
26 KhOYaT - Nuclear waste storage facility
27 KPP - main gate checkpoint

28 Firehouse

29 KSSK - Precast concrete plant
29a Administration building
29b Reinforced-concrete plant

30 Woodworking plant
30a Woodworking shop
30b General service building
30v Shop
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Industrial sites and construction base of the ChNPP

Number on map Buildings and constructions

31 Concrete mixing plant

32 Motor pool

32a Office

32b Repair area

32v Enclosed parking

32a General service building

32b Repair area
32v Mechanical repair shops

33 RII - Mechanical repair shops

34 Office

35 Tool repair shop

36 Graphite warehouse

37 Managers’warehouse

37a Special warehouse
37b Central materials warehouse
37v Equipment warehouse

37g Equipment warehouse

38 “Gidroelectromontazh”

38a Production building

38b Special machine repair shop
38v Measurement and test equipment shop

39 Chemobyl office “Yuzhteploenergomontazh”
39a General service building
39b Pre-instalation shop

39v Warehouses

40 SAEM - “Soyuzatomenergomontazh”

40a Office
40b Reinforcement shop
40v Warehouse

41 YuEM - “Yuzhenergomomtazh”

41a Administratiom building

41b Shops

42 Pripyat’office “Yuzhteploenergomontazh”
42a Administration building

42b Shops

43 Heated warehouse

44 “Gidroenergomontazh” (Office for the design, Manufacture and

Installation of Hydroelectric Structures, Equipment and Bridges)
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Industrial sites and construction base of the ChNPP

Number on map

Buildings and constructions

45 TMU-YuTEM - Tripol’ Construction Unit
46 “Soyuzenergozashchita”

46a Unit 16
46b Unit 2
46v Unit 18

46g Unit 10 o
47 GEM - “Gidroelektromontazh™ (State Trust for Installation of
Hydroelectric Equipment)

48 Prefabricated residential construction plant
48a Administration building

48b General service building

48v Shop

48g Shop

49 Flamable-liquids warehouse

50 SEZh - “Soyuzenergozashchita”

50a Common building

50b Chemical protection shop

50v Administration/General service building
50g Warehouses

51 Bitumen concrete plant

S5la Office

51b General service building

52 YuEMYV - “Yuzhenrgomontazhventilatsiya”
52a Office

52b General service building

53 Chemobyl Nuclear Power Plant Construction Administration
54 Administration building

55 Mayak building

56 ORU-750 [Open switchgear]

57 ORU - 330

58 ORU - 110

59 ZRShch - Distribution panel building
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Main building of the ChNPP

4. EXPLANATION OF INDICATIONS ON DIAGRAM OF LOCATIONS IN THE MAIN
BUILDING OF THE ChNPP
1. List of facilities of the machinery hall (unit G) at the level 10.00.

Number on map
GO0/1

Facility

Clean staircase

G110/1 Contaminated staircase

G180 Contaminated lift

G301 Clean corridor

G304 Station for communication systems
G305 Laboratory of “Scala” system
G306 Protective system “Scala”

G308 Contaminated hall

G361 Reactor Control Room

G362 Room for programming engineers
G364 Central Control Room

G365 Screen “DK”

G367 Tambour

G369 Construction unit

G384 Ventilation center

G385 Refrigerating facilities

G010/2 Clean staircase”

G110/2 Contaminated staircase

G174/2 Clean elevator

G180/2 Contaminated elevator”

G324/2 Backup control room

G325/2 Screen SPO and ZUBR

G326/2 Ventilation chamber

G327/2 Tambour

G347 Clean corridor

G348 Clean lavatory

G349 Contaminated lavatory

G350 Clean hallway

G351 Contaminated hallway point 12.00
G352 Refrigerating facilities

G353 Ventilation center

G354 Station for communication systems
G355 Room for programming engineers
G356 Room for tapes perforation

G357 Laboratory of the system “Skala”
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Main building of the ChNPP

Number on map

Facility

G358

Operator’s zone

G359 Protective system “Scala”

G360 BShchU

G365 Screen “DK”

G383 Room for communication systems

G221 Main ejectors room, point 7,50

G223/1-4 Lubricant tanks for turbines storage site

G438 Site for the turbogenerator service, point,12,00

G439/1-8 Electric installation facility. Cable route for turbines, point 13,40/12,00
G440/1.2 KRU site
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Number on map

Main building of the ChNPP

2. List of facilities of blocks “A”, “B”, “V” at the level 12.50.

Facility

401/1-4 Corridor for transportation
402/1-4 Room for the engines GNTs
403/1-4 Mine for turbine wiring, point 13.00
404/1-4 Box NVK, point 13.80
405/1,2 Corridor for turbine wiring, point 14.80
406/1,2 Corridor for service
407/1,2 Room for counters KIP TTTch point 13.00
410 Transformation facility
411/1,2 Room for the decontamination of equipment
412 Repair shop for operating facilities SUZ
413 Room for KIP SVO
414 Room for the tanks with solution for decontamination
415/1,2 Room for ultrasonic decontamination
416 Room for the heat conductors
417 Room for the tanks with solution for decontamination
418 Corridor for service
419 Station for preparation of reagents and pearlier
420 Station for preparation tars
421 Warehouse SVO
423/1,2 Room for tank with the water for washing the coolant loop
424 Contaminated corridor
425 Pumping station for testing system PVN-8 of the coolant loop MPTs
426/1 Clean lavatory, point 12.50
42711,2 Gas-main distribution panel room
428/1-6 Construction room RTZO
429/1,2 Sampling room SVO-1
430/1,2,5,6 Contaminated lavatory, point 12.50
430/3,4 Contaminated lavatory, point 16,95
431 RTs Shift Change Manager’s office
435 Backup room
436/3,4 Staircase from point. 12.50 to point 22.30
437 Switchgear room
438 Mine for electric cables
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Main building of the ChNPP

3. List of facilities of block “BCRO” at the level 12.50

Number on map Facility
201/1,2 Tambours

202 Warehouse for liquid reagents (acids)
203 Preparation room
204 Chemical laboratory for the shift workers
205 Office of the chief of laboratory
206 Laboratory of lubricant
207 Radiometric laboratory
208 Laboratory for the gas samples analysis
209 Tuming-mechanical repair shop KRB
210 Warehouse
212 Radiometric laboratory
213 Chemical laboratory for regular workers
214 Radiometric laboratory
215 Room for personnel
216 Laboratory of lubricant
217 Warehouse
218 Laboratory of low-salinity samples
219 Laboratory of low-salinity samples
220 Laboratory for the gas samples analysis
221 Low-salinity sampling room
222 Reinforcement control room
223 Laboratory of low-salinity samples
224 Laboratory high-salinity samples (saturated)
225 Laboratory high-salinity samples (saturated)
226 Sampling room
227 Warehouse for non-liquid reagents
228 Laboratory for repair portable dosimeters
229 Laboratory for repair equipment KGO
230 Laboratory of the Nuclear Physics equipment KRB
231 Laboratory KRB
232 Construction room RTZO
233 Communication center
234 Distribution panel VSRO
235 Warehouse for filter-materials
236 Warehouse for filter-materials
237 Warehouse for filter-materials
238 Warehouse for filter-materials
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Main building of the ChNPP

Number on map

Facility

239 Repair shop for subcontractors
240 Corridor for transportation
241 Corridor for network of pipes
242 Corridor
243 Corridor
244 Ladies room
245 Gentlemen room
246 Room for the cleaning inventory
247 Gentlemen room
248 Ladies room
249 Room for the cleaning inventory
250 Reinforcement control room
251/1,2 Auxiliary systems GNTs
252 Backup room
253 Repair shop for cleaning and decontamination detectors
254 Communication center
255 Preparation room for the high radioactivity samples KRB
256 Switchgear room
257 Switchgear room
258 Room KZhO
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30-KM ZONE - UKRAINE

5. Settlements in the 30-km zone of Kiev oblast in Ukraine (sorted by name of

settlement)

Paiton CenbcoBet Hacenéunsrit
MYHKT

VBankoBCKUH HBankoBckuit AHJIpeeBKa
Ilonecckuit ITonecckuii Boswuine
MBaHkoBCKHUH BankoBckuit Byna
WBankoBckuit MBankoBckuit BypsxoBka
VIBaHKOBCKHH VBaHKOBCKHit Beruku
HBaHKOBCKHIA MBaukoBckHit I'munka
HBaHKOBCKHit VBaHKOBCKHIA I'oponuan
[Tonecckwit JleHHCOBHYCKHiT JleHHCOBHYH
ITonecckuit JubpoBckwuii Jubposa
VBaHKOBCKHUH JUTATKOBCKHIA HutsaTku
M BaHkoBCKHit VBaHKOBCKHUIH 3anecre
HBaHKOBCKHIA M BaHKOBCKHIA 3aMoIIHs
HMBankoBCKHif BaHkoBCKHH 3amnoinbe
HBankoBckui VIBaHKOBCKHIT 3uMoBHIIE
ViBaHKOBCKHiT MBaukoBckuit MBaHoBKka
HBanKkoBCKHIA VpankoBckHit HMnosaumna
BaHKOBCKHit M BankoBckuit WnpuHIE]
HBankoBckui MBaHKOBCKHIH Kamenka
VBaHkOBCKHIA MBaukoBckuit Komauu
MBankoBCKUT MBankoBckuit Koporon
MBaHKkOBCKHIA MBankoBckuit Komobunckoe
M BaHkoBckuit BaHKoBCKHIH Komaposka
MBaHKOBCKHiT MBaukoBckuit Komeska
lBaHKOBCKHIA HMBaHkoBckHiA Kpacnoe
VBaHKOBCKHIA MBaHkoBckuit Kpusas ['opa
BankoBckHit lBankoBckuit Jlagpoxuyn
IBankoBckHit HBaukoBckuit Jlenes
ITonecckuit [Tonecckuit JlybsHka
ViBaHKOBCKHIT HBaHkoBCKHUH Marneso
ITonecckwuit Pangunckumii Hugerkoe
VBankoBckuit M BaHkoBcKuit Hosas Kpacuuna
VBankoBCcKuUi HBankoBckuif HoBocenku
lBaHkoBCcKHit HBankoBckuit HoBomenenuuu
Tlonecckuii ITonecckwuit OnbImaHka
lBaHkOBCKHH MBankoBckuit Omnaunyu
lBankoBckuit BaHkOBCKHiA Ilapumes
VBaHKOBCKHit M BaHKOBCKHIHA [ImoToBuIIE
Obnacm. noowunenue [Tpunsate
VIBaHKOBCKHit lBankoBckuit Pa3sbesxee
lBankoBckuii VBaHkoBCKHit Paccoxa
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30-KM ZONE - UKRAINE

Paiion CenbcoBeT Hacenénnbrit
MYyHKT
lBankoBckuit l1BankoBcKuit Peunna
VBankoBCKHI VIBaHKOBCKHiA Pynus Bepecus
VBaHKOBCKHIA lBankoBckuit Pynus
Wnpunenxas
VBankoBCckuUi lBankoBCKuit Pynpku
VBankoBCKkUi lBankoBckuit Crapas KpacHuiia
HBankoBCckHit lBankoBCKHi Crapocebe
lBaHKOBCKHIA lBankoBckuit Crapsre
IMenenuun
VBaHKoOBCKHiA lBankoBCKHit CreuaHka
lBankoBckuit VBankoBckuit Tepexos
MBankoBCckHi lBankoBCcKkHit Toncterit Jlec
VBaHkOBCKH# lBankoBCKHit VYcoB
lBaHkoOBCKHI lBaHKOBCKHI YamaeBka
VBankoBCckuUi VBankoBckuit YepeBau
[Tonecckuit Papunckuit YepemolHa
VBankoBCckuHi Paiion. noouunenue YepHOOBLIB
VBaHkOBCKHH WBankoBckuit YucroramoBka
VBaHKOBCKHI MBankoBckuit SIMmois
[Ipunsate IIpunsrckuit SnoB
rOpCoBET
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30-KM ZONE - UKRAINE
Sorted by rayon and settlement

6. Settlements in the 30-km zone of Kiev oblast in Ukraine (sorted by name of rayon

and settlement)

