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FOREWORD FROM THE EDITOR

Since establishment of the National Nuclear Center of Kazakhstan (NNC RK) the
radioecology has reasonably become one of the main activities of the Center. In 1991 the
Semipalatinsk Test Site was closed, the country gained its independence, but along with
gaining the independence, we inherited the problems which previously the scientists in
Kazakhstan were not involved in; first of all, these were the problems at former nuclear test
sites and sites of peaceful nuclear tests.

What did radioecology in NNC RK start with? With a bunch people in the Institute of
Nuclear Physics (INP) and the Institute of Atomic Energy (IAE), experts in nuclear physics,
neutron activation, trace element analysis, nuclear spectroscopy, radiochemistry, radiation
safety, but not in radioecology. The only basic equipment we had was a homemade alpha-
camera, a couple of obsolete gamma-ray spectrometers, radiometers and dosimeters. That
was actually all. The Institute of Radiation Safety and Ecology (IRSE) did not exist yet. In
1994, a big achievement was to get the first Kazakh-Russian-US contract for determination
of 29*24Py and Sr contents in fen (/) samples.

What represents radioecology in NNC RK today? Radioecology in NNC today — about
200 qualified professionals, based mainly in the INP and the IRSE, but not only this, it is also
a park of the most advanced equipment to perform both routine analysis with high quality
and sensitivity (determination, for example, of plutonium isotopes in thousands of samples
per year), and specific types of studies: EPR-dosimetry, high-resolution mass-spectrometry,
electron-microscopic examination of individual particles, in particular "hot" particles, and
many more.

Appropriately, in 20 years a lot of radioecological problems have been resolved; many
of the problems were of high social and national significance. Assignment of LIRA facilities
under the NNC RK radiological control made it possible to develop the largest Karachaganak
oil-gas condensate field (the readers will find an article on current conditions at "LIRA"
facilities in this issue); development and organization of a monitoring system, land remedia-
tion at "Azgir" site allowed to assure comprehensive radiation safety of the site with drastic
reduction in radio-phobia in the region (an article about "Azgir" site also can be found in the
issue).

Of course, special attention has been paid to the former Semipalatinsk Nuclear Test
Site (STS), one of three major nuclear test sites in the world where 456 nuclear explosions
were carried out with a total capacity of 17.7 megatons, equivalent to almost 1,000 atomic
bombs dropped on Hiroshima. By the time of the STS shutdown in 1991, no information
about the real radiological situation was available in Kazakhstan.

During the period from 1991 to 2011 at the STS the National Nuclear Centre of Kaza-
khstan in cooperation with international organizations and research centers undertook exten-
sive research and huge works to reduce the risks posed by the STS.

Extensive operations were accomplished on the elimination of the test site facilities.
At Degelen site only, 181 tunnels (adits) were eliminated; protective measures were taken
at Aktan-Berli site assuring no proliferation of radioactivity and its negative impact on the
surrounding environment and population; part of the wells was eliminated at Balapan site,
measures were taken to restrict physical access to the site of warfare radioactive agents test-
ing. The complex of these works has resulted in significant reduction of risks at the STS.
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The STS territory has been thoroughly studied by now. Virtually all the significant
contamination areas, main pathways and mechanisms for current and potential proliferation
of radioactivity have been revealed. One of the most important results was a new under-
standing that part of the STS territory is "clean" and can be used for commercial activities.
The existing STS boundaries are obviously excessive and unreasonable in terms of radiation
safety.

Moreover, given the immensity of the STS and diversity of the tests previously per-
formed there, the available information is not comprehensive, but it allows us to offer a
science-based work plan: a phased withdrawal of the STS territory from the reserve lands
and their transfer to civilian use.

The STS lands are rich in minerals; in particular, there are deposits of coal, gold,
nickel, iron, copper, etc. Large areas of the STS in fact have long been used as agricultural
land, for example, for cattle grazing. Development of the STS is restrained both by its legal
status and its negative image.

During 2008-2009, 3 000 km? on the "northern" territories of the STS (approximately
16% of the test site) were extensively investigated. Soils, vegetation, air basin and water
environment, flora and fauna were studied; changes in the radiation situation were forecasted
with advanced calculations. The findings and conclusions are based on experimental determi-
nation of approximately 20,000 parameters that characterize the radiation environment. Field
experiments were carried out based on a specially organized "experimental farm" in order
to obtain the most reliable data from the most polluted areas (sites "Degelen" and "Experi-
mental Field"). The findings resulted in a monograph in Kazakh, Russian and English with
the aim of informing the public and professionals: it became the first book in this series of
books "Topical issues in Radioecology of Kazakhstan". The main conclusion was about the
possibility for unlimited use of 2,997 km? in the "northern" territories of the STS. In 2009-
2010, similar works were carried out on the "western" part of the STS in Karaganda Region
within an area of 560 km?. A conclusion was made about the possibility for unlimited use of
the entire study area (an article with the results of studies is also available in this issue).

The Atomic Energy Agency (IAEA) was invited to conduct peer review of the results.
The corresponding IAEA report says: "... Analytical methods used in the laboratories of NNC
RK are the most advanced, the technical tools meet modern requirements, and the staff is
highly qualified. Based on the works undertaken by the National Nuclear Center of Kaza-
khstan (NNC) and prepared report "Semipalatinsk test site: Radioecological Situation of the
"northern lands" the following conclusions can be made. NNC RK completed a comprehen-
sive assessment of the distribution of radioactivity in the northern territories. The procedure
of sampling and analytical methods used in determining the radionuclides in environmental
samples, are consistent with stated objectives of assessment. The contamination level of the
northern territories, in general, is low and consistent with levels of global fallouts ..."

Thus, the works and analyses of the collected information about the STS make it pos-
sible to conclude that provided adequate attention from the State, the issues of the former
Semipalatinsk Test Site can be radically resolved by the 30 anniversary of Independence of
the Republic of Kazakhstan. By the radical solution to the STS problems the NNC RK means
the following: anything which is clean and can be used in the national economy — should be
used; those contamination spots that can reasonably be eliminated — should be eliminated,
and sites or areas elimination of which is either impossible or impractical should be equipped
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with a comprehensive system of physical access restriction. The administrative boundary of

the STS should be consistent with its current radioecological status.
The present book provides the results of the works conducted by the NNC RK mainly

during 2010, but we hope that an attentive reading of even these works will enable an in-
terested reader to make its own unbiased view of the real radioecological state of the most
important radiation-hazardous facilities in the Republic of Kazakhstan.

Deputy Director General of NNC RK for

Radioecology and Director of the Institute f S5

of Radiation Safety and Ecology S.N. Lukashenko
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Radioecological state of the former Semipalatinsk Test Site and adjacent areas

VYIK 577.4:504.064:539.16

CHARACTER AND LEVEL OF CONTAMINATION
WITH RADIONUCLIDES AT THE "EXPERIMENTAL FIELD" SITE
OF THE SEMIPALATINSK TEST SITE

"Moshkov A.S., ' Lukashenko S.N., ! Yakovenko Yu.Yu., ! Strilchuk Yu.G.,
!Korovina O.Yu., ! Kashirsky V.V., ! Shatrov A.N., *Yakovenko A.M.

! Institute of Radiation Safety and Ecology, NNC RK, Kurchatov, Kazakhstan
’Institute of Geophysical Research, NNC RK, Kurchatov, Kazakhstan

The "Experimental field" site (also known as Opytnoye Pole) is the first nuclear weapons site
in the Soviet Union. No systematic investigations of its vast territory have ever been carried out there
before.

To reveal the radiological situation and to make an inventory of radiation-hazardous objects,
all the territory of the "Experimental field" site and the territory of technical sites P-1, P-2, P2-G, P-3,
P-5 and P-7 located on it was studied. The study of technical sites implied identification of radiation-
hazardous areas, pedestrian gamma-survey, investigation of areal and in-depth distribution of artificial
radionuclides.

Integral radiation parameters show that only a small part of the "Experimental field" site can
be considered as radiation-contaminated area. The area with EDR level exceeding 0.24 nSv/h is about
11 km?, i.e. 3% of all territory of the "Experimental field" site.

Several spots were detected which can be identified as "epicenters" of nuclear explosions.
As arule, the soil in the epicenters and adjacent areas had high concentrations of artificial radionuclides.
In radial direction, concentrations of artificial radionuclides (ARad) changed exponentially; at a dis-
tance of 300-500 m ARad concentrations practically decreased to the background values. At the same
time, it should be noted that though all epicenters have some common characteristics, each epicenter
has its own "radionuclide portrait" different from all others, primarily, by the concentrations of radio-
nuclides and their isotopes. The areas with other types of contamination which can be called "areal"
were also detected. The main mechanism that can explain the origin of such areas is superposition of
fallouts of nuclear tests. The areas have conventionally uniform distribution of artificial radionuclides
concentrations on the territories as large as tens of square kilometers.

The products of ¥’Cs and *°Sr decay spread in three directions — northeastern, southeastern
and southwestern. The highest concentration corresponds to the epicenters of nuclear explosions.
The radionuclide ' Am and, hence, *°"**°Pu is mainly registered in the epicenter zones of all technical
sites, especially on P-2 and P-7 and beyond their areas as long traces of radioactive fallouts. In addition
to fissile materials and fission products, the epicenters have elevated concentrations of neutron activa-
tion products: Co®, Eu'>2 154155 which, mainly, do not leave the territory of technical sites.

Keywords: Semipalatinsk test site, experimental field, radiation situation, man-made objects,
cesium, strontium, americium, plutonium, cobalt, europium, areal survey, radionuclide contamination,
inventory, radiation-hazardous object.
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INTRODUCTION

The "Experimental field" site was the main test site in the USSR for atmospheric
and ground tests of nuclear weapons. The years of tests caused large-scale contamination of
its territory [1]. Gamma-aero-photo-surveying (1990-1993) showed that the "Experimental
field" site is contaminated with '*’Cs [7]. However, the results of that survey provided no
information about other radionuclides, and low resolution of the technique used provided only
a rough estimation of the general character of contamination. Within the ISTC projects K-54,
K-337 [26, 7] investigations of the general character of the STS radioactive contamination
were carried out, and contaminated spots on the technical sites P-2, P2-G and P-7 were
described. The results of surveys were further used in selected areas for further detailed
studies and construction of generalized maps of areal contamination.

It is very important to determine radiation parameters of the "Experimental field" site
as the tests made on the site became the main source of contamination of the environment on
the STS and surrounding territories.

The objective of this research is to perform a systematic investigation of the character
and level of contamination of the soil at the "Experimental field" site which included:

» assessment of the state of the "Experimental field", the extent of man-caused

disturbance of the natural landscape and description of technogenic objects;

*  studying of mechanisms and peculiarities of radiological situation in the epicenters

of technical sites;

e determination of the character and level of radionuclide contamination at some

typical objects.

1. HISTORY OF TESTS ON THE "EXPERIMENTAL
FIELD" SITE

The "Experimental field" site is a plain of 20 km in diameter surrounded by low
mountains from three sides — southern, western and northern and located in the Irtysh-river
steppe, 140 km to the west from Semipalatinsk. According to the official data [25], in the
period from 1949 to 1962, 30 ground and 86 atmospheric tests were performed on the territory
of the "Experimental field" site. Since atmospheric tests mainly cause stratosphere pollution
and radioactive fallouts at long distances, further we will consider in detail only ground tests.
30 ground tests (including 5 tests without reaching the nuclear test regime) made at a small
or zero height could cause maximal contamination of the STS territory and, especially the
territory of the "Experimental field" site [1].

Tests at the "Experimental field" site were made on 6 technical sites P-1, P-2, P-3, P-5,
P-7 [12] and P2-G [7]. No official information about the location of the site P-2G is available.
It is supposed that it is located at the intersection of technical sites P-2 and P-7. Each site is
an area with a radius of about 2 km without any special fence. There is information about
some other technical sites on the "Experimental field", for example, P5-G and P-6, however,
no information about nuclear tests on the sites is available.

The monograph [25] presents the data on power, dates and purposes of experiments,
but it does not contain the data on the exact venues of tests and wind directions, i.e. the
information that can be used to identify places and directions of radioactive fallouts. For this
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purpose we analyzed information from the other sources including bulletins of the RF Atomic
Energy Public Information Center. Unfortunately, we could not find complete information on
average wind directions, and different sources gave different data. Reference [22] provides
graphical form the information about the directions of radioactive traces processed using
geographic information systems (GIS). There is no information about the place of the test
made on 30.10.62. Compiled data on the main characteristics of ground tests are given in

table 1.
Table 1.
Main characteristics of ground nuclear tests
Test loca- Power release, in . . Average wind
No. Test date tion (site) | Test purpose | kilotons of TNT Explosion alti- direction, degree
[12] . tude, m
[12] equivalent [12]
tower 30[12, 74
1 29.08.49 P-1 MNW [12, 25] 22[12,25] 25.14] 75 (23]
2 24.09.51 P-1 MNW [12, 25] 38 12, 25] tower 30 [12, 25] 208*
3 12.08.53 P-1 MNW [12,25] | 400%* [12, 25,14] | tower 30 [12, 25] 131(254]
4 05.11.62 P-1 IDF [12, 25] 0.4[12,25] tower 15 [12, 25]
5 19.10.34 (did P2 MNW [12, 25] 0[12,25] tower 15 [12, 25]
not explode)
97 [14, 15]
6 29.07.55 p-2 MNW [12,25]| 1.3[12,25,14] 2,5[12,25,14] 80 [23]
69*
7 02.08.55 P2 MNW [12, 25] 121[1125’ [2251’]14] 2,5[12,25,14] 225%
8 05.08.55 p-2 MNW [12, 25] 1'51[122’[2215]’14] 1,512, 25,14] 65*
1412, 25] 130%*[22]
9 16.03.56 p-2 MNW [12, 25] 13221] 0,4 [12, 25] 120 [23]
10 25.03.56 p-2 MNW [12, 25] 5.5[12,25] 1[12,25] 270%
11 05.10.54 P-3 MNW [12, 25] 4112,25] 0[12,25] 210*
12 22.09.62 P-3 IES [12, 25] 0.21[12, 25] 0[12,25]
tower 8 [12 o8
13 11.11.62 P-3 MNW [12,25]| 0.1[12,25,14] ’ 98 [14, 15]
25,14] P
Bombing from
plane with
14 30.10.54 P-3 MNW [12, 25] 1012, 25] blasting at 50m
[12,25]
i 27[12,25,14] tower 100 [12, 105 [14, 15]
15 24.08.56 P-5 MNW [12, 25] 26,5 [12, 25] 25,14] 100 [23]
80
16 07.08.62 P-5 MNW [12,25]| 9.9[12,25,14] 0[12,25] 72 (14, 15]
60 [23]
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Test date Test loca- Power release, in Explosion alti- Average wind
No. [12] tion (site) | Test purpose | kilotons of TNT ptu de.m direction, degree
[12] equivalent ? [12]
100* [22]
17 25.09.62 P-5 MNW [12, 25] 7[12,25] 0[12,25] 90 [24. 23]
60
0.38 [12, 25,14] 70 [14]
18 09.09.61 P-7 IES [12, 25] 04 [21] 0[12,25] 75 (15, 23]
55%
19 14.09.61 p-7 MNW [12, 25] 0.4[12,25] 0[12,25] 60*
20 18.09.61 P-7 IES [12, 25] 0.004 [12, 25] 1[12,25] 55%
21 19.09.61 P-7 IES [12, 25] 0.03 [12, 25] 0[12,25]
03.11.61 (did
22 not explode) P-7 IES [12, 25] 0[12,25] 0[12,25]
0.2 [12, 25,14] 104
23 04.11.61 P-7 MNW [12, 25] 0.15 [21] 0[12,25] 104 [14, 15]
13.11.62 (did
24 not explode) P-7 MNW [12, 25] 0[12,25] 0[12,25]
24.11.62 (did
25 not explode) P-7 IES[12, 25] 0[12,25] 0[12,25]
80
26 27.11.62 P-7 IES [12, 25] 0.03 [12, 25] 0[12,25] 80 [23]
88 [14]
23.12.62 (did
27 not explode) p-7 IES [12, 25] 0[12,25] 0[12,25]
28 24.12.62 P-7 IES [12,25] 0.007 [12, 25] 0[12,25] 40-100
T i ’ ' ’ ’ 40 [24]
40
29 24.12.62 p-7 IES [12, 25] 0.028 [12, 25] 0[12,25] 40[23]
30 30.10.62 - MNW [12, 25] 1.2]12,25] 0[12,25]
Note: * - calculated using graphical information; ** - thermonuclear experiment;
MNW - tests on modernization of nuclear weapons;
IES - investigations of emergency states and situations;
IDF - investigations of damaging factors of nuclear explosions and their impact on military and civil objects
action.

In the period from 1958 to 1963, 40 hydronuclear explosions with different amount of
nuclear power released to the atmosphere and different height of the upper rim of the explosion
cloud were made on the site P2-G [3]. Hydronuclear tests are explosions with nuclear charges
where the amount of released nuclear energy is comparable with the energy of chemical
explosives. In such experiments the compressibility of fissile materials under shock-wave
impact of the energy of explosive substances and fallout of alpha-active radionuclides, a
part of nuclear charge, on the soil surface were studied [7]. In such experiments the fissile
nuclear substance is so compressed by the explosion in the shell of chemical explosives
that plutonium loses its mechanical hardness and behaves like a liquid. At the same time,
the explosion energy must not be so high that it could turn plutonium into plasma needed to
initiate chain reaction. As fissile materials plutonium and uranium were used [31].
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Total amount of plutonium alpha-activity of dispersed during hydronuclear experi-
ments was about 800-900 Curie, which could cause severe contamination of the "Experimen-
tal field" site and the area around the site [3]. The main characteristics of hydronuclear tests
are presented in Table below, [29].

Table 2.
Characteristics of model experiments on the site P2-G
Relative power Average wind speed (km/h) | Azimuth direction
No. Date release in the during the explosion at of the trace axis | Type
explosion, t heights h=0-1 km (degrees);

1[3] 13.03.58 - - - A

23] 15.03.58 - - - A
3 20.05.60 1 18 142 G
4 22.05.60 1 11 328 G
5 24.05.60 1 14 137 G
6 26.05.60 1 14 65 G
7 31.05.60 1 29 81 G
8 01.06.60 1 18 102 G
9 06.06.60 1 50 68 P
10 08.06.60 1 47 81 P
11 10.06.60 1 72 74 P
12 11.06.60 1 25 52 P
13 13.06.60 1 7 209 P
14 16.06.60 1 29 86 P
15 27.06.61 1 25 304 G
16 29.06.61 1 25 132 G
17 01.07.61 1 11 143 G
18 04.07.61 1 43 342 G
19 06.07.61 1 32 70 G
20 08.07.61 1 47 93 G
21 13.07.61 1 29 83 G
22 15.07.61 1 7 104 G
23 20.07.61 0.35 7 173 P
24 21.07.61 0.35 18 200 P
25 22.07.61 0.35 25 79 P
26 22.07.61 0.35 25 162 P
27 24.07.61 0.35 40 338 P
28 19.09.63 1 43 68 P
29 20.09.63 1 29 113 P
30 24.09.63 1 13 94 P
31 25.09.63 0.35 47 93 P
32 26.09.63 0.35 32 153 P
33 30.09.63 0.35 18 223 P
34 01.10.63 0.35 11 232 P
35 02.10.63 0.35 14 226 P
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Relative power Average wind speed (km/h) | Azimuth direction

No. Date release in the during the explosion at of the trace axis | Type
explosion, t heights h=0-1 km (degrees);

36 10.10.63 0.35 24 79 P
37 11.10.63 0.35 40 84 P
38 12.10.63 0.35 25 137 H=3m
39 12.10.63 0.35 14 123 p
40 15.10.63 0.35 14 104 H=3m
Note: Type — explosion type. «A» - atmospheric, bombing from plane; «G» -ground explosion; «P» -
explosion in the pit; H=3m — explosion on the support (tree) at a height of 3m from the ground

On the technical sites P-2 and P-7, located in southern part of the "Experimental field"
site, besides nuclear tests hydrodynamic tests, explosive experiments with nuclear charges
in which no nuclear energy was released, were performed [1, 3, 30]. In the period from 1954
to 1962, 5 such tests were performed; as a result 1,000 Ci of plutonium were released to the
atmosphere. The main characteristics of hydrodynamic tests are presented in Table below.

Table 3.

Characteristics of hydrodynamic experiments on technical sites P-2 and P-7 [1,29]

Number of Date Amount of Pu alpha-activity Azimuth direction of Average wind
experiment dispersed in the explosion, Ci trace axis (degrees) speed, m/s

1 19.10.54 200-400 18 8.3

2 03.11.61 200-400 213 3.5

3 13.11.62 200-400 176 3.3

4 24.11.62 100-200 320 6.1

5 23.12.62 200-400 296 4.5

All the above experiments could, to a higher or smaller extent, cause contamination
of the studied area and the area beyond the boundaries of the "Experimental field" site.
An analysis of the available data on the average wind direction during the tests enabled to
determine directions of most traces of radioactive fallouts from ground nuclear, hydronuclear
and hydrodynamic tests (figure 1).
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Figure 1. Main directions of average winds during nuclear, hydronuclear and hydrodynamic tests

Radioactive contamination of the site may include the following groups of artificial
radionuclides:
* radionuclides formed as a result of fission of fissile substances nuclei (fission
fragments *°Sr, ¥’Cs , *!Sm and *Tc);
« fragments of fissile substance (**?*°Pu,**Pu, *'Pu and **'Am), which have the
highest level of radiotoxicity;
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» radioactive isotopes — products of activation of environmental nuclei by fission
neutrons (523*155Eu and ®Co). They are probably concentrated directly in the
epicenters.

An analysis of all initial information enables to make a conclusion that the priority
objects of investigations must be epicenters of nuclear explosions and spots of possible
fallouts of radioactive precipitations in southwestern, southern and southeastern directions
with respect to sites P-2 and P-7. In this case, one should take into account the assumed high
density of fallouts of ! Am and, hence, »*****°Pu in southern and southeastern parts of the
"Experimental field" site.

2.  EXPERIMENT

To detect technogenic objects on the territory of the "Experimental field" site we
studied satellite images which enabled us to detect some objects including large epicenters.
Field works were carried out to make an inventory of technogenic objects and to estimate the
extent of technogenic disturbance of the landscape.

To study the radiation situation the "Experimental field" site was surveyed in a
large-scale. The survey included determination of coordinates of 1083 points uniformly
distributed on the 500500 m grid on the site, measurement of radiation parameters — EDR
and density of beta-particles flux, point soil sampling. The samples were first subjected to
semi-quantitative analysis (sorting) in order to exclude cross-contamination of samples in
their further processing. In order to determine concentration of artificial radionuclides “Co,
%8r,137Cs, 152 134 155Ey and ' Am the samples further passed quantitative gamma- and beta-
spectrometric analysis.

To estimate the character and level of contamination of some typical radioactively-
contaminated areas in detail, the areal distribution of artificial radionuclides was studied.
To estimate the character of vertical radionuclide distribution in soil profiles layered soil
samples were taken in several typical points. The priority areas for detailed investigation
were epicenter areas and radioactively-contaminated spots with EDR level equal or higher
than 0.24 uSv/h.

2.1. General characteristics of the ""Experimental field" site

2.1.1. General assessment, detection of technogenic objects

In order to estimate general state of the "Experimental field" site, to determine the
extent of technogenic disturbance of natural landscape and to discover various man-made
objects, the following works have been done:

* visual examination of the test site territory;

« analysis of the satellite image of the test site territory [18];

e reconnaissance survey of technical sites within the "Experimental field" site,
which included visual examination of the place of works, visual estimation of
relief, description of man-made objects and bare rocks, in particular, construction
excavations, pits, etc.
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2.2.2. Radiological situation at the "Experimental field" site

In order to determine location of points in the geographical coordinate system a
satellite device of global positioning Garmin Rino 520, which can determine point position
with accuracy of +5m, was used. Preliminary, before measurements, the survey grid was
calculated. Coordinates of the points in the grid were recorded by the GPS receiver and
were determined in the navigation regime. The preparations to works and determination of
coordinates were made according to the GPS user manuals [6].

Radiation parameters were measured in nodes of the survey grid according to the
instructions of the dosimeter-radiometer MKS-AT6130 [9] and technique of gamma-
background measurement of areas and premises [6]. EDR and density of beta-particle
flux were measured on the area of 200 cm? to a depth of Scm in each point. Soil samples
were taken and packed according to the requirements to soil sampling for general and local
contaminations [7].

To obtain the initial data and to exclude possible cross-contamination during further pro-
cessing, the soil samples were sorted by measuring **' Am and *’Cs activities (semi-qualitative
analysis) on semiconductor gamma-spectrometer without observation of required geometry.
Measurements were carried out on gamma-spectrometer with impulse analyzer Nomad Plus
with scintillation detector on the base of alkaline-halogen crystal. The package of Gamma Vi-
sion software was used. Based on the obtained data all samples were divided into groups with
approximately equal concentrations of artificial radionuclides. The qualitative analysis of artifi-
cial radionuclide concentrations in soil samples was made using Canberra gamma-spectrome-
ter. Concentration of Sr was determined on beta-spectrometer "Progress-BG".

2.3. State of technical sites P-1, P-2, P-3, P-5, P2-G and P-7

To study radiation situation and to make an inventory of radiation-hazardous objects
detailed examinations were made on technical sites P-1, P-3, P-5, P-2, P2-G and P-7. The
first stage included detection of radiation-contaminated areas, making of survey grids with
different spacing 200200, 100x100 and 40x40 meters. Pedestrian gamma-survey including
EDR measurements in node points at a height of 0.03 m and measurements in the mode
"search" between points were made. The obtained information was used to make EDR maps
of the studied area.

The second stage included studying of vertical radionuclide distribution in epicenter
zones. It consisted of layerwise soil sampling at different distances from the epicenter. First,
a test pit was dug. The profile (test pit) had 60-80 cm in width, 150-200 cm in length and
100-150 cm in depth. To study soil in the adjacent key areas test profiles of lower depth
(20-30cm) were made there. Then layerwise soil samples were taken in accordance with the
instruction [5].

2.4. Analytical measurements

To estimate the total amount of beta-containing radionuclides, the initial samples were
measured with Radiagem 2000 instrument with a block of alpha-/beta-radiation SAB-100 in
compliance with the instruction [27].
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To register gamma-radiating radionuclides (“°Co, ¥’Cs, 132 5% I55Ey and ?*'Am), the
soil samples were dried in the drying box at a temperature of 105-110°C for 6-12 hours or in
the racks for sample drying in plastic cuvettes under exhaust hood to air-dry state, periodi-
cally mixing them with pallet.

The samples were sifted to remove stones and roots. To sift we used a sieve with 1 mm
cells. Large-sized fractions were not measured. The dried sample was grinded in the ball mill
or in the mortar and carefully mixed till uniform state. For gamma-spectrometric analysis a
portion weighing 500-700 grams was taken [11, 19].

Gamma-spectrometric analysis was made using Canberra gamma-spectrometric facil-
ity with a semiconductor detector of gamma radiation GX 2020 with relative efficiency for
gamma radiation 20%, a crystal of super-pure germanium, an impulse analyzer Canberra In-
Spector 1200 and a package of Canberra Genie-2000 3.1 software [20]. Measurements lasted
for 2-3 hours depending on the activity of the studied sample. The specific activity of *Sr
was determined on the beta-spectrometric complex Progress, SPO Doza, with scintillation
beta-detector and impulse analyzer SKS-99 SPUTNIK. In beta-spectrometric measurements
20 g samples were placed in a special measuring cuvette. The average detecting limits were
1.2 Bg/kg for ®Co, 0.8 Bq/kg for 1¥’Cs, 5 Bg/kg for '°Eu, 6 Bg/kg for "*!5Eu and 0.5 Bg/
kg for ' Am.

3.  RESULTS OF INVESTIGATIONS
3.1. State of the "Experimental field" site

3.1.1. Results of visual inspection

The territory of the "Experimental field" site is a plain of about 20 km in diameter
surrounded by low mountains, where 6 technical sites are located. The territory has high
level of man-caused disturbance of the landscape in the form of ditches, gutters and trenches,
which appeared after closure of the Semipalatinsk Test Site. The highest level of landscape
disturbance is observed on the territory of site P-1.

The territory has a diversified network of earth roads: the three main roads pass
through the center to northern and southern parts of the "Experimental field" site, and minor
roads are, as a rule, directed from equipment buildings to epicenters. Each site has its own
structures, which were used as objects of infrastructure in order to determine their hardness
characteristics under the action of heat radiation and shock waves. The sites also have crash-
proof reinforce structures not looking like infrastructure objects. They are located at different
distances from the epicenters of explosions. They were used to place equipment registering
different explosion parameters.

An analysis of the satellite image (figure 2) showed high degree of land degradation
around the epicenter of technical site P-1. It is probably caused by a large amount of slag
formed in the thermonuclear experiment. Each technical site has white-clay crosses for
targeted bombing from plane during atmospheric tests. As a rule, crosses are displaced with
respect to the centers of the technical sites. On the technical sites one can see contours of
craters formed by ground nuclear tests.
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[ boundaries of “Experimental field” site [___| technical grounds

Figure 2. Satellite image of the territory of the "Experimental field" site

3.1.2. Results of investigations of the state of technical sites

On the territory of technical sites P-2, P2-G and P-7 1044 man-made objects were
discovered. On the territory of P-3 — 88 objects, and on the territory of P-5 — 24 objects. Maps
of their locations on technical sites are shown in figures 3 and 4. Some of them are shown
in figure 5. Most of such man-made objects are trenches, concrete underground and ground
structures, caponiers, wells, ditchbanks, cavities and hollows. In the vicinity of each object
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radiation parameters were measured, its coordinates were determined and its photograph was
made.

0 500 1000 2000m

Figure 3. A schematic map showing location of man-made objects on technical sites P-1, P-2, P2-G
and P-7.
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Legend
[ technical ground P-3
radiation hazardous objects at the ground P-3

-

Legend

[ technical ground P-5
radiation hazardous objects at the ground P-5

Figure 4. A schematic map showing location of man-made objects on technical sites P-3 and P-5

4-storied concrete structure ( gander) where
registering devices were placed. Such structures
were mounted on 8 borders in two azimuth ranges
R =500-10000 m

A metal structure in the form of a bunker of I m

in diameter
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Heaped-up device structure ( gander)

A concrete structure of tunnel type

An underground bunker

An underground concrete construction
with stairs going underground
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'

A model of a silo launching facility of a depth A wooden bunker in the ditchbank,
of about 10 m depth up to 3 m

Figure 5. Some man-made objects discovered as a result of reconnaissance survey

All technical sites, as a rule, have hollows formed as a result of ground explosions.
Most of them are filled with ground waters. The areas of oil piling and nearby territory are
covered by fused rocks forming so called "slag fields" usually covering areas forming a circle
of a radius of 100 meters around epicenters (figure 6). There are also craters with radiation
parameters not exceeding background parameters, which can be explained by chemical-type
explosions.

Figure 6. Fused soil in the vicinity of the epicenter

3.1.4. Radiological situation on the territory of the ""Experimental field" site

3.1.4.1. General assessment by integral radiation parameters

Theresults of pedestrian gamma- and beta-survey were used to obtain EDR distributions
(figure 7) and distributions of areal activity of beta-emitting radionuclides (figure 8).
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Figure 7. A map of EDR distribution on the Figure 8. A map of contamination of the
"Experimental field" site "Experimental field" site with f-emitting
radionuclides

The EDR level varies from 0.10 to 16 pSv/h with background level
on the test site equal to 0.10-0.12 uSv/h. The density of beta-radiation varies from <10 to
5500 (part/cm*xmin). More precise data for EDR level and beta-radiation density can be
obtained by using a smaller-meshed net in the epicenter zones, which gives more precise
results on the contaminated area.

Therefore, we can state that the territory of the "Experimental field" does not have
uniform contamination; it may have "clean" areas. The integral radiation parameters show
that only a small part of the "Experimental field" can be classified as radiation-contaminated
area.

To determine the degree of potential hazard of the site in terms of external irradiation
we will make a rough estimation of the maximal permissible EDR level for population on
the site. According to NRB-99 [28] the dose limit for population from artificial sources is
1 mSv/year = 1000 pSv/(365 x24)hours ~ 0.12 uSv/h. Neglecting internal irradiation from
artificial radionuclides and summing up the background level and maximal permissible
irradiation dose from artificial sources, we can estimate the EDR level at which it is necessary
to limit the time of people staying on the "Experimental field". This value is 0.24 pSv/h.
Using the EDR map we estimated the area with EDR level exceeding 0.24 pSv/h, it was
equal to 11 km?, i.e. 3.6% of the total area of the "Experimental field". Staying of local people
on this area must be limited.

Maximal values of radiation parameters (probably, superposition of radioactive
fallouts traces) were registered on the territory of technical sites P-1, P-5 and on the area
between them. Signs of long traces of radioactive fallouts of radionuclides — beta-emitters are
also observed in northern, southeastern and southern parts.
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3.1.3. Character of contamination of the "Experimental field" site with artificial
radionuclides

Based on the data of quantitative analysis of soil samples taken on the test site,
maps and diagrams of areal distribution of artificial radionuclides concentrations on the
"Experimental field" site were made (figure 10).

The diagrams were based on the laboratory data on specific activities of artificial
radionuclides and to make them more demonstrative the logarithm scale was used. In case
specific activity of a radionuclide was below the detection limit for the radionuclide, the
detection limits were used as numerical values. The scheme of location of profiles and their
numbers are shown in the figure (figure 9).
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Figure 9. Location of profiles
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Figure 10. Distribution of radionuclide concentrations on the "Experimental field" site

37



Radioecological state of the former Semipalatinsk Test Site and adjacent areas

The above figures enable to make a conclusion that on the "Experimental field" there
are relatively clean areas, for example, in northern part to the north from profile No.7, in east-
ern and western parts. > Am and *’Cs concentrations in the areas are comparable with the
level of global fallouts, '*?Eu and ®’Co are not detected. At the same time, the above territories
have spots with high ' Am concentrations up to nx10° Bq/kg with '*’Cs concentrations at the
level of global fallouts, which can, most probably, be explained by fallouts due to hydrody-
namic or hydronuclear explosions.

An analysis of the character of artificial radionuclides distribution enables to identify
two types of contamination: "point" and areal contamination, where point areas can be subdi-
vided into two categories. One group of points is characterized by high **' Am concentrations
at rather low concentrations of radionuclides — decay products and activation levels, the other
group has high concentrations of artificial radionuclides. "Point" spots of type 1 are probably
caused by fallouts from hydrodynamic or hydronuclear explosions. "Point" spots of type 2
can be identified as epicenters of nuclear explosions.

Spots of areal contamination are located beyond the territories of technical sites, they
have high concentrations of > Am and '*’Cs, with the ratio of isotopes varying from place to
place. It is likely that such spots appeared as a result of superposition of fallouts from explo-
sions of different types. In some cases such areas spread beyond the "Experimental field".

The products of neutron activation, Co and *>!**Eu, are mainly concentrated directly
in the epicenters of experiments. High concentration of activation products in soil is an identi-
fier of close location of explosion epicenter. In profiles Nos.16, 18, 19, 20, 21, 22, 23, 26 and
36 peaks of increase in '?Eu concentration, which identify about 6 epicenters, were registered.
One of such places was discovered in profile No.16 (northern part of technical site P-5).

In southern part of the "Experimental field" the main contaminant is *! Am. Large ar-
eas with concentrations more than nx10° Bq/kg were detected. Taking into account that ratio
2397240py /24 Am varies from 5 to 20, such areas must have high concentrations of 24Py,

The maps (figures 11-12) show areal distribution of artificial radionuclides '*’Cs and
%Sr. To compare the obtained data, all available data including the results of ISTC project
K-337 were presented in the figures.

To estimate the factors that influenced formation of the character of contamination
by fission products, the average wind directions during tests were superimposed on the map
of 1¥7Cs distribution. The obtained data on '*’Cs and *Sr areal distributions on the territory
of the ground "Experimental field" enable to determine the main traces of radioactive
fallouts of fission products. The contamination formed three areas elongated in northeastern,
southeastern and southwestern directions; the areas are shown by a dotted line (figure 11).
The traces were probably formed as a result of superposition of many traces of radioactive
fallouts and have very large areas. It can be stated with high degree of certainty that they
spread beyond the administrative boundaries of the "Experimental field". Taking into account
directions of traces one can suppose that the northeastern trace was formed by fallouts
from explosions 11.11.62 and 07.05.62, the southeastern trace was formed by fallouts from
explosions 12.08.53, 24.08.56, 05.08.55, 18.09.61, 09.09.61, 29.07.55, 14.09.61, 24.12.62,
26.11.62 and the southwestern trace is a result of explosions 05.10.54,25.03.56 and 24.09.51.
To estimate the degree of radioactive contamination of lands we used the parameter of
minimal-significant specific activity (MSSA) and criteria of territory classification as zones
with different degree of ecological disturbance (table 4).
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Figure 11. A map of '*’Cs distribution on the territory of the "Experimental field"
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Figure 12. A map of **Sr distribution on the territory of the "Experimental field"

Table 4.
Indicators for radioactive contamination of soils [1]
Parameter
Indicator Ecological disaster | Emergency ecological situation | Relatively satisfactory situation
Radioactive contamination, Bq/kg*

¥1Cs More than 18500 6938 — 18500 Less than 6938

YSr More than 1388 462 — 1388 Less than 462

239:240py, 238y More than 46.3 23.1-46.3 Less than 23.1
Note: * specific activity was calculated for 5cm soil layer and 1.6 kg/dm?® soil density

Based on the data (table 4) one can estimate areas of territories on the "Experimental
field" site that must be referred to different types of zones according to the criteria of *’Cs
and *°Sr contamination. The results are given in the table (table 5).
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Table 5.

Assessment of the degree of contamination of the "Experimental field" with fission products

. Area of q
Radionuclide ) S.peclﬁc RAW area ecological Area o'f emferger‘lcy A.rea of rela'tlvel.y
activity, Bq/kgr disaster ecological situation | satisfactory situation
¥1Cs <1 to 41,000 about 1 km? 1 km? about 3 km? about 296 km?
OSr <100 to 140,000 | about 0.3 km? 3 km? about 6 km* about 291 km?

Therefore, in terms of contamination with fission products almost all territory of
the "Experimental field" can be classified as territory with relatively satisfactory ecological

situation.

The figures (figure 13, figure 14) show maps of distribution of neutron activation
products, *?Eu and ®Co, on the territory of the "Experimental field".
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10-20
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Figure 13. A map of '?Eu distribution on the territory of "Experimental field"
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Figure 14. A map of “’Co distribution on the territory of "Experimental field"

As the distance to the test epicenter decreases, the specific activity of '*Eu increases
from <4 to 18,000 Bq/kg, “Co specific activity increases from <1 to 300 Bg/kg, the ratio
12Bu/°Co varies from 25 to 100. The products of neutron activation, ®Co and '**!3*Eu,
are mainly concentrated directly in the epicenters of experiments. However, it should be
noted that rather high concentrations of ?Eu were registered near sites P-5, P-1 and near
northwestern boundary of the "Experimental field" site (figure 13, countered by a dotted
line). They could probably appear as a result of displacement of activated soil (when the
crater was formed) by shock wave from test epicenters in the direction of air flows. The
highest level of contamination was registered on sites P-1, P-5 and P-3, where high-capacity
ground and atmospheric tests were made. Insignificant concentrations were detected on areas
located to the east from site P-5 in the form of an elongated trace of radioactive fallouts. A
low level of contamination was registered on technical site P-2, and no contamination caused
by "2Eu was detected on site P-7. It may be caused by the usage of a large net whose points
did not register epicenter zones of experiments.
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The figure (figure 15) shows a map of 2! Am areal distribution. To construct the map
we used all available data for the territory including the results of ISTC project K-337.
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Figure 15. A map of ' Am areal distribution on the territory of the "Experimental field" site

The results obtained enable to make a conclusion that, as a whole, the levels and areas
of ’Am contamination have much larger scale than contamination with fission products
and activation. ! Am concentration varies from <0.5 to 15,500 Bg/kg. The map of *!Am
distribution on the territory of the "Experimental field" site is very helpful in terms of
detection of radiation-hazardous objects and planning of their further inventory. The level of
contamination with fissile materials is very high. This type of contamination dominates on
the territory of the "Experimental field" site.

High **'Am concentration indicates high contamination of the "Experimental field"
by the initial component of nuclear charges — »*****°Pu. In many earlier unexamined areas
the *' Am specific activity was over 100 Bq/kg, which can indicate that the level of specific
activity of #*2*Pu>1,000 Bq/kg (taking into account that the average ratio ****°Pu/>'Am is
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about 10). It means that newly discovered radiation-hazardous spots have large areas, which
may be as high as several tens of square kilometers.

Based on the data of table 4 we estimated areas of the "Experimental field" which
refer to zones with different degree of radiation intensity and volumes of radioactive wastes.
In calculations the average coefficient of **2*Pu/*'Am ratio was taken equal to 10. The
results are presented in table 6 below.

Table 6.

Estimation of contamination rates at the ""Experimental field" site for fissile materials

Specific RAW Area of Area of emergency | Area of relatively
Radionuclide | activity, area. km? volume, | ecological ecological satisfactory

Bq/kg ’ m} disaster, km? situation, km? situation, km?
29:240py, 2Py fr{’;g §3 0“’ about 40 | =2x10° | about 80 about 120 about 100

According to the data presented in the table, only about 1/3 of the "Experimental
field" territory can be classified as lands with relatively satisfactory ecological situation. The
average wind directions during tests superimposed on the map, to a large extent, correspond
to location of spots with maximal level of ' Am contamination. Radionuclide contamination
in the form of 5-6 radiation-contaminated spots spreads beyond the "Experimental field"
boundaries. According to the available data one can make a conclusion that priority areas for
further investigations are southeastern and southern zones beyond the "Experimental field".
As the zones were traces of radioactive fallouts, one can suppose that in those zones the
ratio of artificial radionuclides must be more uniform and they must have better correla-
tion 2924Py/2*' Am than the areas located in immediate vicinity of the explosion epicenters.
In planning further investigations aimed at getting an integral picture of radionuclide con-
tamination of the test site it is, therefore, necessary to carry out additional examination at a
distance of 3-6 km off its administrative boundaries. In this investigation the main detected
radionuclide must be > Am and, hence, »**?*Pu. The four "point" radiation-contaminated
spots detected in northern part of the "Experimental field", in the area 350° + 5°, must be
verified as, according to the available literature data, no radioactive fallouts were registered
there. It should be noted that in the vicinity of Zhaksytuz lake (southeastern boundary of the
"Experimental field", to the right from P-7), where salt for industrial purposes is mined, an
elevated *' Am concentration exceeding 300 Bg/kg was registered.

3.2. Investigations at the technical site P-1

3.2.2. Radiological situation at the territory of the technical site P-1

The technical site P-1 located in the center of the "Experimental field" is a plain of
almost the same height. It was the first technical site of the "Experimental field". It is the site
where on 29 August 1949 the first Soviet nuclear bomb was tested, and on 12 August 1953
the first thermonuclear charge of capacity of 400 kilotons in TNT equivalent was exploded,
74% of the power of all ground nuclear tests made on the STS were exploded there. As a
result of the last test a large crater was formed, and the territory was highly contaminated
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[7]. Some witnesses state that reclamation activities including liquidation of man-caused
disturbance of natural landscape and site preparation for further activities were carried out.
The characteristics of tests on the technical site P-1 are presented in table 1. The view of the
epicenter is shown in figure 16.

Figure 16. The epicenter of tests on technical site P-1

To study radiological situation and to make an inventory of radiation-hazardous ob-
jects on the technical site P-1 a pedestrian gamma-survey with increased number of readings
in the direction towards the site center was made. The results of pedestrian gamma-survey
were used to make a map of EDR distribution on the technical site (figure 17).

According to the character of EDR distribution on the technical site P-1, one radiation-
hazardous spot with EDR values reaching and exceeding 20 uSv/h was identified. The
epicenter zone has an area of about 1 km?. The center of the contaminated spot has a small
crater.

The crater of the radiation-hazardous object (RHO) is small, it does not have a crest
(heap), and the difference in heights on its area is insignificant. In the center of the crater is
an outlet for outflow of ground waters. The contaminated area with EDR level higher than
0.24 pSv/h, where staying of people must be limited, is about 6 km?, which makes 48% of
the total area of the technical sight. On the map one can see elongated spots of a width up to
100m showing changes in the radiation background. It is supposed that they could appear as a
result of reclamation in the epicenter zone. In order to visualize EDR distribution on the site,
a three-dimensional map of contamination distribution was made (figure 18).

Figure 19 shows maps of areal distribution of artificial radionuclides '*’Cs and *'Am
on the territory of the technical site P-1.

The results of areal **' Am distribution on the territory of the technical site P-1 enable
to identify two radiation-hazardous zones, which can be classified as radiation-hazardous
objects. Their origin can be caused not only by tests on the technical site P-1 but also by tests
on other sites, for example, it refers to the contaminated area in northern part of site P-1.
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Figure 17. A map of EDR distribution on technical site P-1

Figure 18. A three-dimensional map of EDR distribution over the technical site P-1
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Figure 19. Maps of '¥’Cs and ?*' Am distribution over the territory of the technical site P-1

To determine vertical distribution of artificial radionuclides and to estimate the vol-
umes of radioactive wastes (RAW) two profiles for point and layerwise soil sampling were
chosen (figure 17), points coordinates were identified and quantitative sample analysis was
made. Then the distribution of concentrations of artificial radionuclides >*'Am, '*’Cs, *°Sr
and "?Eu in the upper soil layer (0-5 cm) along profiles were plotted (figures 20-21). The
directions of profiles on the map are shown by arrows. The character of contamination along
profiles is not monotonous.

In profile I three contaminated zones were identified. The zone 0-2,000 m is likely to
be formed by radioactive fallouts from tests on the other sites. The zone 2,000-3,000 m is
characterized by low concentrations of artificial radionuclides comparable with the level of
global fallouts. It can be explained either by no fallouts in the zone or by the above-mentioned
reclamation, which is indirectly confirmed by the character of *! Am distribution in profile
I1. It should be noted that the presence of '?Eu in points of minimal concentration of fission
products and **' Am enables to suppose that reclamation was made before the thermonuclear
test. Maximal concentration of artificial radionuclides was registered at a distance of 3,200-
4,600 m and could be directly connected with the tests epicenter.
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Figure 20. Distribution of specific activity of artificial radionuclides in profile

P-1, Profile 11, depth 0-5 cm
100000

10000 25
—— Am-241
A —-—Cs-137
1000 - - g

= 5r-90

100 &

Specific activity Bg/kg

Distance from profile start, m

Figure 21. Distribution of specific activity of artificial radionuclides in profile I

Maximal concentration of the neutron activation product — "?Eu is displaced rela-
tive to maximal concentrations of *°Sr, 1*’Cs and 2! Am. It is probably caused by radioactive
fallouts displaced from the explosion epicenter. The direction of fallout was 130 degrees,
which coincided with the wind direction during the 12.08.53 thermonuclear test of capacity
400kilotons in TNT equivalent.

An analysis of laboratory studies of surface soil layer on the technical site P-1 iden-
tified the following main contaminants — Cs"’, St and 'Eu. The average coefficient of
12Eu/%°Co ratio in the epicenter zone is 64, which decreases with the increase in the distance
from the epicenter.

Table 7 presents the values of specific activity of artificial radionuclides in the epicenter
zone of the technical site P-1.
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Table 7.

Levels of specific activity of artificial radionuclides in the epicenter zone of the technical site P-1

Values of specific activity, Bq/kg
137CS QOSr 241Am lSZEu
from 150 to 24,850 in the
P-1 from <1.3 to 11,510 from <100 to 31,000 from <I to 1,300 surface layer and up to
9,500 at a depth of 20cm

Site

It should be noted that high '?Eu concentration (about 25000 Bq/kg) is the result of
the thermonuclear explosion though 58 years, i.e. 4.5 half-life periods for the radionuclide,
have passed since that time.

To describe the behavior of distributions of artificial radionuclides along the profile
to a depth of 20cm we plotted a diagram of in-depth distribution of specific activity (for
example, for ¥’Cs) in the points of soil sampling in the epicenter zone (figure 22). The values
of specific activity are normalized to the maximal value. As a rule, the highest concentration
of artificial radionuclides is in the surface layer exponentially decreasing with depth.

137Cs activity distribution in depth at P-1 site
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Figure 22. Distribution of Cs'* activity in the points of layered soil sampling to a depth of 0-20cm

The in-depth distribution of artificial radionuclides on the technical site P-1 mainly
shows gradual activity decrease with depth and is well described by the exponential function
y=2.8¢!?* except points Nos. 23 and 24, where the above dependence is not observed, and
to a certain depth the activity changes as a linear function y = 0.0/6x + 0.63. The values
of concentrations in the points increased with depth. It is supposed that the points were in
the zone of soil heap, which is not clearly revealed in this radiation-hazardous area as the
explosion was made at a height of 30m. In figure 17 a dotted line shows an approximate
boundary of the heap.

On the base of in-depth and areal distributions of artificial radionuclides the amount of
radioactive wastes (RAW) on the technical site P-1 was estimated. The total RAW volume is
about 70,000m’. In calculations of RAW volume in **?*°Pu the average ratio »****°Pu/**! Am
was taken equal to 10.

On the technical site P-1 several spots with different structures of contamination were
discovered. The main radiation-contaminated spot is an area of 1000m in diameter having a
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shape of a bulged-in crater without high rims, in the center of which ground waters outflow on
the surface. The contamination was formed by three nuclear and one thermonuclear explosions.
The latter explosion made the highest contribution to the radionuclide contamination of the epi-
center zone. Based on the amount of accumulated activity of neutron activation products, one
can state that the tested device had an extremely high capacity. However, taking into account
different radiotoxicities of different artificial radionuclides, it is possible to conclude that the
main contaminant of the technical site is >*' Am, and, hence, »*?*Pu. The presence of its high
concentrations is probably caused by the first two tests on the technical site. The trace of radio-
active fallouts spreads to a large distance in southwestern direction. In terms of external expo-
sure (over 0.24 uSv/h) about 1.3 km? of the technical site are dangerous for people staying.

3.3. Investigations at the technical sites P-3 and P-5

3.3.1. Radiological situation on the territory of the technical sites P-3 and P-5

The test site P-3 was designated for atmospheric explosions of low and interim power,
the site P-5 was made for high-yield atmospheric explosions. In addition to atmospheric
tests, 7 ground nuclear tests were made at the sites — 4 tests at P-3 and 3 tests at P-5. Their
characteristics are given in table 1.

Photographs of the epicenters of nuclear explosions on technical sites P-3 and P-5 are
shown in figure 23.

Crater P-5 , spot No.1

Crater P -5 spot No.3 P-3, in the vicinity of the epicenter

Figure 23. Photographs of radiation-hazardous objects at technical sites P-5 and P-3
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By the results of pedestrian gamma-survey the map of EDR distribution on sites P-5
and P-3 and in the areas adjacent to them was made (figure 24).
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Figure 24. A map of EDR distribution on technical sites P-3 and P-5

Technical site P-5 has a high EDR level with values reaching 20uSv/h in all three
zones. In three zones of object P-5 the area of contamination exceeding 0.24puSv/h is about 6
km?. Taking into account that the area of object P-5 is 12.6 km?, in terms of external exposure
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47% of its territory refer to radiation-hazardous zones, and staying there must be limited. The
epicenter zone of radiation-hazardous objects on site P-5 consists of three craters surrounded
by radiation-hazardous area. The area of contaminated spot No.1 is about 0.7km?, the area of
spot No.2 — 1.4km? and spot No.3 is 1.6km?. The other part of contamination is presented by
the traces of radioactive fallouts of an area of about 2.3 km?. Besides the above three craters
on site P-, formed as a result of nuclear tests (24.08.56, 07.08.62, 25.09.62), 2 more spots of
local radioactive contamination (figure 24) — spots No.4 and No.5 were detected. Spot No.4
is about 800m in diameter, by its shape and size it looks like another epicenter of nuclear test.
To confirm or to reject this assumption it is necessary to carry out additional investigations.
The area with EDR level > 0.24uSv/h is equal to about 0.5km?. Spot No. 5 is an elongated
radiation-contaminated area. According to its location it can be a trace of radioactive fallouts
from nuclear tests on site P-3. The area with EDR level > 0.24uSv/h, where people staying
must be limited, is equal to 1.8 km?

Technical site P-3 has lower EDR level with values ranging from 0.10 to 10uSv/h.
The epicenter zone of technical site P-3 is a radiation-contaminated area without any visible
changes in the natural landscape. Maximum EDR values were registered at a distance of 150
meters to the west from the target white-clay cross. The contaminated area with EDR level
over 0.24uSv/h, where people staying must be limited, is about 0.6 km?, which makes about
4.8% of the total area of the technical site.

Figure 25 shows maps of areal distribution of artificial radionuclides '*’Cs and **'Am
on the territory of technical sites P-3 and P-5.

T Loend i i
| bounstarion of “Experimentl fikd o” st

Figure 25. Maps of '*’Cs and **' Am distributions on the territory of technical sites P-3 and P-5

The next stage in inventory of radiation-hazardous objects located on technical sites
P-3 and P-5 was to determine the volume of radioactive wastes concentrated on the sites. For
this purpose three profiles for point and layered soil sampling (figure 24) were chosen, the
coordinates of points were determined, and field works were carried out.
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To study in detail changes of in-depth distributions of radionuclide concentrations with
the distance from epicenters, we plotted distributions of activities of artificial radionuclides
2 Am, ¥7Cs, *°Sr and ?Eu in the upper soil layer (0-5cm) along the profiles (figures 26-28).
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Figure 26. Distribution of specific activities of artificial radionuclides in profile I
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Figure 27. Distribution of specific activities of artificial radionuclides in profile II
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P-5, Profile Ill, depth 0-5 cm
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Figure 28. Distribution of specific activities of artificial radionuclides in profile 111

As a result of laboratory analysis of the surface soil layer in profile I at the site P-3
the main contaminant — > Am was identified. It should be noted that maxima of ?*'Am
contamination are displaced to the left and to the right relative to the maximum of neutron
activation products. The point of maximum "»*Eu concentration can be conventionally taken
as the explosion epicenter. In the epicenter, the level of contamination with ! Am and fission
products decreases for orders of magnitude. ’Cs distribution in the epicenter zone is more
uniform and decreases to background values at a distance of 500 meters from the epicenter.
High '"2Eu concentrations in the epicenter gradually decreasing to the profile ends indicate
large spatial angle of incident fast neutrons (one of the explosions was made by bombing at
a height of 50m). The average coefficient of *?Eu/*°Co ratio is 70.

In profiles II and III on the site P-5, soil radioactive contamination is caused by
the presence of '*’Cs, 2! Am and *°Sr. The results of investigations of layered soil samples,
giving the main characteristics to a depth of 20cm, were used to plot the graphs of in-depth
distributions of specific activity (on the example of '*’Cs) in the sampling points No. 5, 6, 7,
13, 14 and 15 (P-5, spot No.1) and in points No. 26 and 27 (P-5, spot No.2). The dependence
of specific activity on depth is shown in figure 29. To make the dependence more clearly seen
the activity in diagrams is normalized to the maximal value of specific activity. The location
of points on the object is shown in figure 24.

The diagram shows that in-depth distribution of radionuclide concentrations can be
described by an exponential function y=2¢"%*, However, there are zones where the distribu-
tion of radionuclide concentrations does not follow the above dependence. The radionuclide
concentration either increases till a certain depth (which can be described by a linear func-
tion y=o-x+b) or does not change and then decreases by the exponential law (figure 29). As
the sampling depth increases, the activity does not change noticeably, but in some points it
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increases which can be caused by heap, i.c. by the layer of different thickness with certain
activity of radionuclides which was formed after nuclear tests. The laboratory data confirm
the existence of such zones.

Distribution of '¥’Cs activity in depth , P-5, Profile 11
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Figure 29. In-depth distribution of Cs-137 specific activity

The photograph (figure 30) shows a soil profile made very close to the epicenter of
explosion (P-5, spot No. 2). In this area the 20cm heap is identified visually.

Figure 30. Soil heap

To characterize the places of soil heaps in the diagrams (figures 31-32) we showed
in-depth distribution of 2! Am, ¥’Cs, *°Sr and '**Eu concentrations in point No.10, spot 1, and
point No.28, spot 2 (points of soil heap) to a depth of Im. Point No.10 is on the rim of the
crater, point No.28 is at a distance of 50m from the rim.
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Specific activity of radionuclides at soil heaps, section Nel, point Ne10
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Figure 31. In-depth distribution of radionuclide specific activity in the point of soil heap

As it is seen from the diagram specific activity of *°Sr and '*’Cs in the points of soil
heap remains equal to 16,000 Bq/kg, with concentration of neutron activation products close
to zero.

Careful studying of spot No.2, site P-5, point No.28 shows the other picture. The level
of activation of the main artificial radionuclides decreases by the exponential law. The only
exception is *?Eu, whose specific activity increases to a depth of 20cm and then decreases but
not exponentially (figure 32). The above results enable to suppose that the cross-section of
neutron interactions with soil substance in the capture reaction (7, y) increases after passing
some soil layers, i.e. when neutrons are slowed down.
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Figure 32. In-depth distribution of specific activity in the point of soil heap

The above data enable to make an assumption that in the zone of soil excavation
(crater rim, point No.10) the concentration of neutron activation products is about zero. At a
distance of tens of meters it reaches maximal values.
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Thus, in most points the vertical radionuclide distribution shows gradual decrease
with increase in the depth of soil layer. However, this tendency is not observed everywhere,
which is confirmed by the data in points 10, 11, 28 and 29 (P-5, profile II, spots 1, 2). This fact
must be taken into account is calculations of RAW volumes. Figure 24 shows approximate
boundaries of heaps located on the studied profiles. The values of specific activity of artificial
radionuclides in the studied areas are given in table 8.

Table 8.
Levels of specific activity of artificial radionuclides in the studied areas
. Specific activity, Bq/kg
Site 137Cs 9OSr 241Am lszEu
P-3 from <0.2 to 1,900 from <100 to 2,000 | from <4 to 144,000 from <1 to 9,800
from <1 to 61,600 in
the surface layer and to
P-5, spot No.1 100,000 at a depth of from <100 to 35,000 | from <4 to o 11,600 from <1 to 2,300
10 cm
from <1 to 2,300 in
from <100 to the surface layer and
P-5, spot No.2 from <1 to 86,000 110,000 from <4 to 100,000 {0 5,400 at a depth of
20 cm

from <1 to 5,400 in
the surface layer and
t0 9,500 at a depth of
20 cm

P-5, spot No.3 from <3 to 22,000 from <100 to 32,000 | from <6 to 39,300

A survey of the territory of technical sites P-3 and P-5 determined 6 radiation-
hazardous zones. Zones No.1, 2 and 3 are craters filled with ground waters and surrounded
by a 100-300 m radiation-hazardous area. Zones No.2 and 3 are connected forming one
elongated contaminated zone along 0.5 isoline with activity of 1 uSv/h. This zone was most
probably formed by radioactive fallouts after the explosion made in zone No.3. The so called
"heaping zones", where in-depth distribution of artificial radionuclide concentrations does
not follow the exponential law and practically does not change with depth, where detected.
Rough boundaries of the areas were determined. A considerable amount on slag up to 7 cm
thick was detected on the crests of crater rims.

The origin of the zone No.4 causes interest as it could be formed as a result of a
nuclear test, which is difficult to identify now. The contaminated area has a round shape with
high EDR levels exceeding SuSv/h in some points. By radionuclide composition the area has
high concentrations of activation products, fission products and transuranium elements. The
fragments of fused soil were found there.

A radiation-hazardous area of 1km in diameter was discovered on the territory of the
technical site P-3, it does disturb the landscape and is considerably displaced from the center
of the technical site to the north-west in the direction of the white-clay target cross. The
activity in the center of the area EDR goes up to 10 pSv/h. The area has high concentration
of 2!Am and '#Eu. The contaminated area with EDR level over 0.24 uSv/h, where people
staying must be limited, is about 0.6 km?. No considerable relief changes caused by the
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explosion were discovered. In the place of explosion "slag fields" of about 100m in diameter
were detected.

5 radiation-hazardous zones were revealed on the territory of the technical site P-5.
Zones No. 1, 2, 3 are craters located at approximately equal distance, about 1,200m, from
each other, surrounded by radiation-contaminated area with transverse dimensions varying
from 700 to 1100 m with EDR levels over 20 pSv/h. Zone No. 4 is supposed to be the place
of the fourth test on P-5, its diameter is about 800m, and EDR level equals to 5 uSv/h.
Zone 5 is an elongated trace of radioactive fallouts with EDR reaching 10uSv/h. The total
contaminated area summed up over all spots on P-5 is equal to 6 km?.

Based on the distribution of artificial radionuclides in the upper soil layer, we estimated
RAW volumes on the technical sites. The total RAW volume in radiation-hazardous zones
of technical sites P-5 and P-3 is presented in table 9. In RAW calculations in 2Py the
average 2"24Pu/?*! Am ratio was taken equal to 10.

Table 9.

RAW volumes on technical sites P-5 and P-3

Object RAW volume, m*
P-5, Spot No.1 15,000
P-5, Spot No.2 60,000
P-5, Spot No.3 40,000
P-3 57,000

3.4. Investigations at the technical sites P-2, P2-G and P-7

3.4.2. Radiological situation at the territory of technical sites P-2, P2-G and P-7

P-2 site was designated for nuclear explosions of capacity of 1.3-14 kilotons. 6 nuclear
tests including 1 test without nuclear explosion regime (the device did not explode) were
made there. The characteristics of tests are given in table 1. The first unexploded charge made
a considerable contribution to the contamination of the technical site — 215Ci of plutonium
were released in the test [7].

P-7 site was designated for nuclear explosions of low capacity (from 0.007 to
0.4 kilotons) at a height of 0 meters. 12 nuclear explosions were made there in the period
from 09.09.1961 to 24.12.1962, in 4 cases the nuclear devices did not explode [7].

On the territory of site P2-G, located on the territory of sites P-2 and P-7, hydronuclear
explosions — explosions with nuclear charges, where the amount of released nuclear energy
is comparable with the energy of chemical explosives, were made. In the 1958-1963 period,
40 model experiments were made, the difference in alpha-activity release in the experiments
was as high as 400 [1]. The total amount of plutonium alpha-activity dispersed in hydronuclear
experiments was 800-900Ci. The main characteristics of hydronuclear experiments are
presented in table 2.

P-2 and P-7 sites were also areas of hydrodynamic tests — explosion experiments
with nuclear charges in which nuclear energy was not released (table 7). They do not refer to
nuclear tests but they considerably contributed to the contamination of the studied area. In
the period from 1954 to 1962, 5 such tests were made, as a result about 1,000Ci of plutonium
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P-2, spot No.10. A crater, 25m in diameter, filled P-2, spot No. 11. A crater, 25m in diameter, over
with water 10m deep, filled with water

A round-shape crater of 30m in diameter, 12m deep, A round-shape crater of 30m in diameter, 10-12m
bottom is rushy with water deep, bottom is rushy with water

T e
A round-shape crater of 20m in diameter, 5-7m A crater of 20m in diameter, 6m in depth

deep, bottom is overgrown with grass

Figure 33. Photographs of some epicenters in the radiation-hazardous zones at technical sites P-2,
P2-G and P-7
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[1] were released to the atmosphere. The main characteristics of hydrodynamic experiments
are presented in table 3.

Photographs of the epicenters of some areas are shown in figure 33. It is seen that the
epicenters of high-capacity explosions are craters with either outcomes of ground waters or
signs of their close location. It is rather difficult to discover epicenter zones of low-capacity
explosions.

Based on the integral radiation parameters there are 11 radiation-contaminated zones
with high EDR level on technical sites P-2, P2-G and P-7. The total contaminated area with
EDR exceeding 0.24 uSv/h, where people staying must be limited, is about 4.3 km?, which
makes about 20% of the total area of the technical sites equal to 21km?. The map of EDR
distribution on the territory of sites P-2, P2-G and P-7 is shown in figure 34. The main
characteristics of contaminated areas are presented in Table 10.

Legend

[ technical grounds  Hr, pSvlh [ 014-0.18 0.20-0.22 0.26-0.28 """ 0.50-1.00
+  soil sampling points [0 0.10-0.12 © 0.16-0.18 0.22-0.24 0.28-0.30 [ >1.00
[0 012-014  0.18-0.20 0.24-0.26 0.30-0.50

Figure 34. A map of EDR distribution on the territory of sites P-2, P2-G and P-7
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Table 10.

Characteristics of contaminated areas

Zone number Maximal EDR | Area of the territory with Remarks
level, pSv/h EDR exceeding 0.24 uSv/h
Zone No.1 0.28 0.01
Zone No.2 0.5 about 1km? The zone is a superposition of several
' ' traces of radioactive fallouts
Zone No.3 4.0 about 0.12 km?
Zone No.4 27 about 0,12 km? The zone is supposed to be the place where
) ' ) several hydronuclear explosions were made

Zone No.5 1.0 about 0.04 km?

Zone No.6 1.0 about 0.03 km?
A narrow (70-80m) trace of radioactive

Zone No.7 25 about 0.7 ki fallout§ with EDR values up to 5. uSv/h
stretching to the southeast to a distance

of 1.5 km
Zone No.8 1.6 about 0.05 km?
Zone No.9 0.5 about 0.09 km?
The zone is a 10m-deep crater of 40 m in

Zone No.10 24 about 0.7 km? diameter wi.th outcome of ground }Ngters.

The crater is surrounded by a radiation-
contaminated area.
The zone has two craters of 25 m in

diameter located at a distance of 150 m

Zone No 11 583 about 0.7 km? from each other with outcome of ground
waters. The craters are surrounded by a
radiation-contaminated area displaced

relative to the epicenters to the southwest.

Taking into account specific character of the tests the EDR map in this case does not
enable to estimate real scales of contamination. Figures 35-36 shows maps of '*’Cs and *'Am
distributions on the territory of sites P-2, P2-G and P-7. To get a more precise picture of the
areal distribution of ! Am u '*’Cs on the territory of the sites all available data including the
data obtained in the framework of ISTC project K-337 were plotted in the figure.

To get more detailed information about the scales of contamination the soil samples
were taken along profiles (figure 34) passing through epicenter zones along the traces of
radioactive fallouts almost in all detected areas. To study distributions of radionuclide
concentrations in more details the diagrams of distributions of artificial radionuclides **' Am,
37Cs, *Sr and '**Eu activities in the upper soil layer (0-5cm) along profiles were made. The
profiles characterize the main contaminated zones. The diagrams of distributions of artificial
radionuclides concentrations in profiles points were plotted from down to up and from left
to right.

To estimate vertical migration of artificial radionuclides in the studied area, in the
central points of intersecting profiles trenches were dug and layerwise samples were taken.
The results are presented as diagrams.
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Zone No.l characterizes western part of radioactive fallouts of southern direction
spreading from the center of technical site P-2 (figure 37). The in-depth distribution of
radionuclides concentration follows an exponential dependence (figure 38).

Legend
[ boundaries of “Experi | field” site Cs-137, Bqfkg ] 100-200 [ 1000-6938
[ technical grounds <50 [ 200-500 (M 6938-10000
soil sampling points 50-100 [N 500-1000 I 10000-41000

Figure 35. A map of '¥’Cs distribution over the territory of technical sites P-2, P2-G and P-7

Legend
[ boundaries of “Experimental field" site Am-241, Bq/kg 0000 30-50 [ 1000-15500
[ technical grounds <10 [ 90-270
soil sampling points 10-30 [ 270-1000

Figure 36. A map of ' Am distribution over the territory of technical sites P-2, P2-G and P-7
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Figure 37. Distribution of specific activity of artificial radionuclides in zone No.1
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Figure 38. In-depth distribution of specific activity of artificial radionuclides

Zone No.2 is an elongated trace of radioactive fallouts stretching to the south on
technical site No.2. Radionuclide concentrations do not exceed MSSA. As one moves closer
to zone No.l11, where the nuclear test was made, a sharp increase in '*Eu concentration is
registered (figure 39).
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Figure 39. Distribution of specific activity of artificial radionuclides in zone No.2

Zone No.3 is a trace of radioactive fallouts presumably passing through two epicenters.
The amount of accumulate activity of artificial radionuclides is rather small (figure 40). The
in-depth distribution of radionuclides concentration follows an exponential dependence
(figure 41).
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Figure 40. Distribution of specific activity of artificial radionuclides in zone No.3
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Figure 41. In-depth distribution of specific activity of artificial radionuclides
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Zone No.4 is located very close to zone No.3, the contaminated area occupies larger
territory — about 0.1km?is contaminated with '?Eu. The area of 200m in radius located
around the epicenter — the point of maximal concentration is contaminated with '*>Eu (figure
42). Based on the character of *?Eu distribution one may suppose that the test was made at
some height. The in-depth distribution of radionuclides concentration follows an exponential
dependence (figure 43).
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Figure 42. Distribution of specific activity of artificial radionuclides in zone No.4
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Figure 43. In-depth distribution of specific activity of artificial radionuclides

Zone No.5 is the epicenter of a test. The amount of accumulated ?Eu activity is
rather high, its concentration reaches 8,000 Bq/kg (figure 44). The levels of concentrations
of fission products and the character of their distribution enable to suppose that they were
formed as a result of the other test whose epicenter was in zone No.6. Maximal concentration
of activation products corresponds to minimal concentration of fission products and ' Am.
The in-depth distribution of radionuclides concentration follows an exponential dependence
(figure 45).
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Figure 44. Distribution of specific activity of artificial radionuclides in zone No.5
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Figure 45. In-depth distribution of specific activity of artificial radionuclides
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In zone No.6 the presence of activation products is less pronounced, but **'Am
concentration is at a high level (figure 46). The in-depth distribution of radionuclides
concentration follows an exponential dependence (figure 47).
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Figure 46. Distribution of specific activity of artificial radionuclides in zone No.6
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Figure 47. In-depth distribution of specific activity of artificial radionuclides
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Zone No.7 is an epicenter presumably produced by a nuclear test that formed a 100m
wide trace of radioactive fallouts stretching for 2km in southeastern direction. The amount of
accumulated activity of *Eu in the epicenter is rather high and reaches 7,000 Bq/kg. Maximal
concentration of activation products in the epicenter corresponds to maximal concentration
of fission products and >*' Am (figure 48). The in-depth distribution of radionuclides does not
follow an exponential dependence. At a depth of 40m high concentration of '*?Eu and ' Am
with values of 900 Bq/kg and 1,200 Bq/kg, respectively, were registered, which probably
corresponds to the heaping zone (figure 49).
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Figure 48. Distribution of specific activity of artificial radionuclides in zone No.7
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Figure 49. In-depth distribution of specific activity of artificial radionuclides

Zone No.8 is an epicenter probably formed by a high-capacity explosion. The amount
of accumulated activity of '**Eu in the epicenter is rather low and does not exceed 900 Bq// kg
(figure 50). The in-depth distribution of radionuclides does not follow an exponential
dependence, which may be an indication of the heaping zone. At a depth of 40m high
concentration of all radionuclides was registered, but >*' Am specific activity did not exceed
MSSA (figure 51).
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Figure 50. Distribution of specific activity of artificial radionuclides in zone No.8
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Figure 51. In-depth distribution of specific activity of artificial radionuclides
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Zone No.9 has an elongated shape, the character of contamination along the profile
and the ratios of ! Am, *’Cs and "?Eu concentrations enable to suppose that the zone was
formed by fallouts from several tests, and in some tests fission products were not formed. The
zone has high contamination in *' Am, and, hence, in?**">*Pu (figure 52) to a depth of 30cm.
The in-depth distribution of radionuclides does not follow an exponential dependence, which
indicates presence of the heaping zone (figure53).
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Figure 52. Distribution of specific activity of artificial radionuclides in zone No.9
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Figure 53. In-depth distribution of specific activity of artificial radionuclides

70



Radioecological state of the former Semipalatinsk Test Site and adjacent areas

No detailed investigations for zones No.10 and 11 have been done yet.
Table 11 presents values of specific activity of artificial radionuclides in the studied

areas.
Table 11.
Values of specific activity of artificial radionuclides
. Specific activity, Bq/kg
Slte 137Cs 9[lsr 24]Am ISZE“
P-2, zone No.1 from <1 to 0497 | from <100 to 1,000 from <1 to 170 from<lto 18
P-2, zone No.2 from <1 to 480 | from <100 to 3,400 from <1 to 550 from<Ito3
P2-G, zone No.3 from <1 to 3,100 | from <100 to 1,000 from 5 to 4,000 from <1 to 3,000
P2-G, zone No.4 from <1 t0 6,900 | from <100 to 12,000 | from <1 to 5,600 | from <1 to 6,300
P2-G, zone No.5 from <1 to 780 from <100 to 800 | from 20 to 20,000 | from <1 to 5,600
P2-G, zone No.6 from <1 to 720 | from <100 to 1,800 | from 7 to 20,000 from 12 to 860
P2-G - P-7, zone t No.7 | from 14 to 3,900 | from <100 to 800 | from 98 to 37,000 | from <1 to 3,600
P2-G —P-7, zone t No.8 | from 38 to 5,800 | from <100 to 4,700 | from 125 to 33,000 | from <I to 1,200
P-7, zone No.9 from <1 to 290 from <100 to 500 | from <I to 15,000 from <1 to 13

Based on the array of information obtained in investigations of the radiological
situation on the territory of technical sites P-2, P2-G and P-7, one can state that the main
source of radionuclide contamination of the territory is > Am and, hence, 2***?*°Pu. Taking
into account that the average ratio 22Pu/>'Am is 10, it was estimated that total RAW
reserves on the technical sites are not less than 500,000 m3, and the RAW area occupies
about 50% of the total area of technical sites P-2, P2-G and P-7, i.e. 10.5km?. A rather labor-
intensive task was identification of all epicenters of former tests on the technical sites. Some
of them could be identified by a high concentration of *Eu, or in some cases, by a high
concentration of ' Am.

4. DISCUSSION OF RESULTS AND CONCLUSIONS

All complex of obtained results enable to give general characteristics of the character
and mechanisms of "Experimental field" contamination. By integral radiation parameters
only a small part of the "Experimental field" can be classified as a radiation-contaminated
area. The area with EDR exceeding 0.24uSv/h is about 11 km?, i.e. 3% of the total area of the
"Experimental field".

Several zones that can be identified as "epicenters" of nuclear explosions were de-
tected. As a rule, the soil in the epicenters and adjacent areas has high concentrations of
artificial radionuclides. Concentration of artificial radionuclides in radial direction changes
exponentially and at distance of 300-500 meters practically decreases to background levels.
At the same time, it should be noted that though all epicenters have common characteristics,
each epicenter has its own "radionuclide portrait", different from the others, mainly by the
ratios of concentrations of different radionuclides and their isotopes. Areas with the other
type of contamination that can be called "areal" contamination were detected. The most prob-
able mechanism responsible for formation of such areas is superposition of fallouts from
several nuclear tests. The zones are characterized by conventionally uniform distribution of

71



Radioecological state of the former Semipalatinsk Test Site and adjacent areas

concentrations of artificial radionuclides on large territories sometimes as large as tens of
square kilometers.

The products of '’Cs and *°Sr fission spread in three main directions: northeastern,
southeastern and southwestern. The highest concentration of the above radionuclides is reg-
istered directly in the spots corresponding to former epicenters of nuclear explosions, which
occupy relatively small areas not exceeding 1-2 square kilometers. On the other part of the
"Experimental field" their concentrations are rather low, below nx10* Bg/kg.

A large amount of isotopes — fragments of fissile materials ! Am u *****°Pu is regis-
tered in epicenter zones of technical sites and in elongated traces of radioactive fallouts. As
a rule, in the epicenter zone spots with high **' Am concentration occupy small areas. In the
spots of areal contamination, probably formed as a result of superposition of radioactive fall-
outs, 2! Am concentrations may be as high as nx10* Bq/kg like in the epicenter zones.

Besides fissile materials and fission products, the epicenters are the places of con-
centration of neutron activation products: Co®, Eu!>? 15155 which, mainly, do not leave the
boundaries of technical sites and can be used as indicators of nuclear tests.

These investigations enable to obtain general estimations of radioactive wastes
amounts on the "Experimental field" site. The generalized results are given in table 12.

Table 12.

Generalized results on the extent, character of contamination and RAW amounts at the
territory of the "Experimental field"

Spot EDR Specific activity __, Bq/kg Area with | Total RAW | Total RAW
Object | num- i EDR> volume on | volume on
ber | SV | wCs St | Eu | MAm g o4 uSv/h, km? the spot, m® | the site, m*
Experi-
mental | - 154 | 41,000 | 140,000 | 18,000 | 16,000 11 - 2,000,000
field
P-1 1 >20 | 12,000 | 31,000 |25,000] 1,300 6 70,000 250,000
P-3 1 10.0 1,900 | 2,000 | 9,800 | 140,000 0.6 57,000 100,000
1 20.0 | 100,000 | 35,000 | 2300 | 12,000 0.7 15,000
2 200 | 86,000 | 110,000 5400 | 100,000 1.4 60,000
P-5 3 20.0 | 22,000 | 32,000 | 9500 | 39,000 1.6 40,000 150,000
4 5.0 - - - - 0.5 -
5 10.0 - - - - 1.8 -
1 0.3 500 1,000 18 170 0,01 -
2 0.5 480 3,400 3 550 1 -
3 4.0 3100 | 1,000 | 2,900 | 4,000 0.12 -
4 2.7 6,900 | 12,000 | 6,300 | 5,600 0.12 -
P-2, 5 1.0 780 800 | 5,600 | 20,000 0.04 -
P2-G, | 6 1.0 720 1,800 | 860 | 19,000 0.03 - 500,000
p-7 7 25 3,900 800 | 3,600 | 37,000 0.7 -
8 1.6 5,800 | 4,700 | 1,200 | 33,000 0.05 -
9 0.5 290 520 13 | 15,000 0.09 -
10 23 - - - - 0.7 -
11 5.8 - - - - 0.7 -
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Therefore, the total amount of RAW at all technical sites approaches to 1,000,000
m? with about half of the above volumes located beyond the territories of technical sites.
Taking into account RAW volumes and the level of radiation hazard in terms of external
irradiation, one can make a concussion that it is unreasonable to carry out restoration works
except for the areas of point contamination located in the northern part of the "Experimental
field". It should be taken into account that the contaminated spots stretch beyond the
existing boundaries of the "Experimental field", therefore, more precise identification of the
boundaries of such spots must become a priority direction in the works on the STS. Taking
into account high radiotoxicity of transuranium elements, their high concentrations and large
areas of contaminated territories, it is necessary to take measures preventing public access
to the contaminated territories. The current boundaries of the "Experimental field" must be
reconsidered, so that its new boundaries correspond to its current radioecological status.

The authors of the paper are grateful to the specialists of IRSE, NNC RK, first of all,
to the participants of field works I.N. Antropov, V.F. Rak, R.M. Bakiriv, S.A. Tinyayev, I.A.
Aleksandrovich, N.A. Neklyudov, O.A. Korneyev, A.V. Zimakos, V.S. Zakharov, T.N. Bautinov,
M.L. Bashlykov, R. Nefedov for high-quality field works, specialists of LRChI O.1. cHeredov,
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CEMEH ChIHAK ITOJIHTOHBI « TOKIPUKE JIAJTACHI» A/IAHBIHBIH
PATHOHYKIIH/[TI IACTAHY CHIIAThI MEH JIEHT'EHJ/IEPI

MouxkoB A.C.!, Jlykamenko C.H.', SIkoBenko F0.10.', Crpuiabuyk FO.I'.,
Koposuna 0.10.!, Kamupckuii B.B.!, fIkoBenko A.M.?

IKP ¥A0 Paouauyusnslx Kayincizoix ycane sxonozus uncmumymot, Kypuamos, Kazaxcman
’KP ¥AO0 I'eopusuxansix sepmmeyinep uncmumymst, Kypuamos, Kazaxkcman

«Taxipube nanace» HblcaHbl Kenec OnarbIHBIH aJFAlIKbl CHIHAK ajaHbl OOJIBIT TaOBLIA/IbL.
Byprin Oy yian-0aiitax anaHra xKyHeni 3epTTey KYpri3iireH KoK 00IaThIH.

PagnanumsineIK axyanabl aHBIKTay YIIIH KOHE PaJHalMsIIBIK-KAyiNTi HBICAHAAPABI TYTEHAEY
Makcatbinaa «Toxipube manachlHBIHY OapibIK ayMarbl, COHIai-ak OHIarbl opHamackad [1-1, I1-2,
I12-T, I1-3, I1-5 xone I1-7 TeXHHUKANBIK amaHgap ayMarbl 3epTTeii. TeXHHUKANBIK alaHIapasl 3epT-
Tey aca paauanusuIbIK-TacTaHFaH TeNIMAEPl aHBIKTAY/bl, JKasy Y-TYCIipyaepi *Kyprisyai, TeXHOTeH i
PaaMOHYKIMITEP/IH alaH/IbIK )KOHE TEPEHIIK TapadyblH 3ePTTEyAl KaMThIIBL.

WaTterpangpl paguamsiisK napamerpiep Ooiibiamma «ToxxipnOe nanachbIHBIH» TEK a3FaHTalt
Oeutiri faHa paJNalUIbIK-TaCTaHFaH ayMaKka »kaTybl MyMKiH. 0,3 Mk3B/car. sxorapsl DJIK nenreiii
Oap anan mwamamed 10 kM2, srau «ToxipuOe JanachbiHbIH» GapiblK ayMarbIHbIH 3% Kypaibl.

SIMpONBIK SKapBUIBICTAPIBIH «IMHOPTAIBIKTAPBD) PETIHAE HACHTH(GUKAIMIIAHYBl MYMKIH
OipHele TeTiMIep aHBIKTAIbl. OACTTET11eH, SMHOPTATBIKTaPIaFbl )KOHE OJIapFa iprefiec ayMaKTapAaFsl
TonbIpak >kacanael paguonykiauarep (PKPH) rrorsipnaHybIHBIH KOFapbl MOHIEpPIMEH CHIATTANIAJbL.
JKPH panuans1 6arbITTarbl IOFBIPIaHYBIHBIH ©3repyi SKCIIOHSHIHAIBI CHITaTKa 1e, 0y ke3ze 300-500
MeTp apakambIKThIKTa JKPH moFbIpnanybIHEI ic KY31HE asUIBIK JeHTelre neifin Tomenaeiiai. CoHbIMEeH
Oipre, JKaJIbl 3aHIBUIBIK OOJFaH Ke3/e 9p SMUOPTAJIBIKTHIH OacKalapblHaH, O9piHEH OYPBIH, Op TYpPIi
PagHOHYKIMATEP MEH OJapAbIH H30TONTAPEIHBIH MIOFBIPIIAHYBIHBIH apaKaThIHACBIMEH €PEKIICIICHeTIH
©31HIH «PaTUOHYKIIHUTI HOPTPETi» Oap eKEHIIrH aTan eTy KakeT. JIacTaHyAbIH «aJaHIbIKy Jel aTayFa
OosaThiH Oacka TUII O6ap TeTiMIep aHBIKTAIABL. Op TYPJi SIPOJBIK ChIHAKTAPAaH TYCYJICPIiH Cymep-
MO3WIUACH OV THUNTI TETIMICPAiH HETi3ri OoibkaMabl maiina 0oy MeXaHH3Mi OOJNBIN TaOBLIAJIBL.
Tenimaep TeXHOTeHAI paJHOHYKIHATED MIOFBIPIAHYBIHBIH OHIaFaH KBAJPAT KUIOMETpPre AeHiH anaHbl
0ap YJIKeH ayMaKTa IIapTThl Teric TapalybIMEH CHIIATTaIabl.

37Cs sxoHe *'Sr GesiHy OHiMzepi YLI HEri3ri: CONTYCTIiK-IUBIFBIC, OHTYCTIK-IIBIFBIC JKOHE
OHTYCTIK-OaTeic OarbITTa Tapanansl. KemTereH IIOFBIpIaHy TiKeNeH SAPOJIBIK >KAPBUIBICTAPIIBIH
SMUOPTANBIKTAPbIHIA OpHAJACKaH. **'Am jxoHe, CON CHSIKTBI 2*2YPu paguoHyKIHATEpi KenTereH
MeJmIepae OapiblK TEXHUKAIBIK alaHaapAbiH, acipece [1-2, I1-7 snumopranblK alfiMakTapblHIa SKOHE
OHBIH IIETiHEH THIC PaJIMOAKTHBTI TYCYIEp/iH CO3bUIFaH 1371epi Typinae O6ap. bemineTin 3aTTekTep MeH
Oeuliny eHiMepiHeH 0acka, SMHOPTAIbIKTAPAa HEMTPOHAbI akTuBalus oHiMzaepi: Co®, Eu!s? 1534 159
LIOFBIPJIaHFaH, OyJI, HeTi31HeH, TeXHUKAIBIK aJIaH/ap MICTiHEH THIC IIBIKIAHBI.

Tyitin co30ep: Cemell ChIHAK MOJUTOHBI, THKIPHOE JaTachl, paIHALMUIBIK axyall, TEXHOTSHI1
HBICAH/1ap, TEXHOTEH I paJJHOHYKIIMATED, LIE3UH, CTPOHLIUIH, aMePHUIHH, IUTyTOHUI, KOOaIbT, eBPOIHH,
QIAHJBIK 3epTTEY, PAAUOHYKINAATI JTaCTaHy, TYTCH/CY, paJHalHsIIbIK-KayinTi HEICAH.
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XAPAKTEP H YPOBHH PA/THOHYKI/IU/THOI O 3AI'PASHEHHA
IUTOHIA/IKH «OIIBITHOE I1OJIEy CEMHITAJIATHHCKOI' O
HUCIIBITATEJIBHOI O I10/TUTOHA

MoukoB A.C.!, Jlykamenko C.H.', SIxosenko F0.10.!, Ctpuabuyk FO.I'.,
Koposuna 0.10.!, Kamupckuii B.B.!, Illarpos A.H.!, SIkoBenko A.M.?

'Hucmumym paouayuonnoi 6ezonacnocmu u sxonozuu HAI PK, Kypuamos, Kazaxcman
‘Hncmumym zeogpusuueckux ucciredosanuii HAL[ PK, Kypuamos, Kazaxcman

O0bexT «OnBITHOE TOJIe» SIBISIETCS MEePBOil MCIBITATEILHON IUIOMIAAKOM SEPHOTO OpPYIKHUS
Coserckoro Coro3a. CucreMaTn4ecKux o0ClIeJOBaHUH 3TOH OOMINPHOI TEPPUTOPHUH paHee He IPOBO-
JTUIIOCH.

JInst BBIICHEHMS! PaMallMOHHOW OOCTAaHOBKM M C LEJbI0 MHBEHTAPHM3AllMU PaAMAllMOHHO-
OIIaCHBIX 00BEKTOB ObIIa HCCIEA0BaHA TEPPUTOPHS Beero « ONBITHOTO MOJIS», a TAKXKe TeXHUIECKUX
wromanok [1-1, I1-2, I12-T, I1-3, I1-5 u [1-7, pacnonararonxcs Ha HeM. McciienoBanne TeXHUUECKUX
IUTOIIAI0K BKJIIOYAJIO B ce0sl BBIsIBIEHHE Hanbosee paJnalioHHO-3arpsi3HEHHbBIX YYacTKOB, IIPOBEe-
HHE TIEIIEXOHBIX Y-ChEeMOK, HCCIICJOBAaHUE TUIOMAIHOTO ¥ TIIyOUHHOTO PACIIPEIENICHNS TEXHOTEHHBIX
PagHOHYKIIH/IOB.

[Io nHTErpaNbHBIM paualliOHHBIM ITapaMeTpaM TOIbKO HeOomblIast yacTh « OTBITHOTO MOJIS
MOXKET OBITh OTHECEHA K PaanalllOHHO-3arpsi3HeHHOI Teppuropuu. [lnomans ¢ yposaem MOJ] BbIe
0,24 Mk3B/4 coctasser okoso 11 kMm%, 1o ecTb 3% oT Beeid Tepputoprn «ONBITHOTO TOJISD.

