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EDITOR’S FOREWORD

Dear reader,

This issue we devote to the 20" anniversary of our Institute of Radiation Safety and
Ecology (IRSE) under National Nuclear Center of the Republic of Kazakhstan (NNC RK).

The Institute has been established during difficult for the country times which, natu-
rally, were even more dramatic for the newly organized Institute. At that, the society set a
very difficult social task to National Nuclear Center and to our Institute as its integral part: it
was necessary to find answers to a range of sensitive, urgent and important for people in Ka-
zakhstan questions about present radioecological situation at former Semipalatinsk Nuclear
Test Site STS and adjacent territories and how dangerous STS is in its present status. At that,
the answers provided were expected to be of good probative evidence to make people in
Kazakhstan trust them.

So, what is IRSE now? From one side, this is a recent formation of "official age" of
20 years and average age of employee about 30 years; from the other side, IRSE is, to certain
extent, a successor of the Testing-and-Research Sector of the military unit 52605, that par-
ticular legendary unit established in 1948 which did scientific and technical assurance of all
tests performed at the former Semipalatinsk Nuclear Test Site (SNTS).

Our people is the main asset of the Institute. Surprisingly, we face no workforce age-
ing problem since all leading researchers are still younger than 35; at that many of them lead
whole areas of radioecological research and studies in the field of radiation safety.

I would like to note some of them: Osintseva A.Yu., Mustafina Ye.V., Korovina O.Yu.,
Kashirsky V.V., Umarov M.A., Salmenbayev S. (the head) in the radiology studies and eco-
system rehabilitation department who increased the scopes of the field research in the last
6-7 years not for mere 20-30%, but for orders of magnitude with dramatically increased
quality of analytical work if we speak in terms of range of determined radioisotopes and
analyzed objects, range of determined concentrations; Aidarkhanov A.O., Lyakhova O.N.,
Aktayeva M., Turchenko D.V. (the head) in the department for environment monitoring sys-
tems who gained entirely new data on tritium contents in STS environmental objects, studied
scopes and ways of radioactive isotopes’ migration within STS, and mastered in several new
methods for studies of migration processes; Panitsky A.V., Larionova N.V., Kabdyrakova
A., Kunduzbayeva A., Baigazinov Zh., Kozhakhanov T.E. who valuably contributed into the
understanding of transition processes of the radionuclides (including transuranium ones) in
the chain soil — plants (wild and cultivated) — agricultural animals, and who designed a set
of unique field experiments on STS lands; Subbotin S.B., Yakovenko Yu. (the head) in the
group of geoinformation systems and other people who made it possible to plan the works,
analyze and generalize the obtained data and huge amounts of information about STS gained
in our vast research.



Still, our bright junior scientists are not the whole Institute. Yes, they are on the top
of the pyramid, but their effective work is provided by quiet, well-organized and reliable
day-to-day backup by administrators, economists, drivers, artificers, interpreters and many
others whose names are not among the authors of scientific papers and monographs, but who
also make the research happen. I have to name here Dmitropavlenko V.N., Shmurygin V.G.,
Kadyrov N.Zh., Boltovskaya N.F., Strilchuk Yu.G. Seraya O.V., Tonevitskaya O.V. since our
scientific success is the success of the whole team. Thanks to their hard work we run new
facilities and better premises, purchase equipment, we get heat in winter and can enjoy walk-
ing down the Institute’s site.

One more important component in the Institute’s progress is the long term partnership
with other research centers in Kazakhstan and, particularly, with Institute of Nuclear Physics
in Almaty (INP). Cooperation with this institute allowed our researchers to quickly cover
the long way from juniors to masters and the effective joining of our efforts allowed us to
solve such state-level tasks as comprehensive studies of vast STS territory with the purpose
to transfer the lands for commercial utilization. With this regards, I would like to express
deep gratitude to INP management — Tuleushev A.Zh., Chakrov P.V., and its key workers
Gluschenko V.N., Solodukhin V.P., Kiyatkina N.G., Kharkin P.V.

The history of our Institute had several periods — formation, development, and now —
the period of active growth. In the last years we considerably changed and upgraded our in-
strumentation, improved infrastructure what was only possible with continuous care, overall
support and even encouraging trust by our umbrella organization National Nuclear Center
of the Republic of Kazakhstan and its Directors — Kadyrzhanov K.K. and Batyrbekov E.G.
Comparing our laboratories with similar laboratories worldwide allows us to understand
that in certain fields we are on the frontiers of modern research what is supported by pub-
lications of our outcomes in the world’s leading journals and by the level of dissertations
prepared here.

Now we can say with confidence that the objectives set for the Institute have been
achieved. The mammoth amounts of information about current radiological situation at STS
and adjacent territories have been obtained. There were revealed all important areas of radio-
active contamination, main pathways and mechanisms for present or potential proliferation
of radioactive substances. Of course, taking into account the scales of STS and the variety of
tests performed here, the information collected is not yet totally comprehensive but is enough
for elaboration of a scientifically ground plan for cardinal solutions of STS problems. As a
result of these works, we envisage to adjust the administrative border of the STS with its real
present-day radiological state. We are also keen to finally eliminate the most hazardous in
radiological terms sites by the 30" anniversary of the State independence.

For sure, in the future the Institute will keep focusing its activities on STS issues, but
at the same time, the Institute recognizes its responsibility for resolving other radiation-relat-
ed problems in Kazakhstan. First of all, our attention is attracted by the problem of establish-
ing a unified State system for accounting and control of doses for personnel and population
with technical, engineering, methodical and staff issues involved.
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We identify our current mission as "Development and realization of scientifically
ground measures and activities for lowering of collective dose on Kazakhstani population
down to minimal possible levels."

Regarding the content of the present issue, we present here the outcomes of the works
performed in 2011-2012 which were equally devoted to studies of present state of STS ob-
jects and environment and to studies of fundamental of the processes here. Besides that,
several papers brief into other objects in Kazakhstan with radiological hazards: these are sites
of so-called peaceful nuclear explosions at Usturt Plato, Meridian-3 facility and the spent
nuclear fuel storage of IGR reactor.

Welcoming you on these pages, one thought comes to my mind: we surely have radio-
ecological challenges in Kazakhstan, but we are sure to overcome them.

NNC RK Deputy Director General for

Radioecology and Director of the Insti-
tute of Radiation Safety and Ecology f S
NNC RK Lukashenko S.N.
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Radioecological Situation at the Former Semipalatinsk Test Site and Adjacent Territories

YIK 577.4:577.391: 504.73:539.16

RADIOECOLOGICAL CONDITIONS
AT THE SOUTHEASTERN PART (SARZHAL VILLAGE REGION)
OF THE SEMIPALATINSK NUCLEAR TEST SITE

! Strilchuk Yu.G., ! Lukashenko S.N., ! Kashirsky V.V.,
Yakovenko Yu.Yu., ' Aidarkhanov A.O., ! Lyakhova O.N., ! Larionova N.V., !
Magasheva R.Yu., ! Panitskiy A.V., ! Subbotin S.B.,

! Kunduzbaeva A.E., ! Toporova A.V., ! Tonevitskaya O.V., 2 Bakhtin L.V.

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

The paper presents the outcomes of radioecological survey of southeastern part of the
Semipalatinsk Test Site (STS), located in Sarzhal village area, on 850 km? area. Within the study
area the modern radiological condition of the environmental objects: soil, water bodies, air basin,
vegetation, animal life were evaluated. The territory can be divided into three zones by levels of
artificial radionuclides *’Cs, °Sr and 2***2*°Pu in soil. Elevated levels of radionuclides in the soil in two
zones are due to the tests carried out at the STS. The average specific activities of '*’Cs and *°Sr in soils
throughout the study area are at the background of global fallout, or slightly (1.5 times) exceeds it. The
average specific activities of 2**?*°Pu are 1.5-6 times higher than the background of global fallout.

Based on the data on the content of radionuclides in the environment and food we estimated
dose loads to the population. Provided a "worst case" scenario "Subsistence farmer on contaminated
area", the expected annual effective dose for humans will be 0.08 mSv, which does not exceed 0.3 mSv
and a lower than intervention level, according to the Hygienic Standards "Sanitary Requirements for
Radiation Safety". Based on the comprehensive examination and the expected doses to the population,
in accordance with existing regulatory requirements of the Republic of Kazakhstan, the entire surveyed
area can be used without restriction.

These studies were conducted in order to further transfer the lands to civilian use.

Keywords: nuclear testing, radioecology, radioactive contamination, radionuclides, vegetation,
water objects, behavior scenarios, dose loads.

INTRODUCTION

In 2008-2010, the Institute of Radiation Safety and Ecology carried out complex eco-
logical investigations in the "northern" and "western" STS territories of the total area of
3,560 km? In 2010-2011, in response to the appeal of the villagers of Sarzhal village, the
National Nuclear Center of the Republic of Kazakhstan chose the territory of the "southeast-
ern" STS part of an area of 850 km? located near the village of Sarzhal as a priority area for
complex ecological investigations. The priority area included the territory of pastures named
in the villagers’ letter (Figure 1). The subject of the research was the environmental objects:
vegetation soil cover, water, air and wild animals.
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Figure 1. Map of the area




Radioecological Situation at the Former Semipalatinsk Test Site and Adjacent Territories

The studied area is located on the northeastern slope of Balkhash-Ili watershed and in
geographical terms is a part of Kazakh Hummocks. This area is characterized by extremely
continental arid climate. Air temperatures vary widely with high differences in day-and-night
and summer-and-winter temperatures. Strong winds mainly blow in spring (April, May)
and in February and October with maximal wind speed 35-40 m/s. The greatest number of
calm days is observed in summer and in early autumn. Very strong and long-drawn winds,
the speed of which exceeds 20-30 m/s, may cause dust storms [1]. Soil particles easily rise
from dry rough surface with rare vegetation in conditions typical of arid and semi-arid areas,
where undulating ground and destruction of soil cover by cattle grazing, automobiles and an-
thropogenic activities enhance dust rise by wind. Dust storms are most often observed from
May to July. The average wind speed during dust storms varies from 15 to 20 m/s.