Paiton

MBaHkoBCKHit
VBaHKOBCKHUI
M BankoBCKuUi
M BaukoBCKHit
MBaHKOBCKUH
MBaHKOBCKHiA
HMBankoBckwuit
VBaHKOBCKHIA
M BaunkoBCKuUi
MBankoBckui
M BankoBCKHit
M BaHkOBCKHH
BankoBcKkHit
MBaHkoBCKuit
MBaHkOBCKUH
MBankoBckui
MBaHkOBCKHH
M BaHkOBCKHH
BankoBckHit
M BaHnkoBCKH
MBaHkoBCKHit
VBaHKOBCKHUI
M BaHnkoBCKHUH
MBaHkOBCKHH
BaHKOBCKHIA
MBankoBckuit
MBaHKOBCKUH
BankoBckuit
VBaHKOBCKHI
MBankoBCcKui
M BaHKOBCKHH
BankoBckuit
VBaHKOBCKHH
M BaukoBCKHit
MBaukoBckuit
VBaHKOBCKHit
M BankoBCKHit
M BankoBCKHit
BaHKOBCKUIA
BaHKOBCKHIA

CenpscoBeT

JIUTATKOBCKHH
M BanKOBCKHIA
MBankoBCKHiA
HBaukoBckuit
VBaHKOBCKHIt
MBankoBckuit
MBankoBckuit
VBaHKOBCKHIA
M BaHKOBCKHH
MBaHKOBCKHIA
M BaHKkoBCKHit
MBankoBckuit
M BankoBCKHiA
BaHnKOBCKHit
MBankoBCKHit
BaHKOBCKHUIA
MBaHKOBCKHMIA
BaHKOBCKHMIA
HBankoBckuif
MBaHkoBCcKHiA
MBankoBckwHit
VBaHKOBCKHit
MBaHkoOBCKHit
M BaHkOBCKHH
MBankoBckHit
M BankoBCKuif
BaHkoBCKHMiA
VBaHKOBCKHIt
M BaHKOBCKHit
M BaHkOBCKHit
MBankoBckwHit
VIBaHKOBCKHIA
M BaHKOBCKHit
VIBaHKOBCKHIA
M BaHKOBCKHit
M BaHKOBCKHit
M BankoBCKHit
M BaHKOBCKHIt
BaHKOBCKUIA
M BaHnkoBCKHUH

Hacenéunnplit nyHKT

JuTatku
AHIpeeBKa
byna
BypskoBka
Beruku

[N1uHka
I'opoguan
3anecre
3aMoInHs
3anonse
3umMoBHIIE
MBaHoBKa
MioBauna
W1puHIEBD
Kamenka
Komauu
Koporon
Kourobunckoe
Komapogka
Komepka
Kpachoe
Kpusas I'opa
JlagppKkuun
Jlenes

Maineso

Hosas Kpachuna
HoBocenku
Hopomenenun
Onaunuu
ITapuies
ILntoToBuIe
Pazpesxee
Paccoxa

Peunna

Pynns Bepecus
Pynns Uneunenkas
Pynpku

Crapas Kpacuuna
Crapocenne
Crapyie lllenennun
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30-KM ZONE - UKRAINE
Sorted by rayon and settlement

Paiion CenncoBeT Hacenénnplii myHKT
HMBankoBckuit VBaHKOBCKHIA Creuanka
VBankoBckuit MBaHKOBCKU Tepexos
.VIBaHKOBCKHit VBankoBCKHit Toncrerit Jlec
MBaHKOBCKHIt VBaHKOBCKHIA YcoB
HBankoBckuit MBaHkoBckuit YamaeBka
MBankoBckuit MBaHKOBCKHit Yepesau
VBankoBCKuit VBaukoBckuii YucroramoBka
MBankoBCKkHit VBaHkoBCKuit SIMioi1e
BankoBcKuit Pailon. noouunenue YepHoObLIb
Obnacm. noouuHenue [Ipunsate
[Tonecckuii JeHucoBUUCKH JleHucoBuUH
[Tonecckwuit Hubposckuit Hubposa
[Tonecckuit ITonecckmit Bosurie
ITonecckuit IToneccxkwui Jly6sHKa
[Tonecckuii ITonecckuii Ornblilanka
ITonecckuit Panunckuit Husermkoe
[Tonecckuii Pagunckmit YepemornHa
[Ipunarts _I:Ipmmrcxnﬁ SHoB -

TOPCOBET
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30-KM ZONE-BELARUS
(sorted by settlement)

7. Settlements in the 30-km zone of Gomel oblast in Belarus (sorted by name of

settlement)

Pation CenbcoBet Hacenénnblit myHKT
Bparunckui HoBouo4eHCKHit AnexcaHIpOBKa
Haposnsuckuit BepboBuuckuii Beias copoka
XOMHUKCKHH CrpennueBckuit Bopmeska
Bparunckuit I" nenckmuii BeiibMoB
Haposnsauckuit Bepb6oBuuckuit Bermnpsr
Bparunckuit X pakoBUUCKHIA Bepxosas Cinobona
Bparunckuit XpakoBHYCKHI Brirpebnas Cinobona
Bparunckuit I nenckmii I'nenn
X OMHUKCKHH CrpenuyeBckuii I'pana
Hapogsnsackuit BepboBuuckwuit JoBnanasl
Bbparunckuit I'nenckuit XKenubop
Bparunckuit X pakoBHYCKHI Xepnuoe
Bparunckuit I"mencxwmii 3anecee
Bparunckuit HoBononuenckuit Kanopenka
Bparunckuii HosouomnueHnckuit Kanopenckue JIsiapr
Bparunckuit KoMapuuCckuit Kapnosxka
Bparunckuii Komapunckuii KaTtunues
Bparunckuii I'neHckuit Kone16aup
X OHHUKCKHH CrpeniueBckuit KpacHocense
Bparunckuit I’ meHcxuit Kproxn
Bparunckuit I" nenckuit Kynaxun
XONHUKCKUH CrpennueBcKHit Jlecox
Bparunckuii HosounonueHckuit JIronBHHOBO
Bparunckuit X paKOBHUCKHIA JIsaner
X OMHHUKCKHH CrpenuyeBcKHi MacaHs1
Bparunckuit I" nenckwii MuxaneBka
X OMHHKCKHI CrpeinyeBckuit Monouxu
Hapopnsuckuit BepboBuuckuii HanrouaeBka
Bparunckuit XpakoBHUCKHUH Hexxuxos
Bparunckuit HoBononueHnckwuit Hogs1e 151
Bparunckuit X pakoBHUCKUH Hogs1ii cTenanoB
X OMHUKCKUH CrpenuyeBckuii OpeBnun
Bparunckwii Hosouomnmuenckuit OCHHHHK
Haposinsuckuit Bep6oBuuckuit Ocunoska
Bparunckuit X pakoBUUCKHUH ITepecerunen
Bparunckwit X paKkoBHUCKHIA [Tupxu
X OHHUKCKHH CrpeinueBcKHi IloronHoe
Bparunckuit I' nenckuii ITocynoso
Bparunckuit I" menckuii [Ipuctanckoe
XOHHUKCKUH CrpennueBckuit Panun
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Paiion

Haposnsauckuit
Bparunckuit
XoHHUKCKUH
Bparunckuit
Bparunckuit
Bparunckuit
Bparunckuit
XoMHUKCKUH
Haposnsiuckuit
Hapogsnsackwuit
XoHHUKCKUH
Bparunckuit
Bparunckuii

CenbcoBeT

Bep6oBuuckwit
X paKOBHUCKHIT
CrpenuyeBckHit
I"menckui
Hogounoiruenckuit
X pakoBHUCKHUH
X pakOBHUCKHIA
CrpenutieBcKuit
BepboBuuckuit
BepboButickuit
CrpenuueBcKuit
X paKOBHUCKHIT
I" mencxkmit

30-KM ZONE-BELARUS
(sorted by settlement)

HacenéHnHplit MyHKT

PoxxoBa
CaBuun
CuH1p!
CxopoaHoe
Crapsle jgapl
Craperit CtenaHoB
CyBuabl
VYnacel
Xatku
XyTtop-Jlec
YemkoB
YepHen
YukanoBuiH
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30-KM ZONE BELARUS
(sorted by rayon and settlement)

8. Settlements in the 30-km zone of Gomel oblast in Belarus (sorted by name of

rayon and settlement)

Pation
Bparunckuit
Bparunckuit
Bparunckuit
Bparunckuit
Bparunckuit
Bparunckuit
Bparunckuit
Bparunckwuit
Bparunckuit
Bparunckuit
Bparunckuit
Bparunckuii
Bparunckuit
Bparunckuit
Bparunckuit
Bparunckuit
Bparunckuit
Bparunckuit
Bparunckuit
Bparunckuit
Bparunckuii
Bparunckuii
Bparunckuii
Bparunckuii
Bparunckuit
Bparunckuii
Bparunckuii
Bparunckuii
Bparunckuit
Bparunckuit
Bparunckuii
Bparusckuit
BparuHckuii
HaposnsHckuit
Haposnsiackuit
Haposnsackuit
Haposnsiackuit
Haposnsaackuit
Haposnsauckuit
HaposnsiHckni

CenncoBeT

I"menckuit
I"nenckuit
["nenckuit
I'nenckuit

[ nenckuit
I"meHckwmit
I'nenckuit
I"nenckuit
I"menckuit
I"menckwmii
I'nenckuii

" menckui
Komapunckuit
Komapunckuit
Horouomnuenckuii
HoBouomuenckuii
HoBouomuenckuit
HoBonomuenckuit
HoBouomnuenckuii
Hopouomyenckuit
HoBonomuenckuit
X pakoBHYCKH#
XpakoBHYCKHH

X pakoBUUCKHI

X paKoBHYCKHIA

X pakoBHUCKHH
XpaKoBHUCKHUH

X paKOBHYCKHI

X paKoBHYCKHIA

X pakoBHUYCKHH

X paKoBHYCKHI

X pakOBHUCKHUIA

X paKOBHYCKHIA
BepboBuuckuii
BepboBuuckuii
Bep6oBuuckuii
Bep6oBuuckuit
Bep6oBuuckuit
BepboBuuckuii
BepboBuuckuit

Hacenénnprit myHKT

BensmoB

'nenp

Xenubop

3anecke
Konb16anp

Kproku

Kynaxun
MuxaneBka
ITocynoso
IIpucranckoe
CxkoponHoe
YukaioBUuu
Kapnoska
KaTtuues
AnexcaHIpOBKa
Kanopenka
Kamopenckue JIsast
JIronBuHOBO
Hogs1e Jlsapt
OcuHHUK

Crapeie JIaapl
Bepxosas Cnoboza
Brirpebnas Cno6ona
Xepnuoe

JIane1

Hexuxos

Hogrrit CrenanoB
Ilepecetunen
[upku

CaBuun

Craperif CtenaHoB
CyBunpl

YepHes

Benas Copoka
Benper

JloBnsaae:
Hanrouaerka
Ocunoska
PoxoBa

Xatku
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30-KM ZONE BELARUS
(sorted by rayon and settlement)

Pation CeibcoBer Hacenénnerit myHKT
Hapogisackuit Bep6oBuickuit XyTop-Jlec
XOHHHUKCKUH CrpenuteBckuii BopiieBka
XOHHUKCKUH CrpenuueBckHit I'pana
XOMHUKCKUH CrpeuueBckuit Kpacnocense
X OMHUKCKHH CrpenuueBckuit Jlecok
X oMHUKCKUH CrpenuueBckuit MacaHns!
XOMHUKCKHH CrpenuueBckuit Monotiku
XoiHUKCKUH CrpenuueBckuit OpeBuun
XOMHUKCKHH CrpenuueBcKuit IToronnoe
XoMHUKCKHH CrpeinueBckuii Panmun
X OMHUKCKHH CrpenuueBckuii Cuniipl
XOHHUKCKHUI CrpenuueBckuit VY nacel
XOoMHUKCKUH CrpenuueBckuii YeMkoB
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OUTSIDE 30-KM ZONE - UKRAINE

(sorted by settlement)