BBIsIBIICHBI HECKOJIBKO YUaCTKOB, KOTOPBIE MOTYT ObITh HICHTHU()UIIMPOBAHBI KaK «IIUIIEHTPbDY
SIICPHBIX B3PBIBOB. Kak IpaBuIIo, II0YBA HA SIIMIEHTPAX U TEPPUTOPUSIX, IPIIICTAIOIINX K HUM, XapaK-
TEPU3YETCs BHICOKUMHU 3HAYEHUSMH KOHIIEHTPAIMN UCKYyCCTBEeHHBIX panuonykianaos (MPH). N3mene-
Hue koHueHtpauun IPH B paguansHOM HanpaBieHHH HOCUT SKCIIOHEHIIMAIBHBIN XapaKTep, IPH ATOM
Ha paccrostaun 300-500 meTpoB xonnenTpanust IPH cHmkaeTcst mpakTHdecku 10 (POHOBBIX YPOBHEH.
Bwmecte ¢ Tem, crnexyer OTMETHTh, YTO MPH HATWYMU OOMMX 3aKOHOMEPHOCTEH, KaXbIi SMUIEHTP
HMeeT CBOM «paJMOHYKIMIHBII IOPTPET», OTIIMYAIOILUICSA OT APYTHX, IPEXk/Ie BCEro, COOTHOIIEHUEM
KOHIIEHTPAIUU Pa3JINIHBIX PaJHOHYKINIOB ¥ UX N30TONOB. BBIEICHEI yUacTKH ¢ APYTHM THIIOM 3a-
TPSI3HEHHUS], KOTOPOE MOXKHO Ha3BaTh «ILIOMIAAHBIM». OCHOBHBIM BO3MOXHBIM MEXaHH3MOM BO3HHKHO-
BEHHSI yYaCTKOB 9TOTO THIIA SIBIISIETCSI CYIIEPIO3UIINS BBIIAICHHUI OT Pa3IHYHBIX SIIEPHBIX UCIIBITAHHH.
VYdacTky XapakTepU3yIOTCsl YCIOBHO PAaBHOMEPHBIM PAaCIIpeAeICHHEM KOHIICHTPAUH TEXHOTCHHBIX
PagHOHYKIIMIOB Ha OOMBIINX TEPPHUTOPHUSX IIOMIABIO 10 AECATKOB KBAAPATHBIX KUIOMETPOB.

IMponyxrsr nesennst ¥’Cs u *Sr pacpoCTpaHsSOTCS B TPEX OCHOBHBIX HAIIPABICHHSX: CEBEPO-
BOCTOYHOM, FOTO-BOCTOYHOM M IOro-3amajaHoM. HamOonbias KOHIEHTparus HaxXOAUTCS HENoCpen-
CTBEHHO Ha JIHIEHTPaX sACPHBIX B3pbIBOB. Pamnonykmuast **'Am u, crenosarensno, »°2*Pu B 3Ha-
YUTEIBHON Mepe NMPHUCYTCTBYIOT B SHHLEHTPAIBHBIX 30HaX BCEX TEXHHUYECKUX ILIONIA0K, 0COOCHHO
Ha [1-2, I1-7 u 3a ux npezxenamu B BUJIE MPOTSHKEHHBIX CIIEI0B PAJUOAKTUBHBIX BbinageHuil. [Tomumo
JIETISIIIUXCS BELIECTB U MPOAYKTOB JEJICHHs, B SMHUIEHTPaX CKOHIEHTPUPOBAHBI MPOLYKThI HEHTPOH-
Ho# aktuBarmu: Co®, Eu's? 13155 koTopele, B OCHOBHOM, HE BBIXOIAT 3a MPEAEIIbl TEXHHYECKUX ILI0-
IIAJI0K.

Kniouesvie crosa: CeMUNanaTHHCKUH UCTIBITATEIbHBIN TTOJUIOH, OMBITHOE MOJIE, PAIHAINOH-
Hast 00CTaHOBKA, TEXHOT€HHBIE OOBEKThI, TEXHOTCHHbIE PaJIMOHYKIIU/IbI, [IE3UH, CTPOHLIUA, aMEePHIHH,
LTy TOHHH, K0OaJIBT, eBPOIINii, IUIOMIaAHOE 00CIeI0BaHNE, PaIOHYKIHIHOE 3arpsI3HEHNE, HHBEHTApH-
3a1Msl, PaAnaliOHHO-OMACHBIH OOBEKT.
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YIK 577.4:577.391: 504.73:539.16

RADIOECOLOGICAL CONDITIONS AT THE WESTERN PART OF STS
TERRITORY

Strilchuk Yu.G., Aidarkhanov A.O., Genova S.V., Kashirsky V.V.,
Kunduzbaeva A.A., Larionova N.V., Magasheva R.Yu., Panitskiy A.V.,
Subbetin S.B., Toporova A.V., Tonevitskaya O.V., Yakovenko Yu.Yu.,
Lukashenko S.N.

Institute of Radiation Safety and Ecology NNC RK, Kurchatov, Kazakhstan

The paper presents the results of radioecological investigations of western part of the
Semipalatinsk Test Site (STS) located on the territory of Karaganda oblast on the area of 560 km?. The
present-day radioecological state of the environment components — soils, water objects, air, vegetation
and animal world have been studied. The average concentration of natural radionuclides in soils of
the studied area is typical of Kazakhstani soils; no geochemical anomalies were discovered. Presence
of artificial radionuclides in the environmental objects of western part of the STS territory is mainly
caused by global radioactive fallouts. As a whole, radionuclides *’Cs and *Sr are rather uniformly
distributed over the area. An analysis of ! Am Areal distribution revealed the areas with increased
concentrations of specific activity. Maximal values of specific activities of radionuclides '*’Cs and *Sr
were found to be below the levels characterizing ecological state of the area as "relatively satisfactory
ecological state". In terms of %**?*°Pu concentration, the state of surveyed areas is classified as "relatively
satisfactory ecological state". Radionuclide concentrations in vegetation, water and air as well as
expected concentrations in foodstuffs of vegetal and animal origin are much lower than the permissible
levels. Based on the data on radionuclide concentrations in the environmental objects and foodstuffs,
radiation exposure of local people was estimated. In case of the "worst" scenario a farmer living on
subsistence farming in the contaminated area, will get the annual expected effective dose not exceeding
0.3 mSv, which is below the intervention level according to the Radiation Safety Standards. Therefore
the results of complex investigation, taking into account the acting requirements of the RK legislative
base, show the all the studied area can be used for commercial activities without any limitations.

These investigations were aimed at further transfer of the studied lands into economic use.

Keywords: nuclear tests, radioecology, radioactive contamination, radionuclides, vegetation
cover, objects of water use, behavior scenario, radiation exposure.

INTRODUCTION

One of the main objectives of investigations carried out on the STS is gradual land
transfer into economic use. Lands can be transferred into economic use only after complex
ecological investigations and rehabilitation measures on the most hazardous areas of
radioactive contamination. Such works have already been done in the "northern" part of the
STS territory [1].

At the moment of the STS closure on the territory of Karaganda oblast different types
of agricultural works were being done, mainly, pasture sheep breeding which is confirmed by
the presence of winter huts, now not inhabited, and odds and ends of a rather well-developed
infrastructure (road network, power transmission lines, network of boreholes and wells).
After collapse of the USSR the winter huts were abandoned, and people moved to larger
villages beyond the STS.
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Different types of radioecological investigations on the territory of Karaganda oblast
were carried out earlier. In order to study the influence of nuclear tests on the territory
of Karaganda oblast a program of radioecological survey was developed and started in
1995 (Center-Geosurvey, JSC, Ecoexpert, LLP). The investigations in the framework of the
program were continued in 2001-2002. The works were fulfilled by the Institute of Radiation
Safety and Ecology (IRSE NNC RK) [2].

In 20092010 the IRSE carried out complex ecological investigation of "western" part
of the STS territory over the area of 560 km?®. This research continued earlier investigations
of the test site. The subjects of investigations were the environmental objects: soil-vegetation
cover, water, air and animals. The STS territory where the investigations were carried out is
denoted by a blue line on the map (Figure 1).

1. TESTS AT THE STS AS PRIMARY SOURCES
OF RADIOACTIVE CONTAMINATION
OF THE STUDIED AREA

No tests with nuclear materials were made directly on the territory of the studied area.
The test site most closely located to the studied area is the "4" site (less than 4 km away), it
is the site where tests of warfare radioactive agents were made; Sary-Uzen (nuclear tests in
boreholes) and "Experimental field" (also known as Opytnoye pole) (atmospheric and ground
tests) are 18 km away. The other test sites are located more than 50 km away (Figure 1), and
it is unlikely that they may influence the radiological environment in the studied area.

An analysis of available data shows that radiation environment of the studied area
could be formed under the action of the following factors: atmospheric nuclear tests and
model tests (hydronuclear and hydrodynamic) on the "Experimental field" site as well as
tests of warfare radioactive agents on the "4" site. A considerable influence on the radiation
environment in the "western" area could be exerted by excavation explosions made in
boreholes No. 1003, 101, 125 on the test site Sary-Uzen. However, a detailed studying of
traces of radioactive fallouts formed in the tests shows that the traces moved in the opposite
direction from the studied area.

1.1. Atmospheric tests on the '"Experimental field" site

In the period from 1949 to 1962, 30 ground and 80 atmospheric nuclear tests were
made on technical sites P-1, P-2, P-3, P-5 and P-7. In the period from 1958 to 1989, 85 hydro-
nuclear tests including 2 atmospheric, 15 underground and 68 ground tests were made on the
test site. All tests, to some extent, caused radioactive contamination of the territory of the test
site and adjacent areas.

Ground and near-ground nuclear tests. Open publications [3-7] contain information
about the number, time, power and other characteristics of nuclear tests such as the average
wind direction and fallouts beyond the test site, trajectories of radioactive clouds from the
boundary of the test site and traces of radioactive fallouts. Different literature sources present
different information on the above characteristics. Our analysis of the above information
shows that 3 ground tests made on 05.10.54 (4 kilotons), 02.08.55 (12 kilotons) and 25.03.56
(5.5 kilotons) could have caused radioactive contamination of the studied area. Based on
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Karaganda Region

Legend
[ sTs boundaries -« - - power line lake manganese
[ boundaries of testing grounds — railroad streams, rivers  +  zinc
[ | boundaries of supplementary testing grounds — road minerals nickel
E boundaries of western part of STS, Karaganda Region ® test tunnel silver *  lead
[ ]reactor ® test borehole crushed stone  *  limestone
Iscline 0.3 Cu/sq.km, Cs-137 = wintering abrasive ©  copper
Earth-allotments of managing subjects ©  agate *  rare metals
| extractive industry * iron «  tungsten
agriculture gold = coal

Figure 1. General map of the area.
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the above information we reconstructed trajectories of radioactive fallouts from the ground
nuclear tests (Figure 2a).

The radioactive clouds from the three nuclear tests moved from their test sites in
western and southwestern directions. Based on the results of earlier radiological surveys on
the STS territory the data witnessing increased radioactive contamination of the soil cover
within the traces of radioactive fallouts from the above nuclear tests were gathered. No
detailed information about specific features of the tests and formation of traces of radioactive
fallouts is available.

The contamination from the tests could have been formed by the stripes of radioactive
contamination expanding from the epicenter of nuclear explosion and reaching 10 km in
width on the boundary of the test site.

9 B
Legend
575 bounduies
baardaries of western part of 575, Karagands Region

boardaries of leating grousds = J
== = e — —
Iusien 03 Cug b, Ca137 —— ¥ I T2 T2 [l

a) b)

Figure 2. Traces of radioactive fallouts from a) ground and b) hydro-nuclear and hydrodynamic tests
in the western part of the test site

1.2. Model experiments (hydro-nuclear and hydrodynamic)

Hydro-nuclear tests. In the period from 1960 to 1065, over 40 hydro-nuclear tests were
made on the P-2G site (located on the territory of P-2, P-7 sites). The total alpha-activity of
plutonium dispersed in all hydro-nuclear experiments amounted to about 800-900 Ci, which
could have caused radioactive contamination of the area around the experimental site [8].
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For potential possibility of plutonium contamination of the studied area the axes of
traces formed by the tests had to lie in the sector 226°— 307° (from southwest to northwest
direction). According to the available information [7] only 2 tests of 24, in which plutonium
was dispersed, had azimuth directions of trace axes 226° and 232°, for them the lengths of
zones with plutonium area contamination of 0.1 Ci/km?could have reached 30.5 and 34.4 km,
respectively, and the lengths of zones with plutonium contamination of 2.25 x 10 Ci/km?
could have reached 92 and 105 km. These characteristics show that most probably the two
tests made on 01.10.1963 and 02.10.1963 (Figure 2b) with releases of 54.5 and 50.5 Ci of
plutonium could contribute to radioactive contamination of the southern part with plutonium
isotopes. In estimating sources of radiation contamination we considered information about
one more test described in [7]. In the experiment made on 27.06.1961 the direction of the
cloud — 304° was given. The experiment could have also caused contamination of the studied
territory with plutonium isotopes.

Hydrodynamic tests. Explosive tests with nuclear charges where nuclear energy is not
released refer to the category of hydrodynamic tests, they do not refer to nuclear tests except
the cases when such a result was registered in the specially planned nuclear test.

Hydrodynamic tests were made on the test sites P-2 and P-7. The test sites were located at
a distance of about 28km from the boundary of the studied area. In the period from 1954 to 1962,
5 tests were made as a result of which 1,000 Ci of plutonium were released into the atmosphere.
To estimate probabilities of area contamination the same sector was considered (from 226° to
307°). According to the data [7] in one of the five tests (23.12.1962) the azimuth direction of
the trace axis was 296°, in this case the length of zones with plutonium area contamination of
0.1Ci/km? could have reached 68 km, and zones with plutonium area contamination of 2.25 x
10 Ci/km? could have stretched for over 100km (Figure 2b). Therefore the test could be also
considered as a source of contamination of the studied area with plutonium.

At the present time radioactively contaminated areas on the "Experimental field" site can
be also sources contaminating the studied area by migration processes, mainly, by wind transfer of
radioactively contaminated soil particles. The areas with high levels of radioactive contamination
are mainly located within the sites where ground nuclear tests and model experiments (P-1, P-2,
P-3, P-5, P-7) were made. Maximal values of radiation dose rate and, hence, maximal levels of
radionuclide contamination are located directly near the hollows formed by nuclear explosions.
The values of specific activity of artificial radionuclides in soil are presented in the table (Table 1).
Radioactive contamination of soil on these areas is comparable with solid radioactive wastes (in
some spots — with medium-active radioactive wastes).

Table 1.

Specific activity of radionuclides in soil near technical areas of the test ""Experimental field" site

. Specific activity, Bq/kg
Slte 60C0 90Sr 137Cs lSZEu 154E“ ISSEu 24]Am 239+240Pu
P-1 n*10? n*10* n*10° n*10* n*10! n*10! n*10? n*10°
P-2 n*10' n*10° n*10* n*10° - - n*10° n*10*
P-3 n*10? n*103 n*10° n*10* n*10? - n*10° n*10°
P-5 n*10? n*10° n*10° n*10* n*10? n*10? n*10° n*107
P-7 n*10° | n*10* | n*10* | n*10° | n*10' | n*10' | n*10° not
measured
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As the distance from the epicenters increases, the EDR decreases, and at a distance of
1-2km it is equal to the background values for the area of about 0.10-0.15 uSv/h. Thus, the
radioactive contamination from nuclear tests on the "Experimental field" site is concentrated
in the vicinity of epicenters forming traces of short-range radioactive fallouts, and decreases
to the background levels with increase in the distance from the epicenter (Figure 3a).

The results of investigation of the test "Experimental field" site enabled to detect areas
of radioactive contamination identified as traces of short-range radioactive fallouts. Based
on the assessment of St concentration determined by X-ray technique, the map-scheme of
contamination of the test "Experimental field" site by -active radionuclides was constructed
(Figure 3b).

Figure 3. A map-scheme of EDR values (a) and flow density of f-particles (b) on the "Experimental
field" site.

Analyzing dose rates and area B-activity on the test site one can suppose that the area
of radioactive contamination located to the west from the sites P-2, P-7 was formed as a result
of nuclear test made on 25.03.56. The figure shows that the trace of radioactive fallouts was
directed to the western part of the test site.

1.3. Tests of warfare radioactive agents on the '4" site

Nuclear explosions were not the only type of tests made on the STS territory. In
the period between 1954 and 1957 tests of radiological weapons equipped with warfare
radioactive agents (WRA) [9] were made.

The basic element of such weapons of mass destruction as WRA was liquid or powder
radioactive substances. Such radioactive substances were mainly obtained from wastes of
radiochemical industry. In the STS tests the radioactive substance was a product (receipt
904) with specific activity ranging from tenths of Curie to several Curies per liter. The total
activity of dispersed substance containing long-lived radionuclides could have been as high
as 10,000-12,000 Ci.
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The WRA tests were made on the STS by blasting of some units of ammunition,
bombing from the plane IL-28, mortar shells or pouring-out aviation devices. As it was very
difficult to deactivate the equipment, all the equipment used in the WRA tests (capacities,
pipes, pumps, etc.) was disposed under the 5m soil layer. The places of disposal are not
known.

The WRA tests were made on two sites "4" and "4a", in the northeastern part of the
STS (Figure 2). One of the sites, "4a", is located less than 4 km away from the studied area.
As aresult of the WRA tests local zones of radioactive contamination, mainly within the test
area, were formed. Those tests could have also contributed to the radioactive contamination
of the studied territory.

Previous investigations detected 6 radioactively contaminated areas on the "4" site and
beyond its boundaries. On the area closely located to the western territory is a radioactively
contaminated zone (Figure 4,a) with maximal EDR value on the ground surface of about
45 pSv/h and B-flux density above the detection threshold of used measuring devices
(4,500 part/min*cm?). Figure 4b shows the scheme of EDR distribution on the contaminated
area beyond the site "4".

a) b)
Figure 4. A scheme of distribution of radioactive contamination (a)
and EDR on the contaminated area (b)

The samples taken from the area were subjected to gamma- and beta-spectrometry
analysis to identify natural and artificial radionuclides and **Sr. Maximal values of radionuclide
specific activities in the measured samples were “°Co — 9*10!, '?Eu —5*10", 2! Am — 4.3*10%,
Sr —4.8*106, *Eu — 1.5%103, 29340Pu — 4.7*10%, ¥7Cs — 1.4*10%, '*Eu — 1.5*10°Bg/kg. By
the level of radioactive contamination the soil in the studied zone, it can be compared with
radioactive wastes. This zone can affect the radioactive level of the STS western part.

Nowadays, in addition to natural factors (wind transfer) there are anthropogenic
factors which can form secondary radioactive contamination of the studied area. Such factors
include earthworks related with collection of scrap metals in the areas of nuclear tests and its
removal beyond the STS territory and agricultural works (cattle pasturing and hay making)
on radioactively contaminated areas.
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Itis possible to estimate transfer of radioactive substances during gathering and removal
of scrap metal. As a preventive measure reducing the level of radioactive contamination of
areas located near test site it is necessary to prohibit unauthorized access of local people and
domestic animals.

2. COMPLEX INVESTIGATIONS OF ENVIRONMENTAL
CONDITIONS

Based on the data obtained in the survey of potential sources and earlier researches,
the complex radioecological survey was carried out in a few stages. The following strategy
was used in the survey: preliminary estimation of radionuclide distribution in the soil cover
by the results of radionuclide analysis of soil samples taken with a 1x1 km net, determination
of soil and vegetation contours, search for and examination of all water sources including
water sampling and radionuclide analysis of samples. Then in the areas with increased
radionuclide concentration in soil additional sampling was made with a smaller net. More
detailed investigations were also carried out within identified soil-vegetation contours. In
the area of typical soil contours the samples of surface soil layer were taken, trenches were
made and to study radionuclide distribution in depth layered samples were taken. The results
of deciphering of satellite-borne images and field reconnaissance exploration determined
location of all water objects on the studied territory. To estimate radionuclide concentration
in air the aerosol samples were taken in the places where people had lived (in abandoned
winter-camps).

Allinall, 911 soil samples were taken (including 146 layered soil samples), 22 vegetation
samples, 27 water and 5 air samples. Laboratory examination of environmental samples on
the presence of natural and artificial gamma-emitting radionuclides included preliminary
sample preparation and measurement of prepared samples on gamma-spectrometer.

Laboratory analyses of environmental samples for presence of natural and artificial
gamma-emitting radionuclides *°Sr and *"2**Pu were made employing radiochemical tech-
niques [10, 11]. The scope of the laboratory analyses is presented in Table 2.

Table 2.
Laboratory analyses
Total number of Number of analyzed samples
Sample type Samples 90Sr 137Cs 238Pu 239+240Pu 241Am

soil 765 133 765 133 146 765
vegetation 22 22 22 - 14 22

water 27 27 27 - 24 1

air 5 5 5 - 5 5

The methods of environmental sampling and laboratory analyses are described in de-
tails in the "Materials of complex survey of STS "northern" areas" [1].
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2.1. Distribution of integral parameters

In the sampling points EDR had values ranging from 0.1 to 0.24 uSv/h on the ground
surface and from 0.1 to 0.40 uSv/h at a height of Im. All values of B-flux density were below
the detection limit of used measurement devices (10 part/(min*cm?)) except two points where
the B-flux density was 11 part/(min*cm?).

Legend

= 575 boundaries
=

Boundary of Kamganda Regicn
EI;IR Dmm gamena surdey points. Legend

W L
- 0.100.12 =0 575 boundares )
T 0.420.14 [T Boundaries of wester part of STS, Karaganda Region
0 0.14-0.16 2] Boundary of Karaganda Region
016008 + On-ground gamma survey points

= Bata, partimin"aq

U 0as020 s em)

020022 0

022024 a3 &

a) b)

Figure 5. EDR (a) and p-flux density (b) distributions over the studied area

2.2. Areal distribution of radionuclides

2.2.1 Areal distribution of natural radionuclides

The main component of the radiation background on the studied area is caused by
natural radionuclides formed by the products of uranium and thorium decay, and potassium
(*°K). Of natural radionuclides *K, »**Th and ***Ra were identified. Their specific activity was
determined in 765 samples taken from the 0-5 cm surface horizon during area survey of the
territory. Average concentrations of the main natural radionuclides in soil are presented in
Table 3.
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Figure 6. Areal distribution of specific activity of “°K, 22°Ra and #**Th in soils of the STS western part
(by the results of the 20092010 investigations)
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Table 3.
Average concentrations of the main dose-forming natural radionuclides in soil
Natural radionuclides, Bq/kg
YK Psap U 28U series *2Th series
629 + 40 09+03 23+2 26£3

The results of survey were used to construct maps of Areal distribution of *K, **Ra
and*?Th (Figure 6).

Comparing the distribution of specific activity of “°K, ?Ra and ?**Th, the scheme of soil
cover and topographic map of the area one can assume that the distribution of radionuclides
is closely correlated with the landscape of the area. Maximal values of specific activities of
natural radionuclides are registered in the relief elevations and rock outcrops. Table 4 gives
maximal, minimal and average values of specific activities of natural radionuclides in soils
of the Republic of Kazakhstan [12].

Table 4.

Activity of natural radionuclides in Kazakhstani soils

.. Specific activity, Bq/kg
Measurement limits
40K 226Ra (238U) ZSZTh
Minimal values 100 12 10
Maximal values 1200 120 220
Average 300 37 60

Note: it is assumed that in undisturbed soils uranium and thorium are in radioactive equilibrium, and specific
activities of uranium and radium are equal

2.2.2. Areal distribution of artificial radionuclides

It should be noted that no samples analyzed in gamma-spectrometer contained
any other artificial radionuclides besides '*’Cs and *'Am, the limits of detection of such
radionuclides as °Co and '*Eu were about 0.5 and 1.0 Bq/kg, respectively.

Character of ¥’Cs contamination of the area under investigation

By the results of investigations the map of Areal distribution of *’Cs specific activity
in the soil cover was made (Figure 7). The total number of studied samples was 765. The
values of specific activity ranged from 1 to 63 Bg/kg with the average value of 18 Bq/kg,
the total number of points with maximal values (more than 60 Bg/kg) was less than 0.3%. In
the histogram (Figure 8) the distribution of frequencies of occurrence of points with certain
specific activities is close to logarithmically normal distribution.

The average value of '*’Cs specific activity in the area (18 Bg/kg) does not exceed the
background of global fallouts for this radionuclide equal to 30 Bg/kg.
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Figure 7. Areal distribution of '¥’Cs specific activity in soils of the western part of the STS territory
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Figure 8. Histogram of occurrence frequencies for '*’Cs specific activities in soil
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Character of *’Sr contamination of the area under investigation

%Sr concentration was measured by two methods: first, the samples were analyzed on
the beta-spectrometer "Progress", in more detailed investigations radiochemical extraction
was used. No measurements on the beta-spectrometer "Progress" gave values exceeding the
detection threshold (about 100 Bg/kg).

Figure 9 shows the histogram of log-normal distribution of frequencies of occurrence
of points with certain *°Sr specific activities.
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Figure 9. Histogram of *’Sr concentration distribution in soils

The average value of *Sr specific activity equal to 5 Bg/kg (Table 5) does not exceed
the background of global fallouts, equal to 30 Bq/kg for this radionuclide. By the results of
investigations the map of *°Sr Areal distribution was made (Figure 11a).

Character of > Am contamination of the area under investigation

By the results of investigations the map of Areal distribution of *' Am specific activity
was made (Figure 11b). It was rather difficult to estimate **' Am specific activity on the studied
area as in most samples **' Am concentration was below the detection level (minimal detected
activity) of used techniques and equipment (about 50% of all results). A complete ignorance
of such values would have given considerably higher results. Therefore in estimating
the average value the values of *!Am specific activity were taken equal to the detection
limit. Thus, the **'Am "average" specific activity was an upper estimate and was equal
to 1.1 Bg/kg (Figure 10).
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Figure 10. Histogram of occurrence frequencies for *!' Am specific activities in soil
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The array of ! Am data has dropouts, which can be analyzed as a separate general
group characterizing zones with increased concentrations of the radionuclide in soil.

) 575 boundaries

+  sod sampling points
Am-241, Bikg
. 08

0814
- 1420
. 2026
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a) b)
Figure 11. °°Sr (a) and >*'Am (b) concentrations in soils of the western part of the STS territory
(by the results of the 2009-2010 investigations)

Character of *****"Pu contamination of the area under investigation

Taking into account labor-consuming procedure of the traditional method of #****4°Pu
identification (alpha-spectrometry with preliminary radiochemical extraction) this investiga-
tion of the type of area contamination with plutonium isotopes methodologically focuses on
finding correlation between **! Am and plutonium. Such approach is rather widely used and is
justified, especially in case of one source of contamination.

By the results of investigations the graph of dependence of #**2*°Pu specific activity on
241 Am specific activity was constructed (Figure 12). To determine the ratio of 2***°Pu / ' Am
specific activities a special preparation of soil samples (the procedure included several
grinding stages, where the grinding quality was controlled by the **' Am content in the aliquot
samples) was used. The value of >*! Am specific activity was determined as the average of
three measurements.

The average value of the ratio of specific activities 2****°Pu / 2! Am at the intermediate
state turned out to be equal to 5.9, which is rather close to the expected value, the correlation
coefficient was equal to 0.56 (the total number of samples was 98). As the number of laboratory
analyses increased, the average value went down to 5.4. However, in further calculations of
dose rates we used the average value of 5.9 as a conservative decision.
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Figure 12. Dependence of 2**?*°Pu specific activity on 2! Am specific activity in soil samples

Therefore, the character of contamination with plutonium isotopes does not differ
from the character of americium contamination, with the average value of 2*2*°Pu specific
activity equal to 6.5 Bg/kg. In 9 spots with increased plutonium concentration samples with a
500x500m net were taken. By the results of measurements the map of 2**24Pu point distribu-
tion was made (Figure 13).
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Figure 13. Distribution of »***>*°Pu specific activity in soils (by the results of the 2009-2010
investigations)
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The analysis of the results showed that determination of 2*Pu, especially at low
concentrations, has a systematic additive error which caused overestimation of the results by
0.24 Bqg/kg, which is caused either by insufficient cleaning of alpha-active isotopes of natural
origin or by the presence of global **Pu. The graph of the ratio of ***Pu/*2%Pu specific
activities is shown in Figure 14.
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Figure 14. The ratio of 2!Pu and *">**Pu specific activities in soil samples

Therefore the average ratio of »**Pu / #***Pu is 0.007, the average value of **Pu
specific activity is 0.05 Bg/kg, in calculations of dose rates for convenience the value 0.1 Bg/
kg is used. For ?*'Pu the calculated **'Pu / 2Py ratio equal to 0.75 is used [1].

Character of contamination of the studied area with other radionuclides

Concentration of such radionuclides as '*'Sm and *Tc, which was not determined
experimentally, but the presence of which was expected, was determined by theoretical
calculations on the base of average values of *’Cs specific activity and ratios of these isotopes.
Based on the ratios of radionuclides produced in the decay, the following values of average
specific activity were used in calculations: 1.4 Bg/kg for '*'Sm and 0.3 Bq/kg for *Tc.

The average values of specific activity of artificial radionuclides on the considered
territory can be presented as a table to be used in further calculations (Table 5).

Table 5.

Average concentration of artificial radionuclides in the western part of the STS territory

131 NS uipy 38py MiAm 194240pyy 9T 1519
18 6 3.1 0.1 1.1 6.5 0.3 1.4

2.2.3. Zoning of the territory by areal distribution of the radionuclides

In order to reveal zones with concentrations of specific activity of artificial
radionuclides exceeding the average values specified for the considered area, we chose the
method of constructing graphs of '*’Cs and **!' Am concentrations along profiles.

94



Radioecological state of the former Semipalatinsk Test Site and adjacent areas

From the results of measurements the data long the profiles perpendicular to the
expected traces of radioactive fallouts were chosen. The scheme of profiles is shown in
Figure 15. For each profile the distributions graphs for '*’Cs and 2*' Am specific activities
were constructed.

Legend
I““@'* +  Sampling points not involved in analyses

S STS boundaries
Boundaries of western part of STS, Karaganda Region
L) Boundary of Karaganda Region

 FEEENE N EE N NN NNEN

e

9S00 0000 OOSOGEOSOONOONOSTOSIBSIODOODS
900000000 SSPOOPNOOOIOIOIOSTOTOSOOOOOPS

@@

@

5 voOOBMe [
(E XA E N BN ESEEEEEE NN ENNENENNENENERENENRSR N

F—_—_—_—_—_— e ———
B i — — — — ———————————
G ——— e — e —————

O —————————
N —_—— e — e —— —

16151

Figure 15. Location of the profiles
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Figure 16 shows the graphs of ¥’Cs and ?*' Am specific activity in soil for 14 main
profiles.
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Figure 16. Graphs of ! Am and '*"Cs specific activity in soil along the profiles

The distributions of *’Cs and **'Am specific activities have the same zone with
increased concentration (Figure 17). In zoning, a special attention was paid to the
correspondence between zones with increased concentrations and zones of possible passage
of radioactive fallouts detected in the earlier data. The area under investigation contains a
trace of the radioactive cloud of the 1956 nuclear explosion, which could give increased
values of specific activity.

Average values of specific activity of artificial radionuclides to be further used in
calculations of dose rates have been calculated for the zone (Table 6).

Table 6.

Accepted values of specific activity of artificial radionuclides in the zone with increased > Am
and '"Cs concentrations

11y uipy 138py HAm 3240py
29 16.2 0.2 3.7 21.6
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Figure 17. A zone with increased **' Am concentration

2.2.4. Natural and artificial sources of radioactivity

Nowadays, in the conditions of global radioactive contamination with artificial
radionuclides, the radioecological situation is an integral indicator of concentration of natural
and artificial radiation sources in the environment. Radiation exposure of local people from
the sources is caused both by natural and artificial radionuclides. In this context, a special
attention is paid to investigations studying contribution of natural and artificial radionuclides
to the radioecological situation on the studied areas.

Natural radioactivity of biosphere is formed by cosmogenic and terrestrial
radionuclides. In the framework of this research we consider only terrestrial radionuclides.

Terrestrial radionuclides appeared on Earth at the moment of its formation and are
mainly presented by three groups (series): radioactive families of 2°U, 28U, #2Th, and “K.
Their half-life periods are long (billions of years), and therefore the radiation background
formed by terrestrial radionuclides is, as a rule, constant in a certain area.

Parent elements of radioactive families of 2°U, U and **2Th through a chain of
radioactive decays, from uranium to thallium (over 30 nuclides) turn into stable lead isotopes.
Their radioactive series of decays are shown in Figure 18.
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Figure 18. Series of radioactive decays of 2*°U, U and **Th

To obtain characteristics of radioecological situation in the studied area, a complex
analysis of concentrations of natural and artificial radionuclides in soils was made. Tables 3
and 5 present average concentrations of the main dose-forming natural and artificial radionu-
clides in soils of the studied areas. This list of radionuclides is incomplete, because of lack of
information it does not contain such radionuclides as “*Ca, *°Cr, $2Se, ¥Rb, etc.

Let us calculate total a- and B-activity of natural and artificial radionuclides. It is equal

to:
YEa= Zﬂ’zssu 2 Eaz;ﬂsu a 232321-,, (1
YEB =} Bassy + XBassy + XBaszp, + Baog (2)
Y la = 238py 4 239+240py, 4 2414, 3)
TIB = sr+cs @)

where:

2 Ea — is total a-activity of natural radionuclides
2Ef —is total B -activity of natural radionuclides
Zlo - is total a-activity of artificial radionuclides
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X1 —is total B -activity of artificial radionuclides.
According to the chains of decays shown in Figure 18 we get:

ZEa = 0.9 Bq/kg * 6 + 35 Bq/kg » 7 + 32 Bq/kg » 5.64 = 430,9 Bq/kg

Z EB = 0.9 Bq/kg * 4 + 35 Bq/kg * 6 + 32 Bq/kg * 3.36 + 800 Bq/kg = 1121 Bq/kg

2. la = 6.5 Bg/kg +1.1 Bg/kg +0.1 Bg/kg = 7.7 Bg/kg
%16 =6.0Bq/kg + 18,0 Bg/kg =24 Bg/kg

Thus, the contribution of artificial radionuclides into total a-activity on the studied area
is equal to 1.76%, the contribution of artificial radionuclides into total B-activity is 2.1%.

To obtain a more correct estimation of contribution of artificial radionuclides and to
take into account their radiation hazard we must use relative quantities, such as the ratio of
radionuclide concentration to the limit of its annual intake by local people with water and
food (NRB-99, Appendix 2), as it is the most probable way of radionuclide penetration into
organism. Let us sum up the obtained values for natural and artificial radionuclides. The re-
sults of calculation are presented in Table 7.

Table 7.
Initial data and results of calculations
. . Activity, Max annual intake Ratio: Activity/
LELULEI Bq/kg with food, Bq/year Max annual intake R
Artificial radionuclides “’K and decay products of the series **Th, 2°U, 28U
P2Th 2.2:10° 1.5-10
2%Ra 1.9-10° 0.17
BT 2643 2.710° 12102
2Ra 1.5-10° 2.1-102
3y 7.710° 1.2:10*
BITh 4.0-10° 2.3:10
B1Pa 7.7-10 1.2:10°
TAc 09+03 3210° 28107
21Th 1.4-10* 6.4:10°
Ra 9.1-10° 9.9-10 7.8:-10"
28U 8.410° 4.2:10°
Z4Th 4.0-10* 8.8-10
24U 7.7-10° 45107
39Th 2.4:10° 1.5:10 7
TR, 2342 6.7-10° 5.010 2
21%Pp 2.8:10° 0.13
20Bj 1.0-10° 3.510+
210pg 1.1-10% 0.32
WK 629 + 40 2.4-10* 0.03
Artificial radionuclides
¥Cs 1842 7.7-10* 23104
Sr 6+1 1.3-10* 4.6:10+
2391240py 6.5+0.8 2.4:10° 2.7-10 7 3.8:10°
8Py 0.10£0.03 2.510° 4.0-10 3
2Am 1.1+£0.2 2.7:10° 4.1-10*
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Thus, it is seen that cumulative radiation hazard created by artificial radionuclides
at the studied area is practically 200 times lower than the radiation hazard from natural
radionuclides.

2.3. Radionuclide distribution in soil

2.3.1. Radionuclide distribution along the depth of soil profile

The distribution of artificial radionuclides along the soil profile was studied in 22
short boreholes made in the most radioactively contaminated sample points (Figure 19).
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[ man-caused disturbed area (up to 0.2 centner/ha)
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[ soi samples study radionuclides speciation and their

distribution in granulometric fractions
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Figure 19. Location of sampling points for soil and mixed vegetation
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Of 22 holes, 13 are located in zonal soils developed on the hill slopes and watershed
valleys. Chestnut soils, zonal soils in the area, are mainly presented by badly developed or
undeveloped soils where the thickness of loose sedimentations does not exceed 40-60 cm and
underlying rocks are dense rocks or residual soils. In damped conditions zonal soils are only
formed by atmospheric precipitations.

On the lower hill slopes and watershed valleys were detected solonetz chestnut soils
(short borehole 12) where the amount of sodium in the soil-consuming complex ranged from
5 to 15% and chestnut saline soils where concentration of freely soluble salts in the surface
horizon was over 0.1% (short borehole 21). These soils have slight additional moistening due
to slope runoff.

Clearly expressed azonal soils — solonetzs and highly saline soils, where the amount
of absorbed sodium in the soil-absorbing complex is over 10-15%, were detected in the short
boreholes 3, 4, 7,9, 12 and 13. Saline soils with concentration of freely soluble salts in the
surface horizon over 0.1% were detected in short boreholes 8, 11, 21. If saline soils have
cracks, radionuclides can penetrate deeper in such soil profile than in zonal soils. In case of
shallow mirror of subsoil waters freely soluble salts are accumulated in the profile, especially,
in the surface horizon, which forms morphological structure of saline soils. A loose structure
of saline surface horizons facilitates radionuclide penetration inside the soil. Therefore,
in-depth radionuclide distributions along the soil profiles can have different structures in
different soils due to their morphological differences.

The characteristics of *'Am, *’Cs, 2Py and °°Sr distributions in fractions of
maximal concentration in profiles of different soil types are presented in diagrams. To draw
graphs, the profiles were grouped by soil types: 13 zonal, 6 solonetz and 3 saline soils. The
data below the detection level were not taken into account, therefore the number of points is
much fewer than the number of measurements (Figure 20 — Figure 23).
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Figure 20. In-depth distribution of >*' Am radionuclide along soil profile

The figure shows that maximal values of 2! Am specific activity in zonal chestnut
soils are mainly registered in upper horizons, whereas in solonchaks and, especially, in
solonetz soils they can be detected in lower layers, therefore the trend of gradual decrease in
concentration with depth is not clearly pronounced.
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Figure 21. In-depth distribution of ¥’Cs radionuclide along soil profile

Figure 21 shows that the main amount (up to 80 %) of *’Cs is contained in the upper
layer 0-2, 0-3 cm, presented by the surface crust. In profile the values sharply decrease with
depth. In solonetz and solonchak soils '*’Cs in considerable amounts penetrates to a depth of
over 10-15 cm, which is especially clearly seen on the solonetz diagram.
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Figure 22. In-depth distribution of *Sr radionuclide along soil profile

Figure 22 shows distribution of *Sr radionuclide in the profile of zonal and solonetz
soils. The data array is not sufficient to draw a graph of °’Sr distribution in solonchak soils.
Zonal soils have in-depth distribution typical of that of strontium — the specific activity
smoothly decreases with depth. **Sr distribution in solonetz soils is similar to '*’Cs distribution
- maximal concentration in the upper, fifth, layer and sharp decrease with depth. Such *°Sr
distribution can be explained by good absorption properties of solonetz soils.
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Figure 23. In-depth distribution of 2**?*°Pu radionuclide along soil profile

Figure 23 shows that 2****°Pu distribution in soil profile is similar to that of *’Cs.
However, unlike *’Cs distribution, it often shows relatively high concentrations in the middle
and lower parts of the profile.
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The graphs show that the distribution of '¥’Cs and **'Am specific activities mainly
follows the well-known dependence, i.e. maximum is located in the upper layer 0-2, 0-3 cm
with sharp decrease with depth. However, the presence of interlayers of harder mechanical
composition gives increase in the radionuclide concentration at this level. Sometimes
such picture is also observed at the bottom of the profile, which is caused by changes in
the mechanical composition of soils. The morphological structure of azonal soils causes
redistribution of radionuclides in the soil profile. For example, loose upper horizons in the
solonchak or fissuring on the solonetz loamy surface can change the location of the horizon
of maximal radionuclide concentration.

PSr is detected throughout the profile in all types of soils. Maximal concentrations
of 2924Py are mainly registered in the surface horizon, but in some cases it is detected in
the second or even in the third layer. Such redistribution can be explained by dislocation
of soil particles to higher depths in the conditions of extreme dryness and mobility in the
upper horizons. In some boreholes a slight increase in the ! Am concentration and more
considerable increase in the 2*?*°Pu concentrations in lower layers is observed, which can
be caused by migration of mobile part of the radionuclides, probably, with slope or intersoil
runoff. It should be noted that such boreholes are located at hill foots where the slope runoff
increases and the ground waters outcome to the surface. The area under investigation differs
from the STS northern part by terrain irregularity, numerous lakes in the inter-mountain
valleys with inflow of surface and ground waters. It enables to make a conclusion that surface
and ground waters may play an important role in radionuclide migration.

Therefore, ¥’Cs, 2 Am and 2**?*°Pu distributions in the soil profile, mainly, follow
generally accepted structure, i.e. their maximal concentration is registered in the upper layer.
In some cases maxima of radionuclide concentrations can slightly shift to the lower-lying
horizons, which is due to morphological structure of the soil profile formed by different
types of soils and specificity of natural conditions of the region. The *°Sr distribution does
not follow the well-known behavior, which is caused not only by the morphology of the soil
profile but also by solubility and mobility of the radionuclide.

2.3.2. Speciation of artificial radionuclides in soil

Information on the ratios of radionuclide speciation in soils has an important practical
application in evaluation of ecological conditions of the area. A conventional method used to
determine radionuclide Speciation is stage-by-stage extraction.

Standard methods used to determine the extent and mechanisms of accessibility of
radionuclides from a variety of their forms in soil detect water-soluble, exchange, mobile,
non-exchange (immobile) and tightly-bound forms. Water-soluble (extracted by water) and
exchange (extracted by 1M solution of ammonium acetate) forms refer to forms easily ac-
cessible for plants. Mobile radionuclide forms extracted by 1M HCI can only partially be
absorbed by plants, but they form a potentially accessible reserve. Fixed radionuclide forms
are released only after treatment by a 6M HCcl solution and as tightly-bound forms are inac-
cessible for plants.

A preliminary assessment of the ratios of radionuclide forms in soils of the studied
area can be given based on the generalized data for *’Cs, *°Sr, 2**?*°Pu and ! Am for dif-
ferent parts of the STS territory (areas of ground, underground and excavation explosions).
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Taking into account physical chemical-properties of radionuclides, types of soils and their
properties, nature and landscape of the region it was supposed that the ratios of radionuclide
forms in the soils of the studied area would not consistent with the generalized results with
admissible variations. The average values of concentrations of various radionuclide forms in
soil and their ranges are presented in the diagrams (Figure 24).
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Figure 24. Ratios of concentrations of various radionuclide forms in soils in different STS areas

The generalized data for ratios of *’Cs and *Sr forms in soil based on the results of
studying soils in the vicinity of tunnels No. 176, 177 in the mountain range Degelen and in
the STS northern part [1, 13] show that most part of *’Cs is present in the fixed form, the *°Sr
prevailing form is an exchange form. The ratios of 2**>**Pu forms were obtained in studies of
soils on the "Experimental field" site, Chagan lake, gallery No. 177 and STS northern part,
they show prevalence of fixed radionuclide form in soil. The results of studying of *'Am
forms in soil of the ecosystem in the vicinity of tunnel No. 177, "Degelen" site, and STS
northern part shows that the main part of radionuclide is in mobile form.

In the framework of research studying forms of radionuclides in soils of the STS
"western" territory in the areas with the highest levels of radioactive contamination and dif-
ferent types of soils, 8 research sites were made. The scheme of sampling points is shown
in Figure 19. In the selected points samples were taken at a depth of 0-3cm on the area of
600 cm?. Soil samples of average mass of 2500g were dried to the air-dry state, grinded in the
porcelain mortar and sieved through a 1mm sieve with preliminary removal of stones, roots
and other foreign bodies. Of the initial samples, the quartering batches of 100g, further used
to determine radionuclide forms, were selected. Forms of radionuclides were determined
by the reduced scheme with extraction of exchange, mobile and tightly-bound forms char-
acterizing easily accessible, potentially-accessible and inaccessible forms for plants. As an
extractive solvent of the exchange form we used 1M acetate-ammonium buffer, a substance
widely used in stage-by-stage fractioning. The mobile form was extracted by soil treatment
with IMHCI solution. The ratio soil/leaching solution at all stages of the experiment was kept
equal 1:5. The tightly-bound form was determined directly in soil remains after leaching.
The amount of *’Cs and ?*' Am radionuclides in soil samples and extracts was determined by
gamma-spectroscopy and the amount of »?***°Pu and *’Sr was determined by radiochemical
technique.

The results of determination of >*'Am, *’Cs, **?*°Pu and *°Sr forms are presented in
Table 8. The data are expressed in values of specific activity of radionuclide forms recalcu-
lated per 1kg of soil and in percentage of total amount of all forms.
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Speciation of 2! Am, ¥"Cs,?**?Pu and *’Sr in soil

Table 8.

Sample Exchange form Mobile form Soeil-bind form
No. Bq/kg Y%* Bq/kg Y%* Bq/kg Y%*
241Am
1 1.60 - <2.05 - <0.43 -
2 0.10 1.3 6.30 83.6 1.14 15.1
3 <138 - <1.85 - <0.50 -
4 <195 - <2.05 - 1.01 -
5 2.60 - 2.0 - <0.47 -
6 1.10 - 6.10 - <047 -
7 1.90 - <20 - <047 -
8 <1.6 - <1.80 - 0.57 -
137Cs
1 <6.3 - <35.05 - 23.7 -
2 <5.55 - <6.25 - 37.2 -
3 <35.35 - <3538 - 26.2 -
4 12.0 - <6.05 - 373 -
5 10.8 20.53 9.6 18.34 32.0 61.13
6 6.6 - <37 - 352 -
7 <5.6 - 53 - 12.4 -
8 <6.0 - 6.0 - 44.0 -
239+240Pu
1 <0.135 - <0.137 - 1.43 -
2 0.229 - <0.144 - 4.81 -
3 0.172 - <0.151 - 13.96 -
4 <0.173 - 0.246 - 7.49 -
5 <0.161 - <0.166 - 1.26 -
6 <0.138 - <0.139 - 5.89 -
7 <0.146 - <0.119 - 0.81 -
8 <0.147 - <0.136 - 4.62 -
90Sr
1 17.0 58.2 10.0 34.2 2.20 7.5
2 21.5 50.7 17.0 40.1 3.90 9.2
3 12.0 22.0 40.0 73.3 2.60 4.8
4 25.0 57.3 15.6 35.8 3.00 6.9
5 9.5 16.2 24.0 41.0 25.10 428
6 31.0 60.0 18.5 35.8 2.20 43
7 23.0 56.0 10.0 24.3 8.10 19.7
8 40.5 69.8 15.5 26.7 2.00 34
average 22.44 48.8 18.83 38.9 6.14 12.3

Note: * — % of total content in all forms
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Due to low level of radioactive contamination of the studied soils, in most cases in
fractions, characterizing exchange and mobile forms, no quantitative data on radionuclide
concentration were obtained.

The results characterizing concentration of **!Am forms show that complete
quantitative data were obtained only for one of eight samples. However, having analyzed all
quantitative data one can deduce that mobile forms of the radionuclide have maximal values
of specific activity. The ratios of '*’Cs forms show that in all cases a considerable amount of
137Cs is in the tightly-bound form. The results obtained for radionuclide °?*°Pu show that in
all 8 cases most amount of radionuclide is in the tightly-bound form. The most clearly defined
picture as obtained for *°Sr, the prevailing form for the radionuclide is the exchange form.
Smaller amount of the radionuclide was registered in the mobile form, and the least amount
was detected in the tightly-bound form.

The results of qualitative assessment of the character of contamination of the studied
area by the forms of radionuclides ' Am, '3’Cs, 2Py and *°Sr in soils do not contradict
the generalized data for the other STS areas and can be used to forecast variations in the
radioactive contamination of the studied area.

2.3.3. Radionuclide distribution in granulometric soil fractions

Studying of the distribution of artificial radionuclides in granulometric soil fractions
enables to estimate contribution of soil cover into air contamination by wind dust rise and
to forecast secondary local redistribution of radionuclides caused by horizontal migration
due to wind erosion. In estimating radionuclide migration to the atmosphere the main role is
played by tiny dust particles of a size of 100um.

At a low wind speed of v=2-3 m/s, corresponding to the weather typical of middle
latitudes, the tiniest radioactive dust particles rise from the ground surface by a stochastic
inrush of turbulent vortices. At the above wind speed the dust does not precipitate under the
action of gravity force, as the sizes of such dust particles are usually hundredths and tenths of
a micron reaching 1-2 microns. At a wind speed of 10-12 m/s, occasionally observed in the
region, the sizes of dust particles rising to the air may be as large as 100um, larger particles
of diameter of over 500 um can only roll over, and fractions of a size of over Imm do not
move. Therefore, in the inflow of radionuclides to the atmosphere from the soil surface the
main role is played by tiny particles less than 100pum in diameter.

To study the distribution of radionuclides, 8 point samples at a depth of 0-3 cm
were taken. The scheme of location of sampling points is shown in Figure 19. The samples
were taken in the points with the highest levels of radioactive contamination by the studied
radionuclides and with different soil types.

The research studied the distribution of *’Cs, ' Am, *°Sr and ******'Pu radionuclides in
soil fractions of sizes 1000—500 pm, 500-250 um, 250-100 um and <100 um extracted by
"wet sowing" in the water flow. The concentrations of the above radionuclides were deter-
mined in the sorted soil fractions after their drying to the air-dry state and weighing. *’Cs and
24 Am concentrations in samples were determined by gamma-spectrometry, 2°2'Pu concen-
tration was determined by a-spectrometry with preliminary radiochemical extraction, *Sr
concentration was determined using radiochemical technique.

It has been revealed that in the STS "western" areas, in the 0-3cm surface soil layer,
the prevailing fraction, having a size of 1000-500 pm, makes on average 56% of the total
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weight. About 22% are formed by the fraction of tiny particles of a size of <100 um. The
contribution of 500-250pum and 250-100um fractions to the total weight is, on average, 12 and
10 %, respectively. These results are in good agreement with the data obtained for the soils of
the STS "northern" areas where the prevailing fraction sized from 1000 to 500pm made, on
average, 50%, the next, 23%, was the fraction formed by particles less than 100 pm in diameter,
followed by the fraction of 250-100um particles, 16%, and 500-250pm particles (11%).
Therefore at the average wind speed of 4-6m/s typical of the studied "western" area
a small part of the tiny-sized fraction raised from the soil surface by wind transfer will not
make a considerable contribution to the radionuclide inflow to the atmosphere (Table 9).

Table 9.

Distribution of 2!Am, ¥’Cs, 2**?Pu and *’Sr radionuclides in granulometric fractions of the
surface (0-3cm) soil layer

gy | 1000-500 um (56 %) | 500 -250 pm (12%) | 250 - 100 pm (10%) <100 pm (22%)
Bgkg | % Bakg | % Bgkg | % Bgkg | %
241Am
1 <0.45 - 0.57 - 1.17 - <0.53 -
2 0.86 - 0.75 - <0.56 - 255 -
3 0.95 14.71 0.79 1223 1.80 27.86 2.92 45.20
4 1.07 10.84 2.00 20.26 3.59 36.37 321 32.52
5 <0.51 - 0.56 - 7.42 - 241 -
6 0.92 - <0.45 - 0.80 - 2.00 -
7 <0.55 - <0.62 - 0.78 - 252 -
8 <0.48 - 228 - <0.50 - 2.94 -
average 12.8 16.2 32.1 38.9
137CS
1 13.5 13.7 18.9 19.1 192 19.5 47.1 47.7
2 14.1 9.9 39.5 27.8 33.7 23.7 54.9 38.6
3 21.8 213 222 21.7 30.4 29.7 27.8 272
4 27 12.8 48.9 27.7 457 25.9 59.4 33.6
5 24.4 12.0 333 16.4 415 20.4 104.3 513
6 7.9 9.5 13.4 16.2 13.9 16.8 47.6 57.5
7 27.6 133 50.1 24.1 443 213 86.3 41.4
8 29.8 15.5 41.4 215 39.9 20.8 81.1 422
average | 20.2 13.5 335 21.8 33.6 222 63.6 42.4
239+240P“
1 5.4 38.0 12 8.2 2.1 14.6 55 39.2
2 2.1 48 5.4 12.4 75 17.1 28.8 65.7
3 0.7 1.0 8.3 13.1 5.7 9.1 48.7 76.8
4 5.1 6.1 12.7 15.0 40.8 48.1 26.1 30.8
5 1.8 11.4 14 8.7 33 20.9 9.2 59.0
6 1.7 173 1.6 16.6 13 13.5 5.1 52.6
7 1.7 4.7 25 7.2 3.2 9.2 27.8 78.9
8 1.6 5.1 52 16.9 53 172 18.7 60.8
average | 2.5 11.1 4.8 122 8.6 18.7 212 58.0
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gy | 1000-500 um (56 %) | 500 -250 pm (12%) | 250 - 100 pm (10%) <100 pm (22%)
Bgkg | % Bgkg | % Bgkg | % Bgkg | %
90Sr
1 2.6 19.5 2.6 19.5 22 16.5 59 44.4
2 7.7 27.1 6.6 232 72 25.4 6.9 243
3 3.9 - 5.9 - 6.6 - <21 -
4 5.9 18.1 7.7 236 6.5 19.9 12.5 38.3
5 4.1 16.3 2.0 7.9 132 524 5.9 23.4
6 3.8 15.0 73 28.7 5.0 19.7 93 36.6
7 74 20.7 5.1 142 6.1 17.0 172 48.0
8 6.8 19.7 7.6 22,0 6.8 19.7 133 38.6
average 233 21.4 20.9 343

The results of research show that the tiny-sized fraction (<100 pm) able to rise from
the soil surface at wind speeds lower than 10-12m/s makes a considerable part of the total
amount of all radionuclides in soil. Thus, the amount of ’Cs radionuclide in the fraction
sized less than 100 pm is on average 42%, the amount of ?***?*°Pu radionuclide is 58% and the
amount of °°Sr radionuclide is 34% of their total amount in soil. A considerable percentage of
maximal values of >! Am specific activity in soil is also registered in the fraction of tiny-sized
particles (<100 um).

Lower values of > Am specific activity were registered in fractions of 100-250um
and 250-500um. The least important in terms of >*! Am content is the fraction with the largest
particle sizes (500-1000 pm).

Each group of particles sized 100-250 and 250-500 um, easily involved in deflation
process, contains, on average, 22 % of the total amount of *’Cs radionuclide in soil. The
fraction sized 500-1000 um, not making a considerable contribution to the wind transfer,
contains 13.5% of the total *’Cs amount in soil.

Less important in terms of 2**2*°Pu content is 500-1000um fraction, which on average
contains 31% of the total 2***>*°Pu amount in soil.

The results of *°Sr studying show that this radionuclide is distributed among different
granulometric fractions more uniformly than other studied radionuclides.

Generalizing the results obtained in the framework of the complex ecological survey
of the STS northern and western areas, it is necessary to point out a similar character of ra-
dionuclide contamination of the studied areas. The data obtained for the forms of artificial
radionuclides in soils of the STS northern and western areas are in good agreement with each
other and with the data for the other parts of the STS territory. The generalized data for the
STS northern and western areas enable to identify forms of radionuclides in soils of the stud-
ied areas. A considerable fraction of radionuclides '*’Cs and #*****°Pu is in the tightly-bound
form in soil, the prevailing part of ! Am is in mobile form and most part of *Sr is present in
exchange form. The two studied areas also have a similar character of radionuclide distribu-
tion by granulometric fraction. The fraction with maximal concentration of studied radionu-
clides is the fraction with the particles whose size is <100 pm.
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2.3.4. Assessment of soil quality

Natural conditions of the studied area enable to use it in national economy. The area
under investigation is a cattle-breeding area. A billowy relief with thin layer of melkozem and
large amounts of broken stones does not enable to use these lands as arable lands. Low hills,
slopes of ridges, high and middle-height hills are lands suitable for pasturing. Vegetation
complexes including fescue, feather-grass, motley grass with rare bushes of meadow-sweet,
elm and other plants growing on zonal chestnut soils are the most suitable fodder for cattle
in the region [14].

The most productive pastures are located in the lower parts of slopes on undeveloped
chestnut or normal soils, especially of northern exposure, where moisture is better preserved
and, hence, pastures have higher productivity. In the upper parts of dellivual-alluvial inter-hill
valleys with rather high slopes are often located meadow-chestnut soils with higher produc-
tivity of fodder crops. In the centers of valleys such soils transform into meadow solonetzic
and brackish soils, solonetzs and solonchaks covered by halophytic vegetation with spots of
wormwood. Such fodder crops are of little use for animals.

Field works showed degradation of pastures in the area. Productivity of areas occu-
pied by fodder crops on the hill and ridge slopes ranges from 0.3 centner/hectare on the tops
(petrophytal-motley grass communities) to 3.1 centner/hectare the slopes (virgin wormwood-
fescue-feather grass communities). In the inter-hill valleys productivity of fodder crops in-
creases to 4.9 centner/hectare. However, in vegetation communities on solonetzic and brack-
ish soils halophytic plants appear, which does not improve quality of fodder crops. Their
productivity is about 0.4—0.7 centner/hectare. The highest productivity, up to 7.3—7.4 centner/
hectare, have licorice-elymus (BomocHerosie) communities widely spread on the inter-hill
valleys, often growing on the shores of drying-up ponds, but the area occupied by such plants
makes not more than 0.1-0.5% of the studied territory.

The main reason for pasture degradation is intensive cattle pasturing. Such type of
pasturing on the background of specific natural conditions of the arid zone causes degrada-
tion of the soil-vegetation cover, which is especially clearly seen in the 2-3km zone adja-
cent to the winter-camps. Such a zone is sometimes trampled down to complete absence
of vegetation. As a result, soils experience compaction of upper layers which worsens their
water-physical parameters: volumetric weight increases, moistening decreases, soil structure
is disrupted. Poor vegetation with productivity of 0.05-0.1 centner/hectare is presented by
different types of wormwood, kochia and other plants badly eaten by animals. It should be
noted that long-term pasturing on the areas caused not only disappearance of vegetation
cover but also change in the dominants of vegetation community. Thus, different species of
feather-grass, fescue, steppe motley grass were replaced by wormwoods and other weeds.
Such pasturing is called "battered".

An important role in pasture degradation is played by climate of the region. In the
conditions of arid climate irregular terrain and dried-up soils provide only 30-60% of vegeta-
tion cover of the soil surface, which, in its turn, makes soil very "vulnerable", subjected to
wind erosion and deflation.

Soil deflation accelerates degradation of the soil-vegetable cover and makes it more
destructive. The soil disperses, with loss of humus in the upper horizon the soil losses its
fertility, the loose layer and the humus horizon becomes thinner, which in the conditions of
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poorly developed and undeveloped soils is a considerable loss [15]. Such a soil is subjected
to wind erosion i.e. deflated soil cannot restore its initial vegetation cover.

However, field observations show that lands removed from agricultural use make less
than 30% of the total area, and degradation causes reduction in soil density not exceeding
the established limit of 1.3g/cm?, which enables to assess the situation as rather satisfactory
[16].

Therefore, the studied territory is mainly presented by not battered or slightly battered
fodder areas, and soils that are classified as not deflated or slightly deflated. The only exception
are pastures around camps, watering places and winter-camps where soils are highly battered
and deflated, which requires soil-conservation measures and durable rehabilitation period.

2.3.5. Forecasted changes in contamination of soils with radionuclides

Radionuclide contamination of the soil surface in the western part of the Semipalatinsk
Test Site within the territory of Karaganda oblast was caused by global fallouts. The
concentration of radionuclides *’Cs, 2! Am, *°Sr and ***>*!Pu in surface soil horizons is very
low. For example, the concentration of radionuclides *’Cs and *! Am in soil of the farthest
western part of Karaganda oblast within the STS boundaries is mainly 20-40 Bq/kg. Specific
activity of *Sr seldom exceeds 8-16 Bg/kg, and specific activity of 2**>*'Pu in the surface
horizon is mainly about 2.7 Bq/kg. The radionuclide concentration in the soil profile sharply
decreases with maximum, as a rule, in the surface layer.

Thus, in spite of a long time period passed since atmospheric tests (50-60 years),
maximal concentration of radionuclides fallen out on the soil surface is still registered in
the surface horizon and the penetration depth does not exceed 15-20cm. Such behavior
of radionuclides is explained by moisture deficiency (the amount of precipitation is 200-
250mm), which does not enable them to move in the solution or under the action of water flow
downwards. On the other hand, the amount of evaporating moisture is 4-5 times higher than
the amount of precipitations, which explains accumulation of soluble salts, including soluble
radionuclides, in the soil surface horizons. These data enable to make a conclusion that in
future the picture of radionuclide distribution will not change, however, their concentration
in the upper horizon will slightly decrease and the penetration depth will slightly increase as
in spite of water deficiency substances and elements are redistributed in soils in the scale of
geological time.

One can suppose that if artificial radionuclides over 50 years passed since nuclear
tests moved to a depth of 15cm, their penetration rate will remain the same in future, i.e.
about 0.3cm per year.

The role of wind as the main relief-forming factor in the conditions of continental
development of the region will still be important in the spatial redistribution of radionuclides.
For example, some radionuclides may remain suspended in the near-surface layer with tiny
dust particles of a size less than 100pm and may be drawn by wind during storms or strong
winds at a speed of over 10m/s at long distances. Dust particles of a size 100-500pum are
the most active participants of dust storms, which have maximal frequency of occurrence
in spring and autumn. Such particles carry about 50% of radionuclides. Hence, this amount
of radionuclides can very rarely, not more often than 4-5 times a year, may travel in space.
Soil particles of a size exceeding 500 pm may be dragged by vortices at a wind speed of
10-12m/s. Particles can also cover small distances by jumps at wind gusts. Thus, deflation
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processes may smooth over the boundaries of old traces of fallouts from radioactive clouds
and dilute radionuclide concentrations in the soil cover.

2.4. State of water objects

2.4.1. Inventory of potential water use objects

Water objects in the studied "western" area are presented by both surface and subsoil
waters. Surface waters are mainly presented by saline lakes, runoffs of surface waters in
valleys and small streams, subsoil waters are contained in wells and boreholes. All examined
objects are potential sources of drinking and household water.

As no houses, no water objects actively used by people were determined in the STS
western part, one can conclude that the main type of activity of local people is cattle pasturing.
In such a situation studying of surface and ground waters used to water domestic animals
becomes an important problem.

As a rule, surface waters on the studied area are not used to water animals. In the
places where people lived and bred cattle (abandoned summer and winter camps) water for
drinking and household needs was taken from wells and boreholes, camps were equipped
with drinking troughs for cattle (further — objects of water use), which does not exclude their
regeneration and further usage in case of lands transfer into economic use.

To assess possibility of usage of water objects as sources of water for drinking and
household needs, a detailed study including identification and registration of all potential
water sources was carried out. Search for water objects was made based on archive data and
available cartographic material. Most objects were detected by the available coordinates of
their location, some objects were identified during visual area survey. The coordinates of
identified water-use objects were registered and mapped.

All in all, 64 water objects were identified and examined in the STS western part. Of
them 3 (wells with water) are located in the destroyed winter-camps, 6 are separately located
wells, 17 — wells, 37 — small lakes and surface waterways formed by surface water runoff
and one stream.

Location of all potential water-use objects identified on the territory of the STS
western part is shown in figure 25.

Field works included:

»  visual examination of the water objects and photographing;

* measurement of radiation parameters (EDR, density of B-particles flux);

»  visual assessment of the water object state (operating/not operating, water pres-
ence/absence, close location of households, people living close to the object,
cattle pasturing, etc.);

* determination of purpose and extent of object usage (if possible) and its state
in terms of possibility of its further usage for drinking, agricultural and other
needs;

»  water sampling for analytical analyses.

Water sampling was made according to GOST 51592-2003 [17].

Samples were placed into plastic vessels of volumes ranging from 2 to 30 liters

depending on the type of laboratory analyses.
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Figure 25. Water objects (a) and water sampling points (b) in the STS "western" part

Water samples were taken from 27 water objects which had water at the moment of
field works. The other objects either did not have water or the water was so dirty that it was
difficult to take samples. Locations of objects where water samples were taken are shown in
Figure 25.

2.4.2. Assessment of quality of potential water-use objects

The water samples were subjected to the following laboratory investigations:

e measurement of concentrations of artificial radionuclides *°Sr, “Cs, 3H,

2394240pyy-

e determination of general chemical composition;

*  determination of micro/macroelement composition.

Concentration of artificial radionuclides in surface and ground waters of the studied
area

To study the levels of water contamination in the water use objects in the STS western
part with artificial radionuclides, the concentration of *H, '*’Cs, *Sr and **?*°Pu was deter-
mined in all water samples taken from 27 water objects [18, 19].

The detection limits of used devices were about 0.01 Bq/kg for *°Sr, 0.02 Bg/kg for
137Cs, 15 Bg/kg for *H and 0.001 — 0.06 Bg/kg for 2**2*°Pu, which is 10-1000 times lower than
maximal permissible concentrations for these isotopes.

The results of laboratory analyses showed that specific activities of *Sr, *’Cs, *H,

2397290Py in water samples were below the detection limits of used measurement equipment
(Table 10).
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Table 10.
Specific activity of artificial radionuclides in water
. . B37Cs specific SSr specific B9240py specific | 3H specific
No Sampling point activityI,)Bq/kg activit;: Ba/kg | activity, Il;q/kg activitl))', Ba/ke
1 97 <0.02 <0.01 - <13
2 Tokyl wintering <0.02 <0.01 - <13
3 C-405 <0.01 <0.01 - <10
4 C-406 <0.02 <0.01 <0.002 <10
5 C-11 <0.03 <0.01 <0.0006 <10
6 C-1 <0.02 <0.01 <0.002 <10
7 Well Pasture <0.02 <0.01 <0.004 <10
8 2 <0.01 <0.01 <0.0009 <9
9 1 <0.01 <0.01 <0.012 <8
10 3 <0.02 <0.02 <0.004 <7
11 pasture <0.01 <0.01 <0.0007 <7
12 4 <0.01 <0.01 <0.004 <11
13 5 <0.01 <0.01 <0.005 <8
14 K4 <0.01 <0.01 <0.003 <8
15 Mausymbek wintering <0.01 <0.01 <0.004 <7
16 6 <0.02 <0.02 <0.005 <8
17 7 <0.01 <0.01 <0.004 <12
18 well <0.01 <0.01 <0.002 <7
19 8 <0.02 <0.02 <0.028 <13
20 9 <0.04 <0.04 <0.007 <8
21 K1/1 <0.02 <0.01 <0.007 <8
” well (Teskuduk summer 0.0 <0.01 0.0 <«
place)
23 Altynkuduk wintering <0.02 <0.01 <0.0009 <8
24 K-400 <0.02 <0.01 <0.007 <8
25 10 <0.01 <0.01 <0.005 <8
26 11 (K-3) <0.04 <0.04 <0.003 <7
27 stream <0.03 <0.01 <0.0007 <9

The results of laboratory analyses did not show any presence of artificial radionu-
clides in water. The data obtained showed that the values of specific activities of *H, '*’Cs,
PSr and’**°Pu in water of the studied water objects according to NRB-99 were below the
interference level in case of their intake with food and water.

Assessment of water objects quality in terms of general chemical indicators

In order to assess water quality by chemical indicators chemical analysis of all 20
water samples was made [20]. According to the content of the main determined components
the water in all sampling points on the studied area has different composition.

According to the degree of mineralization (by V.I. Vernadsky’s classification) most
water samples are classified as brackish (1300-5500 mg/dm?) and salt (20000 mg/dm®) wa-
ters, which do not satisfy SanPiN standards for drinking water.
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According to anionic composition the water is hydrocarbonate-sulphate-chloride
(38%), hydrocarbonate-chloride-sulphate (11%), sulphate-hydrocarbonate-chloride (25%),
sulphate-chloride- hydrocarbonate (21%) and chloride-hydrocarbonate-sulphate (5%). The
average sulphate concentration is 790 mg/dm® (ranging from 16 to 7200 mg/dm®). The aver-
age chloride concentration is 350 mg/dm® (ranging from 35.0 to 6100 mg/dm?). The average
concentration of hydrocarbonates is 510 mg/dm? (ranging from 61 to 1800 mg/dm?).

According to sulphate concentration 66% of water and chloride concentration 85% of
water correspond to SanPiN standards (up to 500 and 350 mg/dm?, respectively). Measure-
ments of water hardness show that 24% of samples have hard (8—12 mg-eqv/l) and very hard
(more than 12 mg-eqv/l) water. The hydrogen indicator (pH) varies from 5 to 8.5 (average
value — 6.2). Of taken samples 25% do not correspond to SanPiN standards (pH = 6-9).

Therefore, according to the results of the limited chemical analysis the water quality
in only 8 objects of the total number of 20 examined objects located in the STS western part
corresponds to SanPiN standards No0.3.02.003.04 [21] by all studied parameters. The water
in all other studied objects is undesirable to usage for drinking due to high concentrations of
reference parameters, mainly, general mineralization and hardness.

Assessment of micro/macroelement composition

In the micro/macro-element analysis of water samples concentrations of the main
elements such as sodium, potassium, calcium, magnesium, strontium, barium, cesium, zinc,
beryllium and lead were determined. The results show that concentrations of some elements
exceed MPC — maximum permissible concentrations by SanPiN standards No. 3.02.003.04.

Magnesium. The values of magnesium concentrations in the water of water objects
vary from 1 to 122 mg/l, which in some cases exceeds maximum permissible concentrations
for the element concentration in drinking water, which amounts to 10- 85 mg/l (SanPiN).
Magnesium concentrations exceeding MPC were registered in two points — borehole K 1/1
and borehole K-4.

Potassium. The values of potassium concentrations in the studied water samples
varied from 0.5 to 14 mg/l. A small rise over the standard (14 mg/l) was registered only in
one surface water object — a stream located on the studied area.

Barium. The barium concentration in 5 water objects 2 and more times exceeds
maximum permissible concentrations. These are water objects with numbers 1, 2, 4, 7 and
8, all they are the objects of surface water use (small lakes, runoffs of surface waters). In
all other studied water samples barium concentration is much lower than the maximum
permissible concentration (0.1mg/1) and varies from 0.02 to 0.09mg/1.

Beryllium. Beryllium concentrations exceeding maximum permissible concentrations
were detected in 7 water objects; all they were surface water objects assigned numbers 1, 2,
3,4, 7, 8 and 97. The values of beryllium concentration in these water objects ranged from
0.0002 to 0.003mg/1, which in some cases exceeded the established standard by an order of
magnitude. In all other water objects located on the studied area the beryllium concentration
in water was much lower the detection limit of used techniques and equipment. The MPC for
beryllium in drinking water is 0.0002 mg/I.

Boron. The boron concentration in the studied water samples ranged from 0.12 to
1.3mg/1. The obtained values of boron concentration in water exceeded standards almost in
all samples. According to SAnPiN concentration of this element in water must not exceed
0.5mg/1.
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The concentrations of lead, arsenic, mercury and nickel in all samples did not exceed
the maximum permissible concentrations.

Studying of water micro/macro-element composition showed that concentrations
of some elements to some extent exceed maximum permissible concentrations established
for drinking water. This group includes such elements as magnesium, potassium, boron and
beryllium. A special attention must be paid to the beryllium concentration. In some samples
its concentration is more than an order of magnitude higher than SanPiN standards for
drinking water. At the same time, it should be noted that the above described parameters only
provide additional information and should not be taken into account in taking decision about
land transfer in economic use as they are natural properties of surface and ground waters in
the studied area.

According to the concentration of micro/macro-elements the water of all other studied
water objects is satisfactory and suitable for use for drinking and other purposes.

It should be noted that the water in all examined water objects is of natural origin,
and most examined objects are surface water sources. In natural water the degree of toxicity
of different groups of substances is defined by various factors of water environment such
as mineralization, hardness, pH, ion ratio, presence of complexons, amount of oxygen,
temperature, etc. All the above factors are primarily determined by climate, hydrochemical
regime formed on the studied area, physical-chemical composition of soils, ability to self-
purification and other factors. The concentration of microelements and general chemical
composition determined in the investigations may be standard values for the studied area
specified by the STS location.

As no radionuclide contamination of soils was detected during studying of soil cover
of the area, taking into account physical-chemical properties of local soils one can make a
conclusion that no high radionuclide concentrations in water objects are to be expected in
future. This conclusion is confirmed by the fact that by its hydrogeological parameters the
studied area has no inflows from conventionally "contaminated" part of the STS territory.

Taking into account the above facts one can state that in terms of radiation safety the
water objects on the studied area can be classified as safe.

2.4.3. Forecasted changes in radionuclide contamination of surface and ground
waters

The "western" part of the STS territory studied in this research is located on the
northern slope of Balkhash-Irtysh watershed and has a slope to the northeast to the Irtysh
valley.

The hydrogeological system of the area includes water-bearing horizons of porous
waters and a regional complex of fracture waters. The STS "western" part is mainly presented
by the following water horizons:

e recent lake sediments;

* alluvial-prolluvial sediments dated from the Middle Quaternary to recent period,

*  primarily fracture waters in Paleozoic and Mesozoic strata.

Most part of the described area is occupied by ground waters of Paleozoic and
Mesozoic sediments.

The data on geological structure and hydrogeological conditions as well as the
mechanisms of radioactive contamination of aqueous medium in the nuclear tests zones
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on the STS territory were presented in detail in the materials on "western" areas [1]. In
this chapter the main attention will be focused on studying of possible ways of inflow of
contaminated ground waters from the sites of underground nuclear tests to ground waters of
"western" areas and assessment of their migration parameters.

Atmospheric nuclear explosions

Test "Experimental field" site. The possibility of inflow of contaminated ground
waters from the sites of atmospheric nuclear tests to the ground waters of "western" areas is
considered in terms of possible penetration of artificial radionuclides from ground surface
to ground waters. This problem was considered in detail in the materials on "western" areas
where possible ways of penetration of radioactive fallouts formed during atmospheric nuclear
tests to the lower-lying layers down to the level of subsoil waters were considered. The
estimates have shown that the front of radionuclide contamination located at a depth of Sm
on the "Experimental field" will have reached the level of subsoil waters not earlier than in
5*10° years. Moreover, the absence of artificial radionuclides in ground waters spread within
the test "Experimental field" site was confirmed by the results of drilling of a hydrogeological
borehole. The borehole was drilled in 2009 in the northern part of "Experimental field", at
the boundary of the site, the place of expected outcome of surface water runoff beyond the
test site.

The possibility of inflow of contaminated ground waters from the test sites of warfare
radioactive agents to the ground waters of the "western" areas is not considered as the main
direction of motion of the real groundwater flow is north and northwest, whereas "western"
areas are located to the southwest of the test sites. No motion of ground waters from the sites
of WRA explosions in the direction of the "western" areas is expected.

Therefore the available data enable to state that no inflow of radioactive fallouts from
atmospheric nuclear tests to the ground waters with their further migration to the boundaries
of "western" areas is expected in the foreseeable future.

Underground nuclear explosions

The probability of inflow of ground waters contaminated with radioactive products
of nuclear explosions to the ground waters of "western" areas was estimated on the base of
such factors as specific features of geological structure of the STS territory and the results of
testing of artificial radionuclides in hydrogeological boreholes. In the STS geological structure
there are a few regional fractures spreading north-west and large fractures of meridian and
northwest stretching. A complex of factors including specific features of geological structure
and the impact of underground nuclear explosions on the geological strata caused formation
of complicated geological-physical structures in the rock strata where radionuclides can
migrate with ground waters. It was established that the most important role in the distribution
of water resources is played by the zones of tectonic fractures (Figure 26), where the speed
of groundwater motion is higher than that in the surrounding structures.

"Degelen" site

Among the main possible ways of inflow of contaminated ground waters from the
places of underground nuclear explosions on the "Degelen" site to the waters of "western"
areas the most important are the following directions.

As the main direction of movement of contaminated ground waters one can consider
the direction to the basin of the Karabulak stream with further water inflow to the zones
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Figure 26. STS territory. Main directions of possible motion of contaminated ground waters

of influence of Western-Arkalyk and Kalba-Chingiz regional fractures. This version is con-
firmed by the data of the 2009 field works. In some boreholes drilled in the zone of influence
of Western-Arkalyk regional fracture, *H concentration in subsoil waters was as high as 30
kBg/l. In the borehole S-32r located at a distance of 40km from the Degelen mountains and
in the borehole drilled in the zone of Kalba-Chingiz fracture *H concentration was 0.06 kBg/1
[22].

Results of the 2010 investigations. To study possible movement of contaminated
ground waters in the zone of influence of Western-Arkalyk fracture in the direction of west-
ern areas, in 2010 investigations were carried out in two sectors along the fracture trace. The
first sector (sector C) was made at a distance of 12km from the place of intersection of the
fracture trace with the valley of the Karabulak stream (Figure 26). The purpose of investiga-
tions in this sector was to determine possible radionuclide contamination of ground waters
spread in the zone of the fracture influence, in the water flow beyond the microbasin of the
Karabulak stream. It was important to determine radionuclide migration along the facture
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zone in the direction of "western" areas. The second sector (sector D) was also located in
the zone of fracture influence, but directly in the "western" area. It was necessary to carry
out works in the sector to determine possible inflow of contaminated ground waters not only
from the "Degelen" site but also from sites "Sary-Uzen" and "Balapan".

By the results of geophysical investigations, in the studied sectors the zones with
maximal water-flooding were determined and hydrogeological boreholes 36p and 37p were
drilled. The boreholes pierced the regional water flows in the exogenous fissuring zone. The
laboratory analyses showed that concentrations of artificial radionuclides in ground waters in
the studied areas were below minimal permissible activity of used equipment (Table 11).

Table 11.
Results of analysis of samples from drilled boreholes
Borehole number Fracture trace 13Cs, Bq/l *Sr, Bq/l *H, kBq/l
36P Western-Arkalyk <0.01 * <0.018
37p Western-Arkalyk <0.01 <0.01 <0.019
Note: * no data

The above values are not hazardous and are far below the interference levels for peo-
ple for water intake with water and food established by NRB-99 (Appendix p-2).

Thus, the results of investigations enable to make a conclusion that there is no inflow
of contaminated ground waters through the zone of regional Western-Arkalyk fracture to the
ground waters of western territories.

To estimate the time of possible inflow of ground waters contaminated by artificial
radionuclides to the boundaries of "western" territories we will use the data on hydrogeologi-
cal conditions obtained in detailed survey of "Karadzhal" deposit located in the northern part
of "Degelen" site. The calculation is made for radionuclide tritium. It is known that *H moves
with ground waters as trititum water and is not absorbed by mountain rocks. Therefore the
time of *H arrival at the boundaries of "western" territories can be determined taking into ac-
count the distance from the crossing of the Karabulak stream with the trace of Arkalyk frac-
ture to the eastern boundary of "western" areas. The results of hydrogeological investigations
show that maximal speed of groundwater movement in the vicinity of the deposit is 2.5m/
day. Thus, taking the speed of groundwater movement and the distance from the "Degelen”
site to "western" areas we can calculate the time during which the groundwater will cover the
distance — about 70 years. Taking into account that over 40 years have passed since the first
nuclear explosion, tritium contaminated ground waters from the "Degelen" site may appear
at southern boundary of "western" territories in about 35 years.

"Sary-Uzen" site

From the "Sary-Uzen" site the contaminated ground waters can get into ground waters
of "western" territories along feathered tectonic structures of Western-Arkalyk regional
fracture. To get general information on the levels of radioactive contamination of ground
waters we present the new data and the 2010 data. In 2005, 20 hydrogeological boreholes
were tested on the "Sary-Uzen" site (Figure 27).

The results of laboratory analyses showed that concentrations of radionuclides
in ground waters on the territory of the test site were: up to 3 mBg/l for ¥’Cs, up to
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10 mBq/1 for *°Sr, over 500 kBq/1 for *H. These data show that the main radioactive pollutant
on the test site is *H. '¥’Cs and *°Sr concentrations are not hazardous and do not exceed
permissible values for drinking water.
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Figure 27. Scheme of location of boreholes on the "Sary-Uzen" site

Results of the 2010 investigations. To verify the available data, 10 hydrogeological
boreholes were tested on the "Sary-Uzen" site in 2010 (Table 12).

Table 12.

Comparative values of tritium specific activity in water samples taken in hydrogeological
boreholes on the "Sary-Uzen" site

Borehole Specific activity *H, kBq/l Borehole Specific activity *H, kBq/l
number prior 2010 2010 number prior 2010 2010
59 0.01 <0.008 2818 0.01 -
76 <0.007 <0.008 C-28 0.06 -
2626 0.49 0.2 C-98 0.009 -
28 <0.21 0.03 C-2627 0.012 -
2815 - 25 C-2692 0.012 -
2816 44 4 C-2815 0.8 25

2805/1 - 5 80 <0.006 -
63 <0.007 - 104/1 46.8 -
69 <0.007 - 116 <0.007 -
70 <0.007 - 125 482 -
74 <0.007 - 110/14 65.8 30
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Borehole Specific activity *H, kBq/l Borehole Specific activity *H, kBq/l

number prior 2010 2010 number prior 2010 2010
189B 0.017 - 96 0.031 0.03
2805 0.018 - 65 0.045 0.3
2811 3.2 -

An analysis of obtained results shows that though dynamics of *H concentration on
the test site cannot be estimated as unambiguous, in general, there exists a tendency to grad-
ual decrease in its concentration in ground waters.

It should be kept in mind that the "Sary-Uzen" site is located very close to the boundar-
ies of "western" territories. What is more, this area is less studied that other STS areas. There is
still no geological map of the area, and ground waters are not well studied. In this case in order
to forecast possible development of radioecological situation it is necessary to have monitor-
ing points not only in the studied area but also near the sources of contamination.

"Novaya" site

To study possibility of outflow of contaminated ground waters beyond the boundaries
of the "Sary-Uzen" site in the direction of "western" territories we used testing data for of
hydrogeological boreholes located on the "Novaya" site (Figure 28).

This test site is located on the northern boundary of the "Sary-Uzen" site i.c. on
the possible route of groundwater motion in the direction of "western" territories. During
nuclear tests the "Novaya" site was used for preparatory works for UNE in boreholes.
For this purpose 19 hydrogeological boreholes were drilled on the "Novaya" site.
In 2007, to study the character of migration of artificial radionuclides 7 boreholes on the
"Novaya" site were tested. The results of analyses are presented in table 13.
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Figure 28. A scheme of location of observational boreholes on the "Novaya" site
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Table 13.

Analyses of water samples from the boreholes

Borehole No. *H, kBq/kg, kBq/l Error
4133 <0.007 -
4129 0.021 0.005
4132 0.010 0.004
4138 0.012 0.005
4133 0.008 0.004
4137 0.010 0.005
4142 <0.006 -

The results of analyses showed that *H concentration in ground waters varied from
7 to 20 Bq/l, which is much lower than the interference level for intake of some radionuclides
with water (NRB-99, Appendix P-2).

Results of the 2010 investigations. To estimate possible transfer of contaminated
ground waters from the "Sary-Uzen" site towards "western" territories 3 earlier drilled
boreholes were tested on the "Novaya" site (Figure 26). According to the results of lab-
oratory analyses no artificial radionuclides were detected on the studied areas. Therefore,
the results of testing of hydrogeological boreholes show that no motion of ground water flows
contaminated with artificial radionuclides towards "western" territories is now observed.

"Balapan" site

To study the character of radioactive contamination of ground waters on the "Balapan"
site we used hydrogeological boreholes equipped for routine observations of ground waters
during underground nuclear tests. The boreholes were drilled at different distances from
"combat" boreholes, and their main purpose was to study the UNE influence on the dynamics
of ground waters. According to the available data, there are over 100 of such boreholes on
the "Balapan" site. The scheme of location of found and tested boreholes on the "Balapan”
site is shown in Figure 29.

The results of investigations carried out in different years show that high values of
specific activity of °*Sr and *’Cs in ground waters within the boundaries can be observed only
in the vicinity of epicenters of nuclear explosions. At a distance of 300m from the heads of
boreholes the values of specific activities of radionuclides go down to mBg/l. Therefore, due
to low concentration the available data do not show any peculiarities in the '’Cs and *°Sr dis-
tribution in ground waters. At the same time 3H concentration in ground waters varies widely
from the minimal detected activity (7Bg/l) to maximal values reaching 5*10° Bq/I.

Results of the 2010 investigations.

Testing of available hydrogeological boreholes. In 2010 to verify the available data
we tested 8 hydrogeological boreholes located within the boundaries of the "Balapan" site
(Figure 29). Table 14 presents the results of laboratory analyses on determining *H concentra-
tions and maximal values of *H concentrations obtained by the results of previous works.
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Table 14.

Comparative results of tritium specific activity in water samples taken from hydrogeological

*H specific activity, kBq/1
Borehole number before 2010 in 2010
4009 105 5
4018 5.4 0.05
4020 1.24 0.24
4027 12 1.8
4057 0.03 <0.013
4075 394 22
4093 400 300
4096 15 >

The results of laboratory analyses on determining *H concentrations and maximal

values of *H concentrations obtained by the results of previous works showed a tendency of
gradual decrease in *H concentration in ground waters on the "Balapan" site.

Investigations of Kalba-Chingizsky and Chinrausky regional fractures. The most

probable direction of the motion of contaminated ground waters from the "Balapan" site
is northwestern direction along the zone of influence of Kalba-Chingizsky fracture (Figure
26). The less probable is the route of the initial water motion along the zone of Chinrausky
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fracture with further flows displacement towards "western" territories along sub-latitudinal
fractures.

In 2010, in order to study possible migration of artificial radionuclides in the above
directions we carried out radioecological investigations of ground waters including geo-
physical investigations, drilling, experimental-filtering observations in drilled hydrogeo-
logical boreholes and laboratory analyses of radionuclide and chemical composition of
ground waters. All works were done in the zones of regional fractures in two sectors A and B
(Figure 26). In order to detect water-conducting zones, prior to these investigations, we car-
ried out geophysical investigations in the studied zones. Taking into account geophysical
data in each sector we drilled one borehole to a depth of 15m to study porous waters and one
borehole to a depth of 60m to study ground waters in the zone of exogenous fissuring. In the
zone of influence of Chinrausky fracture no porous waters were detected. In the other three
boreholes experimental-filtering works were carried out, after which groundwater samples
for chemical and radionuclide analyses were taken.

The results of laboratory analyses showed that ground waters in the zone of Kalba-
Chingizsky fracture Sector B) the concentrations of artificial radionuclides '*’Cs and 2**?*°Pu
was below MPA and *H concentration was 0.05 kBg/l. In ground waters spread in the zone
of Chinrausky fracture *?**Pu concentration was 0.0024 Bq/l and *H concentration was
0.75 kBq/l.

The obtained values of radionuclide concentration are not radioactively hazardous
and are much lower than the interference level for radionuclide intake with water and food
established by NRB-99. Therefore, the obtained data enable to conclude that no unfavorable
tendencies in the development of radioecological situation related to possible inflow of con-
taminated ground waters along the regional fractures from the "Balapan" site to the boundar-
ies of "western" territories are observed.