The studied area can be referred to areas with insufficient precipitation. It is explained
by the fact that Eurasian barometric circulation regime mainly provides inflow of arctic air
and continental air from middle latitudes with low humidity. Aridity of local climate is also
intensified by the influence of deserts of Central Asia and southern Kazakhstan. The annual
amount of precipitation varies from 117.4 to 275.0 mm with maximal values in summer. The
barometric circulation regime in the warm part of the year creates favorable conditions for
significant precipitation from May to August, when 50-60 % of the annual amount of precipi-
tation fall out as shower rains. However, precipitations in the warm period are accompanied
by high temperatures, which decrease their importance as a factor of air humidification. In the
warm period of the year, when evaporation increases, natural soil moistening is not sufficient.
In autumn as compared with summer rains the amount of precipitation is not high, but as the
temperature in autumn is lower and evaporation is much lower, falling precipitations give
sufficient moistening for soil.

Monitoring of anthropogenic activities on the studied area detected 12 inhabited and
2 uninhabited winter camps. The average number of people living in winter camps varies
from 2 to 8, only in the village of Samay 70 people live. The main type of agricultural activ-
ity is animal farming (sheep, cattle, horses). All in all, there are about 270 cows, more than
2000 sheep and 200 horses. The owners of some winter camps are villagers of Sarzhal vil-
lage, where the workshop for production of mare’s milk — kumys is located.

On the studied area farmers mainly have outbreed hair sheep. In cattle farming they
have low-productive outbreeds of meat and milk breeds. In horse-farming there are mainly
outbreed horses, stud horses are not bred. The cattle is kept in stables and grazed on pastures.
Cattle grazing is free and unrestricted. The pastures in the area are used all year round, how-
ever, there are some territories that are only used in summer period, where cattle grazing
on natural pastures starts in the first decade of May and finishes at the beginning of October.

The main types of produced products are mutton, beef, horse meat, milk and kumys.
The market areas are cities of Semey, Ust-Kamanogorsk, Almaty, Karaganda and adjacent
populated centers.

There is practically no crop farming in the area except for growing rough fodder on
pasture haylands. Succulent fodder growing (silage, haylage, root crops, etc) is not devel-
oped. The main type of produced rough fodder is hay, which is used as an additional feeding
in the winter period and is the most important component of ration for providing full-fledged
animal’s feeding.
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Prospects for the development of animal and crop farming

According to its natural characteristics (soil, vegetation, relief) almost all territory of
the studied area refers to the category of pasture lands. Therefore, the most promising branch
of agriculture is animal farming. However, unrestricted grazing causes degradation of veg-
etation cover and, as a result, food reserve as in this area pastures give not less than 80-90 %
of annual amount of feeding stuffs [2]. Provided scientifically-based development of pasture
areas, it is perspective to develop animal-breeding farms growing traditional food-producing
animals — sheep, cows and horses.

In order to cover needs of farmers growing cattle, it is possible to organize growing of
vegetables in backyard gardens on the same farms.

Therefore a potential type of agricultural activity in the studied area is cattle farming
based on the principle "a farmer working in his household". Crop farming can be developed
in backyards organized on animal farms to provide needs of farmers in vegetables.

1. MAJOR MAN-CAUSED FACTORS FOR RADIATION
CONDITIONS IN THE REGION

Analysis of available data showed that radiological conditions in the region could be
mainly formed as a result of the tests on "Experimental Field" site:
e Surface nuclear test — the first surface test of 400 kiloton thermonuclear device,
done on August 12. 1953.

*  Model experiments (hydronuclear and hydrodynamic) conducted 22.07.61 and
26.09.63 (Figure 2).

According to the literature, only one nuclear test could affect the radiation environment
in southeastern territories of the STS — it is 400 kt surface thermonuclear test of 12.08.53.

Given the above tables, the maximal possible activity of fission fragments in the study
area will be the following values (Table 1).

Table 1.
Maximal possible activity of fission fragments in the southeastern part of the STS
Nuclid Initial time 1.12.2011 25 years 50 years
uchde Bq/kg Ratio Bq/kg Ratio Bq/kg Ratio Bq/kg Ratio
B1Cs 269 1 69 1 38.8 1 21.9 1
"Sr 99 0.37 24.5 0.37 13 0.34 6.7 0.34
51Sm 10.3 0.038 6.5 0.094 54 0.14 44 0.2
“Te 0.04 0.00014 0.04 0.00056 0.04 0.001 0.04 0.0018
»Pu + *'Pu 29.5 1 29.5 1 29.5 1 29.5 1
“8pu 1 0.032 0.64 0.021 0.51 0.017 0.38 0.012
*Pu 245 8.4 153 0.5 5 0.15 14 0.046
*2Pu 4.1x10° | 1.4x10% | 4.1x10° | 1.4x10° | 4.1x10° | 1.4x10° | 4.1x10° | 1.4x10°
*Am - - 6.7 0.25 8 0.28 8.1 0.28

Maximal possible activity of fission fragments in southeastern STS
241Pu activity actually may be somewhat higher due to activation of >*°Pu by prompt
neutrons, but the cross section of this reaction is very small to make a difference.
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= === Assumed nuclear test trace axis

Figure 2. Axes of the radioactive plumes from surface nuclear and model experiments

When the amount of released nuclear energy at an explosion experiment with nuclear
charge is comparable with the energy of chemical explosive less than 1 ton, such tests refer
to the category of hydronuclear tests and do not refer to nuclear tests except the cases when
such result occurred in a specially planned nuclear test.

From 1960 to 1965, 40 hydronuclear experiments were carried out on the technical
ground P-2G of the "Experimental field" site. This ground is located 95 km away from the
study area boundary. All experiments were conducted on the soil surface, mainly in 3 meter
deep trench. The tests varied by amount of released activity into the atmosphere and a lifting
height of the upper edge of the explosion cloud. The total amount of plutonium alpha activ-
ity dispersed during entire time of the hydronuclear experiments ranged from approximately
800-900 Curie, which could lead to radioactive contamination around the test site [1].The
studied territory may be contaminated with plutonium only if the azimuth directions of the
axes of test trails were located in the sector from 143° to 166° (southeast direction). Accord-
ing to the available data [2], of 24 tests which caused the main dispersion of plutonium only
2 tests had azimuth directions of plume axes 162°, 153° in which the length of the areas with
plutonium contamination 0.1 Ci/km? could be 16 and 14 km, respectively, whereas at areal
activity 2.25%102 Ci/km? could be 47.5 and 42 km. With such characteristics, perhaps, the
two tests with the release of 41 and 45 Ci of plutonium, respectively, could contribute to
the contamination of the study area with plutonium isotopes. Significant contribution to the
contamination of the area these tests can be traced in the "Baitemir" field located 30 km from
"Experimental field" site. Plutonium concentrations in the soil cover in the field may reach
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hundreds or thousands of Bg/kg. It is possible that under certain weather conditions at the
time of the tests they could contaminate the area even at a distance of over 90 km which is
southeastern part of STS.

1.1. Methodology for assessment of contamination due
to tests at the former STS

Surface contamination of the studied areas caused by the tests at the former Semipal-
atinsk Test Site can mainly be caused by the nuclear tests on the "Experimental Field" site,
the place where surface and atmospheric nuclear tests were performed, as the tests in tunnels
and wells gave very little contribution to the contamination of the environment (including
the global scale).

Radionuclide contamination of the area adjacent to the test ground might have been
caused by the following factors:

1. Radionuclides recovered from nuclear fission (fission fragments).

2. Remainders of the fission material.

3. Activation of nuclei in the environment by prompt neutrons.

1.2. General description of the model of surface distribution
of contamination caused by nuclear AIR explosions

In order to estimate possible contribution of nuclear tests to the surface contamination
of the studied areas we used a "classical" model of formation of radioactive plume zones as
a result of nuclear explosion. [5].

The 12.08.53 test is thermonuclear device detonation in which fissile material >**Pu
only acts as a fuse. Thermonuclear fusion is a fusion of two hydrogen isotopes — deuterium
and tritium with release of large amounts of energy. Therefore, the main power of the explo-
sion accounts for fusion, not fission of 2**Pu. Thermonuclear fusion do not form long-lived
radionuclides such as *Sr and *’Cs. Fissile material residue activity and fission fragments in
the study area are determined only by the fuse mass. Activation products are not considered
in the calculations due to the remoteness of the areas considered from testing site.

To determine the mass of 2°Pu in a thermonuclear charge soil was sampled on radio-
active trail, formed after the test. Total number of samples was 796. Average '*’Cs activity
was 600 Bg/kg. The trail, according to the GIS laboratory, is 676 km?. Given the soil density
1400 kg/m?* sampling depth of 0-5 cm and half-life, the mean absolute activity of 1*’Cs on the
trail area is 774 Ci.

Reference [6] gives the activities of »*°Pu fission fragments in Ci/kt at different mo-
ments after the explosion. According to the data, the mean absolute activity of *’Cs — 774 Ci
is consistent with 15 kt nuclear explosion.

Based on dependencies of radiological contamination spots as a function of explosion
yield, we calculated linear dimensions for the areas or radiological contamination due to the
400 kt fusion explosion. According to the calculations, predicted for the next 50 years activity
from the decay products at the studied territories may be as indicated below (see Table 2).
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Table 2.
Maximal possible activity of fission fragments in the southeastern part of the STS
Nuclid Initial time 1.12.2011 25 years 50 years

uchde Bq/kg Ratio Bq/kg Ratio Bq/kg Ratio Bq/kg Ratio
¥1Cs 269 1 69 1 38.8 1 21.9 1

Sy 99 0.37 24.5 0.37 13 0.34 6.7 0.34
51Sm 10.3 0.038 6.5 0.094 5.4 0.14 4.4 0.2
ITe 0.04 0.00014 0.04 0.00056 0.04 0.001 0.04 0.0018

The amount of nuclear charge of the fissionable substance remained by the moment of
destruction of the construction is determined by the efficiency of nuclear explosion 1, which
depending on the type and construction of the nuclear device may vary from 1 to 30%. In
further calculations this figure, because of the absence of official data for each explosion, is
taken equal to 20 %.

Further, knowing typical isotope composition of weapon Pu, it is not difficult to cal-
culate activities of its other isotopes present in the charge substance. This method was used
to calculate activities of all Pu isotopes taking into account their half-life period at the initial
moment of time and at the present time; it was also used to estimate variations in Pu con-
centrations in the next 25 and 50 years. Calculated maximal possible activities from decay
products at studied territories would comprise the values (Table 3).