9. Settlements outside the 30-km zone in Ukraine (sorted by name of settlement)

Paiion CenscoBeT Hacen. nyHkT PaccrosHue,
KM

A. Kutomupckas Obsacthb

Panompiuisckuit Paiion. nooyunenue Benas Kpununa 95.7
Manunckuit JIroboBuuckwuit Benerit beper 82.9
OBpyuckwuit XypboBckuit Bynomob6oBka 66.7
Panompiinisckuit Benpunckuit Benpun 93.9
Hogorpan-Bonsiackuit ITunumoBuycKui T'oponuine 200.9
UynHOBCKHH TIOTIOHHUKOBCKHUIA I'oponuine 199.9
YepHaxoBckuit 3abponackuit I'oponuine 147.5
AHJpyIIeBCKHH MuHbKOBEIKHU I'oponuine 170.5
XutoMupckuit BepTokueBckuit I'opomuine 169.6
ManuHckuit Paiion. noowunenue ['panutHOE 89.2
Hapoguuckuii 3anecckuii JlaBBIIKH 54.4
Kopoctenckuit JaBbIKOBCKUH JaBeiaku 125.0
Xuromupckuit l1BaHOBCKHIA JaBbinoBKa 166.9
Bononapcko-Bonbmckuit  I'pymkoBckwuit JaBr11oBKa 152.2
Bononapcko-Bonbiackuit  J[BopuineHckuit JBsopuine 150.4
J3epxuHCKHit Paiion. noouunenue H3ep>xuHCK 205.8
EMunsumHCKHH Beinnkousunsackui J3ep>xuHCK 188.3
Jlyrusckuit BoBcyHOBCKHIT Hubposa 117.0
ManuHckuit JubpoBckwuit Hubposa 81.4
KopocTencknit CrpeMuropoackuit Hubposa 106.4
Onesckuit Paiion. noouunenue Hubpopa 149.2
OneBckwuit Paiion. noouunenue Hpyxba 148.8
Bapanosckuit Hy6posckuit Hy6poBka 221.6
Manusuckuit [oppmckuit EneBxa 97.8
Ob.. noouuneHue Xutomup 161.2
UepHAXOBCKUH 30pOKOBCKH VBankoB 154.4
AHJpyleBckui MBankoBckuit HBaHkoB 164.3
Manunckuit VBanoBckuit VBaHoBKa 106.1
Kopoctenckuit BecenoBckuit VBaHoBKa 121.5
Bononapcko-Bonemckuit  KpaeBmuHckui HBaHoBKa 144.7
BapanoBckuit CMoJIIbIpeBCKHI WBaHoBKa 203.5
Xutomupckuit VBaHOoBCKHiA VBaHOBKa 164.4
Jlyrunckuit BenukoauBIHHCKHH HBanoBka 139.0
Bononapcko-Boneiackuit  ITopomMoBckuit KannnoBka 144.9
Jlyrunckuit KanuHoBckwit Kanunorka 138.4
Kopocrtenckuit KanunoBckHit KanunoBka 135.4
Hosorpan-Bonbiackuit IToBunHCKHH KanunoBka 216.2
XutoMupckuit JIeBKOBCKHIA KanunoBka 155.6
Haponuuckuit KanunoBckuit KanunoBka 81.2
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OUTSIDE 30-KM ZONE - UKRAINE

(sorted by settlement)
Paiion CenbcoBeT Hacen. nyHkT Paccrosuue,
KM

Haponutickuii Mexuneckui Kapnunoaxka

Hogorpan-BonsiHckuit ManouBunsHCKUH KaprunoBka 189.2
Onesckuit 30JbHIHCKHH KoBaneska 180.1
Kopocrenckuit Kanenckuit Kopma 97.2
EMunpunHCK Ui CrenaHoBCKUH Koponeska 155.4
Manunckuit Bopcosckuit Koponeska 101.1
ITonenbHAHCK U Koprunckuit Koponeska 148.1
06n. nooyuneriue Kopoctenn 112.4
Hosorpan-BonbHckuit JleGeneBckuit JlebeneBka 185.1
OBpyuckuit JIuncko-PoMaHOBCK Ui JInnckxue Pomansl 71.6
OBpyuckuit Py nusHCckuii JronBuHOBKA 72.2
[TonenbHAHCKUH MakapoBckuit MaxkapoBka 178.5
ManuHckui Paiion. nooyunenue Manun 90.3
Hogorpan-Bonsmckuit ITonusHOBCKUH ManuHoBKa 173.1
KopocTennesckuii ConoBeeBckHit ManuHoBka 137.5
YepHAXOBCKHIHA CrhIpTOBCKHH ManuHnoBka 134.0
Manunckui ManuHoBcKkui ManuHoBka 88.1
YepBoHOapMeiickuii MapTeIHOBCKHH MapreiHOBKA 170.7
BepauueBckuit Paiiroponoxckuit MapTrIHOBKA 211.2
BapaHoBckwuit Paiion. noouunenue MapssHoBKa 197.4
PaoMbInbckuii JlenuHCKUH MapbsHOBKa 123.3
Pyxunckuit JepraHoBckuit MapbsHoBKa 207.5
Bononapcko-Bonemckuit  CyxoBOJbCKHH MapbsHOBKa 147.8
Haponutckuit Hopunnesckuit MapbsHoBKa 69.9
KopocTsinesckuit Oszepckuii MappsHOBKa 149.6
EMunpuuHCKUR Perxansckuit MapbsHOoBKa 175.1
KopocTrIinesckuit CounoBeeBckHit Mopo3oBka 135.4
Manunckui Mopo3oBckuit Mopo3oBka 69.9
Hogorpan-Bonbsackuit Kpacunosckuii Mopo3oBka 200.9
Haponutckuii Paiion. noouunenue Haponuun 73.5
EMunpunnckuit Huxonaesckuii HuxonaeBka 152.2
Hogrorpan-Bonbiackuit Kamennomaiinanckuit Hukonaeska 181.9
Hapoauuckuii Panguanckuit Hogas Pagua 54.0
OBpyuckuii VYcoBckuit Hogas Pynus 129.6
Jlyrunckuii CrapocenbsCckuit Hogsas Pynus 127.4
JXutoMupckuit BykoBckuit Hosas Pynus 183.2
JKutomMupckuii Kamenckuit Hogocenuna 156.1
ITonenbHAHCKUH Hogsocenuukuit HoBocemnuna 170.4
Manunckui JlroboBHUCKHit Hosocenuna 85.0
OBpyuckuit Paiion. noouunenue OBpyu 89.3
JTrobapckuit I'u3oBImIMHCK M OsepHoe 236.7
Haponuuckuit Pamuanckuit OnpxoBas 49.5
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OUTSIDE 30-KM ZONE - UKRAINE

(sorted by settlement)
Paiion CenbcoBeT Hacen. nyHKT Paccrosinne,
KM

Haponuuckuit MarnokJiemeBcKHit Ilepemora 69.1
YepHAXOBCKHUH Buisckuit ITepemora 159.4
HoBorpan-Boneckuit HoBopomaHoBCcKkuit Ilepemora 191.1
OBpyuckuit Paiion. noouunenue IlepmorpaBHeBoe 84.2
JKutoMupckuit ITeckoBckuii ITeckn 163.8
KopocTeHnckuii [opiukoBckuii ITecku 132.7
[TonenpHsHCKUH Capepeuxuit Ilecku 167.2
UepHIXOBCKH KnerumeHckuit IInexoB 148.8
Haponuuckuit BenukoxereBckuit ITonecckoe 70.6
OBpyuckuit [Necuanunuxuit ITonecckoe 99.8
Kopoctenckuit ITonecckuii ITonecckoe 121.1
OBpyuckuit PynusHckuit IIpumyxn 84.9
Haponuuckuit Panuanckuit Pamua 55.9
JI3e pXUHCKUH PoMaHOBCKHiH PomaHnoBKka 208.3
ITonenpHAHCKUHA PomaHoBCKuii PomaHnoBka 160.5
KopocTeuieBckuii PomaHnoBckuit PomaHoBKa 138.0
Hogorpaa-BonbiHckuit BpoxukoBckuit PomanoBka 187.0
BapanoBCcKkHit PorauoBckuii Pynus 198.2
Kopoctenckuit Primagsckuit Pynus 146.9
Kopocrtenckuit ITonecckuii Pynusa 123.4
OBpy4ckwi WrHaTtionsckuit Pynus 100.7
YepHSIXOBCKHIHA OuepeTsHCKHUH Pynus 134.5
Kopoctennesckuii XapUTOHOBCKHUH Pynns 151.2
Onesckuit XKypxeBuuckuit Pynus 169.9
OBpyuckuit Pynusuckuit Pynus 78.5
Haponauuckuii Pamuanckuit Crapas Pagua 54.4
Jlyrunckuit CrenaHoBCKHUIH CrenaHoBka 130.0
EMmIbuuHCKUH CrernaHoBCKkHi CremnaHoBka 159.7
ManuHckui VYkpauHckuit VYkpauHka 86.1
ManuHckuii I'panuTHAHCKUH ®denopoBka 92.5
YepHsaxoBckui CThIpTOBCKHUI ®denoposka 134.1
Hogorpan-Bonbisckuit ®enopoBckuii ®denopoBka 181.7
YepBoHoapMeHcKuit OuepeTsHCKUH Slcnas IlonsHa 165.3
b. Kuesckass O6nacth

BoponsHckwmit Paiion. nooyunenue Babunie! 85.4
Obn. noowuneHue Benas LlepkoBp 177.2
VBaHkoBcKHiA I[InueBckuit Bens1it beper 50.8
ITonecckuit ITonecckwii Bobep

Ob6n. noowuHenue Bopucnons 132.9
BoponsHckuit Paiion. noouunenue Boponsuka 84.5
BapemeBckuit BonomunoBckuit Bopies 152.5
ITonecckuit Byno-Baposuuckuit Bbyna-Baposuun 42.5

35



OUTSIDE 30-KM ZONE - UKRAINE

(sorted by settlement)
Paiton CenncoseT Hacen. nyHkT Paccrosnue,
KM
[Tonecckwui ITonecckwuit Baposuun 38.7
IToneccxkwuit Paiion. noouunenue Brmipua 47.0
[Tonecckwuit BosmukoBckuit Bosukos 49.9
Ilepescnap-Xmenpuunkuit  IIpuctpomckuii Bostuxos 166.8
Karapinpixkckuit XanyaHCKHUH BopoHoBka 172.5
Be1miroponckuit Pation. noouunenue Bermmropon 95.4
VBankoBckuit I'opHOcTaiinonsckuit I'opHOCTAali11011b 38.8
Bopucnonsckuit I'ry6oxckuit T'oponuine 142.1
BenouepkoBckuit [Tununuyanckui I'oponuine 187.4
HBaHkoBckuit WBankoBckuit Toponumie 36.3
Bemropoackuit JleMHTOBCKHiA Jemunos 77.1
BacunbkoBckuit 3m0poBCKuit Hubposa 133.8
HBankoBckHit ITeckoBckuit JlomMaHOBKa 36.8
VBankoBckHit JbsmMapckuit JpmMapka 40.2
Beuuroponackuit Pation. noouunenue Hemvep 70.2
Kuepo-CsTonuHcKuit 3abopckuit 3abopse 120.8
HBankoBckuit HBankoBckuit 3anpynka 56.5
WBankoBckuit 3eneHOMBICCKHIH 3enensIii Meic 42.2
MBankoBckHit JUTITKOBCKUH 3opuH 38.6
Bopucnonbckuit VBaHKOBCKHH VBaHkoB 138.5
KueBo-CBATOIIMHCKHEH ManroTsHCKHi HBankoB 125.1
VIBaHKOBCKHi Paiion. noowunenue VBaHkoB 53.0
Borycnagckuii VBanoBckwit MBaHoBKa 218.4
VBaHKOBCKHIA WBankoBckuit V1BaHOBKa 20.4
BenouepkoBckuit VBanoBCKHi VBanoBka 171.8
CraBHUIllEeHCKUH VBaHOBCKUH lBanoBka 215.1
Karapneixcknii I'opoxoBarckuit ViBaHoBKa 170.3
3rypoBckuit TypoBckuii Wneunckoe 163.8
0b6an. noowuneHue Hpnens 98.7
BacunpkxoBckuit Paiion. noouunenue KanunoBka 131.1
MaxkapoBckuii MaxkapoBckuit KanunoBka 110.4
Borycnasckwi OnbxoBenKui KannHoBka 217.5
Bposapcxuii KanunoBckuii KanunoBka 107.0
Karapnpikckuit Kanomckuit KanunoBka 183.1
IMonecckuit CrernuHckuit KanunoBka 35.0
Bposapckuii Paiion. noowunenue Kannra 97.9
VIBaHKOBCKHIA ITeckoBckuit Kapmunoska 31.9
Bopucnonbckuit Kuposckuii Kuposo 136.6
VBaHKOBCKUH KyxapeBckuit Kuposo 74.2
BoponsHckuit Paiion. noouunenue Kitaaueso- 91.0
TapacoBo
WBankoBckuit [TeckoBckuit KoBaneska 33.6
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OUTSIDE 30-KM ZONE - UKRAINE