To estimate time of possible inflow of ground waters contaminated with artificial ra-
dionuclides to the boundaries of "western" territories we used hydrogeological parameters
obtained in detailed exploration of deposit "Karazhyra". According to the results of hydro-
geological investigations the average speed of ground waters on the territory of the deposit
is 170m/year. If we take this speed of groundwater motion and distance from the "Balapan"
site to the boundaries of "western" territories, we can conclude that *H contaminated ground
waters from the test site "Balapan" can have appeared at the southern boundary of "western"
territories not earlier than in 480 years.

Water-use objects. As additional information we analyzed the data for water use
objects located directly in the STS western part and in the adjacent areas.

An analysis of the data for water objects located on the way of possible movement
of contaminated water flows from the UNE test sites to "western" territories showed that
contamination of artificial radionuclides in the water of the water-use objects was much
lower than the interference levels for people for their intake with water and food established
by NRB-99.

Therefore, the results of the above investigations enable to conclude that according to
the level of contamination of surface and ground waters the STS "western" territories can be
used for any agricultural works without any limitations.

It should be noted that planning works on mining of mineral resources in the area it is
necessary to carry out additional investigations. The actuality of the problem is caused by the
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location of the "Sary-Uzen" site at a distance of 16 km from eastern boundaries of "western"
territories. It should be taken into account under the action of water pumping during mining
a depression hole will be formed (drying hole). The area of influence of the hole may include
the areas of formed UNE tests and, hence, areas with ground waters contaminated with UNE
radioactive products. Formation of such a drying hole is usually accompanied by increase in
the slopes of piezometric surfaces of ground waters, which enhances migration processes and
groundwater motion in the direction of excavations. Such processes may provoke inflow of
contaminated ground waters to the boundaries of the deposit and cause radiation hazard for
workers and radioactive contamination of mining products.

Here we present recommendations on organization of the system of observations
of the ground waters in the area of "western" territories with their inclusion into the state
monitoring system.

To control possible inflow of contaminated water flows from the nuclear test sites to
the ground waters of "western" territories and to determine at the initial stage any unfavor-
able tendencies in the development of radioecological situation it is necessary to organize
additional observation hydrogeological points, which will be included in the unified state
monitoring system, on the STS territories. For this purpose it is necessary:

To carry out revision of all boreholes on the "Sary-Uzen" site. To use the results of
testing to choose 3 boreholes for long-term monitoring of ground waters. To carry out inspec-
tion once a year. The main controlled radionuclide is *H. The main purpose of the observation
point is to control movement of radionuclides with the ground water flow leaving the "Sary-
Uzen" territory.

To carry out revision of all boreholes on the "Novaya" site. To use the results of test-
ing to choose 3 boreholes for long-term monitoring of ground waters. To carry out inspection
once a year. The main controlled radionuclide is *H. The main purpose of the observation
point is to control movement of radionuclides with the ground water flow leaving the "Sary-
Uzen" territory.

To drill and equip for observations 3 boreholes along eastern boundary of "western"
territories. To carry out inspection once a year. The main controlled radionuclide is *H. The
main purpose of the observation point is to control movement of radionuclides with the
ground water flow leaving the "Sary-Uzen" territory and moving in the direction of "western"
territories.

2.5. State of the air basin

To study air quality on the STS and adjacent areas different targeted investigations
were carried out. The information on the air on the territory of Kurchatov-city and "northern"
part of the STS territory was presented in [1]. It was established that volumetric activity
of radionuclides in air of the studied areas was several orders of magnitude lower than the
standards established by the NRB-99.

Studies of volumetric activity of artificial radionuclides in the vicinity of the test site
"Opytnoye pole" showed values considerably exceeding maximum permissible values. It
means that it is hazardous to stay for a long time and, what is more, to do agricultural works
(causing dust rise) near such objects. However, the transboundary transfer of radioactivity
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beyond the boundaries of such test areas and, especially, beyond the boundaries of the test
site is insignificant, and is not harmful now and will not be harmful in future [23].

In studying the air basin of the STS western part we made theoretical assessment
of possible radioactive contamination of the atmosphere. During field experimental works
the samples of air aerosols were taken, equivalent equilibrium volumetric radon and thoron
activities and surface radon escalation were determined. As there are no villages on the
territory, the observation points were located in abandoned winter-camps and summer-
camps.

2.5.1. Theoretical assessment of concentration of natural and artificial
radionuclides in the air of the studied area

The results of investigations showed that specific activities of artificial radionuclides
in the surface soil layer in the western part of the STS territory were: 6Bq/kg for *°Sr, 18 Bq/kg
for ¥’Cs, 6.5 Bqg/kg for 2*823%240Py and 1.1 Bq/kg for *' Am. The values of specific activities
of artificial radionuclides were also determined in the zone with increased concentration of
artificial radionuclides in the surface (Scm) soil layer, they were: '¥’Cs — 29 Bq/kg, #8239"240py
— 8.6 Bg/kg, *'Am — 3.7 Bg/kg. As the values of *Sr specific activity we took the average
activity of the radionuclide on the studied territory.

Light soils widely spread on the studied area are most subjected to dust formation,
which causes rise of artificial radionuclides from soil surface to air. Climatic conditions
of the studied area (dust storms, strong winds) can also cause secondary rise of artificial
radionuclides contained in soil. Therefore, in theoretical estimations it is necessary to take
into account radionuclide concentration in the small-sized fraction (<100 um), which will
take part in the wind rise and transfer at a wind speed less than 6m/s.

As a result of studying of granulometric composition of soils it was determined that
22% of the total soil weight belongs to the small-sized fraction (<100 um). Table 15 presents
concentrations of radonuclides *’Cs, *°Sr, 28239"24Py and ' Am in the surface (5cm) soil
layer in the granulometric fraction.

Table 15.

Percentage concentration of radionuclides in the granulometric fraction (<100 pm)
from the soil of studied area

Average concentration of radionuclides in the granulometric soil fraction (<100 pm), %

137Cs 90Sr 238+239+240P“ 241Am

424 343 58.0 389

Taking into account average concentration of the small-sized fraction, average values
of specific activities of artificial radionuclides in soil and average percentage concentration
of radionuclide in the fraction, one can calculate specific activity of radionuclides in the
granulometric soil fraction (<100 pum). The results of calculation are presented in Table 16.
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Table 16.
Specific activity of radionuclides in the small-sized soil fraction (<100 pm)
¥ Cs | "Se T Am
Average values of radionuclide concentrations, Bq/kg
35 | 9.4 | 17 | 1.9

Average values of specific activity of radionuclides in zones with increased concentration
of artificial radionuclides, Bq/kg
56 | 9.4 | 23 | 6.5
Note: * - average values of specific activity of radionuclides for all territory are used

In estimations of concentrations of artificial radionuclides in air the values of
radionuclide specific activity in granulometric soil fraction (<100 pm) were used.

The volumetric activity of radionuclides in air of the STS western part was expressed as:
C =C-p_,

where C,,, is a volumetric activity of the i-th radionuclide in air (Bq/m’);
C, is a specific activity of the i-th radionuclide in the small-sized soil fraction, Bq/kg;
P, 18 the average annual air dustiness, kg/m’.

According to [24], the average annual air dustiness in the open air and in premises is
1107 kg/m?*. From the report published by the European Commission [25] it follows that natural
dusting or human activities may cause a 10-fold increase in the air dustiness, i.e. to 1-10¢ kg/m>.
Therefore, in estimating radionuclide concentration in air we will consider both values.

The concentration of artificial radionuclides in the air of western part of the STS
territory was estimated by the average values of specific activity and increased concentrations
of artificial radionuclides in the surface soil layer. The initial data are presented in table 16.

Calculated values of the volumetric activity of artificial radionuclides in the air of
the studied area with account for the average annual air dustiness are presented in the table
below (Table 17).

Table 17.

Expected volumetric activity of artificial radionuclides in the air of western territory and areas
with increased concentrations of artificial radionuclides

.| Volumetric activity of radionuclides in air at average values of specific activity in
Average annual air

. soil, Bq/m®
duStlness (psus)’ kg/m3 137Cs 9OSI' 238+239+240Pu 241Am
10° 3.5-10° 9.4-10° 1.7-10° 1.9-10°
107 3.5-10°¢ 9.4-107 1.7-10° 1.9-107

Volumetric activity of radionuclides in air in the zone with increased
concentration of artificial radionuclides, Bq/kg

10 5.6:10° 9.410° 23:10° 6.510°
107 5.6110° 9.4107 2.3:10° 6.5107
AVA_, Bgm® 2.7:10! 27 2.510%% 2.910°

Note: * as admissible volumetric activity of 2*'2¥**2°Py the value of 2.5-10* for one **Pu radionuclide is taken
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The volumetric activity of artificial radionuclides in the air of western part of the
STS territory at the average values of specific activity and in the zones with increased
concentrations of artificial radionuclides in the surface soil layer is much lower (2-6 orders
of magnitude) than the values admissible according to NRB-99.

The 2009 theoretical estimations of artificial radionuclides concentration in the air of
northern part of the STS territory made for the case of their wind transfer from the contaminated
zone (test site "4a") to the near-surface atmosphere showed that at a distance of 500m the
contribution of artificial radionuclides to the air of "northern" territory is insignificant.
Therefore we did not make estimations of possible changes in activity concentrations of
artificial radionuclides in the air of "western" part of the STS territory with account for wind
transfer of radionuclides from the most contaminated areas of the STS territory.

Thus, the above theoretical estimations of artificial radionuclides concentration
in the air of western part of the STS territory showed that volumetric activity of artificial
radionuclides at the average values of specific activity and in the zones with increased
concentrations of artificial radionuclides in the surface soil layer do not exceed admissible
values for population.

2.5.2. Experimental data on concentrations of natural and artificial radioniclides
in the air of the studied area

To obtain the data most fully characterizing the air basin, the samples were taken in
the uninhabited villages in summer, in the period of the highest air dustiness. Figure 30 shows
location of populated areas on the studied territories.

Samples were taken in the center of the populated area with a mobile sampler JAP-
50 equipped with a mechanical counter of the volume of pumped air (in m*). The sampler
capacity is 50-60 m*/h. As a filtering material the cloth "Petryanova" was used. The area of
the filter working surface is 250 cm?.

The aspiration time for one sample as calculated based on technical characteristics
of spectrometric devices used in laboratory measurements, with the sampling time for one
sample equal to 8 hours and volume of pumped air — of about 400 m>.

Samples taken in field works were delivered to the laboratories of the Institute for
laboratory analyses on concentration of natural and artificial radionuclides. The results of
gamma-spectrometric and radiochemical measurements are presented in table 18.

Table 18.

Results of gamma-spectrometric and radiochemical measurements of samples of air aerosols

Sampling Radionuclide volumetric activity in air, Bq/m’
point 7Be 40K 232Th 226Ra 241Am 137Cs 60C0 lSZEu 90Sr 239+240Pu

1 | Teskuduk |<9*10*| <7*103 | <7*10* | <9¥10* [ <9*10° | <2*¥10* | <4*¥10* | <3*10* | <0,03 | <9*10°
2 [Mausymbek | <9*10*| <7*10% | <1*107 [ <1*107 | <1*¥10° | <1*10*| <4*10* | <3*10* | <0,04 | <5*10°
3 Tokyl | <8*10*| <7*10° | <7*10* | <9*10* | <8*10° | <2*10*| <4*10* | <3*10*|<0,04 | <4*10*
4 | Altynkuduk | <9*10 | <8*107 | <8*10* | <5%10* [ < 1*¥10° | <2*10* | <4*10* | <3*10* | <0,02 | <9*10°
5 | Nadirkura | <9*10*| <6*107 | <6*10* [ <6*10* | <6*10° | <1*10*| <4*10* | <3*10* | <0,03 | <6*10°
AVAP_“E,Bq/m3 5.0%10° | 3.1*¥10" | 4.9%10° | 3.0¥107 | 2.9%10° | 2.7%10" | 1.1*10" |0.29*10'| 2.7 |2.5*%10°

No
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Figure 30. A scheme of location of populated areas on "western" territory

The results of laboratory tests showed that concentrations of artificial radionuclides in

the air of the studied area did not exceed the values established by NRB-99.

2.5.3. Radon concentration in the air of the studied area

To estimate radon hazard on the territory, the radon exhalation and equivalent
equilibrium volumetric activity (EEVA) of *?Rn and **°Rn were measured. The radon
exhalation was measured with Ramon-Radon-01 and alpha-radiometer RZA-01-SOLO in
the household structures in populated areas according to [26]. The results of measurements

are given in table 19.
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Table 19.

Results of field measurements

No. | Measurement points | EEVA?Rn,Bg/m’ | EEVA™Rn, Bg/m® Raﬂi’];'qe/’(‘iﬂ’;;“’“
1 Teskuduk 13 <8 57
2 Mausymbek 11 <8 67
3 Tokyl 10 <8 65
4 Altynkuduk 15 <8 53
5 Nadirkura 12 <8 60

As a result of investigations it was established that this area does not refer to radon-
hazardous areas as the value of radon exhalation is less than 80 mBg/(m?>*s).

The volumetric activity of radon and thoron in the atmospheric air in the period of
observations did not exceed the values of admissible average annual activity for people
established by NRB-99 and equal to 200 Bq/m®.

2.5.4. Forecasted changes in radionuclide pollution of air basin

Theoretical estimations of the concentration of natural and artificial radionuclides in
the air made for the STS "northern" territories show that transboundary transfer of radioactiv-
ity beyond the test sites with area contamination is insignificant and is not hazardous either
now or in future [1]. The results of theoretical estimations of the air basin of the STS "west-
ern" areas enable to make the same conclusion.

Moreover, radionuclides migrate with time to a higher depth in the soil layer, so
radionuclide pollution caused by wind transfer goes down to minimal values. Therefore,
radioecological parameters of the air basin of the studied area may only get better.

2.6. State of vegetation cover

2.6.1. Concentration of natural radionuclides in the vegetation of the studied
area

Concentration of artificial radionuclides in vegetation of studied areca was estimated
based on average values of accumulation coefficients (C) for *K, **Th and **Ra, taken
from the IAEA materials ("Quantitative Parameters of Radionuclide Transfer in Surface and
Freshwater Environment for Radioecological Assessment" (2009)) [28] and experimental
data for the STS northern part presented in the "Materials of Complex Investigation of the
STS "Northern" Areas" [1] and C, for “K, **Th and **Ra calculated on the base of specific
activities of radionuclides in soils and vegetation (steppe motley grass) sampled on the
studied STS area covered with steppe vegetation (2000-2005). Average values of C, for “K,
22Th and **°Ra are presented in Table 20.
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Table 20.
Average C, values for radionuclides in some groups of vegetation
C
Plants 2
40K | 232Th | 226Ra
Studied area
Motley grass | 0.4 (n=5) | 0.2 (n=5) | 0.2 (n=5)
STS territory
Motley grass 0.6 (n=171) 0.2 (n=92) 0.3 (n=118)
(in brackets — number of cases)

The C, values for “K, **Th and **Ra do not contradict either international or
experimental data given in the "Materials of Complex Investigation of the STS "Northern"
Areas" [1], and therefore they are further used in calculations of specific activities (SA) of the
above radionuclides in plants (Table 21).

Table 21.

Calculation of specific activity of natural radionuclides in plants on the studied area

Natural radionuclides
Average values
40K 232Th 226Ra
C, 0.5 0.2 0.25
SA in soil, Bg/kg 685 29 26
SA in plants, Bq/kg 342.5 5.8 6.5

According to the results of calculations the highest concentration is observed for K
as one of the most widely spread radionuclides, which in its turn is one of the main sources
of natural radioactivity. Concentrations of »>Th and ***Ra in vegetation of the studied area are
for 2 orders of magnitude lower than that of *°K.

2.6.2. Type of contamination of vegetation cover with artificial radionuclides

To determine the type of contamination of vegetation cover of the STS western part
by artificial radionuclides we studied levels and parameters of transfer of radionuclides
137Cs, *Sr, 29"24Py, 24! Am, '¥'Sm and *Tc from soil to vegetation. For 2 years field works on
joint sampling of soil and vegetation for further C, calculation for radionuclides "*’Cs, *Sr,
2391240py and’*' Am were carried out. In 2009, in the places with elevated values of radionu-
clide specific activity in soil detected by previously obtained data (before 2009) 10 research
sites (sampling points) were made. In each sampling point samples of soil (sampling area —
10x10 cm, to a depth of 5 cm) and top part of plants (sampling area ~ 2—4 m?) were taken.
The samples were presented by motley grass mainly including feather grass (Stipa capil-
lata, S. sareptana, S. lessingiana), fescue (Festuca valesiaca) and wormwoods (Artemisia
gracileccens, A. frigida). The obtain statistically more reliable C, values for plants in the STS
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western part, in places where elevated concentrations of these radionuclides were detected in
2009, in these places we took 12 mixed samples of steppe motley grass and 12 soil samples.
Sampling points on the studied area were chosen according to the results of studying of
vegetation cover in 2009, and they cover the main geobotanical contours — granite low hills,
high ridged hills, low hills, deluvial-proluvial valleys and anthropogenically-disturbed areas
(Figure 19).

Specific activities of '¥’Cs, *°Sr, »*2*Py and ?*'Am radionuclides were measured
in soils and plants by gamma-spectroscopy ('*’Cs and **'Am) and radiochemistry (*°Sr u
2397240py)), ¥7Cs concentration in plants was determined in dry (preliminary washed) grinded
samples, concentrations of ' Am, *Sr and »**?*Pu were determined in ash with further re-
calculation to the dry substance. In order to estimate parameters of radionuclide transfer from
soil to vegetation we calculated C, values — the ratio of radionuclide concentration in the unit
of soil and plant mass, respectively [27]. The C, values and specific activity of *’Cs, *Sr,
2397240py and ' Am in plant samples are presented in table 22.

Table 22.

Specific activity and C, of radionuclides *'Cs, *’Sr, >*****Pu and **'Am in vegetation samples

Specific activity of radionuclides in vegetation,

Site Bq/kg K,

NO. 241Am 137Cs 90Sr 239+240Pu 241Am 137Cs 90Sr 239+240P“
1 <0.15 1.11+0.12 <1.8 <0.07 <0.26 0.06 <0.23 <0.08
2 <0.15 1.36+0.05 | 3.2+0.6 | 0.35+0.04 <0.26 0.14 <0.32 <0.60
3 <0.15 | 0.95+0.07 <2.1 <0.04 <0.45 0.04 <0.18 <0.01
4 <0.15 | 0.32+£0.03 <1.7 0.15+0.03 <0.38 0.01 <0.23 0.04
5 <0.15 | 0.96£0.08 | 4.3+£0.9 <0.06 <0.41 0.02 0.15 <0.02
6 <0.15 | 0.51£0.05 | 3.7+£0.9 <0.22 <0.09 0.02 <0.27 <0.06
7 <0.15 0.86+0.11 <1.7 <0.05 <0.08 0.02 <0.12 <0.01
8 <0.15 | 0.86+0.16 | <2.6 0.18+0.03 <0.15 0.01 <0.15 0.03
9 <0.15 | 0.67+0.07 <2.1 0.18+0.04 <0.30 0.15 <0.20 0.12
10 <0.15 | 0.48+0.09 <23 <0.04 <0.12 0.03 <0.24 <0.001
11 <0.22 <0.42 8.6+2.9 | 0.169+ 0.047 <0.07 <0.04 <8.6* 0.002
12 <0.15 <0.42 <39 <0.061 <0.07 <0.01 <1.95 <0.002
13 <0.27 <0.47 5.24¢1.9 | 0.167+0.042 <0.02 <0.01 <5.2% 0.003
14 <0.15 <0.24 <3.8 | 0.082+0.037 <0.15 <0.004 <1.9 0.004
15 <0.15 <047 <3.9 | 0.2144+0.054 <0.15 <0.02 <1.95 0.01
16 <0.27 <0.39 8.9+2.9 <0.056 <0.10 <0.04 0.56 <0.05
17 <0.15 <0.42 <53 | 0.21240.041 <0.15 <0.02 <0.19 0.05
18 <0.35 <0.56 10.4+2.0 | 0.090+0.041 <0,12 <0,01 1,73 0,01
19 <0.15 <0.31 7.3£4.0 | 0.130+0.033 <0,07 <0,01 <3,65% 0,01
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. Specific activity of radionuclides in vegetation, K

Site Bq/kg a

NO. 241Am 137(:s 9I]Sl. 239+24I]Pu 241Am 137Cs 9I]Sl. 239+240Pu

20 <0.31 <0.39 8.8+2.8 | 0.066+0.033 | <0,19 <0,01 <44% 0,01

21 <0.28 | 0.60+0.29 | 7.8+£2.2 | 0.309+0.049 <0,38 0,02 <3,9% 0,21

22 <0.25 | 4.38+0.43 | 9.1+4.2 | 0.306+0.051 <0,17 0,1 <4,55% 0,05
Average values of Kn E 0.05 0.81 0.04

* - specific activity of the radionuclide in soil for this site is below the determination threshold

** _ average assessed value of Kn?*!Am - <0.20

The above analysis showed that maximal values of '*’Cs specific activity in plants of
the STS western part do not exceed ~4 Bg/kg, *°Sr ~10 Bg/kg, 2****°Pu ~0,3 Bq/kg, **'Am —
are below the detection limit.

As the average accumulation coefficients of *’Cs and *****°Pu we took the values
based on experimental data obtained for motley grass of the studied area in 2009-2010, for
“Sr we used experimental materials of the Institute presented in the "Materials of Complex
Investigation of the STS "Northern" Areas" [1]. The average accumulation coefficients for
2 Am, ¥ 'Sm and *Tc were taken from the IAEA data (2009) [28]. Taking into account the
accepted C, values and average values of radionuclides specific activity (SA) in soil on all
the territory and in the zone with elevated concentrations of some elements we calculated
average concentrations of *’Cs, *Sr, 24Py, 2! Am, '*'Sm and *Tc in plants (Table 23).

Table 23.
Calculation of specific activity of artificial radionuclides in vegetation in the studied area
Artificial radionuclides

Average values mCs | "y | manpy | %iam | Sism pr—

C, 0.05 0.7 0.04 0.01 0.5 5

Average SA in soil, Bg/kg 18 6 6.5 1.1 14 0,3

Average maximal SA in soil, Bq/kg 29 - 22 3.7 - -
Calculated SA in plants, Bq/kg 0.9 4.2 0.26 0.011 0.7 1.5

Calculated SA in plants (average maximal), Bq/kg | 1.45 - 0.88 0.037 - -

Admissible levels in plants, Bq/kg 74 111 ~10* ~10* | ~1,000* | ~1,000*
Note: * — supposed admissible levels, see below.

As a whole, the results of calculations do not contradict the analytical data — the
average values of calculated specific activity of *’Cs, *°Sr, 2?*24'Pu and **' Am in plants on all
studied area are lower than concentrations of the above radionuclides in plants samples in the
places with elevated level of soil contamination.

The assumed concentration of radionuclides *’Cs and *°Sr in plants does not exceed
maximum permissible levels of radioactive contamination of fodder crops (*’Cs — 74 Bg/kg,
%Sr — 111 Bg/kg), established by the Ministry of Agriculture of the Republic of Kazakhstan
(1994) [29].
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Specific activity of radionuclides *****°Pu, *!Am, '*!'Sm and *Tc in plants is not
normalized, however, based on general radiotoxicity of elements, one can suppose that
permissible levels for 2*2*Pu and **' Am will be an order of magnitude lower and levels
for 5'Sm and *Tc will be an order higher than that for *°Sr [30]. It should be noted that the
assumed permissible levels in plants for all the above-listed radionuclides are much higher
than the average calculated levels of specific activity in them.

2.6.3. Quality assessment and forecasted changes in radionuclide contamination
of vegetation cover

Vegetation of the studied area is mainly presented by the vegetation of dry steppes.
The concentration of artificial radionuclide *’Cs does not exceed 6%, *°Sr — 10 % of the
maximum permissible levels [29]. The concentration of 2°?*Pu, > Am and **Tc in plants is
less than 1%, the concentration of *'Sm is less that 0.1% of maximum permissible levels. No
anomalously high values of specific activity of natural radionuclides were detected in plants
on the studied area.

Radionuclide contamination of vegetation primarily depends on susceptibility of
plants to accumulation of radionuclides and on the accessibility of radionuclides determined
by soil characteristics. "Fresh" radionuclides, after getting into soil, are more accessible for
plants than in later time periods when radionuclides have reached their equilibrium state. The
intensity of this process depends on physical-chemical properties of radionuclides. For ex-
ample, the amount of '¥’Cs absorbed by plants considerably decreases with time, whereas *°Sr
mobility in the soil-plant system varies slowly [31]. These facts enable to forecast possible
decrease in the radionuclide contamination of vegetation in future than its increase.

Therefore, the vegetation of the studied area, in terms of type of its contamination,
both now and in the far future presents no hazard for people and can be considered suitable
for economic use (including pasturing of domestic animals).

2.7. Assessment of the radiological state of animal world. Forecasted
changes in the radionuclide contamination of animals.

Of 46 mammal species inhabiting on the studied area 11 refer to the objects of amateur
hunting, 9 of which are objects of food hunting. Of 147 bird species 22 are objects of amateur
hunting, 18 species are objects of game hunting and 28 are used for other purposes (besides
hunting). 3 species of 7 reptile species are used for other purposes (besides hunting) [32].

In examinations of the STS western part radionuclide analyses of three water birds
were made. Of the birds one species, teal, is a food bird of a rather high demand. Tasty meat,
wide areal and high population make it one of the most common objects of sports hunting
[32]. The other species — bald-coot is not an object of food hunting but an object of sports
hunting and can be used as food.

The results of gamma-spectrometry showed that concentration of '“’Cs, whose
accumulation in muscle bulk of animals is more probable than accumulation of other
radionuclides was not above the quantitative level in any samples. According to SAnPiN the
admissible level for '¥’Cs in fowl meat is 320 Bg/kg [33].

Concentration of radionuclides in meat of some species of wild animals was estimated
in investigations of STS "northern" areas [1]. In those areas prognosis values calculated
based on average values of radionuclides concentrations in soils of STS "northern" areas
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were much lower than permissible values. For example, maximal predicted radionuclide
concentration in meat of wild animals was 0.44 and 0.008% for '*’Cs and *°Sr, respectively.
In case the territory of site "4A", having elevated '*’Cs and °’Sr concentrations in the soil-
vegetation cover, were included in the pasturing zone the prognosis concentrations of these
radionuclides in meat of wild animals — 6.5 and 5.3%, respectively — did not exceed the
permissible values. The estimated values for concentrations of the radionuclides 2*****°Pu and
2 Am did not exceed 0.0003 and 0.002% of the permissible levels.

Forecasted values of specific activity of radionuclides in meat of wild animals do not
exceed permissible levels for radionuclide concentrations in foodstuffs [33].

2.8. Theoretical assessment of the levels of contamination in crop and
stock-farm products

As the studied area does not have objects where agricultural works are carried out, ra-
diation characteristics of products produced on the territory of the studied area were estimated
by calculations based on average values of radionuclide concentration in soil of the studied
area and coefficients (C) of radionuclide transfer into different types of crop products.

To estimate radionuclide concentration in hay we used coefficients (C) for *****°Pu
and "*’Cs transfer from soil to steppe motley grass obtained in the investigations made in the
STS northern part (Table 24). C, for *’Sr and **' Am were taken from the IAEA data [28].

Table 24.

Coefficients of *’Cs, *'Sr, 2**2*'Pyu and **'Am transfer into steppe motley grass

Radionuclide N C, Radionuclide N C,
"1Cs 12 5%1072 29240py 12 4*10°2
*Sr 106 7*10°! *Am * 1*%10°

*Note — C, are taken from the JAEA materials [28]

Radionuclide migration into agricultural crop products on the STS territory was not
studied, therefore to estimate possible radionuclide concentrations in crop products we used
C, accepted for estimations in northern areas based on maximal published C, values [1]
(Table 25).

Table 25.

Coefficients of ¥’Cs, *’Sr and 2****Pu and 2*'Am transfer into crop products used
in prognosis calculations

Type Of prOduCts 137Cs 9ﬂsr C' 239+240Pu 241Am
Grain crops

Rye 1.1*10" 1.6*10" 4.7%10° 1.7%102
Wheat 1.1*10! 1.6%10°! 4.7%10° 1.7%107
Barley 1.7%10! 1.6%10! 4.7%10° 1.7%107

Oats 2.1*%10! 1.6%10! 4.7%10° 1.7%107

Fodder resources
Hay (motley grass) | 5.0%10° 7.0%10°" 4.0*107 1.0*107
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c'
Type Of prOdHCts 137Cs 90Sr 239+240Pu 24]Am
Corn 2.9%10! 4.0*10" 3.0%10° 2.9%10"!
Leafy vegetables
Cabbage, spinach, leafy 1.8%10" 2.0 2,810+ 2.4%10*
celery, lettuce
Legumes
Peas, beans 4.3*%107 1.5 6.7%10° 4.8%10+
Fruit vegetables
Tomatoes, cucumbers, 9.4%10° 15 8.5%10° 7.9%10*
pepper, aubergine
Tuber plants
Potato 1.3%10! 2.0*10"! 9.9%10* 9.1*%10*
Beet and carrot (roots) 1.3*10" 1.3 1.7*103 8.6%10

In preparing materials of complex survey the following values of average specific
radionuclide activities in soils (0-5cm layer) of the studied area were used: for *’Cs — 18,
for *Sr — 6, for 2°"2*Pu — 6.5, for 2*'Am — 1.1 Bg/kg. These values were used in calculations
of radionuclide concentrations in crop products. As coefficients of radionuclide transfer
into vegetables were obtained for the soil layer of 0-20cm (except steppe motley grass) [1],
radionuclide specific activity was calculated in the 0-20cm soil layer. The obtained average
values of soil specific activity (0-20cm layer) were: for '*7Cs — 4.6, for **Sr — 1.8, for #°2*Pu
— 1.6 and for ' Am — 0.3 Bq/kg.

The values of radionuclide concentrations in crop products were calculated for dry
mass of crop products, therefore to recalculate them for wet mass the data on percentage
content of dry mass in plants given in the IAEA materials [28] were used.

The radionuclide concentration is calculated by the formula:

_ %
Cprognos_ stoil>< Ct x 100 ’
where C is the prognosis concentration (Bg/kg);

prognos

C,,; is the average radionuclide concentration in soil (Bg/kg);

Ct is a transfer coefficient;

C,,is concentration of dry substance in the total plant mass (in %).

Table 26 presents the values of calculated radionuclide concentrations in crops products
(per wet mass) in case of their production on the studied area and permissible radionuclide
concentrations in crops products according to SanPiN 4.01.071.03 [33]. Concentrations
of radionuclides *****Pu and **'Am in foodstuffs is not regulated, however, as in NRB-99
(Appendix P-2) the limit of annual intake with food for people is an order of magnitude lower
than the value for *°Sr (¥*24Pu —2.4*10%, ! Am — 2.7*10%, *°Sr — 1.3*10* Bg/kg), and taking
into account their higher radiotoxicity one can assume that their permissible levels will be an
order lower than for *Sr [30]. Permissible levels for 2°2*°Pu and ?*' Am presented in table 26
were obtained from the above calculation.
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Table 26.

Expected radionuclide concentrations in crops products (per wet mass)
in case of their production on the studied area (calculation is based on average radionuclide
concentrations in soil of the studied area)

Type of product 137C:’rognolsm andgg)se:mlsmblle spe;c;gﬁl)z:lctlvnf, Bq/kuglAm
Grain crops
Rye 4.4*10" (70) 2.5%10" (40) 2.2%10° (4.0) 4.1%10° (4.0)
Wheat 4.5*10" (70) 2.5%10°" (40) 6.7%10° (4.0) 4.1*10° (4.0)
Barley 6.9%10"" (70) 2.5%10" (40) 6.7%10° (4.0) 4.1%10° (4.0)
Oats 8.5%10" (70) 2.5%10°" (40) 6.7%10° (4.0) 4.1%107 (4.0)
Fodder crops
Hay (motley grass) 7.7%10°" (74%) 3.6 (111%) 2.2%10 (11.1) 9.4*10° (11.1)
Corn 1.1 (70) 6.1¥10" (40) 4.2*%10°(4.0) 6.8*%107 (4.0)
Leafy vegetables
Cabbage 1.0*10" (600) 4.3*10" (200) 5.5%10° (20) 7.9%10° (20)
Spinach 6.7*102(600) 2.9*%10" (200) 3.7%107 (20) 5.3*10°(20)
Leafy celery, lettuce 5.0*10?(600) 2.1*10" (200) 2.7%10° (20) 4.0%10 (20)
Legumes
Beans, peas | 174101500 |  23(60) | 93*105(6,0) | 1.1*¥10%(6,0)
Fruit vegetables
Tomatoes, pepper, aubergine | 2.6*102 (600) 1.6*10" (200) 8.3*%10 (20) 1.3*10° (20)
Cucumbers 22%102(600) | 1.3*107(200) 6.9*10° (20) 1.1%10° (20)
Tuber plants

Potato 1.3*10" (120) 4.5*10°" (40) 3.4*%10%(4.0) 5.3*10° (4.0)
Beet (roots) 9.7*102 (600) 3.7%10" (200) 4.4*10* (20) 3.8%10° (20)
Carrot (roots) 8.5%107 (600) 3.2*10" (200) 3.9%10* (20) 3.3*¥10° (20)
Note: * — admissible levels for fodder crops (grass, hay) were established by the Ministry of Agriculture of

the Republic of Kazakhstan ("*’Cs — 74 Bq/kg, *Sr —111 Bg/kg) [29].

As a result of studying of area radionuclide distribution in soil cover of the studied
area the zone of elevated specific activity of radionuclides '*’Cs, 2*****Pu and **'Am was
detected. The average values of specific activities in the zone were '¥’Cs — 29, 924py — 22
and *'Am — 3.7 Bg/kg. Table 27 presents the values of prognosis radionuclide concentration
in crop products (per wet mass) in case of their production on the studied area.

Table 27.

Expected radionuclide concentrations in crops products (per wet mass)
in case of their production in the zone of elevated activities of artificial radionuclides
(calculation is based on average radionuclide concentrations in soil)

Prognosis and permissible specific activity, Bq/kg
Type of products 91Cs | 39240py | : MAm
Grain crops
Rye 7.2%10° (70) | 2.2%10% (4.0) | 1.4%102 (4.0)
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Type of products 1371(’:1;0gn0sis and permis:j}:}; Zpeciﬁc activity, qu}fﬁm
Wheat 7.2%10° (70) 2.3%10% (4.0) 1.4¥107 (4.0)
Barley 1.1 (70) 22%10% (4.0) 1.4*107 (4.0)

Oats 1.4 (70) 2.2%10% (4.0) 1.4*107 (4.0)
Fodder crops
Hay (motley grass) 1.2 (74) 7.5%10" (11.1) 3.1%102 (11.1)
Corn 1.8 (70) 1.4%10° (4.0) 2.3*10" (4.0)
Leafy vegetables
Cabbage 1.6¥10" (600) 1.9%10* (20) 2.7%10% (20)
Spinach 1.1¥10" (600) 1.210* (20) 1.8%10° (20)
Leafy celery, lettuce 8.1%102(600) 9.3*10° (20) 1.3%10° (20)
Legumes
Beans, peas 2.7%10" (50) | 3.1%10% (6.0) | 3.8%10" (6.0)
Fruit vegetables
Tomatoes, pepper, 42107 (600) 2.8%10% (20) 4.4¥10°% (20)
aubergine
Cucumbers 3.5%102 (600) 2.3%107 (20) 3.7%10° (20)
Tuber plants
Potato 2.0¥10" (120) 1.1¥107(4.0) 1.8%10 (4.0)
Beet (roots) 1.6%¥10"' (600) 1.5%10° (20) 1.3*10* (20)
Carrot (roots) 1.4*10 (600) 1.3*¥107 (20) 1.1*¥10* (20)

In order to estimate radionuclide concentration in stock-farming products, like in crop
products, transfer coefficients (ratio of radionuclide concentration in stock-farming products
to daily intake with ration) are used.

In prognosis we used C, used in estimation of the STS "northern" territories chosen
on the base of analysis of both literature data and our own investigations [1]. In order to
predict radionuclide concentration we used the highest C, values for different types of crop
products found in literature — for radionuclides *’Cs and *Sr in mutton we used maximal C,
values obtained during STS experiments. For mare’s meat and milk no C, values were found
in literature, so we took C, values used for cattle.

In estimating radionuclide concentration in stock-farming products we took into
account their specific activity in ration and coefficients C, of their transfer from ration into
products. The radionuclide concentration in stock-farming products (€00 is calculated by
the formula:

C,.,=C,. xCt,

prod
where: C_ is radionuclide activity in daily ration, Bg;

C, is the coefficient of radionuclide transfer from ration to 11 (kg) of products.

The average daily intake with the ration was a sum of the following parameters:
radionuclide intake with fodder, intake with soil particles on plants and intake with swallowed
soil from the ground surface.

To calculate radionuclide intake with soil particles on fodder (dust), the amount of
soil particles on plants was determined experimentally. For this purpose, wash-outs from
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the dominant steppe plants (19 wash-outs) were made. The average volumes of soil particles
from 1 kilogram of dry mass for different types of plants were different: for fescue — 10.1g,
for wormwood — 11.6g, wild wheat — 6.2g, feather-grass — 5.1g. As a result, in calculations of
radionuclide intake with vegetation dust we took the average value for motley grass — 8.1g/
kg obtained using all available data.

Daily radionuclide intake with soil swallowed by animals during pasturing was cal-
culated as during pasturing period cattle can intake up to 600kg of soil, sheep and goats can
intake up to 75 kg of soil [34, 35]. Therefore, daily soil intake for horses was 1.78kg, for
sheep and goats — 0.22kg.

Based on the above data and calculated radionuclide concentration in fodder obtained
based on the average values of radionuclide concentration in soil (grassland steppe) and daily
intake of pasture grass [36], the value of daily radionuclide intake by animals was calculated.
The results are presented in table 28.

Table 28.

Results of calculation of possible radionuclide intake by domestic animals on the studied area
(based on the average values of radionuclide concentration in soil)

o & Intake of radionuclides by 1 animal, Bq
=S
2 &0 é % 137C NG
£ £ 23
2 g |52 |£s8|E |£ £ |£,8 |£ |£
B s LE| 228|232 £ |Bg2 _|=Ex|® =
S £ =T | 2= |22 |e 2 |2 528|282 =2
2 £ =5 S2E | ST | =EF = = s S2|E2 |58 =F
S| 2 |z&|E5s|E5|2%| 5 |EEsZ|E5|E° £
_ < T4 | z22 |22l = |Z22£S| 252 S
SL|522|5 |8 | & |E%E & |E
Horse | 350-400 18 13.8 26 | 321 | 486 6.4 09 | 107 | 18.0
Cow 400 16 12.2 23 | 321 | 467 5.7 08 | 107 | 17.2
Sheep | 50-60 25 1.9 0.4 4.0 6.3 0.9 0.1 1.3 2.4
Goat | 50-60 2 1.5 0.3 4.0 5.8 0.7 0.1 1.3 2.2
Poultry | 4-6 0.1* 0.04 - - 0.04 0.03 - - 0.03
Intake of transuranium radionuclides
239+24(}Pu 241 Am
Horse | 350-400 18 4.0 1.0 11.6 | 165 0.2 02 | 2.0 2.3
Cow 400 16 35 0.8 11.6 | 16.0 0.1 0.1 2.0 2.3
Sheep | 50-60 2.5 0.5 0.1 1.5 2.1 0.02 0.02 | 02 0.3
Goat | 50-60 2 0.4 0.1 1.5 2.0 0.02 0.02 | 02 0.3
Poultry | 4-6 0.1* 6.7¥10 - 6.7%10% |  4.1*¥10* - - | 41*10¢
*Note: Daily intake for poultry is given for dry wheat (grain) weight
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Table 29 presents the values of calculated radionuclide concentrations in stock-
farming products in case of their production on the studied area and permissible radionuclide
concentrations in stock-farming products according to SanPiN 4.01.071.03 [33]. Permissible
concentrations of #**?*°Pu and "' Am in stock-farming products were calculated as for crop
products.

Table 29.

Estimated values of radionuclide specific activity in stock-farming products in case of their
(calculation is based on average radionuclide concentrations in soil)

Type of product Estimated concentration, Bq/kg (permissible concentration, Bq/kg)
¥1Cs “Sr | 239:240py HAm
Horse
milk (kumys) 1.12(100) 5.05%102(25) 1.65%10(2.5) 9.63*107(2.5)
meat (horseflesh) 2.48 (160) 1.44*107 (50) 9.92*%104(5.0) 1.15%107°(5.0)
Cattle
Milk 1.07 (100) 4.82%107 (25) 1.60*10* (2.5) 9.48*107(2.5)
Meat (beef) 2.38 (160) 1.38*10(50) 9.59*10 (5.0) 1.13*103(5.0)
Sheep
Milk 4.85%10°" (100) 1.32%10 (25) 2.14*%104 (2.5) -
Meat (mutton) 1.45(160) 2.59*%10 (50) 1.13*104(5.0) 3.20%10°(5.0)
Goat
Milk 7.59*10 (100) 6.02%102 (25) -* 1.95%10(2.5)
Meat 2.80 (160) 6.45%10°(50) - -
Poultry
Meat 5.4 (180) 2.01%107(80) - -
Eggs 2.02%10(80) 2.21*102 (50) - -
Note: * - no estimated values are given as no C, data are available

Table 30 gives possible radionuclide intake by domestic animals in case of their
pasturing in the zone of elevated concentrations of radionuclides *’Cs, 2?***°Pu and **' Am on
the studied area.
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Table 30.

Results of calculation of possible radionuclide intake by domestic animals in case
of their pasturing in the zone of elevated concentration on the studied area (based
on the average values of radionuclide concentration in soil of the zone of elevated radiation)

5 Radionuclide intake by 1 animal, Bq/kg
% 137Cs 239+240Pu 241Am
=z En ’?‘D =0 = = - = 2| o = 2| o
E| ¥ |22 22 |E (2| 22E || (228 |3 |2
g g |22l <5 |2 |=|2|<&8|12 |2 |3|€5|12 | 2|8
o E &% S | E E|E|ES|E |E|E|ES|E g | B
| 5 |SE|EE|2E|2|2|22|5E 2|2|5E|28 2|2
E| & |2p| 28 |E<S|S|F|28|E=c|3|e8lE= 5B
= S | £ £E | E Sz |ESE |E|ls|ES|E | B =
< |2 |28 |z |£|&8|28lz |E|&8|22lz | &5
= FE | a FE|E | & FE|E 8| F
a A E Az aE
Horse [ 350-400 | 18 | 222 | 43 |51.8|782| 13.6 | 3.2 [393(56.0| 06 | 0.5 | 6.6 | 7.7
Cow | 400 16 197 | 38 |51.8(753| 120 | 2.9 {393 [54.1| 0.5 | 0.5 | 66 | 7.6
Sheep | 50-60 | 2.5 3.1 06 | 65101 19 | 04 |49 {72008 |007]08 |10
Goat | 5060 | 2 25 05 | 65[94] 15 [04]49[68]006|0.06] 08 |09

Specific activities of stock-farming products in case of animals’ pasturing in the zone of
elevated concentrations of radionuclides on the studied territory were calculated (table 31).

Table 31.

Estimated values of specific radionuclide activity in stock-farming products in case animals are
pastured in the zone of elevated radiation on the studied area (based on the average values
of radionuclide concentration in soil of the zone)

Type of product

Estimated and permissible specific activity, Bq/kg

137Cg | 2394240y | HIAm
Horse
milk (kumys) 1.80(100) 5.60%10%(2.5) 3.24*%10°(2.5)
meat (horseflesh) 3.99 (160) 3.36%10°(5.0) 3.86*%10°(5.0)
Cattle
Milk 1.73 (100) 5.41%10*(2.5) 3.19%10°(2.5)
Meat (beef) 3.84 (160) 3.25%107 (5.0) 3.80*103(5.0)
Sheep
Milk 7.81*%10°! (100) 7.20%10* (2.5) -
Meat (mutton) 2.33(160) 3.82%10%(5.0) 1.08*10*(5.0)
Goats
milk 7.59*10°! (100) -* 6.55%10¢(2.5)
meat 2.80 (160) - -
Poultry
Meat 5.4 (180) - -
Eggs 2.02*10%(80) - -

Note: * - no estimated values are given as no C data are available
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The investigations have shown that in agricultural products, both crops and stock-
farming products, produced on the STS western territory radionuclide concentrations will
not exceed the established standards in spite of the fact that the most conservative parameters
values were used in calculations.

3. ASSESSMENT OF DOSE LOADS ON LOCAL
POPULATION AND PERSONNEL LIVING AND
WORKING ON THE STUDIED AREA

Economic use of radioactively contaminated areas may cause risk of radiation expo-
sure of local people. The sources of radiation exposure may be radioactively contaminated
environmental objects as well as foodstuffs produced on radioactively contaminated areas.
Artificial radionuclides penetrating into human organism with inhaled air, water and food
additionally contribute to the expected annual effective dose, which characterizes the degree
of radiation hazard of the studied area. To estimate radiation doses we considered all ways of
human exposure and chose those which make a considerable contribution to the annual effec-
tive dose taking into account living conditions, specificity of nutrition and work conditions.
The descriptions of the above conditions formed different scenarios of human activities. Ac-
cording to preliminary estimations the highest risk of exposure of local people arises when
a person lives and works on the studied territory, produces foodstuffs and eats them. Such
a scenario is conventionally called "a farmer with subsistence farming" [37]. This approach
enables to give a conservative assessment of the expected annual effective dose of people
living and working on the STS western territory.

A measure of radiation risk is the expected annual effective dose of artificial radiation,
which must not exceed 1 mSv per year for people according to NRB-99 [30].

In calculations of expected annual effective dose for local people, this work does not
take into account natural radiation including:

external radiation exposure caused by cosmic radiation;

external and internal radiation exposure caused by daughter products of radon and
thoron;

external and internal radiation exposure caused by natural radionuclide in soil surface
layer.

To simplify the estimation of radiation exposure the following assumptions were

made:

» the calculations did not take into account the decrease in the intensity of external
radiation exposure, when soil was covered with snow (winter period) and when
means of individual protection were used;

* the calculations did not take into account changes in air dustiness in different
seasons of the year were not taken into account;

» the calculations did not take into account the increase in the distance from the
ground (1.5-2 meters) and screening by the equipment (for farmer) or horse body
in case of living and working on the STS western territory;

* the calculations did not take into account the internal radiation exposure caused
by drinking water from local wells as the levels of specific activity of artificial

143



Radioecological state of the former Semipalatinsk Test Site and adjacent areas

radionuclides in water is below the detection limits of used devices: for *’Cs,
%Sr it is < 002 Bq/kg, for 2°2%Pu< 0.001, for *H< 15 Bq/kg, which, according
to NRB-99, is 1-3 orders of magnitude below the intervention levels for drinking
water;

* the calculations did not take into account the internal radiation exposure caused

by not-local foodstuffs.

It is supposed that radioactive contamination is distributed uniformly over the area
and exponentially in the soil horizon.

According to NRB-99, the exposure coefficients used to estimate doses when
radionuclides penetrate with air are not subdivided into age groups.

Preliminary estimations of radionuclide concentrations in the surface soil layer on the
studied territory by average values of specific activity give: 2**Pu — 0.1; 2*'Pu — 3.1; 2%*240py
— 6.5 Bg/kg. As exposure coefficients for *'Pu are 24 orders of magnitude lower than
coefficients for 2**?*°Pu for different types of exposure for local people, *'Pu was not taken
into account. Exposure coefficients for **Pu are of the same order as coefficients for 24Py,
therefore in exposure calculations *¥23*240Py jsotopes were used.

As specific activity and exposure coefficients of radionuclides *Tc (0.3 Bg/kg) and
51ISm (1.4 Bq/kg) are 1-2 orders of magnitude lower than specific activity and exposure
coefficients of *Sr, in estimation of radiation exposure the expected contribution of *Tc
and '5'Sm will be less than 1%. Therefore in calculations of expected annual effective dose
radionuclides *Tc and '5'Sm were not taken into account.

3.1. Choice of parameter values

3.1.1. Parameters used in calculations of radiation exposure

The results of investigations of the STS western territory showed that the surface soil
layer contained the following dose-forming artificial radionuclides: *°Sr, '¥’Cs, #823+24°Py and
2 Am. Experimentally determined average values of concentrations of artificial radionuclides
in surface (5cm) soil layer and values for the zones with elevated concentrations of artificial
radionuclides on the studied STS territory are presented in table 32.

Table 32.
Specific and area activity of artificial radionuclides
in the surface soil layer in the STS western part
137Cg | NGy 23812391240pyy | UAm
Average values of specific activity, Bq/kg
18 | 6 6.5 | 1.1
Area radionuclide activity for average values of specific activity, Bq/m?
1,170 | 390 | 429 | 715
Elevated values of specific activity, Bq/kg
29 | 6* | 22 | 3.7
Area radionuclide activity for elevated values of specific activity, Bq/m?
1,885 | 390 | 1,443 | 240.5
Note: * - average values of radionuclide specific activity for all territory are used
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3.1.2. Choice of parameters for annual food intake and expected values of
radionuclide specific activity in products

To estimate internal radiation exposure caused by foodstuffs produced on contami-
nated area, it is necessary to know the volume of annual food intake.

The standards of consumption of the main foodstuffs for different social groups of
population, which make the minimal set of foodstuffs required to provide human life is stated
in the Law of the Republic of Kazakhstan of 16 November 1999 No.474-1 "On Cost of Liv-
ing" [38].

The standards stated in the Law are only averaged quantities for the citizens of Ka-
zakhstan and may differ considerably for different social layers. Therefore to estimate radia-
tion exposure caused by foodstuffs produced on the studied area we took parameters of the
food basket given in [1]. It contains answers of the local people to the following questions:
main characteristics of their household, whether they h ad an orchard garden or not, types of
works done on the STS territory, annual consumption of produced foodstuffs. The results of
questioning showed that the volume and structure of nutrition of local people living on the
STS territory differed from the minimal food basket by a higher fraction of meat-and-milk
products. Based on the results of questioning and living conditions of local people we intro-
duced changes in the standards of intake of the main foodstuffs that can be produced and used
by local people on the studied area.

The values of radionuclide specific activity in stock-farming and crop products were
calculated employing radionuclide transfer coefficients presented in IAEA documents [28].
Based on the transfer coefficients for stock-farming and crop products we calculated expected
specific activities of radionuclides further used to estimate radiation exposure from intake of
artificial radionuclides through food chains.

3.2. A scenario of local inhabitant behavior in the STS western part

In estimating radiation exposure (in case of populating of the STS western part), the
agricultural scenario was considered.

3.2.1. An agricultural scenario

This scenario considers conditions of people life and work on the studied territory.

Farmer’s (shepherd’s) family has four members (adults — a farmer (shepherd) and
housewife, two children — a 1-2-year-old child and a child of 7-12). They eat plant-growing
and stock-farming products produced on the studied territory. The choice of this age
group for children was the fact that the main foodstuffs for a 1-2-year-old child are milk
products, the 7-12-year-old child was considered in terms of inhaled air and consumption
of foodstuffs as a middle link.

Air dustiness in the living premises was considered for all age groups equal to 10”7
kg/m?. The screening (house’s walls) coefficient was taken equal 0.4 [39].

The following types of activities are considered in the agricultural scenario:

The farmer is growing plants and makes hay on the land lot (farm) located not far
from the place where he lives. It is supposed that some part of his working time the farmer
cultivates the land and looks after plants, the rest part of the day he spends in his homestead
land, in the yard looking after domestic animals and at home. The farmer’s exposure is
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calculated in the assumption that he spends 8 hours a day in the open air. Air dustiness
during works in the field and in the homestead is taken equal to 10 kg/m?. The farmer’s
role is fulfilled only by an adult (a man or a woman). During farm works the intensity of
breathing is taken equal to 5.6 m3/h for an adult.

The shepherd goes pasturing at a distance of 10-15 km from the place he lives and
looks after cattle in the stable. His working day, on average, lasts 10 hours in the open
air, the rest time he spends in the house. Air dustiness during pasturing and looking after
cattle is equal to 10 kg/m?, in the house — 107 kg/m?. The farmer’s role is fulfilled only
by an adult (a man).

The housewife (a woman) does house work, works in the homestead and in the yard,
looks after domestic animals. She spends in the open air 8 hours. Air dustiness is taken
equal to 10 kg/m?.

Children of 7-12 spend in the open air (playing) on average 8 hours a day. Air
dustiness is taken equal to 10 kg/m?.

1-2-year-old children spend in the open air on average 4 hours a day. Air dustiness
is taken equal to 10 kg/m?>.

Generalized data on the time spent by people in the open air and in-house are
given in table 33.

Table 33.
Time T spent in the open air and in-house
Factor Units of measurement Inhabitant scenario
Value
2,920 (farmer, housewife)
Hour/year 3,600 (shepherd)

Time spent in the open air 2,020 (child of 7-12)

1,460 (child of 1-2)
5,840 (farmer, housewife)
Hour/year 5,160 (shepherd)
5,840 (child of 7-12)
7,300 (child of 1-2)

Time spent in-house

3.3. Results of estimation of radiation exposure of people living and
working on the studied territory

Estimation of the radiation exposure of people living and working in the "western"
part of the STS territory gave the following results.

The main contribution to the radiation exposure is caused by foodstuffs grown and
produced on the studied territory. The internal radiation exposure caused by inhalation of
contaminated dust particles is 15%, the external radiation exposure from the contaminated
soil surface is 34% of the total annual effective dose (Figure 31).
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Figure 31. a) Contribution of the main ways of farmer’s exposure to the expected annual effective
dose for average values of radionuclide specific activity in the surface soil layer;
b) Contribution of artificial radionuclides contained in foodstuffs grown and produced
on the studied territory to internal radiation exposure

The main contribution to the radiation exposure by radionuclides is made by '*’Cs.
The main contribution to the internal radiation exposure caused by inhalation of radionuclides
is made by 23¥239240py (88 %).

The main dose-forming radionuclides in foodstuffs are '¥’Cs and *Sr. The figure and
the table (figure 31, table 34) present the values of annual effective dose caused by intake of
radionuclides '*’Cs and *°Sr with foodstuffs which can be produced by people using western
part of the STS territory.

Table 34.

Expected effective dose for a farmer and a 1-2-year-old child caused by intake
of the main dose-forming radionuclides '¥’Cs u *’Sr with foodstuffs

Effective dose for average values of specific activity of radionuclides '*’Cs
Product and *'Sr, mSv/year
roduct type Farmer 1-2-year-old child
137Cs 9ﬂsr 137Cs 9OSr
Plant- growing products 1.2:103 3.4:103 24104 1.1-10°
Stock-farming products 7.510°3 7.7-104 24103 7.2:10*

The table shows that the main contribution to the plant-growing products is made by
%Sr, to the stock-farming products — by '*’Cs. The contribution to the effective dose for an
adult in case of intake with foodstuffs is 36% from plant-growing products and 64% from
stock-farming products, for a 1-2-year-old child these figure are 29% and 71%, respectively.
Figure 32 shows contribution of plant-growing and stock-farming products to the internal
effective dose for a housewife and a 7-12-year-old child in case of radionuclides intake with
foodstuffs. The main contribution to the expected effective dose from the stock-farming
products for average specific activity of radionuclides in the surface soil layer is given by
milk products — 50% for an adult and 96% for a 7-12-year-old child.
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Figure 32. Contribution of plant-growing and stock-farming products grown and produced on the
studied area to the internal effective dose for a housewife (a) and a 7-12-year-old child (b)

Calculations of radiation exposure of people living and working on the western part
of the STS territory gave the following results:

According to the agricultural scenario the expected annual effective dose for a farmer
or a shepherd from intake of artificial radionuclides in the conditions of average specific
activity of radionuclides in the surface soil layer does not exceed standards and is equal to
~3.0-102mSv. Radiation exposure of a farmer or a shepherd for elevated values of specific
activity of artificial radionuclides in the surface soil layer will make ~ 5.7-10> mSv. The
main contribution to the radiation exposure is made by the internal radiation exposure from
foodstuffs — 1.3-102mSv.

According to the agricultural scenario the expected annual effective dose from intake
of artificial radionuclides in the conditions of average specific activity of radionuclides in the
surface soil layer will make 2.2:102 mSv for the housewife, 1.9-10>mSv for the 7-12-year-
old child and 1.2-102mSv for the 1-2-year-old child. Radiation exposure in the conditions of
elevated specific activity of radionuclides in the surface soil layer will make 3.9-10>mSv for
the housewife, 3.2-102mSyv for the 7-12-year-old child and 1.9-10mSv for the 1-2-year-old
child. According to the agricultural scenario the main contribution to the radiation exposure
to artificial radionuclides is made by the internal radiation exposure from foodstuffs.

The main contribution of internal radiation exposure from intake of foodstuffs and
external radiation exposure from the contaminated soil surface to the radiation exposure is
made by "*’Cs. Radiation exposure from #2329 Py and **! Am for intake with foodstuffs and
external radiation exposure is less than 1 %.

The above estimations of radiation exposure of people living and working on the
studied territory showed that the expected annual effective dose will not exceed dose limits
and will make less than 3% of maximal permissible values for people (1 mSv/year).

CONCLUSION

In 2009-2010 complex radiological investigations were carried out in the western
part of the former Semipalatinsk Test Site of the total area of 560 km? located in Karaganda
oblast. The subjects of investigations were environmental objects (soil-vegetation cover,
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water and air environment, animals). Additional investigations in 2009-2010 were carried out
with account for radiological investigations done earlier on the territory.

As a result of investigations the following conclusions were made. The presence of
artificial radionuclides in the environmental objects in the western part of the STS territory
is mainly a result of global radioactive fallouts. Nowadays secondary radioactive contamina-
tion of the STS western part may be caused by local radioactively contaminated spots located
on the test sites the "Experimental field" and "4", where radionuclide concentrations in soil-
vegetation cover are comparable with solid radioactive wastes (SRW).

The radionuclide analysis of environmental samples showed that the average concen-
tration of natural radionuclides in soils of the studied area is typical of Kazakhstani soils;
no geochemical anomalies were discovered. The gamma-spectral analysis did not reveal the
presence of any other radionuclides besides *’Cs and **'Am in any sample, in case there
were the radionuclides ®Co and '?Eu, their amount was below the detection limits of used
instrument, which means that they impose no danger on people and the environment. The
radiochemical analysis of environmental samples enabled to determine concentration of such
long-lived radionuclides as **Sr and #**?*°Pu.

As a whole, the Areal distribution of radionuclides *’Cs and °Sr is rather uniform.
An analysis ! Am Areal distribution revealed zones with elevated values of specific activ-
ity. The average values of specific activity of radionuclides '*’Cs and *°Sr in the soils of the
studied area are at the background level of global fallouts. Maximal values of specific activ-
ity of radionuclides '*’Cs and *Sr are below the levels characterizing ecological state of the
area as "relatively satisfactory situation" according to the criteria of soil classification by the
parameter of surface contamination with long-lived products of nuclear tests established by
the Resolution of the RK Council of Ministers of 31 July 2007 "On Approval of Criteria to
be Used to Assess Ecological Conditions of Territories". According to the criteria in terms
of concentrations of radionuclide *°?**Pu in soils the surveyed areas refer to territories with
"relatively satisfactory ecological situation".

Radionuclide concentrations in the vegetation cover of the studied area do not exceed
the values established by the "Temporarily permissible levels of radionuclide concentrations
in the objects of the Ministry of Agriculture of the Republic of Kazakhstan". As a whole,
radionuclide concentrations in the vegetation cover of the studied area are not hazardous
for people, and it can be used for different types of works (including pasturing of domestic
animals) now and for an unlimited period of time in future.

The specific activity of artificial radionuclides in organisms of wild animals inhabiting
in western part of the STS territory is at the acceptable level, even with account for migra-
tion from the nearest STS test sites. Estimated values of radionuclide concentrations in meat
of wild food animals obtained in the investigations are much below the permissible values.
Therefore eating meat of wild animals, the objects of hunting, is not dangerous and will not
cause radiation exposure.

The materials prepared in this investigation enable to estimate radiation characteris-
tics of products that can be produced on the territory of the studied area. Estimated values
of specific activity of artificial radionuclides in plant-growing and stock-farming products
are much lower than the maximal permissible level, even in case of their production in the
zone of elevated values of specific activity of transuranium elements. Therefore the expected
radionuclide concentration in the foodstuffs produced on the studied area will not exceed per-
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missible levels according to Sanitary Rules and Norms No. 4.01.071.03 "Hygiene Require-
ments to Safety and Food Value of Foodstuffs" approved by the Resolution of the Ministry of
Health of the Republic of Kazakhstan No0.447 of 11 June 2003.

The results of investigations enable to conclude that according to the level of radio-
nuclide concentration in ground and surface waters the STS western part can be used for any
type of works without any limitations. Concentrations of radionuclides in waters of the stud-
ied area do not exceed the interference level for population for intake with water and food
according to Radiation Safety Standards (NRB-99). Concentrations of radionuclides in the
air of the studied area are not dangerous for people staying in the area. Radioactive contami-
nation of the atmosphere may be hazardous only for a man directly staying on the territory of
radiation-hazardous objects of the Test Site, and in case there is a large amount of dust in the
air (dust storms, man-made dusting, etc.). At the same time transboundary transfer of radio-
activity beyond the test sites and, moreover, beyond the Polygon territory is insignificant and
not dangerous either now or in future.

Yenostbie oBo3HAEHHA

el rpata CHN
TRANALA JANAZNGA 4aCTH CAN, KaparaHamwckas odn.

rpaaa chinacm
PEKOMEIICRANG K DEpeqEE o x - N

Figure 33. A map of "western" territory recommended for transfer in economic use

A final conclusion on possibility of usage of the studied area for living and working
is based on the estimations of radiation exposure of people who will further live in the area.
Maximal permissible effective dose for man is 1 mSv/year. Estimation of expected radiation
exposure in case of "the worst" scenario "a farmer with subsistence farming" on the contami-
nated area showed that expected annual effective dose per capita would not exceed 0.3mSv,
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which is below the interference level according to Radiation Safety Standards (Appendix 5,
NRB-99).

Therefore the results of estimation of distribution of integral radiation parameters
with account for acting requirements of the RK regulation base show that all studied terri-
tory can be used without any limitations.

A map of the territory recommended for transfer in economic use is given below
(Figure 33).

When a territory is transferred in economic use, one must take into account that in
order to control possible inflow of contaminated ground waters from the places of former
nuclear tests to the ground waters of "western" territories and to detect the initial stage of
any unfavorable tendencies in the development of the ecological situation it is necessary to
organize additional observational hydrogeological posts, whose location is shown in chapter
2.4.3, and to connect them with the unified state monitoring system.
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CCII AYMAFBI «bATBICy» BOJIIT'THIH PA/THOISKOJIOT HAJIBIK AXYAJIbI
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KP ¥A0 Paouayuansik Kayincizoix yHcone IKo102us UHCIMUmYymol,
Kypuamoes, Kazaxcman

Makasana Kaparanapl 0051bIChIHBIH 560 kM2 asiaH merinae opHaiackaH, CeMei ChIHAK TOJIMTOHBI
(CCII) aymarsr 6aTbic OOIiriHiH paJH0IKOIOTHSIBIK aXyaIbIHBIH HOTIDKeIepl yebiHbuFaH. Kopuraran
OpTpa 3MEeMEHTTEPiHiH: KYMAAKTOMbIPAK, Cy HBICAHJAPBI, aya OacceiiHi, eCIMIIK >KAMBIIFBICHI, XKa-
Hyapiap 9JeMiHIH Ka3ipri paaro3KOJOTUSUIBIK axyasbl OaraiaHibl. 3€PTTEIIN JKaTKaH ayMaKThIH
TOIBIPAKTAPBIHAAFbl TaOUFU PAJIUOHYKIMATEPIIH OpTamia Kypambl Ka3aKCTaHHBIH TOIBIPAKTAPHI
YIIiH YWPEHIIIKTI OOMNbIN TaObuIaAbl, KaHAal ga Oip TCOXMMUSUIBIK AyBITKYTap AHBIKTAJIFAH JKOK.
CCII aymarbl Garbic OIITiHIH TaOWFAT OPTACHIHBIH HBICAHIAPBIHIAFBI JKACAH/B PAJIUOHYKIUATED
KypaMbl, HETi3iHEH, ayKbIMIbl PaJHOaKTHBTI Tycyiepre OainmaupicTl. TyraceiMen amranmga, ’Cs
skoHe St paIMOHYKITHATEPiHIH anaH OOMbBIHIIA Tapanybl XKETKUTIKTI Teric. *'Am anaHabIK Tapaiy-
BIH TaJay Ke3iHje THeCciIi OeJICeHaUTIKTIH )KoFapbl MaHaepi Oap aiiMakTap aHbIKTauabl. ’Cs jxoHe
%St paIHOHYKIUITEPIHIH THECLT OeICeH UTrHIH MaKCUMAIIbl MOHIEP] ayMaKThIH KOJOTHSLIBIK
JKaFIaibIH "'CcabICTBIPMalIbl KaHAFaTTaHAPIIBIK JKaFAail" peTiHae CUIaTTalThIH ACHICHIICPICH TOMEH.
3eprrenred aymakrap »2°Pu paanoHyKIHATEPiHIH TOMBIPAKTAFbl KYPaMbl GOMbIHIIA "SKOIOTHSIIBIK
CaJIBICTBIPMAJIBl KaHAaFaTTAHAPJIBIK JKaraail" Gap aymakrapra jxarajbl. PaJHOHYKIMATEPIIH OCIMIIK
JKAMBUIFBICHI, Cy JKOHE ayaJaFbl KypaMbl, COHIAW-aK jXaHyap JKOHE OCIMIK TEeKTeC a3bIK-TYIIK
TaraMJapbIHarbl KYTUIETIH KypaMbl payaibl JIeHICJIeplieH Kol ToMeH. PaauoHyKIHITepiHiH
KypaMbl Typallbl JCpPEKTEH HETi3iHAe TaOWFaT OopTachkl HBICAHIAPHI MEH a3bIK-TYJIK TaraMmIapblHja
TYPFBIHIAPIBIH J03aNbIK JKYKTeMeciHne Oaranay jkacannapl. "JlacTanraH aymak IIEKTEpiHIE TaOWFH
[IapyalbUIbIK KYPri3eTiH ¢hepmep" ClieHApUiliHIH «aca HaIlapy Karaaibl Ke3iHIe KYTUICTIH KbUIIBIK
Trimzi 1o3a 0ip amamra 0,3 M3B acnaiisl, Oy Pagmanusuislk Kayinci3aik HopMaiapblHa coiikec apaa-
Cy IeHreiineH TeMeH 00ibin Ta0biTa 6. COHBIMEH, KYPTi3iIreH KeleH i 3eprreyiaep Hotmwkecinae KP
HOPMAaTHBTIK 0a3aChIHBIH KOJIJaHBICTAFbI TaJalTapblH €CKePEe OTBIPHII, OAPIIBIK 3ePTTEIreH ayMaKThl
HICKTEYCi3 Maiinananyra OOJaIbl.

ATtanFaH 3epTTEylep JKepiepAl aphl Kapail HIapyallbUIBIK aifHanbiMfa Oepy MakKcaThIHIA
KYPTrizimi.

Tyitin co30ep: SAPONBIK CBIHAKTAP, PaIHOIKOIIOTHS, PAJHOAKTHBTIK JIACTAHY, PaJlHOHYKIIUI-
Tep, ©CIMIIIK )KaMBUIFBICHI, CyTaiilalaHy HbICAHAAPbI, TOPTIIl CLEHAPHIAl, T03aIIBIK )KYKTEMeIep.
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PAJTHOAKOJIOTHYECKOE COCTOAHHE «3AITAJHOH» YACTH
TEPPUTOPHH CHIT

Crpuapuyk FO.I'., AiinapxanoB A.O., 'enoBa C.B., Kamupckuii B.B.,
Kynay3oaeBa A.A., Jlapuonosa H.B., Maramesa P.1O.,
Manunknii A.B., Cyo6otun C.b., Tonoposa A.B., ToneBuukas O.B.,
SlkoBenko 10.10., Jlykamenko C.H.

Hucmumym paouayuonnoii 6e3onacnocmu u yxonozuu HAI[ PK,
Kypuamoes, Kazaxcman

B craree mpescraBieHsl pe3yibTaThl PaJM0IKOTOTHYECKUX HCCISIOBAHUN 3aragHoil 4acTh
Teppuropun CeMHITIaIaTHHCKOTO nctsltarensHoro nonurona (CUIT), pacrionoxennoi B mpenenax Ka-
paraniMHCKo# obnactu Ha womanu 560 km?. OLeHeHO COBPEMEHHOE PaIH0IKOIOTHYECKOE COCTOSHIE
JJIEMEHTOB OKPY’KaloIIei Cpebl: MOYBOIPYHTOB, BOIHBIX O0BEKTOB, BO3AYIIHOIO OaccelHa, pacTH-
TEIILHOTO ITOKPOBA, )KUBOTHOTO Mupa. CpeziHee cofepikaHne eCTeCTBEHHBIX PaJHOHYKIIHIOB B TOYBAX
HCCIIelyeMO TEePPUTOPUH SBISETCS THITMYHBIM Ut TouB KazaxcraHa, KakuX-muO0 reOXHMUYECKHX
aHoMaJnii He BbIsBIIeHO.CoepiKaHue HCKYCCTBEHHBIX PaJHOHYKIHIOB B 00BbEKTaX HPHPOITHOM Cpeibl
3anagHoi gactn teppuropun CUIT 06ycioBieHo, B 0OCHOBHOM, NIOOATBHBIMH PaJHOAKTHBHBIMH BBITIa-
neHusiMu. B menom, pacnpeaenenue paaunonykanaoB ¥’Cs u *°Sr 1o miomaam 10CTatouHo paBHOMEp-
Hoe. [Ipy aHasM3e MIOIAAHOTO pacipeaeieHus 24 Am BbIsBICHBI 30HBI C MOBBIIICHHBIMU 3HAYCHHSAMU
Y/CIBHOI aKTUBHOCTH. MaKcHMasIbHbIC 3HAYCHHS! YACIBHON aKTUBHOCTH pauoHykiuaoB *'Cs u *Sr
HIDKE YPOBHEH, XapaKTePU3YIOIIUX 3KOIOTHIECKOe COCTOSHUE TEPPUTOPHI Kak "OTHOCHUTENBHO YII0-
BIIETBOpHTENbHAS cuTyanus". OOcie10BaHHbIE TEPPUTOPUH IO COEPIKAHUIO B ITOYBAX PAIHOHYKIH-
JI0B 23*24Py OTHOCSITCSI K TEPPUTOPHSM C "OTHOCHTEIBHO YIOBJICTBOPUTEIBHO 9KOJOTHYECKON CHTYa-
mueit". CoxepxaHue palloHyKIHIOB B PACTUTEIBHOM ITOKPOBE, BOJIE U BO3ILyXe, & TAKXKE OXKHIAEMOe
coziep)KaHKe B IPOIYKTaX MUTAHHS )KUBOTHOTO U PACTUTEIBHOTO MPOUCXOXKICHUS 3HAYUTETEHO HIKE
JIOIyCTUMBIX ypoBHel. Ha ocHOBaHNY TaHHBIX O COAEPKAHUN PAAUOHYKINI0B B 00BbEKTaX IPUPOIHON
Cpesl ¥ IPOAYKTaX MUTaHMs ObliIa CAeNaHa OLEHKA J030BBIX HArpy30K Ha HaceneHue. [Ipu ycnosun
"Hauxyzmero" ciueHapus "Gepmep, BEAYIINI HATYpaTbHOE XO3SMCTBO B MpeIeax 3arpsA3HeHHOM Tep-
purtopun", oxugaemas rogosas 3hGeKTHBHAS J103a Ha deraoBeka He mpeBbIcuT 0,3 M3B, UTO ABISETCS
HIDKE YPOBHSI BMEIIATENbCTBa, cortacHo Hopmam pannanmonHoit 6e3omacHocT. TakuM 00pazoM, 1o
pe3ysbTaTaM MpOBEACHHOIO KOMILIEKCHOTO OOCIISJOBAHUS, C Y4ETOM CYIIECTBYIOIIUX TpeOoBaHHN
HopMaruBHOH 6a3bl PK, Bcst o0cienoBaHHas! TEPPUTOPHS MOXKET UCIIONB30BATHCSI 0€3 OrpaHIICHHH.

JlanHble Hccae0BaHus IPOBEIEHBI C LIENbIO JalbHENIIeN Tiepeiaun 3eMellb B XO351iICTBEHHBIN
000poT.

Kniouesvie cnosa: sipepHble UCTIBITAHUS, PAJANOIKOIOTHS, PAIHOAKTUBHOE 3aTrpSI3HEHNUE, PajIi-
OHYKJIHBI, PACTUTEIBHBIN MTOKPOB, OOBEKTHI BOJIOMONB30BAHNUS, CIIEHAPUIl MOBEICHNS, 1030BbIC Ha-
IPY3KH.
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RADIONUCLIDE CONTAMINATION OF SHAGAN RIVER
(2010 RESULT)

Genova S. V., Lukashenko S.N., Aidarkhanov A.O.

Institute of Radiation Safety and Ecology NNC RK, Kurchatov, Kazakhstan

The study of contamination with radionuclides continued in 2010 at Shagan river bed and its
tributary Ashchisu. We examined the bed from the southern to the northern boundary of the STS. Data
were obtained on the content of artificial radionuclides, salinity of waters in the river. Specific activity
of *H in the bed waters in the area with the highest concentrations is for an order of magnitude lower
than the values recorded in 2009. The numerical values for *H specific activity in the surface waters
are recorded throughout the Shagan River to its confluence with Irtysh River. Specific activity of °H in
Shagan River and its tributary Ashchisu down to "Atomic" Lake is below the detection limits. Specific
activities of ¥’Cs, 2*"2*Pu throughout the studied Shagan river bed are below the detection limit of the
instrumentation used.

Ashchisu River shows high salinity and belongs to salty waters. The values of salinity are stable
throughout the investigated bed.

Keywords: tritium, radionuclide contamination, Atomic Lake, specific activity, salinity, ground-
water, bed water.

INTRODUCTION

The main pathway for tritium contamination in the bed of Shagan River is its migra-
tion with groundwater. The main area of groundwater discharge is between 4 km and 5 km
from "Atomic" Lake, which is characterized by maximal specific activities of tritium. All the
investigated beds are characterized by sharp fluctuations of both salinity indicators, as well
as specific activity of trittum. The increase in specific activity of tritium after the minimal
one evidences about migration of tritium with groundwater, flowing to the surface over the
bed. Based on the specific activity of tritium and salinity one can state that there are several
of these areas over the bed. The radionuclides *’Sr, '¥’Cs, 24Py, 2! Am and '?Eu get to the
river bed waters most likely as result of washing-out of coastal soils and sediments.

At the moment there is a considerable amount of research data on Shagan River wa-
ters on the section from "Atomic" Lake up to 12 km. Before "Atomic" Lake, Shagan River
and its tributary Aschisu hardly been studied for radionuclide and chemical composition.
Also there is insufficient data on the composition of Shagan River waters over the bed to the
confluence with Irtysh River.

The purpose of this paper is to study the bed waters of Shagan River from "Atomic"
Lake to the confluence with Irtysh River, and determination of radionuclide contamination
throughout the bed, both before and after "Atomic" Lake. To study situation changes over
time it is necessary to monitor the tritium content in the area of its maximum.

159



Radioecological state of the former Semipalatinsk Test Site and adjacent areas

1. EXPERIMENT

All studies were carried out during the year 2010. The field studies included visual
inspection of the facilities; assessment of flow rates at selected points; water sampling for
laboratory studies. The laboratory testing of water samples included determination of artifi-
cial radionuclides — *H, *°Sr, 1¥’Cs, 2¥*240Py, 2! Am and *’Eu; determination of total salinity.

1.1. Sampling procedure

1.1.1. Shagan River and Aschisu River up to "Atomic'" Lake

Aschisu and Shagan rivers up to "Atomic" Lake were sampled on sections of the bed
from the STS boundary up to "Atomic" Lake. Distance between the sampling points was
about 2 km, but in some areas the sampling points were displaced along the river from the
planned ones due to insufficient amount of water in the bed. The sampling points along Sha-
gan river bed and Aschisu river bed up to "Atomic" Lake are shown in Figure 1.

Legend
* Water sampling points STS boundaries
] Boundaries of *Balapan” site

Figure 1. Sampling points along Shagan river bed and Aschisu river bed up to "Atomic" Lake

1.1.2 Shagan River after "Atomic' Lake

The sampling points on the Shagan river bed area after "Atomic" Lake were selected
based on survey data from previous years. Up to 12 km from "Atomic" Lake, in areas with the
highest tritium contamination the spacing between the sampling points ranged from 100 m
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to 200 m. Between the STS boundary and Irtysh River the samples along the riverbed were

taken at intervals from 1 km to 5 km. Water sampling points along the Shagan river bed after
flowing from "Atomic" Lake are shown in Figure 2.

Irtysh River

YcnosHbie 06o3HaYeHHA
a'-. 5TS boundaries

) Boundaries of “Balapan” site
O3 Lake

*  Sampling points

Flow rate measurement site

Figure 2. Water sampling points along the Shagan river bed after flowing out from "Atomic" Lake

1.2. Sampling

Sampling was carried out during the entire field season from April to November. All
samples were placed into sealed plastic containers.
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Sampling to determine specific activity of tritium

The samples for tritium determination were taken in volume of 0.2 litres, according to
the ST RK GOST R 51592-2003 "Water. Basic requirements for sampling ".

Sampling to determine specific activity of the radionuclides *’Sr, '’ Cs, 3**2*Pu, **! Am
and ’Eu

The samples to determine *°Sr, 1*’Cs, 2***2*Pu were taken in volume of 10 litres. The
samples to determine **'Am and '?Eu were taken in volume of 100 litres. The samples to
determine *°Sr, ¥7Cs, 2*240Pu, 2! Am and '*’Eu were filtered immediately after sampling and
preserved by nitric acid (high purity) at a rate of 3 ml per 1 litre of sample.

Sampling to determine total salinity

To determine the total salinity the water samples were taken at 1-liter volume,
in accordance with the ST RK GOST R 51592-2003 "Water. Basic requirements for
sampling".

Immediately after sampling the samples were transported to the laboratory for further
research.

1.3. Determination of radionuclide composition

Determination of tritium

’H was determined by liquid scintillation spectrometry at f-spectrometer TriCarb-
2900 TR according to ISO 9698/1989 [2].

Determination of *’Sy, ¥’Cs, #**?*'Pu, *' Am and 'Eu

%Sr, 7Cs, #9"2%Pu were determined by spectrometric methods after radiochemical
separation [3] from the pre-concentrated precipitation of salts — co-precipitants with radionu-
clides. *°Sr was precipitated with calcium carbonate, *’Cs - with copper hexacyanoferrates,
2391240py - with iron hydroxide (IIT) [4]. 2! Am and '**Eu were determined after pre-concentra-
tion with hydroxide to iron (III) according to the developed internal methodology for concen-
tration. Specific activities of 1*’Cs, ?*' Am and *?Eu were measured on y-spectrometer ORTEC
GMX 20P4. Specific activity of **Sr was measured in accordance with the method [5] using
beta-spectrometer TriCarb-2900 TR. Alpha-spectrometric measurements of 2**2°Pu specific
activities were performed on a spectrometer Canberra.

1.4. Determination of total salinity

Thetotal salinity was determined by gravimetric method according to GOST 26449.1-85
"Methods for Chemical Analysis of salt water". The method consists of evaporation and
annealing of the water samples to dryness followed by determination of its mass.

1.5. Determination of watercourse flow rate

To measure the water flow at section 4.7 km from "Atomic Lake" the riverbed was
partitioned off with special boxes so that water flowed only over the box. We measured the
depth of flow at the beginning and end of the box - H, and H, (in meters), and calculated the
mean value. We had a float to run through the box and timed its passage t(c). This procedure
was repeated several (3-5) times. The average flow velocity (m/s) was calculated by the
formula V, = L/t , where L - length of the box (m). The watercourse flow rate (m?/s) was
calculated by the formula Q =S_*V_.
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2. RESULTS

2.1. Studies of Aschisu River waters up to "Atomic Lake"

2.1.1. Radionuclide composition

Study results of the radionuclide composition in Aschisu River waters are presented
in Table 1.

Table 1.
Specific activity of radionuclides in Aschisu River waters
#H Sampling SamP ling °H, Bq/kg ¥Cs, Bq/kg *Sr, Bq/kg | 2****Pu, Bq/kg
place point
1 | Aschisu River T1 <8 <0.01 0.027+0.007 <0.0007
2 | Aschisu River T2 <8 <0.02 0.15+0.01 -
3 | Aschisu River T3 <7 - - -
4 | Aschisu River T4 <7 - - -
5 | Aschisu River T5 <8 <0.01 0.049+0.008 <0.0008
6 | Aschisu River T6 <8 - - -
7 | Aschisu River T7 <7 <0.01 0.103+0.006 -
8 | Aschisu River T8 <8 - - -
9 | Aschisu River T9 <7 <0.01 0.054+0.005 -
10 | Aschisu River T10 <7 - - -
11 | Aschisu River T11 <8 <0.01 0.041+0.005 -
12 | Aschisu River T12 <7 - - -
13 | Aschisu River T13 <7 <0.01 0.039+0.006 <0.0007
14 | Aschisu River T14 <7 - - -
15 | Aschisu River T15 <7 <0.01 0.065+0.006 -
16 | Aschisu River T16 <7 - - -
17 | Aschisu River T17 <7 <0.01 0.021+0.005 <0.0007
Salinity
Mean values of total salinity for Aschisu River waters are shown in Table 2.
Table 2.
Total salinity of Aschisu River waters
i Sampling Salinity 4 Sampling Salinity a4 Sampling Salinity
point mg/dm? point mg/dm’ point mg/dm?
1 TI-A 22480+200 7 T7-A 22000200 13 T13-A 22480+200
2 T2-A 22440+200 8 T8-A 21720+200 14 T14-A 22520+200
3 T3-A 22440+200 9 T9-A 217204200 15 T15-A 22400200
4 T4-A 22240+200 10 T10-A 21400+200 16 T16-A 22280+200
5 T5-A 22200+200 11 T11-A 21840+200 17 T17-A 19760+200
6 T6-A 22040+200 12 T12-A 23560+200
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2.2. Studies of Shagan River waters up to "Atomic Lake"

2.2.1. Radionuclide composition

Study results of the radionuclide composition in Shagan River waters up to "Atomic
Lake" are presented in Table 3.

Table 3.
Specific activity of radionuclides in Shagan River waters up to "Atomic Lake"
H## Sa:ll:cling Sa;‘)[i)lllitng *H, Bq/kg | “Cs, Bq/kg | °°Sr, Bq/kg zmmi‘g” Ba/
1 Shagan River Tl <7 - - -
2 Shagan River T2 <7 - - -
3 Shagan River T3 <7 <0.01 <0.0083 <0.00067
4 Shagan River T4 <8 - - -
5 Shagan River TS5 <7 <0.01 <0.0084 -
6 Shagan River T6 <7 - - -
7 | Shagan River T7 <8 <0.02 0.01£0.005 <0.00076
8 Shagan River T8 <8 - - -
9 Shagan River T9 <7 <0.01 <0.008 -
10 | Shagan River T10 <8 - - -
11 | Shagan River T11 <8 <0.01 <0.008
12 | Shagan River T13 <8 <0.01 <0.008 <0.00058
13 | Shagan River T14 <8 - - -
14 | Shagan River T15 <7 <0.01 <0.008 -
15 | Shagan River T16 <7 - - -
16 | Shagan River T17 <7 <0.01 0.018+0.003 <0.00067
17 | Shagan River T18 <8 - - -
18 | Shagan River T22 <8 - - -
19 | Shagan River T23 <8 <0.01 <0.0055 -
20 | Shagan River T24 <9 - - -
21 | Shagan River T25 <8 - - -
22 | Shagan River T26 <8 - - -
23 | Shagan River T27 <8 - - -
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2.2.2. Salinity
Total salinity values are given in Table 4.
Table 4.

Total salinity of Shagan River waters before confluence with "Atomic Lake"

4 Sampling Salinity, 4 Sampling Salinity, 4 Sampling Salinity,
point mg/dm’? point mg/dm? point mg/dm’?
1 T1-CH 2600+20 6 T6-CH 3880+40 11 T11-CH 2200+20
2 T2-CH 2400+20 7 T7-CH 3560+30 12 | T13-CH 2760+20
3 T3-CH 2180+20 8 T8-CH 3580+30 13 | TI14-CH 4620+40
4 T4-CH 3120+30 9 T9-CH 3420430 14 | T15-CH 5629+50
5 T5-CH 3260+30 10 | T10-CH 3480+30 15 | Tl16-CH 5020+50

2.3. Study of Shagan River waters after flowing
out from "Atomic Lake"

2.3.1. Flow rate

The bed water flow rate compared to previous years has increased by an order of mag-
nitude. The mean value of the flow rate in 2009 was 130 1/min, in 2010 — 1,500 I/min. In this
connection, an increase should be expected in radionuclides proliferation rate along the river
against the general decline in the specific activity of radionuclides due to dilution.

2.3.2. Radionuclide composition

Figure 3 shows distribution of tritium specific activity in the waters of Shagan River
along the channel from "Atomic Lake" up to confluence with Irtysh River (there was no
water in the river bed between 53 and 82" km from "Atomic Lake").

Maximal concentrations of trittum specific activity are recorded at section 4.7 km
and are 54 kBq/kg. Specific activity of trititum changes abruptly. Of particular interest is
the fact that the numerical values of tritium specific activity in surface waters are recorded
throughout Shagan River up to the confluence with Irtysh River.

According to our studies, the levels of trititum specific activity are significantly
different from the levels recorded in previous years.

In general, tritium specific activity in the water of the area with the highest values is
for an order of magnitude lower than that in 2009. This is probably due to the large influx of
meltwater. The flow rate of the bed water has increased by an order compared to previous
years. The meltwater inflow into the bed caused significant dilution and this resulted in
recording of lower tritium specific activity in comparison with the past studies.

Starting from 20 km down "Atomic Lake" there is a trend to a decrease in tritium specific
activity in the waters of the bed, and from 80 km down "Atomic Lake" to the confluence of
Shagan River with Irtysh River tritium specific activity is 200 Bq/kg in average.
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Figure 3. Distribution of tritium specific activity and total salinity in the waters of Shagan River

In 2010 specific activity of trittum was monitored in the area of its maximum
(Figure 4).
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Figure 4. Tritium specific activity at its maximum (4.7 km from "Atomic Lake")

Spocific activity of tritium. Bakg

The monitoring found that *H specific activity throughout the study period is for an
order lower than that last year. At that, the content of *H at one point during the year can vary
quite significantly from 15 kBg/kg to 54 kBq/kg. It was also found that the concentration of
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H is in direct relation with the watercourse flow rate. The higher flow rate is, the smaller
°H activity is. It should also be noted that distribution of *H in the river bed depends on the
flow rate of the watercourse, i.e. in the flood period the determined concentration of *H can
be observed at very large distances from the point of maximum, up to the confluence with
Irtysh River.

According to the studies, specific activities of '3’Cs, 2*2Py are below the detection
limits of the methods used. **Sr was detected in several water samples taken up to 6 km from
"Atomic Lake", that is due to wash-out of radionuclides from the sediments (Annex 1).

2.3.3. Salinity

Total salinity in Shagan River waters after flowing out from "Atomic Lake" is given
in Table 5 and Figure 3.

Table 5.