Table 3.
Maximal possible activity of fission fragments in southeastern part of the STS
. Initial time 1.09.2011 25 years 50 years
Nuclide - - - -
Bq/kg Ratio Bq/kg Ratio Bq/kg Ratio Bq/kg Ratio
Pu+2Pu| 29.5 1 29.5 1 29.5 1 29.5 1

8Py 1 0.032 0.64 0.021 0.51 0.017 0.38 0.012
*1Pu 245 8.4 153 0.5 5 0.15 1.4 0.046
2Py 4.1x10° | 1.4x10° |4.1x10°| 1.4x10° | 4.1x10° | 1.4x10° | 4.1x10° 1.4x10¢
“Am - - 6.7 0.25 8 0.28 8.1 0.28

24Py activity actually may be somewhat higher due to activation of >*°Pu by prompt
neutrons, but the cross section of this reaction is very small to make a difference.

2. COMPREHENSIVE ENVIRONMENTAL STUDIES

In developing the plan for areal survey the following key factors have been consid-
ered:
+ availability of information on the content of radionuclides in the soil of the study
area;
» recommendations of the IAEA expert group (1 km grid is proposed for surveys);
* basic regularities of radioactive contamination from nuclear tests (possible
contamination spots characteristic dimensions, sampling depth).
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General concept for survey

Field work was conducted on the territory of the former Semipalatinsk Nuclear Test
Site by daily visit to the site surveyed. There surface soil was sampled on 1x1 km grid. After
the preliminary findings obtained two additional sites for research on 500 m grid were identi-

N “Telkem™ site /

fied (Figure 3).
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Figure 3. Survey of the STS southeastern part (Sarzhan village area)

The samples were taken pointwise (dotted) from the 100 cm? at a depth of 5 cm.
Weight of a taken sample is about 1 kg. At each sampling point we determined geographic
coordinates and measured integral radiation characteristics: gamma radiation equivalent dose
rate at 1 m height and the beta particles flux density from the surface layer of soil. The sam-
pling data were recorded in field book (journal). The coordinates were recorded in the system
WGS84; values are represented as degrees, minutes and seconds. Each sample was placed in
a double plastic bag with a label. The labels indicate code of sample, EDR readings and the
flux density of beta radiation.

The field operations took 868 soil samples. The mean radiation parameters are shown
in Table 4.

Table 4.
Mean radiation parameters in the area studied
SiteNe Vinax, Vonin? Tep lsmsu(’ ﬁmin’ Bcp’
B uSv/h uSv/h | pSv/h | particle/(minxcm?) particle/(minxcm?)| particle/(minxcm?)
Site Ne 1 0.17 0.05 0.10 25 <10 10

22



Radioecological Situation at the Former Semipalatinsk Test Site and Adjacent Territories

The radiation parameters were measured by:
¢ Dosimeter-radiometer DKS-96 ABG, Ne 146. Ne 024 2003 (beta radiation flux
density measurement range is from 10 to 10° min' x cm™);

* Dosimeter SRP-68-01. Ne 1534. 798;

All gauges were subjected to metrological verification.

All samples were packaged, labeled and transported to the laboratory for investiga-
tions. After preliminary preparation (drying, sieving, quartering) the samples were analyzed
for major gamma-emitting radionuclides of both natural (**2Th, “K, ***Ra) and artificial (**"Cs,
21 Am, ©°Co, '**Eu). Part of the samples was then forwarded for radiochemical analysis to iso-
late and determine *°Sr, 238 239*240Py, The samples with 2823 2%Py identified, as a rule, were
re-analyzed for >*' Am, which was determined after further homogenization of the sample to
determine the ratio of these radionuclides.

2.1. Distribution of integral parameters

Radiation parameters (EDR and flux density of beta particles) were measured for a
preliminary assessment of the radiation condition in the southeastern part of the STS. In total
the radiation parameters were measured in 868 points. Depending on the area of research
and tasks the survey density ranged from 1 measurement on 0.25 km? to 1 measurement on
1 km?.

The results of EDR distribution and B-particles flux density in the study area are
shown on Figure 4.

¢ Legend
73 57 boundaries
[ 575 Southeastem part boundaries
+ [Pedestrian gamma survey points
EDR, pSvih
[ <0.10-0.12
W 0.12-0.14
0.14-0.16
0.16-0.17

a) b)
Figure 4. EDR distribution (a) and B-flow density distribution (b) at the surveyed area

Assessment of radiological parameters at the southeastern part of STS showed that
EDR corresponds to natural background values of the radiological parameters compared both
with the world’s average and average for Kazakhstan numbers; beta-particle flow slightly
exceeds the background values. At the same time, distribution of radiological parameters in
the central and north-eastern parts of the studied area revealed increased EDR and B-flow
densities. Areas with increased readings correlate with the plume axes from the first ground
fusion explosion (12.08.1953) and the model (26.09.63).
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2.2. Areal radionuclide contamination of soils

2.2.1. Areal distribution of natural radionuclides

The main component of the radiation background in the study area is due to natural
radionuclides which are in series of decay of uranium and thorium, and potassium (*’K).
Of natural radionuclides we determined “°K, 2>Th and **°Ra. The natural radionuclides “’K,
22Th and #*°Ra were determined in 868 soil samples collected from 0-5 cm surface horizon.
The studies enabled to plot areal distribution map for *°K, 2Th and **°Ra (Figure 5).
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= Soll sampling points
ol " T D -0
----- 0-30
012 4 6km >0

<)

Figure 5. Distribution of K, #*Th, ***Ra in soils of southeastern STS

For comparison of the results Table 5 provides maximal and minimal specific activi-
ties of natural radionuclides in soils of Kazakhstan, as well as their averages [7].
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Table 5.
Activity of natural radionuclides in soils of Kazakhstan
. Specific activity, Bq/kg
Variation limit g 0Ra (V) Th
Minimal 100 12 10
Maximal 1200 120 220
Average 300 37 60
Territory studied 1031 72 51

to one, specific activity of uranium and radium is equal

Mpumeuanne: It is assumed that in the ores of uranium and thorium the radioactive equilibrium is close

In the samples of the study area the recorded maximal specific activity K, ***Ra and

22Th does not exceed the maximum for the soils of Kazakhstan.

2.2.2. Areal distribution of artificial radionuclides

Let us first say that not a single sample studied with y-spectrometry revealed any other
artificial radionuclides than '*’Cs or ?*! Am; at that, determination thresholds for such radionu-

clides as “’Co and '?Eu were as low as 0.5 and 1.0 Bq/kg, respectively.

Contamination of the investigated lands with 3Cs.

Total samples analyzed is 868, the results are shown in Annex 3. The studies plotted a

map of the areal distribution of *’Cs (Figure 6).
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Figure 6. Distribution of *’Cs in soils of southeastern STS
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The specific activities range from <0.66 to 193 Bq/kg, with an average of 28 Bq/kg,
upon that the bulk of the data is in the range of up to 80 Bg/kg, which is about 98 % of the
total number of results. The histogram (Figure 7) of frequency distribution of the points with
certain concentrations has a distribution close to lognormal one.
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Figure 7. Specific activity distribution for '*’Cs in soils

The range of concentrations of key radionuclides from global fallout in the northern
hemisphere, is presented in Table 6.
Table 6.

Range of concentrations of the main radionuclides due
to global fallouts in northern hemisphere [8-15]

Radionuclide 137Cs 90S 1390240pyy
Concentration, Bg/kg 4-30 1-19 0.02-5.0

In our case, the mean specific activity of *’Cs in the area does not exceed the maxi-
mum global fallout background for this radionuclide, according to this table (30 Bqg/kg).
Higher specific activities of *’Cs in soils are confined to radioactive fallout plumes from
nuclear testing (Figure 6).

Contamination of the investigated lands with **' Am.

According to studies a map of the areal distribution of 241 Am (Figure 8).

The specific activity of this radionuclide ranges from <0.32 to 6.9 Bq/kg. Estimate
of the average, for the area, concentration of ! Am is a bit problematic, because in a large
number of samples ' Am concentration was less than the detection limit (minimum detect-
able activity) of the equipment and techniques used (about 55 % of all results). A complete
elimination of these results would lead to a significant overestimation. Estimating the average
concentration therefore, the > Am concentrations in such cases are to be equal to the detec-
tion limit. Also it is seen in the histogram for distribution of the radionuclide. Thus, a certain
"average" concentration of 2! Am is actually an upper bound, and was 0.8 Bg/kg (Figure 9).
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Figure 8. Distribution of >' Am in soils of southeastern STS
Number
of cases
n=868
450
400 -
0,8 Bg/kg
350 (M
300 \
250 -
200 - =
150 N
100 - >
50 RES
0 - T - - e e ——a---%
04 08 12 16 2 24 28 32 36 4 44 48 Bokg

Figure 9. Specific activity distribution for **! Am in soils

Contamination of the investigated lands with #°**Puy.

Since a conventional method for determination of »**>*°Pu — a-spectrometry with pre-
liminary radiochemical extraction, is too laborious, in our studies aimed at evaluation of
contamination pattern over the territory we were focused on revealing of correlation between
2 Am and plutonium. Such approach is quite widely accepted and reasonable particularly in
cases with single source of contamination.

To determine the relationship 2"2°Pu/**! Am the soil samples were prepared in a spe-
cial way (preparation procedure involves several stages of attrition), the attrition quality was
controlled by *!Am content in aliquot samples. 2! Am concentration was determined as an
average of three measurements of these samples.
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The study results plotted relationship histograms for 2*2*Pu/2'Am (Figure 10). The

average ratio 2**Pu/'Am is 10.5 which is quite close to the expected theoretical value
(total number of samples — 45).
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Figure 10. Ratio of 2**?*°Pu concentration in soils to concentration of >' Am

Thus, contamination with plutonium isotopes is consistent with americium contami-
nation.The study results plotted a spotted distribution map for 2*?*Pu (Figure 11).
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Figure 11. Concentration of »**?*°Pu in soils based on 2010-2011 investigations

Analysis of the results showed that, in determining 23*Pu, especially at low concen-
trations, there is an additive bias error, which causes an overestimation of the results by

0.35 Bg/kg, and most likely due to insufficient treatment of natural alpha-active isotopes. The
ratio »*Pu/?*"*°Pu is shown in Figure 12.
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Figure 12. Ratio of 2*Pu concentration in soils to concentration of 2***?*'Pu

Thus, the average ratio of 2**Pu/>*"**Pu was 0.008, average concentration of ***Pu —
0.07 Bg/kg, for calculation of dose loads, for convenience, value 0.1 Bq/kg was accepted. For
241Pu a calculated ratio **'Pu/****Pu was accepted equal to 0.75.