(sorted by settlement)
Paiion CenbcoBeT Hacen. nyHkT Paccrosinue,
KM

BacuipkoBckuit KoBanesckuit KoBanerka 158.0
ITonecckuit [Tonecckwuit KogmmmioBka 42.5
MakapoBckuii Pailon. noouunenue Konpa 97.0
MakapoBckuii KoponeBckuit Koponeska 97.7
MakapoBckuii Peunnukuit Koponeska -

[Tonecckwuit MakcuMoBHYCKUH Koponeska 41.5
®dacToBckuit ITununoBckuit Koponeska 157.5
[Tonecckuit Kpacsaruuckuii Kpacsatuuan 47.4
lBaHKOBCKHH HBankoBckuit Kynogsatoe 33.4
WBankoBckuit KyxapeBckuii Kyxapu 73.7
SroTuHCKUHR I'onyHoBckuit JlebeneBka 185.8
Beimropoackuit JleGeneBckuii JlebeneBka 83.1
BenouepkoBckuit Posanuesckuit JIronBUHOBKa 166.1
WBankoBckuit Baposckuii JIronBHHOBKA 65.3
MakapoBckHit JIxonBUHOBCKHUIH JlionBHHOBKa 114.8
O6yxoBckuit JoynuHcKkui MakxkapoBka 159:2
WBankoBckuit MaxkapoBckuit MakxkapoBka 45.9
ITonecckuit MakcHMOBHYCK Ui MaxkcumoBHYH 39.8
WBankoBckuit MakapoBckuit Manas MaxkapoBka 42.7
ITonecckunt MapTEIHOBHYCKHI MapThIHOBHYH 35.6
BacmibkoBckuit MapbsiHOBCKHH MapbsHoBKa 149.4
MaxkapoBckuii Kononmusckui MapspsiHOBKA 102.9
MaxkapoBckHit MapbsHOBCKHIA MappsiHOBKa 121.0
[epescitaB-XmenbHuukUi  BenukokapaTynbCkuit MappsHOBKa 178.3
ITonecckuit MapbsHOBCKHUH MapspsHoBKa 47.2
BorycnaBckuit MenBUHCKHH Mensun 230.4
WBankoBckuii 3eNeHOMBICCKUH MenBux 39.1
BoponsHckuit MHUKY THYCKHIA Muxkynuum 91.5
ITonecckuit MnayeBckuit MnaueBka 44.3
Bapennesckuit Mopo3oBckuit Mopo3zoBka 141.2
VBankoBckuii MycuitkoBckuit Mycuiixu 44.6
BoponsHckuit Paiion. noouunenue Hewmermmaeso 92.9
MakapoBckuit KomoHnmuHCckui Huxonaeska 104.1
Beimroponckuit JIuTBHUHOBCKHUH Hukonaeska 74.6
BopoasHckuit HoBorpebesckuit Hogas I'pebns 92.0
WBankoBckuit MycuifkoBcKHit Hogs1e CokoJibl 33.0
ITonecckuit HoBoMupckuit Hogs1it Mup 34.3
SrotuHCcKuUi Cynoesckuii OsepHoe 162.8
VBankoBckuit OpaHckuit Opanoe 30.5
ITonecckuit CremuHcKui OpmxoHHUKHO3E 32.5
BapenneBckuit ITepemMoroBckuii ITepemora 130.1
BpoBapckuit KanuHoBckuit [Tepemora 110.8
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OUTSIDE 30-KM ZONE - UKRAINE

(sorted by settlement)
Paiion CenncoBeT Hacen. nyHkT PaccrosHue,
KM

WBankoBckuit ITeckoBckuit [lecku 34.7
BoponsHckuit Paiion. noouunenue [TeckoBka 84.8
Beimmroponckuit ITupHOBCKHUH [TupHOBO 83.4
Bposapckui ITnockoBckwmit [T1ockoe 119.1
TapamaHckuit I1ockoBckuit [Tinockoe 214.7
ITonecckwuit Paiion. noouunenue [Tonecckoe 51.5
TapamaHckui JlecoBuuckuit IToToku 210.0
lBankoBckuit ITeckoBckwuit IToToxu 31.5
BaHKOBCKHit ITpubopcxkwuit ITpubopck 429
BpoBapckwii Pynusauckuit Pynus 104.0
Ob6n. noouuneHue CnaByTHu 50.5
BacuipkoBckuit CoxorioBckuit CoxoJi0BKa 166.5
3rypoBckuit HoBoanexcanapoBCKHiA Crapoe 153.1
Bopucrnonsckuit CrapoBckuit Crapoe 156.9
HBankoBckuit IlecxoBckuit Crapsie Coxoubl 324
MBaHKOBCKHIt OpaHckuit CrenaHoBKka 373
BacusibkoBckui Onpmancko-HoBocenuukuit  CTemaHoBKa 158.7
ITonecckuit CreruuHcKui Creuuna 37.1
Beimropoackuii I"'aBpunoBCcKHii TapacoBuuHa 77.4
lBanKoBCKHit TepmaxoBckuit TepMaxoBka 45.5
lBankoBcKkHiA TetepeBckuit Terepesckoe 65.7
OOyxoBckuit Tpumnobckuit Tpunonse 150.3
O6yxoBckHit Paiion. noowunenue Vkpaunka 146.9
Bemmropoackuit PoBoBckuit ®denopoBka 59.1
dacToBckuit BeiukoryJiskoBckHii ®enopoBka 145.0
MBaHKOBCKHiA HpankoBckuit ®denopoBka 47.1
SroTuHCKHHA 3acymoeBckuit denopoBka 173.7
ITonmecckuit Panunckuii ®denopoBka 33.7
lBankoBCKHit JutsaTkoBCKHiA ®py3uHOBKA 40.2
HBaHkoBcKHit Opanckuit XoueBa 40.3
VBaHKOBCKHiA TepmaxoBckuit UxaJioBka 55.2
lBankoBckuit 1IInuneBckuit Ul 54.8
B. Uepuuroeckasa ObdnacTs

WNunsackuit XaeHKOBCKUH BoponoBka 167.9
YepHHUTOBCKUH CMOJIHHCK Ui I'onyapoBckoe 59.8
BaxMauckwii I'oponurueHckuit [oponuime 189.3
Hosropox-Ceepckuit ByuxoBckuit I'oponume 233.1
MeHckuit I'opoauineHckuit I'oponuine 133.4
I'oponusHCKH Paiion. nooyunenue I'oponus 118.1
WNunsHckuit I'oponusHCk Ui I'oponus 185.5
Kozeneuxwuit Pailon. noouunenue HecHa 70.9
Hosropox-Cesepckuit ['peMsuckuii Jubposa 240.8
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OUTSIDE 30-KM ZONE - UKRAINE

(sorted by settlement)
Pation CeibcoBeT Hacein. nyskT Paccrosnue,
KM

Hexwunckwuit KpyToBckuit Hubpora 150.9
YepHUTOBCKUH JHenpoBckwuit JHenpoBckoe 42.5

WunsaHCKU] Paiion. nooyunenue Hpyx6a 172.3
Kozeneuxuit OnbuHckuit Jpmepxa 78.0
YepHUroBCcKkuit KyxoTkoBckHi KykoTtku 67.8
Penkunckuit Paiion. noouunenue 3amriait 87.7
[Tprinyxckuit 3aMOCTAHCKHIA 3aMocThe 186.4
YepHUroBckuit VBaHOBCKHit VBaHoBKa 84.1

I{opckuit Coduenckuit HBaHoBKa 150.7
CeMeHOBCKHIA VBaHOBCKHI WBanoBka 198.7
Bop3usHckuit Huxkoraesckuit WBanoBka 176.0
Kopornckuit KpuckoBckuit WBanrkoB 203.9
He)xunckuit BennkomopoikckHit KainnoBka 148.5
Baxmauckuit XanTMMOHOBCKHIA KainHoBka 203.9
Hocorckuit KanunoBckuit KainnoBka 137.2
CpeOHsHCKHi Kapmuosckwuit KapmmioBka 2263
Kozeineuxuit KapnuiioBckuit KapnmioBka 69.2
Hosropon-CeBepckuit Kupogsckuit Kuposo 219.1
Kozeneuxuit Paiion. noouunenue Kozenen 90.6
KyinnkoBckwuit CMonsHCKHiH Kopoctenp 94.7
Koponcxkuit Kpacnononsckuit KpacHorioise 211.4
Kozenenkuit MaxkcHMOoBCKHi Jlebenerxa 64.7
Penxunckuit PenpxoBckuit JleckoBka 46.7
YepHHUTOBCKHUIH BopoBukoBckuit Jlecnoe 44.1

Penkunckwuit Paiion. nodvunenue Jxobeu 52.2
BobpoBuukuii Bo6posurkuit I'opcoeT MakapoBka 113.0
YepHUTOBCKUH BenumibuoBckuit Maueiiku 53.8
Penxunckuit JIrobeuckuit MajHoBKa 56.2
YepHUTOBCKUH TepexoBckuit MainHoBKa 93.3
WNunsHckuit MapTbIHOBCKHIH MaprbHoBKa 182.9
YepHUTOBCKHUH Paiion. noduunenue Muxattiio- 69.7

Korrobuackoe

Penkunckuit Henanunuckuit Henanunun 40.5
Ob6n. noduunernue Hexwun 132.0
BobpoBunkuit I"aBpHOBCKHIt Hukojiaes 140.6
Bop3usHckui Huxkonaesckuit HukosaeBka 174.0
[Tpunykckuit ITorpe6oBckwit HuxkoiaeBka 155.8
MeHckuit Hukonaesckuit HukosnaeBka 118.0
TanasaeBckuit YkpauHCKHit Hogas 207.4
Kozenenxuit CraBucckuit Hogas I'pebisa 100.5
[Tprnykckuit Hogorpe6esckuit Hosas I"'pebnsa 199.6
Penkxunckmit Hepanunuckuii Hogas Pyaus 44.8

39



OUTSIDE 30-KM ZONE - UKRAINE

(sorted by settlement)
Paiion CenncoBeT Hacen. nyHkT PaccTosnue,
KM
Koponckuit IIponerapckuit Hogsocenuila 205.3
BobpoBunkwuit CoxkonoBckuit HoBocemina 125.1
Tananaesckuit [TonoBH4KOBCKU# O6yxoBo 214.3
Kozenenkuii CaBuHCKkwHit OzepHoe 90.4
YepHHUTrOBCKU Paiion. noowunenue Onuineka 89.4
Kozenenkwuit Paiion. noouunenue Octep 75.9
Hocogckwit CrenHoxyTopcKHuit OtpagHoe 132.2
Hexwunckuit [Tepemoxckuit [Tepemora 149.8
BaxMmauckuit KpacunoBckuit [Tepemora 181.3
KoproxoBckuit ArnexcaHApPOBCKUH [Teckn 146.5
BobpoBuiikuit [TeckoBckuit [Tecku 127.9
Baxmauckwuit [TeckoBckuit [Teckn 182.2
YepHHUTOBCKHit ITeckoBckuit Ilecku 94.9
Hlopckuit KimocoBekwit [InexoB 146.7
YepHHUTOBCKUH [TnexoBckuii [Inexos 59.2
Hocogckuit [InockoBckuit IInockoe 116.0
Kozenenkuit Octepckuii 'opcoseT [Tonecckoe 77.6
I'oponHsHCKHIA [Tonecckuit [Tonecwe 130.2
CocHHIIKHHI MartBeeBcKHit ITonecwe 165.8
Obn. nooyuneHue Ipmiyku 186.0
Penkunckmit Paiion. noowunenue Panyns 64.8
Penxunckuit Paiion. noouunenue Penku 82.9
CocHuukuit Ko3nsanuckuit Pynus 179.8
KoproxoBckuit IIumxoBCKHUH Pynus 167.8
Kozenenkwuit MopoBckuit Pynus 65.0
YepHHTOBCKHIA ITakyibckuit Pynus 42.7
YepHHTOBCKHIA CMoJTHHCKHH CMmoiuH 65.2
BobpoBunkuit CoxkonoBckuit CoxkonoBka 130.6
Kozeneukuit MaxkcuMoBckuit CoxonoBka 63.8
Bop3usauckuit CrenaHoBckwuit CremanoBka 140.6
MeHnckuit Bonockosckuit CremnaHoBka 135.7
YepHHTOBCKHIA TepexoBckuit TepexoBka 94.5
CeMeHOBCKHIH AnexcaHIpOBCKHIA Vel 212.0
BobpoBuirkuit I'aBpuioBCKHU YkpanHka 144.5
Oba. noouuneHue YepHHUros 84.6
Hosropon-Cesepckuit ByuxoBckuit Scnas [Tonana 234.8
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10. Settlements outside the 30-km zone in Ukraine (sorted by name of rayon and