Total salinity in Shagan River waters after flowing out from "Atomic Lake"

4 Sampling Salinity, " Sampling Salinity, " Sampling Salinity,

point mg/dm® point mg/dm® point mg/dm®
1 T-6km 9880+100 | 19 T-28km 3840+30 37 T-91km 5200+50
2 T-7km 10200+100 | 20 T-29km 4040+40 38 T-92km 5240+50
3 T-8km 10120100 | 21 T-30km 2220420 39 T-93km 2760430
4 T-9km 10280£100 | 22 T-31km 5160+50 40 T-94km 4240+40
5 T-10km 10440£100 | 23 T-35km 2120420 41 T-95km 4480440
6 T-11km 10720100 | 24 T-36km 3160+30 42 T-96km 4200440
7 T-12km 10640100 | 25 T-47km 7320+70 43 T-97km 3160+30
8 T-13km 10960+100 | 26 T-50km 9720+100 | 44 T-98km 3852440
9 T-14km 10160+100 | 27 T-51km 9840+100 | 45 T-99km 3320+30
10 T-15km 10640+100 | 28 T-52km 9120+90 46 | T-100km 1620+15
11 T-16km 10800100 | 29 T-53km 3880+40 47 | T-101km 3920+40
12 T-17km 11000+100 | 30 T-84km 5600+60 48 | T-102km 3720+40
13 T-18km 11040£100 | 31 T-85km 5120+50 49 | T-103km 3600+40
14 T-19km 9200+90 32 T-86km 5960+60 50 | T-104km 3760+40
15 T-20km 9400+90 33 T-87km 5600+60 51| T-105km 4080+40
16 T-21km 15120+150 | 34 T-88km 5600+60 52 | T-106km 3680+40
17 T-22km 4680+40 35 T-89km 5600+60 53 | T-107km 3400+30
18 T-26km 5440+50 36 T-90km 5480+50 54 | T-108km 3320+30

Concentrations of '¥’Cs, 2***24Py in the bed waters are below the detection limits. The
content of *°Sr varies from 0.03-0.15 Bq/kg.

Waters of Aschisu River have a high salt content and refer to the salty waters. Salinity
throughout the investigated area varies slightly.

Concentrations of *H, *’Cs, »*2%'Pu in the bed waters of Shagan River up to the
confluence with "Atomic Lake" are below the detection limits of the measuring equipment.
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The content of *Sr in the majority of points is also below the detection limit, but numerical
values were obtained in two samples of water about 0.01 Bg/kg.

The total salinity says that the high salt content comes to Shagan River with the waters
of Aschisu River.

DISCUSSION OF RESULTS

The investigations in 2010 revealed that *H specific activity in the waters of Shagan
River and its tributary Aschisu to "Atomic Lake" is below the detection limits of the
instrumentation used, which indicates that the tritium contamination enters Shagan River
bed after flowing from "Atomic Lake". *H specific activity in bed waters in the areas with the
highest concentrations is for an order of magnitude lower than the concentrations measured
in 2009. This is probably due to the large dilution of meltwater in spring - summer period in
2010. The numerical values of *H specific activity in surface waters are recorded throughout
Shagan River up to confluence with Irtysh River. Starting from 80 km and down from "Atomic
Lake" to the confluence of Shagan River with Irtysh River specific activity of *H is 200 Bq/kg
in average. After the 80km, there is a slight increase in the specific activity of tritium in the
waters of the river starting from 80" km and downstream, which is not typical at proliferation
with surface waters from the source of contamination located upstream.

The specific activity of *°Sr in the waters of Shagan River and Aschisu River before
falling in "Atomic Lake" is in the range 0.01-0.03 Bq/kg. The specific activities of ¥’Cs, 23
*240Py throughout the studied bed of Shagan River are below the detection limits of measuring
equipment. High salinity of Shagan River is caused by large amounts of soluble salts which
come with the waters of the right tributary of Aschisu River, as the salinity of Aschisu River
is several times higher than the salinity of Shagan River.

The salinity level throughout the bed of Aschisu River changes slightly, the salinity of
Shagan River after "Atomic Lake" changes in a wide range.

CONCLUSION

Tritium contamination gets into Shagan River after "Atomic Lake". Since 80 km after
"Atomic Lake", the specific activity of tritium in the water increases, there is another inflow
of groundwater contaminated with tritium. In this case the hazard of tritium contamination in
Irtysh River is much higher than it was previously thought.

Waters of Shagan and Aschisu have *°Sr, this is due to wash-out of radionuclides from
the sediment. In the future, dynamics of strontium contamination levels needs to be studied
in the waters of Aschisu and Shagan rivers. No radionuclides '¥’Cs, 2?*?*Pu in the waters
Shagan and Aschisu rivers were detected due to high dilution of the bed waters with melt
waters and related decrease in the specific activity of radionuclides as compared with the
previous years.

The entire set of currently available data allows us to draw up an overall picture of
Shagan River salinity and its tributary Aschisu. In general, the situation is characterized by
the following features: the overall salinity of Aschisu River is several times higher than that
in Shagan River; salinity of Aschisu River is stable throughout the investigated bed, no abrupt
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changes in salinity over the bed are observed, which indicates the absence of groundwater
inflows, salinity level of Shagan River up to "Atomic Lake" changes slightly, but after flowing
from "Atomic Lake" there are sharp fluctuations in the salinity levels, which indicates the
presence of areas with water exchange with ground waters throughout the bed.

In order to predict the spread of radionuclide contamination in the waters of Shagan
River, further research is needed, in particular, continuous monitoring of the channel,
underflow and groundwater, determination of the exact direction of the tritium contamination
proliferation with groundwater.

The authors are thankful to the staff of IRSE laboratory for experimental studies of
transport mechanisms O. N. Lyakhova, A.K. Aidarkhanova, S. V. Korosteleva, N.A. Belykh, L.
V. Timonova, G. V. Borisova, V.A. Ulyankina for assistance in laboratory and field studies.
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HIAFAH 03. CYIAPBIHBIH PAJTHOHYK/TH/ATI TACTAHY JEHTEHI
MEH CHITATBIH 3EPTTEY
(2010 KBITBIH HOTHKEJIEPI)

I'enosa C.B., Jlykamenko C.H., Aiitapxanos A.O.

KP ¥A0 Paouayuansik Kayincizoix yHcone IKo102us UHCIMUmYymol,
Kypuamoes, Kazaxcman

2010 >xbutbl Illaran ©3. MEH OHBIH KYHBUIBICHI OOJAThIH AIIBICY ©3. apHAChIHA 3EPTTEY
skanracTepbuabl. CCIT OoHTYCTIK mIekapachklHaH CONTYCTIK II€KapachlHA AEHIHT1 apHAachl 3€pTTEIIL.
©O3eH cynapbIHAaFel TEXHOTEH I PAAMOHYKINATEP/IH, CyAblH MHHEPAIAaHybIHBIH KYpaMbl OOMbIHIIA
JiepeKTep anbiH/bl. Makcumainisl MoHzepi 6ap TenmiMaeperi apHa cysnapsiaa *H trecini 6encenimiri
2009 xbUIIBIH MoHIEpiHeH Oip peTke TomeH. berki cynmapmarst *H Tuecini GenceHaIriHIH CaHIbIK
monzepi llaran 3. 6oiteiMen Eptic 3. meiiin Tipkeneni. lllaran 3. MEH OHBIH KYHBUIBICHI AIIBICY
03. apHa cynapsingarsl *H Tuecini GenceHaimiri « Atom KesiiHe» jeilin Ta0y IIETiHEH TOMEH JKaThIp.
137Cs, 239+240Pu Illaran e3. 3epTTenreH apHACHIHBIH OYKiJT OOWBIMEH KOJJAHBUIATHIH OMICTEPHIH
Taly LIEKTEPiHEH TOMEH.

AIBICY ©3. CyNlapbIHBIH KYpaMbl )KOFaphl TY3/IbI KSHE TY3/IbI CyJlapFa jkatajisl. MuHepaigany
MOHJIEpi 3epTTeNreH apHa OOMBIMEH TYPaKThL.

Tyttin co30ep: TPUTHIA, paIUOHYKIIH/ITI JacTaHy, ATOM KeJli, THeCiTi OeJICeHIITIK, MUHepaa-
HY, TOIBIPAKACTHI CyJIap, apHAACTHI CyJap.

HCCIEJOBAHUA XAPAKTEPA H YPOBHEH PA/THOHYK/TH/THOI' O
3AI'PA3SHEHHA BO/[ P. IIIAT'AH (PE3YJIBTATHI 2010 I'O/JA)

TI'enoBa C.B., Jlykamenko C.H., Aiinapxano A.O.

Hucmumym paouayuonnoit 6ezonacnocmu u 3konozuu HAIl PK,
Kypuamoes, Kazaxcman

B 2010 roxy 0b110 TIPOAOIIKEHO HccenoBanue pycina p. lllaran u ero npuroka p. Ammcy. O6-
CJIeIOBAHO PYyCIIO OT I0KHOM 70 ceBepHOM rpanunbl CUIL [Tomyuensl jaHHbIE IO COEPKAHUIO B BO-
JlaX PEeKU TEXHOTCHHBIX PaJHOHYKIH/0B, MUHEPAIN3aIMU BOA. YIeNbHas akTHBHOCTb 3H B pycioBBIX
BOJIaX Ha yYacTKe C MAKCUMAaJIbHBIMU 3HAYCHUSMH, Ha MOPsAI0K HIDKe 3HaueHur 2009roxa. UncneHHnrbie
3HAUCHHUS YICITbHOW aKTHBHOCTU 3H B MOBEPXHOCTHBIX BOAAX (PUKCHUPYIOTCS HA BCEM TPOTSHKCHUU .
[aran no Bnanenus B p. Mpteim. YaensHas aktuBHOCTH 3H B Bomax p. Lllaran u e€ nputoka p. Amm-
Cy 0 «ATOMHOTO 03epa» HaXOMUTCS HWKE TPEICIIOB OOHAPY)KCHHUs. YiaenbHas akTuBHOCTH 137Cs,
239+240Pu Ha BCceM MPOTSHKCHNUH UCCIIeI0BaHHOTO pycia p. [llaran Haxomurcst HibKe peenoB oOHa-
PY’KEHHS IPUMEHSEMBIX METOIOB.

Bogbl p. AlIMCy UMEIOT BBICOKOE COJIECO/IEPIKaHUE U OTHOCSTCS K COJICHBIM BOAAM. 3HAYCHUS
MUHEpaIH3alui CTaOWIbHBI Ha BCEM MPOTSKEHHU HCCIICIOBAHHOTO pyclia.

Kurouegvle cnosa: TpuThi, palMOHYKIMIHOE 3arpsi3HEHNE, ATOMHOE 03€po, yAeIbHasi aKTUB-
HOCTb, MUHEpAIU3alUsl, TPYHTOBbIE BOJIbI, PYCJIOBBIE BOJIbI.
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Annex 1.
Specific activities of radionuclides in Shagan River waters

P p— e A e R I
1 Shagan River AL dam <0.01 <0.01 - - -

2 Shagan River AL <0.01 <0.01 - <0.01 <0.01
3 Shagan River 1650m <0.01 0.1£0.01 - - -

4 Shagan River 2590m <0.02 0.1240.01 - - -

5 Shagan River 2770m <0.03 0.06+0.01 - - -

6 Shagan River 3180m <0.02 0.07£0.01 - <0.01 <0.01
7 Shagan River 23/Tm <0.01 0.21£0.01 <0.001 - -

8 Shagan River 5810m <0.01 0.11+0.01 - <0.01 <0.01
9 Shagan River M1 <0.01 <0.01 - - -
10 Shagan River M1/2 <0.01 <0.01 - - -
11 Shagan River M1/3 <0.01 <0.01 - - -
12 Shagan River M22 <0.01 <0.01 - - -
13 Shagan River M23/2 <0.02 <0.01 <0.004 - -
14 Shagan River M24/7 <0.01 <0.01 - - -
15 Shagan River M24 <0.03 <0.01 - - -
16 Shagan River M26/1 <0.02 <0.01 - - -
17 Shagan River M27/6 <0.01 <0.01 - - -
18 Shagan River M29/5 <0.01 <0.01 <0.006 - -
19 Shagan River M31/1 <0.01 <0.01 - - -
20 Shagan River M32 <0.02 <0.01 - - -
21 Shagan River M33/3 <0.02 <0.01 - - -
22 Shagan River M34 <0.03 <0.01 <0.0025 - -
23 Shagan River M35 <0.01 <0.01 - - -
24 Shagan River M36 <0.01 <0.01 - - -
25 Shagan River M37/9 <0.01 <0.01 - - -
26 Shagan River M39/5 <0.01 <0.01 - - -
27 Shagan River M41/1 <0.02 <0.01 - - -
28 Shagan River M43 <0.1 <0.01 - - -
29 Shagan River M47 <0.1 <0.01 - - -
30 Shagan River M78/9 <0.1 <0.01 - <0.01 <0.01
31 Shagan River M78/37 <0.1 <0.01 - - -
32 Shagan River 8km <0.03 <0.01 <0.002 - -
33 Shagan River 9km <0.04 <0.01 <0.007 <0.01 <0.01
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## Sampling place Saml.)ling 137Cs’ 90Sr’ 239+240Pu’ 241Am, ISZEu’
point Bq/kg Bq/kg Bq/kg Bq/kg Bq/kg
34 Shagan River 10km <0.01 <0.01 <0.0018 - -
35 Shagan River 11km <0.04 <0.01 <0.00144 - -
36 Shagan River 12km <0.01 <0.01 <0.00125 <0.01 <0.01
37 Shagan River 13km <0.02 <0.01 <0.00108 - -
38 Shagan River 14,5km <0.04 <0.01 <0.0014 - -
39 Shagan River 15km <0.01 <0.01 <0.00205 - -
40 Shagan River 16km <0.01 <0.01 - - -
41 Shagan River 17km <0.01 <0.01 <0.00184 - -
42 Shagan River 18km <0.03 <0.01 - - -
43 Shagan River 19km <0.03 <0.01 - - -
44 Shagan River 20km <0.04 <0.01 <0.00184 - -
45 Shagan River 21km <0.01 <0.01 <0.00204 - -
46 Shagan River 22km <0.01 <0.01 <0.00487 - -
47 Shagan River 23km <0.01 <0.01 <0.00447 - -
48 Shagan River 24km <0.01 <0.01 <0.0046 - -
49 Shagan River 25km <0.02 <0.01 <0.0048 - -
50 Shagan River 26km <0.01 <0.02 <0.0064 - -
51 Shagan River 27km <0.01 <0.01 <0.013 - -
52 Shagan River 28km <0.02 <0.01 <0.0007 - -
53 Shagan River 29km <0.01 <0.01 <0.0028 - -
54 Shagan River 30km <0.01 <0.01 <0.003 - -
55 Shagan River 35km <0.02 <0.02 <0.00068 - -
56 Shagan River 50 km <0.01 <0.01 - - -
57 Shagan River 55 km <0.02 <0.01 <0.00062 - -
38 Shagan River 60 km <0.01 <0.01 - - -
59 Shagan River 65 km <0.03 - <0.00065 - -
60 Shagan River 70 km <0.01 - - - -
61 Shagan River 75 km <0.01 - <0.00067 - -
62 Shagan River 80 km <0.01 <0.0077 - - -
63 Shagan River 90 km <0.01 - <0.00056 - -
64 Shagan River 95 km <0.01 - - - -
65 Shagan River 100 km <0.02 - - - -
66 Shagan River 110 km <0.01 <0.01 - - -

172




Radioecological state of the former Semipalatinsk Test Site and adjacent areas

VIK 504.4.054:631.432:539.16

MECHANISMS FOR SURFACE CONTAMINATION OF SOILS AND
BOTTOM SEDIMENTS IN SHAGAN RIVER ZONE

Aidarkhanov A.O., Lukashenko S.N., Subbotin S.B., Yakovenko Yu. Yu.

Institute of Radiation Safety and Ecology NNC RK, Kurchatov, Kazakhstan

Shagan River is the only surface watercourse within the former Semipalatinsk Test Site (STS).
Relevant researches in the Shagan River valley were carried out to study possible migration of artificial
radionuclides with surface waters over considerable distances, and thus proliferation into Irtysh River.
The investigations revealed that the radioactive contamination of soil was primarily caused by the first
underground nuclear test with soil outburst, conducted at "Balapan" site in the well 1004. The ground
nuclear tests carried out at "Experimental Field" site and global fallouts made insignificant contribution
to the contamination. The most polluted is the area in the immediate vicinity of the "Atomic" Lake
crater. Contamination at the site is of areal nature. The total area of contamination is limited to 10 —
12 km from the crest of the crater. It was revealed that a good identification parameter to determine
the source of soil contamination is the ratio of plutonium isotopes. The laboratory analyses of bottom
sediments allowed revealing and adjusting the position of the traces from nuclear weapons testing at
"Experimental field" site. The works revealed the virtual absence of artificial radionuclides migration
with surface waters, and fears of a possible cross-border transfer of radionuclides with the waters of
Shagan and Irtysh rivers were not confirmed.

Keywords: nuclear testing, "Atomic" Lake, surface contamination, radionuclides, formation
mechanisms, migration.

1. INTRODUCTION

Shagan River is the only surface watercourse within the former Semipalatinsk Test
Site (STS). It flows along the eastern boundary of the STS and is the left-bank tributary of
Irtysh River. The nuclear tests at STS caused to some extent radioactive contamination in
Shagan River Valley. Herewith there is a hazard of potential radionuclide transport with wa-
ters of Shagan River and radioactive contamination of Irtysh River.

The following factors might affect the formation of radionuclide contamination in the
valley of Shagan River: global atmospheric precipitations, atmospheric fallouts from nuclear
explosions at "Experimental field" site, atmospheric fallouts and outburst of contaminated
rock caused by the excavational explosion in the well 1004, wind-driven transfer and pro-
liferation of radionuclides with surface waters from the zone of soil heaps around "Atomic"
Lake, inflow of groundwater contaminated with radionuclides from the area of the "warfare"
wells.

The most significant contamination of the area was caused by the underground nuclear
explosion with outburst of soil "Chagan" in the well 1004 conducted in 1965 at the conflu-
ence of Shagan and Aschisu rivers. It was the first experimental-industrial test with a goal to
obtain information about the possibilities for using nuclear charges to build water reservoirs
in arid regions of the former Soviet Union, particularly in Kazakhstan. In the soil piles zone,
the explosion caused fallout of 30-40 % of radionuclides from their total generated amount.
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The following long-lived radionuclides were generated: 2***°Pu — 8,5 Ci; ¥’Cs — 800 Ci;
8Co — 80 Ci; ?Eu — 120 Ci; *°Sr — 400 Ci; *H — 4-10° Ci [1].

The previous studies found that the maximal content of radionuclides in the soil is ob-
served within the ground heap area, beyond which they are reduced to the background levels
[2]. The concentrations of artificial radionuclides in bottom sediments and coastal soils are
maximal near "Atomic" Lake and decrease at larger distances; and at distances greater than
10 km the concentrations are comparable to those typical for background of global fallouts
[3]. A typical feature of this contamination is the presence of activation products in the bot-
tom sediment: '?Eu, '*Eu, '*Eu, Co at considerable distances — up to 12 km away from
"Atomic" Lake. In addition, in some areas of Shagan River, the most accessible for water
use, it was possible to detect the isotopes '*’Eu and *'Am in the water. Specific activity of
! Am in average was 2-10° Bq/kg. Specific activity of '?Eu was not more than 3-10* Bg/
kg. Presence of these radionuclides in water at distances of up to 6 km from the alleged con-
tamination source is of concern since Shagan River is a tributary of one of the largest rivers
in Kazakhstan — Irtysh River, and in this case, there is a hazard of cross-border migration of
radionuclides with surface waters.

Presence of multiple sources, non-uniformity of spatial contamination distribution
from each source creates a very complex mechanism for formation of radioactive contamina-
tion of soils in the Shagan River valley. In this connection, the main goal of this research is to
study the mechanisms of contamination and possible proliferation of artificial radionuclides
from the soil heap zones of "Atomic" Lake with the surface waters of Shagan River.

2.  EXPERIMENT

For our purposes we measured levels of artificial radionuclides in bottom and coastal
sediments and soils of Shagan River valley. The contribution to the contamination of Shagan
River soils from atmospheric nuclear tests was assessed by determination of the radionuclides
concentration in the profiles perpendicularly crossing the projected axis of the traces from the
explosion carried out at the "Experimental field" site.

2.1. Soil sampling

The field works included: gridding the soil sampling points and surface sampling
of soils and bottom sediments.Arrangement of sampling points is shown in the figure
(Figure 1).

The sampling points were gridded using a satellite global positioning unit (GPS-
receiver), which allows determining the position of points in the geographic coordinate
system WGS-84. The survey points were positioned in geodetic coordinate system, where:
B — geodetic latitude, L — geodetic longitude (in degrees, minutes and seconds). The accuracy
of determining the coordinates by GPS-receiver is 3-5 meters with a probability of 95%.

The sampling was carried out using a special sampler. The area of the spot sampling
was 100 cm?, the depth was 5 cm. The samples were collected and packaged in compliance
with the requirements for soil sampling in conditions of areal and local contaminations [4].
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Figure 1. Soil and bottom sediments sampling scheme
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2.1.1. Bottom sediments and coastal soils

The bottom sediments were sampled to obtain more detailed picture on the
contamination along the river. The sampling was carried out at the points where Shagan River
flows from "Atomic" Lake before the confluence with Irtysh River with spacing of 1 km. The
distance between the sampling points was determined directly on site considering the river
bends. The bottom sediments were sampled directly from the river-bed. If there was water in
the bed, the samples were placed on a tray for pre-drying. A particular attention during the
sampling was paid to maximal preservation of the samples geometry (5x10x10 cm).

To determine the concentrations of artificial radionuclides in the coastal zone and to
determine the role of the contamination migration with surface watercourses, the coastal soils
were sampled on perpendicular profiles crossing the bed every 10 km from "Atomic" Lake.

2.1.3. Soils

Samples of soils were taken at spacing of 1 km on 5 perpendicular profiles. The
purpose of this sampling was to determine the levels of local precipitation and identification
of areas where the "traces" passed.

In order to obtain data on the ratios of the radionuclides in the epicenter of the
explosion, soil was sampled near the piles of the crater. To obtain the most accurate data and
avoid possible external factors (erosion of the rocks and, consequently, some radionuclides
with water, impact of atmospheric precipitations from other nuclear tests), samples were
taken at points with the highest values of radiation parameters. At that, the sampling was
carried out at a depth of 5-10 cm.

2.2. Laboratory work

Bottom sediments and soils of Shagan River valley were studied in two analytical
laboratories of the NNC RK: the IRSE NNC RK laboratory for radiochemical research and
Environmental Engineering Laboratory of the Institute of Nuclear Physics NNC RK.

All the measurements and analyses of environmental samples were carried out in
compliance with existing state standards, ST RK, normative and methodical documents of
the RK [5, 6,7, 8, 9].

Plutonium isotopes were determined by a-spectrometry method after being separated
radiochemically. Full acid decomposition of the sample was used. To account for the loss of
plutonium, we injected isotope label — 2*?Pu tracer; an a-spectrometric source was produced
by electrolytic deposition. The overall chemical yield of plutonium varied in the range of
30-65%.

In this work we used an alpha spectrometer by Canberra Co. consisting of vacuum
chambers, a-radiation detectors, pulse analyzer and software GENIE2000. The detection
limits were calculated based on the type of sample and measurement time.

The samples for y-spectrometric analysis were prepared in the following sequence:
separation of inclusions (vegetation and stones) from the bulk of soil, drying the sample to
constant weight, sieving the sample through a sieve with a cell of 2 mm in diameter, fraction
abrasion less than 2 mm on a mill to size up to 200 mesh (<0.074 mm), quartering, taking
the batch weight in a vessel of calibrated geometry for measurements. The prepared samples
were submitted for y-spectrometric measurements.

176



Radioecological state of the former Semipalatinsk Test Site and adjacent areas

Gamma-ray spectrometers manufactured by Canberra and Ortec companies, consist-
ing of y-radiation detector based on pure germanium, pulse analyzer and software package
were employed in order to determine the contents of y-emitting radionuclides in the environ-

mental objects.

The relative detection efficiency of the spectrometers used for the analyses is not less
than 20%. The detection limits were calculated based on the geometry of the made prepara-

tions and measurement time (Table 1).

For energy calibration of the spectrometers, a set of standard y-sources was used,
and to calibrate the geometries we used volumetric activity measures of special purpose
(VAMSP) containing the following radionuclides: *’Cs, '*?Eu, **' Am.

Table 1.
Minimal detectable specific activities (MDSA)
Bq/kg
137Cs 241Am lSZEu 154Eu ﬁﬂco 239+240Pu
0.2-3 0.6-3 1-4 1-4 1-4 0.2

3. RESULTS
3.1. Contamination of bottom sediments

3.1.1. Distribution of **'Am, “°Co, "’Eu, **Eu

Distribution of artificial radionuclides in the bottom sediments of Shagan river bed is

shown in the figure (Figure 2).

1 Am, 15Eu, 1, “Co Ba/kg

Distance from Atomic Lake, km

Figure 2. Distribution of artificial radionuclides in bottom sediments

s, Bafkg
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The Figure 2 shows that the contents of all artificial radionuclides are maximal at
the outlet from "Atomic" Lake, which is undoubtedly due to the excavational explosion in
the well 1004. A decrease in the >'Am, “Co, '**Eu, '**Eu activities close to the background
values is at a segment of approximately 12 km from "Atomic" Lake; in the other part of the
bed before the confluence with Irtysh River there are several points where some values not
exceeding 3 Bq/kg were recorded. At that, the radionuclides concentration falls unevenly, but
in the form of several distinct peaks, where the maximal concentration decreases depending
on the distance to "Atomic" Lake.

Given the different migration abilities of the radionuclides, such distribution cannot
be attributed to their migration with surface waters: it can be attributed to the spread of the
radioactively contaminated rocks due to the explosion. To confirm this version, the ratios of
the considered radionuclides in the sediments at the "peak" values and on the crest of the
crater of "Atomic" Lake were analyzed (Figure 3).
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Figure 3. Certain isotopes ratios in bottom sediment samples

The table below (Table 2) presents comparative data on the average ratios of isotopes
in the bottom sediments and soils of the crater crest.

Table 2.
Average ratios of the isotopes
Sampling spot B1Cs ’Eu SEu %Co #Am
Bottom sediments 23.1£6.0 6.7£2.2 2.441.0 2.141.0 |
Crater crest 7.8+£2.5 6.4+2.2 2.2+1.0 1.7£0.9 1
Profile 2 24.946.5 3.8£1.1 2.6+1.1 1.4+0.8 1
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The data shown in the figure (Figure 3) and table (Table 2) confirm the assumption
that the main contamination of bottom sediments of the river bed was directly caused by the
explosion in the well 1004 and to date is well formed, almost unchangeable over time. It can
be assumed that the major release of products from the nuclear explosion occurred exactly in
the north-east direction, as evidenced by the direction of the axis of the explosion trace in the
well 1004, based on archive materials. The resulting pattern of radionuclides distribution can
be the basis for assessment of soil contamination in other directions from "Atomic" Lake.

Accordingto the data shown in the figure (Figure 2), we can conclude that contamination
with artificial radionuclides (activation products) is recorded at a distance of up to 12 km. A
distinctive feature of this contamination is that overall pattern of the artificial radionuclides
distribution does not show the widespread contamination with a monotonously decreasing
concentration. With an overall picture of activity decay according to its distance from the
crest of "Atomic Lake’s" crater at 0.2 km; 1.2 km; 3 km; 5.5 km; 6.5 km; 12 km, among
which no artificial radionuclides were detected.

The assumption of a 12-km influence zone from underground explosion in 1004 is
also evidenced by the results of laboratory testing of the coastal soil samples. Quantitative
values for artificial radionuclides ! Am and *Eu were obtained only at the profile I, which
is 10 km from the crest of the crater (Figure 4).
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Figure 4. Distribution of >! Am and *?Eu in coastal sediments

3.1.2. Distribution of *’Cs

Some other change in the concentrations is attributed to *’Cs, whose presence is
recorded throughout the streambed (Figure 5). Relation of *’Cs to **!Am in the sediments
and crest of the crater is as different as almost 3 times. The areas with elevated concentrations
of ¥7Cs in 13-22, 43-46, 68-72 km from "Atomic" Lake are clearly seen, while in those areas
there are no activation products. The zones with higher concentrations of '*’Cs were probably
formed due to atmospheric fallout after the tests at "Experimental field" site. To confirm the
above assumption, axis traces from the nuclear tests carried out at "Experimental field" site
was applied on the distribution graph of '*’Cs in the bottom sediments.

According to the data presented in the figure (Figure 5), we can make the following
assumptions:

o the peak, located at 12 km, is most likely associated with 7 kt explosion of

25.09.1962, while the width of the trace made by this explosion is in the range
from 8 to 14 km and is about 6 km;
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+ trace axis of the explosion produced on 16.03.1956 and recorded at 20 km has a
slight offset, relative to the concentration peak of *’Cs falling on the 18" km from
"Atomic" Lake, with a trace width of 10 km;

» the peak, located at 44 km is associated with the of 27 kiloton explosion performed
on 24.08.1956 with 8 km trace width;

» the area between 64 km and 72 km has a region with several peaks, but according
to available information at this time, no traces of atmospheric nuclear testing in
this area passed.

1. W o
ORI MA0LI9% 400 W58

2 |

10

Distance from Atomic Lake, km

Figure 5. Distribution of ¥’Cs in the bottom sediments

The results presented in the graph (Figure 5) highlight some features of 1*’Cs distribution
in the bottom sediments. A complete absence of *’Cs (<3 Bq/kg) at some parts of the bed
makes it interesting, despite the fact that the background of global fallout, according to [10]
for ¥'Cs is 4 — 29 Bq/kg. This is, apparently, associated with proliferation of radionuclides
into the soil with infiltration flow. The results obtained, despite the good correlation between
the axes of the traces and peaks of '*’Cs distribution, do not permit a statement about their
relationship. Thus the maximal specific activity of *’Cs in the peak is 35 Bg/kg, which is
quite comparable with the background of global fallout. The peak with '¥’Cs activity, equal to
60 Bg/kg and located at 12 km may well be related to an explosion in the well 1004.
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Figure 6. Distribution of *’Cs in the coastal soils
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Figure 11. Distribution of '*’Cs and **' Am on profile 5

To confirm the hypothesis on the relationship of the peaks of '*’Cs in the bottom sedi-
ments and traces of atmospheric nuclear tests the absolute '*’Cs activities in coastal soils and
sediments (Figure 6) were analyzed. These data helped to assess the possible contents of '*’Cs
in the coastline of the river. To do this, we calculated the ratio of average values of 'Cs_|
specific activity in the coastal soils on the profile to *’Cs, specific activity in the sediment
on this profile.

The data obtained allowed estimating the levels of coastal soil contamination with
137Cs. Thus the ratio of '*’Cs concentration in coastal soils to concentration of '*’Cs in the
bottom sediments ranges from 2 to 35. At that the average value is 7. Thus, we can assume
that the concentration of '*’Cs in coastal sediments in the peak areas could range from 70 to
2,100 Bg/kg, what is well above the background of global fallouts.
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Thus, we can say with confidence that the regions with high concentrations of '*’Cs
in the bottom sediments are associated with the axes of traces passing from "Experimental
field" site.

3.3. Soils

To study soil contamination the specific activities of artificial radionuclides in soils of
Shagan River Valley were determined. The aim of this work was to determine the nature and
mechanisms for formation of radiation environment in the studied area. It was assumed that,
as with the bottom sediment, this area at least had two sources of contamination. They are
excavational underground explosion in well 1004 and global fallouts from the atmospheric
nuclear tests.

Distribution of '¥’Cs and *' Am on the profiles is shown in the figures (Figure 7 - Fig-
ure 11). The orientation of the profiles was taken from south to north. For convenience, while
construction the graph for Profile 2 we used a logarithmic scale.

The results given in Figures (Figure 7 - Figure 11) show that the specific activity of
37Cs is in a wide range of values from 1 to 500 Bq/kg, specific activity of 2! Am changes from
1 to 48 Bg/kg. The peaks of these radionuclides, almost everywhere, change synchronously,
which may indicate the one source of origin. Applying the traces of atmospheric nuclear tests
on the graphics (green solid bar) can explain the origin of peak activities of '*’Cs and 2*' Am.
In some cases with the data obtained, it was possible to correct axes (green dotted line) for
these traces.

Determination of *?Eu, '"*Eu, ®Co activation products showed that the quantitative
values were obtained only in single samples taken in the zone of "Atomic" Lake influence.
The laboratory results are presented in the figure as a contamination map (Figure 12).
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Figure 13. ¥’Cs contamination map

186



Radioecological state of the former Semipalatinsk Test Site and adjacent areas

The data obtained enabled us to conclude that the source of radioactive contamination
with activation product is the underground explosion in the well 1004. In this case the
values obtained were: *?Eu — from 0.5 to 270 Bg/kg, **Eu — from 5 to 100 Bg/kg, ®°Co — up
to 90 Bg/kg.

Using the data obtained, levels of radionuclide contamination of soil, correction of the
axes and width of the traces from ground nuclear testing were determined (Figure 13).

3.4. Contamination with plutonium isotopes

Given the considerable complexity of the traditional methods for determining 3*2*°Pu
(alpha spectrometry with preliminary radiochemical separation), in this study of contamina-
tion with plutonium isotopes we methodologically focused on determining the correlation
between 2*! Am and plutonium. Such an approach is quite common and is fully justified, espe-
cially if there is one source of contamination. The situation in the vicinity of "Atomic" Lake
is somewhat more complicated since the contamination is combined (from several sources).

Upon data analysis on contamination with artificial radionuclides, the results of labo-
ratory tests to determine the plutonium isotopes were divided into two groups. The first group
included the results of laboratory analysis of samples taken within the zone of "Atomic"
Lake influence and the second - all the rest. The ratio graph of »*2*Pu/**!Am was plotted
(Figure 14).
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Figure 14. Ratio of 2*"2*Pu/?*! Am in various areas

Thus, we managed to get two ratios of 2*"24Pu/! Am which confirmed the theory
about the two sources of contamination. Another parameter that allows identifying the origin
of artificial radionuclides is the ratio of »*Pu/?******Pu. For the same source this ratio should
be approximately the same. Dotted diagrams of 23*Pu/?***?*°Pu ratios (Figure 15) were con-
structed for the groups above.
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Figure 15. Ratio of plutonium isotopes **Pu/>*?*Pu

As a result, for the "Atomic" Lake zone we have »**Pu/*****°Pu ratios equal to 0.4,
which is confirmed by examination of samples taken from the epicenter of the crater, wherein
the ratio is 0.39. For the rest of the territory the »**Pu/**"2*Pu ratio is equal to 0.04, which is
approximately equal to the ratio obtained during the examination of the "northern" part of the
STS, where this ratio was 0.02—0.03 [10].

Thus, at conservative estimate of plutonium contamination in the studied area on the
correlative relationship with *'Am, the following input data may be used. For the territory
bounded by a radius of 12 km, i.e. of "Atomic" Lake influence zone the ***>**Pu/?*! Am ratio
can be taken as 2.5, and for the rest of the territory it will be equal to 5.7.

4. CONCLUSION

The findings of these studies allowed assessing and determining the mechanisms
for radioactive contamination of Shagan River valley. The sources of contamination are
global fallouts, fallouts from the tests at "Experimental field" site, excavational underground
explosion in the Well 1004.

Virtually over the entire territory we revealed *’Cs, *Am caused by the global
fallouts, at a level of up to 30 Bg/kg. The main contribution to the contamination of Shagan
River valley was made by the fallouts from tests at "Experimental field" site, excavational
explosion in the Well 1004, which formed two zones of radioactive contamination.

The first zone is the result of nuclear testing with soil outburst and has a relatively
small radius of aboutl0-12 km from the crest of the "Atomic" Lake crater; at that, the
maximal contamination is observed in the north-eastern direction over the assumed pass of
the explosion cloud. It is characterized by the widespread activation products “Co, '*’Eu,
I4Eu. The #*8Pu/?***24°Pu ratio for this territory comprises 0.4, 2**2Pu/*'Am — 5.7.

The second zone was contaminated due to the fallouts from the tests at "Experimental
field" site. Basically, this territory has areal contamination with '"’Cs, **'Am, which are
spatially confined to the traces from the nuclear surface explosions at "Experimental field"
site having a width of about 10 km. 2*8Pu/?***?*Pu ratio for the area will be equal to 0.04,
239+240Pu/24]Am _ 57

Thus, the radiological situation at these lands has been formed by now. The works
revealed the virtual absence of artificial radionuclides migration with surface waters, and
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concerns about possible cross-boundary transfer of radionuclides °Co, '**Eu, '**Eu with the
waters of rivers Irtysh and Shagan are not confirmed.

The authors wish to thank the members of the Laboratory for radiochemical research,
Laboratory of Geoinformation Technologies of the Institute of Radiation Safety and Ecology
NNC RK, Laboratory for Environmental Engineering of the Institute of Nuclear Physics
NNC RK, who assisted in carrying out this work and presented the reporting and actual

materials.
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HIAFAH ©3EHI AHMAFBIHJAFBI K¥MJAKTOITBIPAKTAP MEH
TYITIK IOTTHAUTEPIIH BETKI TACTAHYBIHBIH KAJTBIIITACY
MEXAHH3M/IEPIH 3EPTTEY

AiimapxanoB A.Q., Jlykamenko C.H., Cy6oorun C.b., fIkoBenko 10.1O.

KP ¥A0 Paouayuanvik Kayincizoik ycane 3K0102ua UHCHUIMY b,
Kypuamoes, Kazaxcman

[laran e3eHi Oypsiarsl Cemeit coraak nonurons! (CCIT) mekrepinaeri skaFbl3 )KepyCTi CyarbIHBI
6oubIn TaObLIaAEl. TeXHOTEH I PaAHOHYKINATEP/IH KePYCTI CyIapbhIMeH Y3aK apaKallbIKTBIKKa 00I-
JKaMJIbl KBUIBICTAY, SFHH, EpTic 3. Tycy MocenenepiH 3eprrey yuniH Lllaran e3. ankaOpiHma THicTi
3eprreyiep Kyprizinai. JKyprizinreH 3epTrey HOTHKelnepiHae KYMIAKTOIBIPAKTap/IbIH PaJn0aKTUBTI
nactaHysl, eH Oipinmii, "banaman" anagpiana 1004 mronbHAIA KYPTI3UITCH TOMBIPAK IIBFAPBIHIBICHI
Oap anFamKel KepacThl SIPOJIBIK ChIHAKKA OaiilaHBICTBI eKeHAIr aHbIKTanabl. "Toxipube mamacer”
aJIaHBIH/A JKYPTI3UIreH JKepyCTi SAPONIBIK CHIHAKTAp, ayKbIMJIBI TYCYJep JlacTaHyFa a3jlaraH yliec
KOCTHI. "ATOM" Kol IIYHKBIPbIHA TiKeJel jKaKbIH TEIIM aca JacTaHFaH OOJBIN TaObUIAIbl. ATairaH
TeNIMET] JIacTaHy alaHAbIK CUMaTKa ue. JlacTaHyIbIH Kalmbl ajJaHbl MIYHKBIPABIH epHeyineH 10-12
KM 1exrenret. [ImyToHnit 130ToNTapbIHBIH apaKkaThIHACK! KYMIAKTOMBIPAKTAP/IbIH JIACTAHY KO3/IepiH
AHBIKTAy YIIiH KaKChl HICHTH(QHUKAIISIIBIK TapaMeTp OONaThIHBI aHBIKTABL. TYNTIK MIOTiHAUICPAiH
3epTXxaHanslK Tangamacs! "Toxipube qamacs!” anaHbIHAAFHI APOIBIK Kapy CHIHAKTAPHI 13epiHiH OpHa-
JIaCyBIH aHBIKTAII, TY3€Tyre MyMKiHAiK 6epai. KymbicTap nporecinie TeXHOTeH/ i paIioHy KITHITEPAiH
JKEPYCTI CylTapbIMEH JKBIIBICTAyBIHBIH iC XKY31HJE KOK OOIybI aHBIKTAJJIBI, JKOHE PaJHOHYKIHATEPHIH
laran xone Epric e3enaepiHiH cynapbiMeH OODKaMIbl TPAaHCIIEKApPAJbIK TaChIMAIJAHYybl TYPajibl
Kayin pacTajiMaisl.

Tyitin co30ep: sAPONBIK ChIHAKTAp, "ATOM" K6, )KepYCTi pagHOaKTHBTI JIaCTaHy, PaAHOHY-
KIIMATED, KAIBIITACY MEXaHU3MAEPI, KBUTBICTAY.
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HCCIIE/JOBAHHE MEXAHHU3MOB ®OPMHUPOBAHHA
HIOBEPXHOCTHOI O 3AI'PAZHEHHA I109YBOI'PYHTOB H /JOHHbIX
OT/IO’KEHHHU B 30HE PEKH IITATAH

AiinapxanoB A.QO., Jlykamenko C.H., Cy6oorun C.b., fIkosenko 10.10.

Hucmumym paouayuonnoit 6ezonacnocmu u 3konozuu HAIl PK,
Kypuamoes, Kazaxcman

Pexa Illaran siBiseTCsl €JMHCTBEHHBIM IIOBEPXHOCTHBIM BOJOTOKOM B Ipezenax ObiBuiero Ce-
MHIAJIATHHCKOTO HCTbITaresbHoro nojurona (CUIT). [lns n3ydeHus BOIPOCOB BO3MOXHONW MUTPALAN
TEXHOTEHHBIX PAIMOHYKIUAOB C MOBEPXHOCTHBIMU BOJAMH HA 3HAUUTENBHBIE PACCTOSHMSA, 4, CIEN0-
BaTeJIbHO, Monaganust B p. VpThimi, ObUIM NPOBEICHB! COOTBETCTBYIOIINE HCCIECOBAHNS B JOJIHHE P.
[laran. B pe3ynsrare MpoBeCHHBIX UCCIIEIOBAaHUIT OBLIO YCTAaHOBICHO, YTO PAHOAKTHBHOE 3arpsi3-
HEHHUE TIOYBOTPYHTOB, B TIEPBYIO OYepeb, 00yCIOBICHO TEPBBIM MOI3EMHBIM SAEPHBIM HCIBITAHHEM C
BBIOPOCOM TpyHTa, IPOBEIeHHBIM Ha utomaake "bananan" B ckBakune 1004. HesHaunTenbHbIH BKIa]
B 3arpsI3HCHUC BHEC/IU HA3¢MHBIE SICPHBIC UCIBITAHNUS, IPOBEICHHBIC Ha IuIomaake "OnplTHOE nose"”
u Tno6anbHbIe BeimageHus. Hanbomee 3arps3HeHHBIM SBISETCS Y9aCTOK B HEMTOCPEACTBEHHON Omn30-
CTH OT BOPOHKH "ATOMHOro" o3epa. 3arps3HeHHe Ha JaHHOM ydacTKe HOCHT IUIOLIaJHOM Xapakrep.
OOmas mromans 3arpss3HeHust orpanudena 10 — 12 kv ot rpedHs BopoHKH. BrIsiBiIeHO, 9TO X0pommm
UIeHTU()UKAIIMOHHBIM MTAPAMETPOM JUIS OTIPEAEICHNS NCTOYHHKA 3arPSI3HEHNS TOUYBOTPYHTOB SBIISET-
sl COOTHOILIIEHHE N30TOIOB ILTyTOHUsL. JIaGopaTopHbIil aHaJIN3 JOHHBIX OTJIOKEHUIT TT03BOJIHII BBISIBUTh
U CKOPPEKTHPOBATh IIOJIOKECHUE CIICA0B OT UCIBITAHUN SACPHOrO Opy:Kus Ha momanke "OnsiTHoe"
none. B mpomnecce paboT ycTaHOBIEHO MPAKTHYECKOE OTCYTCTBUE MUTPAIMU TEXHOTEHHBIX PATIUOHY-
KJIMJIOB C TIOBEPXHOCTHBIMHM BOJaMHU, U ONACEHUs O BO3MOXXHOM TPaHCTPAHHMYHOM II€PEHOCE Paauo-
HYKIAZOB ¢ Bogamu pek [llaran m MpThimn He TOATBEp K IaI0TCS.

Kniouesvie cnosa: spepHsle ucnbITanus, "AToMHOE" 03€p0, MOBEPXHOCTHOE PAJANOAKTUBHOE
3arpsi3HEHUE, PaTHOHYKIIUIBI, MEXaHH3MBbI (POPMUPOBAHNS, MUTPALIVISL.
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YIK 577.4:504.064:539.16

REMEDIATION OF NUCLEAR TEST CONSEQUENCES AT AZGIR
TEST SITE AND ITS CURRENT RADIOLOGICAL CONDITIONS

Poleshko A.N., Lukashenko S.N., Glushchenko V.N., Akhmetov E.Z.,
Mukhambetzhanov B.T., Severinenko M.A.

Institute of Nuclear Physics NNC RK, Almaty, Kazakhstan

The paper provides an overview of the works on creation of underground cavities at "Azgir"
test site, describes parameters of nuclear explosions, state of wells and underground cavities. Basic
mechanisms for possible migration of radionuclides into the environment were examined. Based on the
results from radioecological studies and continuous monitoring data, it is shown that current radiologi-
cal situation at the test site and in surrounding villages do not go beyond the established sanitary stan-
dards. A conclusion was made about effectiveness of the techniques and technologies used to reduce
radiation risks.

1  PHYSICAL AND GEOGRAPHIC PECULIARITIES OF
THE REGION

1.1. Geographical location

Azgir test site is located in the territory of the former state farm "Balkuduk", admin-
istratively is a part of the Kurmangazy district of Atyrau Region of Kazakhstan. The nearest
railway station Kharabalinskaya (Astrakhan Region of RF) is situated 75 km from the site.
The site is located in semi-arid area on the outskirts of the Ryn-Peski Desert, where there are
rare farms and sheepyard. To the east at a distance of 400 km is Taysoygan test site, north at
a distance of 250 km — Kapustin Yar test site, in south at a distance of 60 km — Ashuluk test
site. Geographical features of the region are relative proximity of the Volga and the Caspian
Sea. The road network consists of dirt roads connecting all villages with each other, which in
the rainy season become impassable. All sites are interconnected by country roads.

1.2. Topography

The territory is characterized by flat plain elevated 10 to 20 m above sea level (except
for arrays of ridged and hilly sands).

Relief of the site — poorly hilly steppe plain, mostly occupied by sand arrays, rep-
resented by poorly fixed sand dunes and mounds 3-5 m in height, giving the area a more
undulating and barren nature. Uplift at Chapchachi Mountain (reaching a height of 60 m) is
characterized by deeply desiccated profile.

The entire territory is characterized by micro-relief, which creates unequal hydrocli-
mate and microclimatic conditions for soil formation, causing complexity of the soil cover.

1.3. Climate

By its natural conditions the territory is classified as desert. Its climate is shaped under
predominant influence of the Arctic, Iranian and Turanian air masses. During winter period,
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the land form is dominated by cold arctic masses, in summer they move as overheated masses
from the deserts of Central Asia and Iran. These masses in the region shape harsh continental
and dry climate.

The average annual temperature based on the long-term data of meteorological sta-
tions of the regional Centre is equal to +7.4°C. Average temperature in July - +25.1°C, in
January - —10.7°C. Absolute maximum - +45°C and minimum - —42°C. The average annual
range of air temperature is 35.4°C.

Annual rainfall amount is 157 mm, during warm period (April-October) — 100 mm,
during cold season — 57 mm. Most rain falls in spring. Cold season is dominated by winds of
eastern and south-eastern directions, starting in May, they shift to west and north-west. Aver-
age wind velocity is 5-7 m/sec, number of days with strong winds (over 15 m/sec) reaches
over 55 days a year.

1.4. Soils

Theterritory of " Azgir" belongs to the subzone of the northern deserts and is characterized
by brown soils shaped in harsh continental climate and saline parent material [1].

Features of these soils are:

* low humus content, both in upper layer and whole profile;

» alkalinity inherent in varying degrees to almost all varieties of soil;

» widespread light texture soils, which is associated with dominance in the area of
parent light texture rock. The soils of the described territory are characterized by
pronounced complexity.

1.5. Vegetation

Floristically the area is rich and has 160-170 species of flowering plants belonging to
22 families. The most widely spread both for the number of its constituent species and for
its role in shaping the vegetation is family of Compositae. Wormwood is one of the major
plants in this family. Significant role in shaping the vegetation belongs to family of cereals.
The species of this family — the most valuable fodder plants that along with wormwood
form the foundation fodder reserves of pastures. Family of pigweeds is widely distributed
in the area. Ephemera and ephemeroides play a significant role in forming the vegetation in
spring and autumn. According to the results of botanical surveys 18 types of pasture and 39
modifications, combined in 14 groups were distinguished. Severe climatic conditions, lack
of moisture and lack of fodder cause utilization of the area as seasonal grazing for distant-
pasture cattle tending. But at the same time a lot of heat and a long growing season allow
cultivating the valuable heat-loving plants under irrigation.

2. GEOLOGIC STRUCTURE

The salt-dome structure Great Azgir consists of two geological formations: West Azgir
salt dome, where A1 and A2 sites are located, and Azgir East salt dome, within which there
are other technological sites of the former "Azgir" test site. Geologically the two formations
constitute a single complex.

Salt-dome structure Great Azgir is composed of Paleozoic, Mesozoic and Cainozoic
sediments. The most ancient sediments are the Lower Permian halogenous and sulphate-
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halogenous complexes. Thick sulphate-halogenous thickness plays an active role in the salt
tectogenesis. The overlying Upper Permian and younger sediments are part of the single
suprasalt complex. Covering Pleistocene sediments are widespread and are represented by
both marine and continental formations of various geneses. In the suprasalt complex there are
breaks and stratigraphic unconformities expressed in terms of transgressive overlap.

No outputs of tectonic and plication dislocations to the surface in other parts of the
described area are observed. On the hollow-bored submerging northern wing of the south-
ern brachyanticline manifestation of salt-dome tectonics are less intense than in the cragged
hollow-bored submerging in the south.

The salt domes of East and West Azgir limit the structure from the west and east.
These are the second-order structural highs, elongated in the sub-meridional direction for
about 15 km with a width of 7-8 km. The compensation glacial trough Uzhantator is brachy-
syncline having round shape. A rock-salt lies at the core of the structure. The roof of subsalt
sediments is at a depth of about 7,000 m.

The west dome is open — in the south-eastern part the rock salt lies directly at the
surface, reaching the absolute height plus 5 m - 6 m; it is the highest point of the dome, so-
called mountain Chapchachi. Hence, the salt massif gently immerse in a northerly direction
and very steeply to the south. The west wing of the massif is relatively gentle, the eastern is
steeper, and the steepness of the latter increases significantly in the south.

The East dome is closed — rock salt here everywhere is overlain by quaternary forma-
tions. At the crest of the dome the rock salt reveals at depths of 238 m (well A10) — 347 m
(well AS).

It is assumed that rock salt will distribute in the range of compensation trough
Uzhantator, which is the negative homolog of salt domes East and West Azgir. This is evi-
denced by the continued plunge at the rate equal to the rate of growth of the highest points
of the West dome.

The orientation of the salt layers within the massif, in general, is consistent with its
configuration. The salt massif together with suprasalt rocks have tectonic contacts formed
during the growth of diapir. The suprasalt rocks fall away from the salt massif, usually at
angles less than the fall of the wings of the latter. The tensile stresses developed in the thick
subsalt rocks in the process of raising the diapir, led to formation of disjunctive dislocations.
At that, the degree of rocks diversity is determined by the remoteness of them from the sur-
face of the salt massif and intensity of salt-dome tectonics occurrences in the area. The clear
traces of the tectonics occurrence are practically of all suprasalt occurrences — from Kungu-
rian gypsum-anhydrite rock mass to the lower Khvalynskiy clays inclusive.

The territory belongs exclusively to the water-dependent area. There are no surface
waters (rivers, lakes) available, in this connection the groundwater is of exceptional value.

The fresh waters occur in the form of "floating lentil" in hard salted waters and in
case of their immoderate use the wells yield salty water, mineralization of which reaches
15g/1-18g/1, by salt composition the sodium chloride and sodium sulphate groundwater
dominate.

The wells with the highest water inflow are located in villages and sheepyard: Azgir,
Batyrbek, Algabas, Karagayte, Akkuduk, Balkuduk, and Assan. These wells uncover rela-
tively small lenticular aquifers with fresh or saltish waters hosted by Quaternary and Neo-
gene (Apsheron) deposits.
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The hydrogeological conditions of Azgir area is due to geology, tectonic and
geomorphic situation in the described area, its location in the continental salinization area,
lack of fresh water and slow flow rates of groundwater.

The following horizons and complexes are highlighted below:

* The water-bearing formation of Khvalynskiy sediments (Q,;hv) is widespread in
the eastern and western parts of the site, wedging to the central zone of salt-dome
uplift. The occurrence depth and thickness increase toward the west and east of
the central part of the site. The aquifer is free-flow. The depth of the groundwater
level is determined by geomorphological features and varies from 2 m to 15 m,
increasing to the central part of the site. Filtration coefficient is in the range 0.14-
0.16 m/day. Recharge of the Khvalynskiy aquifer is due to infiltration of atmos-
pheric precipitation.

¢ The aquifer of the Khazar sediments (Q, hz) in the eastern part of the salt dome up-
lift West Azgir lies below the water-bearing formation of Khvalynskiy sediments
and confined to the maritime formations represented by pulverescent and, less
commonly, fine-grained sands. The depth of their occurrence reaches 80-90 m,
increasing toward the east. Exposed thickness of water-bearing rocks is 19 m (well
1082). The aquifer is subartesian, elevation of the water head in well 1082 is 90
m and the piezometric level was set at a depth of 1 m. The filtration properties of
water-bearing rock are poorly impermeable. The aquifer is recharged by both the
overflow from the aquifer of Khvalynskiy sediments, and from the underlying
horizons of Neogene sediments.

The aquifer system of Neogene deposits is distributed almost everywhere, except for
the West Azgir uplift. The depth of the water-bearing sands of the roof varies very widely -
from a few meters up to 500 meters at the periphery of the site. Underground water is subar-
tesian; depth of piezometric level varies from 15 m to 60 m. The aquifer is recharged outside
the area, and in places where the Neogene formations go out to the surface.

The aquifers of cretaceous (,,+,,), Jurassic (J), Permo-Triassic (,,,,), Kazan and Ufa
(,kz+,,uf), Kungur (, kg) deposits have sporadic distribution, covered over with clay im-
permeable rocks, have high mineralization, are not used in business activities, and therefore
cannot serve as a transfer agent for artificial radionuclides.

The subterranean discharge in the form of an ascending filtration is shown in the zone
of salt domes and anticlines, as well as everywhere through series of impermeable rocks. It
is enhanced by high reservoir pressure and temperature, which increases the permeability of
the reservoir rocks and clay layers.

As a result, we can conclude that the hazardous in terms of contamination with
radionuclides are underground fresh water of the first aquifer at depths from 1.5 m to 15 m
(Figure 1), which can be used by local people for utility and drinking water supply, therefore
it is essential to focus primarily on the monitoring of this particular aquifer, at the same time
not losing sight of the quality control of the underlying groundwater aquifers and complexes
at depths up to 90 m.
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3. DESCRIPTION AND CHARACTERISTICS OF NUCLEAR
EXPLOSIONS. WELLS AND UNDERGROUND CAVITIES

3.1. Basic information about underground nuclear explosions (UNEs)

The underground nuclear explosions were carried out to prove-out the technology of
underground cavities creation in the arrays of rock salt — construction of multi-purpose high
capacity storages. Other small scope experiments were carried out: decoupling - study of
seismic effects and generation of transplutonium elements. Total 17 underground nuclear ex-
plosions with various yields were carried out at depths from 161 to 1,491 m during the period
from 22.04.1966 to 24.10.1979 in 10 wells; this formed nine cavities of different sizes (from
10,000 m? to 240,000 m?) and a losing crater with a depth of 30 m and a diameter of 500 m?
[2]. At the A9 site the well significantly deviated from the vertical and at the working depth
of 630 m (charge placement) came close to the edge of the salt-clay on the slope of the dome,
so most of the explosion energy after repercussion from the salt body formed an unsteady
cavity at the junction of the salt and clay arrays after the collapse of which a losing crater was
formed, filled with 20,000 m*rain water and flood, connected to underground aquifers [3], i.e.
the reservoir is partially recharged by groundwater.

Cavities A1+AS are filled with water, cavities A8 and A1l are dry, cavities A7 and
A10 are partially filled with water. Cavities A7, A8, A10 and A11 were formed by multiple
explosions — simultaneous detonation of several charges. A5 cavity at a depth of ~1500 m
was created to study stability of the storages at maintaining their constant opposite pressure.
In addition in A2 cavity six nuclear tests were carried out.

All the explosions were designed as camouflet, i.e. with no release of explosion radio-
active products to the surface. However, it is not possible, as evidenced by data about dura-
tion of radioactive noble gas releases from the cavities — from several days to several months
and their total activities up to 10'7+10'® Bq. The total activity, being in the underground cavi-
ties, is 0.5+1.0 million Ci. With the opening of the cavities 10 million Ci of radioactive gases
were released into the atmosphere.

Geographical coordinates, parameters of the explosions, characteristics and condition
of the wells and cavities at Azgir test site are presented in Table 3.1.

All the carried out explosions in the array of rock-salt formed different size sealed
cavities, been existing for more than two decades. The exceptions were:

» - Cavity AS: pressure tight, compressible, specifically created to test theoretical
assumptions about crust formation at great depth of cavities in an array of rock salt
due to a sharp increase in its ductility at high pressures;

* - Cavities Al, A2, A3 and A4: stable, permeable.

Based on data about release of radioactive gas emissions to the surface, flow of
groundwater in cavities A1 and A2 began in the first hour after the explosion. Their filling
stopped: Al — 20 days later, A2 — 9 days later. In accordance with the work program brine
was specially injected into some of the cavities — cavities A3 - AS.
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3.2. Description of underground nuclear explosions

Cavity A1 — was made in the southern section of the West dome. The 1.1-kiloton
charge was detonated on 22.04.1966 at a depth of 161 m.

The area for the experimental explosion is a heavy dome-shaped uplift of the salt ar-
ray. The thickness of the suprasalt deposits along the well bore of the warfare well is negligi-
ble and amounts to 7-8 m. The salt is medium and coarse-crystalline with individual crystals
up to 2-3 cm and a distinct stratification.

Layers of salt ranging from 2 to 15 cm fall at an angle of 70° to the north-west and
alternate with layers of carbonates and sulphites with thickness ranging from 0.1 to 0.3 cm.
Contact of the salt with mantle rocks is cavernous, heavily watered.

The explosion was intended to be confined, the maximal rock hoisting in the explo-
sion epicentre was 2 m. The total soil recovery was observed within about 60 m. Approxi-
mately 20 m from the mouth of the warfare well a special research well to a depth of 185 m
was drilled and cased, the well head was equipped to measure the pressure through the cracks
in the salt; vacuum was formed few minutes after the explosion in the well, an intensive air
leak through a hole in the head began which lasted for several hours. The cavity was opened
several days after the explosion, first by vertical, then with a deviated horizontal well with
sampling of salt molten by the blast. Cavity Al originally was set as experimental; it is the
most studied of all the cavities formed by nuclear explosions in the rock salt.

This made it possible to determine configuration of the cavity, its size, scope, consider
the marginal zone of the rocks shattered by the explosion. The cavity by its shape is close to
an ellipsoid of revolution with large vertical semiaxis. It had the following dimensions in the
first years after the explosion: a maximal height of 37 m and horizontal radius at 12-14 m for
a charge planting. The total volume of the cavity is 14.2 thousand m?®. Approximately one-
third of this amount is occupied by the collapsed pile of pieces of salt, as well as the molten
salt. The cavity relatively quickly was filled with water, which enabled to thoroughly study its
configuration with a sonar set. The inner loop of the cavity is surrounded by a zone of crushed
halite ranging from 1.5 to 6.5 m. Individual fracture gaps can be traced up to 100 meters or
more, down to 30 and to 35-40 m to sides. To obtain dry sealed vessel the adopted depth of
the charge proved to be insufficient.

Almost throughout the existence of "GALIT" facility, cavity Alwith a complex of
adjacent wells were used to work out the methods to study mechanical and radiation effects
of explosion, as well as for other studies.

Cavity A2 was created in the northern sector of the West dome. The 27 kt charge was
detonated at a depth of 597 m on 01.07.1968. The volume of the cavity was 140,000 m®.
Despite the increase in depth of the charge, at the opening the cavity had already been filled
with water to come from the cap rock and overlying rocks. At the moment of the explosion
within the contour of the spall craters there were observed water mud spring with removal
of fine sand.

During the period from 1975 to 1979, six model experiments were carried out in the
cavity with the purpose to prove out the nuclear explosive technologies for obtaining transu-
ranic elements in trace amounts. Charges yields ranged from 0.01 to 0.5 kt, they exploded in
the water at a depth of 597 m and could not significantly affect the shape and dimensions of
the cavity.
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The explosions in the West dome had a pretty sizeable seismic impact on Azgir vil-
lage, moreover, the dome had a relatively small horizontal area; so, further explosions were
transferred to the East dome.

Cavity A3 was created near the Centre of the East dome in the area with the lowest
thickness of the backs - 256 m, a 64 kt charge was detonated on 22.12.1971 at a depth of 986
m. In the dry cavity formed with a radius of about 40 m after a few years (29.03.1976) at
the same depth a repeated explosion with capacity of 10 kt was carried out in order to study
the lowering seismic effect (decoupling). The cavity was intentionally filled approximately
with 60,000 m* of water, which formed a layer with thickness of 12 m (bottom - 998.7 m,
surface - 986.7 m).

Cavity A4 was created in the East dome on 29.07.1976; a 58 kt charge was detonated
at a depth of 995 m.

Estimated volume of the cavity is 160,000 m*. When opening the cavity by drilling
out the cement plug an accident occurred and sealing of the boring casing in contact of salt
and backs was broken. The cavity was quickly filled with water; top of the warfare well was
plugged.

Cavity A5 was created on 30.09.1977 by a 10 kiloton charge detonated at a depth of
1491.5 m. The thickness of suprasalt sediments at site A5 was 325 m. The main purpose of
this experiment was to study the stability of the cavities at great depth. The well from the
bottom up to the mark =11.0 m was filled with sand and cement grouting mortar. The channel
within the drain pipe was filled with brine; the top of the pipe had an airtight valve designed
for excess pressure up to 300 atm.

Based on the data about the yield of the device the design dimensions of the cavity and
its volume were calculated and are as follows:

radius, m 17,8
volume, thous. m? 23,6
volume of the melt, thous. m? 4,65
cavity independent volume, thous. m? 19,04

During 1977-78 cavity was being filled with water in order to test it for internal
pressure and observe the flowing at the continuous rate. There were filled 16.5 thous. m® with
brine with density of 1.17 g/cm® by 10.10.1978.

The actual independent volume of the cavity, obtained due to pumping water and
air, together with leakage of water and air into a zone of fracturing was 21.0 thous. m?
(10.10.1978).

The cavity was unsealed after three and a half years after the explosion in March 1981
when drilling well A5 for bulk cross-section. Drilling proceeded almost on the cement stone.
According to the sonar data at the time the cavity was shaped in vertical cross section close
to elliptical. A hemisphere with radius of 17,5-18,0 m fits the upper part. The independent
volume of the cavity was about 15.1 thous. m?. Comparison of data obtained in determining
the volume of the cavity within a year after its formation with the data of sonar recording
indicate that over the period since the initial measurement (two and a half years) the volume
of the cavity decreased by 25%.

As specified in the program in 1981-83 a pressure testing of the cavity and monitoring
of its long-term stability were carried out. The program has not been fully implemented as in
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1982 there was a partial closure of the channel connecting the cavity with the surface. The
results of these studies are as follows.

The cavity was tested for pressure of about 250 atm., excessive pressure on the mouth
during the day, equal to 62 atm., decreased only (approximately) by 2.0 atm. About 120 m? of
brine was injected into the cavity. Based on this amodulus of deformation of the array surround-
ing the cavity was determined, which was equal to 0.4-10° kg/cm?. When doing a dry-up job a
modulus of the array deformation was also determined which was equal to 0.45-10° kg/cm?.
These two measures are close to each other and coincide with the characteristics obtained in
the testing of samples, drilled from an array close to cavities Al and A2.

Based on the analysis of the data obtained the following conclusions can be made:

» the initial volume of the cavity (one year after the explosion) approximately

corresponded to the calculated by the Nuckolls formula;

e during the subsequent period the cavity intensively was flowing and its volume
after 2.5 years decreased by 25%;

* based on the observations one can assume that at a depth of 1,500 m it is possible
to have storage capacities used for the operation while maintaining a constant
opposite pressure.

Cavity A7 was created on 17.10.1978 in the 1039 m deep well by simultaneous
detonation of two charges with the total capacity of 73 kt. In the area of the site an array of
salt lies at a depth of 344 m. The well was cased with a pipe with a diameter of 1,120 mm to
a depth of 400 m.

Based on data on actual capacities of the charges design dimensions of the cavities
and their amounts were calculated:

upper cavity

radius, m 35.1
volume, thous. m? 182.0
volume of the melt, thous. m3 27.0
independent volume, thous. m? 155.0
lower cavity

radius, m 235
volume, thous. m3 57.6
volume of the melt, thous. m? 9.0
independent volume, thous. m? 48.0

total independent volume of cavities, thous. m* 203.0.

The volume of the cavity A7, measured by pumping air, was 209 m3. The roof
levels obtained at the opening of the cavity principally coincide with the calculated values
obtained with the Nuckolls formula, indicating that there is no significant collapse of the
upper cavity roof.

The cavity A8 was created on 17.01.1979 by simultaneous explosion of two charges:
the upper at a depth of 931.0 m and the lower at a depth of 1,004 m with the total capacity
of 65 kt.

During the experiment the well head was depressurised, and there was a slight leakage
of gaseous explosion products.
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Based on data on actual capacities of the charges the sizes of the cavities were
calculated (without taking into account the combined impact of the charges):

upper cavity

radius, m 21.7
volume, thous. m? 423
volume of the melt, thous. m3 6.0
independent volume, thous. m? 36.3
lower cavity

radius, m 354
volume, thous. m3 186.0
volume of the melt, thous. m? 28.0
independent volume, thous. m? 158.0
total independent volume of cavities, thous. m’ 192.3

total independent volume of cavities, measured by air injection, thous. m* 232.0

The level of the upper cavity, obtained at opening coincides with the calculated one.
Level of the melt surface at the bottom of the cavity is 5-6 m below the calculated value,
which indicates that there is no melt in the upper part of the cavity. The roof level the lower
cavity is significantly higher than estimated one, which is due to the collapse of a large (at
least 5-6 m) thick salt. The bottom of the lower cavity is 17-19 m above the calculated value,
which confirms the evidence of a roof collapse.

Volume of the broken-down rocks is not less than 8.0 thous. m?. Volume of the piles
is 11.2 thous. m3. Amounts of the piles were calculated taking into account the loosening
of the broken-down rock. The total independent volume of the cavities is estimated
at 190.0 thous. m®.

During the survey the cavity was dry. During the drilling to open the cavity about
2,000 m® of water got into the cavity.

Cavity A10 was created on 24.10.1979 in the well with a diameter of 975 mm and a
depth of 1,025 m by detonation of two charges with a total capacity of 33 kt.

Based on the actual capacity of the charges the design sizes of cavities were
specified:

upper cavity

radius, m 29.5
volume, thous. m* 108.0
volume of the melt, thous. m? 15.0
independent volume, thous. m? 93.0
lower cavity

radius, m 21.2
volume, thous. m? 39.6
volume of the melt, thous. m* 6.0
independent volume, thous. m? 33.6

total independent volume of cavities, thous. m*  126.6
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Cavity A1l was created on 14.07.1979 by simultaneous detonation of three charges
with total capacity of 22 kilotons at depths of 849.3 m, 917 m, 983 m. Well A11 was drilled
to a depth of 1003.0 m, the diameter of the well in the uncased part was 985-1,150 mm. In
the area of the site an array of salt is at a depth of 280 m, in the backs the well is cased with
pipes with a diameter of 1,020 mm to a depth of 400 m.

Based on the actual capacity of the charges here are the design dimensions of the
cavities:

upper cavity

radius, m 26.2
volume, thous. m? 75.2
volume of the melt, thous. m? 10.0
independent volume, thous. m? 65.2
middle cavity

radius, m 16.1
volume, thous. m? 18.8
volume of the melt, thous. m* 2.5
independent volume, thous. m? 16.3
lower cavity

radius, m 20.2
volume, thous. m? 34.4
volume of the melt, thous. m? 5.0
independent volume, thous. m’ 293
total independent volume of 3 cavities, thous. m? 110.8

Site A9. The most powerful out of single explosions - A9 was held on the southern
slope of East dome at a depth of 630 m, i.e. quite sufficient for camouflet, but at the epicentre
of the explosion a losing funnel crater with a diameter of about 500 m and a depth of about
30 m was formed, and the mouth of the warfare well is located outside the crater. Thickness
of overburden at the epicentre of the explosion is 325 m. The bottom of the crater was filled
with water. The main reasons for the cavity collapses happened are insufficient knowledge
of geology of southern slope of the of East Salt Dome (cap rock structure, the steepness of
rocks, etc.), deviation of warfare well from a vertical position while drilling the toward side
edge of the dome, as well as a considerable volume of the formed cavities (the estimated
radius is about 50 m) and the size of fracturing zones and deformation of rocks [2].

4. BASIC MECHANISMS FOR POSSIBLE MIGRATION
OF RADIONUCLIDES FROM THE UNDERGROUND
CAVITIES INTO THE ENVIRONMENT
The UNEs venue at Azgir test site is unique to study migration processes of radionu-
clides in salt formations. The underground cavities are in fact facilities for radioactive waste

disposal - products of the nuclear explosions and can be used as sites for the experimental
studies on the results of forced implementation of the geological concept for deep final dis-
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posal of radioactive wastes, including long-lived and high-level ones, from the environment.
At that fixation of refractory radionuclides (cesium, uranium, plutonium, etc.) in the explo-
sion zone is quite reliable, but their migration - is unlikely, because they are concentrated
in a thin spherical shell at the bottom of the original cavity and then covered with the entire
thickness of the lentil of melt leaking down due to the melting of its walls. It basically refers
to the or-activity, and as for the B-activity, its carriers with T1/2 from 1 to 30 years are more
mobile and are found in small quantities outside of the lentil in the areas adjacent to the con-
tour of the cavity.

Radioactive contamination of the array surrounding the cavity A1 was recorded in the
near-surface zones of the salt dome Western Azgir at UNEs venue. In the aslope-vertically
positioned salt formations of Chapchachi stem certain explosively propagating cracks came
to the surface under a thin layer of sandy rocks and loam. The radius of the halo of contami-
nation on the surface was about 300 m around the warfare well.

Based on the observation of the wells near cavity A2 and well A2 itself on the hydro-
geological cross-section two regions with different characteristics of brines are singled out:

* from the bottom of the cavity to a point of 300 m - highly mineralized brine

(300 g/1) with increased activity (9 mR/h);
+ from a depth of 300 m to the mouth of the well - brine (30 g/1) with an activity of
90 mR/h.

Radioactive aureole zone is formed by the destruction of the integrity of the rocks
around the explosion cavity and penetration of gaseous and volatile radionuclides through
cracks and fracturing areas. Sizes and configuration of the aureole zone depend on the type
of salt body (dome, stem, and layer) and on its internal stratification and tectonic structure. In
the stratified deposits sub-horizontal discontinuities are intensively growing; through which
radioactive melt penetrate the host rocks. The explosion A1 made in the rock salt of West
Azgir stock led to sharp opening the primary cracks, until they are released to the surface
at distances of up to 220 m from the cavity (cavity radius is 14 m) [4]. Configuration of the
aureole zone in the rock salt is asymmetric with respect to the cavity and has a maximal
spread in the direction of the earth's surface. The size of this zone is equal to 3-5 radii of the
cavity formed [5]. Radioactive aurcole zone is an area altered due to the explosion of the
rocks where the phenomenon of fractionation is most clearly demonstrated - radiochemical
separation of radionuclides associated with the peculiarities of the radioactive decay of chains
and chemical behavior of each element [6]. For example, some of the formed krypton-90 and
xenon-137 injects through the cracks into the aureole zone and decay there, leaving a long-
lived radionuclides strontium 90 and cesium-137 in the mountain massif. The explosion A1
originally caused injection of about 80% of the resulting cesium-137 and about 50% of the
resulting strontium-90 into the aureole zone. In the case of filling the explosion cavity with
water (sodium chloride brine) the radionuclides redistribute between the aureole zone and
the cavity. Redistribution takes place in two stages: first the suprasalt water moving down
partially "wash" the cracks, and then, after filling the cavity with a solution, the radioactive
brine moves from top downward, and already can add some additional contamination into
the cracks. As a result of this double movement of solutions for the explosion cavity Al the
following distribution of strontium and cesium was observed:
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Zone, stage Strontium-90 Cesium-137

Aureole zone 50 % 43 %
Brine in the cavity 3% 36 %

Remolten salt 47 % 21 %

The study of core samples showed that within the radioactive aureole zone the ra-
dionuclides are distributed very unevenly and concentrated, as a rule, on the faces of fissure
separating the layers of halite from the clay-carbonate rocks. Additional visual information
about the presence of radionuclides in the samples of rock salt of the aureole zone is given by
the halite coloration: from blue to dark purple. At the same the areas with the highest concen-
trations of radionuclides has the densest coloration. Under natural conditions, the blue spotted
coloration of the halite crystals is due to the formation of colloidal particles of sodium under
the influence of radioactive potassium. The samples taken layer-by-layer from the specimens
of the aureole zone (1-2 mm thick saw cut) gave a difference in the concentrations of cesium-
137 for a one-two orders of magnitude over distances of 4-5 mm. Its maximal concentrations
were observed at certain clay layers at 5-6 m above the cavity roof and amounted to 1,2-10*
Bg/kg. It should be noted that the average concentration of cesium-137 in the remolten salt
of the A1 cavity bottom was 1,4-10° Bg/kg.

Characterizing the migration of UNEs products their natural and geochemical aspects
must be taken into account. Since there is no macroscopic motion of matter from the cavity
into the surrounding array is due to the fact that the pressure in the cavity is much smaller
than lithostatic one, the radionuclides will migrate from the cavity by transfer with the
aqueous medium, as well as gas and steam contained in the pores of the array salt, as diffusion
coefficients of the substances in the solid phase and solution are many orders of magnitude
smaller than the diffusion coefficients in gases.

The natural and man-made distribution system of UNE products include:

1) Radionuclides - fission products that are unevenly distributed in different structural
and geochemical zones and different (inherited and newly formed) minerals of explosive
origin.

Strontium-90 and cesium-137 available in different zones of the explosion demonstrate
much greater mobility, but mainly in the discontinuous fault of the aureole zone. They exist
in the form of readily soluble chlorides. Under certain conditions, the two relatively long-
lived radionuclides will have migration abilities.

2) Migration channels - open spaces in the mountain rocks and minerals, filled with
liquid and gas phases. For the salt-dome Great Azgir structures we may distinguish two types
of such channels. The first - stratification and structural boundary between two rocks or
minerals and inter-crystal pores and capillaries. The main mechanism for migration of these
channels is diffusion. The second - natural porosity of aquifer sandy deposits of the suprasalt
thickness [6]

The radionuclides in the medium migrate with water vapor. The mechanism of vapor
transport in the pores of the medium depends on the characteristic size (radius) of the pore
and distribution function by their sizes. In addition, the transfer coefficient depends on the
molecular composition of the vapor, temperature, and for the diffusion transport - on the gas
pressure.
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Radioactivity transport equation is as follows:
Dn
— =div(DVn)—X\n,
Dt

n — concentration of radioactive material per unit volume, Ci/m?,

D — transfer coefficient (diffusion coefficient), m*/year;

A - constant of radioactive decay, 1/year.

Thus, the migration rate of the radionuclides in the medium is defined by the transfer
coefficient D. This coefficient depends on the composition of the transported gas, its tem-
perature, pressure and the pore distribution in a medium by sizes and is associated with such
characteristics of the medium as porosity and permeability.

In order to determine D it is necessary to know the chemical composition of volatile
compounds of the radionuclides, coefficient of their diffusion in the air, and to have experi-
mental data on the permeability of the salt array near the cavity.

The calculation results show that even under assumptions greatly overstating the ra-
dioactivity level in the cavity and the rate of radionuclides transfer in the array, the area of
radionuclides migration from the cavity is less than half of the cavity radius. Apparently, at
comparable distances the radionuclides can penetrate into the array at the time of the explo-
sion forming a cavity during severe deformation of the medium under high pressure gener-
ated in the cavity.

At UNE:s sites, along with the natural channels of migration, there are discontinuous
faults in the mountain rocks of technological origin. This includes the rock salt crushing
zones around a cavity, zones of fracturing, spall cracks, etc. We should also consider the pos-
sibility of healing the discontinuous faults in the rock salt at relatively shallow depths.

According to the data available, the main channel connecting the cavity or aurecole
zone with the overlying aquifers is a stem and destroyed annulus space of the main (emplace-
ment) well. The intensity of the water inflow into the cavity is also increased by the spall
fractures at the boundaries of the rocks with various compositions, adjacent to the main well
[7].

3) Migration medium - aqueous solutions and gas-liquid mixtures that are in the chan-
nels of migration. Migration of radionuclides in porous media is controlled by the following
mechanisms [7]:

+ flow - movement of the nuclide at a speed of groundwater flow;

» diffusion - proliferation of a nuclide within the stream or in a stationary liquid

under the influence of the concentration gradient;

 dispersion - distribution of radionuclides due to the difference in motion in porous
media;

+ sorption - a reversible interaction of the nuclides between mobile and stationary
phases (ion exchange, adsorption, filtration), resulting in slower motion with
respect to the velocity of water flow;

* loss of mobility - precipitation and co-precipitation of nuclides;

» radioactive decay - a process that determines its final concentration in groundwater
in the discharge zone.
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4) Geology and chemical environment - rocks, minerals, geochemical zones directly
interacting with radionuclides that are in migratory water solutions.

The minerals, such as halite, anhydrite, badly retain the radionuclides, especially in
saturated brines. However, the layers of clay minerals in the rock salt massif West Azgir are
a significant obstacle for radionuclides to migrate. The regional barriers in the development
of the structure Great Azgir are montmorillonite clays and loams of the Neogene sediments
(Apsheron stage). The clayey minerals are present in younger deposits of the Khazar and
Khvalin stages as well.

The situation at the facility "Galit" under the terms of migration can be characterized
as follows:

» lack of retention properties in the rock salt is compensated by low-permeability

salt rocks;

» porous sandy rock of the suprasalt deposits are constantly interbedded with clayey

material with good barrier properties with respect to the radionuclides.

The most likely migration channels above the cavity will be the cracks of the areole
zone and the bores of the technological wells in the rock salt. The first change of physico-
chemical conditions occurs in the gypsum-anhydrite rocks with better barrier properties than
salts. It is further assumed the existence of channels in the broken cement of the annulus
space, within the spall cracks. For the Western and Eastern domes the suprasalt strata has
natural barriers - clays that can retain and absorb such migratory radionuclides as strontium-
90 and cesium-137. In this case, the higher on the geological section, the more fresh solutions
are; the retention capacity of clays therefore increases. The aquifers may also have barrier
properties, as here is the dilution of radioactive solutions and in sulphate waters - deposition
of strontium.

To reveal the direction of radionuclides possible proliferation, it is necessary to con-
sider the geological and hydrological features of the structure Great Azgir. The Eastern and
Western Azgir are separated by a sufficiently large compensating trough Uzhantator. In re-
spect of the hydrogeology the trough is a local artesian basin with spouting of brines from the
wells drilled in its central part. In the migration system the trough plays the role of the local
pool for moving waters, and impurities they contain (radionuclides). Exactly towards the
trough it is possible for fluids to migrate from the cavities of A1, A2 and likely from A3.

Migration, i.e. proliferation of radionuclides, is a complex multicomponent process
occurring at the same time with several favourable conditions: presence of migratory com-
ponent, migration channels, a favourable environment, lack of geochemical barriers, etc. The
absence of at least one of these conditions excludes the whole process.

For the condition of "dry" cavity at a known diffusion coefficient of 10-'® cm?*s the
migration of strontium-90 or cesium-137 in 500 years will be at a distance of only a few
centimetres. The made prediction is confirmed by geochemical studies of the salt formations.
In the salts of the Permian Donets Basin, in the layered salt rocks of the Western massif of
the Great Azgir no migration between the enclosing rock and the components genetically not
related to the salt formation process was found during the long geological age. In the first
case — it is interlayer with high concentrations of manganese, titanium, vanadium and copper,
in the second — boron-containing tuffites with relicts of volcanic glasses [8].
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5.  POST-EXPLOSION RADIATION SITUATION
IN THE TEST SITE AREA

The status of the test site lands is defined by the decree of the Government of the
Republic of Kazakhstan dated November 18, 1998 Ne 1176, according to which the "Azgir"
test site lands were transferred into the reserve lands of Atyrau region. In some part of the
"Azgir" test site adjacent to the technological sites, according to the order of Akim of Atyrau
Region dated August 25, 1998 Ne 1659-r, until 2024 there is a prohibition on the drilling,
exploration and other underground operations (Figure 2).

From 1966 to 1979 at "Azgir" test site there was conducted testing of technologies
to create large cavities in the arrays of rock salt for use as a multi-purpose storage, by ap-
plying underground nuclear explosions. 17 underground nuclear explosions of various ca-
pacities were carried out at ten technological sites, which created nine underground cavities
with the initial total volume of about 1.2 million cubic meters. There are no unexploded
nuclear charges currently at "Azgir" test site. Technological sites of the "warfare" boreholes,
where underground nuclear explosions were conducted, are now fenced off to prevent access
by people, animals and vehicles; radiation hazard signs and prohibiting signs are installed
there.

Figure 2. Outline of "Azgir" test site with areas prohibited for drilling,
exploration and other activities
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All the explosions were designed as a fully confined one, i.e. with no release of ra-
dioactivity from explosion to the surface. However, this was not achieved, as evidenced by
data from Table 1 about the duration of radioactive emissions from the cavities from a few
days to several months and their total activities up to 10'7+10"® Bq. Some explosions caused
efflux of radioactive inert gases (RIG), in these cases the radiation situation at industrial sites
was defined by its regime and weather conditions at the surface and boundary layers of the
atmosphere. In particular, such situations are explosions in the wells A1, A2 and A8. The ex-
plosions in the wells A1 and A8 caused earlier efflux of the RIG (T ~12 and 60 min, respec-
tively) that was not relevant to the estimates, which then complicated the work of the person-
nel. In this regard, both cases were classified as emergency radiation situations in accordance
with the decision of the Interagency Panel for assessment of radiation and seismic safety of
underground nuclear testing. The remaining explosions are characterized as full camouflet
explosions: a "gas flame" was caused mainly by short-lived radionuclides of inert gases and
at its jet propagation cannot be traced further 7-8 km from the epicentre. In all cases, except
for the explosion A1, at a specified distance there were no settlements; during the explosion
Al the gas jet did not pass through the village Azgir. The maximal dose gained by an Azgir
resident was 300 mRem at the time of uncontrollable emissions at the explosion at A8 site.

According to [3, 9] at all the gas-aerosol emergences within the sanitary protection
zone there were measured dose rates of gamma radiation, surface beta-contamination of soil,
flux of beta particles, volumetric activity of radioactive gases and aerosols. After the gases
released there were measured the contents of radionuclides in soil and plants. The traces from
the gas-aerosol flames were well discernible with portable devices. Particularly, the places
where the gas jets "landed" were clearly recorded. The soil contamination area at site AS is
shown in Table 2.

Table 2.

Contamination of soil after the explosion AS

Level of contamination
beta-particles/cm?xmin.

Area, thous.m? 94 35 8.6 24 1.0 0.1

20-100 | 100-300 | 300-1,000 | 1,000-3,000 | 3,000-10,000 | > 10,000

Opening the cavities (drilling of cement plugs at development well or drilling access
wells), studies of geophysical parameters of the cavities, study of radionuclide migration,
extraction of radioactive rocks, sampling of brine, technical operations for different purposes
and the negligent operations have resulted in local contamination with activity levels of up to
10° mR/h in areas around the development wells at most sites, where soil, drill mud, individ-
ual units of equipment and facilities got polluted up to a level of 10° decay/cm**min for beta
radiation, and 10* decay/cm**min for alpha radiation. The poor decontamination operations
to restore the natural characteristics of the soil cover at the sites caused disclosure of local
contamination areas, which are sources of radioactive contamination of the environment due
to wind and water erosion of the soil surface layer.

In relation with the unfavourable health conditions of the population, there was an at-
tempt to reconstruct the radiation situation on the test site and outside of it at the time of the
nuclear explosions, even though the original data (Table 3) were not complete.
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Table 3.
Reconstruction of the radiation situation at the test site and its areal
St Azgir Balkuduk Distance from the wells, m
ites
distance., km dose, ram distance., km dose, ram dose, 10 ram | dose, 1 ram

Al 1,5 0.140 26 0.002 150 500
A2 8 0.080 26 0.054 900 3100
AS 18 0.002 42 0.001 110 420
A8 17 0.300 41 0.120 750 3000

Many years of the groundwater radioactivity monitoring (Tables 4 and 5) showed that
radioactivity level of the underground waters in the vicinity of the well A3 has not changed
(or changed very little). This suggests that the inflow of radionuclides into the groundwater
in the vicinity of technological sites (excluding technological site A1) occurred simultane-
ously with underground nuclear explosions, probably as a result of leakage of gaseous pre-
cursors of radionuclides cesium-137 and strontium-90 (xenon-137 and krypton- 90). On the
other hand, a small change in the concentration of radionuclide Cs-137 in the underground
water of the technological site A3 may testify both the isolation of the aquifer structure, and
low-velocity of underground water flow in the event that there are redistribution processes
(sorption-desorption) of radionuclides cesium-137 between water-bearing rocks and under-
ground water.

In the underground water of the site AS, cesium-137 content was found in the under-
ground water sampled from the observation wells A5-2 located 100 meters from the main
technological wells [10, 11]. The specific activity of underground water for cesium-137 was
18 Bg/l as of 1990 which is slightly higher than the intervention level - 11 Bg/l (NRB-99),
while it is significantly higher than the global radioactive contamination of surface waters in
the ocean - 10%+10-° Bg/litre.

Table 4.
Cesium-137 content in groundwater at Azgir test site, Ci/liter (Bq/l)
Year of observation
Site, well
1989 1990 1991
Al-1 - 44x107(161,7) 3.8x 107 (141,5)
Al-2 - - 3.8x 107 (141,5)
Al-3 - 2.0x 10°(74,7) 5.0x 101°(18,6)
A2-1 1.1 x 102(0.04) 1.1 x 102(0.04) 5.3x 1012 (0.19)
A2-2 8.1x 103(0.03) 6.8 x 103(0.025) 3.7x 10'2(0.14)
A4-1 5.6 x 1012 (0.21) 9.7 x 102(0.36) 2.3x10'(0.84)
A4-2 3.2x10'2(0.12) 2.1x10"2(0.076) 6.2 x 10"2(0.23)
AS-1 2.8x 101°(10.2) 1.6 x 101°(6,1) 1.9x 101°(7,0)
AS-2 - 48x101°(17,7) 3.2x 101°(12,0)
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Table 5.
Cesium-137 content in ground and surface waters of Azgir test sites
Year A3 A7 A9
of observation Bq/l Cin Bg/l Ci/ Bg/l Cinl

1981 25 6.7x 10" - - 1,5 40x 10"
1982 29 7.8x 101 - - 0.9 24x 101
1983 1.9 5.1x10™M 0.14 3.8x 107" 0.5 1.3x10™
1984 1.7 45x 10 0.11 29x 10" 0.42 1.2x10M
1985 - - - - 0.24 6.6x 101
1989 1.9 5.1x10™M - - - -
1990 0.66 1.8x 10" - - - -
1991 7.2 1.9x 101 - - - -

As it is known [12], in areas with severe arid climate the plant species formed under
these conditions have relatively high radioresistance, especially xerophytes, an environmen-
tal group of which includes most of the existing plant here. This also applies to crop plants,
particularly cereals, which grow in arid steppes. It is also known [13] that at irradiation with
natural UVR, particularly short-wave, there are tangible alterations in living organisms and a
mechanism of protection is formed against the radiation damage. In addition, soil salinity is
negatively correlated with the content of strontium-90 in plants [14]. All of this suggests that
environmental conditions of the research area dot not contribute, as a whole, to the accumula-
tion of radionuclides in the vegetation cover.