Contamination of the investigated lands with *°Sr

%Sr was measured by two methods: first, the samples were analyzed by instrumental
beta-spectrometric installation "Progress", for more detailed research a radiochemical extrac-
tion method was used.

The results of analyzes carried out by "Progress" are presented in Annex 3. The spe-
cific activities range from <100 to 1100 Bg/kg, based on the studies a spotted distribution
map was built (Figure 13).
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Figure 13. Distribution of *°Sr in soils by "Progress"
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This method has a higher detection limit compared to physical and chemical concen-
trating, which in turn are more costly and time consuming. Radiochemical separation method
analyzed 45 samples for *Sr. The average concentration of *°Sr was 21 Bq/kg. The studies
plotted a spotted distribution map for °Sr (Figure 14). Maximal specific activities of *Sr
were found at the plume of radioactive fallout from the first fusion explosion.
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Figure 14. °°Sr content in soils as determined in 2010-2011.

Contamination of the investigated lands with other radionuclides

Concentrations of other radionuclides such as '*!'Sm, *Tc, which were not determined
experimentally, but whose presence is expected, have been been determined by theoretical
calculations based on the average concentrations of '*’Cs and the theoretical ratio of these
isotopes. Calculations used the following averages — for *'Sm — 2.2, *Tc — 0.4 Bg/kg.

An analysis of data on distribution of '¥’Cs, **'Am, *°Sr, %Py in the study area
distinguished several zones with different structure and levels of radioactive contamination
generated by various sources (hydronuclear and thermonuclear tests).

2.2.3. Zonation of the lands based on areal distribution of radionuclides

Analysis of ¥’Cs, 2! Am, *°Sr, 2***2*°Pu radionuclides distribution over the studied area
allow to identify several zones with different structure and level radioactive contamination
due to different sources (hydronuclear and fusion tests). To identify areas with high spe-
cific activities of artificial radionuclides the authors selected the method, previously used in
the analysis of the "northern" and "western" parts of the STS, for plotting the distribution
of specific activities of *’Cs and ' Am along the profiles. The profile scheme is shown in
Figure 15.
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Figure 15. Location of profiles
when distinguishing the zones we took into account compliance

El

In distribution of 2!Am and '*’Cs two zones (1 and 2) may be distinguished, where

higher specific activities in the soil cover were registered
These zones have been distinguished based on the study of the areal distribution of

Specific activity distribution curves (**’Cs and *'Am) were plotted for each profile.
artificial radionuclides. Also

Figure 16 shows two characteristic profiles for '¥’Cs and ?*' Am. The territory was divided into
cepted: the land is considered to be conditionally clean (background) if radionuclides specific

activities do not exceed single standard deviation (8) from the average value.
of the areas with high specific activity of radionuclides with the areas where possibly radioac-

whole territory) '*’Cs and 2*! Am specific activity in soil. The following criterion has been ac-
tive clouds passed over.

"background" (conditionally clean) zone and the zone with increased above average (for the
values. This pattern is clearly visible in the graphs for profiles 4 and 27 (Figure 16).
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Figure 16. Diagram of concentrations of a) '*’Cs and b) *! Am for 2 profiles

Location the zones and trails, presumably passing through a given area is shown on
the map of '¥’Cs and **! Am distribution (Figure 17).
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Figure 17. Zones with high concentrations
of on the radionuclides distribution map for: a) ¥’Cs, b) ! Am
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Figure 18. Distribution of the specific activity ratios
for a) °°Sr and ¥’Cs, 6) 2Py and > Am

Average values of specific activity in each zone are use to assess the dose loads from
the radionuclides. Since '¥’Cs and >*! Am contents are determined in all solsamples, and those
for *°Sr and #**?*°Pu were determined in 45 samples only (~ 5% of all soil samples), to deter-
mine the expected values of °°Sr and 2**>*°Pu for each zone we calculated the ratios of spe-
cific activity '*’Cs and *°Sr, 2*2*°Pu and >*' Am (Figure 18), 2**Pu and 2***>*°Pu for each zone.

On the distribution maps for *°Sr/'3’Cs and »°*2*°Pu/>*! Am there is a portion correspond-
ing to thermonuclear fallout from 12.08.53 (Zone 1). Within this area one can see increased
contents of *’Sr (compared to the model experiments) what makes the ratio '*’Cs/*°Sr close to
1.6 which characterizes global fallout due to, mainly, nuclear explosions worldwide.

Next were the graphs plotted for ratios of radionuclide specific activity for each zone
and the calculated the ratios of radionuclides within the Zone 1 (Figure 19-21).

The resulting ratios of radionuclides were tabulated to calculate the average *°Sr,
2397240py, 28Py from the known average specific activity of '*’Cs and "' Am (Table 7).

Table 20.
Radionuclides ratios within the selected zones
Z()ne 9OSI./137CS 239+240Pu/241 Am 238Pu /Z39+240Pu
1 23 17.9 0.01
2 7.1 7 0.04
3 5.6 5.14 0.01
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Three zones were therefore identified at the surveyed area. Increased radionuclide
concentrations in the zone 1 is stipulated by the plume of radioactive fallout after the fusion
test 12.08.1953. In the zone 2, increased values for specific activity were also revealed; they
were formed, most probably, by the plume of fallout from the hydronuclear test 22.07.1961.
The zone 3 in the center of the territory has relatively low concentrations of the radionuclides.
For singled out zones we calculated average specific activity of artificial radionuclides, which
were used for further calculations of dose loads (Table 8).

Table 21.
Average specific activity of artificial radionuclides in the Zones, Bq/kg
137Cg | NSy | 2u41py | 38py | UAm | 239240y | 9Te | 151§ m
Zone 1
439 | 189 | o6 | o1 | o8 [ 149 | 07 | 35
Zone 2
302 | 42 | o6 | 22 | 08 | 59 [ o5 | 24
Zone 3
90 | 34 | o5 | o004 | o7 | 37 | 03 | 15

2.3. Radionuclide distribution in Soil

2.3.1. Distribution of artificial radionuclides within soil profile

To investigate the artificial radionuclides contamination of soils in the study area field
studies were conducted where 10 research platforms were set; there soil was sampled layer-
wise after 3 cm to the depth of 30 cm and 5 cm to the depth of 50 cm for determination of the
main artificial radionuclides (Figure 22).

It should be noted that the sampling points for different types of analysis were selected
based on the following parameters: maximal soil contamination with one or more artificial
radionuclides, determination of them in various elements of the relief under different soil
types or subtypes.

Distribution of 2! Am, *’Cs and »*****Pu in the soil profile shows that the highest con-
centrations are confined to the surface horizon with a few exceptions, when move into the
underlying layer of 3-6 cm in the dry and loosely folded soil (Table 9). No well pronounced
inversions in contents of these radionuclides in the profile depth can be identified.
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Note: I'x, — mountain brown; K, — light-brown undeveloped;
K"~ light brown moderately developed; K"~ light brown gravelly undeveloped
Ck- Ordinary solonchak; Ki ©*— meadow solonchakous;
JIr- meadow salted; Kin* meadow brown carbonaceous.

Figure 22. Schematic soil map of the study area with sampling points
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Table 22.
Radionuclide content in the depth of the soil profile
Soil prof. Ne, | Sampling depth, Specific activity of radionuclides, Bq/kg
soil type cm “Am ¥Cs B240py *Sr
0-3 <0.37 444+£12 - 162.3 £8.4
3-6 0.47+0.27 338+1.1 - 943+6.9
6-9 0.71+0.29 49.0+13 - 183.2+£7.2
9-12 0.72+0.28 280+1.0 - 90.2+6.1
12-15 <0.43 224409 - 573+8.6
15-18 0.45+0.26 20.1+0.9 - 76.9+7.3
725 18-21 <0.40 0.79+0.29 - <8.6
Kn 21-24 0.56 +0.25 0.75+0.28 - <74
24-27 <0.40 <0.37 - -
27-30 <0.52 0.86 +0.52 - -
30-35 0.70+0.34 <0.56 - -
35-40 <0.50 <0.49 - -
40-45 0.64+0.34 <0.74 - -
45-50 0.99 +0.36 <0.50 - -
0-3 2.73+0.50 84.0+2.5 16.22 +0.56 -
3-6 1.12+£0.42 475+19 12.65+0.50 -
6-9 <0.60 <0.62 0.41+0.14 -
9-12 <0.50 <0.62 <0.25 -
12-15 <0.61 1.01+0.57 <0.20 -
15-18 <0.56 <0.52 0.53+0.18 -
761 18-21 0.77+0.38 <0.83 0.25+0.16 -
K 21-24 0.42+0.26 <0.36 <0.25 -
24-27 0.56+0.27 <042 0.61+0.17 -
27-30 0.53+0.27 0.80+0.29 <0.23 -
30-35 <0.39 0.70 +£0.28 - -
35-40 <0.43 <047 - -
40-45 <0.45 <0.51 - -
45-50 <0.48 <0.47 - -
0-3 1.06 +0.33 1352+2.0 30.0£1.5 437+11
3-6 <0.45 9.56 +0.64 1.87+0.22 31.3£7.2
6-9 <0.40 4.05+0.45 2.09+£0.28 16.8+6.4
9-12 <0.35 6.82+0.52 1.55+0.22 214438
12-15 0.46 +0.26 2.76 +0.39 0.27+0.16 <8.1
15-18 <0.39 0.76 £ 0.30 0.25+0.17 <6.6
838 18-21 0.78+0.28 1.56 £0.34 0.57+0.17 9.3+£34
K, 21-24 <0.40 1.00 +0.31 - <124
24-27 <0.53 <0.77 - -
27-30 <0.56 <0.75 - -
30-35 0.89+0.27 <0.45 - -
35-40 0.46 +0.25 <0.30 - -
40-45 <0.37 <041 - -
45-50 <0.35 <0.38 - -
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Soil prof. Ne, | Sampling depth, Specific activity of radionuclides, Bq/kg
soil type cm #Am ¥Cs 23240py *Sr
0-3 <0.76 104.4+2.8 - -
3-6 0.90 £ 0.41 7.48 £0.94 - -
6-9 1.20+ 041 <0.64 - -
9-12 <0.67 1.55+0.66 - -
12-15 0.85+0.39 3.00 £0.75 - -
15-18 <0.56 <0.60 - -
855 18-21 <0.56 <0.78 - -
K* 21-24 1.07£0.41 <0.63 - -
24-27 0.74+0.40 <0.66 - -
27-30 <0.39 <0.39 - -
30-35 <0.39 0.46 = 0.26 - -
35-40 0.47+0.25 <0.35 - -
40-45 0.67 +0.26 <0.44 - -
45-50 <0.36 0.63+0.28 - -
0-3 1.39+0.29 785+1.8 5.15+0.38 17.6 4.4
3-6 2.27+0.33 59.74 + 147 12.03+0.72 114+3.7
6-9 <0.42 548 +£0.52 - <6.6
9-12 <0.38 3.04+0.42 - 11.6+4.4
12-15 <041 1.24+0.34 - <71
404 15-18 <0.36 1.18£0.33 - <7.0
K 18-21 <0.56 <0.89 - -
! 21-24 <0.51 <0.89 - -
deep effervescent. 24-27 <0.45 <0.76 - -
27-30 <0.49 <0.77 - -
30-35 <0.39 <0.39 - -
35-40 <0.33 <0.40 - -
40-45 <0.40 <0.32 - -
45-50 0.99+0.34 <0.67 - -
0-3 0.82 +0.40 10.21 £0.95 - -
3-6 <0.58 1.30 £ 0.61 - -
6-9 <0.55 <0.90 - -
9-12 <0.64 <0.89 - -
12-15 0.88 +0.40 <0.79 - -
15-18 <0.45 0.60 = 0.29 - -
365 18-21 <0.44 0.58 +£0.30 - -
K™ 21-24 <0.45 0.89+0.31 - -
24-27 <043 <0.39 - -
27-30 <041 0.63 +0.29 - -
30-35 0.75+0.31 <041 - -
35-40 0.60 +0.29 1.49 +0.37 - -
40-45 <041 <0.45 - -
45-50 <0.45 1.18 +0.31 - -
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Soil prof. Ne, | Sampling depth, Specific activity of radionuclides, Bq/kg