OUTSIDE 30-KM ZONE- UKRAINE
(sorted by rayon and settlement)

settlement)
Pation CenncoBeT Hacenéunspiit nynkr PaccrosiHue,
KM

A. Xurtomupckas Obnacts

AHJIpYyLIEBCKHiA VBaHkoBCKHit lBankos 164.3
AHJpYyLIEBCKHHA MHuHBKOBEIIKUH ['oponuiie 170.5
bapanoBckuit Hy6poBckuit Hy6poBka 221.6
BapanoBckuit Paiion. noovunenue MapssiHOBKA 197.4
BapanoBckuit PorauoBckuit Pynus 198.2
bapaHoBckuit CMoimbIpeBCKuit HBaHoBKa 203.5
Bepauuesckuit Paiiroponokckuit MapTtriHOBKA 211.2
Bononapcko-Bonbeiackuii  ['pymkoBckuit JaBbinoBka 152.2
Bononapcko-Bonbmckuit  JIBopHINEHCKHIA JBopuine 150.4
Bononapcko-Bonemckuit  KpaeBmuHcKui VBaHoBKa 144.7
Bononapcko-Bonbiacku#t  [TopomoBCKHif KanunoBka 144.9
Bononapcko-Boneiackuit  CyXxOBOJIBCKHIA MapbsHOBKa 147.8
J3epxxuHCKUH Pailon. nooyunenue J3epxuHck 205.8
J3epxuHCKUH PomanoBckuit PomaHoBKa 208.3
EMunpunHCKuit BenuxonBunsHckuit J3epxuHCK 188.3
EmMunsunHCKHi Hukonaesckuit Hukonaerka 152.2
EMunpunHCKHi Peixasnsckuit MapbsHOBKa 175.1
EMunpunHCKU# CrenaHoBCKUiA Koponeska 155.4
EMunsunHCKHH CrenaHOBCKHUH CrenaHoBka 159.7
XutoMupckwii BykoBckuit Hosas Pynus 183.2
XutoMupckuit BepTtokueBckuit oponurne 169.6
XKutomMupckuit VIBaHOBCKHi JlaBpImoBKa 166.9
XutoMupckuit VBaHoBCKHiA WBanoBka 164.4
XKutomupckuit Kamenckuit HoBocenuiia 156.1
Xuromupckuit JleBKOBCKHIA KannnoBka 155.6
Xutomupckuit ITeckoBckuit Ilecku 163.8
KopocTeHnckuii Becenosckuit VBaHoBKa 121.5
KopocTenckuii [opiukoBCKHit ITeckn 132.7
Kopocrtenckuit JIaBBIIKOBCKHIA JaBb1axu 125.0
KopocTenckuii KanunoBckuit KannnoBka 135.4
Kopocrtenckuit Kanenckuit Kopma 97.2
KopocTenckuii ITonecckuit [Tonecckoe 121.1
KopocTenckuii ITonecckuit Pynus 123.4
KopocTenckuii PrrmaBckuit Pynus 146.9
Kopocrenckuit Crpemuropoackuit JAubposa 106.4
KopocTteineBckuii Osepckwit MapssHoBKa 149.6
KopocTteiuesckuii PomanoBckuit PomanoBka 138.0
Kopoctpnuesckuit ConoBeeBckuit ManuHoBka 137.5
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OUTSIDE 30-KM ZONE- UKRAINE
(sorted by rayon and settlement)

Paiion CenscoBeT Hacenénnsrit nynkt PaccrosHue,
KM

KopocTeImesckui ConoBeeBckuii Mopo3oBka 135.4
Kopocteuuesckuit XapUTOHOBCKUH Pynus 151.2
Jlyrusckuit BoBcyHoBckwmit Hubposa 117.0
JlyruHCcKHi BenukonuBiuHCKUH HpaHoBka 139.0
JIyruHckuit KanunoBckuit KasimaoBka 138.4
JIyruHCKHiA Crapoceisckuit Hosast Py nus 127.4
JIyrunckuit CrenaHoBckuit CrenaHoBKka 130.0
JIro6apckuit I'n3oBmUHCKHH OsepHoe 236.7
MaiuHckui BopcoBckuit Koponeska 101.1
MaHckui I'opeHCKHi Enerxa 97.8
MaJHCKHiH I'panuTHSIHCKHIA ®enopoBka 92.5
MaiuHcKui JubpoBckuii Hubposa 81.4
MainHckui HBanoBckuit VBaHoBKka 106.1
MauHCcKuH Jlro6oBHYCKHI Benerit beper 82.9
MainHCKHit JTro6oBHyCKHiH HoBocenuiia 85.0
MaiuHckuit MajiHOBCKHiH MajmHoBka 88.1
MaiuHckuit Mopo3oBckuit Mopo3oBka 69.9
ManuHckui Paiion. noowunenue I'panuTHOE 89.2
MauHCcKuH Paiion. noouunenue Manun 90.3
Manuuckut YkpamHCkHH ~ VKpauHKa 86.1
Haponuyckuii BennxoxienieBckui ITonecckoe 70.6
Haponurckuit 3anecckuit HaBbiaxu 54.4
Haponuackuii KainnoBckuii KasnunoBka 81.2
Hapopuuckwuit MajtoxerneBckui Ilepemora 69.1
Haponuuckwuit Mexuieckuit KapmuioBka -
Haponuuckwuit Hopunuesckuit MapssHoBKa 69.9
Haponuckuit Papuanckuii Hogas Pagua 54.0
Haponuuckwuii Papguanckui OnpxoBas 49.5
Hapoauuckuii Panuanckuit Pamua 55.9
Haponuuckwuii Papuanckuit Crapas Pagua 54.4
Haponuuckmii Pailon. noouunenue Haponuuu 73.5
Hogorpan-BonesiHckuit BponukoBckuit PomanoBka 187.0
Hogorpan-BonsiHckuit KamenHnoMmaitnanckuii Huxkoiaerka 181.9
Hogorpan-Bonbiackuit Kpacunosckuit Mopo3oBka 200.9
Hogorpan-BoisiHckuit JlebeneBckuit JleGenepka 185.1
Hogorpan-BosbiHckuit ManousuisHCKHH KapnmiioBka 189.2
Hogorpan-BosbiHCKui HoBopomaHoBckui Ilepemora 191.1
HoBorpan-Bosbiackuit [TununoBuycKuit ['oponuie 200.9
HoBorpaa-BoJisiHckuit IToBumHCKHIT KanuHoBka 216.2
Hogsorpan-Bosbiackuit IToymsHOBCKHIT ManunoBka 173.1
HoBorpaa-BosbiHckui ®denopoBckuit ®denoposka 181.7
Obnacm. noouunernue Xuromup 161.2
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OUTSIDE 30-KM ZONE- UKRAINE
(sorted by rayon and settlement)

Pation CennLcoBeT Hacenénnsiit nyHkt PaccrosHue,
KM

O6nacm. nodwunenue Kopoctenn 112.4
OBpyuckuit Xypborckuit Bynomo6oBka 66.7
OBpyuckuit UrnaTionsckuit Pynus 100.7
OBpyuckuit JIuncko-PoMaHOBCKHHA JIunckue PoMaHbl 71.6
OBpyuckwuii ITecuanuuxuit [Tonecckoe 99.8
OBpyuckwi Paiion. noovwunenue OBpyu 89.3
OBpyuckuit Paiion. noovunenue ITepmoTpaBHeBoe 84.2
OBpyuckuit Py nusHckuit JionBHHOBKA 72.2
OBpyuckuit Pynusuckuit Iprryxu 84.9
OBpyuckwuit Py aasuCKHH Pynus 78.5
OBpyuckuit YcoBckuit Hosas Pynus 129.6
OuneBckwuii XypxeBuuckuit Pynus 169.9
OneBckuit 30NbHSAHCKUH KoBaneBka 180.1
OneBckuit Paiion. noovunenue Hubposa 149.2
Onesckuit Paiion. noovunenue Hpy>xba 148.8
[TonenpHAHCK M Kopuunckuit Koponeska 148.1
IonensHsHCK M MakapoBckuii MakapoBka 178.5
IonensHsAHCK M HoBocenunkuit Hogocenuna 170.4
ITonenpHsHCK M PomanoBckui PomanoBka 160.5
ITonenpHsHCK M Cagepenkuit Ilecku 167.2
Pagomprnneckuit Benpunckwuii Benpun 98.9
Pagompnimbckuii JlennHckui MapesiHOBKA 123.3
Pagombiiibeckuit Paiion. nooyunenue benas Kpunnna 95.7
PyxuHckuii JepraHoBckuit MapbsHOBKa 207.5
YepBoHOapMeHCKHU MapTheIHOBCKUH MaprbiHoBKa 170.7
YepBoHOapMeHCKHit OuepeTaHCKHH Scuas [Tonsgna 165.3
YepHsaxoBckui Bunsckuit Ilepemora 159.4
YepHsIXOBCKUH 3abponckwuii I'opoauine 147.5
YepHsaxoBCKHi 30pOKOBCKUH WBankoB 154.4
YepHsaxoBckuit KnerummeHckuii IInexoB 148.8
YepHsaxoBCKuit OuepeTtsHCKUH Pynus 134.5
YepHsaxoBCKHi CrpIpTOBCKHI ManuHoBka 134.0
YepHax0BCKHI CThIpTOBCKHI ®denopoBka 134.1
Yy IHOBCKHUI TIOTIOHHHKOBCKHH I'oponuinme 199.9
b. KueBckas Obnactp

Bapeinesckuii BoonHoBckHit Bopines 152.5
BapeieBckuii Mopo3oBckuit Mopo3zoBka 141.2
Bapennesckuit ITepeMoroBckuit Ilepemora 130.1
BenonepkxoBckuit VBaHoBCKHiA VBaHoBka 171.8
BenonepxoBckuit [TunumyaHcKui I'oponuine 187.4
BenonepkoBckuit Po3zanueBckuit JIronBHHOBKA 166.1
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OUTSIDE 30-KM ZONE- UKRAINE
(sorted by rayon and settlement)

Paiion CenbcoBeT Hacenénnplii myHkT Paccrosuue,
KM
Borycnasckuit lBaHoBCKHit VBaHoBKa 218.4
Borycnasckuit MenBUHCKHIA MenBux 230.4
Borycnagckwuit OnpxoBenkuit KanunoBka 217.5
Bopucnonsckuit I'my6oxckuit I'oponuine 142.1
Bopucnonsckuit M BaHKOBCKHUIH MBaHKOB 138.5
Boprcnonsckuit Kuposckuit Kuporo 136.6
Bopucnonbckwit CrapoBckHit Crapoe 156.9
BoponsHckuit Muxkynuyckuit Muxyinau 91.5
Boponsuckuit Hogorpebenbckuit Hogasr Pebiis 92.0
BoponsHckuit Paiion. noouunenue BabuHmb1 85.4
Boponsiackuit Paiion. noowunenue Boponsuka 84.5
Boponsauckuit Paiion. noouunenue KnaBaueso- 91.0
Tapacoso
Boponsuckuit Paiion. noowunenue Hemermaeso 92.9
Boponsuckuit Paiion. noouunenue ITeckoBka 84.8
BpoBapckuii KanunoBckwuit Kanunorka 107.0
BpoBapckuit KajmmHoBCKHI [Tepemora 110.8
BpoBapckuit ITiockoBckuit ITnockoe 119.1
BpoBapckuit Pation. noowunenue Kaymra 97.9
BpoBapckwit Py nusiackuit Pynus 104.0
BacuiibkoBCcKHid 310pOBCKHiA J1bpopa 133.8
BacmiibkoBckuit Kopanesckuit KoBaneska 158.0
BacuiipkoBckuit MaprsHOBCKHi MapbsHOBKa 149.4
BacuibkoBckuit OnplianckonoBocenuukuii  CrenaHoBKa 158.7
BacuipkoBckuit Paiion. noouunenue KanunoBka 131.1
BacuiibkoBckHi CoxoJ10BCKHi CoxoJi0BKa 166.5
Bermmropoackmii I'aBpuitoBCcKHi TapacoBinuna 77.4
Beimroponckuit JlemuaoBckuit JleMuoB 77.1
Brunroponckuit JIebeneBckuit Jlebeneska 83.1
Bermropoackuit JInTBHHOBCKHIA HukonaeBka 74.6
Briropoackuit IIupHOBCKHUH ITupHOBO 83.4
Beinroponckuit Paiion. nooyunenue Bemnropon 95.4
Brrmropoackwit Paiion. nooyunenue Jemvep 70.2
Beimropoackwit PoBoBckuit ®enoporka 59.1
3rypoBCKH HoBoanekcanapoBckHi Crapoe 153.1
3rypoBCcKHif TypoBckuit HnbunacKOoE 163.8
VBaHKOBCKHIA Baposckuit JIronBuHOBKA 65.3
VBankoBCckHi I'opHOCTaN110JIbCKHIA I'opHOCTakNONB 38.8
M BankoBckHi JIUTATKOBCKH 3opuH 38.6
lBankoBCcKHiA JIUTATKOBCKHI ®py3uHOBKA 40.2
MBankoBckuit JlpmMapckuit JpmMapka 40.2
VIBaHKOBCKUI 3eeHOMBICCKHUH 3enenblit Mbic 42.2
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OUTSIDE 30-KM ZONE- UKRAINE
(sorted by rayon and settlement)