6. CURRENT RADIOLOGICAL SITUATION

Since the Institute of Nuclear Physics NNC RK (INP NNC RK) took in 1998 the
responsibility over the territories of the former " Azgir" test site to carry out radioecological and
radiation monitoring in the period from 1998 to 2003 within the State program "Development
of atomic energy in Kazakhstan" and at present within the State "Development of atomic
energy in the Republic of Kazakhstan", as well as under the environmental protection
programs of the Ministry of Environmental Protection and local authorities of Atyrau oblast,
systematic studies of the radiation environment are in progress there, which formed the basis
fordeveloping a program for integrated systematic monitoring approved by the Atyrau regional
environmental protection agency on October 22, 2001 and the Regulation on the monitoring
system approved by the Ministry of Natural Resources and Environmental Protection of
Kazakhstan on June 21, 2006. So, Azgir scientific and production radioecological expedition
of the INP NNC RK with 11 staff members was established here to carry out operational
monitoring of radiation situation at "Azgir" test site and to protect the site.

214



Radioecology of other test venues and facilities in Kazakhstan

6.1. Radiation environment at technological sites and surrounding
areas

In the territory of the former "Azgir" test site there are 10 technological sites (A1+AS5,
A7+Al1), 8 of which are located at a distance of 17-20 km north-east of Azgir village, site
Al - 1.5 km to the east, and site A2 - 8 km to the north (Figure 2).

In 1995, a series of studies was carried out by the National Nuclear Centre of RK and
KazHydroMet. Measurements of exposure dose rate of gamma-ray background showed that
the activity levels of the gamma-ray background on the sites did not exceed natural levels,
and data on the cesium-137 content in soil largely confirm the results of the St. Petersburg
expedition. Cesium-137 amounts in soil of the test sites exceed the global reserves in soil
(65 milli-Ci/km?) for Kazakhstan and Central Asia. The contamination in the sites’ territory
is unevenly distributed, has a spotty nature and varies widely.

Since 1996 the INP NNC RK has conducted regular monitoring of radiation situation
in the territory of Azgir test site. The first results of radiometric surveys and measurements of
radionuclides density in the soil showed that the exposure dose rate (EDR) at the sites in the
main do not exceed natural levels, except for a limited number of individual points, where the
EDR values reached up to 400 micro-roentgen/hour (sites A2 and AS5). Maximal contamina-
tion was registered at the test site A3.

During the last period, the most serious situation has developed at the site
in 1997 when there were intensive subsidences of the earth's surface and mass disease of
animals; on this occasion the State Commission on Emergency Situations inspected the site.
The subsidences were bottle-shaped at a depth of 2 meters in diameter up to 1.5 m. The
subsidences, obviously, was the result of karstification due to the intense in that year the
flood waters and atmospheric precipitations. This can be attributed to landslides arising as
late effects of the UNEs as discontinuity of the environment as a result of dynamic impacts
on the suprasalt rocks in the past. The INP NNC RK members, who were part of the com-
mission, carried out a detailed examination of radiation situation, soil sampling and gamma
spectrometric analysis and found increased levels of cesium-137 in the surface layer of soil at
the sites A2, AS and A10. Probably, such high concentrations of cesium-137 were due to the
release of radionuclides from the trench disposals, as well as the fact that during the restora-
tion by the Russian experts some radioactive spots, unfortunately, were overlooked, and the
wind and water erosion exposed them. To solve these and other problems, the INP NNC RK
attracted the funds of the International Science and Technology Centre (ISTC). Within the
ISTC Project K-152 together with al-Farabi Kazakh National University there were devel-
oped a technology framework to reduce wind and water erosion at Azgir test site employing
polymeric structure-forming agents.

The maximal level (EDR - 1200 micro-roentgen/hour) and number of spots of radio-
active anomalies were detected (as per data of the year 1999) at the A2 site. At the sites A3,
A5 and A10 the EDR comprised 790, 400 and 290 micro-roentgen/hour, respectively. The
areas of single spots of contamination, where elevated levels of EDR were recorded, ranged
from 0.1+0.2 m*

The radiometric survey in 2000 at Azgir test site showed that the highest radiation
background was recorded at the sites A2, A3 and A10, where the maximal levels of EDR
were 560, 750 and 900 micro-roentgen/hour, respectively. As a result of the works carried
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out by the INP NNC RK in 2000 to eliminate the radioactive spots with EDR values more
than 1,000 micro-roentgen/hour at the Azgir sites, the number of the most radioactive spots
decreased.

6.1.1. Soil contamination with radionuclides of artificial origin

In 2005, upon the instructions of the Ministry of Environmental Protection under the
State program 003 "Research on the comprehensive survey in the areas of military testing
facilities and adjacent areas to determine their ecological condition (Azgir)" the INP NNC RK
investigated in detail the radiation conditions in the territories of the estuarine and adjacent
areas. The contents of the main dose-forming elements (plutonium, strontium, americium
and cesium) in the soils of these territories were investigated. Based on the results obtained,
in accordance with the "Criteria for assessing the environmental situation of territories",
approved by the Decree of the Government of the Republic of Kazakhstan dated July 31, 2007
Ne 653 a conclusion was made that the level of contamination at the test site and surrounding
areas with artificial radionuclides practically does not exceed background levels and meets
the requirements specified in the above document.

This conclusion is fully confirmed by the results of a comprehensive radiological
survey performed by the INP NNC RK in 2009 as a part of the program for investigation of
the former "Azgir" test site for the ecological status of the groundwater.

Among the environment objects to be investigated were included: soil, surface waters
and the main sources of water consumption, vegetation and air (determination of radon).
The analytical studies were carried out in accredited laboratories of the Institute of Nuclear
Physics using analytical methods that provide quantitative determination of isotopes if their
content in the soil is at the level of global fallouts.

Throughout the territory pertaining directly to the test site with an area of 265 sq. km,
including all technological sites, an on-ground radiometric survey over the network of 1.5 km
x 1.5 km was carried out (Figure 2).

The territories around the technological sites with sizes 1 km x 1 km were studied over
a network of 250 m x 250 m. The technological sites of 100 m by 100 m were studied over
a grid of 10 mx10 m. The densening of the study network is due to small sizes (0.5+1 m)
of the spots of recurrent radioactive contamination of the soil at the technological sites.
The on-ground gamma-survey in the areas was carried out with dosimeter-radiometer
DKS 96 with continuous listening to the pulse repetition rate. The connection of the profiles
and measurement points was conducted using GPS satellite navigation devices with an ac-
curacy of =10 meters. The EDR values were registered 1 m from the surface. At the points of
research the soils were sampled from a depth of 0-5 cm. The Table 6.1 presents a summary
of the gamma-survey.
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Table 6.
Summarized data on gamma-survey at the test site (2009)
Q-ty of measurements = EDR, pSvh :
minimal average maximal

Test site territory 120 0.05 0.09 0.14
Territory around the sites 250 0.06 0.09 0.25
Al 25 0.07 0.10 0.11

A2 25 0.07 0.08 0.25

A3 25 0.06 0.09 0.13

A4 25 0.06 0.08 0.10

AS 25 0.07 0.08 0.11

A7 25 0.06 0.08 0.10

A8 25 0.06 0.08 0.11

A9 25 0.06 0.9 0.12

Al10 25 0.09 0.11 0.13

All 25 0.06 0.08 0.11

These data indicate that almost everywhere outside of the technological sites in
the territory directly related to the test site the intensity of the gamma-ray background is
0.05 - 0.14 uSv/h, which corresponds to the background levels and indicates the absence of
contamination at the present time. The recorded value 0.25 puSv/h is abnormal according to
the standards.

The results of the analysis of soil samples to determine the artificial radionuclides
show:

» average content of the isotope Cesium - 137 is within 20-30 Bg/kg, which is al-

most background level;

* levels of plutonium-239, 240 do not exceed 1.2 Bq/kg, with a mean value
of 0.66 Bg/kg;

» concentration of the isotope americium-241 is less than 2 Bq/kg and largely at the
level of detection limit of the used analytical techniques or lower, which does not
allow an unambiguous conclusion about the levels of its concentration. However,
the studies suggest negligible levels of soil contamination with this radionuclide;

» collection of the data suggests that the level of contamination at the test site and
surrounding areas practically does not exceed the level of global fallouts.

» measured values of the specific activity do not exceed the values 2.8 Bg/kg for
2397240py and for *°Sr (0.1 Bq/kg) in the surface soil layer.

The radiation level at the technological sites and surrounding areas does not exceed
the established sanitary standards. However, due to the recurrent local spots of the soils
with elevated radioactivity within the technological sites, it is necessary to continue ongoing
monitoring of soil contamination at the test site.
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Here are the average values for '*’Cs, calculated for all the objects studied:

Study area 137Cs average concentration, Bq/kg
Area adjacent to Azgir test site (R-20 km) 26.1
Wellhead area A1 (1*1 km) 21.2
Wellhead area A2 (1*1 km) 24.1
Wellhead area A3 (1*1 km) 29.5
Wellhead area A4 (1*1 km) 26.6
Wellhead area AS (1*1 km) 26.3
Wellhead area A7 (1*1 km) 24.0
Wellhead area A8 (1*1 km) 25.8
Wellhead area A9 (1*1 km) 27.3
Wellhead area A10 (1*1 km) 39.1
Wellhead area A1l (1*1 km) 29.4
Spot 1 at site A2 5290 + 120
Spot 2 at site A2 1540 + 80

Spots of radioactive contamination (SRC)

As noted above, the contamination at the test site is recorded only within the range
of technological sites, unevenly distributed and has a spotty nature. The following are the
characteristics of the contamination at some sites.

Site Al. In 2000, within the site near the "warfare" borehole (Figure 3) there were
registered spots of soil contamination with the values of EDR up to 700 mR/h (Figure 4), and
data on the content of cesium-137 in soil far exceeded the value of global reserve in the soil
for Kazakhstan and Central Asia - 65 mCi/km?.

10 M
Figure 3. "Warfare" borehole Al Figure 4. Layout of contamination spots
at Al site (year of 2000)
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The reclamation operations carried out in 2001 in the surface storage at A2 site re-
sulted in remediation of 180 kg of radioactive soil. According to the radiological examination
(INP NNC RK, 2005) at the present time the radiation situation is due to natural background.
The EDR values did not exceed 0.13 pSv/h (Figure 5). In the territory of the site there is a sta-
tion for monitoring of the soil radionuclide composition. Due to the geology around the site,
there there are accidental karst failures in the form of craters with a depth of 1 m. In order to
limit access to the site a square-shaped fence with a side length of 45 m was installed.
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Figure 5. Cartogram of EDR (uSv/h) at the site A1 (2005)

Site A2 (Figure 6) was characterized as the most contaminated one among the
technological sites of Azgir test site, both by quantity of radioactive areas and the values of
EDR. Before the decontamination of the polluted areas in 2001 at the site there were recorded
the EDR values up to 400 mR/h (Figure 7), and after the decontamination their maximal
EDR was recorded at 95 mR/h. The reclaiming in the surface storage at the site A2 resulted
in decontamination of 2,040 kg of radioactive soil.

The radiological surveys in 2005 (the INP NNC RK) at the site recorded recurrent
local spots of radioactive contamination of the soil (Figure 8). Based on the results of the
survey the site area was decontaminated again, which resulted in EDR value at the site
reduced below 30 puSv/h.

In order to limit access to the site, an inside fence in a circle shape with a diameter
of 80 m and a square-shaped outer fence with sides of 120 m in length were installed. In the
territory of the site there is a station for monitoring of the soil radionuclide composition.
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10m

Figure 6. Technological site A2 Figure 7. Layout of contamination spots
at the A2 site (year of 2000)
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Figure 8. Cartogram of EDR (uSv/h) at the site A2 (year of 2005)

Site A3 (Figure 9). Radiation situation and radionuclide contamination were char-
acterized as a fairly moderate. Prior to remediation at the site in 2001, the values of DER
were recorded up to 700 mR/h (Figure 10); following the completion the EDR values were
recorded in the range from 25 to 40 mR/h. 180 kg of radioactive soil were reclaimed from the
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contaminated spots into a repository at the site A10. Due to the emergence of recurrent spots
of radioactive contamination of soils found during the radioecological surveys carried by the
INP NNC RK in 2005 (Figure 11), the site territory was subjected to re-reclamation. On the
site there is a station for monitoring of the soil radionuclide composition and a fence installed
in the form of a circle with a diameter of 40 m.

Figure 9.

e

Technological site A3

10m

Figure 10. Layout of contamination spots

at A3 (year of 2000)
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Figure 11. Cartogram of EDR (uSv/h) at the site A3 (year of 2005)
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Site A4 (Figure 12). In response to an incident that occurred at the opening of the cav-
ity, no researches at the site were carried out. The radiation situation is normal with natural
regional background (Figure 13). A single spot of contaminated soil was deactivated in 2007.
At the site there is a station for monitoring of the radionuclide composition of soil and a fence
installed in the form of a circle with a diameter of 40 m.

mciv/h

B B o L o

Figure 12. Technological site A4 Figure 13. Layout of contamination spots
at A4 (year of 2000)

Site A5 (Figure 14) just like the site A3, this one was characterized with respect
to radioactive contamination as having fairly moderate parameters. Prior to the clean-up
operations in 2001, the radiation situation at the site was as follows: the EDR values were in
the range from 40 up to 300 mR/h (Figure 15). After the clean-up operations the EDR values
were observed from 12 to 30 mR/h. 360 kg of radioactive soil were gathered and transported
to the repository from the site in 2001 (A10). Due to the emergence of recurrent spots of
radioactive contamination of soils revealed during the radioecological surveys carried out by
the INP NNC RK in 2005 (Figure 16), the site was subjected to re-reclamation. At the site
there is a station for monitoring of the soil radionuclide composition. In order to limit access
to the site, an inside fence in a circle shape with a diameter of 50 m and an square-shaped
outer fence with sides of 120 m in length were installed.

Site A7 (Figure 17) Prior to the reclamation activities in 2001, the EDR values were
in the range from 20 to 60 mR/h, and after their completion there is a normal situation at the
site; the background radiation is in the range of natural values (Figure 18). 60 kg of soil from
one local spot was disposed into the repository in 2001 (A10). At the site there is a station for
monitoring of the soil radionuclide composition and fencing installed in the form of a circle
with a diameter of 40 m.
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10 m
Figure 14. Technological site A5 Figure 15. Layout of contamination spots
at A5 (year of 2000)
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Figure 16. Cartogram of EDR (uSv/h) at site A5 (year of 2005)
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Figure 17. Technological site A5

Figure 18. Layout of contamination spots

at AS (year of 2000)

Figure 19. Technological site A8
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Figure 21. Cartogram of EDR (uSv/h)
at A8 site (year of 2005)

224

Figure 20. Technological site A1l
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Figure 22. Cartogram of EDR (uSv/h)
at A11 site (year of 2005)
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Sites A8 and A11 (Figure 19 and Figure 20) - no radiological anomalies. Figures 21
and 22 show the distribution of EDR over the territories of the sites. Each site has one station
for monitoring of the soil radionuclide composition and fencing installed in the form of a
circle with a diameter of 40 m. No remediation activities were carried out at the site.

Site A9 is located on the southern slope of East salt dome. A feature of the site is
the presence of a subsidence crater with a diameter of about 500 m and a depth of about
30 m, and the mouth of the "warfare" borehole is located outside the crater contour (Figure
23). Figure 24 shows the crater filled with ground water. Around the formed lake, there are
widespread sinkholes and collapses. According to the radiation survey and the results of con-
tinuous monitoring, the site area is characterized by the values of EDR at the level of natural
gamma-ray background (Figure 25). Despite the fact that the determination of artificial radio-
nuclides used a sensitive technique with detection limit well below the maximal permissible
level, the attempts to detect these radionuclides in the waters of the formed lake failed. The
site has a station for monitoring of the radionuclide composition of soil and water.

Figure 23. Technological site A9 Figure 24. Subsidence crater at the site A9
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Figure 25. Cartogram of EDR (uSv/h) at the site A9 (year of 2005)

225



Radioecology of other test venues and facilities in Kazakhstan

Site A10 (Figure 26). The radiation situation at the site was described as severe be-
cause of the large number of areas with radioactive contamination and high EDR. In 2001
the contaminated areas of the site with the highest values of EDR were remediated. Prior to
the liquidation of the of contaminated areas, the DER values in 2000 ranged from 80 to 800
mR/h at 63 contaminated spots, and after - in the range from 40 to 70 mR/h (Table 7). 420 kg
of radioactive soil was disposed and placed on-site in a repository in 2001.

e

Figure 26. Technological site A10

The major works on reclamation were conducted in 2007 (Table 8) and, basically,
were aimed at dispose of radioactive metal scrap, placed for temporary storing within an
outer enclosure area. About 100 units of machinery, equipment and materials non-serviceable
for further use had been stored here. An area occupied for storing scrap metal was about 40
000 sq. km. However, only 4 facilities were contaminated:

1. The platform at the gate - 0.4 - 0.7 uSv/h;

2. Crawler track -0.62 pSv/h;

3. Bunker - 0.52 pSv/h;

4. Pump - a distance of 1 m - 0.38 puSv/h, inside - 9 pSv/h.

According to the field gamma-spectrometry, all the objects were contaminated with
cesium-137. The soil under the platform, crawler track and the pump was contaminated.

Currently, according to the radiological examination (the INP NNC RK, 2009), the
reclamation works at the site resulted in normalization of the radiation situation. There is a
station at the site for monitoring of the soil radionuclide composition and fencing installed in
the form of a quadrangle (130m x 170m).

Table 7.
Results of gamma-survey of contaminated spots at the site A10 (2001)
EDR, mR/h EDR, mR/h EDR, mR/h EDR, mR/h
Measurement . . Measurement . .
X before remedia- | after remedia- . before remedia- | after remedia-
point # . . point # . A
tion tion tion tion
A2 60 20 b103-1 150 40
Al6 100 25 b103-2 130 35
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EDR, mR/h EDR, mR/h EDR, mR/h EDR, mR/h
Measurement . . Measurement . .
point # before .remedla- after r.emedla- point # before .remedla- after r'emedla-
tion tion tion tion

A43-1 270 35 B117-1 200 40
A43-2 280 25 b117-2 170 30

A5l 90 20 b117-3 80 52

AS4 110 25 b122 150 69

A62 80 20 b124-1 150 35
b53-1 170 30 b124-2 90 39
b53-2 90 35 b124-3 150 35

bo64 190 30 b124-4 90 25
b70-1 100 35 b125-1 120 30
b70-2 110 30 b125-2 800 42
b72-1 90 36 b126-1 100 32
b72-2 80 30 b126-2 110 30
B80-1 160 30 Il 60 32
b80-2 400 30 2 60 30

b87 80 30 I 100 32

b90 130 40 I21-1 110 38

B9l 110 30 r2i1-2 80 36
b102-1 90 30 r42 80 30
b5102-2 100 37 52 40 30

Table 8.

Results of gamma-survey of contaminated spots at the site A10 (2007 r.)

EDR, pSv/h be- | EDR, pSv/h after EDR, pSv/h be- | EDR, pSv/h after
Sector, fore remediation remediation Sector, | fore remediation remediation

square H=3 em H=100 H=3 em H=100 | square H=3 em H=100 H=3 em H=100
cm cm cm cm
A2 0.5 0.3 0.35 0.25 B117 1.6 0.7 0.39 0.30
Al6 0.6 0.3 0.30 0.20 | B124-1 0.7 0.4 0.30 0.28
A43 1.2 0.6 0.30 0.20 | b124-2 0.5 0.4 0.25 0.20
A52-62 0.7 0.4 0.38 0.32 b125 1.1 0.3 0.35 0.30
AS4 1.2 0.6 0.38 0.35 b126 0.7 0.4 0.25 0.20
B61-1 1.1 0.7 0.25 0.20 Bl 0.4 0.3 0.25 0.20
B61-2 0.7 0.4 0.20 0.15 Bll1 0.5 0.3 0.20 015
B52 0.9 0.4 0.30 0.25 B21 0.7 0.4 0.30 0.25
B53 0.8 0.4 0.30 0.25 B22-1 0.4 0.3 0.20 0.15
b72 0.6 0.4 0.38 0.30 B22-2 0.6 0.3 0.25 0.20
b72-82 1.2 0.8 0.20 0.15 B32 0.6 0.4 0.25 0.20
b86 0.5 0.3 0.20 0.15 B41 0.5 0.4 0.20 0.15
B87 0.4 0.3 0.15 0.12 B42 0.8 0.6 0.30 0.25
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EDR, pSv/h be- | EDR, pSv/h after EDR, pSv/h be- | EDR, pSv/h after
Sector, fore remediation remediation Sector, | fore remediation remediation
square H=3 em H=100 H=3 cm H=100 | square H=3 em H=100 H=3 cm H=100
cm cm cm cm
b88 0.7 0.3 0.25 0.20 BS3 0.4 0.3 0.20 0.15
590 0.5 0.3 0.20 0.15 27 0.6 0.3 0.30 0.25
B91 1.1 0.6 0.35 0.30 I28-1 1.1 0.5 0.30 0.25
5102 0.8 0.4 0.30 0.25 128-2 0.6 0.3 0.35 0.30
5103 1.2 0.4 0.36 0.33 r49 1.2 0.5 0.35 0.30
bl 12'11213 1221 1.0 030 | 025 | TS50 0.8 0.4 025 | 0.20
b113 0.5 0.3 0.20 0.15 69 1.8 0.5 0.35 0.30

6.1.2. Contamination of soil with heavy metals

Along with the study of artificial radioactive contamination, the INP NNC RK has
been studying macro-and trace-element composition of the environment for a long time.
According to the results of studies using high-precision methods of analysis of the presence
in soils of 24 elements, no contents of the heavy metals above the permissible levels were
recorded.

6.2. Radioecological situation in the nearby settlements

In 2005 and 2009 a comprehensive assessment of environmental quality in three
locations: Azgir, Balkuduk and Suyunduk, that is, the settlements that are in the area of
maximal potential impact from the former "Azgir" test site. The assessment was conducted
on the following parameters: level of soil contamination with artificial radionuclides, levels
of artificial radionuclides in the air, quality of surface and drinking waters on the parameters:
micro-and macro elemental composition, radionuclide content (including tritium).

In the residential areas 187 points were measured for gamma-ray background. In Az-
gir village — 29 measurements outdoors, 4 — on virgin lands and 25 — in homes, in Balkuduk
village — 34 measurements outdoors, 5 — on virgin lands and 25 — in homes, in Suyunduk
village — 35 measurements outdoors, 5 — on virgin lands and 25 — in homes. Samples were
taken of such environmental objects as: soil samples in Azgir village — 23 pcs., in Balkuduk
— 31 pcs., in Suyunduk — 31pcs.; 12 pieces of vegetation samples — three samples from each
village and water samples from sources of drinking and household purposes (water wells) in
quantities of 10 pieces. The registers of the samples are given in the Annex in Tables A1, A2
and AS. In residential and business premises 68 measurement of the equivalent volumetric
activity of radon (EEVA) were carried out. The radon survey was carried out with radon-
meter "Ramon Radon-01" based on the standard method. The results of the surveys in the
settlements are presented in Tables 9-11 and Figure 27.
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Figure 27. Cartogram of DER measurement and soil sampling points in Azgir village

The gamma background level (Table 9) in the surveyed villages corresponds to the
values of natural background for the region. As it can be seen from Table 10, the values of
EEVA are on average 65 — 122 Bq/m’. Single values exceeding 200 Bg/m? were recorded,
which is associated with poor ventilation in the facilities.

A selective individual dosimetry for the population (7 people) was carried out. The
staff of Azgir research and production radio-ecological expedition was measured as the most
critical part of the population (Table 11).

Table 9.
Results of gamma-survey in villages
Q-ty of EDR, pSv/h
measurements minimal Average maximal
Azgir village 33 0.05 0.07 0.11
Balkuduk village 37 0.05 0.07 0.09
Suyunduk village 40 0.05 0.08 0.1
Table 10.
Measurements of radon equivalent equilibrium volumetric activity
Q-ty of EEVA_, Bg/m’
measurements minimal Average maximal
Azgir village 24 1,0 65 249
Balkuduk village 23 10 76 221
Suyunduk village 21 28 122 233
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Table 11.

Individual dosimetry of Azgir research and production expedition
staff for the second quarter of 2009

s Name Effective dose,
per quarter, mSv

1 Gubashov R. K. 0.089

2 Gubashov H. G. 0.125

3 Zhumakulov N. B. 0.097

4 Imangaliev A. K. 0.063

5 Kaliev A. K. 0.099

6 Salikhov S. G. 0.089

7 Uteshev A. 0.102

The determined specific contents of *’Cs, 2! Am, 2Py and *°Sr in the surface soil
of the settlements Azgir, Balkuduk and Suyunduk allow to state that the impact of Azgir
test site on soil contamination in the surveyed villages is insignificant. Comparison of *’Cs
average concentrations in the soil of these settlements with the level of global fallout is
shown in Table 12.

Table 12.
Comparison of average concentrations of '*’Cs in the soil of the settlements
with the level of global fallouts
Background area (Ganyushkino village) 4.6 Bg/kg
Balkuduk village 7.6 Bg/kg
Azgir village 9.0 Bq/kg
The level of global fallout (for Northern Hemisphere) 10-50 Bq/kg

6.3. Ecological conditions of underground waters

To date, the information on the artificial radionuclides in groundwater at the former
"Azgir" test site is insufficient. So far it is mainly based on the studies of contamination
with artificial radionuclides in underground waters during the exploitation by the Russian
specialists and the monitoring data on the radionuclide composition of the first aquifer at
"Azgir" test site and surrounding areas, carried out by the INP NNC RK.

6.3.1. Contamination of groundwater with radionuclides of artificial origin

The Khlopin Radium Institute (St. Petersburg) noted at the sites Al, A2, A3, AS
radionuclide contamination of the underground waters of the lower aquifers not used for water
supply. Radioactive contamination of the array surrounding the cavity A1 was detected in the
surface zones of the salt dome West Azgir, also revealed the radioactivity in the groundwater
in the well A3. In all cases, the concentrations of artificial radionuclides in the waters are far
below the maximal allowable concentrations for drinking water. Recent measurements of
radionuclide contents in groundwater of the test site grounds were carried out by the Russian
specialists in 1991.
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The INP NNC RK in 2009 after the restoration of water wells studied the radionuclides
composition of the formation waters of the first aquifer at sites A 1 and A 2. Registered with
high-precision analytical methods concentrations of artificial radionuclides were 10-100
times lower than the maximal permissible levels.

The researches have not detected artificial radionuclides in the water from draw wells
in the adjacent villages. Additionally, content of tritium was investigated in the water (this
isotope is a heavy isotope of hydrogen accumulated in the process of nuclear explosions and
it has extremely-high mobility). The investigations established that the absence of tritium in
these waters allows concluding that there is no impact of Azgir test site on the water sources
quality; however, we cannot exclude the effect in the future. Monitoring of the groundwater
should be continued, so if the geological situation in the region changes as a result of seismic
activity or unauthorized technological activity there is a risk of radioactive brine inflow from
the cavities into the overlying horizons.

6.3.2. Indicators of groundwater quality related to natural factors

During a comprehensive survey of Azgir test site and adjacent areas to determine
their ecological status there were investigated waters out of the draw wells in Azgir and
Balkuduk villages and from an open body of water at the site A9. Figure 28 shows the results
of monitoring the elemental composition according to the 2010 and 2011. These water-wells
are the main sources of water supply in the area. In all samples, sodium content exceeds
allowable hygienic standards; in individual samples it is exceeding the established sanitary
standards for a number of indicators such as total mineralization, contents of chloride ion,
magnesium and manganese. Based on the integral performance (total index of hazard) one
can make an unambiguous conclusion about the unsuitability of the investigated surface
waters and water sources for drinking purposes.

As follows from the histograms shown in Figure 28, concentrations of barium,
strontium, and manganese is well above the limit values of MAC for drinking water. In
general, trace element composition of groundwater in these wells and water-wells compared
to monitoring data from 2010 has not undergone significant changes and the recorded
differences are due to seasonal factors.
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Figure 28. Comparison of microelement concentrations with MAC for drinking water

CONCLUSION

* At present the radiological situation at the technological sites of Azgir test site and
surrounding areas remains within the sanitary limits.

* Continuous radioecological monitoring at Azgir test site is to be performed be-
cause of the risk of recurrent local spots of soil with elevated radioactivity within
the technological sites and migration of radionuclides with groundwaters.

* Major adverse environmental factor in the villages Azgir and Balkuduk is natural
quality of the drinking water.

7. CALCULATION OF EFFECTIVE DOSES OF IONIZING
RADIATION FOR POPULATION IN VICINITY OF THE
TEST SITE

The main task of environmental radiation monitoring is to estimate the equivalent
dose from all sources, and much of the radiation monitoring program is associated with the
calculation of equivalent doses and comparing them with established state dose limits.

The calculation of the effective dose was performed according to the method developed
by the INP NNC RK Ne 34-01-22/1201 dated 29.12.1999, consistent with the Republican
SES RK. Dose coefficients were used from the NRB-99 (Radiation Safety Standards). Also
of interest is assessing the effects of radiation as s.p. 2.7 and 2.8 of the NRB-99, i.e. the
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risk of fatal stochastic effects from exposure to ionizing radiation (radiation risk) and the
probability of loss for the lifetime of an individual from Azgir village. Calculation results of
the radiological consequences are presented in Table 13.

Table 13.

Assessment of effective dose

Parameters Unit of measure Value

effective dose Sv/year 1.9-10°
including from artificial radionuclides 2.2:10°

radiation risk fatality /year 1.4-10*
including from artificial radionuclides 1.6-10°
probable loss of life time in 60 years 41 days
including from artificial radionuclides 10.8 hour

» It should be noted that the results of the calculations are somewhat too high due
to the use of dose coefficients for the most critical groups and for the most toxic
chemical forms of compounds with radionuclides.

» The doses of external radiation from artificial radionuclides cesium and strontium
are also overstated because the migration processes (horizontal and vertical) were
not taken into account.

8.  WORKS ON NORMALIZATION OF THE
RADIOLOGICAL SITUATION

In accordance with Article 143 of the Kazakhstan Land Code, the lands where
nuclear weapons tests were performed may be granted by the Government of the Republic
of Kazakhstan to the property or land tenure only after completion of all measures on
elimination of nuclear testing consequences and comprehensive environmental survey. In
pursuance of this document based on the results of monitoring the INP NNC in 2005 carried
out an inventory of radioactively contaminated spots of soil at the test site and scrap metal at
a temporary storage location.

Based on the research results, procedure rules to eliminate areas of radioactive
contamination at technological sites of the "Azgir" test site were developed and approved. In
accordance with the developed rules, certain operations in 2001 and 2007 were carried out
to eliminate the most dangerous spots of radioactive contamination at the sites A1, A2, A3,
A4, AS, A10, which may pose a potential danger to the public, and dolines of the ground at
the sites A1 and A9.

During these works we took into account that the contamination is represented by the
contaminated soil (average specific activity of the main dose-forming radionuclides *’Cs
was 2687 Bg/kg) and scrap metal, not belonging to the category of radioactive waste. The
reason is non-excess of normative values of the actual specific activity of the contaminated
materials. The elimination of spots of radioactive contamination (SRC) was carried out
by sampling of contaminated soil to the desired depth (up to 30 cm) without the use of
mechanized equipment. Transportation to a burial ground was made in compliance with the
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rules for the transport of radioactive waste. In view of the small size of SRC, no special
measures to restore the territory were required (except for covering the treated areas with
clean soil).

When disposing the contaminated scrap metal, we faced a need to preliminary sepa-
rate contaminated scrap metal from the main non-radioactive bulk (Figure 29).

Large-and massive non-transportable radioactive fragments were subjected to cutting
into pieces for optimal transportation and laying in near-surface trench disposal.

To dispose the radioactive soil from the areas located on the western and eastern
domes, there were prepared subsurface repository facilities for materials of limited use in
the territory of the sites A2 and A10. The rocks in these areas are dark gray thick marlaceous
viscous clays with interlayers of loam and fine sand. Depth of the showing of the first, from
the surface, aquifer at the site A2 is 18 m, and at site A10 — 8 m. In 2007 9,150 kg of soil and
1,900 kg of metal fragments were disposed in near-surface burials (Figure 30).

Figure 29. Fragmentation Figure 30. Disposing of radioactive scrap metal
of contaminated scrap metal and soil in MPTO-10

Upon the reclamation works, an assessment of their efficiency was carried out, which
showed that the radiation situation at the test site does not exceed the standards for soils of
the relatively safe territories based on the radioactive contamination criterion set by "The
criteria for assessing environmental situation of territories" approved by the Decree of the
Government of the Republic of Kazakhstan dated July 31, 2007 Ne 653. According to the
results of studies, a database was created in 2008 that is launched in the INP NNC RK and at
Akimat of Atyrau oblast.

To ensure reliable restricted access regime in the sanitary protection zones of the
technological sites there was installed a fence 30 m and more from a reference stake of the
"warfare" borehole.

The fences are made of metal racks with a diameter of 80 mm, height of 2,200 mm
(fence height above the ground is 1,500 mm), with the distance between the racks — 3,000
mm. On the racks, three rows of 5 mm wire, a row of reinforcement rods with diameter of
12-14 mm and two rows of barbed wire were installed. In the fence there is a 5 m wide gate
(Figure 31).
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Figure 31. Fencing and gates

During 2009-2010 the works were carried out under the program "Research of the
"Azgir" test site impact on the ecological status of groundwater". A technical base was created
for monitoring the radionuclide composition of groundwater from 10 monitoring water wells
at the former "Azgir" test site and 5 draw wells in the surrounding settlements. The technical
base enables to study the nature of the migration processes in groundwater levels to a depth

of 20 m.

Once the works are completed, a conclusion will be made in 2011 about the state of
groundwater and its prospects to be used for commercial purposes.
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A3FBIP ITOJTHT OHBIH/IAFbI A/JPOJIBIK CBIHAK 3APJAIITAPBIH KOO
JKOHE KA3IPTT PATHAIIHSIBIK KAEJAH

Honemxko A.H., Jlykamenko C.H., I'tymenko B.H., AxmetoB E.3.,
Myxamoet:kanoB b.T., CeBepunenko M.A.

KP ¥A0 Aoponvik ¢puzuxa uncmumymesr Anmameot, Kazaxcman

Makanana "A3FpIp" MOJMIOHBIHZIA JKEPAcThl KyBICTAphIH Kypy OOMBIHIIA JKyMbBICTapra
IOy YCBHIHBUIBIN, SIAPOJIBIK JKapBUIBICTAPABIH MapaMeTpiepiH CypeTTey, YHFBIMAlap MEH JKe-
pacTel KyBICTApBIHBIH OKaFfaibl KenTipiireH. PaavoHyKIMATEpAiH KOpIIaraH oprara OoinKam-
Jbl OKBUIBICTAYBIHBIH HEri3ri MeXaHu3MIepi KapacTblpburraH. JKypri3iuireH paarodKoIOTHsUIBIK
3epTTeyIep/iH HOTIKENepl KoHE TYPAKTHl MOHUTOPHHT IepeKTepi ITOJIUTOH ayMaFrbl MEH OFaH ipresec
aybUIIap/AaFbl Ka3ipri paauanusulblK KaFaaiaplH OCKITUINeH CaHUTAapIIBIK-THTHEHAIBIK HOPMAaTUBTEP-
JIH acCTailTBIHBIFBIH KOPCETTi. PauanusiblK Katepiepii TOMEHASTYAIH KOIaHbUIFaH 9J1icTepi MEH
TEXHOJIOTUSUTAPBIHBIH THIMIUTITI TypasTbl KOPBITEIH/BI KacaIbl.

JIHKBHJJAIIUA TOC/AEACTBHY SJEPHBIX HCIIBITAHUH
HA ITOJIUTOHE A3T'HP H COBPEMEHHAS PAJJTHALIHOHHAS
OBCTAHOBKA

Honemxko A.H., Jlykamenko C.H.,. Iimymenko B.H., Axmetos E.3.,
MyxamoeT:kaHoB b.T., CeBepunenko M.A.

Hucmumym aoepnoii pusuxu HAI] PK, Anmamer, Kazaxcman

B crarbe mpezcTaien 0030p padoT 10 CO3AAHHIO TTOJ3EMHBIX ITOJOCTEH Ha mojuroxe "As-
rup", IPUBEICHO ONMCAHKE TTAPAMETPOB SAEPHBIX B3PBIBOB, COCTOSHUS CKBAYKHH M MOJ[36MHBIX MOJIO-
cteil. PaccMOTpeHbl OCHOBHbIE MEXaHU3MbI BO3MOJKHON MUTPALUHN PAJUOHYKIHIOB B OKPYXKAIOLIYIO
cpeny. Ha ocHoBaHMM aHamu3a pe3ylbTaToOB IPOBEACHHBIX PaAMO3KOIOTMYECKUX UCCIEIOBAaHUHA U
JTAaHHBIX TIOCTOSHHOTO MOHUTOPHHTA ITOKA3aHO, YTO COBPEMEHHAs paJHaIlMoHHas 00CTaHOBKA Ha Tep-
PUTOPHHU TIOJIUTOHA U B IIPUJIETAIOIIUX ITOCEJIKaX HE BHIXOAUT 32 MPEJeiIbl yCTAaHOBIEHHBIX CAHUTAPHO-
THTHCHNYECKUX HOpMaTnBoB. CraenaH BBIBOJ 00 3(p()EeKTHBHOCTH IPUMEHEHHBIX METO/IOB U TEXHOJIO-
Tl CHIKEHUS paJUAI[MOHHBIX PHCKOB.
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YIK 577.4:504.064:539.16

DEVELOPMENT STRATEGY FOR THE PROJECT "COMPREHENSIVE
RESEARCH AND MONITORING OF "LIRA" FACILITIES"

(based on the works performed in 1998-2010)

Kadyrzhanov K.K., Lukashenko S.N., Solodukhin V.P., Ageeva T.I.,
Glushchenko V.N., Silachyov I.Yu.,Nikolaev .M., Poznyak V.L.,
Novozenko V.A., Kiyatkina N.G., Glushchenko G.M., Matienko L.D.

Institute of Nuclear Physics NNC RK, Almaty, Kazakhstan

The paper reviews the studies performed by NNC for assessment of LIRA facilities radiological
status, determination of the level and extent of in-deep contamination at the facility, as well as surface
contamination at the adjacent lands and settlements. It also describes the basic principles of the devel-
oped science-based integrated system for monitoring of LIRA facilities and neighboring territories.
We consider the threat model development in relation to LIRA facilities and radiation safety assurance
concepts. The strategy for elimination of underground nuclear cavities at LIRA site has been substanti-
ated.

1. HISTORY OF "LIRA"FACILITIES AND THE PROJECT
"COMPREHENSIVE RESEARCH AND MONITORING
OF "LIRA" FACILITIES"

The Karachaganak oil-gas condensate field (KOGCF) is located in Western Kazakhstan,
30 km from the town of Aksai in the West Kazakhstan oblast of Kazakhstan

In the late 1970s, the original project to develop and exploit KOGCF had an integral
part of a single processing facility provided for making buffer underground tanks for
technological control during gas and condensate transportation to the Orenburg gas processing
plant. A conventional method for underground erosion to build the required capacity was not
possible due to the short time allocated for the construction, lack of the necessary amounts of
water for erosion at KOGCF territory, expected environmental contamination of large areas
of lands with salts being accumulated. It was therefore decided to use special technology
using underground nuclear explosions for construction of underground reservoirs.

In this regard, by the decree of the CPSU Central Committee and USSR Council of
Ministers #239-96 dated 25.03.83, and #424-107 dated 08.05.84 on the project All-Union
Research and Design Institute of Industrial Technology "VNIPIpromtehnologiya" coordi-
nated with the 3 General Directorate of Ministry of Health of the USSR, the Soviet Union
State Hydrometeorology and approved by the Ministry of Medium Machine Building and
gas industry in 1983 and 1984 in the salt thickness of KOGCF northern wing at depths of
840-960 m in pre-drilled holes along the river Berezovka the nuclear charges were exploded.
The created underground tanks under the code name for an explosive designs were named —
facilities "Lira-1" and "Lira-2" (Figures 1 and 2).
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Figure 1. Karachaganak field and LIRA Figure 2. LIRA facilities layout
facilities” contours

According to official figures provided by the institute "VNIPIpromtehnologiya" the
underground nuclear explosions at the facility LIRA and the cavities are characterized by the
parameters (Table 1).

Table 1.
1.1 Features of nuclear explosions and the cavities at LIRA site
Under- Date Geographical | Explosion Denth Volume,
ground and time coordinates yield, 111)1 > | thous. Condition of reservoir
cavity | of explosion | latitude longitude | kiloton m’
o 147 Used for the reception
TR 10.07.83 51021,47,, 15 881 55 of the condensate. 13.6 thous.
03.59.57 53°18'21
of ton condensate stored
011591 Used for the reception
TK-2 10.07.83 o 21,52,, 15 888 66 of the condensate. 50 thous.
04.04.57 53°1921
of ton condensate stored
ommAan Used for the reception
TK-3 10.07.83 o 22,49,, 15 796 45 of the condensate. 15.2 thous.
04.09.57 53°20'19
of ton condensate stored
0911730 Used for the reception
TK-4 21.07.84 3172133 15 820 47 of the condensate. 4.6 thous.
02.59.57 53°19'09"
of ton condensate stored
21.07.84 51°22'13" .
TK-5 03.05.57 5302011 15 844 49 When opened it was watered
21.07.84 51°23'31" At present there is a blockage
TK-6 03.09.57 53°21'00" 15 %31 49 in the borehole
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Based on the information provided by the institute "VNIPIpromtehnologiya" and
in accordance with the classification, these nuclear explosions were defined as complete
camouflet explosions, i.e. explosions, which released radioactive substances in the quantities
that could not harm the health of the population of the adjacent communities. However,
according to unofficial information the witnesses observed outflow of gases during the
explosion at the cavity TK-2.

In addition, the underground reservoir TK-5 at opening happened to be com-
pletely watered. The underground reservoir STK was opened through the hole drilled
near SRTK "bis".

After the preliminary operations, the explosion and subsequent opening and examina-
tion the underground tanks at boreholes 1TK, 2TK, 3TK, 4TK, 6TK were dry and consistent
with the project volume.

In order to control the migration of radionuclides from the flooded reservoir STK, a
network of control and monitoring boreholes 1KN-4KN depth of 350 m was set up, control-
ling aquifers of the cap rock, 12KN at depth of 1,250 m to control the aquifers of salt forma-
tion. In addition, towards the river Berezovka from the borehole 5TK there were drilled six
boreholes RG-1 — RG-6, which control the water-bearing stratum of Neogene-Quaternary
and Triassic sedimentations.

y ’ ;
- -~ ®KN4
; ;
o RG-1-6+++ ;
'-,-' - - v
- TK-5 +
- / @KN-2
T OKN4 *
®KN-3
‘l
®KN-12 '

Figure 3. System of monitoring wells near cavity TK-5

Currently, the cavities TK-1 — TK-4 are technologically settled, partially filled with
condensate and are under pressure up to about 40 atmospheres. The works on arranging
cavity TK-6 were not completed due to technological accident. Later, to control cavity TK-5,
a network of control-observation wells was set up (Figure 3).

Until 1998, LIR Afacilitieswereownedandmaintainedby JSC "Karachaganakgazprom".
Radiation monitoring and radioecological studies were carried out based on a limited number
of parameters and were not performed systematically.

In accordance with the Cabinet of Ministers of the Republic of Kazakhstan dated
January 12, 1998 # 5 LIRA facilities were transferred to the Ministry of Science - Academy
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of Sciences of the Republic of Kazakhstan and transferred to the balance of the Institute of
Nuclear Physics (INP) of the National Nuclear Center (NNC) of the RK.

Based on the Final Production Sharing Agreement on the Karachaganak gas
condensate field, an Agreement was concluded between JSC "National Oil and Gas Company"
Kazakhoil" of the Karachaganak production structure and the NNC on the funding the
research and monitoring at LIRA site. In order to coordinate the operations at LIRA facilities
the Karachaganak production structure and the NNC RK developed and signed an Agreement
on technical cooperation in comprehensive research and monitoring LIRA facilities.

2.  INITIAL STATE OF AND INFORMATION
ON THE FACILITY AT THE TIME OF TRANSFER
UNDER NNC RK

At the time of LIRA facilities transfer under the responsibility of NNC RK, no regular
information on the radioecological situation at the facilities was available in Kazakhstan.
Specialists of the NGO "V.G. Khlopin Radium Institute ", which until 1993 controlled the
state of LIRA facilities and left these facilities without noticing the Kazakh side, provided
no information about its condition. By the time of transfer to the NNC RK we had only
disembodied data on the exposure dose, total beta-activity and contents of cesium-137 at
some points. Obviously, for a realistic assessment of the radioecological situation in relation
to LIRA facilities these data had almost zero value. The wellhead platforms were hardly
virtually fenced off, access to the site was free, and level of control was minimal. There were
no results relative to the actual radioecological situation in the field and adjacent areas. The
control and observation wells were arranged and, as was shown by the further geophysical
works, were little serviceable.

The absolutely clear in this situation was a complete distrust of local authorities,
regulatory and supervisory authorities of all levels to the data given in the Soviet period
about the assurances of the radiation well-being at LIRA facility, a general distrust of the
population to the activities of all organizations who had previously worked and controlled
LIRA facilities and the extreme radiation phobia arisen as a result of complete lack of attention
to the population shown by previous responsible organizations. Concerns of a strategic
investor, who had no experience in large-scale oil and gas operations directly in the fields of
nuclear explosions, about the safety of the oil and gas operations at KOGCF jeopardized the
development of the Karachaganak project.

It should certainly take into account the objective complexities of restraining the
operations on the full-scale research and monitoring LIRA facilities: remoteness of the site
from the main production and analytical capacities (number of parameters to be measured
within 1-2 days after sampling); the lack of elaboration in the world scientific practice and the
complete absence in Kazakhstan of instrumentation and methodological support for a highly
sensitive determination of the witness elements (chlorine-36, tritium); lack of instrumentation
and methodological support and qualified personnel in Kazakhstan for multiple determination
with the required sensitivity of artificial radionuclides in various environmental media.
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3.  MODEL OF THREAT IMPOSED BY LIRA FACILITIES AT
THE INITIAL STAGE OF THE KOGCF DEVELOPMENT AND
RADIATION SAFETY PRIMARY CONCEPTION

Fears of the public and the assumption of some specialists about the possibility of large-
scale radioactive contamination at LIRA facilities had certain objective pre-conditions.

1.

4.

A known fact that the geological structure of the Karachaganak dome is described
by a model of "broken plate" that is characterized by a large number of zones
of fracturing and decompression, which are the most likely pathways for the
radioactive gases migration during the underground nuclear explosion, was in the
first place. As a result of applying this particular tectonics and the huge pressures
that arise when conducting an underground nuclear explosion, it is quite possible
that large amounts of rock and soil surface layers may have become contaminated
with artificial radioactivity to the levels dangerous to humans. Upon that the
locations of the bulk zones of contamination and their shape, extent and level
of contamination cannot be predicted in advance. The seismic activities of the
previously conducted underground nuclear explosions additionally contributed
to the opening of individual fractures, making it easier to transport the gas fluids
to the surface during subsequent or concurrent explosions.

The next objective pre-condition was the emergency water fillup of cavity
TK-5 immediately after it was created as a result of an underground nuclear
explosion, which resulted in a 50 000 cubic meters of liquid radioactive waste
of high activity with high potential mobility. In combination with the fracturing
and decompression zones in a salt dome cap this circumstance was an additional
factor capable in adverse conditions to lead to massive radioactive contamination
(Figures 4 and 5).

Intenseness also prevailed due to the above fact of unfavorable technological
arrangement of cavity TK-6 and uncertainty of its state in this regard.

The objective cause of the social tension and public concerns was also lack of
systematic and faithful information.

Mutually being formed and amplified, the above reasons led to a large number of
negative publications in various media, which resulted in the recent article "The Karachaganak
Secrets" in the newspaper "Ural Week" #16 from April 22, 2004, that alleged unfavorable
radiation situation in the KOGCF territory.

Based on the above arguments, the specialists of the National Nuclear Center of RK
have formulated the primary threat model of radiological hazards from LIRA facilities, whose
main provisions are as follows:

radioactive contamination spread over a large area and in a significant areas of
crustal blocks;

the cavities are leaky and are a source of additional radioactive contamination;
there is a tendency for widening the contaminated areas.
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Figure 5. Possible three-dimensional model of groundwater migration zones
in the block of rocks enclosing cavity TK-5, in the case of its collapsing
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4. RADIATION SAFETY CONCEPT

To ensure long-term radiological safety of LIRA facilities and taking into account
the formulated and adopted to test threat model, a concept was developed that includes the
following basic activities:

1. Maintenance of LIRA facilities technological equipment in proper working

condition.

2. Implementation of integrated monitoring, including radioecological,

hydrogeological monitoring and monitoring of gas composition of subsoil air.

3. Preparation of material and technical basis to eliminate the potential emergency

situations.

4. Technology development for immobilization of radionuclides in the cavities and

its implementation.

The concept for ensuring the long-term radiological safety at LIRA facilities developed
by the INP NNC RK was presented and discussed at the national and international levels. The
most thoroughly it was reviewed in 1999 in Almaty at the International Scientific Workshop
"Nuclear Physical Methods in Investigation of Radioecological Problems of the Former
Nuclear Test Sites" (NATO Advanced Research Workshop) with participation of leading
scientists from the USA, Europe and Russia including such world-renowned scientists as
the former director of Los Alamos National Laboratory of the USA Z. Hecker and Director
of the Russian Federal Nuclear Center R. Il'kaev, directly related to nuclear weaponizing.
Based on the discussions, a protocol was adopted in which the workshop participants shared
the opinion that with an appropriate technical implementation the proposed concept would
provide long-term radiation safety of the nuclear cavities in the development of KOGCF,
and proposed methods for achieving the goals are consistent with adopted world practice in
execution of such works.

5. STUDIES BY THE NNC RK ON RADIOECOLOGICAL
STATUS OF LIRA FACILITIES

To determine the actual radiological status of LIRA site and adjacent territories and
to make grounded prediction of its development in 1998-2003, there were carried large-scale
comprehensive studies which aim at/to:

* determine the level and extent of radioactive contamination of surface and

subsurface soils in the territory of LIRA facilities and surrounding areas;

* determine the level and extent of deep radioactive contamination;

* determine possible pathways and intensity of radioactive contamination migration

from cavity TK-5;

* determine the state of the cavity TK-6;

* development and creation of a complex monitoring system to obtain on a regular

basis reliable information about radioecological conditions at LIRA facilities and
its dynamics.
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5.1. Determination of the level and extent of radioactive contamination
of surface and subsurface soils at LIRA site

The first stage included a preliminary reconnaissance survey of the radiological situ-
ation in the territory of LIRA site and vicinities. The radiometric survey showed that the
exposure-dose rate (EDR) in the area, with some exceptions, is in the range of 10-15 puR/h.
At the site TK-5 there were revealed 2 spots with 0.5%1 m where the EDR is 20-30 pR/h,
and directly at borehole TK-4 the EDR equals to 50 pR/h. The results from gamma-ray spec-
trometry of soil samples taken showed that the vast majority the concentration of artificial
radionuclide '*’Cs is — n*10 Bq/kg. No other gamma-emitting artificial long-lived radionu-
clides (*°Co, "*Eu, **Eu, >’ Am) were detected. Later the revealed areas with technological
contamination were eliminated (Figure 6).

§ -~

R \_ .(""‘
Figure 6. General view of the ground sampled at TK-4

To determine the level and nature of surface contamination, a detailed study of the
artificial radionuclides content in the soil of LIRA site and adjacent areas was carried out. The
study was aimed at clarification of the following main issues:

1. Revealing of indicators for proliferation of artificial radionuclides from a nuclear

cavity to the surface.

2. Determination of indications for additional radionuclide contamination in con-
nection with an evidence of noble gases outflow to the surface in preparation of
the TK-2 for commissioning.

3. Overall assessment of the level and nature of the radionuclide contamination in
the area surveyed,

4. Clarification of the mechanisms that stipulated the actual radiological situation at
LIRA site and its surroundings.

5. Assessment of the radiological environment and dose loads on population living
in the settlements adjacent to the LIRA site.
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5.2. Radiation survey of surrounding areas and settlements

5.2.1. Experiment

The first stage included a preliminary reconnaissance survey of the radiation situation
at LIRA site and vicinity. The radiometric survey showed that the exposure-dose rate (EDR)
in the area, with some exceptions, is in the range of 10-15 uR/h. At the site TK-5 there were
revealed 2 spots with 0.5x1 m where the EDR is 20-30 pR/h, and directly at borehole TK-4
the EDR equals to 50 pR/h. The results from gamma-ray spectrometry of soil samples taken
showed that the vast majority the concentration of artificial radionuclide '*’Cs is — n*10 Bq/
kg. No other gamma-emitting artificial long-lived radionuclides (*Co, '“Eu, '**Eu, **'Am)
beyond the method sensitivity <1 Bq/kg were detected. However, some areas were revealed
where the concentration of ¥’Cs > 100 Bg/kg - technological contamination. Based on these
results a remediation was carried at the most contaminated spots.
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Figure 7. Distribution of '¥’Cs at site "Central",
surface soil (virgin land - 05 c¢m; arable land - 0+20 cm)

Statistical analysis of the results also revealed one more feature: the frequency of the
relatively high (> 30 Bg/kg) concentration of '*’Cs to the maximum extent corresponds to the
floodplain of the Berezovka River that is in close proximity to the emplacement boreholes.
The further more detailed studies confirmed this preliminary finding (Figure 7). This fea-
ture strengthened the hypothesis (being developed in the IGR NNC RK) with respect to the
presence of a constant proliferation of artificial radionuclides from the sprung cavities to the
surface through the zones of decompressing and fracture porosity in the crust. Along with this
hypothesis, the members of the INP NNC RK proposed another possible mechanism that led
to the above-mentioned anomalies radionuclides proliferation from the surface of the entire
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contaminated (global fallouts, man-made pollution, seepage of the inert gases) territory to the
floodplain of the Berezovka River with melt and rain waters. To ascertain the viability of these
mechanisms, a number of special investigations was carried out, which are described below.

In accordance with the results of geophysical studies, with the active participation of
the IGR NNC RK there was drafted the scheme for setting up the laying survey pit and layer-
wise (10 cm) sampling of soil was carried out to a depth of 1.6 m (Figure 8).

17
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Figure 8. Sampling layout for deep layerwise soils (survey pits)

A gamma-spectrometry (to determine the '*’Cs) was carried out to analyze all 600
layerwise soil samples taken from 42 survey pits (Figure 9). The ground of individual survey
pits (where ¥’Cs is shown at the greatest depth) was analyzed by the radiochemical method
(for determining *°Sr and »*****°Pu). The results obtained allow the following conclusions:

 for the vast majority of survey pits the '*’Cs is concentrated in the upper soil layer,
up to 20-30 cm;

* some exceptions for survey pits No. 1, 14, 15, 16, 19, 30, 34, 41, characterized
by the presence of *’Cs in the lower horizons, but no deeper than 70 cm; the *Sr,
which has a higher migration ability, appears deeper but the nature of its distribu-
tion is similar to *’Cs for its depth;

o 2972490Py as well as '¥'Cs are detected (at concentrations of 0.2-0.7 Bq/kg) only in
the upper layers to a depth of 70 cm; no any patterns in the nature of its distribution
in depth were detected;

» the above-mentioned exceptions can be explained by the belonging of these sur-
vey pits to the floodplain of Berezovka River;

» all the results obtained (including the landscape features) strongly suggests the
mechanism for redistribution of radionuclides from the surface into deep into the
soil, but not vice versa.
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In order to further verify the above findings and upon the insistence of the colleagues
from IGR NNC RK this experiment was repeated. Upon that, all the 18 survey pits (to a depth
of 1 m) were laid entirely in the floodplain of Berezovka River opposite boreholes TK-2 and
TK-4 (Figure 10). The selection of sites for laying these survey pits was based on the fact that
only in those locations, according to earlier results, the concentrations of '*’Cs in the lower
soil layers (50-70 cm) exceeded those for the upper (0-20, 20-50 cm) layers.

According to the results from gamma-spectrometric analysis of these samples, a
graphical distribution of '¥’Cs in the soil depth for each survey pit separately was constructed.
Figure 11 shows these distributions for individual survey pits where '’Cs was found at very
low horizons. None of the 18 surveyed pits, as all others, had significant concentrations of
137Cs deeper than 70 cm. The obtained results confirmed the consistency of the conclusion
about the absence of a mechanism for radionuclides inflow from the bowels to the earth's
surface.
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Figure 11. Distribution of *’Cs in the layerwise soil samples from the survey pits
in the floodplain of Berezovka River.

Further studies to identify the contamination mechanisms in the immediate vicinity
of LIRA facilities were continued in the basin of Berezovka River, as part of the most
probable concentration of radionuclides due to their surface migration under the influence of
environmental factors. At the same time, another attempt was to detect possible mechanism
for the radionuclides proliferation from the subsurface directly into the river bed. For this
purpose the bed of Berezovka River (including tributary Kunshubay) on the segment with
length of 26 km was divided (by 50 m) into 514 survey stakes (Figure 12). At each survey
stake from the two intervals of depths (0-25 cm and 25-50 cm) the bottom sediments were
sampled. In addition, at 10 survey stakes (No. 6, 42, 70, 127, 260, 309, 341, 361, 379, 401)
survey pits were laid to a depth of 1 m. The bottom sediments were sampled in the survey
pits on five intervals, after 20 cm. The soil sampling in the floodplain was carried out (in the
interval from zero to 156th stakes) from three depth intervals (0-20 cm, 20-50 cm, 50-70 cm).
Part of the samples was taken with intervals in depth of 10 cm. Total 516 soil samples were
taken from the floodplain.
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Figure 12. Sampling of soil and sediment in the floodplain of Berezovka River.
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All the samples taken (more than 1,500) were analyzed employing gamma-ray
spectrometry to determine the concentrations of *’Cs. Part of the samples (approximately
10%) was studied by the radiochemical method of analysis for the determination of *°Sr and
239+240Pu.

Based on the findings, we plotted the radionuclides distribution (averaged values) in
depth of soil (Figure 13) and bottom sediment (Figure 14), respectively, in the flood plain
and Berezovka river bed. It is seen that in the floodplain the maximum concentration of '*’Cs
corresponds to the depths intervals of 20-30 cm; deeper its concentration decreases. In the
bottom sediments, '¥’Cs and 2*****°Pu maximal concentration corresponds to the depths inter-
vals of 40-60 cm; deeper their concentrations decrease also.
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Figure 13. Distribution of *’Cs (averaged values) over the depth
of soil in the Berezovka river basin
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Figure 14. Distribution of *’Cs and #*"2Pu (averaged values) over the depth
of bottom sediments in the Berezovka river basin
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The totality of the results in the numerous studies on the nature of vertical distribution
of artificial radionuclides provides a complete foundation for a final conclusion on the in-
consistency of the hypothesis about the radionuclide contamination at LIRA site on the basis
of the mechanism for radioactivity proliferation from the cavities in the earth's crust. In this
regard, our further consideration has been based on a mechanism of surface redistribution of
radionuclides.

Based on study results of the radionuclide composition of the bottom sediment we
constructed a graph of ¥’Cs and 2***?*°Pu distribution along the Berezovka river bed. The re-
sults are shown in Figure 5.10 (a, b). It is seen that the concentrations of these radionuclides
significantly increase moving down the river. It should be emphasized that the change in
the concentrations of radionuclides starts with a segment of the river adjacent to the LIRA
site (with the zero stake and below). In the upper reach of Berezovka River (a segment with
length of 6 km) and its tributary Kunshubay (a segment with length of 2 km) the bottom sedi-
ments contain small quantities of radionuclides (mainly, concentration of *’Cs < 1 Bq/kg).
The revealed features are persuasive evidence that the vicinity of the LIRA site (stakes: 20-
120) is a source of additional (to the global fallout) radionuclide contamination of Berezovka
river bed. The mechanism for this contamination is most likely the migration of radionuclides
to the river with melts and rain waters. A wind-driven transport mechanism is also possible.

In 2009, Berezovka river bed was resurveyed, during which at 19 control points doses
of x-ray and gamma-ray were measured, 180 samples were taken from the bottom sediment
from two (0-25 cm and 25-50 cm) horizons, and 25 layerwise samples were taken from
the bottom sediments (5 survey pits) after 20 cm with a depth of up to 1 m. Water samples
were taken at four control points for subsequent laboratory studies. It is established that MD
rates at all control points remain in the range (0.08 - 0.15) uSv/h, which corresponds to the
background in this region.

The combined radionuclide composition of sediment samples were examined using
instrumental gamma-ray spectrometry and radiochemical analysis; it was found that the
concentration of NRN corresponds to background values, '’Cs concentration in all layers
of bottom sediments in Berezovka River is obviously elevated, but is not harmful to living
organisms. The distribution of this radionuclide in the sediment sampled in 2009 along the
bed of this river, in general, corresponds to that for the period of 2001. Elemental composition
of the bottom sediments sampled at two horizons and with the survey pits (5 horizons) in
the Berezovka river bed were studied by NAA (neutron activation) and X-ray fluorescence
(XRF) methods. The obtained results indicate that concentrations of most of the determined
elements are within the values of their clarke. In the bottom sediments of the lower layers of
the survey pit # 250 large contents of Ca, Ba, and Pb were discovered. It was revealed at the
same time that the concentration of lead in the bottom sediments of the layer (60-100) cm of
the survey pit exceeds the maximum allowable concentration (MAC) value corresponding to
this element in the soil (32 pg/g) for more than 2 times.

According to the re-survey results a conclusion was made that the radiation and eco-
logical situation in the basin of Berezovka River is normal and in the period 2001-2009 did
not change. A number of circumstances were revealed that require clarification through more
detailed studies.
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Figure 15. *’Cs (a) and »*****'Pu (b) distributions
in the sediments sampled along the Berezovka river bed

In connection with the revealed fact, it was decided to conduct a detailed radiological
survey of LIRA site. This site covers about 31 km?, within which 70% (mostly left bank of
Berezovka River) is used and abandoned arable land and the rest - the natural virgin land-
scapes. The whole territory was broken down and sampled within the grid 500x500 m plus
1 point in the center ("envelope" scheme). Some areas were subjected to more detailed ex-
amination. Soil sampling for further laboratory investigations was carried out differentially:
on the virgin lands 3 samples were taken (0-5 cm, 5-10 cm, 10-30 cm) at each control point,
on the arable lands - 2 samples (0-20 cm, 20 -30 cm). During the sampling, radiometric mea-
surements were also carried out. The recorded EDR values ranged from 9 to 15 pR/h, which
correspond to the background in this region, due to the natural radionuclides and global fall-
outs. All the samples taken (total 3,790 samples) were investigated by gamma-spectrometric
method of analysis (**’Cs, #*Th, **Ra, *K). Part of the samples (approximately 10%) was
subjected to radiochemical analysis (*°Sr, #°*2*°Pu). No any peculiarities in the content and
distribution of natural radionuclides were detected. Concentrations of 2****°Pu in the studied
samples remain within the intervals: (<0.05-2) Bg/kg, *°Sr - (<5-20) Bq/kg. Table 2 shows
the average concentrations of '*’Cs in different soil layers on the virgin and arable lands of
the surveyed territory.

Table?2.
Average values of ¥’Cs concentration in different soil layers
in LIRA facilities territory (site ""Central")
Soil state Virgin land Arable land Average
soil layer, cm 0-5 5-10 10-30 0-30 0-20 20-30 0-30 0+30
B7Cs, Bg/kg | 10.748.8 | 7.044.2 | 3.54£2.6 | 5343.0 | 7.14#14 | 54418 | 6.5£1.2 | 5.943.1

According to various literature sources and reference materials, the average background
level due to global fallouts for the northern hemisphere mid-latitudes lies in the following
ranges, Ci/km?: ¥7Cs - (0.08-0.15); *°Sr - (0.045-0.070); 3**>4Pu - (0.001-0.005). For 0-5 cm
soil layer, these values correspond to the following concentrations, Bg/kg: *’Cs - (37-69);

254



Radioecology of other test venues and facilities in Kazakhstan

Sr - (21-32); 29*240Py - (0.46-2.3). Accordingly, for the 0-30 cm layer, Bq/kg: '¥’Cs - (6.2-
11.5); *Sr - (3.5-5.3); #%24%Pu - (0.077-0.38). Comparing these data with published ones,
we can conclude that the level of radionuclide contamination at the LIRA site is within the
background values.

Based on the analytical data, the following features may be noted: for all layers of the
soil the areal distribution of '¥’Cs is more uniform (20-30% of variance) than on the virgin
lands (60-80% of variance). The distribution gradient of this radionuclide in depth on the
virgin lands is also greater than on the arable lands. The average concentration of '*’Cs in
the soil layer 0-30 cm on the arable land (up to 18%) exceeds that of the virgin lands. All
these features provide a basis for concluding that the plowing leads to the homogenization
of radionuclide concentrations both horizontally and in depth of the soil and prevents their
spatial migration.

The '*7Cs overall distribution pattern (soil layer 0-30 cm) at the LIRA site is described
in terms of isolines in Figure 16. It is seen that, in general, this radionuclide is uniformly
distributed. Certain anomalies with a high content of it, as mentioned above, are involved
mainly in the floodplain of Berezovka River. This may well be explained by proliferation of
the radionuclides from the surface of the entire contaminated area to the riverbed. A confir-
mation for this mechanism may be a pattern of *’Cs distribution (averaged values) by the
stakes on the virgin lands of the LIRA site (Figure 17). It is seen that the concentration of this
radionuclide in the upper soil layers significantly increases from the periphery to the center
(from stake 1 to stake 9), that is towards the Berezovka river bed.
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Figure 16. *’Cs distribution, Bg/kg Figure 17. ¥'Cs distribution by stakes
for the site "Central", layer 0+30 cm on the virgin area of LIRA site

The survey at the LIRA site did not reveal any explicit signs of the trace from the
radioactive fallouts from the release of radioactive gases at the TK-2. The uncertainty on
this issue necessitated the large-scale surveys of the territories surrounding LIRA facilities,
including KOGCF and nearest settlements. The general scheme of examination of these areas
is presented in Figure 17. The methodology of this areal survey (excluding the settlements)
is broadly consistent with the methodology for the LIRA site surveying. Sampling was also
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performed differentially, depending on the condition of the soil (virgin, arable lands). The
sampling scheme was "envelope", but sampling increments was larger: 1000x1000 and plus
1 point in the centre. Radiometric measurements were carried out at each control point, which
revealed the same EDR level (9-15 puR/h) corresponding to the background value in the re-
gion. In total, according to the diagram (Figure 18) for laboratory tests, more than 4,000 soil
samples were taken. Currently, the bulk of these samples (> 90%) have been studied employ-
ing gamma-ray spectrometry ('*’Cs) and, in part, radiochemical (**Sr, *2**Pu) methods. The
results showed that the concentrations of 2?*24Pu in these areas do not exceed 1.5 Bq/kg, the
concentration of *°Sr is in the range up to 15 Bg/kg, the maximal concentration of '*’Cs do
not exceed 60 Bg/kg.
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Figure 18. Areal radiological surveying in the outskirts of LIRA facilities

Based on the findings, a numerous graphical representations were made for areal dis-
tribution of the artificial radionuclide '*’Cs in different soil layers. Figure 19, in the form
of contour lines, shows the distribution of the radionuclide (soil layer 0-30 cm) by areas of
the six sectors, including the LIRA site (site "Central"). All efforts to find a trace from the
radioactive fallouts failed. The resulting distribution (Figure 15) in its nature is fully consist-
ent with the distribution of global fallout. In general, all the surveyed areas are characterized
by a single degree of contamination with radionuclides. All existing irregularities are quite
explainable by the topography features.

In order to investigate the possible influence of LIRA facilities on the radiation situation
in the settlements, a nature of changes in *’Cs concentrations was studied as moving away
from the site. Table 3 shows the average values of its concentration (0-30 cm soil layer) for
all sectors surveyed after every 4 km from the boundary of the LIRA site. The data listed in
Table 5.1, do not provide a basis for determining the presence of such substances. A statistical
processing of the experimental data set average (for the entire surveyed area) values for all
137Cs concentrations in all sampled soil layers. The results are shown in Table 4.
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Figure 19. Areal distribution of '*’Cs (for the soil layer 0-30 c¢m) in various sectors

Table 3.
137Cs average concentrations in soil samples (0-30 cm layer),
taken from the territories of all surveyed sectors, Bq/kg
Distances from the territory of LIRA facilities, km
Sector Average
0-4 5-8 9-12 13-16 17-20 21-24
Zharsuat 7.5+32 6.7£3.0 62129 7.5+3.1 - - 70£3.0
Oblavskoe | 6.4+2.8 6.5%25 57+24 62124 67123 7.7+3.0 65125
Tungush 70£29 6.5%25 6.6£24 - - - 6.7£25
Berezovka | 53422 34%17 6.9%3.0 57+25 8.8+2.6 7.6%3.1 63+23
Karakemir - 64+23 62%23 6.5t24 59+22 - 63+23
Average 6.6+23 59+22 63123 65124 71124 74£3.0 6.6124
Table 4.
137Cs average concentrations in different soil layers in vicinity of the LIRA site
Soil type Virgin land Arable area Average
soil layer 0-5 5-10 10-30 0-20 20-30 0-30
¥1Cs, Bg/kg 12.0+3.7 87124 47+2.1 70£15 58113 6.6t14
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Limited data on *Sr, 2*2°Pu determination (due to labour-intensiveness of the analy-
ses) does not give grounds for an unambiguous conclusion about the average (for all the
surveyed areas) concentrations of these radionuclides. In addition, for the radiochemical
analysis, as a rule, soil samples were taken from the most contaminated sites. However, the
resulting set of experimental analytical data provides a basis for concluding that the average
values of their concentrations in the soil layer 0-30 cm is reliably limited to the following
limits: 272%Pu< 0.3 Bq/kg, *°Sr < 5 Bq/kg. These data suggest that the level of radionuclide
contamination in the 20-kilometer outskirt of the LIRA site is within the background values.

When choosing a radiation survey objects, the recommendations of the International
Commission on Radiological Protection were taken into account. According to these
guidelines, it is urged to take into consideration the social factors considering that the
presence of potentially dangerous objects on populated territory is a stress factor. In this
regard, the list of the survey objects included all 16 communities located in the vicinity of
LIRA site: Akbulak, Aksai, Aksu, Berezovka, Bestau, Burlin, Dmitrov, Zhanatalap, Zharsuat,
Karakemir, Karachaganak, Oblavskoe, Priuralnoe, Pugachevo, Tungush, Uspenovka.

All the settlements were surveyed with the single methodology. Within each settle-
ment 20 points and 20 points - on the perimeter were set for soil sampling. At each point
soil samples were taken with a sampler S = 0.01 m?, layerwise: 0-5 ¢cm, 5-10 ¢cm, 10-30 cm.
The water samples (2 samples at each settlement) were taken from boreholes and water
supply system. At each location 3 water samples with a volume of 1.5 liters were taken.
Samples of vegetation (2 samples at each settlement) were taken from the hay harvested by
the residents.

Geographical coordinates at all sampling points were determined employing GPS
controller. Concentrations of radon in the air were measured in all settlements, in living
rooms and basements - 10 measurements in each settlement. The results of these measure-
ments are shown in Figure 20. Exceeding over the sanitary standards (200 Bg/m*) was found
in a residential area of the village Zhanatalap (390 Bq/m®) and in many cellars (up to 5,000
Bg/m?®) in various settlements.

EDR was measured in all sampling points using the dosimeter-radiometer DKS-96 5
cm and 1 m above the ground. The results of these measurements showed that the EDR is
7-15 pR/h and are within background levels for this region.

The radionuclide composition of soil samples (1*’Cs, “K, ?*Ra, ?Th) was employ-
ing gamma-spectrometric method. At present, more than 80% of all samples were analyzed.
Table 5 shows the concentrations of natural radionuclides in soils in all 16 settlements. The
average concentrations of these radionuclides were also determined in all examined settle-
ments, Bq/kg: *K - 588; *Ra - 23.6; Th - 32.1.
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Living quaters

Cellars

NRB:
<200 Bg/m3
Living quaters
Average Range Maximum
71 13- 144 390 (Zhanatalap)
440 - 5120 (Priuralnoe)

Figure 20. Volumetric activity of >?Rn (Bq/m?).

Table 5.

Specific activity of natural radionuclides in the soils of the settlements

Settlement YK (Bk/kr) 26Ra (bk/kr) = 2°Th (Bx/kr)
Akbulak 528 22,9 31,7
Aksaj 495 21,5 25,8
Aksu 543 18,3 24,9
Berezovka 522 27,1 333
Bestau 493 17,6 25,1
Burlin 635 27,6 34,7
Dmitrov 622 19,9 29,6
Zhanatalap 665 22,5 30,7
Zharsuat 569 26,9 323
Karakemir 681 25,7 38,0
Karachaganak 648 22,3 353
Oblavskoe 550 26,2 30,8
Priural'noe 624 22,3 33,6
Pugachevo 603 20,3 329
Tungush 599 26,3 25,9
Uspenovka 630 232 35,0
n 1529 1529 1529

Table 6 shows concentrations of '*’Cs (average values) in the soil of the 16 settlements
for layers 0-5 cm, 5-10 cm 10-30 cm and 0-30 cm. All these values are within the background
for this region. The maximal concentration of *’Cs (average values) for soil layer 0-5 cm
corresponds to the village Karachaganak. It cannot be ruled out that this is due to minor
sources of radioactive gases at the TK-2, a plum of which, according to eyewitnesses,
propagates towards the village. However, these concentrations do not pose any threat to

public health.
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Table 6.
Specific activity of *’Cs in different soil horizons of the settlements (Bq/kg)
Settlement Soil ayer

0-5 cm 5-10 cm 10-30 0-30
Akbulak 9.9 6.4 42 5.5
Aksaj 17.8 6.5 23 5.6
Aksu 8.5 5.8 5.0 5.7
Berezovka 16.8 6.0 35 6.1
Bestau 11.6 7.0 4.6 6.2
Burlin 20.5 3.6 2.1 5.4
Dmitrov 21.7 7.3 2.9 6.8
Zhanatalap 8.8 4.1 23 3.7
Zharsuat 14.4 - -- -
Karakemir 13.5 54 32 5.3
Karachaganak 29.2 - - -
Oblavskoe 14.8 - - --
Priural'noe 11.9 7.9 33 5.5
Pugachevo 9.6 3.5 34 4.5
Tungush 15.6 8.7 4.5 7.0
Uspenovka 12.1 7.7 4.2 6.1
Average 14.8 6.1 3.5 5.6

Radionuclide composition in water and vegetation samples was studied employing
both instrumental and radiochemical analytical methods. The main results of these tests are
shown in Figure 21.

The effective dose loads on the population of villages surrounding LIRA facilities was
calculated. The total dose load ranges from about 2,000 to 6,000 uSv/year, and, the main dose
is accounted for inhalation intake of radon and thoron. Except for this source, the dose from
other sources is about the same (Figure 22).

The diagram (Figure 23) shows the distribution of the average effective dose load on
the population of the villages. As it can be seen, the main dose load is due to inhalation of
radon daughters 43.6%; artificial radionuclides contribute only for 0.1%.

Thus, it was found that after deduction of radon and thoron inhalation rates, the radia-
tion environment in the settlements around LIRA site is almost the same as in other places. In
general, the radiation situation is normal. No impact of LIRA facilities on the radioecological
situation in the villages was found.
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Figure 21. Effective dose loads to the population of villages surrounding LIRA facilities

Figure 22. Specific activity of natural and artificial radionuclides

in water and vegetation sampled in the settlements
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Figure 23. Distribution of the average efficiency of dose loads
on the population of settlements, adjacent to the LIRA site
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5.2.2. Radiation survey in the outskirts of LIRA facilities

For the first time ever in the world's radio-ecological studies, a comprehensive
large-scale radiation survey of the lands and localities in vicinity of underground nuclear
explosions site in the immediate vicinity of the developed deposits of natural hydrocarbons
was performed. The study was made at the LIRA facilities located in the Karachaganak gas
condensate field (KOGCF) in Western Kazakhstan. The main results of the works performed
are as follows:

1.

262

The method of survey pits and gamma-spectrometric and radiochemical methods
of analysis were used to examine the nature of the depth distribution of artificial
radionuclides ('*’Cs, *°Sr, 2*2Pu) at the LIRA site, as well as in the floodplain
and bed of Berezovka River. The results obtained clearly indicate the presence
of radionuclides in the upper layers of soil. None of the 70 surveyed survey pits
had significant concentrations of *’Cs or 2*****°Pu at depths below 70 cm. Given
that the surveys were carried out in the weakened geologic zones, established by
the results of extensive geophysical studies, the hypothesis about the mechanism
for the constant inflow of radionuclides to the surface from the cavities of LIRA
facilities through the zones of decompactification and fractures in the crust can be
considered groundless with confidence.

A radiation survey of the Basin of Berezovka River was carried out. It is estab-
lished that in the bottom sediments of the river upstream (6 km segment) the
97Cs concentrations remain at low (0.5 - 3 Bq / kg) and constant levels. Starting
from the southern part of the LIRA site, there is gradual increase in the '*’Cs
and #*2*0Pu concentrations in the bottom sediments of Berezovka River, which
continues until its confluence with Ilek River. The revealed features indicate the
mechanism for surface redistribution of radionuclides through their migration
with the melt and rainwater from the LIRA site to the floodplain and bed of Ber-
ezovka River. The results of the radiation and hydrochemical re-surveys carried
out in 2009 confirmed the earlier conclusions that the radiation and ecological
situation in the Berezovka River basin is normal and in the period 2001-2009
did not change.

A detailed examination of radiological situation at the LIRA facilities was com-
pleted as well as on the contract area. Total the area surveyed (site "Central")
covered 31 km?. It is established that the level of radionuclide contamination of
the territory does not exceed in general the background values for the region.
The distribution of 'Cs in the area was studied. Some anomalies were identi-
fied with a high content of it (mainly in the floodplain of Berezovka River). Also
we revealed increased concentrations of '*’Cs in the upper soil layer (0-10 cm)
as moving towards the center section, that is the bed of Berezovka River. These
features are a convincing proof for surface redistribution of radionuclides in the
direction of Berezovka River.

An extensive radiation survey was carried out in the areas surrounding LIRA site
within a radius of 20 km. It is established that the average values of the artificial
radionuclides concentrations (in 0-30 cm soil layer) throughout the territory re-
main within the following values: '’Cs - 6.6 Bq/kg, #****Pu - < 0.9 Bq/kg, *°Sr
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- <5 Bg/kg. Consequently, the level of radionuclide contamination in the areas
(within 20 km) surrounding LIRA site is within the background levels. The level
of exposure dose rate also corresponds to the background: 9-15 pR/h. Thus, it
was found that the radiation situation at the LIRA site and its vicinity is normal.
No signs for any plum or radioactive fallout from the radioactive gas release at
the TK-2 (as the eyewitnesses reported) in the entire surveyed area were found.
No indication for additional contributions (above the global fallout) from radio-
nuclide contamination at LIRA facilities to the surrounding territories and to the
settlements was ever found.

5. Inaccordance with the recommendations of the International Commission on Ra-
diological Protection in the 16 communities located in the vicinity of LIRA site
were surveyed: Akbulak, Aksai, Aksu, Berezovka Bestau, Burlin, Dmitrov, Zha-
natalap, Zharsuat, Karakemir, Karachaganak, Oblavskoe, Priuralnoe, Pugachevo,
Tungush, Uspenovka. EDR in all the localities were measured (7-15 pR/h), and
the levels of soil, water and vegetation (livestock feed - hay, straw) contamination
with natural and artificial radionuclides were studied. Levels of radon in the air
were determined in the living premises, basements and cellars. Based on the ex-
perimental data, there were calculated effective radiation doses to the population.
It was found that in general, the radiation situation in the settlements adjacent to
LIRA facilities is normal. The greatest contribution to the dose load (43.6%) is
due to inhalation of radon and thoron; the contribution from artificial radionu-
clides is negligible - 0.1%. No impact of LIRA facilities on radioecological situ-
ation in the villages has been found.

5.3. Determining the level and extent of deep-seated radioactive
contamination

Since its inception, the cavity TK-5 has a special place in the history of LIRA site.
Its watering — the source of radiophobia and scary articles in the press. In this regard, the
determination of contamination in blocks of rocks, including the borehole and the very cavity
was carried out most carefully.

Were conducted geophysical surveys in the control and monitoring boreholes at this
LIRA object employing gamma logging (GL). The following results were obtained.

Borehole KN-1

According to gamma-ray survey, the salt dome roof was opened at a depth of 174 m.
The sand-clay rocks the natural background levels of gamma-activity of the rocks vary from
1 to 2.3 uR/h and are generally higher than gamma activity in the salt thickness, which varies
from 0.4 to 1.5 uR/h. No intervals with anomalous values of gamma activity were revealed.

Borehole KN-2

According to gamma-ray survey, the upper limit of the salt dome is observed at a
depth of 172 meters. In terrigenous rocks the level of natural gamma activity varies from 1
to 2.7 uR/h. The sulphate-halogenous rock mass is characterized by low values of natural
gamma activity within 0.6-1.4 uR/h. No anomalous values of gamma activity in the borehole
section were registered.
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Borehole KN-3

According to the curve of the gamma-ray survey, the upper limit of the salt dome is
seen indistinct, in totality with thermometry data the salt roof limit may be attributed to a
depth of 182 m. The values of natural gamma activity of the terrigenous rock ranges from 0.9
to 2 uR/h, in the sulphate-halogenous rock mass - 0.5-1.3 uR/h. No radioactivity anomaly
was observed.

Borehole KN-4

According to gamma-ray survey, the salt roof is observedat a depth of 170 meters.
Natural gamma activity of sandy and clay rock ranges from 0.8 to 2.4 pR/h. Natural gamma
activity of the sulphate-halogenous rock mass is 0.4-1.5 pR/h. No radioactivity anomaly was
observed.

Borehole KN-12

According to gamma-ray survey, the salt roof is observedat a depth of 257 m.

Natural gamma activity (Figure 24) of the rocks in suprasalt terrigenous mass is reg-
istered (0-257 m interval) after one, two and three columns, as well as cement and water, and
varies from 1.6 uR/h to 5.5 uR/h. The higher values of gamma activity 4-5.5 uR/h emerging
at the top of the well cased with several columns, and most likely is due to the large amount
of cement in the annulus and do not reflect the lithological features of the section, but only the
structure of the boreholes. In the interior of the salt, the level of gamma activity varies from
0.5 uR/h to 5-19 pR/h in certain layers. In general, the section shows that in the clean salts
the natural background level of gamma activity is low and varies from 0.5 to 1.2 uR/h. Some
thin layers of salt have elevated readings of gamma activity up to 1.5 -2.7 uR/h. Comparing
measurements of gamma-ray survey of all previous control - observation wells showed that
gamma activity is within the measured background gamma activity of sand and clay rocks
and can be explained by the presence of such layers in salt.

To determine the reasons for the presence of zones with high EDR values (up to 19
uR/h), a gamma-ray spectrometric survey at the boreholes KN-4 and KN-12 was carried out.
None of the points had Cs-137 in quantities exceeding the detection limit; reached detection
limit for cesium-137 comprised 30 Bg/kg. It should be noted that for cesium-137 the value
of the minimal specific activity is 10,000 Bq/kg, above which such rocks and materials are
subject to radiation safety standards. Additionally it was found that areas with high values
of the previously revealed EDR are characterized by high values of natural radionuclide
potassium-40 (up to 10,000 Bq/kg). Thus, the results clearly demonstrate the lack of deep-
seated radioactive contamination with gamma-emitting radionuclides cesium-137 in the area
of the boreholes CK-4 and KN-12.

With that, considering the higher migration abilities of other artificial radionuclides,
primarily tritium and strontium-90, it was decided to study further the possible contamina-
tion of the rocks in the vicinity of the borehole KN-12 using direct measurements of these
radionuclides in the annular space of the well. To determine the possible presence of artificial
alpha-and beta-emitting radionuclides in the annular space of the borehole and to check the
hydrodynamic connection of the cavity TK-5 with the borehole KN-12 we established a link
"stratum-well". For this purpose a casing was perforated in the intervals 875-879 m and 887-
892 m with a subsequent stimulation treatment by creating 75% of depression in the zone
of perforation at lowering of the liquid level in the shaft to a depth of 669 m. The analyses
showed that there are no such artificial radionuclides as tritium, strontium -90, plutonium-
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239+240 in the borehole annulus. Certain concentrations of the order of tenths and hun-
dredths of milli-becquerels per litre are associated with their infusion into the borehole as a
result of technological operations.
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Figure 24. Gamma spectrometry at the borehole KN-12

5.4. Determination of possible proliferation pathways and migration
intensity of radioactivity from the cavity TK-5

In the determination of possible pathways and intensity of radioactivity proliferation
from the cavity TK-5, a basic issue was a state of the rock mass where the cavity SRTK
is embedded. For the study, the professionals of the IGR NNC RK used vertical seismic
profiling and walkaway vertical seismic profiling.

Experimental data showed that the block of the geological environment with the
cavity 5 RTK, in general, is a set of zones of sub-vertical and sub-horizontal effects from
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underground nuclear explosion (UNE). In these areas the following main weak permeable
structures are notable (Figure 25):
* the zone of maximal fracturing framing the cavity, with dimensions of about 120-
140 meters vertically and in the central section - 100 meters, has a southerly dip.
* linearly elongated sloping zone extending from the cavity toward the surface and
sub-horizontal in the direction of the borehole KN12 are most likely interstratial
zones formed in brittle rocks (carbonates, anhydrite, etc.). In conjunction with
sub-vertical zone of fracturing, they have morphological and, likely, hydrodynam-
ic link with the cavity; so, they can serve as potential channels for radionuclides
migration.

Figure 25. Deconsolidation zone in the cavity TK-5 revealed with the VSP and WV SP methods
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Thus, there were not revealed uniform extensive geological zones of decompression,
that can serve as a channel for transport of radionuclides into groundwater aquifers and,
especially, to the surface. Trying to reveal the most likely pathways for migration, it was
taken into account that in addition to permeable geological structures the possible migration
pathways is annular space of the boreholes TK-5 and TK-5 "bis", as in the area of salt and
aquifers, as a rule, there is no firm grip of a cement with rock. In the intervals of water-satu-
rated rocks, separation of liquid phase of the cement fill takes place with penetration into the
reservoir at cementing, and in a salt zone, water from the mortar is involved in the dissolution
of salt and a weakening cohesion. So, the contact area of cement stone and rock is the most
likely potential migration pass for the radionuclides in these cavities.

Based on the total amount of data obtained from the geophysical research of the cavity
TK-5 and a retrospective analysis of geological information, we answered a question about
the possibility of draining this cavity. Given an unfavorable condition in the annular space,
consisting in extensive destruction zone around the cavity, large cavitation and rich water
content in this zone, presence of hydrodynamic connection of the cavity with aquifers of
the upper parts of the geological section, set by the unity of the static levels of the Triassic
aquifers and water-filled cavity through the hole SRTK-bis, the draining of the cavity was
found to be impossible.

Evacuation of brine from the cavity in these conditions will inevitably be accompa-
nied by a constant influx of water from overlying aquifers with lower salt content than in
the brine evacuated. This, in turn, will lead to further dissolution of the cavity walls and an
increase in the total amount of liquid radioactive wastes, which contradicts the necessary
condition for reducing the radiation threat from LIRA facilities.