soil type cm HAm ¥Cs 39240py *Sr
0-3 0.84 +0.29 3710+ 1.13 - -
3-6 0.69 +0.29 5.71+0.51 - -
6-9 0.78 +0.40 <0.68 - -
9-12 <0.65 <0.83 - -
12-15 <0.57 <0.81 - -
258 15-18 0.89 +0.40 <0.53 - -
K 18-21 0.71+0.40 <0.63 - -
! 21-24 0.71+0.41 <0.74 - -
poorly developed. 24-27 0.86 +0.42 <0.89 - -
27-30 <0.48 0.77+0.29 - -
30-35 <0.43 <0.42 - -
35-40 <0.46 0.43+0.26 - -
40-45 <0.57 <0.45 - -
45-50 1.14 +0.54 <0.73 - -
0-3 1.514+0.39 51.8+1.9 12.97+0.58 -
3-6 0.64+0.34 405+1.7 - -
6-9 <0.54 7.00 +0.88 - -
9-12 <0.55 5.59+0.79 - -
12-15 0.73+0.35 1.09 +0.59 - -
97 15-18 <0.45 <0.85 - -
Ko 18-21 <0.56 <0.77 - -
21-24 0.49+0.23 0.88 +0.26 - -
24-27 <0.39 0.50 £ 0.25 - -
27-30 <0.34 <0.37 - -
30-35 <0.35 <0.36 - -
35-40 <0.32 0.37+0.22 - -
0-3 0.58+0.26 26.57+0.99 - -
3-6 <0.38 3.09+ 041 - -
6-9 <0.39 1.17+0.31 - -
9-12 <0.36 0.70 +£0.28 - -
113 12-15 <0.39 <0.32 - -
Ik, 15-18 <0.32 <0.36 - -
18-21 <0.49 <0.77 - -
21-24 <0.50 <0.57 - -
24-27 0.59+0.34 <0.79 - -
27-30 0.99+0.34 <0.80 - -

0-3 0.76 +0.38 49.6+1.9 - 19.7+£7.7
3-6 <0.51 8.85+0.94 - 18.0+6.3

6-9 0.69 £ 0.35 4.14+0.75 - <73

9-12 <0.51 2.68 +0.68 - <10.5

189 12-15 <0.37 7.22£0.55 - <135
Ik, 15-18 <0.55 <0.83 - -
18-21 <0.36 <0.40 - -
21-24 <0.47 <0.75 - -
24-27 <0.30 0.46 +£0.23 - -
27-30 <0.29 <0.38 - -

Note: Kin-meadow-brown; K, —light brown: Ki* meadow brown carbonaceous;
K, deep effervescent. - light-brown deep effervescent; K “~ light brown gravelly undeveloped;
K undeveloped. — light-brown undeveloped; Kit **— meadow brown solonchakous;
'k, — mountain brown.
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Thus, as the data in the table show, regardless of the type or subtype of soil, topog-
raphy and, consequently, their texture (all tested soils are loamy soil) that main contents of
2 Am, ¥7Cs and 2****°Pu are in the first surface layer. Maximal *°Sr in the soil profile is also
confined to the surface layer, but in the depth distribution there is not always a steady decline
of values, there are abrupt changes, which is typical for this radionuclide, the most soluble
and mobile. This process is enhanced in these conditions — conditions of drainage of the up-
per soil horizons, as evidenced by the lack of carbonates in them.

2.3.2. Speciation of artificial radionuclides in soils

10 research platforms were set in areas with the highest levels of contamination and
characterized by different soil types. Layout of sampling points is shown in Figure 19.

At selected points samples were taken to a depth of 0-3 cm from 600 cm? area. Upon
preliminary preparation of soil sample, exchange, organic, mobile and bind forms subsamples
which characterise easily accessible, potentially accessible and non-accessible for the plants
forms. 1M-acetated-ammoniacal buffer was used (widely used in the practice of sequential
fractionation) as an extractive agent of exchangeable species. Organic species was isolated
by soil treatment with solution 0.1n NaOH, mobile species — 1 MHCI. The ratio of soil and
leaching solution at all stages of the experiment remained 1:5. The well-bound species was
determined directly in the remains of the soil after leaching. *’Cs and 2! Am in soil samples
and extracts were determined by instrumental gamma-spectrometric method. Radionuclide
2397240py was determined by radiochemical method with a-spectrometry. °*Sr was determined
by radiochemical method.

Distribution of 2! Am speciation is presented in Table 10.

Data are expressed in the specific activity values of radionuclide converted to 1 kg of
soil, and a percentage of the total content of all species.

Table 10.
21Am speciation Bq/kg, % of the total contents of all species
Point Excsh;lel;%::ble Organic species Mobile species Well-bounded
Zone N |(IM CH,COONH,) (0.11 NaOH) (IM HCI) species
Bq/kg %* Bq/kg %* Bq/kg %* Bq/kg %*
725 1.8 46.0 <19 0.0 1.7 43.5 0.4 10.5
Zone | 761 <12 0.0 <12 0.0 34 100 <0.4 0.0
838 14 14.6 <1.1 0.0 7.0 72.8 1.2 12.6
855 1.4 18.3 <12 0.0 5.1 66.7 1.2 15.0
average, Zone | 19.7 - 70.7 9.5
97 <12 0.0 <12 0.0 2.8 82.1 0.6 18.9
Zone 2 113 <12 0.0 <12 0.0 2.8 74.5 0.9 25.3
189 <12 0.0 1.5 27.4 3.1 56.6 0.9 16.1
average, Zone 2 - 9.1 71.1 19.8
424 <1.0 0.0 <0.8 0.0 <3.6 0.0 4.2 100.0
Zone 3 365 <12 0.0 <19 0.0 <13 0.0 1.1 100.0
258 <12 0.0 <0.8 0.0 4.6 86.8 0.7 13.2
Average, Zone 3 - - 28.9 71.1
Note: *- estimated data
In the calculations of the relative content of radionuclide ! Am the specific activities less than the limit
of detection methods was taken "0".
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During determination **' Am in soil extracts in most cases, values less than the detec-
tion limits were obtained, in particular, for exchangeable and organic species. In connection,
in the calculation of the ratios of **! Am species the values less than the detection limit were
taken as "0", and the results of the relative content of the radionuclide speciation should be
viewed as estimates. To obtain more accurate data there is a need for more research in relation
to the "background" areas.

The results show that there is a difference in the ratio of **' Am speciation in soils of
different zones of the studied area. Analyzing the data obtained for zone 1 and zone 2, a com-
mont feature should be noted — the mobile species is dominant for all the considered samples.
It is estimated that the fraction of the mobile species has about 43 to 82 % of the total content
of all 2! Am species. One should keep in mind here that a value less than the detection limit
for specific activity of the radionuclide in organic species are almost flush with the quantita-
tive data on the radionuclide content in the exchangeable and well-bound species. Predomi-
nant content of mobile species of ' Am in soil of zone 1 and 2 is no doubt.

In contrast to zone 1 and 2 zones, in soils of 3™ zone it is hard to identify the preva-
lence of various species of radionuclide because data differ.

Below is distribution of '*’Cs species (Table 11).

Table 11.
137Cs speciation Bq/kg, % of the total contents of all species
Point EXC:::E::MG Organic species Mobile species Well-bozmded
Zone Ne |(IMCH,COONH,) (0.11 NaOH) (IM HC]) species
Bq/kg Y%* Bq/kg %* Bq/kg %* Bq/kg Y%*
725 22 5.1 <12 2.7 <34 7.7 37.1 84.5
Zone | 761 6.5 6.7 <29 2.9 <4 4.1 83.8 86.2
838 5.8 32 2.6 1.5 7.6 43 162.3 91.0
855 30.4 14.1 3.2 1.5 4.9 23 176.5 82.1
average, Zone 1 7.3 0.7 1.6 90.1
97 <3.8 11.3 <3.0 8.9 32 9.5 23.6 70.2
Zone 2 113 17.6 16.9 <2.8 2.7 14.1 13.5 69.7 66.9
189 6.6 11.9 <1.0 1.8 4.9 8.9 42.8 714
average, Zone 2 13.4 - 11.6 78.5
424 24.2 18.2 54 4.1 13.6 10.2 89.7 67.5
Zone 3 365 39 11.9 <12 3.7 3.8 11.6 23.7 72.7
258 24.6 244 <12 1.2 12.1 12.0 62.7 62.3
average, Zone 3 18.2 1.4 11.5 68.7
Note: *- estimated data.
In the calculations of the relative content of radionuclide *’Cs the specific activities less than
the limit of detection methods was taken "0".