Paiion CenncoBet Hacenénnrlit nynkr PaccrosiHue,
KM

MBaHkoBCcKuit 3eJ1eHOMBICCKHI MenBux 39.1
VBaHKOBCKHI VIBankoBCKHit ['oponuie 36.3
VIBaHKOBCKHi VIBaHKOBCKHI 3ampynka 56.5
VBankoBckuit VBankoBckuit HBanoBka 20.4
VBankoBckuit VBankoBcKkuit KymnoaToe 33.4
VBankoBCKkHii WBankoBckuit ®denopoBka 47.1
VBankoBckuit KyxapeBckuii Kupogo 74.2
VBaHkoOBCKHI KyxapeBckuit Kyxapu 73.7
VIBaHKOBCKHH MakxkapoBckuit Manas MakapoBka 42.7
VBankoBckuit MaxkapoBckuit MakapoBka 45.9
VBaHKOBCKHI MycuiikoBckuit Mycutiku 44.6
VBankoBckuit MycCHIKOBCKHIA Hogs1e Cokoiibl 33.0
VBaHKOBCKHI OpaHckuit Opanoe 39.5
VBaHkoBCKUiH OpaHckuit CrenaHoBKa 37.3
VIBaHKOBCKHH Opanckuit Xouesa 40.3
VBaHkOBCKHit ITeckoBckmii JomMaHOBKa 36.8
W BankoBckuit ITeckoBckuit Kapnunoska 31.9
VBaHkOBCKHH ITeckoBckuit KoBanerka 33.6
VBaHKOBCKHH ITeckoBckuit [Teckn 34.7
HBankoBckuit ITeckoBckuit IToToku 31.5
VBaHKOBCKUI ITeckoBckuit Crapsie Cokoiibl 32.4
VIBaHKOBCKHUH ITpubopckwuii ITpubopck 42.9
VBaHkOBCKHH Paiion. noovunenue VBaHkoB 53.0
VBankoBckuit TepmaxoBckuii TepmaxoBka 45.5
HBankoBckuit TepmaxoBckuit UxkasioBka 55.2
lBankoBckuit TerepeBckuit TerepeBckoe 65.7
BaHKOBCKHIH [IInmneBckuit Bensrit beper 50.8
lBaHKoBCKHiA ITnuneBckuit JRNeiZ0) 08 54.8
Karapnpmckuit I'opoxoBaTckwuii VBaHoBKa 170.3
Karapnbmxckuii Kanomckuii KamunoBka 183.1
Karappixckuit XamyaHcKui Boponoska 172.5
KueBo-CBsATONIHHCKHI 3abopckwii 3abopre 120.8
KueBo-CBsTOMIHHCKHI MamoTsHCKHi VBankoB 125.1
MaxkapoBckuit JIrtonBUHOBCKUH JlronBUHOBKA 114.8
MakapoBckuit MakapoBckuit KanunoBka 110.4
MaxkapoBckuit MapbsHOBCKHH MapssiHOBKa 121.0
MakapoBCKHii Komnoniuuckuit MapbsHOBKa 102.9
MakapoBckuit KonoHmuHckuit HukosaeBka 104.1
MakapoBckwii KoponeBckuit Koponeka 91.7
MaxkapoBckuit Peunnkuii Koponeska -
MaxkapoBckuit Paiion. noovunenue Konpa 97.0
Ob6nacm. noo4uHenue Beias [{epxoBb 177.2
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OUTSIDE 30-KM ZONE- UKRAINE
(sorted by rayon and settlement)

Paiion CeiiscoBeT Hacenéunrlit nyHkT PaccTosHue,
KM

Obnacm. noouuneHue Bopucuons 132.9
Obnacm. nooyuHeHue Hpnexp 98.7
Obnacm. noouuneHue CnaByTHY 50.5
O6yxoBckuit JonuHckui MakapoBka 159.2
OO6yxoBckuit Paiion. noouunenue VYkpauHka 146.9
O6yxoBckHit Tpunonsckuit Tpumnosnse 150.3
Ilepescnap-XmenbHuLKUE BennkokapaTyJbCKUR MaprsaHoBKa 178.3
Ilepescnas-XmenpHuukuit  [IpucTpoMckuit Bosraxos 166.8
ITonecckuit Byno-BapoBuuckuit Byna-Baposuunu 42.5
[Nonecckuit BomukoBckuit Bonuxos 49.9
ITonecckuit Kpacatuuckuii Kpacsatuun 47.4
ITonecckuit MakcHMOBHYCKHH Koponeska 41.5
[Tonecckuit MaxcuMOBHYCKUH MakcuMoBHYH 39.8
ITonecckuit MapTeIHOBUYCKHUI MapreiHOBUYH 35.6
[Tonecckuit MapbsHOBCKUH MaprsHOBKa 47.2
ITonecckuii MnadeBckuit MnaueBka 443
ITonecckwuii HooMmupckuit Hoserit Mup 343
[Tonecckui ITonecckuii Bobep .
[Tomecckuit ITonecckuit Baposuun 38.7
ITonecckuit ITonecckwuii KosmmioBka 42.5
ITonecckuii Panuuckumit ®denopoBka 33.7
ITonecckuit Paiion. nooyunenue Buisua 47.0
ITonecckuit Paiion. nooyunenue ITonecckoe 51.5
ITonecckuit CremuHckui KanunoBka 35.0
[Tonecckwuit CremmuHCKHuH OpmxoHHKHI3E 325
[Tonecckuit CremuHcKkui CremuHa 37.1
CraBHIIEHCKHH HBaHnoBCKHi HBanoBka 2181
Tapamanckuit JlecoBuuckuit Ilotoku 210.0
Tapamanckuit IInockoBckHit [Tnockoe 214.7
dacToBckuit BeinukoryniaxoBckui ®enopoBka 145.0
dacrtoBckuit [TununoBckuit Koponeska 157.5
SIroTHHCKHIA T'onyHoBckuit JleGeneBka 185.8
SrotuHckui 3acynoeBckuit denopoBka 173.7
SIroTHHCKHH CymnoeBckuit OsepHoe 162.8
B. Yepnurosckas Obsactpb

Baxmauckuit ["oponuinenckui I'oponuie 189.3
Baxmauckuii KpacumoBckuit [Tepemora 181.3
Baxmauckuit IleckoBckwmii ITeckn 182.2
baxmauckuit XaTMMOHOBCKHH KannHoBka 203.9
BobpoBunxuit Bo6posuuxwuii I'opcoseT MaxkapoBka 113.0
BobpoBunkuit ["aBpunoBckuit Huxonaes 140.6
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OUTSIDE 30-KM ZONE- UKRAINE
(sorted by rayon and settlement)

Paiion CenscoBeT Hacenénnblii mynkt PaccrosiHue,
KM
BobpoBuikuit I"aBpunoBckuit VYxpaunka 144.5
BobpoBunkuit ITeckoBckuii ITecku 127.9
BobpoBunkwuit CoxkonoBckuit Hogsocenuna 125.1
BobpoBunkuit CoKo0JIOBCKHH CokoJtoBKa 130.6
Bop3usHckHit Hukonaesckwuit IMBanoBka 176.0
Bop3usHckuit Hukonaesckuit Hukonaeska 174.0
Bop3usuckuit CrenaHOBCKHIt CrenaHoBka 140.6
TI'oponusHCKUit ITonecckwit ITonecwe 130.2
Tl'oponusHckuit Paiion. nooyunenue T'oponHus 118.1
WNyHsaHCKHiA ['oponHsHCKHi I'oponus 185.5
Wunsauckuit MapTeHOBCKU] MapTeiHOBKA 182.9
WNynsHCK Mt Paiion. noouunenue Hpyxba 172.3
WNunsaHckuit XaeHKOBCKU Boponoska 167.9
Kozeneuxuit Kapmunosckwuit Kapnmioska 69.2
Kozeneuxuit MopoBckHit Pynus 65.0
Kozeneuxwuit MaxkcuMoBcKkui Jle6eneBka 64.7
Kozeneuxwuit MaxkcuMoBckHi CoxooBka 63.8
Kozeneuxuit Onbunckuit Jpmepka 78.0
Kozeneuxwnit Ocrepckuii 'opcoBer ITonecckoe 71.6
Kozenenkuit CaBuHCKHI OsepHoe 9.4
Kozeneuxuit CraBucckuit Hogas I'pebis 100.5
Kozenenkuit Paiion. noouunenue JecHa 709
Kozeneuxuit Paiion. noouunenue Kozenen 90.6
Kozeneuxwuit Paiion. nooyunenue Octep 75.9
Koporckuit KpacHononsckuii KpacHononse 2114
Kopomnckuit Kpuckosckuit VBanrpkoB 203.9
Koponckuit IIponerapckwit Hogocenuna 205.3
KoprokxoBckuit AJtexcaHIpOBCKHIHA ITecku 146.5
KoprokoBckwit umkoBcKui Pynus 167.8
KynukoBckuit CMoNIHCKHH Kopocrtenb 94.7
Menckui BomockoBckuit CrenaHoBka 135.7
Menckuit I'oponuieHckuit I'oponuine 133.4
MeHckuit Hukonaesckwit HukonaeBka 118.0
He>xunckuit Bennkxonopoyxckuit Kanunoska 148.5
He)xunckuit KpyTtoBckuit Jubposa 150.9
Hexunuckuit ITepemorkckuit Ilepemora 149.8
Hosropoa-CeBepckuit ByuxoBckuit I'oponuine 233.1
Hogsropoa-Cepepckuit ByuxoBckuit Scuas [lonsna 234.8
Hosropon-Cesepckuit ['peMsiuckuit Jubposa 240.8
Hosropon-Cesepckuit Kuposckuit Kuposo 219.1
Hocosckuit KanunoBckuit KanunoBka 137.2
Hocosckuit IlnockoBeckwit ITnockoe 116.0
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OUTSIDE 30-KM ZONE- UKRAINE
(sorted by rayon and settlement)

Paiion CenbcoBer Hacenéunrlii myHkT PaccTosHue,
KM
HocoBckwit CrenHoXyTopCcKuit Otpanuoe 132.2
Obaacm. noouunenue Hexun 132.0
Oébnacm. noouunernue ITpunyxku 186.0
Obnacm. noowuHeHue YepHuron 84.6
[Ipuiykckuit 3aMOCTSHCKHH 3aMocCThe 186.4
[Tpuirykckuit HoBorpebennckuit Hogas I'pe6ma 199.6
ITpusykckuit [Torpe6oBckuit Huxonaeska 155.8
Penxunckwuit JIrobeuckuit ManunoBka 56,2
Penkunckuit Henanunuckuit Henanuman 40.5
Penkunckuit Henanunuckuit Hosasg Pynus 448
Penxunckuit Paiion. noouwunenue 3aMmriaii 87.7
Penkunckuit Paiion. nooyunenue JIrobeu 52.2
Penxunckuit Paiion. noouunenue Pamyns 64.8
Penkunckuit Paiion. noouunenue Penku 82.9
Penkxunckuit Paiion. noouunenue JleckoBka 46.7
CeMeHOBCKHiT AJlekcaHAPOBCKHUIt Yriel 212.0
CeMeHOBCKHIH MBaHOBCKHI UBaHoBKa 198.7
CocHuukuit Kosnsauuckuit Pynus 179.8
CocHunkuit MartBeeBckHii ITonecne 165.8
CpebusiHCKHiH KapmutoBckuit KapmmiloBka 226.3
Tananaesckuit ITomoBHYKOBCKMIA O6yxoBo 2143
Tananaesckuit YkpauHckwuit Hogas 207.4
YepHUTOBCKHUI BopoBukoBckuit Jlecnoe 44.1
YepHUTOBCKUI BenuibnoBckuit Maneiiku 53.8
YepHUTOBCKHIA JHenpoBckuit JuenpoBckoe 425
YepHUTOBCKUH VBaHOBCKUI VBaHoBKka 84.1
YepHUTOBCKHUI XyxoTkoBckHit XKyxkoTtku 67.8
YepHHUTOBCKHUIH ITakynbckuit Pynus 42.7
YepHHUTOBCKUH TTeckoBckuit Ilecku 94.9
UepHUTOBCKHIA IInexoBckwuii ITnexoB 59.2
YepHUroBCKUi Paiion. noouunenue Muxaiino- 69.7
Komrobuuckoe
YepHurosckuit Paiion. noouunenue OsnulueBka 89.4
UepHHUTOBCKHI CMoJuHCKu# I"'on4apoBckoe 59.8
YepHUTOBCKHIA CMoJHCKu# CMoruH 65.2
UepHHUTOBCKHIA TepexoBckuit ManuHoBKa 933
YepHUTOBCKUIt TepexoBckuit TepexoBka 94.5
Mopckwuit KittocoBckmit ITnexoB 146.7
[lopckwuit Coduenckuit HpaHoBka 150.7