5.5. Determining the status of the cavity TK-6

To determine the status of the cavity TK-6, works were carried out in 2002 (Figure 26);
this included gauging the wellbore and assessment of the water availability in the well.

Figure 26. Research of the borehole TK-6
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As a result of the executed works, the status of the borehole is as follows:

wellbore is empty to a depth of 900 m, which suggests that the obstruction of rocks
is located at the same depth as before, immediately after the rupture. No other
borehole collapse during the past period of time has occurred;

wellbore has no water, which indicates a impermeability of the protective casing
annular space, insulating aquifer system of the suprasalt deposits;

lack of water in the wellbore allows reasonably assuming that there is no water in
the cavity, as according to all available data no aquifer system, aquifers and lentils
were found in salt-bearing section.

There was studied the crustal block that holds the cavity TK-6 to assess the fracture
zones in the vicinity of the cavity and to choose a point for laying additional control and
observation well (Figures 27-28).
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Figure 27. Deconsolidation zone in the vicinity of the cavity TK-6
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Figure 28. Location of additional observation well in the area of the cavity TK-6

5.6. Developing and implementing of an comprehensive monitoring at
LIRA facilities

Based on the research performed by the NNC RK, there was developed and estab-
lished a scientifically-based comprehensive monitoring system at the LIRA facilities and its
vicinity verified and adopted by the Ministry of Ecology of the RK.
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Methods
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Figure 29. Comprehensive monitoring system of LIRA facilities

The developed monitoring system (Figure 29) is based on the principles of defence
in depth, warnings, and forecasts. The difference of the monitoring system from traditional
ones in such cases is incorporation of non-dose-forming isotopes - tritium and chlorine-36 -
in a series of controlled radionuclides, with the greatest possible mobility in aqueous media,
which raises the reliability of the monitoring on a fundamentally higher level of reliability
and predictiveness. Any possible situation relating to the determination of radio-ecological
state of the observation points at LIRA facilities in our monitoring system is defined by
the ratio of the five artificial radionuclides included in the monitoring parameters: tritium,
chlorine-36, strontium-90, cesium-137 and plutonium. During the simultanecous measure-
ment of concentrations of these elements at any point of observation one can clearly answer
the question about the implication of underground nuclear cavities of LIRA facilities to their
appearance in any controlled point. The monitoring system provides two levels of control:

» control of the parameters determining the current radiological situation at LIRA

facilities, contracting site and adjacent areas;

» control of the parameters determining the presence, direction and extent of the

possible radionuclide migration from underground nuclear cavities.

The purpose of monitoring of the level 1 is assessment of the current radiological
situation at the moment and the degree of hazard to personnel and the public on the basis of
existing laws, regulations and rules in the field of radiation safety.

270



Radioecology of other test venues and facilities in Kazakhstan

Monitoring parameters of the level 2 is not regulated by any regulatory documents
and were defined based on the international knowledge about the ways and speciation of
radionuclides in natural environments. In order to reveal the radionuclides migration at
the earliest stages from the underground cavities, its direction and scales, sensitivity of the
isotope determination methods should be extremely high.

In addition to analyzing the content of isotopes associated with underground nuclear
explosions, the monitoring parameters of the level 2 is classified as micro- and macro-
element composition of groundwater, as its variations show the stability level of the crust,
enclosing LIRA facilities and hydrogeological regimen. For this purpose the gas composition
is monitored in the subsoil in the zones of geological faults and decompression.

Given the long-term nature of the project and the requirement of independence of the
obtained data monitoring from the used instrumental and methodological capacities and the
staff, a document was developed: a passport for monitoring of LIRA facilities. The passport
regulates all stages of the monitoring and includes a detailed description of the monitoring
site locations, sapling procedure and movement of samples and their analysis, organizational
structure of the INP NNC RK divisions monitoring, performance quality control procedure.
For efficiency and ease of use of the collected information, an electronic version of the moni-
toring passport has been developed (Figure 30).

Main window of the database
"Passport of Monitoring the LIRA facilities"
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Figure 30. The main window in the database "Passport for Monitoring of LIRA facilities"

The main documents that define the order and amount of monitoring have been
approved by the Ministry of Environment and Natural Resources of Kazakhstan, West
Kazakhstan territorial environmental agencies, State Standard agencies of the RK. All the
monitoring operations are carried out on the basis of the Law "On the use of atomic energy"
as per the State license issued by the Committee on Atomic Energy of Kazakhstan and
methods certified by the State Standard agencies of the RK. A number of techniques have
been developed specifically for the purposes of the Project.
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To date, the above-described monitoring system successfully operates on the basis of
established infrastructure, including the building and laboratory of the INP NNC RK branch
in Aksai town, as well as the laboratory for low-background measurements (Figures 31-32)
and other science labs, engineering facilities of the INP and head office of the project man-
agement in Almaty. There have been developed, tested and put into practice an instrumental-
methodical complex in support of research and other needs of the Project. Lots of inventions
developed by the specialists of the NNC RK and used in the monitoring system are protected
by patents of the Republic of Kazakhstan.

Figure 31. Laboratory Figure 32. Laboratory building
for low-background measurements of the INP Aksai Branch

6. ANEW MODEL OF THE THREAT DUE TO LIRA
FACILITIES

The studies enabled us to obtain systematic information which led to a significant
change in the threat model of the LIRA facilities. New understanding about the conditions at
LIRA facilities allow us to assert with confidence that:

» at the LIRA site and adjacent areas the radioactive contamination of soil does not
exceed the background levels, and there is no contamination in the surface layers
deeper than 0.7 meters;

* based on of studies of available for observation points at underground part of
the crustal block that enclose LIRA facilities, no proliferation of radioactivity
was found from the underground nuclear cavities in the scales that in the near
future capable to lead to a significant change in the radioecological situation at
KOGCF;

* in terms of radioecology, the cavities TK-5 and TK-6 at the present time are sta-
ble with no evidence for proliferation of radionuclides from these cavities to the
human environment. Also, no evidence was found that the cavities TK-1 — TK-4
are additional sources of radioactive contamination. Changing the status of un-
derground nuclear cavities is only possible as a result of natural or human-related
impacts of the catastrophic nature;

» the most dangerous, and that can rapidly lead to significant deterioration of the
radiation situation at KOGCF, mechanism for radionuclides transport from the
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underground nuclear cavities to the human environment is the release of radioac-
tivity during emergency depressurization of the wellhead equipment.

7. STRATEGY FOR ELIMINATION OF UNDERGROUND
NUCLEAR CAVITIES OF LIRA FACILITIES

The performed comprehensive research and monitoring showed that there is no reason
for immediate intervention in the state of underground nuclear cavities, as it was suggested at
the beginning of the Project. However, the INP NNC RK, as a specialized organization with
the authority provided by the Law "On the use of atomic energy" as per the license of the
Atomic Energy RK, all the necessary types of engineering works on the radiation-hazardous
facilities of the LIRA site, understands and envisages a significant growing over time risk
of technologically-driven changes in the underground nuclear cavities, whose consequences
cannot be reliably predicted.

The knowledge we currently gained on the levels and nature of the radioactive con-
tamination at the LIRA site, adjacent territories and in the block of crust that enclose the
nuclear cavity led to the conclusion about the possibility of preventing the impact of LIRA
facilities on the oil and gas operation at KOGCEF, as there is every reason to determine scope
of the necessary liquidation operations as executable ones. The essential point here is that the
available infrastructure at LIRA facilities allows the liquidation operations.

Since it is impossible to drain the cavity TK-5, the most reasonable scenario of action
against it is to establish a regime of long-term monitoring. To further enhance the reliability
of early detection of radionuclide migration, taking into account the fact that the most likely
pathway for migration is the annulus of the boreholes TK-5 and T-5 "bis", the borehole TK-5
"bis" will be transferred to the category of monitoring through the establishment a communi-
cation between the wellbore and an aquifer in Triassic rocks. In case radioactivity is detected
in the observed aquifers, the same well will be used for plugging the radioactivity carrier
flow, using technologies based on the use of hydro-swelling polymers. The boreholes KN-1
— KN-4 in such situation will also be used for the waterproofing of the aquifers.

Liquidation operations at the cavities TK-1 — TK-4 and TK-6 imply their filling in
with highly viscous composite material of sufficient sorption with respect to the main dose-
forming radionuclides, preventing the penetration of water into the cavity. The studies have
shown that a number of industrial wastes generated during operation of KOGCEF, including
oil sludges and polluted soils can be used as the fillers. Due to the fact that the engineering
implementation of the technology for filling the cavities with composite materials depends on
the characteristics and sources of the fillers to be used in the technology, requires a prelimi-
nary discussion about the possibility of long-term use of wastes from the nearby businesses
as a basis for making a filler.

Since the cavities TK-1 — TK-4 impose additional high risk owing to gas and gas
condensate in them (natural gas hazard), a program to eliminate them is a priority. Upon that,
corrosion of the process pipeline at LIRA facilities requires making a decision in respect
namely of these cavities. In addition, the implementation of the program for filling up the
cavities TK-1 — TK-4 with composite material in a binding way requires prior evacuation of
the gas condensate from the cavities, its clean-up and disposal of radioactivity. These works
are also not possible without the use of KOGCF production facilities.
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Such a procedure assures general rapid decrease in the threat of LIRA facilities
imposed on the oil and gas operations because even if a limited quantity of specially prepared
fillers with a high sorption activity with respect to dose-forming radionuclides gets into each
of the cavities, it then will significantly reduce the overall risks at the LIRA facilities.

The liquidation operations cannot be narrowed down to filling the cavities with fillers,
as in accordance with applicable law the permission for execution of these works can be
obtained only if there are/is available:

» trained and qualified personnel;

» appropriate licenses;

e emergency prevention capacities, ensuring the safety of their execution and the

timely elimination of emergency situations;

* instrumentation and methodological capacities for organization of environmental

monitoring, process parameters and ensuring the radiation safety.

Monitoring of LIRA facilities will be carried out at all stages of the Project, including
those during and after the liquidation operations. The nature of the monitoring will be
modified in compliance with the requirements of current realities of the project, ranging from
research to industrial and control ones. Scope and parameters of the monitoring upon that
will be determined by taking into account the new state of LIRA facilities.
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Huxonaes U.M., Ilo3nsik B.JI., HoBozenko B.A., Kuarkuna H.I".,
I'nymenxo I'M., Maruenko JL. L.

KP ¥A0 Aoponvik huzuka uncmumymul, Aimamot, Kazaxcman

Maxkanana JIMPA HbicanmapblHBIH PagMOIKOIOTHSUIBIK MapTebeciH Oaranay, HBICAHIAFrbl
TepeHMIK paH0aKTHBTI JIaCTaHy JICHIeill MEH KoJIEMiH aHbIKTay, COH/Iali-aK iprejiec ayMakTap MeH el
MEKEHEP/IIH KEePYCTI paJroaKkTUBTI acTanysl OolibiHma KP ¥ 51O xyprizinren 3eprreynepre momy
xacanrad. JIMPA HelcaHgapbl MeH iprenec aymMaKTap/blH 33ipJI€HIeH FBUIBIMH HETi3[eJreH KeIleH Il
MOHHUTOPHHT >KYHECiHIH Herisri mpuHnunrepi yceiHpurraH. JIVPA HblcaHmapsl MEH paanandsuIBIK
KayilCi3OiKTI KaMTaMachl3 €Ty KOHLENUMAChIHA OaillaHbICTBl Kayin-Karep YATICiHIH —JaMybl
KapacteipeltFal. JIMPA HblcaHmapbIHBIH KEPACThI SAPOJBIK KYBICTAPhIH JKOI0 OOWBIHIIA KYMBICTAp
CTPATETHSCHIHBIH HETi31 JKacabl.

CTPATETHA PA3BUTHA ITPOEKTA "KOMIUIEKCHOE HCCIIE/JOBAHHE
U MOHHTOPHHI OBBEKTOB "/IHPA"
(na ocnosanuu pezynromamos pavom 1998-2010 z2z.)

Kansip:xanos K.K., Jlykamenko C.H., Cononyxun B.IL., Areesa T.U.,
I'nymenxo B.H.,. Cunaues U.1O,
Huxosaes U.M., Ilo3usik B.JI., HoBozenko B.A., Kustkuna H.I.,
I'nmymenxo I'M., Maruenko JI. L.

Hucmumym aoepnoii pusuxu HAI] PK, Anmamui, Kazaxcman

B crarbe npoBeneH 0630p uccienoanuii, nposenacHabx HAL] PK, mo oneHke paanoskoioru-
yeckoro craryca o0bekToB JIMPA, onpenenennio ypoBHs U MacIiTaboB TTyOMHHOTO paJiiOaKTHBHO-
IO 3arpsA3HEHUs Ha 00BEKTE, a TaK)Ke [TOBEPXHOCTHOIO PaJiiOAKTUBHOIO 3arpsA3HEHHs IMPHIIETraroIuX
TEPPHUTOPHI ¥ HACEIICHHBIX ITyHKTOB. [IpHBEICHBI OCHOBHBIC IPUHIIAIBI pa3pabOTaHHOW HAYYHO 000-
CHOBaHHO KOMIUTEKCHOI ccTeMbl MOHUTOpUHTa 00bekToB JIMPA 1 mpuneraronmx tepputopuii. Pac-
CMOTPEHO pa3BUTHE MOJICIIN YTPO3bl B CB3U ¢ oObekTamu JIMPA u koHnenmu obecreyeHus pajauanu-
oHHOU 6e3omacHocTH. OOOCHOBaHA cTpaTerus paboT 10 JIMKBUAAIMH MTOA3EMHBIX SICPHBIX MOIOCTEH
oobexToB JIMPA.
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RADIOECOLOGICAL CONDITIONS AT THE KARAZHYRA COAL DEPOSIT
Subbotin S.B., Lukashenko S.N., Aidarkhanov A.O., Romanenko V.V.

Institute of Radiation Safety and Ecology NNC RK, Kurchatov, Kazakhstan

The results of long-term radio-ecological studies at the territory of Karazhyra coal deposit at the
Balapan site of former Semipalatinsk Test Site (STS) are presented. It has been revealed that contents
of artificial radionuclides on a day surface in the area of deposit area were mainly formed by global
fallouts. Radiological parameters and concentrations of radionuclides in soil and air do not constitute
a danger for the coal deposit products. No radioactive contamination of equipment, vehicles or staff
premises is found.

Recommendations on further radiation control and radioecological monitoring to provide safety
of deposit development and obtain necessary data for prediction of development of radioecological
situation in the deposit area are given.

Keywords: deposit, Balapan site, hydrogeology, radionuclide contamination, monitoring,
underground nuclear explosions.

INTRODUCTION

With the Presidential Decree No 409 dated August 29, 1991 "On Closing of the
Semipalatinsk Test Site" a new stage in the use of the territory and subsurface resources began:
exploration and mining operations. The first such deposit was the Karazhyra coal deposit.
In 1996 the State Commission for Mineral Reserves under the Kazakhstan’s Ministry of
Geology and Subsoil Protection assessed the mineral reserves of the deposit in the amount of
1.2 billion ton. Construction of a pilot coal pit was started. It was preceded by a big work on
complex geological, hydrogeological and engineering-geological survey with simultaneous
works on the radiation and environmental assessment of deposit area with a view to provide
radiation safety of personnel during the deposit exploration and development operations.
This paper presents the data on the long-term radiological studies carried out by INSE NC
RK at the territory of Karazhyra coal deposit.

Karazhyra deposit is located on the territory of Balapan site of former Semipalatinsk
Test Site (Figure 1).
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Legend

3 “Balapan® site boundary
B boundaries of the land allotment of a coal deposit "Karazhyra" quarry
boundary of an existing quarry

* warfare borehole

*  warfare borehole, adjacent to the coal mine "Karazhira®

mm traces of nuclear tests

Figure 1. Balapan Site. Location of the Karazhyra deposit

106 underground explosions were conducted in "warfare" boreholes on the territory of
Balapan site [1]. The data on the "warfare" boreholes nearest to the deposit are summarized

in Table 1.
Table 1.
Summary data on the "warfare" boreholes
. Well depth, | Explosion | Distance to the deposit Distance

## | WellNo. | Testing date m yeld, kton land limit, km to the pit, km
1 1005 16.10.74 350 43 43 12.3

2 1007 10.02.72 454 16 5.1 10.7

3 1066 23.07.73 655 212 0.4 8.2

4 1067 25.12.75 400 59 2.8 7.3

5 1071 25.04.80 332 2-<20 1.3 4.7

6 1073 12.11.77 306 15 5.8 10.6

7 1080 29.06.77 504 9 32 9.9
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. Well depth, | Explosion | Distance to the deposit Distance
i WEIIN,  EL O m P yell()l, kton land limit, kmp to the pit, km
8 1206 29.10.75 599 90 44 12.3
9 1207 31.05.74 No data 104 22 10.1
10 1222 29.11.78 550 100 24 8.4
11 1267 20.09.73 373 15 2.9 10.7
12 1321 04.07.82 595 136 1.5 8.3
13 1355 13.12.87 600 130 1.7 7.5
14 deep 23.12.79 1250 70 3.8 11.6
15 A 30.11.77 202 4 4.5 12.4

According to the above data, the "warfare" boreholes nearest to the land allotment
borders are located 0.4 — 5.8 km away and 4.7 — 12.4 km away from the pit to be developed. The
issue of the rate of hazard from the "warfare" boreholes is still open. Among the problematic
issues there stand out two key problems: the first one is related to a possible outflow of ground
water contaminated with induced radionuclides to the coal open-pit to be developed. The
second problem relates to the dangerous aftermaths of underground gasification processes in
the rocks enclosing central UNE zones at the Balapan site [2].

The conditions of test site and mining operations and the relative closeness of wells
in which nuclear explosive blasts had been conducted therefore require radiation safety and
radiation protection assurance to be implemented for coal miners (open-pit personnel.)

Pursuant to the Law of the Republic of Kazakhstan 93-1 dated April 14, 1997 "On the
Use of Atomic Energy", all kinds of activity at nuclear explosion sites should be regarded
as the activity in the field of use of atomic energy and shall therefore be subject to licensing.
Consequently, one of the basic conditions for authorized activities at the UNE territory for
all enterprises is to obtain license at the Committee for Nuclear Energy of the Republic
of Kazakhstan for particular kinds of activities and ensure protection of public health and
environment from harmful ionizing radiation. Generally, special enterprises (institutions)
have been engaged to perform radio-ecological researches and monitoring at nuclear
explosion sites. One of such institutions is INSE NC RK.

1. GENERAL INFORMATION ON THE DEPOSIT

1.1. Physiographic description of area

Administratively, the operations area is a part of Zhanasemei and Abrali districts of
East Kazakhstan Oblast with the city Ust-Kamenogorsk as an administrative center. The
territory is connected with the city of Semipalatinsk by a highway (90 km) changing into an
earth road (40 km). Balapan settlement is located north of the site. There is a railroad going
from Kurchatov to the open-pit.

In the northern and eastern parts of the territory, there prevails a hilly plain with 12—
20 m elevations. South-westward, the relief changes to Kazakh Upland characterized by
close shallow dissection with 200—320 m absolute heights and 30-80 m local differences in
elevation. The hillocky area is generally divided into separate massifs with wide valleys and
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basins and typical uplifts and ridges with stony surface. In the depressions between ridges
and hills there are shallow swamped lakes and solonchaks and on the surface of quaternary
deposits, in the midst of plain, frequent sor-deflation declines and depressions. In the areas of
Neocene and Paleocene clay outcrop, on surface there are heaving hummocks of 1m height
and 2-3m in diameter.

The lakes are saline and biter, non-perennial. The biggest of them are Karazhireksor,
Kishkeneksor and Kayaksu located at the eastern borders of the site and forming a typical
deep isometric hollow surface of alluvial terrace in the midst of the plain. The hydrographic
network is poorly developed. The area includes several dry sais which are the major
watercourses in spring and rainy periods. All of them fall into the local lakes. South of the
site, 4-5 km parallel to its boundary, the River Shagan flows, drying up in summer. It is the
only water artery in the area and only on some of its sections it has a low-discharge flow.

The soil is grey-chestnut, rubbly, often saline and only sometimes, in water-
flooded ravines and valleys, chernozem. The vegetation is scanty with the prevalent mixed
grass feather, grass fescue and steppe herbs. Elm and dog rose shrubs grow in sais and
watercourse valleys.

The population of the area is concentrated in Balapan settlement and at present is
engaged in the development of Karazhyra deposit. Potable water is delivered to the citizens
by the conduit laid from the Irtysh River in the area of the city of Kurchatov to Balapan
settlement.

Climate in the area is extremely continental with average annual air temperature of not
higher than +3.5°C. The absolute maximum of temperature is +40°C and minimum is —40°C.
The average monthly temperatures in July and January are +19°C and —16°C, respectively.
The average daily temperature is above zero in the period from the 4™ to 9" April; the frost-
free period lasts about 200 days. The last spring frosts last until May, 20 and the first autumn
frosts begin from the 10" to 15™ September. Winter is long, cold and low-snow; the average
snow cover is 25-35 cm; the snow cover is steady for 140-150 days. In spring, the tempera-
ture varies from 8°C to 19°C, and the snow cover disappears in the first half of April. Sum-
mer is hot and dry, the average temperature is 25-27°C, rainfalls are rare, short and showery.
Autumn in the beginning is warm and clear and at the end — cold and cloudy; snowfalls begin
at the end of October.

During the whole year, winds blow in eastern and western directions at mainly 3-4.5
m/s velocities, and sometimes reach storm force causing dust or snow storms.

1.2. Geological structure of the deposit

Structurally, the Karazhyra coal deposit is a wedge-shaped Jurassic-aged graben of 13
km length and 3.5-5.0 km width. The deposit area is located in the zone of Chingiz-Terbagatai
megaanticlinorium and Irtysh-Zaisan megasdinclinorium joint. The area under consideration
is broken down by big faults to several blocks. According to the data of detailed exploration
of the deposit, the geological structure is composed by different-age sedimentary, effusive
and intrusive rocks which, according to the level of folding, are subdivided into two structural
levels: lower — Paleozoic and upper — Mesozoic- Cenozoic. (J, P, N, Q).

The following stratigraphical units are distinguished among Paleozoic formations:

* Famennian-Tournaisian stages — Karobai suite (D,-C kr));

* Tournaissian stage — Koyandin suite (D kn);
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* Viseian stage, lower substage — lower and middle Kokon suites (C kk,, C kk,);

* Viseian stage, middle division — Bokon suite (C,Bk); and

* Viseian stage, upper division — Maityuben suite (C,mt).

Paleozoic formations are represented by coarse and fine sandstone, silicified siltstone,
conglomerates, coal-clay slate and effusive rocks of basic and intermediate composition.
Outcrops of these sediments can be seen along the tectonic fault lines in the south-east and
south-west of the area.

The following stratigraphical units are distinguished within the Mesozoic-Cenozoic
platform mantle:

¢ Jurassic suite — lower member (J ).

* Paleocene system — Eocene (P,).

* Neocene system — Miocene-Kalkaman (Aral) suite;

— Miocene- Pliocene (Pavlodar) N pv) suite.
¢ Quaternary system:
— Middle-upper members (Q,,);
— Upper-contemporary members (Q
— Contemporary member (Q,,).

Lower Jurassic sediments within the graben compose the above-coal, coal-bearing
and under-coal strata.

The under-coal stratum (J pug) is composed by siltstone, argillite, sandstone with coal
layers and small pebble interlayers. The stratum thickness is 90-140 m.

The coal-bearing stratum (J,ug) is composed by siltstone, argillite, sandstone and high
coal seams. The stratum thickness is 180-300 m.

The above-coal stratum (J nug) is composed by sandstone, comglomerates, gravel-
stone, siltstone with coal and coaly rock layers. The position of Lower Jurassic formations is
almost horizontal (the dip angle is 3-5°, rarely 10°) and only on tectonic faults the dip angle
is up to 45-80°.

Eocene sediments (P,) are presented by clay of various color with lenses and layers
of sand, seldom gravel and pebblestone standing out as small-area patches of 10-15 m-thick.
The clay of Kalkaman suite N klk) is not everywhere developed; its thickness is not always
10-15 m, sometimes reaching 40 m. The Pavlodar suite sediments N pv) are developed in
the eastern and northern parts of the section and are represented by dense and strong sand-
stone and clay marl of typical red, brown and green-brown color; lenses and marl nodules,
carbonate and ferriferous-manganese nodules, gypsum inclusions often occur; lenses and
interlayers of sand, rarely gravel sometimes occur; the thickness of suite is 5-10 m, and
sometimes 15 m.

Middle-upper-quaternary alluvial and alluvial-proalluvial sediments (Q,, ;) compose
the second above-floodplain terrace of the River Shagan. The sediments are represented by
mainly alternating sands, loamy sands and gravel-pebble formations. Sometimes loam and
sandy clay layers are present. The thickness of sediments is 4-8 m, rarely reaching 15 m.

Upper quaternary and contemporary formations (Q, ) in the deposit area include
diluvial and diluvial-proluvial sediments of sandy clay with landwaste, gravel and rarely
pebbles. The thickness of sediments is 0.5-2.0 m and rarely 2.8-3.5 m.

Contemporary sediments are widespread in floodplains, river-beds and in the bottom
of lakes. The sediments are developed in the western part of deposit (Graphical Appendix 2)

IIHV);

283



Ensuring the work safety on the STS

and are represented by clayey sand, sandy loam, humic loam and gravel-pebble deposits and
inequigranular sand.

In the area under study, the intrusive sediments crop out in the south-west of the
deposit, and in the remaining area they are uncovered by boreholes. The sediments are rep-
resented by two complexes:

Early Carboniferous (Saur C,s) and Later Carboniferous (Argibai ¥C,a);

¢ The first stage of Saur complex (py C;s) is represented by amphibolic gabbro and
gabbro-diorites, which sometimes change to amphibole-pyroxene gabbro or dior-
ites and quartz diorites;

* The second stage of Saur complex (py C,s) incorporation is represented by pla-
glogranites;

* Intrusions of Argibai complex (¥C,a) are developed in the most south-easterly
point of deposit and are represented by green gabbro-diabases changing to dia-
bases and diabase porphyrites.

The superimposed wedge-shaped graben representing the Karazhyra deposit in the
north-east and south-west is bound by thrust faults. In the north-east it is bound by the upthrow
fault (Chinrau fault). The fault zone dips north-east at an angle 50-80°, and the amplitude is
more than 500 m. In the south-west the graben is bound by the upthrow thrust (Karazhyra
fault) along which an overlapped-thrust structure had formed. The upthrow fault dip is 2.3
south-west at an angle 45-80°, and the amplitude is over 500 m. Here the Paleozoic intrusive
formations are thrust over the coal-bearing Jurassic stratum. The remaining upthrow faults
are shorter in length (1.5-4.0 km) and the displacement is from 20-60 m to 100-200 m.
All dislocations are accompanied by large shear zones where the rocks had transformed to
breccias or mylonites. [3].

1.3. Hydrography and hydrogeology of the area

Hydrogeologically, the Karazhyra graben is a small sub-artesian basin the basic
ground water supply in which is confined to the Lower Jurassic sediments. The overlying
Cretaceous-Paleocene and Neocene formations are regarded as a confining layer preventing,
due to mainly clay composition, the ground and surface water from flowing to the underlying
horizons.

Quaternary formations occupying a considerable area are slightly watered; and ground
water in them is locally distributed. The basic water bearing complex within the Karazhyra
deposit is represented by Lower Jurassic water-bearing complex. All major inflow volumes
to the open-pit are due to this complex.

In plan, the Lower Jurassic water-bearing complex is distributed throughout the
deposit area. The northern and southern boundaries pass along the regional fault zones, and
the western and eastern boundaries had formed far beyond the deposit.

The recharge conditions of water-bearing complex of Lower Jurassic sediments are
not favorable due to the wide-spread occurrence of Neocene clay and Quaternary loam
and presence of low-permeable loam on its section. Low slopes of ground water table, low
filtration factors, difficult recharge and lack of sufficient storage capacity are not favorable
for the formation of sweet ground water supply of potable quality to this area.
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The lowest mineralized water with 5 g/lm* total mineralization is widespread in the area
of local supply and active water exchange. Some sections of such water propagation are found
in the watershed area between the deposit and lake basins in the south. The water is sulfate-
chloride, calcium-sodium. The next zone of groundwater with 5-10 g/dm® mineralization
separates as a narrow strip the Karazhrek-Kishkenesor lake basin from the Koyaksu lake basin
and Karazhyra deposit. The water is sulfate-chloride-magnesium, calcium sodium, and chloride-
sulfate, calcium-sodium. A zone of groundwater with more than 50 g/dm’® mineralization is
distinguished in the lake basins (Karazhrek, Kishkenesor). The water is chloride magnesium-
sodium. The next zone is the groundwater with 35-50 g/dm® mineralization; the water is
chloride and calcium-sodium-magnesium. In the remaining territory, the water has 10-35 g/dm?
mineralization. Similar zonality exists in the north of the area.

A considerable part of the deposit area has underground water with 25-50 g/dm’
mineralization, and on the adjacent sections water with 10-35 g/dm? mineralization is widely
spread. Here, water is sulfate-chloride, magnesium-sodium. In the Kayaksu lake basin, zones
with 35-50 and more than 50 g/dm? mineralization are present.

The lowest water mineralization, 6.5-9.4 g/dm?, within the deposit is found in its
south-western part, closer to the conjectural recharge area, and the highest mineralization
(30 g/dm® and higher) — south-east of the operating pit. Water with higher than 40 g/dm?
mineralization is found in the fault zone round borehole 501.

On the whole, the water-bearing complex of Lower Jurassic sediments in the deposit
area includes water with 9.4-55.5 g/dm’ mineralization. Chemically, the water is chloride,
sulfate-chloride, magnesium-sodium. The general movement of water is from south-west and
west to north and north-west in the direction of the River Irtysh valley. Part of underground
water is discharged into the natural lake basins of Karazhrek, Kayaksu, etc. [3].

1.4. The peculiarities of the deposit development

The lease area of Karazhyra deposit is 21.4 km?, and the approved coal reserves are
1.2 billion tons. The excavation method is open pit, partially using drilling-and-blasting for
scarifying. The development method is transporter, with transportation of overburden to the
external and internal dumps. Production benches are made by H-95 excavators of DEMAG
company (Germany). Overburden benches are made by EKG-5A and EKG-8I excavator-
mining power shovels, coal and overburden are transported in BelAZ-75489, BelAZ-75485
and BelAZ-75405 dump trucks. Bulldozers with T-130 and T-170 tractors are used for sub-
sidiary works. Stripping operations sometimes involve drilling-and-blasting using 3SBSh-
200-60 drill rigs (Figure 2 a).

Coal from the open pit is transported to the point of reloading to railway cars or to a
coal storage located at the platform of technical complex (Figure 2 b).

At present, at the open pit an open drainage system is arranged which includes two
pump stations and water pipeline. The volume of pumped off water is on the average 294-574
thou.m?/year. Drainage water is discharged by pipeline to an evaporation pond.

Total there are about 500 workers at the open pit; the regime of work is rotational,
with 200 persons in a shift team.
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Legend

—— Agphalted road

Dirt road
4———+ Railroad
.................. Boundary of mining lease

a) b)

Figure 2. a) General view of the open pit, b) Basic elements of Karazhyra deposit infrastructure

2.  FACTORS AND MECHANISMS FOR FORMATION
OF RADIOLOGICAL SITUATION

At the most general level, the radiological situation on any territory can be presented
as a superposition of two components:

1. Natural environmental radioactivity.

2. Environment pollution by artificial radionuclides.

2.1. Natural environmental radioactivity

The natural radiation sources are cosmic radiation and natural radioactive substances
spread on the surface and in the Earth crust.

2.1.1. Radioactivity of rocks

The average specific activity values for natural radionuclides in rocks according to the
literatures data [4] are presented in Table 2 below.
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Table 2.

Specific activity of natural radionuclides in rocks

Specific activity, Bq/kg
Rock 238y TR | WK
Magmatic
Acidic 60 80 1000
Medium 20 30 700
Basic 10 10 240
Ultrabasic 0.4 25 150
Sedimentary

Limestone 30 7 90
Sandstone 19 10 370
Clay shale 44 45 700
Mineral coal - 30 276

The highest content of artificial radionuclides is found in potassium-rich igneous
rocks of acidic and alkaline composition. The highest radioactivity among sedimentary
rocks is found in clay and clay shale. The lowest radioactivity is found in chemically pure
and organogenous sediments, such as rock salt, gypsum, limestone, dolomite, quart sand,
siliceous schist and gem jade.

A major soil source of radioactive elements is soil-forming rocks. The specific activity
of basic soil types [4] is presented in Table 3.

Table 3.

Specific activity of artificial radionuclides in soil

.. Specific activity, Bq/kg
Basic soil types =y = Th K
Gray 31 48 670
Gray-cynnamon 28 41 700
Chestnut 27 37 550
Black 22 36 410
Gray forest 18 27 370
Sod-podzolic 15 22 300
Podzolic 9 12 150
Peaty 6 6 90

Soil formed on acidic magmatic rocks is to some extent enriched with radioactive
elements (uranium, radium, thorium, and potassium), and soil formed on basic and ultrabasic
rocks has low concentration of them. Almost everywhere, clay soil has higher concentration
of radioisotopes than sandy soil.
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2.2. Environmental contamination with artificial radionuclides

The sources of Earth surface contamination with artificial radionuclides are quite
numerous and various. These are the accident ejections from nuclear power stations, nuclear
weapon tests, nuclear explosions for peaceful purposes, nuclear research reactors, pollutions
of seas by nuclear-powered ships, radioactive waste, etc.

In the territory under consideration, due to the specificity of its geographical position,
the contamination with artificial (technogenic) radionuclides should first of all be stipulated
by nuclear tests conducted at STS with formation of the following basic radionuclides :

» Fission products —*’Cs, *’Ba, '"Pm, '*'Sm, *°Sr, Y, *Tc;

e Products of neutron activation of environment—°°Co, '32Eu, '**Eu, *H, *C, 3¢Cl,

» Unreacted portion of charge material —2**Pu, 2?*24Pu, >*'Pu, **! Am, *H.

Conventionally, the following radionuclides are considered to be the most biologically
important ones: *’Cs, *Sr, *H, 2**4Pu.

The basic potential sources of pollution in the territory under study are the aftermaths
of both the remote fallouts of nuclear surface explosions performed in 50s-60s and the
result of nearby fallouts due to release of radioactive gases and aerosols during downhole
experiments at the Balapan site.

2.2.1. Contamination of day surface soil due to nuclear explosions

2.2.1.1. Atmospheric radioactive fallouts

Ground nuclear tests have led to high radioactive contamination of large territories,
having formed radioactive traces extending for hundreds of kilometers from the explosion
epicenter.

At the time of conducting atmospheric tests, the radiological situation in the areas
adjoining the nuclear testing facilities was mainly formed by 11 previous ground tests because
other tests were conducted in the regime of maximum deposition of nuclear explosion
products directly within the TEST SITEs [5]. Having reviewed the available information, 3
ground tests that could cause radioactive contamination at the Karazhyra deposit area have
been identified (Table 4).

Table 4.

Ground nuclear tests with potential impact on radioactive contamination in the studied area

Testing date | Testing site | Test pur- Energy Explosion altitude, Afverzfge wind

# I5] (ground) [5] pose [5] release, kton m [5] direction, grad
TNT [5] [5]
Aircraft release with
! 301054 P-3 NWD 10 explosion at 50 m (55 m)
16.03.56 p-2 NWD 14 (13.2) 0.4
3 18.10.51 P-5 NWD 7 0
NWD - nuclear weapons development

Thus, 3 ground tests could cause radioactive contamination in the area of the Karazhyra
deposit.
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2.2.1.2 Local contamination of epicenter zones of UNE at Balapan site

The deposit is located offside the intensive radioactive traces of '*’Cs and *°Sr. How-
ever, point sources of contamination have been found around the mouths of the nearby wells
[6]. Local contamination spots in UNE epicenter zones at the Balapan site have been formed
due to mainly nearby fallouts caused by release of radioactive gases and aerosols during
nuclear tests in "warfare" boreholes. Such effects occur in case of partly contained explo-
sions (56 wells) or emergency radiation situations (wells 1007, 1204, 1069, 1301). As an il-
lustration, Figure 2 shows the nature of EDR distribution round the mouths of two "warfare"

boreholes.
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Figure 3. Distribution of EDR in wells 1077 and 1080

A significant role in the creation of radiological situation in the testsite area belongs
to the excavation explosion in the well 1004 made at construction of artificial storage in
1965 (the so-called "Atomic" lake). The explosion had produced and dispersed long-lived
radionuclides: 24Py — 8.5 Cu; *’Cs — 800 Cu; *°Co — 80 Cu; 2Eu — 120 Cu; *°Sr — 400 Cu;
’H-4%*10° Cu. In the rubblized zone, up to 40% of produced radionuclides fell out. The cloud
formation during the explosion in the well 1004 and radioactive trace occurred at anomalous
distribution of temperature and wind in depth. In addition to the unusual distribution of
temperature in depth, there occurred a considerable turn of wind in the direction of increasing
height (almost 100% to the right within the maximum height of cloud rise). The combination
of these factors caused formation of local radioactive trace of complicated configuration.
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Thus, radioactive acrosols in the layer at 0 to 750 m height moved at 330° azimuth and
caused contamination of ground due to the fallouts from the base surge. The lower part of
the atomic cloud, being in the layer of 750 m to 2500 m, formed the "northern branch" of the
trace with 40-47° azimuth axis, and its upper part raising above 2,500 m and moving at 70°
azimuth formed the "southern branch" of the trace.

The explosion had caused high contamination of the surrounding area. Now, the
exposure dose rate on the funnel crest, which has been filled with water, is up to 0.1 mSv/
hour. According to the detailed radioecological survey of the site in the area of "Atomic" lake
at 20 km? area, the maximum values of radiation parameters are:

*  EDR- 6.56 mSv/hour (EDR values exceed the background values in 169 points);

* The flux density of surface alpha emission is 4.4 particles/cm>*min;

» The flux density of surface beta emission is 160 particles/cm?*min.

The flux density of surface beta emission was measured in the points every 500 m,
and in the locations where EDR was more than 100 mSv/hour the measurements were made
every 250 m (Figure 4).

According to our results, virtually on the whole surveyed territory the contamination
with 137Cs and *Sr exceeds the background of global fallouts.

a) b)

Figure 4. Density distribution of surface contamination
with B-particles and equivalent doze rates in the area of "Atomic" lake

All soil samples measured for 2***Pu content showed excess over global fallout
background for hundreds of times.
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2.2.1.3. Contamination of day surface of soil due to global atmospheric fallouts

Now virtually in any place of our planet the radiation contamination of environment
can be identified due to various nuclear tests and accidents at nuclear power plants.

The thing is that during atmospheric nuclear tests a great portion of radioactive
products is released to the stratosphere. Radioactive aerosols of microscopic size (~4*107
cm) as a component of radioactive cloud remain in the stratosphere from several months to
several years, and winds carry over this cloud throughout the Earth (stratospheric transport).

Artificial radionuclides from the atmosphere together with rainfalls and dry fallouts
get to the surface. Density of such so-called global fallouts depends on the geographic latitude
of terrain, time passing after the release of artificial radionuclides (IRD) to the atmosphere,
season and meteorological factors [6].

After signing the 1963 Treaty Banning Nuclear Weapon Tests in the Atmosphere, in
Outer Space and Under Water, the radioactivity of the atmosphere has been progressively
decreasing and by now it is hundreds of times lower. A short-term increase in the radioactive
contamination of earth atmosphere during the last decade was recorded in 1986 due to the
Chernobyl NNP accident ['].

According to the calculations [2], the specific activity of global fallouts in 2010 is:

37Cs — 15.2 Bg/kg;*°Sr — 9.4 Bg/kg; '*'Sm- 1.2 Bq/kg and *Tc¢ — 0.2 Bg/kg.

2.2.1.4. Mechanical transport of contaminated soil

The above-described fields and spots of radioactive contamination are sources
of possible further transport of contamination by people or machinery by access roads,
developed territories, etc. Such mechanism of propagation can hardly play a significant role
in the formation of the picture of radionuclide contamination of the territory; it can rather be
a concern to individual persons exposed to such contamination. Hence, in the validation of
the types and quantities of activities for the radiation monitoring a possibility of transport of
radionuclide-contaminated soil from nuclear test areas to the coal mine territory and further
propagation by transport vehicles has been taken into consideration.

2.2.2. Ground water contamination with artificial radionuclides

The mechanism of radioactive ground water contamination with UNE products is
described in detail in Ref. [9].

A major issue of concern regarding the radiation safety of works at the Karazhyra
deposit is a probability that the ground water contaminated by the radioactive products of
underground nuclear explosions gets to the borders of the deposit. A basic precondition of
such probability is the process of cone depression growth. The point is that under the impact
of pit sump a drainage cone forms. The cone may finally affect the areas where the "warfare"
boreholes are located. The formation of drainage cone is accompanied by an increase in
the piezometric surface slope of fissure water that may cause equivalent intensification of
processes of groundwater migration and movement to the open-cut. Now the cone radius is 9
km. Herewith the depth of drainage is more than 50 m. Now the eastern front is located a few
meters from the subartesian groundwater basin with high radionuclide concentrations.
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The groundwater contaminated with artificial radionuclides can get to the deposit
borders from UNE locations at the Balapan site. The results of the research show that high
concentrations of *’Cs and *Sr in the groundwater are present only close to UNE epicenter
zones; with distance from the mouth of "warfare" boreholes to 300 m the radionuclide
concentration decreases to mBqg/kg. Hence, any peculiarities in the mode of *’Cs and *°Sr
propagation have not been so far recorded due to their low concentration. However, *H
concentration in the groundwater varies within a wide range from a minimum detectable
activity, 7 Bg/kg, to the maximum values higher than 4 million Bg/kg. Thus, tritium is a basic
radioactive contaminant of groundwater at this site. It should be taken into consideration that
tritium is a component of water and is not sorbed by rocks. Hence, with growth of depression
cone the trititum-contaminated groundwater may quite shortly get into the deposit water.

It is worth mentioning that Karazhyra deposit is structurally a wedge-shaped Jurassic
graben of 13 km length situated between Chinrau and Karazhira faults. In this situation, the
basic possible ways for the contaminated water to get into the mine tunnels are the zones af-
fected by these faults. Hence it is not impossible that in the future the results of Karazhyra
deposit development will affect considerably the development of radiological situation at the
Balapan site.

The researches have shown that '*’Cs, *Sr concentrations in the groundwater on this
site are below IL__(Interference level based on annual specific activity) set forth by NRB-99.
At the same time, *H concentration in the zone of Chinrau fault influence is much higher and
varies from 1.4*10° to 1.6*10° Bg/kg [6]. For the general understanding of the situation, it
should be remembered that water with more than 7.7*10* Bq/kg concentration of tritium is
classified as the radioactive waste [10].

Hence, the process of depression cone progress in the eastern direction constitutes a dan-
ger that the groundwater contaminated with artificial radionuclides may get to the open-pit.

2.2.3. Atmospheric pollution due to dust formation from contaminated soil

Numerous nuclear weapons tests including those at STS have broadened the area
of propagation of artificial radionuclides and included them in various natural cycles:
biochemical, hydrochemical, geochemical, atmospheric, and other. The redistribution of
activity on the territory of polygon and in the surrounding area proceeds up to now. Having
fallen in some form on the ground surface, radionuclides are redistributed and migrate due to
transport by wind (dust storm, step fires, etc.) and surface and ground water.

Theresults of the research and model calculations show that the radioactive air pollution
at STS can be dangerous only for a human being present directly on the territory of radiation-
hazardous objects and only when the air contains a lot of dust. Outside the territory of the
test site, the volumetric activity of artificial radionuclides is much lower than the regulatory
value. Thus, for instance, in Sarzhal and Kurchatov settlements the volumetric activity of
2397240py radionuclides is respectively 352 and 25,000 times lower than the permissible value,
however, much higher than the radionuclide concentration in air of the cities more remote
from the test site.

The long-term studies at STS [11] have shown that on large-area sources of day surface
contamination with radionuclides such as the "Experimental field", significant radioactive
contamination of surface air is possible only in case of technogenic dusting (road traffic and
other operations causing much dust), and steppe fires.
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The works on opencast mining of the deposit are such dust-raising works which result
in the internal irradiation due to inhalational intake of radionuclides and require monitoring
of the content of artificial radionuclides in the atmospheric air. Under these conditions, it
should be taken into consideration that the territory of Karazhyra deposit is close to the sites
of nuclear test sites where spots of day surface contamination had been formed. By the wind
transport, radioactive products from the contaminated sites can get to the atmospheric air of
the work area of deposit. Under certain circumstances such as the dust storms, this factor can
contribute much to the formation of irradiation doze of personnel by inhalation.

It should also be noted that according to the recent research, for radiological monitoring
in the areas of economic management in the territory of STS, besides the above radionuclides,
also the concentration of tritium in the atmospheric air should be controlled. Tritium gets to
the atmospheric air due to evaporation of ground and surface water. Thus in the air samples
taken in different locations of STS territory up to 240 Bg/m® of tritium has been found. For
the territory of the deposit, a possible real source of tritium from the air is the Shagan River
located 15 km away from the open-pit. The tritium concentration in the river water is up to
7*10° Bq/kg[12].

Hence under certain weather conditions, it is not impossible that tritium together with
the atmospheric air gets to the deposit borders. For more detailed and reliable assessment of
possible radiation doses, tritium concentration in the air should be monitored regularly.

3. GENERAL METHODOLOGY OF WORKS

Based on the foregoing, we identified the following set of objects for our study at the
territory:

» day surface sections of land allotment involved, according to the Plan of Works, in
the development and operation;

» production and residential buildings at the open-pit and field camp;

» work places, plant and equipment;

* personnel;

e service roads;

e first-bench overburden rock;

» atmospheric air of work area to determine the concentration of artificial radionu-
clides coming from the nuclear weapon sites by secondary transport;

* underground and drainage water from hydrogeological wells and evaporation
pond;

* deposit products (produced coal).

The research methods included field measurements of radiation parameters and
laboratory analyses.

The measurements of radiation parameters included:

+ radiation reconnaissance survey of day surface of dumps and roads in "Search"
mode;

» radiometric measurements of NRD and density of surface pollution by o- and
-emission radionuclides in fixed points; and

+ radiation monitoring of work places and equipment.
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The field investigations included:

» sampling of soil and produced coal;

» sampling of groundwater from observation wells; and
* sampling of air aerosols.

At the end of sampling, all samples have been brought to the laboratory for testing.

The laboratory tests include the analysis of soil, water and atmospheric air samples by
v-, B-, a-spectrometry methods with preliminary chemical isolation to determine the concen-
tration of natural and artificial radionuclides. [13].

4. RESULTS

By now, big actual material on the works executed on the deposit has been accumulated.
Its scope (number of measurements and laboratory analyses) is presented in Table 5.

Table 5.

Scope of actual material on all types of field and laboratory tests

Type of measurement or sample

1998 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

Results of radiometric control, number of measurements

Radiological monitoring in fixed

*
points of day surface ? 87 4 > 4 4 4 4
Radiological monitoring of designed | 5 5 5 g g 5 5 5
roads
Radiological monitoring of first- « « « «
bench overburden rock 16 10 10 !l !l
Radiological monltf)rmg of personnel | 9 N N N N 3 40 30
locations
Radiological mor.ntorm gofplantand | « « * 7 20 29 4 30
equipment
Radiological monitoring of coal * 2 4 3 4 8 8
Selective monitoring radiation dose « X " * " 20 16 17 16
control of personnel
EEVA measurements of radon in
production premises, at the mine and | * * * * 2 8 - - -
field camp
Number of analyses (spectrometry)
Soil of daylight surface sections « ) 16 4 5 4 4 4 4
(spectrometry)
Road soil * 5 5 25 8 8 5 5 5
Rock blocks with excessive % «
concentration of NRD 6 10 16 10 10 !l !l
Drainage and ground water * 27 39 33 35 26 62 80 92
Air aerosols * 8 8 12 9 * 6 8
Water vapor * * * * 11 * 4 9 12
Workers’ urine * - - - - - 20 20 21
End products (coal) * 2 8 4 4 3 4 8 8

The sign * means that summary data are already available; the exact number of measurements
or samples is not known
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4.1. Conditions of work areas of personnel and transport mining
equipment
The objects of radiological monitoring were the work places (excavator and dump

truck cabs) and permanent and temporary locations of the deposit mining personnel. Table 6
includes the results of long-term radiometric measurements.

Table 6.

Results of radiometric monitoring of transportation facilities and places of temporary
and permanent stay of personnel

Type of 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
measurement Average value (min — max)
Density of surface
o-radiation, <0.2 <0.2 <0.2 <0.3 <0.2 <0.2 <0.2 <0.2
paricles/(min*cm?)

Density of surface
fB-radiation, <10 <10 <10 <10 <10 <10 <10 <10
paricles/(min*cm?)

0.08 0.10 0.12 0.1 ol 0.13
EDR, pSv/h (006- | <010 | 017 | (009 | (0.09- | (009 | ("o | (015
0.11) 0.12) | 017 | 015 |V 0.12)

Based on the data above, it can be mentioned that EDR values on the territory are at
the background level for this area, and the density values of o-particle and B-particle fluxes
in all survey points do not exceed the detection limit of the measurement instruments used.
It means that the personnel and vehicles observed the limitations set for the movement
routes and were not exposed to accidental radioactive contamination in potentially hazard-
ous areas.

4.2. Soil conditions

4.2.1. First-bench overburden rock

During the works on exploration of Karazhyra deposit, based on gamma ray logging
of exploratory wells in the overburden strata a layer with elevated natural radioactivity was
discovered.

A zone with elevated concentration of natural radionuclides (NRD) is located in the
upper part of the open-pit, and the rock depth with maximum gamma emission is within
3.6-17.0 m range. Lithologically, the radioactivity intervals are represented by oxidized
coal, siltstone, argillite, clay and sandstone. According to the preliminary data, two sections
with abnormal radioactivity have been delineated. The rock radioactivity is at the rate up
to 280 micro-roentgen/hour (EDR). To ensure radiation safety of works, a Program on the
excavation and storing of rock with elevated NRD values has been prepared and approved.
The mining project envisages drilling of blocks A and B with 9.7 thousand cubic m total
rock volume spreading on 12.0 thousand square m area, of 1.2 m average thickness. Figure 4
shows the layout of blocks A and B and storage areas for the rock of these blocks [14].
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Figure 5. Layout of A and B blocks and storage areas for the rock of these blocks

Block A. Mining of Block A in the open-pit was carried out in 2002. For the sake of
safety, NNC RK had developed and implemented the "Program of Radiation Monitoring of
Works at Mining and Storing of Rock with Elevated Concentration of Natural Radionuclides
in Block A of Karazhyra Open-Pit" (Figure 6). TeXHOJIIOIHYECKHX aBTOJIOPOT Kapbepa, Mpe/l-

crasieHsl B Tabiune 11.

Figure 6. General view of Block A fragment before mining
(dark-color stratum is the rock with elevated NRD concentration)
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The Program provides mining Block A of 4.05 thousand cubic m volume of rock
spreading on 3.0 thousand square m area of 1.35 m average thickness. The anomaly in the
area of Block A is stretched out in the north-western direction as a band of 14 to 50 m width
and 83 m length. The NRD concentration in Block A soil is as follows: 7.7%103 Bq/kg for
226Ra, 220 Bqg/kg for #**Th and 250 Bg/kg for “K.

According to the results of gamma-spectrometry analysis of soil samples, the space
distribution of NRD in the stratum both in plan and in the open-pit is not uniform. Samples
of 2Ra with specific activities 3*10° to 5*10° Bq/kg make 18% of sampled points, and those
with specific activity of 5*103 to 7*10° Bq/kg - 5% (3 points) and are spatially located near
the epicenter of Block A (Well No 130 PO) in the oxidized coal stratum.

The specific activities of ??°Ra samples less than 85 Bq/kg have been recorded in 32
points (60% of sampled points). The maximum values for »*?Th and “K are 220 Bq/kg and
250 Bq/kg, respectively. It is also found that at an increase in the specific activity of *Ra,
the content of 2*2Th decreases. The peculiarity of distribution of these radionuclides in Block
A rock is shown in Figure 7.
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Figure 7. Block A. Concentration of *Ra and *** Th in soil

In accordance with the sanitary rules in force, a controlled variable of material radio-
activity is the effective specific activity (A ) determined from the assessment of contribu-
tions of individual natural radionuclides into the formation of external gamma irradiation
doze:

A=Ay + 1.3A, +0.09A,,

where A, and A is the specific activity of **Ra and **Th present in the radioactive
equilibrium with the other series terms, **U and **Th respectively; and A is the specific
activity of “K.

It follows from the obtained data that >2°Ra has decisive importance for the formation
of A_, and ***Th and “K are of minor importance. During preliminary survey of Block A it
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was found that the lowest concentrations of ?*°Ra are typical for the southern and north-east-
ern block borders where A was 95 to 165 Bg/kg at 10 to 50 micro-roentgen/hour EDR val-
ues in sampling points, and beta-particle flux density (BPFD) from 8 to 32 particle/min*cm?.
On the whole, during the works on Block A it was found that A ;. concentration tends to in-
crease from the periphery to the center of the block. Maximum values have been recorded in
one point where A =7.7*10° Bq/kg. The radiation parameters in the sampling point are EDR
=160 micro-roentgen/hour and BPFD = 90 particle/min*cm?. According to the survey of
bench surface in search mode, the averaged thickness of layer with 30 to 60 micro-roentgen
EDR is 0.45 m. The length of anomalous interlayers in 3 points is 1.5-2.0 m at 0.1-0.15 m
thickness of layer with EDR from 60 to 100 micro-roentgen/hour.

Block B. The radiation safety of works at Block B was assured taking into consider-
ation the previous experience. The area of overburden rock with elevated radioactivity of
natural radionuclides on Block B is 9.0 thousand square m, rock volume is 5.67 thousand
cubic m, and stratum thickness is 0.63 meters. The total volume of overburden rock to be
disposed at 10 meters thickness of overburden layer is 90 thousand m®. Laboratory analyses
have shown that maximum concentrations of 22 Ra and 2> Th in Block B are much lower,
3140 and 50 Bq/kg respectively and the concentration of “°K is, on the contrary, higher: up
to 400 Bg/kg. At the same time, as opposed to Block A, in the rock of Block B the concentra-
tions of *? Th increase on an increase in the concentration of 2 Ra (Figure 8).
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Figure 8. Block B. Concentration of **Ra and **Th in soil

To reduce the risk of personnel irradiation and restrict the environmental pollution,
measures on providing radiation safety during mining and storing of rock with elevated
radioactivity have been developed. The safe technology measures involve the use of specially
allocated set of mining equipment (excavators, bulldozers, dump trucks, etc.) not to be used
during this time for other works; for personnel: special clothes and breathing protection
equipment, safety briefing on work with radioactive substances; in case of possible radioactive
contamination of personnel, the storing area is provided with a site to drain water used for
washing directly to the storage area.
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The NRD concentration in the occupational dust on work places (excavator, BelAZ and
bulldozer cabs) was monitored during each shift and showed average-monthly concentrations.
Operational data on the average-shift dust concentrations were based on 5-9 point samples
taken during the most typical operations and between them with the subsequent calculation
of'average concentration. According to the monitoring results, the dust concentration on work
places during the whole work period does not exceed 0.7 mg/m?. The maximum expected
volumetric activity is 0.005 Bg/m? for ??°Ra and 0.0003 Bq/m? for 22Th. Hence, the volumetric
activity of NRD in the air on work places during the works on Block A was lower than the
volumetric activity for the community (according to Appendix 2 of NRB-99, the Permissible
Volumetric Activity for the community should be 0.03 Bq/m?® for ***Ra and 0.0049 Bg/m® for
ZSZTh).

Hence, due to a number of undertaken measures, the radiation dozes do not exceed the
limits permitted for the community.

Since during the works on selective excavation of block rocks with elevated NRD
concentration it was found that the spatial distribution of natural radionuclides in the
overburden rock is not uniform, it is possible that the stratum of the first-stage oxidized coal
can have small anomalous sections not identified by the exploration wells. This circumstance
requires carrying out periodic survey of the first-bench faces to provide radiation safety of
personnel.

By 2010, the first-bench plane had shifted almost for 500 m to the south from Block
B. The Chart (Figure 9) shows maximum values of NRD concentration in the first-bench rock
stratum found during annual surveys.
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Figure 9. Maximum specific activities of NRD in rock

It can be seen from the presented data that by now the specific activity levels of
NRD have reduced to the background values for this area. According to the available data,
it is not expected that further shift of the first-bench plane causes a considerable increase in
the NRD levels in the excavated soil. Nevertheless, to provide radiation safety of personnel,
periodic survey of the first-bench faces will continue due to the existence of possible small
anomalous sections in the first-bench rock not found by exploration wells. Table 7 lists the
results of laboratory analyses of the first-bench rock samples.
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Table 7.

Results of laboratory analyses of rock with elevated NRD concentration

2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2000 | 2010

Component
P Average value (Min - max), Bq/kg
146 133 49 1345 433 250
40 = -
K. Bake | (69-346) | 14297) | (<14-207) | (41-363) (40-330) | (170-590) | (330-120)
260 234 134 57 38 35
226 . -
Ra, Barkg | O-280D) 1 1 115y | <1-1115) | 3-306) | (142-14) | 2139 | (2648 | (15-65)
19 12 34 34 2
232’ - -
ThBake | 39 1 a3 | M8 | gy | @iee) | M) | (a42) | (1039
*1Am, Bq/kg - (< é 22 2) (<0.2-1) <1 <2 <2 <2 <2
B1Cs, Bq/kg - <1 <1 <4 <2 <2 (<1-17) <2

The y-spectrometry measurements of rock samples taken from the bench surface show
the specific activity of artificial radionuclides to be lower than the minimum detectable activ-
ity of the spectrometer used. The concentration of natural radionuclides is in the range below
the minimum significant content of radionuclides indoors and at work places.

4.2.2. Conditions at the day surface sections of the mine allotment involved
in the development according to the plan of mining operations

In 2001, the staff of NNC RK assessed the level of radioactive contamination of the
day surface of the Karazhyra coal deposit territory allotted for the development [15]. Based
on the ground sampling results, a map of surface contamination has been prepared. For most
of the tested samples the specific activity of 2***>*° Pu is within the range of up to 100 Bg/kg
and only in two points elevated values with 180 Bq/kg maximum have been recorded. At the
same time, within the anomalous sections, radiometric measurements with a denser network
have been carried out. By detailed investigation, no foci of radioactive pollution hazardous
for the personnel engaged in the deposit development have been found.

Nevertheless, it is intended to perform annual survey of the day surface sections of
the mine allotment included in the Plan of mining operations to assure radiation safety of
the personnel and to study the dynamics of radiological situation on the day surface of the
deposit area. The survey includes field radiometric measurements and sampling for laboratory
analyses to determine the concentration of artificial radionuclides. Various structures and
objects that could be brought to the deposit area from nuclear explosion sites have also been
surveyed.

Preliminarily, the day surface radiation monitoring was conducted in search regime.
The locations with maximum EDR values have been distinguished as soil sampling locations
to test for the concentration of artificial radionuclides. In the sampling locations, measurements
of density of surface contamination by alpha and beta emission radionuclides have been
carried out. The results of day surface radiation monitoring are listed in Table 8.
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Table 8.
Results of radiometric monitoring and laboratory analysis
of soil samples taken in fixed points of the day surface
2005 2006 2007 | 2008 | 2009 2010
Measurement type :
Average value (min-max)
Surface .a-radlat'lon deznsny, <02 <03 <02 <02 <02 i
particles/(min*cm?)
Surface .B-radlat'lon dezns1ty, <10 <10 <10 <10 <10 <10
particles/(min*cm?)
0.12 0.1 0.115 0.14 0.115
EDR at surface, pSvh 1 11 0 14y | (0.11-0.15) | (011-0.12) | 012017 | %1% | (0.09-0.1)

Based on the data above, a conclusion can be drawn that the radiation parameters
of the day surface do not exceed the background values typical for this area. The radiation
parameters for the whole monitoring period are found to be relatively stable, and no
anomalously high values are expected.

The results of laboratory analyses of rock samples taken on the day surface area are

listed in Table 9.
Table 9.
Results of laboratory analyses of day surface samples
2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
Component =
Average value (min-max)
474 526 528 470 237
40 _ _
K, Bake (411-530) | (416-639) (381-730) | (330-650) | (200-280)
38 36 404 30.5 17 43 37
226
Ra.Bake | 3445y | (3242) | G1-19) | (940) (13-30) | (40-50) | (30-45)
30 29 25.6 333 20 31 26
232’
Th, Bake (28-35) | (24-38) | (22-30) | (2543) | (15225) | (25-35) | (20-30)
86
210 _ _ _ _ - -
Pb, Bq/kg (63-106)
4.6 45 44
241 -
Am.Bake | 68 | ) 2-7) <2 (<1-5) <! <2
36 31 35 20
137, - - -
Cs.Bake | 79492 (1746) | (s-s3) | T | CFD) | 220 (5,5
16.5
90 - - - - - —
Sr, Ba/kg 9-24) (<6.6-10.5) | <3-4
59 16
239+240 - - - -
Pu, Bq/kg 31.6 (40-78) (10-22)

The monitoring data on the day surface of mine allotment area included in the Plan
of mine operations for 2010 showed that the specific activities of artificial radionuclides
and field radiometric measurements on this area are not different from the areal survey data
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of the previous years. This means that during the period under consideration no additional
radioactive contamination of the day surface within this area has occurred.

4.2.3. Service roads’ conditions

Service roads are surveyed once a year to assess possible transport of artificial
radionuclides from nuclear test sites to the open-pit area and their further propagation by
vehicles. The radiation monitoring is performed in search regime. Soil samples are taken in
the points of maximum equivalent doze rate for the comprehensive analysis of concentration
of natural and artificial radionuclides. In the sampling points, the density of surface
contamination with alpha and beta emitting radionuclides is measured.

The results of radiation monitoring of service roads are presented in Table 10 below.

Table 10.
Results of radiometric monitoring on motor roads
2003 2004 2006 | 2007 | 2008 | 2009 | 2010
Measurement type -
Average value (min-max)
Surface
a-radiation density, <0.3 <0.3 <0.3 <0.2 <0.2 <0.2 -
particles/(min*cm?)
Surface
p-radiation density, <10 <10 <10 <10 <10 <10 <10
particles/(min*cm?)
EDR at surface, 0.11 0.13 0.11 0.1 0.11 0.12 0.104
pSv/h (0.1-0.12) | (0.12-0.14) | (0.10-0.12) | (0.05-0.13) | (0.10-0.12) | (0.11-0.13) | (0.09-0.12)

The results of laboratory analyses of soil samples taken from the open-pit service
roads are presented in Table 11.

Table 11.

Results of laboratory analyses of soil samples from motor roads

2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

Component Average value (min-max)
9K Ba/k 146 268 362 288 i 202 280 224
- PYKE (89-274) | (213-293) | (310-424) | (65-608) (120-250) | (170-400) | (120-400)

6.5 19 32 24 44 34 23

226 -

Ra, Bake (<5-7) (11-29) | (22-56) (6-30) | (28-100) (<3-40) (20-45) | (30-15)

10.5 19 16 20 37 21 18 (15-

232 _

Th, By/ke (<4-18) | (16-20) | (14-23) (6-30) (18-99) (<6-15) (15-30) 25)
1 Am, Bq/kg - <0.3 <0.9 © ;1 0) <2 <1 <1 <2
B1Cs, Bq/kg 12 (<0.5-1) <1 15 (<1-3) <1 <2 <1

’ (<0.7-1.4) ) (0.5-55)
%Co, Bq/kg - - - - <3 < ; R
20pp, Bo/kg (127%.365) i ) ) ) ] ] ]
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The obtained results show that the radioactive contamination of motor roads does not
exceed the respective values for the day surface. It means that no radionuclide contamination
of road surface happened during the deposit development.

4.3. Mined coal

Coal samples from different blocks are taken every year to study the composition of
natural radionuclides in the coal mined and control possible contamination with artificial
radionuclides of the Karazhyra coal deposit. In addition, to determine the concentration of
natural and artificial radionuclides in the ash residues of Karazhyra coal deposit, samples are
regularly taken from the ash dumps of boiler plants using only Karazhyra coal deposit. The
results of laboratory analyses are presented in Table 12.

Table 12.

Results of laboratory analyses of mined coal

2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
Component
Average value
“K, Bq/kg 290 224 <26 <28 <26 110 560 190
2Ra, By/kg 15 30 3 4 35 <5 30 30
22Th, Be/kg 30 30 5 6 40 10 25 25
1 Am, Bg/kg - - - <0.5 <2 <1 <1 <2
137Cs, Bq/kg <3 <3 <3 <3 <3 <3 <3 <3
Effective specific | ¢ | g4 5 118 143 | 889 | 279 | 137 | 807
activity, Bq/kg

The results of laboratory analyses of coal ash residues are presented in Table 13.

Table 13.
Results of analyses of coal ash samples
Specific activity
Sample type 26Ra, Bq/kg YK, Bq/kg 22Th, Bq/kg 3Cs, Bq/kg *A . Ba/kg
ash 12 273 28.1 <2 73
ash 17 307 29.5 <2 83
ash 23 <19.0 4.0 <2 9
ash 5045 950+40 3042 <2 174
ash 60£5 1000440 3042 <2 189
ash 3043 280+20 3043 <2 94
ash 45+4 31030 45+4 <2 132

According to the sanitary rules in force, a controlled parameter of material radioactiv-
ity should be the effective specific activity (A ) determined from the assessment of contribu-
tions of individual natural radionuclides to the formation of external gamma irradiation doze.
The effective specific activity is calculated using the formula provided in 5.3.4 NRB-99.
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A=Ay +13A, +0,09A,,

where A, and A, are the specific activities of **Ra and **Th being in equilibrium
with the other members of uranium and thorium series and A, is the specific activity of “K
(Bg/kg).

It can be seen from the table that no artificial radionuclides have been found in the
samples of coal or ash residues. At the same time, the effective specific activity of coal
and ash comprises 114 and 189 Bq/kg respectively, which is below the regulatory level of
370 Bqg/kg. Hence, the radionuclide composition of coal allows for using it as an energy
feedstock, and ash residues can be used as construction materials without limitation (NRB-
99 para. 5.3).

It should be noted that the concentration of natural radionuclides in the coal of the
Karazhyra deposit conforms to the average-world activity of coal (Table 14).

Table 14.
Activity of the Karazhyra open-pit coal vs. average-world values
Radionuclide World average, Bq/kg Karazhyra open-pit, Bq/kg (average/(min — max))
YK 140-850 182/(<26-560)
2Ra 17-60 19/(<5-35)
WTh 11-64 21/(5-40)

4.4. Conditions of air

The radioactive contamination of territory with nuclear explosion products creates
a danger of not only internal irradiation. In the process of deposit development a basic
way of contamination is inhalation of incoming radionuclides due to dust formation during
geological prospecting, mining and construction works involving breaking of topsoil. Due
to the open pit mining and ventilation of work area, the radionuclide concentration, under
certain circumstances, can contribute much to the irradiation exposure of personnel from the
intake. Such circumstances can arise due to natural factors (dust storms, etc.) which may
result in release of radioactive products from nuclear explosion sites to the atmospheric air.

The results of laboratory testing of atmospheric air samples are presented in
Table 15.
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The results of laboratory testing of water vapor samples from the atmospheric air are
presented in Table 16.

Table 16.
Results of laboratory testing of water vapor samples from atmospheric air
Anal d PVAnsc 2008 | 2009 | 2010
co::la lel;t (Permissible Volumetric o
P Activity) (NRB-99) min/max
*H, Bg/m? 1900 001017 | <0210 | <

Laboratory studies of volumetric activity for natural and artificial radionuclides in air
samples show that their values are at the levels a few orders below the permissible average-
year volumetric activity in the inhaled air and constitute no danger.

4.5. Assessment of groundwater contamination by artificial
radionuclides

4.5.1. Results of radionuclide monitoring of groundwater

The results of radionuclide monitoring of groundwater within the mine allotment
have been carried out by NNC RK since 2003 [13]. The monitoring system of radionuclide
migration with the groundwater is based on quarterly collection of water samples from
observation wells.

To assess the character of artificial radionuclide migration processes, water samples
were taken from 42 observation wells drilled within the deposit area, evaporation pond and
the open-pit (Figure 10).

The water samples were analyzed for contents of *H, *’Cs, *°Sr, #**2Pu. The results
of the laboratory analysis of groundwater samples are listed in Table 17.

Table 17.
Karazhyra area. Radionuclide concentrations in groundwater
Well No. Sampling date *H, Bq/kg ¥Cs, Bq/kg *Sr, Bq/kg 239240py, Bq/kg

463 2003-2010 <7-16 0.015 0.29 -
2011 <13 - - -
2005-2008 <7-54 - - -

467
2010 <7 -
2003-2010 <7-54 0.02 1.1 -
468 2011 <13 - - -
2003-2010 <7-54 0.03 0.13 -
470 2011 <14 - - -
a7 2003-2010 <7-20 0.45 0.1 -
2011 <13 - <0.01 -
473 2003-2010 <7-20 0.04 0.36 -
2011 <13 - - -
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Well No. Sampling date °H, Bq/kg 137Cs, Bq/kg *Sr, Bq/kg 1391240py, Bq/kg
2003 <7 - - -
475 2005 41 - - -
2007 10 <0.005 0.01 -
2003 <8 - - -
476 2007 14 <0.005 0.01 -
478 2010 <7 - - -
481 2003-2010 <7-54 0.01 0.74 -
2011 <13 - <0.01 -
4% 2003-2007 <7-20 0.01 0.28 -
2008 25 - - -
193 2003-2007 <7-30 0.01 0.008 <0.096
2011 <12 - - -
500 2003-2008 <7-25 0.005 0.02 -
2009 <8 - - -
501 2003-2010 <7-25 0.01 0.34 -
2011 <13 - - -
507 2003-2007 <§ -78 <0.005 0.02 -
2003-2008 <7-25 0.01 0.23 -
309 2009 <8 - - -
510 2003 11 - - -
515 2003-2008 <7-20 0.01 0.25 -
2010 <11 - - -
518 2003-2009 <7-25 0.02 0.69 -
2010 <8 - - -
520 2003-2009 <7-25 0.01 0.06 -
2010 <8 - - -
529 2003-2010 <7-25 0.02 <0.1 -
2011 <13 - - -
535 2003 <8 - - -
536 2003 <8 - - -
537 2003-2010 <7-22 0.01 0.4 -
2011 <13 - - -
2003 580 0.03 <0.03 <0.099
2004 570 0.05 0.079 -
2005 760 0.023 0.043 <0.08
2006 470 0.05 0.079 -
538 2007 380 0.02 0.08 -
2008 500 0.05 1.3 -
2009 300 <0.01 0.03 0.002
2010 250 <0.02 <0.01 -
2011 250 - <0.01 -
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Well No. Sampling date °*H, Bq/kg 3¥Cs, Bq/kg “Sr, Bq/kg 397240py, Bq/kg
2003 46 - - -
2004 <37 - - -
2005 98 0.19 0.41 -
339 2007 44 0.02 0.58 -
2008 200 0.06 0.02 -
2009 40 <0.02 1.15 -
2010 30 <0.1 <0.01 <0.001
540 2003 <10 - - -
541 2003-2010 <7-20 0.01 0.4 -
2011 <14 - - -
542 2007 21 - - -
2003-2010 <7-33 0.02 0.11 -
543 2011 <14 - <0.01 -
544 2004 <40 - - -
545 2003-2010 <7-20 0.01 0.03 -
2011 <13 - - -
546 2004-2010 <7-3 0.01 0.01 -
2011 <16 - <0.01 -
2003-2010 <7-14 0.02 <0.1 -
547
2011 <13 - - -
2005 <9 - - -
548
2007 10 <0.006 0.02 -
2006 <9 - - -
349 2007 15 0.01 <0.1 -
2008 10 - - -
550 2007 0,017 0.01 0.2 -
551 2007-2010 <7-23 0.01 0.2 -
2011 <13 - - -
552 2008-2010 <7-20 - - -
553 2009 <7 <0.04 0.14 <0.001
2010 <9 <0.01 <0.01 -
554 2010 <8 <0.1 <0.01 -
555 2010 <8 <0.01 <0.01 -
2011 <14 <0.01 <0.002
2004-2009 <7-23 0.3 0.84 -
Open pit 2010 <9 <0.02 <0.01 0.016
2011 <13 - <0.01 -
Evaporation 2003-2009 <7-23 0.01 1.00 -
pond 2010 <15 . - _
MSSA, Bg/kg - 1,000,000,000 10,000 100,000 1,000

- No measurements were made.
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Figure 10. Karazhyra deposit. Location of wells for groundwater sampling
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Analyzing the data above, it can be noted that the quantitative data on radionuclide
concentration in groundwater are basically below EDR and when radionuclides are found,
their concentration is generally low. Moreover, the values vary within the following ranges:
137Cs from EDR to 0.3 Bg/kg; *°Sr from EDR to 1.3 Bq/kg; tritium — from EDR to 760 Bq/
kg; 2*24°Pu from EDR to 0.016 Bg/kg. The obtained radiation hazard values do not constitute
danger and do not exceed the IL__ (IL, Intervention levels) values set forth by NRB-99 for
potable water.

An exception are the two sections of location of 538 and 539 hydrological wells where
elevated tritium concentrations of up to 760 and 200 Bq/kg respectively have been recorded.
These wells, compared to others, have also shown increased concentrations of *’Cs and
%Sr. Based on the existing hydrogeological conditions, the ingress of artificial radionuclides
with underground water to these wells proceeds together with the fissure-vein water in two
ways. To well 538, the contaminant flow moves along the Chinrau fault zone from the 1080
"warfare" borehole. The well 538 is located within the local discharge area. The formation
of this area is, most probably, due to the aftermaths of underground nuclear explosion in
the well 1080 located within the zone of f regional fault influence. The increased tritium
concentrations in the well 539 are presumably due to the flow of contaminant water along the
zone of Karazhira fault influence from the "warfare" borehole 1071.

It should be noted that the nature of migration processes on this section make the min-
ing operations affect the underground hydrosphere. The point is that dewatering of the oper-
ating open pit is carried out by pumping the pit water to the evaporation pond located 1 km
away. The location of the evaporation pond and contours of the cone of depression are shown
in Figure 26. During the years of the deposit development, due to the open-cut drainage, a
cone of depression (cone of dewatering) has been formed on the adjoining territory. The cone
of depression expands in the eastern direction at approximately 1 km per year.

In summer, part of drain water is evaporated and some volume is drained to the
aquifer and returns to the pit. As a result, around the evaporation pond there forms a cone
of propagating water that creates pressure head on the way of groundwater and decreases
the rate of movement of cone of depression to the area of "warfare" boreholes. Hence the
operation of drain water evaporation pond is one of the factors preventing the radioactive
products from getting to the deposit borders together with groundwater.

The following conclusions can be made based on the survey of groundwater within
the Karazhyra deposit area:

* a basic aquifer within the Karazhyra deposit is the Lower Jurassic aquifer. This
aquifer accounts for the major volume of water inflow to the coal pit. The general
groundwater movement is directed from south-west and west to north and north-
west to the River Irtysh valley;

* on the whole, the Jurassic sediments aquifer on the deposit area includes water
with the mineralization rate of 9.4-55.5 g/dm3. By chemical composition, the
water is chloride, sulfate-chloride and magnesium-sodium;

» concentrations of artificial radionuclides '¥’Cs, *°Sr, 2Py in the groundwater
are much lower than the minimum significant specific activity (MSSA) and do not
exceed the values for potable water set forth by NRB- 99 IL_ .
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4.5.4. Forecast evaluation of possible groundwater contamination

The hydrogeological conditions of the area and the Karazhyra deposit in terms of its
open-cut mining appear quite simple. Absence of large water-bearing formations with big
natural reserves and groundwater resources allows one to consider this deposit as a medium-
flooded one and its operation will not evidently cause great difficulties. However, during the
commercial exploitation of the deposit, serious environmental problems may arise due to the
proximity to the underground nuclear test site Balapan.

At present, no widespread contamination of groundwater with radionuclides is
observed. It does not mean that the situation in this area is favorable for any economic activity.
The migration processes of any material with water, formation and transport of groundwater
depend on many factors and take considerable time. Very low water-conveyance properties of
the enclosing rock, alternation of water bearing zones of fault fracturing and Paleozoic rock
bases, considerable depths of explosion epicenters and scant infiltration recharge conditions
are responsible for the extremely low water exchange in the area of the Karazhyra deposit.
Hence, under natural conditions, the result of underground contamination on the sections
adjoining the explosion sites may some way come out in tens and hundreds of years. It is
true for the natural conditions. But he situation differs when it the geological environment
undergoes severe technogenic exposure, for instance, in case of commercial exploitation of
the Karazhyra coal deposit. It will be noted that in the international practice there have been
no cases of mineral deposit development close to sources of radioactive contamination of
underground hydrosphere, in our case — "warfare" boreholes.

Formation of the dewatering cone causes an increase in the piezometric surface slopes
of interstitial water what results in an equivalent increase in the processes of groundwater
migration and proliferation towards the open-pit. The development of the open-cut of 200
m depth will cause an increase in the depression cone the sphere of influence of which can
include the area of "warfare" boreholes.

Possible development of radioecological situation due to the growth of depression
cone and flow of contaminated water to the deposit borders can be presented on a step-by-
step basis in a chronological order.

At present, when uncovering the coal strata at the Karazhyra deposit, the inflow
is formed by the coming natural groundwater. Simultaneously, gradual growth of general
depression cone occurs. It is not impossible that subsequently this process would involve
the groundwater of Chinrau and Karazhyra faults and their transformation, as the area is
covered by the depression cone, to linear subsurface drains. It will intensify the groundwater
proliferation towards the open-pit. With further growth of the depression cone, the role of
Chinrau and Karazhyra faults will be even more important; they will cause intensification of
ground water proliferation disturbing completely the natural groundwater regime in Paleozoic
rocks. These are the aquifer zones of exogenic fracturing, zones of secondary fault fracturing
and, in general, fissures and rock-fracture zones of any origin including seismologic fractures
due to the nuclear explosions at the Balapan site.

So, we described the general nature of changes in the subsurface hydrosphere. So
far, it is not possible now to predict, at which stage of the deposit mining the concentration
of artificial radionuclides in the open-cut water exceeds the permissible level and whether
it occurs. A detailed study of hydrogeological regime in the area of Balapan site and,
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particularly, the Karazhyra deposit is required. In such cases, the operational control and
quality forecasts would be possible based only on the data of groundwater monitoring during
which it is necessary to take into consideration some probable hydrodynamic peculiarities of
inflow formation to the open cut.

4.6. Underground rock gasification at Balapan site

In addition to the hazard from artificial radiation impact at the territory of former STS,
there is a number of other hazards due to the residual effects of long-term geothermal activity
in the UEE epicenter zones. The Balapan site should first of all be mentioned. The basic
factors causing rock gasification at this site is that a great number of UEE in boreholes have
been conducted in the rock containing carbonaceous material. Presence of groundwater and
high temperatures in the rock blocks enclosing central UEE zones promotes the processes
of oxygen-free destruction of rock. One of the basic consequences of UEE conducted in
coal-bearing rock is the gas release and formation of uncaved bags the volume of which
due to gasification with time increases. More detailed description of the underground rock
gasification processes at the Balapan site is given in [2].

At present, the situation at all "warfare" boreholes is monitored by NNC RK. All
critical wells are subject to gas and temperature monitoring. Special observation wells have
been drilled to conduct monitoring. One monitoring station has been provided to carry out
round-the-clock temperature measurements at "warfare" hole 1010.

It is worthwhile noting that no disastrous events due to rock fires on the day surface
currently happen. The release of gases to the day surface happens within the local sections
in the area of "warfare" boreholes within 100 m from the wells. All economic entities in the
area of Balapan site have been provided by NNC RK with safe route maps developed taking
into consideration both the radiation factors and the hazards due to the underground rock
gasification.

5.  DISCUSSION OF RESULTS

Analysis of radioecological situation development in the Karazhyra deposit area
based on the long-term monitoring and considering the results of earlier studies, provides
the following. On the whole, the situation at the deposit is stable and does not require special
radiation safety measures to be implemented. However, considering that Karahyra deposit is
located at the Balapan test site of former STS, mining works on the deposit should be executed
under permanent radiation control with due account of the recommendations given below.

Day surface soil. Based on the research performed, it has been ascertained that
concentrations of artificial radionuclides on the day surface of the deposit territory are
conditioned by mainly global fallouts, radioactive fallouts caused by the nuclear tests
conducted at the "Experimental field", and contingency situations during UNE at the Balapan
site. The concentration of natural radionuclides in the topsoil is typical for the soil of this
area. Presence of artificial radionuclides has been revealed; their concentration is comparable
with the global fallouts background. However, the potential sources of secondary radioactive
contamination can be the local sites of radioactive contamination in the epicenter zones of
"warfare" boreholes at the Balapan site. Consequently, the monitoring of service roads at the
deposit should be maintained at the same level.
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The results of long-term monitoring show that the level of radioactive contamination
on day surface areas to be developed according to the Plan of Mining Operations remains
constant and does not constitute any radiological hazard. It means that this type of monitoring
can be considerably reduced or totally excluded from the scope of radiological monitoring.

Atmospheric air. According to the results of long-term monitoring, no presence
of artificial radionuclides in the air has been found. Tritium concentration in the air of the
facility does not exceed the permissible values set for by the Radiation Safety Standards
regulatory doc (NRB-99) and is typical for the Balapan site. It is, however, possible that
under certain circumstances the contribution of tritium to the doze can be significant due to
possible emergence of tritium-contaminated water vapor from the River Shagan. Under such
conditions, the tritium concentration should be regularly monitored not only on the territory
of the open-piit developed but also in the locations of increased tritium concentrations in
the River Shagan water. However, the number of atmospheric air samples to be tested for
the concentration of '*’Cs, **Sr and **?*°Pu radionuclides can be reduced to one sample per
month.

Ground water. The basic radionuclide contaminant of groundwater spread in the area
of Karazhyra deposit is the artificial tritium. The found levels of this radionuclide do not
constitute radiation hazard and are much lower than the permissible values for potable water.
Nevertheless, the fact of finding UNE radioactive products in the ground water dictates a
necessity of more thorough investigation of their proliferation pathways and concentration
dynamics in the groundwater on the deposit-adjoining territory. According to the study, a
basic proliferation pass for contaminated groundwater is the junction zone of Chinrau and
Karazhyra faults. It is necessary to carry out detailed study on this section and, based on
the findings, adjust the volumes and parameters of groundwater monitoring. The necessity
of groundwater monitoring in the area of the Karazhyra deposit raises no doubts, and
considering the unique geoecological situation and prospects for the further development
of STS territory, the implementation of monitoring would have a great general scientific
and practical importance and, first of all, from a perspective of working out of measures
and procedures to prevent the negative impact of nuclear tests on the environment. The
implementation of groundwater monitoring is a complex task. Moreover, detailed studies
requiring high material costs are needed. Such task cannot be adequately fulfilled by efforts
of only coal-mining enterprise because on such facilities practical interests intersect with the
problems of nationwide character. Only in the period from 2003 to 2006, NNC RK divisions
restored and included in the regime network about 100 hydrogeological wells and drilled
some additional wells at the Balapan site. Moreover, for the implementation of monitoring,
as regards the facilities use, it is extremely important to provide systematic and consistent
development of the network of hydrogeological regime with consideration for the nature of
radioactive contamination of ground water at the Balapan site.

In such cases, operational supervision and quality prediction is possible based on
only the data of groundwater monitoring the implementation of which requires considering a
number of probable hydrodynamic peculiarities of the formation of inflow to the open-cut.

Radiation monitoring of work places. In the process of radiation monitoring no
radioactive contamination of working surface of equipment, vehicles and personnel spaces
has been recorded. The radiation parameters in all measurement points remain virtually
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unchanged. Nevertheless, considering the social concern of the community about the
closeness of UNE, such monitoring should be continued but much reduced.

Underground rock gasification at the Balapan site. The assessment of risks for the
involved rock gasification processes due to possible fires, caving of UNE well and transport
of radioactive substances is still an open issue. It will be noted that now the situation
with the gas content on "warfare" boreholes mouth sites is under control. Any disastrous
phenomena on the test sites have not been observed, and special safety measures are not
required. Nevertheless, it should be noted that all wells in which UNE had been conducted
are potentially gas-bearing. In this relation, managers of companies operating on the territory
of STS should prevent possible getting of people and technology to the Balapan and Sary-
Uzen sections where UNE were conducted.

Karazhyra coal deposit. The research have shown that, according to the radionuclide
composition, the coal can now be used as a construction material without limitation (NRB-
99 Para. 5.3). Moreover, the concentration of natural radionuclides in the coal mined at the
Karazhyra deposit conforms to the average-world radioactivity of coal. However, considering
the specific character of works at STS, it would be useful to increase considerably the number
of coal samples to determine the concentration of natural and artificial radionuclides.

CONCLUSION

The data of radioecological monitoring performed in the area of the Karazhyra deposit
make it possible to state that according to all radiation control parameters the situation in
the area at the moment appears favorable. The doses gained by the personnel from external
gamma radiation do not exceed the permissible level regulated by NRB-99.

However, it should be taken into consideration that the developed deposit is located
close to the underground nuclear sites, and the migration of artificial radionuclides in the
ground water of the deposit can further increase during the deposit development. In this
relation, the following package of priority measures should be taken to assure safe operations
at the deposit:

» First, a detailed study of situation in the zone and on the junction of Karazhyra and
Chinrau faults should be carried out. It is highly probable that the contaminated
water will flow to the deposit borders exactly by these directions;

* Second, integrated exploration should be carried out to study the underground
rock gasification processes in the area of nearest "warfare" boreholes so as to
assess the involved risks due to possible fires and caving of UNE wells and carry-
over of conserved radioactive materials.

Summing up, despite the fact that the Karazhyra deposit is located on the territory
of STS, close to UNE sites, further development of the deposit is possible subject to the
compliance with the requirements and recommendations of NNC RK and government agencies
in charge of the public health protection and protection of the environment. Without doubt,
at such level of control any undesirable tendencies in the development of the radioecological
situation will not remain unnoticed, and relevant and timely measures will be taken.
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KAPAKBIPA" KOMIP KEHOPHBIHBIH AYMAFBIH/IAT bl
PA/THOIKOJIOTI HAIBIK XA/T-AXYAJT

Cy66otun C.b., Jlykamenko C.H., Alinapxanos A.O., Pomanenko B.B.

KP ¥A0 Paouayuansik Kayincizoix yHcone IKo102us UHCIMUNYmol,
Kypuamoes, Kazaxcman

byn xywmbicta, OypbiHFbl Cemeidl chiHak nonurouslHelH (CCII) "bamanan" anaHblHIa
opranackan "Kapaxbipa" keMip KCHOPHBIHBIH ayMarblHJ[a KONTETeH JKbULAap OOWBIHIA OTKI3LIreH
PaIMOIKOJIOTHSIIBIK  3€PTTEYNEPIAiH JAepeKTepi KenTipinreH. KeHOpHBIHBIH ayMarbIHIAFBl  KEp
OeTiHIeri TEXHOTEH I PaAMOHYKIMATEP/IiH KYpaMbl, HETi31HEH FalaMJIbIK TYCYJIepMEH IIapTTaIFaHbl
aHbIKTAN/bl. KeHOpHBIHAAFEl OHIMHIH ayaJarbl, TONBIPAKTAFbl pPaJHOHYKIHITEPIHIH KYPaMbBIHBIH
pannanysUIbIK HapaMeTpiepiHiH MOHI el KaTep TyIsIpMaiinel. XKaOpIKTapapIH, KOTiK KypalIapbIHbIH,
KbI3METKepJIep/IiH TYPFbIH-)Kainapaa OoiFaH Ke3iHIe paaloaKTHBTI JIJACTAHybl TIPKEJIreH JKOK.