According to data on specific activity and relative content of '*’Cs species it should
be noted that most of the radionuclide accounts for well-bound species in all zones. This
indicates that in the soil of zone 1 the relative content of well-bound species is significantly
higher (90 %, on average) than in soil of zone 2 and 3 (68.7 — 78.5%)).
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In general, behavior of *’Cs in the soil of study area is similar to the previously
studied soils ma "background" ("Northern" and "Western") areas, where at least 68 — 70 %
accounts for well-bound species of 1¥’Cs.

Table 12 presents the ratios of *Sr speciation.

Table 12.
*Sr speciation Bq/kg, % of the total contents of all species
Point Excshpzl:%::ble Organic species Mobile species Well-boEmded
Zone N |(IM CH.COONH) (0.11 NaOH) (IM HC)) species
Bq/kg Y%* Bq/kg %* Bq/kg %* Bq/kg %*
725 343 17.8 <3 1.5 24.8 12.8 131.1 67.9
Zone 1 761 45.4 154 4.8 1.6 40.9 13.9 203.7 69.1
838 43.8 6.6 <29 0.4 38.4 5.8 582.0 87.2
855 59.7 5.9 355.3 35.0 49.4 4.9 552.0 54.3
average, Zone 1 114 9.6 9.3 69.6
97 16.4 47.7 <23 6.7 7.1 224 <8.0 233
Zone 2 113 49.0 48.9 <23 2.3 31.9 31.9 16.9 16.9
189 42.5 56.1 <2.7 3.6 23.0 30.3 <7.6 10.0
average, Zone 2 50.9 3.9 34.5 15.9
424 38.8 43.4 3.9 44 36.0 40.3 10.7 12.0
Zone 3 365 22.8 41.8 <23 42 15.0 27.5 <144 26.4
258 45.4 51.8 <2.7 3.1 31.4 35.8 <82 9.4
average, Zone 3 45.7 4.2 28.2 16.7
Note: *- estimated data.
In the calculations of the relative content of radionuclide '*’Cs the specific activities less than
the limit of detection methods was taken "0".

In the calculations of the relative content of *°Sr species, the specific activities less
than the detection limit of the method used, obtained, in particular, in organic and well-bound
species have been accepted by us as numerical values. Since, these limits have significant
high levels, reaching in some cases, "<8.2" or "<14.2" (in well-bound species) and are not
allowed to neglect them.

The study of *’Sr species in soils of the studied ecosystem discovers new features and
differences in radionuclide contamination of soils in the studied zones.

So, for Zone 1 the distinctive is prevalence of radionuclide well-bound species. The
variation of the relative values of the well-bound species ranges from 54.3 to 87.2%, ac-
counting for an average of 69.6 %. The less significant by content of *Sr is exchangeable spe-
cies (11.4%), followed in descending order — mobile (9.3 %) and organic species. A similar
distribution of *°Sr is observed in soils of "Experimental field" site [16].

In soils of 2™ and 3™ zones the dominant species of *°Sr is exchangeable, account-
ing for an average of 45.7 and 50.9 %, respectively. The second important by *°Sr content is
mobile species (28.0 and 34.5 %, respectively). The well-bound and organic species species
are the smallest for *°Sr (16.3). This type of distribution is characteristic for *’Sr in soils of
previously studied "background" areas of the STS ("North" and "Western") [17, 18].
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The study of the *°Sr speciation in soils of the study area once again confirm the
different nature of contamination in all three zones previously identified by levels of areal
radionuclide contamination.

Study results on the #**?*°Pu speciation are shown in Table 13. The results are pre-
sented for 6 out of 10 samples invetigated, for 4 out of 10 samples the results have not been
obtained due to the low yield of 2°?*Pu in the radiochemical extraction.

Table 13.
2397240py speciation Bq/kg, % of the total contents of all species
Point Excsh;ell%g: - Organic species Mobile species Well-bounded species
Zone Ne |(IMCH,COONH,) (0.11 NaOH) (IM HCI)
Bq/kg Y%* Bq/kg Y%* Bq/kg Y%* Bq/kg %*
725 24 12.1 2.7 13.6 3.7 18.6 11.1 55.7
Zone | 761 1.4 6.3 1.3 5.8 1.8 8.1 17.8 79.8
838 0.8 1.7 0.8 1.7 1.4 9.0 42.9 93.5
855 0.5 1.3 1.0 2.5 1.1 2.8 36.7 93.4
range 0.5-24113-12.1/ 0.8-2.7 [1.7-13.6| 1.1-3.7 [2.85-18.6|11.1 -42.9|55.7-93.5
average 1.3 5.3 1.4 5.9 2.0 8.1 27.1 80.6
Note: *- estimated data

The main content of 2**>*°Pu in soil samples, taken from zone 1, accounts for well-
bound species, on average, 80.6 % of the total content of all species. And the variation of the
values of the relative content of well-bound species ranges from 55.7 to 93.5 %. Less signifi-
cant by #****°Pu content is mobile species (8.1 %), followed in descending order — organic
(5.9%) and exchangeable (5.3 %) species.

In general, the behavior of 2***24°Pu in soils of the study area does not differ from that
in soils of the previously studied STS areas.

2.3.3. Distribution of radionuclides in soil granulometric fractions

The study of the radionuclide distribution in soil granulometric fractions allows eval-
uating the contribution of soil to air pollution at the re-suspension of dust and predicting local
secondary redistribution of radionuclides by horizontal migration due to wind erosion. 100
micron fine dust particles play a key role in assessing the getting of radionuclides into the
atmosphere from the surface of the soil [19].

To study the distribution of radionuclides 10 spot samples were taken to a depth of
0-3 cm. Location scheme of sampling points is shown in Figure 11. Sampling was carried out
in areas with the highest levels of radioactive contamination with studied radionuclides, and
characterized by different types of soils.

We studied the distribution of '*’Cs, 2*!Am, **Sr and #*****'Pu in soil fractions with
dimensions 1000-500, 500-250, 250-100, 100-63, 63-40 and <40 microns, isolated by "wet
sieving" in the flow of water. In the separated fractions of soil, after drying to air-dry state
and weighting, the contents of these radionuclides were determined. *’Cs and **'Am in the
samples were determined by gamma-spectrometry, 2****'Pu — a-spectrometric method with
preliminary radiochemical extraction, **Sr by radiochemical method.
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It was found that in soils of the study area in the upper 0-3 cm soil layer, taking an
average of 28 % of the total weight, the large fractions with dimensions 1,000-500 microns
dominate. Contribution of fractions 500-250, 250-100, 100-63 and 63-40 microns in the total
weight of the soil is, on average, 17, 15, 15 and 11 %, respectively. The most fine fraction
(<40 mm) of the soil surface horizon, the mostly involved in the wind transport, is 14 %.

Table 14, Table 15, Table 16 and Table 17 show the data on distribution of ! Am and