48



name of settlement)

OUTSIDE 30-KM ZONE- BELARUS
(sorted by rayon and settlement)

Paiion CeJIbCoBET Hacenéunuslit  PaccTostHue, kM
IIYHKT
X ORHHUKCKHUH PynaxoBckuit babuun 429
Bparunckuit OcTporisgoBcKui baxynsbl 47.3
Haposnsuckuit Bep6oBuuckuit Beusrit beper 50.8
HaposistHckuit Kuposckuit Boposruu 349
Bparunckuit Paiion. noovunenue Bparun 44.9
Peunikuii Paiion. noouunenue BacuneBuin 96.2
Bbyna-Koenesckuit I'mazoBckuit BacmibeBka 1432
KopMsiHckuit CrpymeHckHii BacuibeBka 196.9
Ho6pymckuit BacuiibeBckuit BacuibeBka 136.2
BertkoBckuit Paiion. nooyunenue Bertka 149.6
Byna-KomeneBckuit Mopo30BHUCKHI Betka 147.0
XutkoBuyckuit Bponucnapckuit Bunpua 194.1
Yeuepckuit KpyroeBckuii Bonbck 165.9
Obnacm. noouurernue I'omens 130.7
[TeTpuxoBckuit KonatkeBuuckuit T'oponuine 1278
Peunnxuit CBHPHIOBHYCKHIH I'oponuine 933
Bparunckuit ManelikoBckuit T'oponuine 48.5
Byna-Kowenesckuit Komenesckuit I'oponuine 159.4
Bparunckuit X paKOBHYCKHH I'pyinHOE 31.8
CaeTiioropckmit JIaBBLIOBCKHIt JaBb1noBKa 132.6
I'omelbckuit JlaBBLTOBCKH JlaBbLTOBKA 125.7
Haposisauckuit BepboBuuckuii JBopuine 48.0
AC106nHCK M [lenpuHCKHi JBopuine 162.9
XOoMHUKCKHI JBopHuineHckuit JBopuine 53.3
HaposnsaHckuit INonoBunkuit Hemunos 63.4
Jlenpunukui J3epxuHCKUH J3epxuHCK 1779
HaposisHckuit KpacHoBckuit J3epxuHCK 523
Jobpymckuii KopMmsmckuit Hobpyi 140.5
I'omenbckuit Pynus- Ho6pym 97.3
MapHMOHOBCKHIA
Obnacm. noowunenue Hobpym 142.0
Porauesckuit 3BOHEHKUH Hpyx6a 202.5
Bparunckuit Criepuxckuit Hy6nun 41.0
Byna-Komenesckuit JlunuHUYCKUi Hy6poBka 162.7
Enbckuit Banasckuit Hy6poBka 103.0
Byna-KomeneBckuit IToTamoBckuit Hy6poBka 152.6
Yeuepckuit KpyTtoeBckuit Hy6poBka 163.5
Bparunckuit Crieprxckuit Hy6poBka 41.7
Jobpymckmuii Hy6poBckuit Hy6poBka 133.4

11. Settlements outside the 30-km zone of Gomel oblast in Belarus (sorted by
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OUTSIDE 30-KM ZONE- BELARUS
(sorted by rayon and settlement)

Paiion CenbcoBeT Hacenéunslit  PaccTosuue, kM
MYHKT

Yeuepckuit Xomouckuit Hynuuu 159.0
KannuxoBuuckuit Hynuackuit Hynuan 101.0
Enbckuit Paiion. noouunenue Enbck 79.0

Obnacm. noouuneHue Knobun 166.4
KanunkxoButickuit Haxosckuit 3amMoCThE 100.1
[TeTpukoBcKuit Komaposurickuii 3amocThe 168.9
BeTkoBckmii JaHHJTOBHYCKHIA 3aMocThe 149.4
Bparunckuit KoMmapuHckuit WBanku 314
Peunukuit KmypoBckuit VBaHOBKa 102.2
XoHHUKCKUH CrpenutueBcKkui VBaHOBKa 46.5

Ueuepckuii JlenuHckuit UBaHoBKa 168.0
Ueyepckuit HucumxoBuyCcKui VBaHoBKa 183.0
Kopmsiackuit Bopnosckuit VBaHoBKa 185.1
['oMenbckuit Tepenuyckuit WBaHoBKa 130.8
Byna-Komenesckuii I'maszoBckuit V1BaHoBKa 142.1
JloeBckuit ManunoBckuit VBaHBKOB 66.9

["omestbckuit Tenemesckuii VBanpkoB 121.1
KimobuHckuit HoBomapkoBuuckuit KannHoBKa 134.0
JXutxoBuuckuit JIroneHeBUUCKUit KanunoBka 189.6
'omesbckuit Tenemesckuii Kanunoka 1255
X OMHHUKCKUH Iocenutickuit KapnuiioBka 53.8

HaposisiHckuit Kuposckuit Kupos 47.0
Bparunckuit Komapunckuit Kupogro 35.2
PoraueBckuit HoBckuit KoBaneBka 203.5
Kopmsuckuii Bonpmenxwuii Komnronp: 210.2
Bparunckwii Paiion. noouunenue Komapun 343

Hob6pyiickuii Kopmsauckuit Kopma 144.2
Einbckuit Banasckuit Kopma 107.0
Kopmsuckuit Paiion. noouunenue Kopma 199.3
JlenpuuuKHiz Byxuenckuit Kopma 175.7
OxTs6pbcKuit JTrobanckuit Kopma 147.5
KanuakoBHYICKHH 3eneHouckui Kopma 104.8
Bparunckuit Bparunckuit Kpacnas ['opa 43.4

Ho6pymckuit HocoBurickuit Kpacnas ["'opa 1254
Bparunckwii ManoxxuHcKui Kpachnas [lojsiHa 49.9

Peunuxuit ApTyKOBCKHH Kpacuononre 90.2

KnobuHckuit Jlykckuit Jlebenerka 170.1
KopmsHckuit Kamenckui JlebeneBka 202.1
Hobpymckuit I[IepepocToBckuii JlebeneBka 134.4
Porauesckuit BonorusHckuit JlecHoe 202.6
Peunukui HoBobapcykoBckuii JlecHoe 85.3

JloeBckuii Paiion. noouunenue JIoes 783
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OUTSIDE 30-KMZONE-BELARUS
(sorted by rayon and settlement)

Pation CeiscoBeT Hacenénneiit  PaccTosHue, KM
IMYHKT
X OMHUKCKHI JBopHieHCK Ui JronBuH 52.0
Bparunckuit MaieiikoBckHit Mautetiku 478
BerkoBckuit CBeTHJIOBHUCKHIA ManuHoBka 181.5
Porauepckuit JoBckuit MasinHoBKa 202.9
PoraueBckuii CronmHeHckuit MajinHoBKa 167.1
Porauesckwuii Crapoceisckuit MainHOBKa 202.0
I'omenbckuit Tepenuuckuit MasinHoBKa 129.8
XKitobuuckuit IllempuHCKHit ManuHoBka 1729
JloeBckuit MaiiuHOBCKHH MasnHoBka 743
I'omenbckuit Tenemesckuit ManuHoBka 1248
CaeTnoropckuit JaBeimoBcknit MapreiHOBHYH 1242
CaeTJioropckuit Iosiecckui MapTheiHOBKa 146.8
Bparunckuit MukyJinuckuii Mukyiuu 50.3
Obnacm. noo4umeriue Mos3bIps 93.9
Hobpymickuit Kpyrosckuit Mopo3oBka 164.8
HaposisHckuit Paiion. noouunenue Haposiis 59.1
JloeBckuit Pyuaesckuit HuxoiiaeBka 61.5
Enbckuit CTapoBBICOKOBCKHIT HukosaeBka 97.4
Hobpymickuit VYcoxo-Bynckuit HukoiaeBka 126.1
Byna-KomeseBckuii Huxoiaesckuit Huxoiaeska 177.1
Byna-Komeiesckuit I'yOuuckwuit Huxoiaeska 146.0
CaeTtJtoropckuit Hukostaesckuit HukosraeBka 1523
Bparunckuit X paKoBHUCKHI Hosgas I'pebiis 36.5
Bparunckuit HosouosrueHnckuii Hogas Moiya 32.8
Hobpyuickuii ITepepocToBCKHiA Hogb1it Mup 1342
BerkoBckuit Panyxckuit Hogerit Mup 146.6
Haposnsuckuit Kuposckui Oxorbl 35.0
Jlenbuniixuit I'pebeneBckuit OubpxoBast 121.1
Bparunckuit OcTpornsinoBckHii Octpormnsael 42.8
Bparunckuit Crepmkckuit IleTpKoBINMHA 34.6
X OMHUKCKHH PynakoBckuit ITnockoe 43.4
Hobpymickuit KopmsiHckHit ITnockoe 1489
Caetyioropckuit IToxecckuit [Tonecse 139.8
Yeuepckuit [Tosecckwuii ITosecee 203.9
Peunikuii BopimoBckuit ITostecbe 114.9
X OMHUKCKHI [Tocenuuckuit ITynaxos 522
Obnacm. noouunenue Porauer 188.6
Peunnxwuii Posencko-Citobonckoit  PomaHoBKa 86.1
Porauesckuit 3anoabCcKHi PomMaHoBKa 189.6
Mos3bipckuit Ciobonckoit PomanoBka 103.5
HapoBnsuckuit 3aBOUTIHCKHIT PomaHoBKa 68.9
XoMHUKCKU PynaxoBckuit Pynaxos 45.8
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OUTSIDE 30-KM ZONE- BELARUS
(sorted by rayon and settlement)

Paiion CeiecoBeT Hacenéunriit  Paccrosinue, kM
MyHKT
MosbIpckuit Cinobonckoit Pynus 96.6
Jlenpunikmii Tone)xckuit Pynus 172.3
KopmsHCckuit JIMTBHHOBHYCKHIA Pynus 211.0
Peuntixwmit OsepiuHCKHiH Pynus 109.1
Mo3bIpckuit MuxankoBCKHi Pynus 82.0
Kopmsuckuit BopHoBckuit Pynus 192.2
XutkoBuuckuit Pynnenckuit Pynus 171.1
Mo3bipckuit CkpbIralioBCcKHit Pynus 116.4
AC106nHCK M HoBomapkoBHuckHit Pynua 135.2
BertxoBckuit CeTHIIOBHYCKUI CBeTHIIOBHYH 176.9
Peunnkuii CBHpHIOBHYCKHH Coxkour 90.0
XOMHUKCKHI [Tocemuckuit Coxon 48.5
CaeTnoropckHit Paiion. noouunenue CocHoselit bop 129.2
Peuynukuit 3acneHckHit CrenaHoBKka 97.5
X OHHUKCKUH] CrpenuueBckuit CrpeinueBo 49.0
Hobpynickuit Paiion. noowunenue TepexoBka 130.5
Porauesckuit CrapocelibCkuit TepexoBka 200.1
HaposnsHckwit BepboBnuckuii TemmxkoB 449
Jlespunikmit ByiiHoBHYCKHIH Vb1 107.0
Ok Ta6pbCKuit ITporacoBckuit Yriaer 164.1
KanunkoBHYCKHIA KproxoBuuckuit VYrie1 126.5
Bparunckuit YrinoBckwuit VYribt 54.1
Haposnsuckuit Kuposckuit Vsl 38.1
Porauesckuit CroJmmHeHCKHi Yrie1 167.8
PoraueBckuit JoBckuit denopoBKa 190.1
BetkoBckuit HogusioBckuit ®enopoBka 177.1
X OMHHUKCKHIA Pailon. noouunenue XoiHuku 55.5
Bparunckuit XpakoBHYCKHI Ienyitku 33.7
I'oMenbekwit Y i1ykoBckuit I06ueitnpIi 131.2
Yeuepckwnit XoJoyckuit Scnas Ilonsua 159.0
Byna-Komesnepckui Henoiickuit Scnas ITonsiHa 141.8
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OUTSIDE 30-KM ZONE- BELARUS
(sorted by rayon and settlement)