KenopHBI OpHanackaH ayMaKTBIH PaJHOdKOJIOTHSUIBIK XaI-aXyasIblH JaMBITYIbl OOJDKay YIIiH
KaXETT1 IepeKTep/ii ally YLIiH )KoHe KeHOPHBIH MEHI'€PY/iH KayilCi3AiriH KaMTaMachl3 €Ty MaKCcaThIH/Ia
PaaHOdKOJIOTHSUTBIK MOHUTOPHHT TIEH PaJnalisuIbIK OaKblIay bl OfaH dpi JKYPri3y YIUiH YChIHBICTAp
oepimi.

Tyttin co30ep: kxeHOPHBI, "bananan" anaHpl, THAPOTEOIOTUS, PAAUOHYKIIUATI JaCTaHy, MOHUTO-
PHHI, KEPacThI SIIPOIIBIK KapbLIBICTaPHI.

PA/THOISKOJIOI'HYECKOE COCTOAHHE TEPPUHTOPHH YI'O/IBHOI'O
MECTOPOKJAEHHUA "KAPAXKBIPA"

Cy66otun C.b., Jlykamenko C.H., Alizapxanos A.O., Pomanenko B.B.

Hucmumym paduayuonnoit 6ezonacnocmu u 3konozuu HAIL PK,
Kypuamoes, Kazaxcman

B Hacrosuieli paboTe npencTaBiaeHbl JaHHBIE MHOTOJIETHUX PaJHO3KOJIOTHYECKUX UCCIIe]0Ba-
HUI Ha TEPPUTOPHHU YroJIbHOro MectopoxaeHus "Kapaxsipa", pacnonoxeHHoro Ha miomazake "bana-
nan" OpiBIIero CeMHNaTaTHHCKOTO HCTbITaTenbHOro noiurona (CUII). YeranosieHo, 4To conepkaHue
TEXHOTCHHBIX PaJHOHYKIIH/I0B Ha JHEBHON MMOBEPXHOCTH TEPPUTOPUH MECTOPOXKICHUS 00YCIIOBIICHO,
B OCHOBHOM, INIOOAJbHBIMH BBITIAICHHSAMU. 3HAUCHHS PAJHAIOHHBIX IMapaMeTpOB, CONCPKAHUS pa-
JMOHYKJIMIOB B TPYHTAX, BO3/AyXe, MPOAYKIIMHA MECTOPOXKACHUS HE MPEACTABIISAIOT OMACHOCTH. Pasmo-
AKTHBHOTO 3arpsi3HEHMsT 000PYI0BaHNUs, TPAHCIIOPTHBIX CPEJCTB, IOMEICHHUI PeObIBaHMS [IEpCOHAA
He 3a()KCHPOBAHO.

JlaHbI peKoOMeHIAIMK N0 AajbHEHIIEMY BEICHHIO PAIHAIOHHOTO KOHTPOJS M PaIHO3KOIO-
T'MYECKOr0 MOHUTOPHHTA C LIEJIbI0 00ecreueHus: 6e30IacHOCTH OCBOCHHUSI MECTOPOXKACHHS U TTOJTy4e-
HUSI HEOOXOIMMBIX TAaHHBIX JUISl IPOTHO3a Pa3BUTHS PAIHOIKOJIOrNIECKOH 00CTaHOBKH HA TEPPUTOPHU
pacoIoKeHHs MECTOPOKICHUSI.

Knioueswvie cnosa: mectopoxaeHue, miomnaaka "bamamnan", ruaporeoaorus, paaioHyKIHIHOES
3arpsi3HEHNE, MOHUTOPHHT, MO{3€MHBIE SJICPHBIC B3PHIBEIL.

318



Ensuring the work safety on the STS

YIK 577.4:577.391: 504.73:539.16

RADIOLOGICAL SITUATION IN THE TERRITORY
OF "BAITEMIR" MINEFIELD

Strilchuk Yu.G., Aidarkhanov A.O., Genova S.V., Kashirsky V.V.,
Kunduzbaeva A.A., Larionova N.V., Magasheva R.Yu., Panitskiy A.V.,
Subbotin S.B., Toporova A.V., Tonevitskaya O.V.,
Yakovenko Yu.Yu., Lukashenko S.N.

Institute of Radiation Safety and Ecology NNC RK, Kurchatov, Kazakhstan

The paper presents the results of comprehensive radiological study at "Baitemir" minefield lo-
cated in the territory of the Semipalatinsk Test Site within two regions - Pavlodar and East-Kazakhstan
oblasts. Total area of the field is 40 km?. In the course of the work we carried out an assessment of the
current radiological state of the environment: soil, air basin, vegetation, wildlife. Content of artificial
radionuclides in the environment within the field is due to radioactive fallouts caused by the first ther-
monuclear test and two hydronuclear tests. The analysis of areal distribution of artificial radionuclides
identified areas with elevated values of their specific activities. Based on the level and nature of con-
tamination we distinguished three Zones, for each of which we determined average specific activity of
radionuclides in the soil cover. Territories of Zone I and Zone II are more contaminated with artificial
radionuclides, and Zone III can be considered conventionally clean area. Maximal specific activities
of radionuclides *’Cs and *°Sr are below the levels that characterize the ecological status of the ter-
ritories as "relatively satisfactory situation". The content of radionuclides in vegetation, water and air,
as well as expected content in foods of animal and plant origin is much lower than permissible levels.
Dose loads to the population for each Zone was estimated considering content of radionuclides in the
environment and food. Subject to the "worst" scenario, a "subsistence farmer", the expected annual
effective dose per person will be 0.93 mSv, which does not exceed the dose limit of 1 mSv per year as
established by Radiation Safety Standards in Kazakhstan. However, if the expected dose exceeds 0.3
mSv/year within the territory, it is needed to take protective measures to limit public exposure. Despite
the fact that, given the existing regulatory requirements of RK the entire explored territory can be used
without restrictions, it is not recommended to transfer this territory for agricultural use. Based on the
radiation exposure assessed for personnel in the event of economic activity within the investigated area
it is proposed to transfer "Baitemir" field lands for industrial, transportation, communications, defense
and other non-agricultural purposes.

Keywords: "Baitemir" field, nuclear tests, radioecology, radioactive contamination, radionu-
clides, soil, vegetation, food, behaviour scenarios, annual effective dose

INTRODUCTION

In the former Semipalatinsk Test Site (STS) currently various economic activities,
including mining are in progress. Therefore, there are issues of radiation safety of staff
engaged in the works at the Test Site. The current status of STS is defined by the Government
of the Republic of Kazakhstan dated February 7, 1996 No 172 "On the transfer of lands of
the former Semipalatinsk Nuclear Test Site in the reserve lands". The STS territory belongs to
the lands where nuclear tests were carried out, and any activity at the site, in accordance with
the Law "On the Use of Atomic Energy", can be performed only after appropriate licenses are
obtained. Carrying out works without a license is only possible if the status of STS lands will
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be altered. Reserve lands are granted to the property or land tenure for agriculture, industry
and other purposes in the order of and on terms established by the Land Code of the Republic
of Kazakhstan "Code of the Republic of Kazakhstan" dated June 20, 2003 No 442. According
to Article 143 of the Land Code: "The plots of land, where nuclear weapons were tested, may
be granted by the Government of the Republic of Kazakhstan for property or land tenure
only after completion of all measures on elimination of consequences of nuclear testing
and a comprehensive ecological survey if there is a positive confirmation of the Ecological
Expertise".
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Figure 1. Map of deposits at the test site

320



Ensuring the work safety on the STS

In order to examine the possibility of releasing STS lands, where "Baitemir" field is
located, to civilian use, the Institute of Radiation Safety and Ecology conducted comprehen-
sive environmental studies that are required by the Land Code. The map (Figure 1) presents
positions of nuclear testing sites, traces and trace axes of the major dose-forming atmospheric
nuclear testing and location of the main fields where "FML Kazakhstan" Ltd. is operating
in the Test Site territory. The main activity of the enterprise is exploration and subsequent
extraction of precious metals (gold, silver, platinum) and base metals (copper, lead, zinc,
nickel, cobalt, aluminum, magnesium, tungsten, molybdenum, tin). "FML Kazakhstan" Ltd.
operates in areas: north-west (commercial discovery "Naimanzhal"), central (commercial
discovery "Baitemir", "Beschoku", "Yubileynoye") and southeast (commercial discovery
"Koskuduk").

1. SOURCES OF RADIOACTIVE CONTAMINATION
OF "BAITEMIR" FIELD

Because no nuclear testing was carried out directly in the minefield, the contamination
can be caused only by deposition of radioactive particles on the near trace of a nuclear
explosion and global fallout. The fallouts near the epicentre of nuclear tests are coarse particles
produced at surface and air explosions and propagate over distances of up to 100 kilometres
from the explosion. The global fallouts are caused by fine aerosol particles, long time being
in the troposphere and stratosphere.

Surface contamination of the studied area as a result of the former STS may be mainly
due to nuclear tests (NT) at "Experimental Field" site, where surface and air nuclear explosions
were carried out, since the contribution to environmental contamination (including global
scale) from the tunnels and shafts is minimal.

To assess the possible contribution of surface contamination in the studied area as
a result of NT, we use a "classical" model of Zones of radioactive trace formation due to a
nuclear explosion, which is described in detail in reference [1].

According to the literature, only one nuclear test could affect the radiation environment
within "Baitemir" field — a 400 kt ground thermonuclear test carried out on August 12, 1953
(Figure 2).

Testing of 12.08.1953 is a detonation of the thermonuclear device in which a fissile
29Pu appears only as a primer. A thermonuclear fusion is a fusion of two hydrogen isotopes
- deuterium and tritium, with release of large amounts of energy. Therefore, the major power
of the explosion is due to fusion rather than fission of 2°Pu. As a result of the thermonuclear
fusion no long-lived radionuclides such as **Sr and *’Cs are formed. Quantity of activities of
residual fissile material remainder and fission fragments in the studied areas are determined
only by a mass of the primer. Activation products are not considered in the calculations
because of the remoteness of the territory studied from the testing venues.

To determine the mass of *°Pu in the thermonuclear device we estimated content of
radionuclide '*’Cs in soil samples, taken from the traces of radioactive fallouts, which were
formed after the test. The total number of samples amounted to 796 pieces. Average *’Cs
activity is 600 Bg/kg. The area of the trace is about 676 km?, the width at the widest point is
approximately 8.7 km. Given the density of soil 1,400 kg/m?® ;sampling depth — 0-5 cm and
half-life, the average absolute activity of *’Cs in the area of the trace is 774 Ci.
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Figure 2. "Baitemir" field and traces (traces axis) of radioactive fallouts

Reference [2] gives the activities of the fission fragments of >**Pu in Ci/km at different
moments after the explosion. According to the data, the average absolute activity of *’Cs -
774 Ci corresponds to a 15 kt nuclear explosion.

Also, it needs to be considered that the high-power explosions may raise the explosion
cloud into the upper atmosphere. For an explosion of 400 kilotons, the explosion cloud
elevation is 20 km, which goes beyond the lower limit of the stratosphere. According to
the literature, more than 50% of the activity of the fission fragments is able to go into the
atmosphere, which then forms the global fallout. Given the latter, the power of a nuclear
explosion, which serves as primer for the thermonuclear reaction, is taken equal to 30 kt.

Based on the dependences of the sizes of radioactive contamination zones on
the explosion yield, we calculated the linear sizes of Zones A, B, C, and D for a 400 kt
thermonuclear test.

Given the width of the trace, it was determined that Zone B falls into the studied
area, the rest of the field is covered with Zone A. Further discussion will be on these types
of Zones.

Calculation of the maximal possible "average" concentrations of residual fissile
material

The number of remaining at the time of structural failure of the nuclear charge of
fissionable material is determined by the efficiency of a nuclear explosion 1, which, depending
on the type and design of a nuclear device, can range from 1 to 30 percent. For further
calculations, in the absence of official data for each explosion, we take it equal to 20%.
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For 1 kt explosion with an efficiency 1 the amount of non-fissile material can be cal-
culated with the formula:

Neps =N, * (I/m -1- o, /o,),

where: G,,0;- radiative-capture cross-section and fission for neutrons in the charge
material. For **Pu the value 6, /6~ 0.11. Knowing the N value and the half-life for
o-particles (T, , = 2.411*10* years for *’Pu), it is easy to calculate the activities of the non-
fissile nuclei

A(Curie) = {N_*In(2)/ T, (c)}/3.7%10'"°
On this basis, per 1 kT of explosion at the time of the explosion after t= 0 we have:

A =13.2 Ci/kt=4.8*10" Bg/kt for *°Pu

RES 172

Further, knowing the typical isotopic composition of weapons-grade Pu, it is simple
to calculate the activities of its other isotopes included in the substance of the charge. Thus,
we calculated the activity of Pu isotopes with their half-lives for the initial time, to date, and
changes in their concentrations after 25 and 50 years have been forecasted. The tables 1 and 2
show the maximal possible "average" activities of Pu isotopes and >*' Am in the studied area,
as well as their relation to the amount of 2*Pu and %*°Pu.

Table 1.
Maximal possible "average" activities of Pu isotopes and >’ Am in the B Zone
Initial time 1.09.2011 25 years 50 years
Nuclide
Bq/kg | Relation | Bq/kg | Relation | Bq/kg | Relation | Bq/kg | Relation
2py+20py | 7.9 1 7.9 1 7.9 1 7.8 1
B3Py 0.26 0.033 0.17 0.022 0.14 0.018 0.11 0.014
#ipy 66 8.4 4.1 0.52 1.2 0.15 0.37 0.047
22py LIx10° | 14x10° | LIx10% | 1.4x10° | 1.1x10% | 14x10° | 1.1x10° | 1.4x10°
HAM - - 2.1 0.266 2.2 0.28 22 0.28
Table 2.
Maximal possible "average" activities of Pu isotopes and >’ Am in the A Zone
Initial time 1.09.2011 25 years 50 years
Nuclide
Bq/kg | Relation | Bq/kg | Relation Bq/kg | Relation | Bq/kg
PPut+Pu| 0125 1 0.125 1 0.125 1 0.125 1

Z*Pu 42x10° | 0.032 | 2.7x10° | 0.021 | 22x103 | 0017 | 1.8x10° | 0.014
*'Pu 1.1 8.5 6.5%10 0.5 1.9x102 | 015 | 5.8x10° | 0.046
*Pu 1.8%107 | 1.4x10° | 1.8x107 | 1.4x10° | 1.8x107 | 1.4x10° | 1.8x107 | 1.4x10°
*Am - - 0.033 025 0.0344 0.28 0.0349 0.28
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De facto the **'Pu activity may be somewhat higher due to >*°Pu activation by prompt
neutrons, but cross section for this reaction is very little to make a significant contribution.

2. RADIOECOLOGICAL SITUATION AT "BAITEMIR"
FIELD

2.1. Generic survey procedure

Based on the information about the passage of radioactive fallout traces, the territory
was surveyed on the profiles that are located across the axis of the trace from the test dated
12.08.1953 (Figure 3). To assess the impact of radioactive contamination of the nearby ar-
eas on the formation of radiation situation in "Baitemir" field, the research was conducted
outside of it.

Legend
[ Territory of the Baytemir deposit s Soil sampling points
) Isoline 0,3 Cilsq.km, Cs-137 4 Additional sampling points

= Trace of nuclear test

Figure 3. Examination within "Baitemir" field

Conducting radiological surveys within "Baitemir" field included:

» abreakdown of survey points in the studied area using a GPS receiver;

* pedestrian gamma-, beta-survey in 250x1000 m network;

» soil sampling at the points evenly distributed on the survey site, and at the points
with the highest values of radiation parameters;

* sampling of bottom sediments;

* sampling of air aerosols.
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Integral radiation parameters

Total during the survey 222 points were measured for radiation parameters. The aver-
age density of the survey was 1 measurement per 0.25 km?. Equivalent dose rate (EDR) at a
height of 0.03 m above the ground surface and the flux density of B-particles were measured
during the sampling. Distribution of EDR (at a height of 0.03 m) and the flux density of
B-particles in the studied area are presented in the maps (Figure 4).

a)

Figure 4. Distribution of radiation parameters
(EDR, flux density of B-particles) in the surveyed area

EDR at the points of soil sampling within the surveyed area was in the range
<0.1-0.21 pSv/h, the arithmetic mean value was 0.12 pSv/h (for comparison, in the "northern"
and "western" parts of STS the average EDR were 0.12 and 0.11 puSv/h, respectively). The
flux density of B-particles ranged from <10 to 67 particles/(min*cm?). Most of the measured
values (85%) is below the detection limit of used measuring tools (10 particles/(min*cm?)).
The arithmetic mean value was 25 particles/(min*cm?). Thus, the field radiometric studies have
established that part of the surveyed area, were higher values of EDR (higher than 0.16 uSv/h)
and the flux density of B-particles were recorded (more than 10 particles/(min*cm?)), is located
within the path of radioactive fallout from the thermonuclear test (12.08.1953).

2.2. Distribution of natural and artificial radionuclides within the soil
cover

2.2.1. Areal distribution of natural radionuclides

One of the components of the radiation background in the studied area is due to natu-
ral radionuclides, which are included in the decay series of uranium, thorium and potassium
(*K). Of natural radionuclides we determined “°K, 2’Th and ?*Ra. Natural radionuclides
K, 22Th and **°Ra were determined in 222 soil samples taken from 0—5 c¢m surface horizon.
Based on the survey, we built areal distribution maps of specific activities for *°K, >?Th and
226Ra (Figure 5).
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a) b) ©)

Figure 5. Distribution of “°K, 2°Ra, *?Th specific activities in the soil of "Baitemir" field

Distribution of the specific activities for natural radionuclides “°K, »*2Th and ?**Ra is
shown in histograms (Figure 6).
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Figure 6. Specific activity distribution in soils for “K (a), 2*2Th (b), **Ra (c)

Analyzing the results, the following conclusions can be made. Distribution of K
radionuclide obeys the logarithmically normal distribution law - "three-hump distribution".
Distribution of >**Ra and **Th radionuclides also obeys lognormal distribution law with right
asymmetry.

In the studied area the maximal specific activities of natural radionuclides were as
follows: for “K — 970, ?Ra — 73, *Th — 55 Bq/kg.

To compare the results, Table 3 shows the maximal and minimal specific activities of
natural radionuclides in soils of Kazakhstan, as well as their averages [3].

Table 3.

Activity of natural radionuclides in soils of Kazakhstan

L. Specific activity, Bq/kg
Variation limits
WK 26Ra (*WU) BTh
Minimal values 100 12 10
Maximal values 1200 120 220
Average 300 37 60
Surveyed area 970 73 55

Note: It is assumed that in the ores of uranium and thorium, radioactive equilibrium is close to unity,
specific activity of uranium and radium is equal
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Recorded maximal specific activities of °K, ?2Ra and **Th in the samples taken from
the studied area do not exceed the maximal numbers for soils of Kazakhstan.

2.2.2. Areal distribution of artificial radionuclides

B37Cs contamination in the studied area
Number of the tested samples — 222. A map of 1¥’Cs areal distribution was built based
on the studies (Figure 7).

— —
o os 1 2 km

Figure 7. Distribution of ¥’Cs specific activity in soils of "Baitemir" field

The range of specific activity is from 1 to 876 Bg/kg, with an average of 147 Bq/kg
(red line in Figure 8). Thus the basic data set is in the range up to 600 Bg/kg, whereas the
mean value is 144 Bg/kg. The histogram (Figure 8) shows that the distribution of frequency
of points with certain values of the specific activity has the distribution pattern close to the
lognormal distribution.

Number of cases
- 147 Bokg

n=222

802 902 Bgkg

Figure 8. Distribution of '*’Cs specific activity values in soils

The average specific activity of '*’Cs in this area 5 times exceeds the maximal for the
background of global fallout for this radionuclide (30 Bg/kg). The elevated specific activity
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of ¥7Cs in soils is confined to the traces of the radioactive fallout from nuclear testing traces
(Figures 2, 7).

I —
o 05 1 Zkm

Figure 9. Distribution of >' Am specific activity in soils of "Baitemir" field

Contamination of the studied area with**' Am
Based on the studies, a map of ' Am areal distribution was built (Figure 9).
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Figure 10. Distribution of 2! Am specific activity in soils

The activity ranges from <0.74 to 113 Bg/kg with a mean of 20 Bq/kg. Thus the basic
data set is in the range up to 68 Bg/kg. The histogram shows that the distribution of fre-
quency of points with certain specific activity has a distribution pattern close to the lognormal
distribution (Figure 10). The higher values of **' Am specific activity in soils coincide with
Zones with higher concentration of *’Cs and are confined to the radioactive fallout traces
(Figures 2, 7, 9).

B90240Py contamination in studied area
Given the considerable complexity of the conventional method for determining 3**24°Pu
(alpha spectrometry with preliminary radiochemical separation), in this study of plutonium
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contamination we were methodologically focused on the identification of a correlation
between ' Am and plutonium. This approach is quite common and quite reasonable.

Based on the studies, a histogram of »**2Pu/*'Am ratio was built (Figure 11).
To determine the ratio 2°2*Pu/>*'Am, the soil samples were prepared in a special way
(preparation procedure consisted of several stages of attrition), the quality was controlled by
the content of 2! Am in the aliquot samples. Concentration of ! Am was determined as the
mean of three measurements of these samples.

The average ratio »***°Pu/>! Am was found to be 10.8, which is quite close to the
expected value; the correlation coefficient was significant comprising 0.64 (total number of
samples — 21).

Pu-239+240,
Bqglkg
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Figure 11. Ratio of »**?*Pu and ?*' Am specific activity in soil samples

Thus, the contamination with plutonium isotopes correlates with americium
contamination; average concentration of 2**>*Pu amounted to 215 Bq/kg.
Based on the studies, a map of 2"2*°Pu point distribution was built (Figure 12).
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Figure 12. Distribution of 2*24°Pu specific activity in soils
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Higher values of *2*°Pu specific activity in soils are confined to the traces of the

radioactive fallout from nuclear and hydronuclear tests (Figures 2, 12).
28py/2397240py specific activity ratio is shown in Figure 13.
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Figure 13. 28Pu and **"2%Pu ratio in soil samples

Thus, the average ratio of »**Pu/?*"2*Pu was 0.03; mean specific activity of »**Pu —
6.4 Bg/kg.

YSr contamination in the studied area

PSr was measured in two ways: first, the samples were analyzed instrumentally with
the beta-spectrometer "Progress", a radiochemical separation method was used for more
detailed research. The maximal specific activity was 7,000 Bg/kg.

Based on the studies, a distribution map for **Sr specific activity was built

(Figure 14).
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Figure 14. Distribution of *Sr specific activity in soils (results of 2010)
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Histogram of the lognormal distribution of frequency of points with certain *Sr
specific activity is shown in Figure 15.
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Figure 15. Distribution of *°Sr specific activity values in soils

The average *Sr specific activity was taken to be 850 Bg/kg, which 45 times exceeds
the background of global fallouts (18 Bq/kg). Higher values of *Sr specific activity in soils are
confined to the traces of the radioactive fallouts from nuclear testing traces (Figures 2, 14).

Contamination in studied area with other radionuclides

We also studied such artificial radionuclides as “Co, >Eu, '**Eu (except for *’Cs and
2 Am) in the soil samples employing gamma-ray spectral analysis; maximal contents were:
0Co —2.8, 2Eu—49.4 and '**Eu — 6.4 Bg/kg, respectively. Maps of areal ®°Co, >Eu distribu-
tion were built (Figure 16). Contamination of this territory with radionuclides is due to the
fallout from the testing of the first thermonuclear device (12.08.1953)

o 05 1

— —
Tim o 85 1 Zim

Figure 16. Distribution of “’Co and '?Eu specific activities in soils of "Baitemir" field
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Specific activities of other radionuclides, such as *'Sm, *Tc, which have not been
determined experimentally, but whose presence is expected, were determined by theoretical
calculations based on the average specific activity of *’Cs and theoretical ratio of these iso-
topes. The following average values of specific activity for the calculations were taken: for
51Sm — 12. #Tc — 2.35 Bg/kg.

Distribution of ¥’Cs, 2*' Am, *Sr, 2**2°Py radionuclides in the studied area can single
out several Zones with different structures and levels of radioactive contamination generated
by various sources (hydronuclear and thermonuclear tests).

To identify the areas with high specific activities of artificial radionuclides there was
used a method for plotting the distribution of specific activities of '*’Cs and ?*' Am along the
profiles, previously used in the analysis of the "northern" and "western" parts of STS. The
profiles are presented in Figure 17.
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Figure 17. Profiles outline

For each profile, distributions of '*’Cs and **'Am specific activities were built
(Figure 18).

Distribution of ! Am and "*’Cs radionuclides can be divided into two Zones (I and
IT), where their higher specific activities in the soil cover were recorded, and a Zone with
relatively low values (II). Also the graphs highlight Zone IV, located outside of "Baitemir"
field, where higher contents of radionuclides **! Am and *’Cs were recorded. This pattern is
clearly visible in the graphs on profiles 7 and 8 (Figure 18).
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Figure 18. 1*’Cs and ' Am specific activities along the profiles

These Zones are marked on the results from the study of artificial radionuclides areal
distribution. Location of Zones is shown on the map of *’Cs distribution (Figure 19).

When singling out the areas we took into account the conformity of the territory
with high values and specific activities of radionuclides to the area which radioactive clouds
possibly passed over.

Determination of average specific activity

To calculate the average specific activity of artificial radionuclides in the Zones, the
following sequence of actions was performed.

The entire data set was divided into three Zones. For each Zone we calculated the
specific activity ratios for the radionuclides *°Sr and '¥’Cs, #°*?*Pu and **'Am (Figure 20),
238Pu and 239+240Pu.

The map of *St/'¥’Cs distribution shows the sections with higher values corresponding
to the thermonuclear fallout from 12.08.1953, *2%Pu/>*' Am distribution — higher values
corresponding to the hydronuclear traces from 22.07.1961.
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Figure 19. Distribution of Zones with different levels of '*’Cs and *' Am specific activities
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Then we built graphs of the radionuclides ratios in each Zone, including the values,
which clearly belong to this totality, but not included in the contour line of the Zone due to low
specific activity, and calculated a ratio of radionuclides within the Zones (Figure 21-23).
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Figure 21. Ratio of *°Sr and '*’Cs specific activities in the Zones
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Figure 22. Ratio of 2*2*Pu and ?*' Am specific activities in the Zones
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Figure 23. Ratio of 2*Pu and »*"*Pu specific activities in the Zones
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The obtained values of the ratios of radionuclides have been tabulated for the
calculation of average values of *°Sr, 2***Py, 2*8Pu based on the known average specific
activities of ’Cs and "' Am (Table 4).

Table 4.
Ratios of radionuclides within the designated Zones
9llsr /137Cs 239+240P“ /24] Am 2381)“ /239+240Pu
Zone I(IV) 4.58 9.43 0.01
Zone IT 1.05 14.11 0.04
Zone 111 221 4.14 0.01

For singled out Zones there were calculated mean values of artificial radionuclides
specific activity that were used for further calculations of dose rates (Table 5).

Table 5.
Average specific activities of artificial radionuclides in Zones, Bq/kg
131Cg | 152y | NSy | upy | 38py | UIAm |239+z4oPu| 9T | 151§ m
Zone 1
22 | 15 | 92 | 304 | 12 | 127 | n9s | 34 | 17
Zone 11
05 | 27 | mr | 94 | 21 [ 39 [ st | 17 | 84
Zone IIT
584 | 2 | 129 | 396 | 64 | 165 | 6 | 09 | 47

2.4. Soil cover

The ranges in the area under study show little or no signs of overgrazing, and the soils
are not affected, or slightly affected by wind erosion.

Radioactive contamination of soils

The radioactive contamination mostly affected underdeveloped and poorly developed
light brown soils on the tops of hills in the north-west and north-east of the area. Contami-
nation was caused by the fallouts from the radioactive clouds, so it appears in small spots.
Based on the available material, a detailed study of similar situations in the same natural
area, in the northern and western parts of the STS territory, we can say that the penetration
of radionuclides into the soil at fallout areas would be limited for '¥’Cs to surface horizon of
0-5, 5-10 cm, >*'Am and #*****°Pu can penetrate into 2-5 cm deep, and only *°Sr, in view of the
considerable solubility and mobility, can penetrate 20-30 cm deep.

Distribution of radionuclides in the depth of the soil profile

To obtain indicators that characterize the studied area, we laid soil profiles in 3 test
areas located in different parts of the relief and at different elevations (Figure 24).

Within these test areas are the highest values of 2*! Am, '*’Cs, ?°Sr or #**?*Pu specific
activities. The soil profiles were laid at points ## 56, 139, 190 (Figure 24). Soil was sampled
in layers with an interval of 3 cm to 30 cm depth and then by 5 cm to 50 cm depth. The data
obtained on ' Am and '*’Cs contents are shown in Table 6 and Figure 25.
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Figure 24. Layout of soil and plants sampling points
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Figure 25. Distribution of ! Am and '*’Cs radionuclides in the soil
of "Baitemir" field as a fraction of maximal concentration




Ensuring the work safety on the STS

Table 6.
Content of radionuclides >’ Am and '*’Cs in the soils ""Baitemir" field
Sampling depth, Section 56 Section 139 Section 190

cm #Am, Bq/kg | *'Cs, Bg/kg | *'Am, Bq/kg | *’Cs, Bq/kg | *'Am, Bq/kg | *’Cs, Bq/kg

0-3 11.1£0.69 |44.0+£1.77 | 41.4+1.02 532+4.6 263+0.75 | 93.2+1.81

3-6 <0.81 3.50+0.76 | 10.1+0.55 107 +£2.1 8.57+0.49 | 2444098

6-9 3.00+0.51 | 1.49+0.63 | 0.97+030 | 269+1.1 1.16 030 | 5.20+0.52
9-12 <0.84 <0.79 0.60 £ 0.28 17.6£0.9 <0.43 1.33+0.35
12-15 <0.62 <0.75 <0.55 1.09+0.34 | 0934042 | 1.45+0.65
15-18 <0.67 <0.63 <0.40 <0.46 <0.69 <0.93
18-21 <0.61 <0.74 <0.45 <0.44 <0.40 <0.46
21-24 <0.63 <0.82 <0.39 <0.67 <0.43 <0.40
24-27 <0.43 <0.43 <042 <0.52 <0.46 <0.37
27-30 <0.42 <0.40 <0.55 <0.89 <0.46 <0.53
30-35 <0.40 <0.44 <0.42 <0.45 <0.60 <0.66
35-40 <0.42 <0.47 <0.44 <0.57 <0.46 <0.43
40-45 <047 <0.46 <0.40 <043 <0.54 <0.38
45-50 <0.45 <0.52 <041 <041 <0.43 <0.44

Distribution of 2! Am and '*’Cs in the soil profile of 3 sections, as was expected, obeys
certain regularities in the distribution of radionuclides in arid dry steppe or desert subzones,
where soil is moisturized by precipitation and no additional sources. Maximal and major
content of these radionuclides are observed in the surface horizons to a depth of 10 cm
(Figure 25). Further down the profile the values are plummeting, and recorded at the lower
limits of the measurement tools.

In general, the nature of *’Cs distribution in all three sections is similar. Figure 25 (a)
shows the distribution of *’Cs radionuclide in "Baitemir" field soil expressed as a fraction
of the maximal concentration, reconstructed on the basis of data on three sections. No data
spread is observed. The same is observed for 2! Am (Figure 25. b). It should be noted, the
distribution of > Am and '*’Cs is similarly independent on the micro-relief (section 139 is
in inter-low-hill hollow, section 190 — at the top of the hill slope, and section 56 — at gentle
inter-low-hill plain), as well as the subtype of soils. Thus, soil profiles 139 and 190 can be
attributed to chestnut, and soil profile 56 — to light chestnut.

2.5. Vegetation cover

To determine the nature of vegetation contamination with artificial radionuclides in
the studied area, the levels and parameters of '*’Cs, *°Sr, 2?*24Pu, ! Am and '?Eu transfer
from soil to plants were analyzed. For this purpose, like for the natural radionuclides we used
[4] and experimental [1, 5] data on the average accumulation factors (AF).

Additionally there were expeditions for sampling of soils and plants for further de-
termination of specific activity and calculation of accumulation factors for the radionuclides
37Cs, *Sr, 2924Py, 2! Am and "*?Eu. For this purposes, in areas with high specific activities
of these radionuclides in soil, established by areal survey, 10 research sites were incorporated
(sampling points) located in 3 Zones with different radioactive contamination (Figure 24).
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At each site combined soils samples were taken (by "envelope" (2 x 1 m) method
to a depth of 5 cm) and above-ground parts of plants (sampling area ~2 square meters),
represented by combined samples of steppe motley grasses with domination of feather grass
(Stipacapillata, S. sareptana, S. lessingiana), fescue grass (Festuca valesiaca) and wormwood
(Artemisia gracileccens, A. frigida).

The obtained specific activities and AF of *’Cs, *!Am and '*Eu radionuclides are
shown in Table 7.

Table 7.
Specific activities and AF of '¥’Cs, 2’ Am and '’Eu radionuclides
Specific activity, Bq/kg AF
## | Point HAm Cs 'S2Eu " . 152
plant soil plant soil plant soil Am s Eu
1| 139 | <0.23 |24.0+1.1[0.89+0.46| 476+6 | <0.20 | 34.3+0.9 | <0.0096 | 0.0019 | <0.0058
2| 56 ]0.88+0.21] 15.6+0.8 | <1.00 |24.2+14| <030 | 13403 | 0.056 | <0.041 | <0.23
3| 64 |1.01£0.08) 58.0+1.3 | 6.240.3 | 13843 <0.10 | 3.7404 | 0.017 0.045 | <0.027
4] 213 ]0.28+0.17| 24.4+0.7 | <0.89 10742 | <034 | 1.9+03 | 0.012 | <0.0083 | <0.18
5| 186 10.21£0.12) 56.9+1.4 | 1.640.3 | 187+4 | <0.29 | 7.1£0.5 | 0.0037 | 0.0086 | <0.041
6 | 159 | <023 |404+09 | 2.640.3 | 11842 |0.75+0.24| 2.7+0.4 | <0.0057 | 0.022 0.28
71 74 10.89£0.32] 9.0+0.7 | 1.5+0.5 | 16643 <0.88 |10.4+0.5| 0.099 | 0.0088 | <0.085
8| 174 | <048 |19.4+09 | 1.8+0.5 | 37446 | <0.65 |25.5+0.8 | <0.025 | 0.0047 | <0.025
9 | 147 | <030 |14.7+0.8 | 2.540.4 | 57.3£2.2 | <0.40 | 3.7£04 | <0.020 | 0.044 <0.11
10] 190 | <0.23 |34.840.9 10.42+0.23] 13642 | <0.32 | 3.6+0.4 | <0.0066 | 0.0031 | <0.089

The analysis revealed that the maximal *’Cs specific activity in plants in the territory
of "Baitemir" field does not exceed ~ 6 Bg/kg, ! Am - ~1 Bg/kg, ?Eu -~ 0.75 Bq/kg.

In this paper we took as average '*’Cs and ***?*°Pu accumulation factors the values
based on the experimental data obtained for the steppe motley grasses in the "western" ter-
ritories of the STS [5], *Sr — "northern" territories of the STS [1], *Eu — for one of the
dominant species of steppe vegetation (feather grass (Stipacapillata)) in the territory of "Ex-
perimental Field" site of the STS. Average >*' Am and *?Eu accumulation factors are selected
on the basis of the IAEA (2009) [4]. Given the accepted AF and average specific activities
(SA) of radionuclides in the soil, average contents of '3’Cs, *°Sr, 24Py, 2! Am and '’Eu in
plants were calculated (Table 8).

Table 8.

Assessment of artificial radionuclides in plants in the studied area

Radionuclide specific activity, Bq/k

Average ValueS 137Cs 9OSr 23£240Pu 2411{m q g lSZEu
Ac 0.05 0.7 0.04 0.01 -
Zone I - Average SA in soil, Bq/kg 186 - 132 11.3 12.2
Zone II - Average SA in soil, Bg/kg 136 258 491 41.9 3.4
Zone III - Average SA in soil, Bq/kg 54.2 114 390 18.4 1.8
Zone I - Calculated SA in plants, Bg/kg 9.3 - 5.3 0.11 -
Zone II - Calculated SA in plants, Bg/kg 6.8 180 19.6 0.42 -
Zone III - Calculated SA in plants, Bq/kg 0.3 7.6 15.6 0.18 -
Allowable levels in plants, Bq/kg 74 111 ~10* ~10* ~100*

Note: * - estimated allowable levels, see below.
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Assessed content of *’Cs in plants is below the maximal allowable level of radioac-
tive contamination of food plants (74 Bq/kg) established by the Ministry of Agriculture of
the Republic of Kazakhstan (1994) [6]. Relatively more significant values of the expected
specific activities in the plants are observed for *Sr, exceeding the specified maximal allow-
able level for a given radionuclide (111 Bg/kg) in the 3™ Zone of radioactive contamination.

Specific activities of 2"2°Py, 2 Am and "?Eu in plants is not specified, but based on
the extent of total radiotoxicity of each, we can assume that the allowable level for *Eu,
roughly, corresponds to the allowable specific activity for *°Sr, and for 2***?*°Pu and **'Am -
an order of magnitude smaller than it [11]. At that the average estimated specific activity of
2 Am in plants is within the proposed allowable level, 2****°Pu — exceeds this in 2" and 3
Zones of radioactive contamination, and '5?Eu is less than 1% of it.

Quality assessment and forecast for changes in radionuclide contamination of
vegetation cover

The vegetative cover of the studied area consists mainly of dry steppes. Content of
137Cs artificial radionuclide in plants does not exceed 10% of the maximal allowable level,
concentration of *Sr is 2 times higher than it [6]. Specific activity of ! Am radionuclide in
plants is within the expected allowable level, *2Eu - less than 1% of it. The calculated specific
activity of 2**2*°Pu is fairly significant and exceeds the estimated allowable level in the plants
in the 2™ and 3™ zones of radioactive contamination in the studied area. No abnormal high
specific activity of natural radionuclides in the plants was found there.

The level of radionuclide contamination of the vegetation cover primarily depends on
the ability of the plants themselves to accumulate radionuclides and availability of the latter,
determined by soil characteristics. The introduced "fresh" radionuclides in the first period of
stay in the soil may be more available to be accumulated by plants than in later periods, when
radionuclides equilibrium has been reached. The intensity of this process depends on the
physico-chemical properties of radionuclides. Thus, *’Cs is characterized by clear decrease
in entering the plant over time, whereas **Sr mobility in soil-plant system changes slowly [7].
These facts make it possible to forecast the possible reduction of radionuclide contamination
of vegetation in the future. However, at this moment the vegetation in the studied area in
terms of its contamination is dangerous and can be considered suitable to conduct appropriate
economic activities only if they obey certain rules of radiation safety.

2.6. Assessment of radiological characteristics for products from the
studied area

2.6.1. Agricultural products

To assess the radionuclide contents, we first selected transfer factors based on literature
data. Transfer factors for assessing radionuclide content in plant products are listed in the paper
"Radioecological conditions at the western part of STS territory" published in this issue.

To assess the contamination levels in agricultural products of plant origin, we used
data on the average concentration of radionuclides in soils of the studied area and the transfer
factors (TC) of radionuclides into various species of crop products, taken from literature data
and studies at STS.
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During the preparation of the comprehensive survey materials, based on the study
of a large array of radioanalytical data, average values of radionuclides specific activities
in the soils of the studied area (layer 0-5 cm) were obtained (Table 3). These values were
used to calculate the radionuclide content in the steppe motley grasses. Specific activities of
radionuclides were calculated in the soil layer 0-20 cm since transfer factors of radionuclides
in the garden products were obtained for 0-20 cm soil layer for calculations [4]. Radionuclides
activity in the 0-20 cm layer were recalculated in the same way as in the paper "Radioecological
conditions at the western part of STS territory" published in this issue.

Since during the areal studies at "Baitemir" field, 3 zones on radiation parameters
(Figure 19) were singled out, the average specific activities of the soil (0-20 cm layer) were
calculated for each Zone (Table 9).

Table 9.

Average specific activities of radionuclides in the 0-20 cm soil layer
for each of the Zones of radionuclide contamination

Average specific activities of radionuclides, 0-20 cm soil layer, Bq/kg

ZOl'le 137CS 9I]Sl. 239+240Pu 241Am
I 212.3 972.2 119.5 12.7
II 105.3 110.6 551.3 39.1
111 58.4 129.0 68.3 16.5

The calculated values of radionuclide content in crop products were obtained for the
dry weight of plant products, so to convert them into raw mass we used data on the percentage
content of dry matter in plants that are listed in the TAEA recommendations [4].

Tables 10-12 show the predicted specific activity of radionuclides in plant products
(wet weight) for the case of their production in the studied area and the allowable values for
the content of radionuclides in food, according to SanPiN 4.01.071.03 [8]. The allowable
levels for 2?*2*Pu and 2*' Am were calculated as in "Radioecological conditions at the western
part of STS territory" published in this issue.

Table 10.

Predicted concentrations of radionuclides in crop products (wet weight) in the case

of their production in the studied area (calculated based on the average specific activities
of radionuclides in the soil of Zone I in the studied area)

Predicted and allowable specific activity, Bq/k
Type of products 137Cg | NGy | - 2391240py, |y qmim
Cereals
Rye 5.3 (70) 54 (40) 1.3*¥10° (4.0) | 6.7*107 (4.0)
Wheat 5.4 (70) 55 (40) 1.3*¥10° (4.0) | 6.8%107(4.0)
Barley 8.2 (70) 54 (40) 1.3*¥10° (4.0) | 6.7%102(4.0)
Oat 10.0 (70) 54 (40) 1.3*¥10° (4.0) | 6.7%102(4.0)
Fodder products
Hay (steppe grasses) 9.0 (74*) 58 (111%) 4.1 (11.1) 1.1*¥10" (11.1)
Corn 14 (70) 130 (40) 7.9%10° (4.0) 1.1 (4.0)
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Predicted and allowable specific activity, Bq/kg

Type of products 137Cg | NGy | 2390240py, | 1A m

Leaf vegetables

Cabbage 1.2 (600) 94 (200) 1.0%10° (20) | 1.3*10%(20)

Spinach 8.0%10 (600) 62 (200) 7.0%10 (20) 8.7%107 (20)

Leafy celery, lettuce 6.0%10" (600) 47 (200) 5.2%10 (20) 6.6%107 (20)

Bean
Beans, Peas | 20600 | 50%10060) | 1.8#10°(6.0) | 1.9*10° (6.0)
Fruited vegetables

Tomatoes, peppers, eggplant 3.1%10" (600) 35(200) 1.6*¥10* (20) 2.2%10%(20)

Cucumber 2.6*10" (600) 29 (200) 1.3*10* (20) 1.8*10+ (20)
Tuberous root

Potatoes 1.5 (120) 16 (40) 6.5%10°(4.0) | 8.7*10* (4.0)

Beet (root crop) 1.2 (600) 81 (200) 8.4%107 (20) 6.3*¥10 (20)

Carrot (root crop) 1.0 (600) 71 (200) 7.4%107 (20) 5.5%10 (20)

*Allowable levels for forage vegetation (grass, hay) are established by the Ministry of Agriculture of the
Republic of Kazakhstan ('¥'Cs — 74 Bq/kg, *Sr — 111 Bg/kg)

Table 11.

Predicted concentrations of radionuclides in crop products (wet weight) in the case
of their production in the studied area (calculated based on the specific activities
of radionuclides in the soil of Zone II in the studied area)

Predicted and allowable specific activity, Bq/kg

Type of products 131Cy | NSy | 139:200py | MAm
Cereals
Rye 2.6 (70) 6.2 (40) 5.9%103 (4.0) | 2.1*10"(4.0)
Wheat 2.7 (70) 6.2 (40) 5.9%103 (4.0) | 2.1*10" (4.0)
Barley 4.1(70) 6.2 (40) 5.9%10% (4.0) | 2.1%10" (4.0)
Oat 5.0 (70) 6.2 (40) 5.9*%103 (4.0) | 2.1*10"(4.0)
Fodder products
Hay (steppe grasses) 4.5 (74%) 6.6 (111%) 19 (11.1) 3.3*¥10°" (11.1)
Corn 6.8 (70) 15 (40) 3.7%104(4.0) 3.5 (4.0)
Leaf vegetables
Cabbage 5.9%10" (600) 11 (200) 4.8%10° (20) | 4.0%10*(20)
Spinach 4.0*10°(600) 7.1 (200) 3.2*107 (20) 2.7%10* (20)
Leafy celery, lettuce 3.0*10(600) 5.3 (200) 2.4%107 (20) 2.0¥10* (20)
Bean
Beans, Peas | 10500 | 57600 | 82%10°(6.0) | 5.7%10°(6.0)
Fruited vegetables
Tomatoes, peppers, eggplant 1.6*10 (600) 4.0 (200) 7.3%10 (20) 6.6%10 (20)
Cucumber 1.3*10" (600) 3.3 (200) 6.1%10(20) | 5.5*10*(20)
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Predicted and allowable specific activity, Bq/kg
Type of products 13Cs | NSy | 39240py | MAm
Tuberous root
Potatoes 7.5%107" (120) 1.9 (40) 3.0¥107(4.0) 2.7%10° (4.0)
Beet (root crop) 5.7%10 (600) 9.2 (200) 3.9%102 (20) 1.9%107 (20)
Carrot (root crop) 5.0%10" (600) 8.1(200) 3.4%1072 (20) 1.7%107 (20)
Table 12.

Predicted concentrations of radionuclides in crop products (wet weight) in the case
of their production in the studied area (calculated based on the specific activities
of radionuclides in the soil of Zone III in the studied area)

Predicted and allowable specific activity, Bq/kg
Type of products 30 | 920G | 19+240py, | MAm
Cereals

Rye 1.5 (70) 7.2 (40) 7.3*%10% (4.0) | 8.7*102(4.0)

Wheat 1.5 (70) 7.3 (40) 73%10% (4.0) | 8.8*10%(4.0)
Barley 2.3 (70) 7.2 (40) 7.3*%10% (4.0) | 8.7*107(4.0)

Oat 2.8 (70) 7.2 (40) 7.3*%10% (4.0) | 8.7*1072(4.0)

Fodder products
Hay (steppe grasses) 2.5 (74%) 7.7 (111%) 2.3 (11.1) 1.4*10" (11.1)
Corn 3.8(70) 18 (40) 4.5%10°(4.0) 1.5 (4.0)
Leaf vegetables
Cabbage 3.3*%10" (600) 12 (200) 6.0%10* (20) 1.7%10* (20)
Spinach 2.2*107(600) 8.3 (200) 4.0*10* (20) 1.1*10* (20)
Leafy celery, lettuce 1.6*10(600) 6.2 (200) 3.0*10 (20) 8.5*%10° (20)
Bean
Beans, Peas 56%101(50) | 66(60) | 1.0%10°(6.0) | 2.4%10° (6.0)
Fruited vegetables
Tomatoes, peppers, eggplant 8.6%102 (600) 4.7 (200) 9.1*%10° (20) 2.8%10 (20)
Cucumber 7.2*107 (600) 3.9 (200) 7.5%107 (20) 2.3*%10* (20)
Tuberous root

Potatoes 4.2*%10" (120) 2.2 (40) 3.7%107 (4.0) 1.1*107 (4.0)

Beet (root crop) 3.2%10" (600) 11 (200) 4.8%10° (20) | 8.1*10*(20)
Carrot (root crop) 2.8*%10" (600) 9.4 (200) 4.2*%107 (20) 7.1*¥10* (20)

The results showed that in the case of growing crops in the studied area, the contents
of radionuclides in crop products in most cases would not exceed the allowable concentra-
tion of radionuclides in food. However, some plants are expected to have *°Sr exceeding the
allowable levels. Thus, at growing corn in the first Zone, specific activity *°Sr will exceed
ASA for 3 times. For beans, *°Sr specific activity will exceed or be close to ASA level in all
three Zones.

Also the steppe grasses in Zone Il are expected to have 2?****Pu exceeding the projected
allowable levels.
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2.6.2. Theoretical assessment of the contamination levels in animal products

To assess radionuclide content in animal products, as well as in crop products, the
transfer factors are used (ratio of radionuclide concentration in animal products to the daily
intake with the diet). Transfer factors for assessing the radionuclide content in animal prod-
ucts are listed in the paper "Radioecological conditions at the western part of STS territory"
published in this issue.

2.6.2.1. Assessment of the radionuclide content in animal products

In predicting the concentration of radionuclides in animal products, their concentration
in the diet and transfer factors from the diet of the product are taken into account.

Daily intake of radionuclides by animals when they are grazing on the three selected
Zones of radionuclide contamination is calculated in the same way as in the "Radioecological
conditions at the western part of STS territory" published in this issue. Data on the estimated
average daily intake of radionuclides by farm animals are presented in Tables 13-15.

Table 13.

Calculation of possible radionuclide intake by farm animals at grazing in Zone I
(based on the calculation of average radionuclide content in soil)

Intake of radionuclide by one animal, Bq

Horse | 350-400 8 162.4 31.1 379.1 | 572.6 | 1041.2 | 1425 | 1736.1 | 2919.8
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Cow 400 6 144.4 277 379.1 | 5511 | 9255 | 126.7 | 1736.1 | 2788.3
Sheep | 50-60 25 22.6 43 474 74.3 144.6 19.8 217.0 | 3814
Goat | 50-60 2 18.0 3.6 474 68.9 115.7 15.8 217.0 | 3485
Poultry | 4-6 0.1* 0.54 - - 0.54 5.5 - - 55
Intake of transuranic radionuclides
239+24I]Pu 241Am

Horse | 350-400 18 73.1 17.5 2134 | 304.0 1.9 1.9 227 26.5
Cow 400 16 65.0 15.7 2134 | 294.0 1.7 1.7 22.7 26.1
Sheep | 50-60 25 10.2 24 26.7 39.3 0.3 0.3 2.8 34
Goat | 50-60 2 8.1 1.9 26.7 36.7 0.2 0.2 2.8 33
Poultry | 4-6 0.1* | 1.2*10* - - 1.2%10*| 7.0*10° - - 7.0%10°
* Note: Daily rate for poultry is given on a dry weight of wheat (grain)
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Table 14.

Calculation of possible radionuclide intake by farm animals at grazing in Zone 11
(based on the calculation of average radionuclide content in soil)

0 . Intake of radionuclide by one animal, Bq
= ‘5 137, 90!
S : =) Cs Sr
= = & ol o
Farm | = S 22| = = 3 =2 | = = E
m g2 st 85| fe| 2| E |$5 8| | £
animal | .5 2| 2| 2= g = | o 2| 2 5 2 =
= ES |25 | 2= = & =5 | 2= = =
% |23 |E=|Z2¢| E | = |E2|E¢| E | =
£ z& | 2% | 2 = = TR | D = g
S = =< [ F = IS =2 | 5 = 2
Z a = g 3 < g S
Horse | 350-400 18 15.4 188.0 | 284.0 | 1185 16.2 197.5 | 3322 80.6
Cow 400 16 13.7 188.0 | 273.1 105.3 14.4 197.5 | 3172 71.6
Sheep | 50-60 2.5 2.1 23.5 36.8 16.5 23 24.7 43.4 11.2
Goat | 50-60 2 1.7 23.5 34.2 13.2 1.8 24.7 39.7 8.9
Poultry | 4-6 0.1* - - 0.3 0.6 - - 0.6 0.3
Intake of transuranic radionuclides
239+240Pu 241 Am
Horse | 350-400 18 3374 80.8 984.5 | 1402.7 6.0 5.7 69.8 81.5
Cow 400 16 299.9 71.8 984.5 | 1356.2 5.3 5.1 69.8 80.2
Sheep | 50-60 2.5 46.9 11.2 123.1 181.1 0.8 0.8 8.7 10.3
Goat | 50-60 2 37.5 9.0 123.1 169.5 0.7 0.6 8.7 10.0
Poultry | 4-6 0.1* |5.9*10* - - 5.9*%104| 0.02 - - 0.02

* Note: Daily rate for poultry is given on a dry weight of wheat (grain)

Table 15.

Calculation of possible radionuclide intake by farm animals at grazing in Zone I11
(based on the calculation of average values of radionuclide content in soil)

§“ L Intake of radionuclide by one animal, Bq
‘E_ = o 137Cg 90
Pt

2 Z =X = = = =
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Farm = o g ] = &0 - = *E = &0 = = £ *2

q ] = ) o S =z il o o S = =

animal | -2 @ | 2T | 2= o = Z5 | 2 z =

= |Es| 22| Es| £ | 5 |E5| 22| % | 3

@ E : 4=l a = E = o : - E =
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Horse |350-400| 18 44.7 8.6 1043 | 157.5 | 138.1 18.9 2304 | 3874
Cow 400 16 39.7 7.6 1043 | 151.6 | 122.8 16.8 2304 | 369.9
Sheep | 50-60 2.5 6.2 1.2 13.0 20.4 19.2 2.6 28.8 50.6
Goat | 50-60 2 4.9 0.9 13.0 18.9 15.3 2.1 28.8 46.2
Poultry | 4-6 0.1* 0.15 - - 0.15 0.7 - - 0.7
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£ £ Intake of radionuclide by one animal, Bq
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Intake of transuranic radionuclides
239+240Pu 241Am
Horse |350-400| 18 42.0 10.0 1219 | 1738 2.5 24 29.5 34.4
Cow 400 16 37.2 8.9 121.9 | 168.0 22 2.1 29.5 33.9
Sheep | 50-60 25 5.8 1.4 15.2 22.4 0.4 0.3 3.7 4.4
Goat | 50-60 2 4.6 1.1 15.2 21.0 0.3 0.3 3.7 4.2
Poultry | 4-6 0.1* | 7.3*10° - - 7.3*10° | 8.8%10° - - 8.8%107
* Note: Daily rate for poultry is given on a dry weight of wheat (grain)

Table 16 shows the predicted concentrations of radionuclides in animal products
in the case of its production in each Zone of radioactive contamination and the allowable
concentration of radionuclides in food, according to SanPiN 4.01.071.03 [8]. Allowable
levels in animal products for 2?*2*°Pu and 2*' Am were calculated as for crop products.

Table 16.

Predicted specific activities of radionuclides in animal products at grazing
in Zones I, II and III (based on the calculation of average radionuclides content in soil)

Predicted concentration, Bq/kg (allowable concentration, Bq/kg)
Product type 11Cy | NGy | 3240py | MAm
Zone |
Horse
mare’s milk (koumiss) 13.2(100) 8.20 (25) 3.0%102(2.5) 1.11¥10°(2.5)
meat (horseflesh) 29.2 (160) 23.4 (50) 1.82*102(5.0) 1.32%102(5.0)
Black cattle
Milk 12.7 (100) 7.81(25) 2.94%107 (2.5) 1.09%10°(2.5)
meat (beef) 28.1 (160) 22.3(50) 1.76*102 (5.0) 1.30%102(5.0)
Sheep
sheep milk 5.72 (100) 21.4 (25) 3.93*107 (2.5) -
meat (mutton) 17.1(160) 4.20*10? (50) 2.08*107(5.0) 3.70%104(5.0)
Goat
Milk 8.96 (100) 9.76 (25) -* 2.25%10(2.5)
Meat 33.1(160) 1.05 (50) - -
Poultry
Meat 6.45 (180) 4.39*%10 (80) - -
Eggs 2.42%10(80) 4.83 (50) - -
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Predicted concentration, Bq/kg (allowable concentration, Bq/kg)

Product type 131 | NG | 294240pyy | MAm
Zone 11
Horse
mare’s milk (koumiss) 6.53(100) 9.3*107(25) 1.40*102(2.5) 3.42%10°(2.5)
meat (horseflesh) 14.5 (160) 2.66 (50) 8.42%102(5.0) 4.08%102(5.0)
Black cattle
Milk 6.29 (100) 8.88*10 (25) 1.36%102 (2.5) 3.37%10°(2.5)
meat (beef) 13.9 (160) 2.54(50) 8.14*102 (5.0) 4.01*102(5.0)
Sheep
sheep milk 2.84 (100) 2.43(25) 1.81%102(2.5) -
meat (mutton) 8.47(160) 4.77%10°(50) 9.60%107°(5.0) 1.14%10°(5.0)
Goat
Milk 4.44 (100) 1.11 (25) -* 6.92%¥10°(2.5)
Meat 16.4 (160) 1.19%10(50) - -
Poultry
Meat 3.20 (180) 4.99*102(80) - -
Eggs 1.20*10 (80) 5.49*10 (50) - -
Zone 111
Horse
mare’s milk (koumiss) 3.6(100) 1.08 (25) 1.74%10°(2.5) 1.45*%10°(2.5)
meat (horseflesh) 8.03 (160) 3.1(50) 1.04*102(5.0) 1.72*%102(5.0)
Black cattle
Milk 3.49 (100) 1.04 (25) 1.68*103 (2.5) 1.42*%10°(2.5)
meat (beef) 7.73 (160) 2.96(50) 1.01*%102 (5.0) 1.69%102(5.0)
Sheep
sheep milk 1.57 (100) 2.83(25) 2.24*%103 (2.5) -
meat (mutton) 4.70(160) 5.57%103(50) 1.19%103(5.0) 4.81%10(5.0)
Goat
Milk 2.46 (100) 1.29 (25) -* 2.92%10°(2.5)
Meat 9.10 (160) 1.39%10'(50) - -
Poultry
Meat 1.77 (180) 5.83*%102(80) - -
Eggs 6.65%102(80) 6.41*10" (50) - -

* Note: - there is no forecast values due to lack of Tc

The studies have shown that in the animal origin agricultural products obtained in
the studied area of the STS territory the concentration of radionuclides does not exceed the
established norms, although that the calculations are based on the most conservative values
of the parameters used. Accordingly, consumption of these products in food will not pose a
threat to public health. Only some arable crops are expected to have specific activity of *Sr
exceeding the allowable levels. Thus, at growing corn in the first Zone the specific activity
of °Sr will 3 times exceed the ASA. For beans, *°Sr specific activity will exceed or remain at
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ASA level in all three Zones. Also, the steppe grasses of Zone II are expected to have 24Py
contents exceeding the projected allowable levels.

2.7. State of water bodies

To study possible contamination of the aquatic environment in the field area, we took
7 samples of groundwater from hydrogeological wells (Figure 26).
Results of the laboratory tests are presented in Table 17 below.

. _
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Legend

] Territory of the Baytemir deposit
[ Zones with elevated concentrations +  Sampling points
isoline 0.3 Kifkm?,Cs-137

A boreholes

Figure 26. "Baitemir" field. Arrangement of water sampling points

Table 17.
Analysis of water samples taken at ""Baitemir" field
Sampling Sampling HAm, B1Cs, *Sr, 2391240py, *H,

point date Bq/kg Bq/kg Bq/kg Bq/kg kBq/kg
well GGR1 02.11.2010 <0.5 <0.5 <0.01 <0.0023 <0.017
well GGR2 | 02.11.2010 <0.5 <0.2 <0.0028 <0.017
well GGR4 | 02.11.2010 <0.4 <0.5 <0.0023 <0.017
well GGRS | 02.11.2010 <0.5 <0.2 <0.01 <0.017
well GGR7 | 02.11.2010 <0.4 <0.4 <0.0032 <0.017
well GGR8 | 02.11.2010 <0.3 0.9 <0.01 <0.0025 <0.019
well GGR15 | 02.11.2010 <0.5 <0.4 <0.0042 <0.019
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According to the laboratory studies, the concentration of artificial radionuclides in the
samples does not exceed MDA of used equipment. These values do not pose radiation hazard
and are well below the intervention levels for the public when intake of radionuclides with
food and water set by the NRB-99 (Annex P-2).

In considering the likelihood of inflow of radioactively contaminated waters from
underground nuclear explosions into the groundwater of the field, such basic factors were
used as features of the geological structure of STS and data on testing the water wells
for content of artificial radionuclides. It should be noted that the STS is characterized by
number of regional faults of northeast outstretch and large faults of meridional and northeast

outstretch (Figure 27).
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Figure 27. Territory of STS. Possible main proliferation directions for contaminated groundwater
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These studies of the main possible pathways for contaminated groundwater migration
from the nuclear explosion venues at the sites "Degelen", "Balapan”, "Sary-Uzen" into
the water of the field made us believe that, considering the expected levels of radioactive
contamination of groundwater at the surface of the area, any business activities without any
restrictions can be allowed there.

Ecological and geological aspects of "Baitemir" filed development

Hydrogeological conditions in the area and "Baitemir" field considering its open cast
mining are very simple. Lack of strong water-bearing formations with large natural reserves
and resources of surface waters allows attributing the field to the category of moderately-
watered and operation of it, apparently, will not cause any great difficulties. An industrial
development of the field may cause ecological complications due to the proximity of "Sary-
Uzen" underground nuclear test site.

Currently the territory of "Baitemir" field has no widespread contamination of
groundwater with radionuclides. This does not mean that the situation is safe for business in
this area. Migration of any substance with water, formation and proliferation of groundwater,
depending on many factors, occur during a long time. Very low water conducting properties
of the rocks embedding the contamination sources ("warfare" borehole), alternation of water-
bearing fracture zones and faults of solid Paleozoic rocks, substantial depth of explosion
hypocenters, poor infiltration recharge cause very slow water exchange in the field. Therefore,
in present natural conditions, the impact from underground hydrosphere contamination in
adjacent to the contamination sources areas, in one way or another, may appear in tens,
hundreds or even thousands of years. This is true for the natural environment and has been
verified by geological studies.

It is quite another thing when geological environment begins to be subjected to intense
anthropogenic influence which is the industrial development of "Baitemir" field. Construction
of a pit will result in formation of a depression cone that will cover the area where "warfare"
boreholes are. At that, the biases of piezometric surface crack and fracture-vein waters will
increase substantially causing an adequate strengthening of migration and proliferation
of groundwater towards the pit. These are basic changes in the underground hydrosphere
during servicing the pit, and it is not yet possible to predict at which stage of the minefield
development the pit water would get contaminated with radionuclides and whether it happens
at all. In such cases, operational monitoring and prediction of quality are possible only based
on the monitoring of groundwater, arrangement of which should take into account the likely
number of hydrodynamic characteristics of the formation of water inflow into the pit.

It should be borne in mind that in this area the main radioactive contaminant of
groundwater is tritium. The main feature of this radionuclide’s migration property is that
it is a part of the water and not sorbed by rocks. In this connection, enlargement of the
depression cone may cause inflow of tritium contaminated groundwater into the pit in a
relatively short time.

2.8. Air basin

No specific studies of the field air basin have been carried out before. During the
survey 1 sample was taken (of no less than 400 m®) in the field, which was analyzed by
radiochemical and gamma spectrometric methods in accordance with techniques [9, 10] for
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content of natural and artificial radionuclides. The results of laboratory studies are presented
in Table 18.

Table 18.
Laboratory radiochemical and gamma spectrometric measurements
of natural and artificial radionuclides in the samples of air aerosols (Bq/m?)
Sampling point | **?Pu YSr HAm | WCs 26Ra 32Th WK
T. 138 <1.2°10* | 6.2:10"+ 1.8°10* | <110 | <2-10* | 2-10°+3-10* | <2-10° | 8-10°+8'10*
AVA_ . Bg/m’® | 5.3:10" 3310 25 |2.110" 1.7-10° 0.19 3.8°10°
AVA . Bg/m’ | 2.5:10° 2.7 3.0°107 | 2.9-10° 27 4.9'10° 31

The results revealed that concentration of natural and artificial radionuclides does not
exceed the allowable values of volumetric activity for both category "personnel" (AVAperS)
and for the category "population” (AVApop) [L1].

The main potential sources of air pollution in the field may include: areas with
contamination caused by atmospheric fallouts from tests conducted at "Experimental field"
site, abnormal radiological situation at the sites "Sary Uzen", "Degelen", "Balapan". However,
given the spatial arrangement of the territory, the most likely source of inflow of artificial
radionuclides into the air will be migration of contaminated soil particles from radioactive
fallout trace of the first thermonuclear test device (12.08.1953). Therefore, there is a great
likelihood of getting the artificial radionuclides from the possible contaminated areas into
the surface atmosphere during stripping operations. In this connection, it is recommended to
carry out continuous monitoring of air pollution.

2.8.1. Theoretical assessment of natural and artificial radionuclides content in
the air of the studied area

The results from the study [part 2.3] have determined that in "Baitemir" field 3 Zones
were singled out for which we calculated mean values of specific activities of artificial radio-
nuclides in surface soil layer. Specific activities of artificial radionuclides in Zones I, IT and
III are shown in Table 3.

The volumetric activity of radionuclides in the air of "Baitemir" field was defined as
follows:
c.=C-p

ai sus’

where: C . — volumetric activity of the i radionuclide in air (Bg/m?);

C, — specific activity of the 7 radionuclide in the surface layer of soil, Bq/kg;
P, — annual average dustiness of air, kg/m’.

Average annual natural dustiness of the air, according to [12], outdoors and indoors
is 1-107 kg/m?®. The report published by the European Commission [13] say that during
natural or human caused dusting the air dustiness may increase up to 10-100 times, that is,
up to 1-10°— 1-107° kg/m>. Therefore, when assessing contents of radionuclides in the air, we
examine average annual air dustiness (1-10¢ kg/m?).
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Artificial radionuclides content in the air of "Baitemir" field was assessed based on the
average specific activity of artificial radionuclides in Zones I, II and III.

The calculated volumetric activities of artificial radionuclides in the air of the studied
area, taking into account the average annual air dustiness are given in the following table
(Table 19).

Table 19.

Volumetric activity of artificial radionuclides in the air of the western territory and areas
with high content of artificial radionuclides

. Volumetric activity of radionuclides in air at average values
Average annual air ] Aol ] 3
. N of specific activity in the soil, Bq/m
dustiness (p,,,), kg/m 1310 | NSy | 282394240y | UIAm
Zone |
10 | 21104 | 9.710* | 12:10¢ | 13:10%
Zone 11
10 | L110% | L0t | 57104 | 3.910°
Zone 11
106 5.8:10° 1.3-10* 7.5:10° 1.7-10°
AVA _, Bg/m’ 2.7-10! 2.7 2.5:103* 2.9-10°
Note: * - allowable volumetric activity of %823 24Py is taken as 2.5-107 for *°Pu

The obtained volumetric activities of artificial radionuclides in the air of "Baitemir"
field at average specific activity in the surface layer of soil in Zones I, II and III do not exceed
allowable values according to NRB-99 at average annual dustiness equal to 1-10 kg/m*. At
higher dust load, the volumetric activity of »*¥#*24Py will exceed the allowable values for
the population in Zone II, because its content in the surface soil layer is 572 Bg/kg.

Thus, the theoretical estimates of the radionuclide contents in the air of "Baitemir"
field showed that the volumetric activity of radionuclides at mean values of specific activity
and values of annual average dustiness equal to 1-10° kg/m* do not exceed the allowable
values for the population.

3. ASSESSMENT OF DOSE LOADS TO POPULATION AND
PERSONNEL WHEN RESIDING AND CARRYING OUT
ACTIVITIES IN THE STUDIED AREA

In this paper when estimating the expected annual effective doses on the population
we do not take into account the doses from natural radiation, including:

+ external exposure from cosmic radiation;

+ external and internal radiation from daughter products of radon and thoron;

+ external and internal exposure from natural radionuclides in surface soil layer.

To make things simple in assessing the dose loads, the following assumptions
were made:
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* reduction in rates of external doses when covering the soil with snow (winter pe-
riod) and use of personal protective equipment were not taken into account;

» changes in air dustiness, depending on the season were not taken into account;

* ignored the increase in height (1.5-2 meters) above the ground and shielding with
vehicles (for farmers) or body of horse (to shepherd) during residing and carrying
out activities in the investigated territory of the STS;

» ignored the internal doses from radionuclides from consumption of water by staff
and local population from the local sources as the specific activity levels of artifi-
cial radionuclides in water are below the detection limits of the equipment used:
¥7Cs< 0.4 Bg/kg, *°Sr< 0.01 Bg/kg, 2****°Pu< 0.003. *H< 17 Bg/kg, that is 1-3
orders of magnitude below the intervention levels for drinking water, according
to NRB-99;

» ignored the internal dose from imported food products.

It is assumed that the contamination is distributed evenly over the site areca, whereas

distribution in the soil horizon is exponentially.

According to NRB-99, the dose coefficients used to estimate doses at intakes of

radionuclides with air are not divided into age groups.

Dose coefficients of 2**Pu are comparable with 2"2°Pu; when assessing the doses we

accounted isotopes of 2382397240py,

3.1. Technique for determination of dose loads

Basictechniques are presented in the monograph "Semipalatinsk Test Site: Radiological
Situation of the Northern Lands" [1].

3.2. Initial data

3.2.1. Selection of parameter values used in calculating the dose loads

The results from the studies determined that "Baitemir" field in the surface layer of
soil contains the following major dose-forming artificial radionuclides: *°Sr, '¥’Cs, 238+2397240py
2 Am. The results of the experimentally determined average contents of artificial radionu-
clides in the surface (5 cm) soil layer and for areas with higher contents of artificial radionu-
clides in the studied area of STS are presented in Table 20.

Table 20.
Specific and areal activities of artificial radionuclides
in surface soil of ""Baitemir" field in the STS
Zone |
Average values of specific activity, Bq/kg
137CS 9081. 238+239+24I]Pu ZAIAm
212 972 121 12.7
Areal activity of radionuclides at average specific activity, Bq/m*
137Cs 90Sr 238+239+240Pu 24]Am
13,800 63,200 7,850 826
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Zone Il
Average values of specific activity, Bq/kg
137Cs ‘)l)Sr 238+239+240Pu 241Am
105 111 572 39
Areal activity of radionuclides at average specific activity, Bq/m*
137Cs QI)Sr 238+239+240Pu 241Am
6,840 7,190 37,200 2540
Zone 111
Average values of specific activity, Bq/kg
137Cs 9ﬂsr 238+239+240Pu 241 Am
58 129 75 16.5
Areal activity of radionuclides at average specific activity, Bq/m?
137Cs 90Sr 238+239+240Pu 241Am
3,800 8,380 4,860 1,070

The parameter values used in the assessment of dose loads from considered pathways
of exposure due to artificial radionuclides are given in Table 21.

Table 21.
Values of the coefficients used in the assessment of dose loads
Coefficient values

Coefficients T - p— A

B, mGy ‘m*h-kBq 2.5:10° 1.0-10° 13107 9.7-10°
Cmpop. SV/BA 4.6:10° 5.0-10°% 5.0-10° 4.20-10°

¢, (adult), Sv/Bq 1.3-10°% 2.8-10°% 2.5-107 2.0-107

e, (child 7-12 years old), Sv/Bq 1.0-10°8 6.0-10°8 2.7-107 2.2-107
e, (infant 1-2 years old), Sv/Bq 1.2:10°% 7.3:10°% 42107 3.7-107

3.2.2. Selection of values for the annual food consumption parameters and
expected values of the radionuclides specific activities in products

To assess the internal dose from food produced in contaminated areas, it is necessary
to know the volume of annual consumption of food.

Consumption standards of staple foods for different social groups, which represent
the minimal food needed for human life, are listed in the Law of the Republic of Kazakhstan
dated November 16, 1999 Ne 474-1 "On Living Wage" [14].

These standards are averaged values for people of Kazakhstan, and may significantly
differ for different groups and segments of population.
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Therefore, in order to assess the radiation exposure from the consumption of food
produced within the studied area, a public inquiry was carried out, allowing specifying the
parameters of the food basket. The public were asked to answer the following questions:
basic characteristics of the household; whether there is a garden; types of economic activities
carried out in the STS; annual consumption of food products made. The survey found that
the amount of and food patterns for people living in the STS are different from the minimal
standards of consumption of basic foodstuffs, towards the increasing the consumption of
meat and dairy products. Based on the survey and living conditions of the population, changes
were made in the rates of consumption of staple foods that can be produced and consumed by
the population in the studied area.

Predicted radionuclides specific activities in animal and crop products are calculated
using the transfer factors of radionuclides presented in the IAEA documents [4]. Based on
the selected transfer factors into crop and livestock products there have been calculated the
expected specific activities of radionuclides, which are then used to assess the dose loads
received from artificial radionuclides through food chains.

The expected specific activities of radionuclides in crop and livestock goods being
produced in the studied area are shown in Tables 22-23.

Table 22.

Expected specific activities of radionuclides in animal products at average contents
of artificial radionuclides in surface soil layer for Zones I, II and I11

Type Specific activity of radionuclides, Bq/kg
of product 1370 NG n9+240py MiAm
1 |u |m |1 [ |m|1 | o |m|1 | n]|m
Black cattle
milk 127 | 63 | 35 | 78 | 09 | 1.0 [2910%]1.3102|1.7:107| 11107 | 3.4:10%| 1410
meat (beef) | 28.1 | 139 | 77 | 223 | 25 | 3.0 [1.7102[8.1102[1.0102[13-102[4.0-10? | 1.7-10?
zol)/;’rztniour 25 | 13 69107 1.6 |18107[2.1-101[5.9-104|2.7-10%| 3.4-10%| 2.2:10% | 6.7-10¢ | 2.8-10°
semifat curd [5.1-107[2.5:107 | 1.4-107 | 3.1-107 | 3.6102 | 41102 | 1.2-10% | 5.4-104| 6.7-10% | 4.4-107 | 1.4-104| 5.7-107
Horse meat
meat 292 | 145 | 80 | 234 | 27 | 31 [18102]84102| 1.0-102] 1.3-102]4.1-102] 1.7-107
koumiss

13.1 6.5 3.6 82 9310 .1 |[3.010°|1.4107|1.7-10°| 1.1-10° | 3.4-10° | 1.5-10°

(mare’s milk)

Sheep

meat (mutton)| 17.1 | 85 | 47 [42102[4810°[5.610°]2.110°[9.610¢ | L110°[3.7:10¢ | 1.1-10° [ 48107
Poultry

meat 64 | 32 | 17 [44107]50102[58102] - - ) : :

eggs 24101121101 6.7-107| 4.8 |5.510"|6.4-10"! - - - - - -

Note: * "-" no forecast values due to lack of T,
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Table 23.
Expected content of radionuclides in crop goods produced in the studied area
at average specific activities in the surface soil layer for Zones I, II and I1I
Type Specific activity of radionuclides, Bq/kg
of product ¥1Cs Sr EEI HAm
I o [m | 1t o |m|[ 1 |o|m|[r1 ][ o ]|m
Cereals
Rye 5.3 2.6 L5 54.3 6.2 7.2 [1.3:10-]5.9:10% | 7.3-10% | 6.7-102 | 2.1-10" | 8.7-10?
Wheat 5.4 2.7 L5 54.9 6.2 7.3 [1.3:10-]5.9:10% | 7.3-10* | 6.8:10 | 2.1-10" | 8.8:102
Oat 10.1 5.0 2.8 54.3 6.2 72 |1.3:10-|5.9:10° | 7.3-10*| 6.7-102 | 2.1-10" | 8.7-10
Leaf vegetable
Cabbage | 12 [5910'[33101] 935 | 106 | 124 [10107[4810°[60:10¢| 13104 [4010¢[ 1.7:10¢
Legumes
Bean,pea | 20 | 10 [s6101] 497 | 565 | 66 [1.810°[8.2:10°[1.010°]1.9-107[5.7-10°|2.4-10°
Fruited vegetables

Tomato |3.1:10"| 1.6-10" | 8.6:102| 35.1 4.0 47 [1.6:10%[7.3:10%]9.1-10°|2.2-10%|6.6:104(2.8:107
Cucumber |2.6:10" | 1.3-10"(7.2:102| 292 | 3.3 3.9 |1.3-10%6.1-10%|7.5-10%|1.8-10|5.5-10*(2.3-10"*
Tuberous root
Potato 1.5 |7.510"(4.2:10"| 164 1.9 217 [6.5:10%(3.0-102(3.7-10°|8.7-10%|2.7-103(1.1-107

Beet
(root crop)

1.2 |57107]3.2:10"| 81.1 9.2 108 [8.4:10°(3.9:102 | 4.8:10° |6.3-10*/1.9-10°(8.1-10

Carrot

1.0 [5.010" 28101 71 8.1 94 [7.410%|3.4-1074.2:10° [5.5:10%|1.6-103{7.1-10*
(root crop)

Note: * "-" no forecast values due to lack of T,

3.3. Behaviour scenarios for population and personnel at "Baitemir"
minefield

In assessing the dose loads to the population residing in "Baitemir" field, an agricultural
scenario of behaviour was examined.

3.3.1. Agricultural scenario

This scenario is conventionally called "subsistence farming" and considers the
living conditions of people in the studied area. The scenario is described in the article
"Radioecological conditions at the western part of STS territory" published in this issue.
From the experience of our calculations, the values of doses for women and children are
below the values of doses for a farmer and shepherd; therefore dose loads in the agricultural
behaviour scenario to population were assessed for farmer and shepherd.

In assessing the dose loads to staff engaged in various activities in "Baitemir” field,
two scenarios were examined: research scenario, which consists of exploration operations
and industrial, including construction, mining ores and rare metals and their processing.
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3.3.2. Research scenario (geologic exploration)

This scenario examines the behaviour of personnel during geological surveys in the
studied area. The geological survey lasts 8 months in the field season. The time that is spent
outdoors by a geologist, while working and disturbing the upper soil layer (from the manual
or mechanical digging) is 8 hours per day. The air dustiness during the works is taken as 10~
kg/m*. Office works to process the data, cooking and eating in the open air last 6 hours per
day. The geologists reside within the survey area in caravans or tents. The air dustiness is
accepted as 107 kg/m*. We did not consider the shielding with walls of caravans in assessing
the external doses.

Summary data on the time spent outdoors and indoors are given in Table 24.

Table 24.

Time T, spent under contamination conditions according to research scenario of behaviour

Factor Measuring unit Geologic exploration
Time spent outdoors at geological works hour/year 1,920
Time spent outdoors at office work and leisure hour/year 1,440

3.3.3. Industrial scenario

The scenario examines the dose loads gained by the workers during the construction
of structures, mining ore and rare metals and doses to employees (workers) of industrial sites
(factories) in the studied area. The doses are considered for adults who work in shifts and
spend in the studied area 4,380 hours per year. The workers spend 8 hours a day in the open air
or in the production room of a factory. Period of time when the worker is directly involved in
work, disturbing the top soil is 1,456 hours. The air dustiness during the works is taken as 10~
kg/m? [4]. No protective measures (gloves, vehicle shielding and buildings) are considered.
The workers and administrative staff members reside in a residential area, located within the
studied area. Time spent in caravans is 2,647 hours per year. The air dustiness in a residential
area is taken as 107 kg/m?. We did not consider shielding with walls of caravans in assessing
the external doses. The distance from the residential town to the factory is 5 km. The time
spent on the road from the residential zone to an industrial area and lunch is 1.5 hours per day.
When transporting the workers on a country (ground) road shielding factor with vehicles is
taken into account. Workers consume imported food and water.

In assessing the external dose to the administrative staff, the shielding with walls of
industrial buildings is taken into account. The air dustiness is taken as 10 kg/m?>.

3.4. Findings of the assessment of dose loads to public and workers
residing and carrying out activities in the studied area

Assessment of dose loads to population and personnel during the residence and
activities in the studied area was based on methods for dose calculation, input data and
behaviour scenario of the population in the studied area [1]. The input data are shown in
Tables 20-21.
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The histogram (Figure 28) shows the distribution of the expected annual effective
dose of a farmer from various exposure pathways for each of the designated Zones.

Expected effective annual dose of the shepherd Total committed effective annual dose of farmer
through the major exposure paths 0,22 mSv;
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Figure 28. Expected annual effective dose for the agricultural behaviour scenario
of the farmer in "Baitemir" field in Zones I, II, I1I:
a) through major exposure pathways, and b) the total on all exposure pathways

The figure shows that the main contribution to the dose loads to farmers in Zone I is
made by internal dose received from food grown and produced in the territory where major
contribution is made by the radionuclide **Sr (**Sr specific activity in Zone I is 972 Bq/kg).
In Zones II and III the major contribution to the dose load is made by internal dose from
inhalation of the radionuclide ##23%*240Py (specific activity of 2*%239"240Py is 572 and 75 Bg/kg,
respectively).

The most dangerous area in "Baitemir" field is Zone I, where expected annual effec-
tive dose for the farmer will be 0.93 mSv. Figure 29 shows contribution of the considered
artificial radionuclides into expected annual effective dose for the farmer from a variety of
exposure pathways for each of the designated Zones.

Contribution of artificial radionuclides to the
total dose burden of a farmer
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Figure 29. Contribution of artificial radionuclides into expected annual effective dose of a farmer

through major exposure pathways in Zones I, I, III of "Baitemir" field

The main contribution to dose loads to farmers at average specific activities of
radionuclides in surface soil layer in Zone I and I1I is made by internal dose from food grown
and produced in the studied area (~ 77% and 51%); in Zone II it is internal exposure from

359



Ensuring the work safety on the STS

inhalation of contaminated dust particles (73%). External dose from the contaminated surface
soil is about 11% of the total annual effective dose in Zone I, 8% in Zone II and 14% in Zone
I11. The main contribution to the dose for the farmer from external exposure is made by '*’Cs.
Contribution to internal dose from inhalation of radionuclides is made by #%239"240py (94%).
The major dose-forming radionuclide in food in the studied area is *Sr (Figure 30).

Contribution of radi lides to the i | dose from the Contribution of radionuclides to the formation of internal
consumption of food exposure from food
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| (Cs-137
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M Pu-239+240

HAm-241 H Am-241
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Figure 30. Contribution of artificial radionuclides in the formation
of internal doses from food being grown and produced in Zone I (a) and Zone I (b)

Contribution to the effective annual dose when incorporated with food for an adult is
73% in crop and 27% in livestock products. The main contribution to the expected annual
dose being received from livestock products at average values of the specific activities of
radionuclides in surface soil layer is by dairy products 56% for adults.

The results of the expected annual effective dose for the agricultural scenario for the
shepherd at average values of specific activities of artificial radionuclides in surface soil of
Zone 1, Zone 11 and Zone 111, are shown in Figure 31.

Expected effective annual dose of the shepherd
through the major exposure paths
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Figure 31. Expected annual effective dose for the agricultural scenario for the shepherd
through major exposure pathways in Zones I, II, III of "Baitemir" field

The expected annual effective dose for the agricultural scenario of the shepherd
through major exposure pathways from artificial radionuclides at specific activities in the
surface soil layer does not exceed statutory limits and in Zone I will comprise ~ 9.8-10" mSv,
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in Zone II - ~ 8.1-10" mSv, in Zone III - ~ 2.4:10" mSv. The main contribution to dose
loads in Zones I and III is made by internal doses gained from foodstuffs (~7.1-10"' mSy,
~1.1-10""mSv), in Zone II - internal dose from inhalation of radionuclides (~6.2-10" mSv).
Contribution to the effective annual dose when incorporated with food for an adult is 73%
in crop and 27% in livestock products. The main contribution to the expected annual dose
gained with livestock products at average specific activities of radionuclides in surface soil
is made by dairy products - 56%.

The histogram (Figure 32) shows assessed dose loads to personnel for the geological
exploration scenario in the area, at average specific activities of artificial radionuclides in the
surface soil layer.
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Figure 32. Expected annual effective dose for research scenario (geologist)
through major exposure pathways in Zones I, II, III of "Baitemir" field

The expected annual effective dose to staff through major exposure pathways at
average specific activities of artificial radionuclides in surface soils in the studied area for
research scenario does not exceed the statutory limits and in Zone I will comprise ~ 5.0-10"!
mSy, in Zone II ~ 3.3 mSy, in Zone III ~ 8.0-10"" mSv. The main contribution to the dose
loads to personnel (geologist) in "Baitemir" field is made by internal dose from inhalation of
radionuclides from the soil surface (99%), namely, radionuclide 23%+23°240py,

The results of assessing the staff dose loads for industrial scenario (worker and
administrative staff) in the area, at average specific activities of artificial radionuclides in
surface soil layer are shown below (Figure 33).

Figure 34 shows that the worker may receive the highest dose load. The main
contribution to the expected annual effective dose is made by internal dose from inhalation
of radionuclides.

Expected annual effective dose to the staff for industrial scenario of a worker in Zone
I will be ~ 0.6 mSy, in Zone II ~ 2.5 mSy, in Zone III ~ 0.4 mSv. Expected annual effective
dose to the personnel for industrial scenario of administrative staff of the factory in Zone I
will be ~ 0.1 mSyv, in Zone II ~ 0.2 mSv, Zone III ~ 0.04 mSv. The main contribution to the
dose load to staff is made by a dose from inhalation of radionuclides from the soil surface in
Zone I - 89%, in Zone II - 99%, in Zone 111 - 95%.
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Figure 33. Expected annual effective dose for industrial scenario of personnel (worker
and administrative staff) through major exposure pathways in Zones I, II, III of "Baitemir" field

Expected annual effective dose for industrial
scenario

Eronel
Hzone 2

uzone 3

Figure 34. Expected annual effective dose for industrial scenario of a worker
through major exposure pathways of "Baitemir" field in Zones I, II and III

CONCLUSION

The indicators in assessment of human radiation safety, in accordance with the
Government Resolution #653 dated 31.06.2007, as well as the Radiation Safety Standards
(NRB-99), and international standards (BSS) is the value of effective dose. According to
the studies conducted in 2011, there were assessed the expected annual effective doses to
personnel working in the studied area. The calculations were performed for the three Zones
of the studied area with different levels of radioactive contamination.

During the calculation of dose loads to population and personnel at residing and
carrying out activities on "Baitemir" field of the STS, the following results were obtained:

1. The expected annual effective dose to farmer and shepherd (agricultural scenario)

through major exposure pathways from artificial radionuclides at average specific
activities in the surface soil layer does not exceed statutory limits and in Zone I
will comprise ~ 9.8-10"' mSyv, in Zone II ~ 8.1-10"" mSyv, in Zone 11 ~ 2.4-10"'mSv.
The main contribution to dose loads in Zones I and III is made by internal dose
gained from foodstuffs (~7.1-10"' mSv, ~1.1-10"" mSv), in Zone II - internal dose
from inhalation of radionuclides (6.2:10"' mSv).
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The expected annual effective dose to personnel through major exposure pathways
at average values of specific activities of artificial radionuclides in surface soils of
the studied area for research scenario does not exceed the statutory limits and in
Zone I will comprise ~ 0.8 mSyv, in Zone II - ~ 3.3 mSy, in Zone III - ~ 0.5 mSv.
The expected annual effective dose to the personnel for industrial scenario of a
worker in Zone I will be ~ 0.6 mSv, in Zone II - ~ 2.5 mSyv, in Zone III - ~ 0.4
mSv. The expected annual effective dose to the personnel for industrial scenario
of administrative staff of the factory in Zone I will be ~ 0.1 mSyv, in Zone II - ~
0.2 mSyv, in Zone III - ~ 0.04 mSv. The main contribution to the dose loads to
personnel is made by doses from inhalation of radionuclides from the soil surface
in Zone I - 89%, in Zone II - 99%, in Zone III - 95%.

The assessments made on the dose loads to the population during their stay and
activities in the studied area showed that the expected annual effective dose in
Zones I, 11 and III does not exceed the basic dose limits of acceptable standards
for the public (1 mSv/year), but the levels are quite high. On this basis, we can
conclude that this area is not recommended to be transferred from the reserve
lands to agricultural use.

The estimates of dose loads to staff for research and industrial scenarios for the workers
exceed the basic dose limits of acceptable standards for the public (1 mSv/year). Therefore,
when conducting any works it is recommended to classify the workers to category B.