137Cs, %°Sr and »**?*'Pu in granulometric fractions.
b

Table 14.
Distribution of 2! Am in granulometric fractions of the surface soil layer (0-3 cm), Bq/kg, %
0, 0,
Zone |y, (28%) (17%) (15%) (15%) (11%) (14%)
Bq/kg| %* |Bq/kg| %* |Bq/kg| %* |Bq/kg| %* |Bq/kg| %* |Bq/kg| %*
761 | 045 | 42 | 1.10 | 104 | 048 | 45 | 2.77 | 26.1 | 1.64 | 154 | 418 | 394
Zone | 7251 03 | 7.1 [ 059 | 139 | 036 | 85 | 1.47 | 346 | 0.71 | 16.7 | 0.82 | 19.3
one 838 |<0.33] 2.9 | 230 | 199 | 1.51 | 13.1 | 1.51 | 13.1 | 1.79 | 155 | 4.1 | 35.7
855 | 0.77 | 6.9 38 [ 336 | 19 | 178 | 24 | 21.1 1.6 | 140 | 0.8 6.7
average, 5.3 19.4 11.0 237 154 253
Zone 1
97 [<029| 54 | 09 | 180 | 1.6 | 293 | 14 | 267 | 0.7 | 135 |<0.39| 7.2
2Zone | 113 | 085 ] 79 | 1.2 [ 113 | 20 | 19.0 | 2.7 | 254 | 1.8 | 166 | 2.1 | 19.8
189 | 055 [ 106 | 0.6 | 120 | 09 [ 166 | 13 | 245 09 | 185 ] 09 | 178
average, 8.0 13.7 216 255 16.2 14.9
Zone 2
424 | 156 | 9.5 339207 | 1.56 | 9.5 | 3.69 | 22.6 | 2.56 | 157 | 3.6 | 22.0
Zone3 | 365 [<0.32] 10.0 | 0.41 | 12.8 | 0.32 | 10.0 | 0.55 | 17.1 | 0.84 | 26.2 | 0.8 | 24.0
258 | 089 | 12.6 | 0.74 | 105 | 1.7 | 240 | 1.5 | 21.0 | 1.6 | 226 | 0.7 | 9.3
average, 107 147 145 202 215 18.4
Zone 3
Table 15.
Distribution of *’Cs in granulometric fractions of the surface soil layer (0-3 cm), Bq/kg, %
1,000-500 500-250 250-100 100-63 63-40 .
. . 5 " 6 . <40 micron
Zone Point| micron micron micron micron micron (14%)
Ne (28 %) 17 %) 15%) 15%) (11 %)
Bq/kg| % |[Bq/kg| % |[Bqkg| % |Bq/kg| % |[Bqkg| % |Bqkg| %
761 | 389 | 6.8 |228.70| 39.8 | 113.5| 19.7 | 61 | 10.6 | 559 | 9.7 | 76.8 | 134
Zone | 725 1249 | 9.6 [97.00 | 37.5 | 45.1 | 17.4 | 283 | 109 | 29.5 | 114 | 33.7 | 13.0
838 | 65.1 | 8.1 [404.9| 503 | 113.5]| 14.1 | 819 | 102 | 61.7 | 7.7 | 718 | 9.7
855 | 73.7 | 5.0 |787.6| 54.0 |374.2| 256 | 774 | 53 | 708 | 48 | 76.1 | 52
average, 7.4 454 19.2 93 8.4 103
1 Zone
97 | 152 | 9.5 | 162 | 10.1 | 21.3 | 13.3 | 347 | 21.6 | 36.7 | 22.9 | 36.2 | 22.6
Zone2 | 113 | 63 | 126 | 78 | 155 | 81 | 16.1 | 87.7 | 17.5 | 83.1 | 16.6 | 109 | 21.7
189 | 313 | 11.8 | 335 | 12.6 | 41.2 | 155 | 494 | 18.6 | 47.1 | 17.7 | 63.5 | 23.9
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1,000-500 500-250 250-100 100-63 63-40 .
. . X X . . <40 micron
Zone Point| micron micron micron micron micron (14%)
Ne (28 %) (17 %) (15 %) 15%) (11 %)
Bq/kg| % |Bq/kg| % |Bqkg| % |Bqkg| % |[Bq/kg| % |[Bqkg| %
average, 113 12.7 15.0 192 19.1 2.7
Zone 2
424 | 832 | 12.7 | 984 | 150 | 92.3 | 14.1 [ 122.4| 18.7 | 121.1 | 185 | 138.8 | 21.2
Zone3 | 365 | 1001 | 7.6 | 153 | 11.6 | 148 | 11.2 | 293 | 22.1 | 27.3 | 20.6 | 35.6 | 26.9
258 | 383 | 9.8 | 57.7 | 14.8 72 184 | 853 | 21.8 | 664 | 17.0 | 71.4 | 183
average, 100 138 14.6 209 18.7 2.1
Zone 3
Table 16.
Distribution of **Sr in granulometric fractions of the surface soil layer (0-3 cm), Bq/kg, %
0, 0,
Zone |"no | (28%) 17%) (15%) (15%) (11%) (14%)
Bq/kg| %* |Bq/kg| %* |Bq/kg| %* |Bq/kg| %* [Bq/kg| %* |Bq/kg| %*
761 | 128.1 | 8.0 |934.0| 587 | 317 | 199 | 70.6 | 44 | 68.8 | 43 73 4.6
Zone | 725 | 98.3 | 14.8 | 336.0 | 50.5 [ 123.7] 18.6 | 419 | 6.3 | 30.8 | 46 | 347 | 52
838 1 203.0 | 8.0 [1792.0| 70.4 | 247 9.7 [1362| 54 | 769 | 3.0 | 88.8 | 3.5
855 | 147.6 | 2.8 |3433.0| 64.6 [1489.0| 28.0 | 96.1 1.8 | 898 | 1.7 | 612 | 12
average, 8.4 61.0 19.1 45 34 3.6
Zone 1
97 | <7.6| 119 [<11.2| 175 | <97 | 151 | 115 | 179 | 142 | 222 [ <99 | 154
Zone2 | 113 | 30.5 | 188 | 22.1 | 13.6 | 29.6 | 182 | 36.5 | 21.9 | 29.6 | 182 | 152 | 93
189 | <7.6 | 103 | <89 | 12.0 | 157 | 21.2 | 17.5 | 23.6 | <89 | 12.0 | 155 | 20.9
average, 13.6 144 182 212 175 15.2
Zone 2
424 | 219 | 213 | 164 | 159 | 23.6 | 229 | 159 | 154 | 16.8 | 163 | <84 | 8.2
Zone 3 | 365 | <155 17.7 | <158 | 18.0 | 123 | 140 | 21.4 | 244 |<124| 14.1 [<104]| 11.8
258 | <11.0| 13.8 | <9.1 | 11.4 | <9.6 | 12.0 | 245 | 30.6 | 129 | 16.1 | 129 | 16.1
auerage, 17.6 15.1 16.3 235 15.5 12.0
Zone 3
Table 17.
Distribution of 2Py in granulometric fractions of the surface soil layer (0-3 cm), Bq/kg, %
1,000-500 500-250 250-100 100-63 6340 .
. . . . q . <40 micron
Zone Point| micron micron micron micron micron (14%)
Ne (28 %) 17 %) 15%) (15 %) (11 %)
Bq/kg| %* |Bq/kg| %* |Bq/kg| %* [Bq/kg| %* | Bq/kg | %* |Bqkg| %*
761 | 6.11 | 45 4990 | 37.0 |22.59| 16.7 [ 1293 | 9.6 | 18.71 | 13.9 | 24.73 | 18.3
Zone 1 725 | 485 | 69 |21.21| 303 | 10.61 | 15.1 | 17.25| 24.6 | 7.86 11.2 | 826 | 11.8
838 | 11.62| 5.9 |90.30 | 459 [22.25| 11.3 [26.78| 13.6 | 1443 | 73 | 312 | 159
855 | 144 | 45 | 1833 | 569 | 848 | 263 | 172 | 54 12.8 4.0 9.5 2.9
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1,000-500 | 500-250 250-100 10063 63-40 )
. . . . . X < 40 micron
Zone POlIlt micron micron micron micron micron ( 1 4 % )
N | (28%) (17%) (15%) (15%) (11%)
Bq/kg| %* |Bq/kg| %* |Bq/kg| %* |Bq/kg| %* | Bq/kg | %* |Bq/kg| %*
average, 55 425 174 133 9.1 12.2
Zone 1
97 | 19 | 45 | 43 | 99 | 87 | 200 | 153 | 354 | 51 | 11.8 | 79 | 184
zone2 |13 | 52 | - sl - [ - | - | L | s | -
none
189 | 2.1 | 55 | 52 | 137 | 54 | 140 | 152 | 396 | 49 | 13.0 | 54 | 142
average, 5.0 11.8 17.0 375 12.4 163
Zone 2
424|506 | 60 | 848 | 10.1 | 8.63 | 10.3 | 38.10 | 453 | 8.62 | 102 | 153 | 18.1
Zone3 | 365 | 047 | 47 | 1.05 | 105 | 1.80 | 18.0 | 2.08 | 208 | 1.83 | 183 | 2.8 | 27.8
258 | 235 | 84 | 339 | 122 | 42 | 149 | 48 | 171 | 54 | 193 | 78 | 281
average, 6.4 109 14.4 27.7 59 24.7
Zone 3

For a clearer presentation, the results of the radionuclide distribution in granulometric
fractions are presented as a normalized histogram with relative contribution of each fraction
in the total amount of each of the studied radionuclide (Figure 23).
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Figure 23. Histograms of the normalized distribution of ' Am and "*’Cs, *Sr and »*****'Pu

in granulometric fractions Distribution of Sr radionuclide in granulometric fractions

Based on the presented histograms for the radionuclide Am one can note a ralative
uniformity of its distribution in granulometric fractions of the soils in zones is studied.
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For '¥7Cs, *°Sr and 2***'Pu there was revealed a general pattern, particularly in the
four samples (761, 725, 838 and 855), taken in zone 1, the prevalence of these radionuclides
is seen in the fraction with size of 500-250 micron (for *’Cs in the range of 37.5-54.0 %,
PSr —50.5-70.4 %, #**?*'Pu — 30.3-56.9%). In the samples collected in zones 2 and 3, the
content of radionuclides in this fraction (500-250 micron) is not predominant, and no more
than 18 % of the total content.

The #7*2Py/2 Am ratio in granulometric fractions of soil.

To determine the relationship **2*°Pu/?*! Am, the soil samples were prepared in a spe-
cial way (preparation procedure involves several attrition stages), the attrition quality was
controlled by **' Am content in aliquot samples.

The ratios of #*2Pu specific activity in soil granulometric fractions to the specific
activity of >*! Am are shown in Table 18.

Table 18.
2397240py /24 Am ratios in granulometric fractions
. 1,000 - 500 500 — 250 250-100 100 - 63 63-40 .
Zone e micron (28 %)|micron (17 %)|micron (15 %)|micron (15%)| micron <40 micron
N‘_’ 239+24I]Pu /241 Am 239+240Pu /241 Am 239+240Pu /241 Am 239+240Pu /241 Am 239+240Pu /241 Am 239+240Pu /241 Am
761 13.6 45.4 47.1 4.7 11.4 5.9
1 Zone | 725 16.2 36.0 29.5 11.7 11.1 10.1
838 352 39.3 14.7 17.7 8.1 7.6
average, Zone 1 21.6 40.2 30.4 11.4 10.2 7.8
Zone2| 189 3.8 8.4 6.2 11.9 5.2 5.9
424 3.2 2.5 5.5 10.3 34 42
Zone 3| 365 1.5 2.6 5.6 3.8 22 3.6
258 2.6 4.6 24 3.2 34 11.9
average, Zone 3 2.4 3.2 4.5 5.8 3.0 6.6

Research results reveal three main features. First, there is clear difference of Zone 1,
which is characterized by high ratios of 2*2Pu/?*' Am in granulometric fractions, compared
with soils of 2™ and 3™ zone. A similar pattern is observed ratio of radionuclides in soils
considered areas (not separated into fractions). Recall, these ratios, on average, equal to one
area — 17.9. for the zones 2 and 3 — 7.0 and 5.14, respectively.

Another important fact is that in soils of Zone 1 the ratio of 2*"24Pu/?*! Am is the high-
est in the first three fractions of soil — 1000-550, 500-250 and 250-100 micron, pollution of
which may be caused, first of all, by the "local" tests.

The third feature concerns the smallest soil fraction of three considered areas < size
40 micron, where relationships of radionuclides is characterized by low levels, an average,
7.8 for zone 1, 5.9 for 2™ zone and 6.6 for 3" zone.

2.3.4. Soil quality assessment

The natural conditions of the study area determine the suitability of the land for use.
The study area is mainly livestock. Rugged terrain frequently covered with a thin layer of fine
grained soil and extensive broken stone formations prevent from arable activities on these
lands. Low-hill terrain, slopes of ridgy spurs, as well as high and low upland is the most suit-
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able for pastures. Plant complexes with feather grass, fescue, steppe grasses with scattered
bushes meadowsweet, pea shrub and others growing on zonal light chestnut soils are most are
suitable forage for cattle in the region [20].

The most productive pastures are located in the lower parts of the slopes on light-
brown poorly developed or normal soils, especially the northern exposure, where moisture
retains better and thus more significant productivity of grassland. The upper parts of deluvial-
proluvial inter-upland plains with significant surface slopes, often have meadow brown soils,
where yields of forage grasses increases. At the center of depressions these soils become
meadow alkaline and solonchak soils, solonetz and salt marsh under halophytic vegetation
with wormwood. Such foods are considered unsuitable for cattle.