12. Settlements outside the 30-km zone of Gomel oblast in Belarus

(sorted by name of rayon and settlement)

Paiion CenbcoBeT Hacenéunrlit Paccrosinne, kM
IIyHKT
Bparunckwuii Bparunckuit Kpacnas I'opa 43.4
Bparunckuit Komapunckuit WBanku 31.4
Bparunckuit Komapunckuit Kuposo 35.2
Bparunckuit MarnefikoBckuit I'oponuine 48.5
Bparunckuit MaurefikoBckHit Manetixu 47.8
Bparunckuit MaoxxuHckuit Kpacnas 499
Ionsina
Bparunckuit Muxy nuycKui Muxkymiu 503
Bparunckuii HoBounomnuenckuit Hosas Monua 32.8
Bparunckuit OctpornsanoBcKui BakyHp1 473
Bparunckuit OcTtporsisinoBCKHit OcTtpornsaasl 428
Bparunckuit Paiion. noouunenue Bparun 44.9
Bparunckuit Paiion. nooyunenue Komapun 343
Bparunckuii Criepmxckuit Hy6nun 41.0
Bparunckuit Cnepwxckuit Hy6poBka 41.7
Bparunckuii Creprxckuit IleTpkoBIIMHA 34.6
Bparunckuit Yrnosckuit Vsl 54.1
Bparunckuit X paKOBHYCKHIA I'pyminoe 31.8
Bparunckuit X paKOBHYCKHIH Hogas I'pebms 36.5
Bparunckuit X pakoBHYCKUH Henyiixu 33.7
Byna-Komenesckuit I'ma3oBckwii Bacunbeska 143.2
Byna-Komenesckuit I'mazoBckwHi MBanoBka 142.1
Byna-Komenesckuit I'ybuuckuit Huxonaeska 146.0
Byna-Komenesckuit Komenesckuii Toponuie 159.4
Byna-Komenesckuit JIunuHMYCK i Hy6poBka 162.7
Byna-Komenesckuit Mopo30BHUCKHUI Berka 147.0
Byna-Komenesckuit He noiickuii SIcnas Ilonsna 141.8
Bbyna-KomeneBckuit HuxonaeBckmii Hukonaeska 177.1
Byna-KomeneBckwuii [ToranoBckwuii Hy6poBka 152.6
BeTkoBckmii JlaHunoBUICKHi 3aMocTbe 149.4
Bertkosckuit HoBunosckuit ®denopoBka 177.1
Berkosckuit Panyxckuii Hogriit Mup 146.6
BertkoBckwii Paiion. nooyunenue Betka 149.6
BeTkoBckuit CBEeTHIIOBHCKHUI ManuHoBka 181.5
BetkoBckuit CBeTHIOBHUCKHH CBeTHUNOBHYH 176.9
I"'omensckuit JaBbLIOBCKHIA JaBpigoBka 125.7
Tl'oMenbckuit Pynus-MapumonoBckuii  J{o6pyu 97.3
I'omensckuit Tepenutckuit VBaHoBKa 130.8
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OUTSIDE 30-KM ZONE- BELARUS
(sorted by rayon and settlement)

Pation CeinbcoBeT Hacenéunpiii PaccTosHue, kM
IIYHKT
I'oMmersckuit Tepennuckuit MaiiHOBKa 129.8
I'omeibckuit TenemeBckuit ViBanrkoB 121.1
I'oMenbckuit TenemeBckuii KanunoBka 125.5
I'omenbckuit TenemeBckuii MaiHoBKa 124.8
I'omenbckuit Vi1ykoBCcKuit 106uielinbIit 131.2
Hobpymckuit BacuiseBckuit BacunbeBka 136.2
Hobpymnickuit Hy6poBckuit Hy6poBka 1334
Hobpymckuit Kopmsauckuit Hobpym 140.5
Hobpyimckuii KopmMmsuckuit Kopma 1442
Hobpymckuit KopmMmsHckuit ITnockoe 1489
Hobpymickuit Kpyrosckuit Mopo3oBka 164.8
Hobpymickuit HocoBuuckuii Kpacnas ['opa 125.4
Hobpymickuit ITepepocToBckuit JlebeneBka 1344
Hobpymickuit [TepepocToBCcKHi Hogr1it Mup 1342
Hobpymckuit Paiion. noouunenue TepexoBka 130.5
Hobpymickuit VYcoxo-by nckui HukoraeBka 126.1
Enbckuit Banasckuit Hy6poBka 103.0
Esnsckuit BaiaBckuit Kopma 107.0
Ensckuit Paiion. nooyunenue Enbck 79.0
Enpckuit CrapoBbicokoBckud  Hukonmaeka 974
JKutkoBuuckuit B_poxi.uc_naacxnﬁ Bunpua 194.1
KuTtkoBuuckuit JlroneneBUYCKU KanunoBka 189.6
JKutkoBuuckuit Pynuenckuit Pynus 171.1
Xo1o6uHCKMH Jlyxckuit JIebeneBka 170.1
Ki1o6unckuit HoBoMapkoBHYCKHIH KainnoBka 134.0
ACr00uHCKHIH HosoMapkoBuuckuit Pynusa 1352
XKitobunckwmit enpunckuit JBopurue 1629
Ki106uHCKHiH Ilenpunckuit MaHoBKa 1729
KanuHkoBHUCKHIA Hynuuckuit Hynuun 101.0
KajHKOoBHUCKHIA 3eJIeHOUCKHA Kopma 104.8
KanuakoBHYCKHH KproxoBuuckuit VYrnel 126.5
KanuakoBHYCKUH Haxosckuit 3amocThe 100.1
Kopmsanckuit Bonrinenkuit Komonp!1 210.2
Kopmsauckuit BopHoBckuit VBaHOBKA 185.1
KopmsHckuit BopHoBckuii Pynus 192.2
KopmMsHCckuit Kamencxmii JleGeneBka 202.1
KopMmsauckuit JInTBUHOBHUYCKUI Pynus 211.0
Kopmsuckuit Paiion. noowunenue Kopma 1993
KopmMmsuckuit CrpymeHckuit BacuireBka 196.9
Jlepunukuit ByiiHOBHYCKHIA Vel 107.0
Jlenpunnkmii Byxuenckuii Kopma 175.7
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OUTSIDE 30-KM ZONE- BELARUS
(sorted by rayon and settlement)

Paiion CesnbcoBeT Hacenénuplit  PaccrosHue, kM
IIyHKT
Jlenpuuiikui ['pebeneBckuii OnpxoBas 121.1
Jlenpunnxmii J3epxuHCKUI J3epxuHCcK 177.9
Jlespunnxmii Tonexckuit Pynus 1723
JloeBckuit ManuHoBcKuit VBanbKOB 66.9
JloeBckwit ManuHoBcKui ManuHoBka 74.3
JloeBckwii Pailon. noouunenue Jloes 78.3
JloeBckuit Pyuaesckwmii Hukonaeska 61.5
Moss1pckuit MuxaJKOBCKHi Pynus 82.0
Mo3zs1pckuit Crnoboackoit PomaHOBKa 103.5
Mo3sIpckuit Cnobonckoit Pynus 96.6
Mos3blipckuit CkphIraJIoBcKui Pynna 116.4
Haposnsaackuit BepboBruckuit Beneiit beper 50.8
HapogisHckmii BepboBurickwuii HBopurne 48.0
Haposianckuit Bepbosuuckuii Temxos 449
Haposisackuit I"ostoBuHIIKHI Hemunos 63.4
Haposnsuckuit 3aBOHTSAHCKHI PomanoBka 68.9
Haposisaackuit Kuposckuit Boposuun 349
HaposinsHckuit Kuposckuit Kupos 47.0
HaposiistHckuit Kuposckuit Oxo11b1 35.0
HaposiistHckuit Kuposckuit Yl 38.1
HaposinsHckuit KpacnoBckwit J3epxHHCK 523
HaposistHckuit Paiion. noowunenue Haposis 59.1
Obnracm. noouuneHue 'omens 130.7
Obnacm. noowunenue Ho6pym 142.0
Obnacm. noduunenue A106un 166.4
Ob6nacm. noouuHeHue Mo3b1pb 939
Obaacm. noduunenue Poraues 188.6
OxTa6pbckuit JIrobanckuit Kopma 147.5
OxTs0pbckuit ITporacoBckuit V! 164.1
IleTpukoBckuit Komaposuuckwii 3amocThe 168.9
IleTpukoBckuit KonatkeBuuckwuii I'oponuine 127.8
Peunnkuit APpTYKOBCKHH KpacHonoise 90.2
Peunnxuit Bopimosckuit ITonecse 114.9
Peunrkuit My posckuit VBaHoBKa 102.2
Peunnxuit 3acneHckui CrenanoBka 97.5
Peunnxuit HogobapcykoBckuit Jlecnoe 85.3
Peunnkuit OsepiuHCKHi Pynus 109.1
Peunnkuit Paiion. noouunenue BacuneBuun 96:2
Peunnxwuit Posencko-Cioboackoit  PoMaHoBKa 86.1
Peunnxuit CBUpPHIOBUYCKHH I'opoauime 93.3
Peunnxwuit CBHUpPHIOBUYCKHIH Coxkou 90.0
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OUTSIDE 30-KM ZONE- BELARUS
(sorted by rayon and settlement)

Paiion CeNLcoBeT Hacenéunpiit PaccTosHue, kM
IMYHKT
PoraueBckuit Bonorusauckuit Jlecunoe 202.6
Porauesckuii JloBckui KoBaneBka 203.5
Porauesckuii JloBCKHit MajinHoBKa 202.9
Porauesckuit JoBckuit denopoBka 190.1
Porauesckuit 3armnoJsckuit PomanoBka 189.6
Porauepckuit 3BoHeNKHil Hpyx6a 202.5
PoraueBckuit Crapocenbckuit MainHOBKa 202.0
PoraueBckuit CrapoceJbCckHit TepexoBka 200.1
PoraueBckuit CronnHeHckuit ManuHoBka 167.1
PoraueBckuit CronnHeHcKHit Vb1 167.8
CeeTtnoropckuit JlaBbIIOBCKHIA JlaBbImOBKA 132.6
Caernoropckuit JaBb1OBCKHi MapteiHOBUYH 124.2
Caernoropckuit Huxonaesckuit Hukonaeska 1523
CeeTnoropckuit [Tonecckuit MapTsHOBKa 146.8
Caetioropckuit ITonecckui Ilonecwe 139.8
CaeTJioropckuit Paiion. noouunenue CocHoBb1#i bop 129.2
XOHHUKCKHH JBopHineHckuit JBopuine 53.3
X OMHHUKCKHIT JBopuineHckuit JItonBuH 52.0
X ONHUKCKHI ITocenuuckuit KapmuioBka 53.8
XoiHUKCKHH ITocennuckuit Ilynakos 52.2
X OMHUKCKHH Ilocenuuckuii Coxon 48.5
X OHHHUKCKHIH Paiion. noouunenue XoitHHKH 55.5
X OHHHUKCKHI PynakoBckuit babuun 42.9
X OHHHUKCKHI PynakoBckuit IInockoe 434
X ONHUKCKHHT PynaxoBckuit Pynaxos 45.8
X OHHHUKCKHIH CrpeinueBckuit VBaHoBka 46.5
X OMHUKCKH CrpenuyeBckuit CrpennueBo 49.0
Yeuepckuit KpyToeBckwit Bossck 165.9
Yeuepckuit KpyTtoesckuit Hy6poBka 163.5
Yeuepckuit JlenuHCKHH HBanoBKa 168.0
Yeuepckuit HucumxoBuuckuit VBaHoBKa 183.0
Yeuepckuit ITonecckuit Ilonecwe 203.9
Yeuepckuit Xonouckuit Hynuan 159.0
Yeuepckuit Xonouckui Slcnas Ilonsana 159.0
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