Based on these results obtained, we may conclude that the lands, in accordance
with the Land Code of the Republic of Kazakhstan, can be converted into industrial lands,
transport, communication, defence and other non-agricultural use.
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KP Y40 Paouauuansik Kayincizoik y#cane IK0a02uA UHCHUINY b,
Kypuamos, Kazaxcman

Maxkanana Cemeii ChIHAK ITOJIMTOHBI ayMarbIH/a eKi o0uibIc - [TaBrnonap sxene [prbic Kasakcran
0OIBICTapBIHBIH IIEKapachlHAa OpHajackaH "baiiremip" KEHOPHBIHBIH KEUICHIl PaJHO3KOIOTHSIBIK
3epTTey HOTIKENepi YChIHbUFaH. KeHOpHBI TeniMiHiH xanmbl aynansl 40 km? Kypaiiasl. XKymbic Oa-
PBICBIH/Ia KOpILIaFraH OPTaHBIH: KYMJAaKTONBIpaK, aya OacceifHi, ©CIMIIK >KaMBUIFBICHI, KaHyapliap
QJIEMiHIH paauanusuIbIK Oenrici OOMbIHIIA Ka3ipri paJAnoIKOIOTHSIIBIK axyaliblH Oaraay OpBIHAAJIIbL.
KeHopHb! aymMarblHIarbl TaOMFAT OpTachl HbICAHAAPBIHIAFH! KACAH/bl PAAUOHYKIMATEPIIH KypaMbl
QJIFAIIKBI TEPMOSIIPOIIBIK JKOHE €Ki THAPOSIPOIIBIK CHIHAKTAP/IBI XKYPTi3y HOTH)KECIHAETT paIHOaKTHBTI
Tycynepre OaiiinanbicThl. JKacaHpl paIHOHYKINATEPAIH AIaH/IBIK TapalyblH TaJidy Ke3iH/Ie ONap/IbH
THecin GeJCeHIUNITiHIH JKOFapsl MoHIepi Oap aiiMakTap aHbBIKTalnabl. PaguoakTHBTI JacTaHyIbIH
JIeHreii MeH cunarhl OOMBIHIIA OPKAKCBICHl YIIIH TONBIPAK KaMBUIFBICHIHIAFB! PaJIMOHYKIHITEPIIH
THeCiTi OeNCeHIUTITIHIH OpTalia MOH/IEpl aHBIKTaJFaH YII aiiMak aHbIKTanabL. | skone 11 afiMakTapabiH
ayMaKTapbl KeIl Jopexele ’KacaHAbl PAJUOHYKIMATEPMEH JlacTanFaH, an Il aiiMakTel mapTTel Ta3a
ayMmak jier caHayra 60sta ibl. *'Cs sxoHe *St palHOHYKITH/ITEPiHIH THEC1Ti Oe/ICeH ITIr HiH MaKCHMAaJI/IbI
MOHJIEpi ayMaKTapAbIH SKOJIOTHSUIBIK KaFIaiibIH "'cabICTRIpMAalIbl KaHAFaTTaHAPIIBIK JKaFaail" peTinae
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CHUIMATTaWThIH JICHTeHIepaeH ToMeH. PalMOHyKITNATEeP/IiH TONBIPAK >KaMBbLIFBICBIHAAFbI, CYAaFbl JKoHE
ayaJlarbl, COHJAl-aK KaHyap *KOHE OCIMIIK TEKTeC a3bIK-TYJIK OHIMACPIHETI KYTUICTIH KYpaMbl paya-
JIbl ICHTeinepaeH ken TeMeH. Taburar opTachl MEH a3bIK-TYJIIK eHIMIACpPIHACT] PaaHOHYKIUATEPIIH
KypaMbl TypaJbl IepeKTep HeTi3iH/e op aiiMak YIIiH TypFhIHAApFa J03aNIbIK )KYKTeMeHi Oarajay Ka-
cangpl. "Aca Hamap" cueHapuid "Karmaifbl Ke3iHAe TacTaHFaH ayMak IIeTiHIe TaOWFH IapyallbUIbIK
JKYPri3eTiH ¢pepMep KyTUIeTiH KbUIABIK THIMAI 103a Oip agamra 0.93 Mm3B Kypaiiapl, Oy Paguanusiisik
KayiIrci3iik HopMasiapblHa coiikec XblUibiHa 1 M3B qo3anap mierineH acnaiiipl. COHBIMEH KaTtap erep
KyTineTiH mo3a 0.3 M3B/KBIT acaThiH OOJICa, aTaJFaH ayMak MICKTEPiH/Ie TYPFBIHIAP/IBIH COyIeICHYiH
LIEKTEY MaKCaThIHIA KOpFay IIapajapblH >Kyprizy KaxeT. KP KojmaHbIcTaFrbl HOPMATHBTIK Oa3a Ta-
JIANTapbIH €CKepe OTHIPBIN OapIIbIK 3epTTEeNreH ayMaK LIeKTeyci3 Maijananybl MyMKiH OOJFaHbIMEH,
aTajFaH ayMaKThl skep KOPBIHAH aybUIIIapyaliblIbIK aifHaIBIMBIHA Oepy YCHIHBIIMAH b1, TypreiHIapra
JIO3aJIBIK KYKTEMEHi Oaranay HETi3iHIe, erep 3epTTeNreH ayMaK IIeTiHJe MIapyallblIbIK KbI3METTI
KYprizy xkarmaiibiaaa "baliteMip" KeHOPHBI ayMarblH OHEPKACII, KoK, OailJlaHbIC, KOPFaHBIC, JKOHE
6acka Ja IapyanbUIbIK eMec TaraibIHayIapra 6epy YChIHbIIa b

Tyuiin cesoep: "bailiTeMip" KEHOPHBI, SIIPOJIBIK CHIHAKTAp, PAJAMOIKOIOTHS, PaTdOaKTHBTI
JIacTaHy, PaJAMOHYKIUATEP, TONBIPAKTap, OCIMJIK )KaMBUIFBICHI, a3bIK-TYJIIK OHIMJIEpi, KYpPiC-TypbIC
CIICHAPHI, KBUIIBIK THIMII 1032

PA/THOISKO/IOT'HYECKOE COCTOAHHE TEPPHTOPHH
MECTOPOKJAEHUA "BPAUTEMHUP"

Crpuiabuyk FO.I'., AlinapxanoB A.O., I'enoBa C.B., Kamupckuii B.B.,
Kynays3oaeBa A.A., Jlapuonosa H.B., Maramesa P.1O., [lanuukuii A.B.,
Cyo6otun C.b., Tonoposa A.B.,ToneBunkas O.B.,
SlkoBenko 10.10., Jlykamenko C.H.

Hnemumym paouayuonnoit 6ezonacnocmu u yxkonocuu HAI PK,
Kypuamoes, Kazaxcman

B craree mpencTaBieHB! pe3yAbTaThl KOMIUIEKCHOTO PaJHO3KOIOTHUECKOTO HCCIIEIOBAHUS
MecTopoxaeHus "baiitemMup", pacnonoxeHHoro Ha TepputTopur CEeMHIATaTHHCKOTO UCTIBITATENbHO-
To TIOJIMTOHA B IpaHunax AByx obnacreil — [TaBinonapckoit 1 Boctouno-Kasaxcranckoit. O6mas mio-
a/Ib y4acTka MECTOPOXKACHHUs cocTaBisieT 40 k> B Xoe paboT BBIMOIHEHA OIIEHKA COBPEMEHHOTO
Paaro3KOIIOTHIECKOTO COCTOSIHUSI OKPY KAIOMIei Cpeibl: MOUYBOrPyHTOB, BO3MAYLIHOTO OacceiiHa, pac-
TUTEJIFHOTO MOKPOBA, )KUBOTHOTO MHUpa 110 paJualioHHoMy pu3HaKy. ConepikaHne HCKYCCTBEHHBIX
PagHOHYKIIMIOB B 00BEKTaX IPHPOJHON Cpebl TEPPUTOPUH MECTOPOXKICHNUS 00YCIIOBICHO pafoaK-
THUBHBIMH BBINAJICHUSMH B PE3yJbTaTe MPOBEICHUS MEPBOTO TEPMOSIEPHOTO HUCTIBITAHUS U JIBYX TH-
JIPOsIACPHBIX UCTIBITAaHMUM. [Ipy aHaIM3€ TUIOIIAAHOTO pacpe/ieIeH s HCKYCCTBEHHBIX PaIOHYKIIHI0B
BBISIBJICHEI 30HBI C MOBBIIICHHBIMH 3HAYEHWSMH HX yACIBHOH akTHBHOCTH. Ilo ypoBHIO M XapakTe-
Py PaaMOAKTHBHOIO 3arps3HEHUS BBIAEIEHO TPU 30HBI, I KaXJI0H N3 KOTOPBIX OBUIH OMpEIeIeHbI
CpelHMe 3HAUeHUs YAETbHOH aKTHBHOCTH PaJHMOHYKINIOB B MOYBEHHOM IOKpoBe. Teppuropuu I n
II 30H B GonbIIeil cTeleHN 3arps3HEHB! NCKYCCTBEHHBIME PaJMOHyKINAaMu, a 308y Il MoxHO cum-
TaTh YCJIOBHO YUCTOM TeppUTOpUEIl. MaKkcuMallbHble 3HAUEHMS Y/I€IbHON aKTUBHOCTHU PaIMOHYKIINI0B
37Cs u *°Sr HwKe ypOBHEH, XapaKTepU3yIOUINX JKOJOrMYECKOE COCTOSHUE TEPPUTOPHI Kak "OTHO-
CHUTEIIFHO YOBICTBOpHUTENbHas cutyarus”. CoaepikaHue paJioHyKIHIOB B PaCTHTEIHLHOM MOKPOBE,
BOJZIE U BO3/yX€, a TAKIKE OXKHAEMOE COJIEP>KaHNE B MPOAYKTAX MUTAHHSA JKABOTHOTO M PACTHTEIILHOTO
MPOUCXOXKICHUS 3HAYUTEIIBHO HIDKE JOIyCTHMBIX ypoBHeH. Ha oCHOBaHMHM JIaHHBIX O COflepKaHUU
PagHOHYKIIMIOB B 00BEKTaX MPUPOIHOI CpeIbl U MPOAYKTaX MUTAHUS OblIa cIeIaHa OIeHKa JO30BBIX
Harpy30K Ha HaceJIeHHE JUIs Kax 101 30HbI. [1pu ycnosun "Hanxyamero" cueHapus "depmep, Beymi
HaTypaJIbHOE XO3SHCTBO B MpeJeNax 3arps3HeHHOH Tepputopun’, oxuaaeMas rogosas dphexTuBHas
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1032 Ha 4esoBeka coctaBuT 0.93 mM3B, uTo He mpeBbllaeT npenena 103 1 M3B B rox, cortacHo Hop-
MaM paJHaIroHHOIl Oe3omacHOCTH. BMmecTe ¢ Tem, B ciydae, ecian oxuiaemast fo3a npessimaetr 0.3
M3B/Toz, B IIpe/ieNax JaHHOW TePPUTOPUM HEOOXOAMMO ITPOBOAUTH 3AIUTHBIC MEPOIIPUSTHUS C LEIbIO
orpaHuueHUs 00IydYeHus HaceneHus. HecMoTps Ha To, 4TO C y4eToM CyLIeCTBYIOIIMX TpeOoBaHMi
HopMaruBHOH 0a3sl PK Best 0OcimenoBaHHast TEppUTOPHS MOXKET HCIONIB30BAaThCsl 0€3 OrpaHUUYCHUMH,
MEePEBOANTH JAAHHYIO0 TEPPUTOPHIO U3 3€MENb 3araca B CEIbCKOXO03AHCTBEHHBIH 000POT HE PEKOMEH-
nyercsi. Ha ocHOBaHMM OLIEHKH J030BBIX HArpy30K Ha MEPCOHAN B Cydae BEICHUS XO3sIHCTBEHHOU
JeATeIbHOCTH B IIpe/ieIaX MCCIICIOBAaHHOM TepPUTOPUH TIPEAJIaraeTcs IePeBEeCTH TEPPUTOPHIO MECTO-
poxaenus "baiitemup" B 3¢MIIM IPOMBILITICHHOCTH, TPAHCIIOPTA, CBSA3U, 00OPOHBI U HHOTO HECEIIBCKO-
XO3SIHCTBEHHOTO Ha3HAYCHMUSL.

Karouegvie cnosa: mecropoxaenue "baiiremup”, sinepHble HCIIBITAHUS, PAJMOIKOIOT U, PaJiU-
0aKTHBHOE 3arpsi3HEHNE, PAANOHYKINABL, TIOYBbI, PACTUTENILHBINA TIOKPOB, MPOAYKTHl MUTaHUS, CLIEHA-
puH TIOBeIeHH S, roioBas 3G deKTHBHAS 1032
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CURRENT RADIOLOGICAL SITUATION AT "ESYMZHAL" DEPOSIT

Ossintsev A. Yu., Mustafina E. V., Korovina O.Yu., Subbotin S.B.,
Aidarkhanov A. O.

Institute of Radiation Safety and Ecology NNC RK, Kurchatov, Kazakhstan

This paperreports on the radio-ecological research at "Esymzhal" deposit territory lo-
cated in the south-western part of STS. The investigations established that the content of artificial
radionuclides at the surface within the deposit is mainly caused by global fallout. At present the radia-
tion situation at the deposit is stable and does not require special measures for radiation safety. The
results show that on the surveyed area the population may stay without limit of time. However, due to
close location of test sites with high levels of radioactive contamination, which can lead to a change in
the radiation environment on the studied areas, it has been recommended to ensure radiation safety of
staff and products, to create a radiation monitoring system, which provides control of the main probable
routes of contamination to the territory of the deposit.

Keywords: Esymzhal, deposit, "Degelen" site, hydrogeology, radionuclide contamination, un-
derground nuclear explosions, “’K, 2*Th, ***Ra,'*’Cs, *Sr, **?*Pu.

INTRODUCTION

Esymzhal deposit is situated the south-western part of STS and includes three small
deposits "Dauletpay", "Central-Southern" and "Northern" located close to each other (Fig-
ure 1).

Near the deposit the former test grounds "Sary-Uzen" (~ 20 km), "Aktan-Berli"
(~ 30 km) and "Degelen" (~ 45 km) are located. These grounds have environmental objects
subjected to considerable radioactive contamination which due to various reasons both natu-
ral (water transfer) and anthropogenic (unintentional transfer of radioactive materials) may
cause changes in radiation situation on the considered deposits.

On the territory of the examined deposit manganese ores are mined. The ore is mined
by the open-pit mining as the ore body is located close to the surface. The housing area for
the working staff of "Temirtauskiy electrometallurgy enterprise" mining the deposit is also
located near the deposits (Figure 2).

In 2010 the radio-ecological survey of the Esymzhal deposit was carried out. The aim
of survey was to assess radio-ecological conditions in housing and working zones located
on the territory of the deposit, to develop recommendations for organization of the radiation
control system providing control of the most probable ways of radioactive contamination
transfer.
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Figure 1. Location of Esymzhal deposit on the STS territory

1. EXPERIMENTAL PART

As the deposits "Central-Southern" and "Northern" are located close to each other,
their examination was carried out according to a united scheme (Figure 2). Taking into ac-
count close location of all areas (at the STS scale), the mechanisms of radiation impact of the
nearby test grounds on the deposit and the housing area must be the same. As a result, there
was taken a decision on joint assessment of the influence of radiation—hazardous factors on

the working staff and products produced by them.

370



Ensuring the work safety on the STS
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Figure 2. Examined area of the deposit

The survey included examination of distribution of radiation parameters (EDR and
B-particles flux density) on the territory of the deposit and in the living quarters, studying of
the concentration of natural and artificial radionuclides in the environmental samples (soil
cover, surface and ground waters, air). The scheme of points where environmental samples
were taken is shown in the figure (Figure 3).
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Figure 3. Scheme of environmental sampling points
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1.1. Investigation of radioactive contamination of soil cover

Radiation parameters on the examined areas were measured in the nodal points of
the survey network (for living premises - 1x5m, territory of the living zone — 10x5m, terri-
tory of deposits — 100x50m) and between the points in the "Search" regime according to the
technique of gamma-background measurement on territories and in premises [1]. To estimate
soil cover radioactive contamination, the samples of the surface soil layer were taken. The
samples were taken with account for the relief of the area, location of natural and man-
made objects, location of industrial and living areas, driveways and spots with high radiation
background identified during pedestrian surveying. The scheme of points of sample taking
is shown in the figure (Figure 4). The area of point sampling was 200 cm?, depth 5 cm. The
samples were taken and packed according to the requirements to taking soil samples for gen-
eral and local contamination [2]. In all samples the concentration of natural (**K, ***Th, *Ra)
and artificial (**’Cs, °°Sr, 2*?*2*Pu) radionuclides was determined.

1.2. Investigation of radioactive contamination of aquatic environment

The most probable source of radionuclide penetration into the aquatic environment
on the examined area is radioactive contamination of the test ground "Sary-Uzen" [3]. Ra-
dioactive contamination of the aquatic environment is most probably caused by the artificial
radionuclide *H. To estimate radionuclide composition of the aquatic environment samples
of surface, ground waters and the water from the open-pit were taken. The sampling points
are shown on the map (Figure 3). Water samples are placed in hermetic polyethylene ves-
sels. The sample volume used to determine concentrations of artificial radionuclides *’Cs,
%Sr and #°"2*Pu was not less than 10 liters, for tritium — 1.5 liters. All in all, 8 water samples
were taken; all 8 were analyzed for the presence *H, and in one sample concentration of all
radionuclides was analyzed.

1.3. Studies of air radioactive pollution

The most probable sources of radionuclide penetration on the day surface are con-
sequences of tests on the test ground "Opytnoye pole"(Experimental field), namely, ra-
dioactive traces of the test on 05.10.54 and radiation contamination on the test ground
"Sary-Uzen" [3].

Long-term examinations of the STS territory [11] showed that even for large-area
sources of radionuclide contamination of day surface such as "Opytnoye pole", considerable
radioactive contamination of the atmosphere surface layer may be caused only by man-made
dust (movement of cars and works causing rise of large amounts of dust) and by steppe fires.
It is confirmed by the results of some targeted investigations which were made in Kurchatov,
in northern and western parts of the STS. The results [4] confirmed the absence of signifi-
cant radionuclide contamination of atmosphere in the region under different meteorological
conditions.

As open-pit mining of the deposit is a type of work producing large amounts of dust,
radioactive contamination of the air basin over the deposit territory was studied. To study the
contamination of the air basin, samples of air aerosols were taken to determine contamina-
tion of the atmospheric air by natural and artificial radionuclides in the production zone and
camp for workers.
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EDR was measured in 912 fixed points and in "searching" regime between points.
EDR values in the examined area varied from 0.11 to 0.21 uSv/h. EDR distribution was stud-
ied not only on the deposit but also detailed examination was made in the housing zone. EDR
values in the housing zone varied from 0.10 to 0.15 uSv/h.

To study radioactive contamination of the atmospheric air, acrosol samples were
taken. The samples were taken on the examined area with account for location of industrial
objects, production and camping zones. To take samples a mobile air sampler "JAP-50" of
productivity of 50-60 m*/h was used. As a filter material we used cloth "Petryanova". The
working area of the filter was 250 cm?. Sampling lasted for 8 hours without interruptions. The
volume of pumped air for each sample was 400 m>.

1.4. Laboratory analyses of environmental samples

Concentration of natural and artificial radionuclides in all environmental samples was
measured and analyzed using radiochemical, gamma-spectrometric and scintillation tech-
niques according to [5-9].

2.  INVESTIGATION RESULTS

2.1. Radiological situation on the deposit lands

EDR was measured in 912 fixed points and in "searching" regime between points.
EDR values in the examined area varied from 0.11 to 0.21 uSv/h (Figure 4). EDR
distribution was studied not only on the deposit but also detailed examination was made in
the housing zone. EDR values in the housing zone varied from 0.10 to 0.15 pSv/h. In living
and subsidiary premises EDR did not exceed 0.13 pSv/h. The density of B-particles on the
territory of all examined areas was below the detection limit of used measuring devices
(10 particles/min*cm?).
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Figure 4. EDR distribution on the studied territory
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To analyze EDR distribution, statistical data processing was made. The prepared
sample included all measurements of radiation parameters. To make data processing valid
we calculated anomalous values in the sample. As a result of calculations, 1 anomalous value
— 0.21 puSv/h was removed. The analysis of EDR distribution showed that the results of
measurements ranged from 0.11 to 0.19 uSv/h.

To estimate the values of the EDR distribution the variational curve below was drawn
(Figure 5).
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Figure 5. Variational curve for distribution of the number of EDR measurements.

The variational curve shows that the distribution of radiation parameters has a shape
close to the normal (natural) distribution with a slight left asymmetry. The left asymmetry is
caused by the detection limit of the used devices.

Based on the above results we can make a conclusion that the values of radiation
parameters in the examined territory do not exceed the background values. EDR values mea-
sured in premises do not exceed the dose rate for the open air by more than 0.2 pSv/h, hence,
according to NRB-99 no additional protective measures to reduce radiation background in
premises are needed [1]. The distribution of radiological parameters does not have any anom-
alies and its shape is similar to that of the normal distribution. The dispersion of radiological
parameters may be caused by many factors forming radiation situation (natural fluctuation
of measured radiation parameters, increased activity of natural radionuclides in lithosphere,
etc.) and uncertainty (error) of measurements.

2.2. Areal radionuclide contamination of soil cover

Soil samples taken on the "Esymzhal" territory were analyzed on the specific activity
of natural and artificial radio-nuclides.

The concentration of radionuclides in soil according to the results of laboratory
analyses and their distribution on the examined area are shown in figures (Figure 6, Figure 7).
It should be noted that many measurements gave the radionuclide specific activity below the
minimal detectable activity of used measuring devices, but to calculate average values we
took the values of the detection limits, which gave artificial increase in the average value.

The concentration of natural radionuclides on the examined territory corresponds to
the natural background of the area. Such concentration is typical of the soils of Semipalatinsk
Test Site [2,3], no geochemical anomalies were discovered.
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In order to estimate artificial radionuclide contamination of soil cover the obtained
results were compared with the background of global fallouts [1, 2, 3, 4, 5, 6, 7, 8], criteria
of estimation of ecological situation on the territories [9] (Table 1) and the Radiation Safety
Standard state regulatory doc — Radiation Safety Standards NRB-99 [10].

Table 1.
Parameters of soil radioactive contamination [21]

Characteristic Relatively
Parameter Environmental Environmental satisfactory

disaster emergency condition

Radioactive contamination, Bq/kg*

Cs-137 over 18,500 6,938 — 18,500 Up to 6,938

Sr-90 over 1,388 462 - 1,388 Up to 462

Pu (total isotopes) over 46.3 23.1-46.3 Upto23.1

Note: * specific activity calculated for the soil layer of 5 cm deep and soil density 1.6 kg/dm?

Specific activity of artificial radionuclides '*’Cs, *°Sr, ! Am and »*°?*°Pu in the 5-cm
soil layer is considerably (2 orders of magnitude) lower than the permissible levels MZUA
for such radionuclides and is at the background level of global fallouts [10]. The map shows
areal distribution of radionuclides '*’Cs and ! Am (Figure 7). According to criteria of assess-
ment of ecological situation the examined territory can be referred to the category "relatively
satisfactory situation". The results of radionuclide contamination studies showed that radio-
logical situation on the territory of "Esymzhal" deposit is not hazardous in terms of radioac-
tive contamination.

2.3. Radioactive contamination of aqueous environment

To study potential radioactive contamination of aqueous environment in the vicinity
of the deposit, both ground and surface waters were studied. In 2011 samples of water inflow
into the open-pit have been analyzed.

The results of laboratory analyses of water samples are presented in the tables (Table 2,
Table 3).

Table 2.
Specific activity of tritium in water, kBq/kg
ii‘i':l‘:l;‘f Slz'c‘;‘z:)'l‘lg 2006 2007 2009 2010 2011

1 Well K-2 <0.17 <0.013
2 Well K-3 <0.17

3 Well 5 <0.007

4 Hollow <0.007 <0.007 <0.012
5 Spring <0.007 <0.007 <0.012
6 Draw well <0.015 <0.012
7 Well 6 <0.007

8 Open pit <0.013
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Table 3.

Specific activity of natural and artificial radionuclides in water, Bq/kg

Sampling Sampling Sampling oK | 2Th | 2Ra | #'Am | #Cs NSy 239240py
point No location year

6 Draw well 2010 <5 <0.7 | <03 | <05 | <02 | <0.01 <0.006

The results of laboratory analyses showed that the concentration of artificial
radionuclides did not exceed the minimal detectable activity of used measuring devices. Based
on the above data we can make a conclusion that the specific activity of natural and artificial
radionuclides in water is much lower that the intervention level for people in case of intake
with water and food [10]. It is necessary to take into account that during mining of Esyzhamal
deposit, the pit dewatering may cause formation and swelling of the depression cone (drainage
cone), which can cover places where in the past underground nuclear explosions were made.
Possibility of inflow of tritium-contaminated ground waters from "Sary-Uzen" test ground
to the deposit ground waters is a real radiation hazard for employees working in the open-
pit of the deposit. It must be taken into account that tritium is transferred with water and is
not absorbed by rocks. Hence, when the depression cone swells, in rather short time periods
tritium-contaminated ground waters can inflow into deposit waters. Under such conditions,
on-line inspection and forecasting of groundwater quality can be made only based on the data
of groundwater monitoring, which must take into account some probabilistic hydrodynamic
features of formation of the water inflow into the open-pit.

2.4. Radioactive contamination of air basin

The results of laboratory analyses (Table 4) shows that the activity of artificial ra-
dionuclides in the air acrosol samples is lower than the minimal detectable activity of the
measuring device and does not exceed the values of permissible volume activity both for the
working staff (PVA_ ) and the people living in the area (PVA ) [10].

Table 4.
Specific activity of natural and artificial radionuclides in samples of air aerosols

s Sampling | *'Am, | “Cs, 2Ra, BITh, YK, Al gy, %S,
point Bgq/m*® | Bg/m? Bq/m? Bq/m? Bq/m? Bq/m’? Bq/m?
Camp <2:10* | <3:10*| 2-10°+ 510 | <2-10° | 1-102+2-10° | <2-10° | <1-10°
Openpit | <1:10* [ <3-10*| 2:10°£4-10* | <1-10° | 1-102£1-10° | <2-10° | <1-10°
Openpit | <2:10* | <5-10*| 2:103+5-10* | <2-10° | 1-'10%+ 1-10° | <2-10° | <1-10°
Openpit | <1-10* [ <2:10%| 3-10°£5-10* | <1-10° | 1-10%£1-10° | <2-10° | <1-10°
PVA,_ .. Bq/m’ 2.5 2.1-10 1.7-10° 0.19 3.8:10° 5.3:10" 3.3-107

PVA . Bg/m? 3.0-102 | 2.9-10°3 27 49-10° 31 2.5:10° 2.7

In addition to estimation of air contamination with natural and artificial radionuclides
we also studied equivalent equilibrium volume activity of daughter decay products (DDP
EEVA) of radon isotopes. In 8 premises of the workers’ camp the DDP EEVA values were
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measured for ??2Rn and *Rn. The DDP EEVA values for ?Rn ranged from 23 to 68 Bq/m®.
All EEVA values for 2°Rn did not exceed the detection level of the device < 4 Bg/m®.

The EEVA for *’Rn in the examined premises did not exceed the equivalent equilibrium
volume activity of ??Rn daughter decay products in the air of living premises, 200 Bg/m*h
according to NRB-99 [10].

CONCLUSION

This research enabled to obtain distribution of radiation parameters in the examined
area and to study characteristics of radionuclide contamination of soil cover, air and aquatic
environment.

At the present time radiation situation in the neighborhood of the deposit is stable and
does not require taking of any special radiation safety measures. The obtained results show
that people can stay on the examined area without any time limitations.

However, it should be noted that close location of the former test grounds with high
levels of radioactive contamination, which due to different natural (dust and water transfer)
and man-caused (unintentional transfer of radioactive materials) reasons, may cause changes
in the radiation situation in the studied area. To provide radiation safety of the staff and
products, it is necessary to create a radiation control system envisaging control of the most
probable ways of radioactive contamination transfer to the territory of the deposit.
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"ECIMKA/1" KEHOPHBIHBIH KA3IPI'T YAKBITTAFbI
PA/THOISKOJIOI' MAJIBIK XA/I-AXYAJIBI

Ocunues A.1O., Mycradpuna E.B., Koposuna O.10., Cy66orun C.Bb.,
Aiinapxanon A.O.

KP ¥A0 Paouauuansik Kayincizoik y#cane IK0a102uA UHCHUIMY b,
Kypuamoes, Kazaxcman

byn xymeicta, CCII aymarblHBIH OHTYCTIK-OaTbic Oemirinae opHanackan "Ecimkan"
KCHOPHBIHBIH ayMarblHA JKacalFaH pPaJAHOd’KOJIIOTMSUIBIK 3CPTTCYNepIiH JepeKTepi KenTipiiareH.
JKacanran 3epTTeynepaiH HOTHXKECIHIE, KCHOPHBIHAAFbl ayMaKThIH OeTKi KaOaThIHAAFbl TEXHOTEH/I
PaTMOHYKIHITEPIIH KYpPaMbl HETI3iHEH, FajJaMIbIK TycyJepre OailaHbIcThl miaprTamrad. Kasipri
YaKbITTa KCHOPHBIH/AFbI PAJAHALIMSIIBIK JKaFIail TYPaKThl JKOHE paJHalMsUIbIK Kayilci3nik OoibiHIIa
apHaiipl mIapagapabl YUIMAACTBIPYAbI KKET CTIeiIi. ANBIHFaH HOTIDKENEPACH KOPETiHIMI3, 3epTTe-
TeH ayMaKTa TYPFBIHAp IIEKTeyCi3 yaKbIT OOMbIHAA JKYpyiHe Oonagsl. Anaiina, 3epTTeireH ayMaKThIH
paaMansIIbIK JKaFIalibIHBIH ©3repyiHe ajblll Kellyl MYMKIH paJHOaKTHBTI JIaCTaHy JCHICeHi sKOFapbl
ChIHAK aJlaHIapbl )KaKbIH OpPHAJIACybIHA OaiIaHbICThI, KbI3METKEPIICPAiH XKOHE HIBIFapbUIATHIH OHIMHIH
paMalMsUIBIK KayiNCi3IiriH KaMTaMachl3 eTy YIIiH, KeHOPHBIHBIH ayMarblHa PAAXOAKTHBTI JIACTAHYIbIH
Tycyi OOJDKaHFaH HETI3T1 KOJIIapbIH OaKbUIAyIbl KAMTAMAachl3 €TETiH paIualisIIbIK OaKblIay KYHeCiH
KYPY YChIHBUIFaH.

Tyitin cosdep. Ecimxai, keHopHBI, "JlereneH" ajgaHbl, THAPOreOIOr s, paJHOHYKIM/ITI JlacTa-
HY, JKepacThI SIPOJIBIK xkapbuibicTap, K, 22Th, **Ra,"¥’Cs, *°Sr, 3*"24Py.

COBPEMEHHOE PA/THO3KO/IOTHY9ECKOE COCTOAHHE
MECTOPOKJEHHUA "ECBIMKAT"

Ocunues A.1O., Mycrapuna E.B., Koposuna O.10., Cyoo6orun C.b.,
AiligapxanoB A.O.

Hucmumym paouayuonnoit 6ezonacnocmu u yxkonozuu HAI] PK,
Kypuamoes, Kazaxcman

B nacrosmeit padore mpecTaBieHbl JaHHBIC PaJIHOIKOIOTHUCCKUX UCCIICIOBaHHIA HA TeppHU-
Topun MectopoxaeHus "Ecbivkan, pacrmonokeHHOTo B foro-3anagHoil yactu teppuropun CUIL B
pe3ynbTaTe MPOBEICHHBIX UCCIICIOBAHUN YCTAHOBJICHO, YTO COMCPIKAHNE TEXHOTCHHBIX PaJHOHYKITH-
JIOB Ha THEBHO# IIOBEPXHOCTH TEPPUTOPHH MECTOPOIKICHHUS 00YCIIOBIIEHO, B OCHOBHOM, TJIOOATbHBIMU
BBINAICHUSIME. B HacTosiIIee BpeMs paraliiOHHasi 00CTaHOBKA HA y4aCTKE MECTOPOIKICHHUS CTaONIIb-
Hasl ¥ He TpeOyeT MPUHATHS CIEIHATBHBIX MEp M0 PaaHallioHHO# Oe3omacHocTu. [lomydeHHbie pe-
3yJBTaThI MIOKA3BIBAIOT, YTO Ha 00CIICIOBAHHON TEPPUTOPUH HACEICHIE MOXET HAXOMUThCs Oe3 orpa-
HHUYCHUS 110 BpeMeHH. TeM He MeHee, B CBSI3U ¢ OJIU3KUM PaCHOIOKESHUEM HCIBITATEIbHBIX [LUIOMIAT0K
C BBICOKMMH YPOBHSMHU PaJIHOAKTHBHOTO 3arPsA3HEHMUS, KOTOPOE MOXKET MPUBECTH K I3MEHEHHUIO paia-
MUOHHOU 00CTAaHOBKH Ha M3y4YEHHBIX TEPPUTOPUSIX, PEKOMEHIOBAHO JUTs 0OCCIICUCHUSI PAJHAIHOHHON
6€30MacHOCTH COTPYAHUKOB U TPOU3BOIMMON MPOMYKIMH CO3/IaHUE CUCTEMbI PAAMAIIMOHHOTO KOH-
TPOJISA, MPEAYCMATPUBAIOIICH KOHTPOJIb OCHOBHBIX BEPOSTHBIX MyTEH MOCTYIUICHHS PaJNOAKTHBHOTO
3arpsi3HCHUS Ha TEPPUTOPUIO MECTOPOIKICHHSL.

Kniouesvie cnosa: Ecweimkan, MectopoxaeHue, mmiomanka "Jlerenen", ruaporeonorus,
PaaMOHYKJIHMIHOE 3arpsA3HEHKeE, oI3eMHbIE saepHbie B3pbIBbL, K, 232Th, 22Ra,'3’Cs, *Sr, 239*24Py,
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ON THE PROBLEM OF RECONSTRUCTION OF DOSES TO PEOPLE
LIVING AROUND THE SEMIPALATINSK NUCLEAR TEST SITE

'Bitenova M.M., 'Bryantseva N.V., 'Lukashenko S.N., !Galich B.V.,
1Zhadyranova A.A., 'Kashirsky V.V., 'Meshcheryakova A.V.,
Pivovarov S.P., ’Rukhin A.B., *Seredavina T.A.,
3Cherednichenko O.G., 3Gubitskaya E.G., *Baygushikova G.M.

Institute of Radiation Safety and Ecology NNC RK, Kurchatov, Kazakhstan
’Institute of Nuclear Physics NNC RK, Almaty, Kazakhstan
3Institute of General Genetics and Cytology, Almaty, Kazakhstan

The paper reports on the assessment of doses to the population exposed to radiation caused by
nuclear weapon testing at the Semipalatinsk Nuclear Test Site. Sarzhal village is taken as a model; it is
located in the range of the nuclear explosion fallouts, the population of which goes to the site during
their work. Radionuclides content was investigated in the bodies of people using indirect methods
(determination of radionuclides in urine), direct studies with body counter, as well as estimation of
cumulative external doses in tooth enamel by EPR and determination of number of chromosomal
aberrations.

Assessment of the cumulative external doses in tooth enamel by EPR dosimetry indicates
heterogeneity of the population and likelihood of additional exposure of individuals from other
sources of ionizing radiation. Assessment of cumulative dose by the method of studying chromosomal
aberrations indicates increased, compared with the control, detection level of markers of radiation
exposure in the population of Sarzhal villagers, upon that no link was found between frequency of
detection of chromosomal aberrations and duration of residence in the territory.

Given the long time passed, insufficient information about radiation environment in the locality
and on individual absorbed doses, more sensitive detection methods are to be used for determination
of internal radionuclides content and for the choice of persistent biological markers of radiation
exposure.

Keywords: retrospective dose assessments, Semipalatinsk Test Site, WBC, artificial
radionuclides, cesium-137. americium-241. plutonium isotopes, tritium, EPR dosimetry

INTRODUCTION

Situation analysis. Issues of control of radioactive substances intake into human
body and their contents have always been important in radiation protection. This is because
radioactive substances can be accumulated in body and re-distribute in tissues reaching in
some specific organs the levels which may be unsafe for human health. Development of
reliable intake assessment methods and assessment of biological effects from radioactive
substances in human body is fundamental in minimizing the consequences from exposure of
the population, its medical and social rehabilitation.

The issue of dose reconstruction is of particular importance for people living within
former Semipalatinsk Nuclear Test Site (STS) impact zone, due to temporal remoteness from
the exposure episodes and lack of comprehensive information about radiation environment of
the past years, possibility of additional exposure from medical treatment, economic activities
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in the territories contaminated with radionuclides. Since long time has elapsed after the nuclear
tests, currently the major threat is internal human exposure from food and air inhaled.

Upon that currently there is no any method that would allow reliably determining
individual cumulative effective doses. Only a combination of different methods will bring us
close to the estimation of cumulative doses and to assess the potential risk for human health.
To solve the problems of radiation dose reconstruction, currently the following is used: meth-
ods for determining internal contents of radioactive substances in body, assessment of exter-
nal cumulative doses by EPR of tooth enamel, methods of biological indication of radiation
exposure based on identification of cytogenetic markers.

Review of dosimetry methods. The major dose-forming artificial radionuclides today
at STS are '¥’Cs, >'Am, *Sr, 2**?*Pu and *H. Study of contents for each of these radionu-
clides in human body requires use of appropriate methods.

Internal contamination with the radionuclides '*’Cs, ' Am, *Sr, 2**24'Py and 3H is
usually assessed by indirect methods — analysis of such biological samples as blood, hair,
saliva, exhaled air, urine, feces, assessing contents of radionuclides in body. In actual prac-
tice, most often urine is analysed. A weakness of the method is dependence of results on the
physical and chemical properties of the radioactive compounds, deposition and excretion of
radionuclides, functional characteristics of the individual.

Compared with the method for indirect assessment of radionuclides content in bio-
substrates, a method of direct measurements using a whole body counter (WBC) makes it
possible to determine internal doses with the least error. The WBC allows determining the
low specific activities of radionuclides in human body at different body mass and physique
of patient and carrying out intravital determination of incorporated gamma-emitting radionu-
clides in human body. However, in case of 2*24Pu, *Sr - alpha- and beta-decayers, the WBC
cannot determine activities of these radionuclides.

Internal doses, based on determination of radionuclides in human body, are calculated
using the IAEA recommended biokinetic models — mathematical models describing intake,
absorption and retention of radionuclides in various organs and tissues of body and subse-
quent excretion by different ways.

When restoring individual absorbed doses from external gamma radiation in
residents of the regions affected by emergency situations (radioactive contamination of the
environment caused by uncontrolled accidents and disasters, effects of ionizing radiation
on the population caused by nuclear tests), a dosimetry method is employed using electron
paramagnetic resonance (EPR). The basis of this method is quantitative determination of
radiation defects in tooth enamel — the most mineralized and only non-metabolizing tissue
of human body. The main weakness of the EPR method is the need in tooth extraction, and
tooth should have sufficient amount (about 100 mg) of healthy enamel. Another drawback is
a high complexity of analysis, very high cost of basic equipment — the EPR spectrometer and
severe skill requirements to the staff.

During the retrospective dosimetry carried out long time after irradiation, a biological
dosimetry method may serve as an addition to physical dosimetry. In this respect the promising
is an analysis of stable chromosome aberrations, frequency of which is stable for a long time
after irradiation. Effects of age of genome stabilization, as well as a physiological process
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named radiation adaptive response (RAR) under small doses of radiation are also described
in literature. Essence of this phenomenon lies in the fact that preliminary exposure to low
doses reduces the sensitivity of an object to a subsequent damaging effect of high doses of
ionizing radiation [25]. Thus, dosimetry method based on the accountancy of the frequency
of chromosomal aberrations depends on the individual constitutional peculiarities and does
not allow assessing the cumulative doses.

Accordingly, the objective of this study was to assess and develop a methodology for
an integrated approach to dose reconstruction of the population living within Semipalatinsk
Nuclear Test Site impact zone, and to obtain evidence about contents of artificial radionuclides
in bodies of people of the selected cohort.

1. MATERIALS AND METHODS

The works were carried out by the Institute of Radiation Safety and Ecology
(IRSE) NNC RK in cooperation with the Institute of General Genetics and Cytology (IGG
and C), Almaty, and the Institute of Nuclear Physics (INP) NNC RK, Almaty, from May
to October 2010.

The first stage was to develop a questionnaire with questions that reflect radiation
pathway, social status, professional occupation, nutrition, living habits, medical and genetic
history, questionnaire survey and selection of persons to be examined.

At the second stage the respondents were delivered to the Institute of Radiation Safety
and Ecology (IRSE) in Kurchatov, where they were examined during three days. Biological
materials were sampled in accordance with hygienic requirements. All the patients were
examined by the dentist, during the examination sanitation of the mouth and tooth extraction
were carried out. The extracted molars were sent to the INP NNC RK to be studied by EPR
dosimetry method. Blood was sampled in a treatment room of Kurchatov city hospital
for cytogenetic studies. Urine was sampled for radiochemical analysis during three days.
Radiochemical studies and measurements on the WBC were carried out in the background
laboratories of the IRSE used to analyze only background samples to eliminate any of
accidental contamination.

During the entire period of residence in Kurchatov, the examined people ate in the
dining room of IRSE. It was assumed that during this time tritium would be excreted with
urine, so the food and water used in the dining room for cooking were preliminarily analysed
for content of tritium. Based on measurements both in food and water its content was below
the instrumentation detection threshold.

1.1. Subject of the research

Given the objectives of the study, the surveyed group, by the results of the preliminary
survey, included the persons born before the year of 1949 (primary episode), as well as born,
and who came to the territory after 1962. Among the respondents 50 people were selected to
assess the doses.

Breakdown of the examined people by individual characteristics is presented in
Tables 1-3.
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Table 1.
Breakdown of the examined individuals by sex and age
Age Total amount Men Women
30-40 years old 1 1
41-50 years old 9 5 4
51-60 years old 17 14 3
60 years and older 23 18 5
Total 50 38 12
Table 2.

Breakdown of the examined individuals by residence periods in inhabited locality

Total 1949-1962 1963-1992 after 1993

Age amount Men Women Men Women Men Women
30-40 years old 1 1
41-50 years old 9 5 2 1 1
51-60 years old 17 14 2 1

60 years and older 23 18 3 1 1
Total 50 37 7 1 3 2
Table 3.

Breakdown of the examined individuals by professional occupation

Occupation Total amount Men ‘Women
Agricultural activities 32 30 2
Employees 11 6 5
Unemployed 7 2 5
Total 50 38 12

1.2. Assessment of internal doses using indirect methods

1.2.1. Determination of radionuclides in urine by radiochemical method

Urine of the examined individuals was used as a bio-substrate. The urine was sampled
within 72 hours daily. Daily urine was collected in a clean plastic container with a tight screw
cap. The average daily amount of excretion was about 1,500 ml. For preservation of samples
we used concentrated nitric acid — 80 ml of acid per 1.5 litres of sample. The samples were
stored in a refrigerator for 3 days at a temperature of 0—4°C.

From each daily sample, 200 ml of aliquot was taken to determine tritium content.
Next, the taken daily samples were combined into one. The total volume of the sample, thus,
was about 4 litres in three days. For determination of *H in urine the samples were distilled

386




Ensuring the work safety on the STS

with a strong oxidant (KMnO,) on a rotary evaporator. The measurements were performed on
the beta-spectrometer TriCarb-2900 in accordance with the manual [3].

Using a gamma-spectrometric analysis we determined contents of '’Cs and *'Am
in the urine, preliminary physical concentration (evaporation) of samples was carried out
to increase the limits of detection. The measurements were performed in the geometry of a
plastic cylindrical container with a tight screw cap on the three y-spectrometers manufactured
by Canberra Co.: a broadband detector VE5030 and VE3830 (measurement time is 24 hours),
as well as coaxial detector GX2020 (measurement time is 12 hours). The measurement was
carried out in accordance with certified method [2].

The gamma-spectrometric analysis was followed by radiochemical determination
of ?Sr and ***?*°Pu. To destruct the organic component of urine an acid ("wet") ashing of
samples was used and subsequent chemical concentration in accordance with method [4].

1.2.2. Calculation of internal doses

Calculation of dose loads by the results of indirect determination of radionuclides used
the methods presented in the publications of the IAEA and the ICRP [5-9]. These methods
for calculating the dose loads, listed in the publications, are used to calculate the doses after
a long period of time that has elapsed since exposure. These guidelines can be used to assess
the dose loads to the population exposed to ground nuclear tests at STS during the years of
1949-1963. To assess the radionuclide intake into body, an analysis of excreta (urine or feces)
is used to take into account the intake scenarios, biokinetic models of behaviour, as well as
data on the contents of radionuclides in the excreta and time elapsed since intake into the
organism. The method for calculation of doses to the population living within STS zone is
described in detail in reference [10].

The examined population may be characterized by two main models of radionuclides
intake into body: peroral and inhalation. To assess the radionuclide intake into body an
analysis of excreta (urine or feces) is employed to use the data on the contents of radionuclide
in the excreta and the time elapsed since intake into organism.

In accordance with the determined intake an expected effective dose for the period
since the intake is calculated as follows:

M
E=——e(g),
m(t)
where: e(g)j — dose coefficient for the radionuclide j;
M — measured absolute concentration of the radionuclide in the daily ex-
creta, Bq;
m(t) — fraction of radionuclide which remains in body (for the direct meas-
urement) or excreted from body (for indirect measurement) by the time 7 af-
ter intake. The value of m(t) depends on the radionuclide biokinetics, i.e. its
chemical form, intake pathways and the time elapsed after intake, usually
measured in days.
Since M is a value derived from the research of a particular radionuclide in urine, the
emphasis should be focused on the proper selection of dose coefficient e(g)j and the value
of m (t), which are contained in the ICRP publications, but depend on many factors. These
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quantities are determined by biokinetic model of the radionuclide behaviour in body and
excretion from it.

1.3. Assessment of internal doses using direct methods for determining
radionuclides

1.3.1. Determination of radionuclides activity in human body using the WBC
(direct method)

The studies were carried out in the ordinary room using a semiconductor detector
based on high purity germanium. The examined was laid horizontally on a couch; the radia-
tion detector was set under the couch in the projection of the chest. To protect against external
background of natural radionuclide the detector is surrounded by shady shielding. A phantom
was used to calibrate the WBC detection efficiency.

To manufacture the phantom, plastic containers were used, which were placed on
the couch, imitating human contour. The containers were filled with a solution with known
contents of '7Cs and **'Am, prepared by radiochemical separation of these radionuclides
from the soil samples, taken from the STS territory. The total volume of the containers is 56
1. Activities of 1*’Cs and **' Am in the phantom on average was 4.9 + 0.2 Bq/l. The registration
efficiency for the results of three measurements of the phantom was for *’Cs — 0.017 % and
for 2"Am — 0.104 %.

To record the Compton scattering of gamma-rays from “’K contained in the body of
every person, we constructed experimental dependences of background count rise in the
registration of 2! Am and '*’Cs of the activity of “K. Similar dependences were constructed
for the rise of background count in the registration of 2! Am on the activity of '*’Cs in the
test object. The result of the measurement is the amplitude spectrum, which is processed in
a semiautomatic mode with software and comes to determining the total absorption peak for
37Cs and **'Am. Activities of incorporated radionuclides are calculated according to:

S

A=
EXmXnxt
where: A - specific activity, Bq/kg,
S - total absorption peak in the registration window of the radionuclide,
€ -registration efficiency of the radionuclide, calculated based on the results
of phantom measurements,
m - weight of the examined, kg,
M - quantum yield of radionuclide gamma-line,
t - spectrum acquisition time, sec.
Minimal detectable activity at spectrum acquisition time of 60 min and body weight
of 80 kg of the examined was 2*' Am — 240 Bq and for '*’Cs - 200 Bq.
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1.3.2. Assessment of dose loads at internal intake of the radionuclide '*’Cs using
direct methods

In calculating the average annual individual effective doses using the data of the WBC
measurements there was accepted a model of equilibrium content of '*’Cs in the body, when
the average value during the year of the daily intake of radionuclide corresponds to its aver-
age daily excretion. The average annual individual effective dose is determined according to

25, 26]-
l H Q
E=k, — Y %
d n ;Mf

where: k,— dose coefficients for adults equal to 2.3 mSv*kg/kBq*year;

Qi — content of *’Cs in the body of i-th person according to the WBC-meas-
urements, kBq;

Mi — weight of i-th person, kg;

n — number of the examined on the WBC.

At the moment, there are methods for calculation of individual effective doses using
data of WBC from *'Am at its one-shot intake. However, due to lack of methodology for
calculation of individual effective doses using data of WBC from ?*' Am at its chronic intake,
to assess the expected dose loads at peroral and inhalation intake of radionuclide >*' Am it was
decided to use the software MONDALZ3 developed by the IAEA.

1.4. Assessment of external dose with electron paramagnetic resonance
(EPR)

Teeth for EPR analyses and determination of the absorbed doses were prepared in
compliance with the standards of RF [14], taking into account recommendations [15] and
recent experience obtained within the international experiment "Intercomparison" organized
under the aegis of the IAEA. In EPR analysis we used teeth pulled out for medical reasons. A
prepared and disinfected tooth was accompanied by questionnaire form, filled in by a dentist.
The tooth was cut by jet of water into 2 parts — crown of tooth and root. Crown of tooth was
used for analyses.

To assess the quality and classify the tooth enamel samples for total absorbed dose
reconstruction using the EPR method, the teeth samples were pre-treated in an ultrasound
bath. The ultrasound treatment was carried out in 20% solution of NaOH at empirically
chosen power of the ultrasonic bath. To remove extraneous paramagnetic centers and the
alkali residue, the tooth was treated by acetic acid solution and thoroughly washed with
distilled water. Then, a dental drill completely removed the dentine. The granules of enamel
were ground in an agate mortar. Fractions from 0.1 mm to 0.8 mm were taken for analyses.
The prepared samples of tooth enamel were degreased by successive washing in acetone,
distilled water and alcohol and dried at a room temperature.

We used an EPR-spectrometer type ESP 300E manufactured by "Bruker" with a
cylindrical resonator 9601zr330 and operating 3.2 cm wavelength. The minimal detectable
dose is 50 mGy, the error depends on the dose value and mass of the enamel analysed. On
average, one can accept the error of about 10-20%. Upon that it should be noted that the
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cumulative external individual doses from natural sources of radioactivity are in the range of
0.1-0.2 Gy for the entire life. The external doses, cumulative as a result of standard medical
examinations, are of 0.01 R.

1.5. Assessment of doses with chromosomal aberrations

During the works peripheral blood samples were taken from 50 people living in
Sarzhal village. The villagers of Tausugur of Almaty Region were taken as a control group.

A method of peripheral blood lymphocytes culture technique was used. The blood
of the examined was sampled from the cubital vein at a rate of 5.0 ml with an addition of
heparin. Lymphocytes were cultured in growth medium RPMI-1640 with an addition of 15%
calf serum, PHA (Pan-ECO) (0.1 ml per 5 ml of medium) for growth, 0.1 ml of streptomycin,
and 0.1 ml of penicillin. The cells were incubated at 37°C during 48 hours. To accumulate
metaphase plates in culture medium 2 hours before the fixation a colchicine was added at a
final concentration of 0.1 mg per 1 ml. Chromosome preparations were made by the standard
method: after centrifugation for 5 min at 1,200 r/min a 0.56% solution of potassium chloride
was added for hypotonic treatment of the cells and incubated in a water bath for 15 minutes
at 37°C. The fixation was performed with a mixture of methanol and glacial acetic acid (3:1).
The made cell suspension was transferred to the cold wet glass slides. After drying, the
obtained preparation was stained with the 2% Giemsa dye.

In the analysis of metaphase plates a number of cells with aberrations and the number
and type of aberrations per 100 analysed metaphases were determined. The obtained data
were processed using standard statistical methods.

2.  RESULTS AND DISCUSSION

Assessing the impact of artificial radioactive contamination on the population health
living in an area of influence of the Semipalatinsk Nuclear Test Site remains a complex
methodological challenge; to solve these problems, comprehensive studies were carried
out to see the contribution of artificial radionuclides in shaping the cumulative doses to the
population living in Sarzhal village.

The examined cohort was represented by persons residing directly during the formation
of dose loads in the studied area, and by those moved in later. The main group included
44 people living in the village Sarzhal since 1949 to present. The comparison group had 6
people who moved in or were born in Sarzhal after 1963. The main part of the examined was
engaged in agricultural activities, increasing the risk of exposure due to inhalation factor.
In order to assess the possible impact of non-radiation factors in the formation of biological
effects, further criteria were studied influencing the genetic homeostasis. Of those examined,
smokers were 18 people, 8 patients were reported to have oncological diseases in family
history, 11 — pregnancy failure and congenital anomalies.

2.1. Contents of artificial radionuclides in urine

Table 4 presents the results of determining the specific activity of radionuclides in
urine of the people surveyed.
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Table 4.
Specific activity of radionuclides in urine
Specific activity of radionuclides, Bq/kg

DOnOr # 40K 241Am 137Cs SH* 90Sr 239+240Pu
01 60+8 <1 <0.27 <12 <0.1 <0.0012
02 80+8 <0.07 <0.09 <12 <0.1 <0.015
03 100£2 <0.04 <0.05 <12 <0.1 <0.003
04 43.545 <0.06 <0.07 <13 <0.1 <0.003
05 12044 <0.07 <0.09 <13 <0.1 <0.004
06 105+3 <0.05 <0.05 <13 <0.1 <0.006
07 3443 <0.35 <0.006 <12 <0.1 <0.00231
08 60+6 <0.41 <0.08 <13 <0.1 <0.008
09 70+8 <1.61 <0.27 <12 <0.1 <0.0037
10 52.2+0.4 <0.003 <0.01 <12 <0.1 <0.0028
11 18.2+0.4 <0.009 <0.009 <12 <0.1 <0.00157
12 70+8 <0.38 <0.07 <16 <0.1 <0.0034
13 80+8 <2 <0.33 <12 <0.1 -
14 7.1£0.4 <0.006 <0.01 <12 <0.1 <0.0066
15 36+4 <0.102 <0.02 <12 <0.1 <0.0019
16 42.241.1 <0.027 <0.025 <13 <0.1 <0.0078
17 67.7+1.2 <0.007 <0.01 <13 <0.1 <0.00266
18 100+10 <1.7 <0.3 <14 <0.1 <0.0016
19 30+3 <0.21 <0.06 <19 <0.1 <0.0009
20 95+10 <0.7 <0.3 <19 <0.1 <0.00205
21 20+2 <0.2 <0.06 <19 <0.1 <0.00104
22 20.5+0.6 <0.004 <0.006 <19 <0.1 <0.0007
23 7247 <1.2 <0.27 <18 <0.1 <0.0025
24 80+8 <0.9 <0.15 <19 <0.1 <0.0013
25 4144 <0.008 <0.024 <18 <0.1 <0.00591
26 24.5+1 <0.007 <0.011 <18 <0.1 -
27 27.6£1.4 <0.009 <0.014 <17 <0.1 <0.0015
28 35+4 <0.35 <0.07 <17 <0.1 <0.0017
29 46+5 <0.43 <0.06 <18 <0.1 <0.00145
30 43.2+-0.9 <0.05 <0.008 <19 <0.1 <0.00215
31 47.4+1 <0.006 <0.014 <19 <0.1 <0.00404
32 62+6 <1.8 <0.33 <18 <0.1 <0.0047
33 5546 <0.32 <0.06 <18 <0.1 <0.00111
34 8.5+0.4 <0.005 <0.008 <19 <0.1 <0.00419
35 65+7 <0.3 <0.06 <18 <0.1 -
36 30£3 <0.41 <0.07 <18 <0.1 <0.0021
37 40+4 <0.8 <0.23 <18 <0.1 <0.00394
38 76+8 <1.3 <0.23 <17 <0.1 <0.00221
39 88+9 <1.7 <0.32 <13 <0.1 <0.0175
40 15.5¢1.1 <0.015 <0.026 <14 <0.1 <0.0298
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Specific activity of radionuclides, Bq/kg

DOnOr # 4l]K 24]Am 137Cs 3H* 9OSr 239+240Pu
41 42+4 <0.38 <0.07 <13 <0.1 <0.01
42 70+7 <1.8 <0.27 <13 <0.1 <0.006
43 42.6+1.3 <0.025 <0.026 <13 <0.1 <0.009
44 3043 <0.41 <0.07 <13 <0.1 <0.0133
45 <20 <1.9 <0.66 <13 <0.1 <0.023
46 20+3 <0.13 <0.03 <13 <0.1 <0.003
47 60+6 <1.6 <0.15 <13 <0.1 <0.005
48 35.3+0.6 <0.012 <0.021 <13 <0.1 <0.009
49 7.1+0.4 <0.006 <0.01 <13 <0.1 <0.006
50 8.5+0.4 <0.005 <0.008 <13 <0.1 <0.006

The studies of the radionuclide contents in the urine indicate that in all analysed sam-
ples the content of artificial radionuclides is below the detection limit of used techniques and
equipment. According to [4], natural specific activity of “°K in the urine is, on average, up to
74 Bq/kg. Thus, the “°K content does not exceed the reference values.

The content of tritium also does not exceed the detection limits of the instrumentation
used. Accordingly, during the works we did not record expected excretion of tritium with the
urine for as long as the examined people resided in the city of Kurchatov. It was assumed that
the urine of Sarzhal residents would contain a certain amount of tritium entering with milk,
which is a staple food, and then, when living in a "clean" area (Kurchatov), and to suspend
intake of tritium into the body its excretion can be assessed, but this did not happen.

Radionuclides *°Sr and ******°Pu were also not detected by the methods used; their
contents are below the detection limits of the instrumentation used.

2.2. Calculation of doses based on the study of radionuclides in urine

According to the methodological recommendations in the IAEA and ICRP publica-
tions, we performed a conservative assessment of intake for the radionuclides *H, *°Sr, '¥’Cs,
239+240py, 21 Am and estimated the dose loads. Since all the data on specific activities of *H,
%08r, 137Cs, 29*240Py, 2! Am in the urine listed in Table 4 are below the detection limit, for a
conservative assessment of the expected dose loads the maximal detection limits were taken
for these radionuclides. Effective dose of internal irradiation was calculated for peroral and
inhalation pathways of intake of 3H, *°Sr, '3’Cs, 24Py, 2! Am.

When calculating the effective dose of internal exposure from inhalation intake of
3H, *°Sr, ¥7Cs, 2#9"24Py, 2! Am, particle sizes were taken into account, i.e. MADA (median
aerodynamic diameter of activity). In case of inhalation intake, to calculate the internal dose
of the population, the [AEA recommends to use MADA equal to 1 micron. When calculating
the effective dose of internal exposure from *H, *°Sr, 1¥7Cs, 239"24Py, 24! Am inhalation intake,
the absorption coefficients by intestine were taken into account. At inhalation and peroral
pathways of intake it is needed to consider the chemical form (type) of incoming compounds
with *H, ?Sr, 1¥7Cs, 29240Py, 2 Am. Since the type of incoming compounds of *H, *’Sr, *’Cs,
239+240py, 21 Am is not known, the calculation was made for all types of chemical forms of
F, M and S of these radionuclides. Given that the assessment of the expected dose load was
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accepted as the upper bound, we compared the calculation results of doses from inhalation
and peroral pathways of intake for types F, M and S of entering compounds of *H, *’Sr, 1*’Cs,
2391240py, 24! Am, and listed the maximal doses.

Table 5 presents the results from the conservative assessment of internal doses based
on the studies of radionuclides in urine.

Table 5.

Assessment of internal doses based on the studies of radionuclides in urine

Radionuclide Type of incoming Internal dose
compounds mSyv over 50 years mSv over a year
‘H <9.2x10"! <1.8x107
"Sr type S <1.3x10° <25
57Cs type F <1.5x10° <31
239+240py type S <3.00%10° 618
HAm type M <4.3x10* <850

Such high values of internal dose limits for *’Sr, 1¥’Cs, 24Py, 2! Am are associated
with a high detection limit. To better assess the contents of *°Sr, ¥’Cs, 24Py, ! Am in
the urine, it is required to increase the urine samples taken and exposure time, or switch to
another type of analysis, such as determination of »****°Pu in urine using the method of ac-
celerative mass spectrometry .

2.3. Calculation of cumulative doses using the results from direct
determination of artificial radionuclides in human body

Table 6 shows the results of determining concentrations of *’Cs and **!Am in the
examined body using a body counter, as well as the results from calculation of dose loads
based on these data.

Table 6.
Results of studies by direct dosimetry (WBC)
Specific activity, whole body Internal dose

137Cs 241Am l37Cs 241Am 137Cs 241Am

i Bq/kg Ba/kg mSyv over mSy over mSyv over mSyv over

a year a year 50 years 50 years
1 <0.27 <1 <6.2x10* <18 <3.1x10? <918
2 <0.23 <1.01 <5.2x10 <19 <2.6x102 <971
3 <0.21 <0.84 <4.8x10* <19 <2.4x102 <954
4 <0.167 <0.69 <3.8x10 <19 <1.9x102 <954
5 <0.26 <1.05 <5.9x10 <19 <2.9x102 <936
6 <0.15 <0.58 <3.4x10* <18 <1.7x102 <883
7 <0.13 <0.53 <2.9x10 <13 <1.5x10 <653
8 <0.14 <0.57 <3.2x10* <13 <1.6x10 <653
9 <0.08 <0.34 <1.8x10 <13 <9.2x102 <653
10 <0.1 <0.43 <2.3x10* <13 <1.1x10?2 <653
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Specific activity, whole body

Internal dose

137Cs 241Am 137Cs 241Am 137Cs 241Am

o B/kg Bq/kg mSy over mSyv over mSyv over mSyv over
a year a year 50 years 50 years

11 <0.17 <0.68 <3.9x10+ <13 <1.9x10? <653
12 <0.12 <0.48 <2.7x10* <13 <1.3x10? <653
13 <0.17 <0.9 <3.9x10* <18 <1.9x10? <901
14 <0.18 <0.9 <4.1x10 <25 <2.0x10? <1250
15 <0.10 <0.5 <2.3x10* <16 <1.1x10? <795
16 <0.12 <0.6 <2.7x10* <17 <1.3x10?2 <830
17 <0.20 <0.8 <4.3x10* 17 <2.1x102 <865
18 <0.18 <0.9 <4.1x10* <18 <2.0x10? <883
19 <0.17 <0.6 <3.9x10+ <12 <1.9x10? <600
20 <0.13 <0.5 <2.9x10* <13 <1.5x10? <636
21 <0.11 <0.4 <2.5x10* <11 <1.2x10? <565
22 <0.11 <0.4 <2.5x10+ <12 <1.2x10? <600
23 <0.17 <0.7 <3.9x10+* <13 <1.9x10? <653
24 <0.12 <0.5 <2.7x10* <13 <1.3x10? <671
25 <0.14 <0.6 <3.2x10* <14 <1.6x10 <706
26 <0.18 <0.7 <4.1x10* <13 <2.0x102 <653
27 <0.14 <0.5 <3.2x10+ <12 <1.6x10 <600
28 <0.17 <0.7 <3.9x10* <14 <1.9x10? <689
29 <0.16 <0.7 <3.6x10* <14 <1.8x10? <689
30 <0.14 <0.6 <3.2x10* <17 <1.6x10? <848
31 <0.12 <0.5 <2.7x10* <17 <1.3x10? <830
32 <0.11 <0.5 <2.5x10* <18 <1.2x10? <901
33 <0.11 <0.4 <2.5x10* <12 <1.2x102 <618
34 <0.09 <0.3 <2.0x10* <11 <1.0x10 <530
35 <0.12 <0.5 <2.7x10* <14 <1.3x10?2 <689
36 <0.12 <0.5 <2.7x10* <13 <1.3x10? <671
37 <0.14 <0.6 <3.2x10* <14 <1.6x10? <689
38 <0.10 <0.4 <2.3x10* <13 <1.1x10? <671
39 <0.16 <0.7 <3.6x10* <14 <1.8x10? <689
40 <0.20 <0.8 <4.6x10* <17 <2.3x10? <848
41 <0.3 <1.2 <6.9x10* <19 <3.4x102 <971
42 <0.2 <0.9 <4.6x10* <19 <2.3x10? <954
43 <0.14 <0.5 <3.2x10* <12 <1.6x10? <618
44 <0.11 <0.4 <2.5x10* <12 <1.2x10? <600
45 <0.18 <0.7 <4.1x10* <13 <2.0x102 <671
46 <0.15 <0.6 <3.4x10+* <14 <1.7x10? <706
47 <0.13 <0.5 <2.9x10+* <14 <1.5x10? <706
48 <0.12 <0.5 <2.7x10* <13 <1.3x10? <671
49 <0.13 <0.5 <2.9x10* <13 <1.5%102 <636
50 <0.11 <0.4 <2.5x10* <12 <1.2x10? <583
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Since all the data on specific activities of '*’Cs and **' Am in human body are below the
detection limit, the maximal limits of detection for these radionuclides were taken calculating
the expected dose loads. According to the results of the conservative assessment, the expected
effective dose of internal radiation from *’Cs will not exceed 3.45x10 over 50 years, from
2Am - 1.25x10° mSv over 50 years. Consequently, the expected effective dose of internal
radiation does not exceed 6.9x10* mSv per year from *’Cs, from **'Am 25 - mSv per year.

The achieved detection limits of specific activity of '’Cs are enough to measure
the dose. However, the limits of internal doses from 2*'Am are high, which is associated
with a high detection limit. To better assess contents of ' Am in human body it is required
to extend the exposure time, make changes in the instrumental base, improve background
characteristics of the protective chamber.

The calculation of cumulative doses based on the studies of radionuclides in urine
and the results from direct determination of artificial radionuclides in human body leads
to the conclusion that it is better to use data from WBC to assess the dose loads from *"Cs
and > Am. When comparing the assessment results of *’Cs and **' Am dose loads based on
determination of incorporated radionuclides by direct and indirect methods, a conclusion
comes that the sensitivity of such assessment based on the direct method is higher than that
of the indirect method.

Calculation of cumulative external dose of tooth enamel using EPR method

Table 7 shows the results of determining the dose loads to the population of Sarzhal
village using the method of EPR dosimetry.

Table 7.

Reconstruction of dose loads to the Sarzhal village population using EPR dosimetry

i EanE Cely otp l?it'eth oi):zf':h of rIe:?;:nce pIgi:::n ]()((});;
1 2 M 1994 Sarzhal Sarzhal r*u*4 0.03
r.L.*6 0.27
2 4 M 1944 Sarzhal Sarzhal fud 035
3 5 M 1960 Sarzhal Sarzhal r.l.6 0.06
4 17 M 1938 Sarzhal Sarzhal ru4 0.28
5 18 M 1949 Sarzhal Sarzhal If.*u.6 0.11
6 22 M 1963 Sarzhal Sarzhal ru.6 0.12
7 23 M 1962 Sarzhal Sarzhal r.l5 0.16
8 26 M 1959 Sarzhal Sarzhal Ifu.5 0.08
9 27 M 1972 Sarzhal Sarzhal r.u.6 0.11
10 33 M 1957 Sarzhal Sarzhal If.1.4 0.16
¥ 16% w*, 1* - right, left, upper, lower

According to Table 6, we can note that there are isolated cases of elevated doses,
which could be obtained due to radioactive fallouts in the area, and also due to other reasons
such as unauthorized access to the contaminated areas of the test site with high background
radiation.
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2.5. Calculation of cumulative dose based on chromosomal aberrations

Sarzhal villagers.

Table 8 presents the results from the study of chromosome aberrations frequency in

Table 8.
Frequency of chromosomal aberrations in residents of Sarzhal village
Cells with |  Total Chromosomal type (%) Chromo-
# | aberrations | aberrations Dicentrict | Tramsloca- | RUPHUIeS, | somal type
(%) (%) Total i tion fragments, (%)
exchanges
1 2 3 1 1 2
2 3.5 5 3 1 2 2
3 4 4 3 3 1
4 9 9 2 2 7
5 1.7 1.7 0 1.7
6 1 1 1 1 0
7 8.6 8.6 7.1 7.1 1.5
8 5 5 0 5
9 5 5.1 4 1 1 2 1.1
10 3.5 3.5 2.5 2.5 1
11 3.5 3.5 2 2 1.5
12 4 4 1 1 3
13 5 5 2 2 3
14 1 2 1 1 1
15 1 1 0 1
16 2 2 0 2
17 1 1 0 1
18 2 2 2 1 1 0
19 3 3 1 1 2
20 1 1 1 1 0
21 1 1 1 1 0
22 1 1 1 1 0
23 3 3 2 2 1
24 1 1 1 1 0
25 2 2 1 1 1
26 1 1 1 1 0
27 0 0 0 0
28 2 2 1 1 1
29 1 1 0 1
30 2 2 0 2
31 3 3 3 3 0
32 3 3 1 1 2
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Cells with Total Chromosomal type (%) Chromo-
# | aberrations | aberrations Dicentric+ | Transloca- Ruptures, | ¢oma type
(%) (%) Total ring tion | MRS | (v
exchanges

33 3 3 1 1 2

34 2 2 2 1 1 0

35 3 3 0 3

36 1 1 0 1

37 0 0 0 0

38 2 3 0 3

39 3 3 0 3

40 1 2 0 2

41 3 3 1 1 2

42 3 3 3 3 0

43 0 0 0 0

44 7.5 9.5 6 6 3.5

45 4 4 1 1 3

46 5 7 5 1 4 2

47 6 6 4 1 3 2

48 2 2 0 2

49 4 4 2 2 2

50 3 3 1 1 2

51 5 6 5 5 1

52 2 2 1 1 1

2.8110.16 3.0240.17 1.4240.12 | 0.115+0.03 | 0.115+0.03 1.240.12 1.60+0.12
K | 0.87+0.1 0.87+0.1 | 0.19%£0.05 0 0 0.19£0.05 | 0.68+0.09
K - control

The frequency of chromosomal aberrations in the residents of Sarzhal comprised
3.02+0.17%, which is almost 3.5 times higher than that in the residents of Tausugur village
of Almaty region - 0.87+0.1%. This village was selected as a reference because, firstly, it is in
ecologically pure mountain region, and secondly, for reasons of comparable results accuracy
— the rural population to be compared with rural, urban to be compared with urban.

The comparative analysis of the aberrations types in the control group (Tausugur vil-
lage) (Figure 1) showed that at the less radical increase in the aberration frequency of chro-
matid type (2.35 times), there are more than 7-fold excess of chromosome type aberrations,
which indicates the predominant influence of genotoxicants of radiation nature.

Analysis of the cytogenetic disturbances spectrum in the examined persons showed
that there were aberrations both of chromosomal type - 1.4210.32 %, and chromatid type
- 1.620.36%. Such a pattern of structural chromosomal disorders may be related to both
radiation and chemical genotoxicants. Aberrations of chromosomal type were presented with
double ruptures and fragments, dicentrics and translocations, of the second - single ruptures,
fragments and inter-chromatid exchanges.
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Figure 1. Distribution of chromosomal aberrations Figure 2. Frequency of chromosomal

structure in the examined persons by aberrations types aberrations in the examined persons

When systematizing the frequency of chromosomal aberrations in peripheral blood
lymphocytes, the surveyed contingent was divided into three groups: those with chromo-
somal aberrations in peripheral blood lymphocytes up to 2%, from 2 to 5% and 5% and
above. The first group (1) includes a cohort of people with spontaneous level, the second (2)
— high and the third ("h") - a high level of chromosomal aberrations (Figure 2). As shown on
the figure, only in 1/4 of the examined (27%), the frequency of disorders did not exceed the
general population spontaneous level for Kazakhstan, in more than half (54%) it was higher
and in 1/5 (19%) — high. Total, in 38 surveyed people (73%), the frequency of chromosomal
aberrations exceeded the spontaneous level for 2-5 times.

31

mupto2%
wover 5% of aberrations; 33%
of aberrations;
19% 29

) .

% of aberrations

= from 2 to 4%
of aberrations; 25
48%
Engaged in activities Engaged in activities
within STS in the village
Figure 3. Frequency distribution Figure 4. Analysis of chromosomal
of chromosome types aberrations in individuals,
in the examined people from Sarzhal depending on the type of employment

Of all the types of chromosomal aberrations, for diagnosis of radiation injuries
most commonly a count of dicentrics, acentric fragments and centric rings, i.e. aberrations
of chromosomal type, is used. In this regard, the aberrations frequency distribution of
chromosomal type (Figure 3) was analysed. Comparison of the diagrams in Figures 1 and
2 shows that there are no fundamental or statistically significant differences between them.
This is another evidence that the increase in cytogenetic disorders is due to an increase in
the number of dicrotic chromosomal rearrangements (dicentrics, rings, translocations,
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double ruptures and fragments) which are markers of radiation exposure; however, since the
frequency of chromatid type aberrations is still raised, in the further analysis we relied on the
overall frequency of cytogenetic disorders.

As it was shown above, there is high variability in the frequency of chromosomal ab-
errations in the studied group. Because they are exposed to radiation, the dependence of this
rate on the timing of human habitation in the village (until 1962, during and after the surface
nuclear tests) was analyzed, as well as on the type of employment - related or not with a visit
to STS (Figures 4 and 5, respectively).

s
3
25

* of abeations 1 Yol

05

Living in Sarzhal vill. until  Arfved in Sarzhal vill. after
1962 and now

Figure 5. Frequency of chromosomal Figure 6. Frequency of chromosomal aberrations
abnormalities, depending on duration in individuals whose blood relatives are ill
of residence in Sarzhal or have died from oncological diseases

As seen from the diagrams, there is no reliable difference between the compared fig-
ures, i.e. the individuals exposed to radiation genotoxicants for a longer time show no in-
crease in the level of cytogenetic disturbances; on the contrary it is even more reduced.

Quantitative assessment of cytogenetic damage in mammalian and human cells at ion-
izing radiation is extremely important because it can serve as a criterion of risk of low radia-
tion doses; as it is well known, genetic alterations play critical role in radiation mutagenesis
and carcinogenesis.

In this regard, we analyzed frequency of chromosomal aberrations in individuals
whose blood relatives are ill or have died from oncological diseases (Figure 6) and in indi-
viduals with a history of unprompted miscarriage, stillbirths and children with disabilities
(Figure 7). As seen from the diagrams, in this study, we failed to reveal the frequency of
cytogenetic damage with carcinogenic and reproductive risk, despite the elevated levels of
these health parameters among the population. This is probably due to either a statistically
small group of the examined or, that is more likely, the genetic disorders that cause increased
risk of these criteria should be sought on a more subtle level of the genetic make-up, rather
than the rough — the chromosome.

There is some evidence that smoking may aggravate the genotoxic effects of different
factors. The smokers and those chewing tobacco have elevated levels of SCE and single
fragment in lymphocytes [23-24]. The results obtained by the authors suggest a synergistic
effect of smoking factor and the whole complex of factors in the process of induced
mutagenesis. Based on this, we analyzed frequency of chromosomal aberrations in smokers
and nonsmokers of Sarzhal residents (Figure 8). As seen from the diagram, although people
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who smoke have somewhat higher frequencies of chromosomal aberrations than nonsmokers
do, but these differences are not statistically reliable.

351
3
25

nonsmokers; 45%

% of abemations i

smokers; 55%

Figure 7. Frequency of chromosomal aberrations Figure 8. Frequency ratio of chromosomal
in individuals with miscarriages, stillbirths, aberrations in smoker and nonsmoker
children with disabilities in the past history residents of Sarzhal vil.

The studies found increased frequency of chromosomal abnormalities in the main
group — 3.0240.17% compared to control — 0.87 £ 0.1%. The high variability in the frequency
of chromosomal aberrations — from 0 to 9.5% in the examined people and lack of relation
with the epidemiological data indicates the population heterogeneity by radiosensitivity crite-
rion. The results presented here also show the incompetence of risk assessment of low doses
by linear extrapolation from the effects of high doses, because biological response to ionizing
radiation varies with the dose due to induction of repair processes, which is "launched" after
a certain threshold of cell damage.

In different individuals from the cohort studied, the frequency of chromosomal aber-
rations varied over a wide range — from 0 to 13%; at that more than 45% of the surveyed
people had 3 and more percent of cells with cytogenetic disorders.

The spectrum of chromosomal aberrations had both chromosomal aberrations —
1.3940.32% and chromatid types — 1.894+0.36%. Chromosomal aberrations are represented
by double ruptures and fragments, dicentrics and translocations, chromatid aberrations — sin-
gle ruptures, fragments and inter-chromatid exchanges.

CALCULATION OF CUMULATIVE DOSES

As it is known, the markers of radiation damage are aberration of the chromosomal
type, and chemical — the chromatid type. Therefore, at a less radical increase in the frequency
of chromatid type aberrations (2.8 times), there is more than 7-fold excess of chromosomal
aberration type.

Given that the dicentric + translocation in some formulas do not appear as the dicentrics
and rings refer to unstable aberrations and translocation — to the stable one. We attempted
to assess the dose-effect at routine analysis based on the number of unstable aberrations —
dicentrics and rings. As it can be seen from Table 4, these figures were revealed only in 6
persons surveyed. On this basis, the approximate value of the cumulative radiation dose can

400



Ensuring the work safety on the STS

be determined for this group. Below is the calculation of doses using the accepted methods
for calculation:
1) According to the original formula by Lloyd:

D=y/0.022

D — dose absorbed (equivalent) (Sv)

V¥ — frequency of dicentrics

0.022 — standard coefficient.

Because in all individuals the revealed frequency of dicentrics + ring is similar, then
the calculation and value are the same as well.

D=0.01/0.022=0.45 Sv.

2) If one calculates employing the formula recommended by the IAEA for the frac-
tionated irradiation:

Y=0D+BD?,

then we get 0.23 Sv

D — dose absorbed (equivalent) (Sv)
V¥ — frequency of dicentrics

o — 0.03 (coefficient)

B —0.06 (coefficient).

3) When using a calibration curve dose-effect a value 0.22 - 0.25 Gy was obtained.
Equivalent dose — 0.22-0.25 Sv.

CONCLUSION

No such radionuclides as *’Cs, *! Am, *°Sr, 2***24'Py and *H were found in the bodies
of any of the people surveyed; at that, the achieved limits of the instrumentation sensitivity
for determination of '*’Cs, **Sr and *H are sufficient to assess the cumulative dose for the
population. However, to assess the cumulative dose from such radionuclides as ***?*°Pu and
21 Am, it is required to increase the sensitivity of the methods for their determination.

Assessment of cumulative external radiation dose by EPR of tooth enamel indicates
the population heterogeneity of Sarzhal villagers and the potential for additional exposure
from other sources not related to artificial contamination in the village lands.

Assessment of cumulative effective doses of internal irradiation for Sarzhal villagers
based on chromosomal aberrations showed no relation between the level of chromosomal
aberrations and time of residence in the radioactively contaminated area. For objective as-
sessment of cumulative effective dose on the population living in the zone of influence of the
Semipalatinsk test site, it is needed to study the contribution of natural radionuclides into the
formation of total cumulative effective dose.
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CE]VUIEI/"I AJPOJIBIK CbIHAK T10/IHTOHbIHBIH OCEP ETYI1III
AHUMAFBIH/IA TYPATBIH TYPFBIH/IAP /IO3ACBIH KAUTA
K¥PY MOCEJIECIHE

BurenoBa M.M.! BpsinueBa H.B.! Jlykamenko C.H." I'ajuu B.B."
KanpipanoBa A.A." Kammmpckuii B.B. MemepsikoBa A.B." TluBoBapos C.I1.>
Pyxun A.B.> CepenaBuna T.A.*Yepennuuenko O.I'*

I'youukasi E.I.* Baiirymukosa I.M.3

'KP ¥410 PaouayusnsiK Kayincizoik scane IKoa02us UHCHIUNY DL,
Kypuamoes, Kazakcman
2KP ¥A0 Aoponvix puzuxa uncmumymst, Aimamot, Kazaxcman
Kannvt cenemuxa sncane yumonozus uncmumymst, Anmamet, Kazaxcman

Makainaga Cemeid sApOJIBIK ChIHAK MOJMIOHBIHAAFBI SONBIK Kapy ChIHAKTAPBI CalllapblHAH
CoyJeNieHyTe YIIbIpaFaH TYPFBIHIAP J03alapblH Oaramay OOMBIHINA >KYMBIC HOTHXKeIepi OepiireH.
Yiri petiHze SApOIIbIK KapbUIbIC IOTHALIEpl TYCYiHIH KeHICTIriHIe OpHANAcKaH, TYPFhIHIAPB! eHOeK
KBI3METI MPOIECIH/IC MOJIUIOH ayMarbiHa OaparbiH Sarzhal ennmi MekeHi anbinabl. JKanama omictepii
(HecenTeri pamTuOHYKIHMATEP KYpPaMbIH aHBIKTAy), aJlaM COYJICNICHYiHIH €CEeNTeTilliH KOJJaHa OThI-
PpBII TiKesel 3epTreynep, connaii-ak JIIP axiciMeH TicTep dMatiHAeri CHIPTKbI JKHHAKTAIFAaH J03aHbI
Oarasay »KOHE XPOMOCOMAJIBIK abeppalsuiap/IblH CAaHbIH aHBIKTAY 3ePTTEYIICpPi JKYPri3iiii.

OIIP nosumerpust 9miciMeH TicTep dMai OOWBIHIIA XHHAKTAJIFaH CHIPTKBI J03aHBI Oaramay
JKeKe TYJIFanapIblH 0acka HOHABIK CoyJeIeHy Ke3aepi eceOiHeH KOChIMIIIA CayIeNIeHy HIH MYMKIH/IIT
MEH TIOIYJSIIMSHBIH OIpTEKCI3/ITi Typaibl pacTaifibl. XpoMOCOMaIbIK abeppalusuIapabl 3epTTey daici
apKbUIbl KUHAKTAIFAH J103aHbl Oaranay Sarzhal TypFeIHIApBIHBIH MOMYJSALMSACEIHA PaIdallHsIbIK
ocepiiH MapKepiH TaOy/IbIH OaKbUIayMEH CaJIbICTBIPFaHAAFbI )KOFaphl JICHreli Typabl pacTaii/ibl, Oy
Ke3/1e XPOMOCOMAITBIK abeppauusiiapAblH Tabbuly XKHUIIIr MCH aTaliFaH ayMaKTa TYpY Y3aKThIFbl apa-
ChIH/Ia OailyIaHbIC aHBIKTAJIFaH JKOK.

AIbICTaFbl  yaKbIT KE3€HIH, NI MEKeH ayMarblHJIarbl pPaJUalMsuIbK axyal TypaJibl
JKETKUTIKTI aKMapaTThlH JKOKTBIFBIH, TYPFBIHJIAPJBIH JKeKe CIHIPUIreH Jo3ajapblH ecKepe OTHI-
PHIT, PagUOHYKIHATEPIiH IMKi KypamblH TalOy OICiHIH Ce3IMTaIBIFbIH JKOFapbUIATy, COHAAH-aK
paMalMsUIBIK Cep eTYIII TYPaKThl OMOIOTHSUIBIK MapKepJIep/ii aHbIKTAy Tajlal eTile/i.

Tyiiin co30ep: nozanapabl perpocnekTusTi 6aranay, Cemeii monmuronsl, ACE, xxacansl pajgyo-
HYKIUATEp, ne3nii-137. amepuimii-241. muryTornit nzoronrtapsel, Tputuii, JI1P-no3umerpus.
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K BOIIPOCY PEKOHCTPYKIIHUH /O3 HACEJIEHHUA, IIPOKUBAIOLET O
B 30HE B/THUAHUA CEMUIIAJTATHHCKOI O A/[EPHOI O
UCIIBITATEJIBHOI O I10/IUTOHA

BburenoBa M.M." bpsinuea H.B." Jlykamenko C.H.! I'ajuu B.B.
LKanpipanoBa A.A.'Kammpckuii B.B.!', Memepsikoa A.B.,
. TIuBoBapos C.I1.”Pyxun A.B.’CepenaBuna T.A.,
2Yepenuuuenko O.I'3, I'youukasi E.I'* Baiirymukosa I'M.3

THucmumym paouauyuonnoi desonacnocmu u sxonozuu HAI[ PK,
Kypuamoes, Kazaxcman
‘Hncmumym soepnoit pusuxu HAIL] PK, Armamel, Kazaxcman
SHncmumym ooweil cenemuxu u yumonozuu, Anmamot, Kazaxcman

B crarbe maHbl pe3ynbTaThl padoT 1Mo OLEHKE /103 HACENICHUsI, TOABEPraBIIerocs: 00IyYeHUIO
BCJIEACTBUE UCIBITAHUH S1EPHOrO opyxkus Ha CeMUIaIaTHHCKOM SIIEPHOM UCIIBITATEIbHOM IIOJIUIOHE.
B kauecTBe MozeH B3AT HaceIEeHHBIH MyHKT Sarzhal, pacrionoXeHHbIH B apeane BhINaJAeHU 0CaIKOB
AZICPHOTO B3pbIBa, HACEJIECHUE KOTOPOIo B IIpoLiecce TPYAOBOI AEATEIbHOCTH MIOCELIAET TEPPUTOPUIO
noymroHa. [IpoBeieHb! cclieIOBaHUs COMICPIKaHUs PAANOHYKINI0B B OpraHu3Me 00CIIelyeMbIX JINI] C
MIPUMEHEHHEM KOCBEHHBIX METOJOB (OTpeeNieHHEe COIePKaHuUs PaJHOHYKIHIOB B MOYE), IPSIMBIE HC-
CJIEZIOBAHUS C UCIIOJIb30BAHUEM CUETUMKA M3JIYyUCHHUS UeJIOBEKa, a TAKXKE OLICHKA BHEIIHEH HaKOIICH-
HOU J103bI B dMaiu 3y00B Metomom JIIP u ompeneneHue yrcia XpoMOCOMHBIX abeppariuid.

OrneHKa HaKOTUICHHOM BHELTHEH 0361 10 3Maiu 3y0oB MetogoM DIIP mozumerpun cBuaeTens-
CTBYET O HEOJHOPOAHOCTH HOMYJISALMH U BEPOSITHOCTH JIOMOJIHUTEIBHOTO OOIyYEHHs OT/ICIBHBIX JIHI]
3a CYCT MHBIX UCTOYHUKOB HOHU3UpYOLIEro uiaydeHus. OLEeHKa HAKOIUICHHOM 103bl METOIOM HC-
CJIEZIOBaHUS XPOMOCOMHBIX abeppaluii CBUACTEIBCTBYET O TIOBBIIICHHOM, B CPABHEHNUH C KOHTPOJIEM,
YpOBHE O0OHApYKEHUsI MapKepOB PaAMAIlMOHHOTO BO3ICHCTBUM B MOMYIISIIMY JkuTeneil Sarzhala, nmpu
9TOM HE BBISIBIICHA CBSI3b MEXK/Iy YaCTOTON 0OHAPYKEHHSI XPOMOCOMHBIX abeppaliii H IPOI0IKATETb-
HOCTBIO IPOKMBAHUS HA TaHHOH TEPPUTOPUH.

VYuuTeiBas OTIAJICHHBIH BPEMEHHOM IIepHOJ, OTCYTCTBHE I0CTAaTOYHOH HH(OPMALIUK O pajua-
IIHOHHON 00CTAHOBKE HA TEPPUTOPHU HACEIEHHOTO IMYHKTA, MHIUBUIYAIbHBIX MOMIOMIEHHBIX 103aX
HaceJieHneM, TpeOyeTcsl MOBBICHTh YyBCTBHUTEIFHOCTh METOAOB OOHApYKEHUsI BHYTPEHHEIO COAEp-
JKaHHs PAJMOHYKIIUJIOB, & TAKOKE ONpPE/CNICHNEe CTOMKUX OHMONOTHYECKNX MapKepoB paJnalliOHHOTO
BO3eicTBU.

Kniouesvle cnosa: peTpocnekTHBHas oneHka 103, CemunanatuHckuii mommron, CUY, wmc-
KyCCTBCHHBIE PpaJMOHYKIUAbL, Le3ui-137. amepuuuii-241. uszoromsl IutyTOHUs, TpuTHid, IIIP-
JIO3UMETpHUSL.
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