Field work revealed the presence of pasture degradation in the study area. The cause
of rangeland degradation is mainly grazing livestock. Overgrazing against specific natural
conditions of the arid zone causes an intense degradation of land-vegetative cover, which is
particularly evident in 2-3 km wide band, adjacent to wintering sites. This area is sometimes
trampled causing complete vanishing of vegetation. Upon that, the soils become subject to
the upper horizon densification, which result in deterioration of their water-physical prop-
erties: increase in bulk density, moisture reduction, disruption of soil structure. In case of
sparse vegetation with a yield 0.05-0.1 kg/ha, it is represented by aggregations of various
species of wormwood, cypress and other plants that cattle don’t like to eat. It should be noted
that cattle grazing in these areas for many years has resulted in not only disappearance of
vegetation, but also in change in the dominant plant communities, thus different types of
grasses, fescue, steppe grasses are replaced by sagebrush and other weed species. Such graz-
ing is considered "battered".

Climatic conditions of the region play a major role in the degradation of pastures.
Irregularity of the terrain and soil desiccation in arid climate makes the soil "vulnerable",
subject to wind erosion and deflation. The soil in these conditions is sprayed with a loss of
humus in the upper horizon and loses fertility. This decreases both all loose layer and humus
horizon [21]. Such soil, subjected to wind erosion, ie deflated soil will not be able to restore
its original vegetation.

However, field observations indicate the the acreage of land, removed from the ag-
ricultural operations due to soil degradation, constitute less than 30 % of the total farmland
area, which makes it possible to consider this situation as relatively satisfactory [22].

Thus, in the study area mainly non-overgrazed or slightly overgrazed grasslands
are distributed, and soils considered non-deflated or poorly deflated. Exceptions are graz-
ing around encampment, watering ponds, winter camps, where pastures are non-overgrazed,
soils are medium, strongly diflated, that requires melioration measures and long recovery
period for rehabilitation.

2.3.5. Forecast for changes in radionuclide contamination in soils

Radionuclide contamination of upper soil within the "south-east" part of Semipal-
atinsk Test Site maight have been caused by fallouts from radioactive clouds resulted from
nuclear tests performed at "Experimental Field" testing ground. There are some insignificant
amounts of '¥’Cs, *°Sr and #**?*°Pu radionuclides registered in the surficial soil horizons. With
the depth radionuclide concentration in the soil profile is greatly reduced, as shown by the
data in Table 22, with a maximum value usually remaining in the surface layer.

48



Radioecological Situation at the Former Semipalatinsk Test Site and Adjacent Territories

Thus, despite the length of the last period (50-60 years) since the atmospheric tests,
the maximum content of radionuclides deposited on the surface of the soil retains in the sur-
face layer and the depth of penetration into the soil does not exceed 15-20 cm. This behavior
of radionuclides is due to the drastic shortage of moisture (precipitation — 200-250 mm),
which does not allow them to move into solution or move down by water flow. On the other
hand, the amount of evaporated moisture is 4-5 times higher than the amount of precipitation,
which leads to the accumulation of soluble salts, including the soluble part of the radionu-
clides, in surface soil horizons. These findings lead to the prediction that in the future pattern
of radionuclide distribution will remain the same, but the content will reduce in the upper
horizon and slightly increase the depth of penetration, because, despite the shortage of water,
the redistribution of substances and elements in soils happen in geologic time.

It can be assumed that if artificial radionuclides after 50 years since the nuclear tests
moved to a depth of 15 cm, and further their penetration rate would remain the same, which
is about 0.3 cm per year.

The wind as the relief shaping in a continental development of the region, will con-
tinue to play a role in spatial redistribution of radionuclides. So, with the dust particles of
<100 micron a part of radionuclides can be suspended in the surface layer, and can be carried
away during storms or high winds above 10 m/s over long distances. Dust particles from
100 to 500 micron are the most active parts in the dust storms, the frequency of which in
spring and fall can be maximized. About 50% of radionuclides constitute these particles.
Consequently, this number of radionuclides is very rare, not more than 4-5 times a year,
but may be involved in the movement in space. Soil particles larger than 500 micron can be
dragged by vortices at such a wind speed. The particles can also be moved at short distances
by sudden changes in a flaw. Thus, deflationary processes can gloss over the boundaries of
the former radioactive fallout cloud trails and dilute the concentration of radionuclides in the
soil cover.

2.4. Condition of waters

General description of waters in the studied territories

In the course of the studies the water use facilities located throughout the area inves-
tigated were searched for and accounted. Analysis of that information revealed that the water
objects are both surface waters (mostly temporary temporary stream flow and small lakes)
and groundwater — boreholes and wells located apart or close to summer and winter pastures.
All water use objects are natural water sources, and potentially can be, and in some cases are,
objects for drinking and household purposes.

The main economic activity in the area is livestock — breeding and grazing of black
and smal cattle. Since the surface water is salty and greatly salty, for livestock watering they
mainly use underground waters taken from the boreholes and wells. Given that in the study
area residential summering and wintering sites were found, there is potential for the use of
water from the water-use facilities, not only in economic, but also for drinking.

Currently there is no information on the availability of registered water use facilities
in the STS. In order to search for and account of all water facilities and make a complete
list of them, originally works were carried out with modern hydrogeological maps of the
study area. All water use objects, found on the maps, including temporary surface streams,
lakes, and areas of possible breeding domestic animals, were included to preliminary survey
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scheme, and followed by expeditions directly to their location. The bulk of water facilities
was found by the existing coordinates of their location, some of them were found during
the visual examination of the area. The coordinates of the objects found were recorded and
mapped.

The field survey included:

» visual examination of water objects, photography;

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

+ status of water body (active/inactive, presence/absence of water, presence of resi-
dential buildings around, residence of people, grazing, etc.);

» identification of causes and extent of water object use (if possible), as well as
its status in terms of possible future use for drinking, agricultural and other pur-
poses;

* determination of groundwater level (in wells and boreholes);
* determination of water temperature;
« water sampling for analytical studies.

Water was sampled in accordance with GOST 51592-2003 [23].

The samples were collected in 2-30 liters plastic containers, depending on the labora-
tory test type.

In total, in the study area 42 water objects were identified and examined. Most of the
objects are wells and boreholes, fenced with concrete structures, water troughs for livestock
watering.

Because some of the examined water objects look abandoned and destroyed, dilapi-
dated, or heavily littered, water could only be sampled from 35 water use facilities. Of them —
14 are surface water streams, 11 — wells, and 10 — boreholes. Brief description of all water
facilities is provided in Figure 24.

The field studies revealed that the water table in the area ranges from 1.0 to 6.8 m. The
underground water temperature varies from 5 to 10°C, the surface — from 9 to 15°C.

The examination established the presence of eight water facilities located in the resi-
dential summer pastures and wintering sites both for permanent and temporary use. They are
water facilities located on the territory of wintering sites Tolegen (t.345), Zhanadar (t.279),
Karashoky (t.341), Sunkar (t.357), Dostar (t.342V), and villages Samai and Ainabulak and
borehole t.377 located near unnamed residential wintering site.

To assess the quality of water and the degree of its suitability for drinking or house-
hold purposes in all objects water was sampled for laboratory, chemical, trace element and
radionuclide composition.
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Figure 24. Location of water objects

2.4.1. Assessment OF water quality by general chemical characteristics

For a preliminary assessment of water quality in water use facilities located in the
southeastern part of the STS the water samples were analyzed in the laboratory to determine
the following: chloride, sulfate, total hardness, total salinity (mineralization) [24].

By salinity (Vernadsky’s classification) the fresh waters are those with salinity (min-
eralization rate) up to 1,000 mg/dm?. Brackish — from 1,000 to10,000 mg/dm?. Salty water —
from 10,000 to 0000 mg/dm?, the brine water — over 50,000 mg/dm?.

Based on the analysis the water in the waters objects under study was described as
follows.

By salinity degree most of the water samples pertain to brackish (1,180-7,380 mg/dm?)—
60 % and fresh (up to 920 mg/dm?) — 33 %. A small part of samples pertain to the salty (16,000
mg/dm?and 23,000 mg/dm?) — 7 %. According to the Sanitary Regulations and Standards, the
total salinity should not exceed 1,000 mg/dm?.

By its anion content, water mostly pertain to the sulphate-hydrocarbonate-chloride,
sulfate-chloride-hydrocarbonate, hydrocarbonate-sulfate-chloride type of water. By chloride
and sulphate content 36.7% of water meets SanPiN (Sanitary Regulations and Standards)
standards (up to 500 mg/dm? to 350 mg/dm? respectively).

The data obtained show that 10% of investigated water samples pertain to soft
(less than 4 mg-eq/L), 20% — to moderately hard (4-8 mg-eq/L), 16.7% — to hard waters
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(8-12 mg-eq/L), 53.3 % —to a very hard (more than 12 mg-eq/L). Small part of water samples
(30%) meets SanPiN (over 12 mg-eq/L).

Water pH ranges from 5 to 7.5 (average — 6.5). About 43.4 % of water samples (within
9.6 pH units) meet Sanitary Regulations.

Thus, of all the analyzed water samples collected in the southeastern part of the ST,
the chemical composition parameters of 8§ water samples meet all Sanitary Standards and this
water is suitable for drinking and household purposes. They are water objects numbered 336,
321,175,179, 354, 361, 375 and 325.

Waters from other objects are not desirable to use for drinking because of the in-
creased total salinity and hardness. The water in the water objects, numbered 337, 345 and
214 (surface water sources) is not recommended for use as total salinity and hardness is
respectively 5, 10 and 15 times higher than the SanPiN standards.

2.4.2. Quality assessment of water facilities by their trace element composition

The trace-element analysis of the samples investigated water concentration of key
trace elements, which are I-III class of hazard by its biological role. They include Be, Hg, B,
Ba, Cd, Co, As, Pb, Al, Zn, Ni, etc.

The concentrations of the elements under study were compared with MPC — maxi-
mum permissible concentration by standards of SanPiN Ne 4.01.071.03 [25].

The results in the water samples tested we did not detect such trace elements as Hg
(0.0005 mg/L), Cd (0.001 mg/L), Co (0.01 mg/L), As (0.05 mg/L), Pb (0.03 mg/L) and Zn
(5 mg/L). All the values for these elements are lower than the maximum permissible concen-
tration (MPC) in drinking water.

The exceedance of beryllium permissible levels was found in eight water facilities that
are surface water sources, numbered 365, 352, 354, 375, 355, 361, 336, 315. The concentra-
tions of beryllium in water samples, taken from these water facilities, range from 0.00025 to
0.0077 mg/L. In all other water facilities located in the study area, the beryllium content in
the water is well below the maximum permissible concentration, which is 0.0002 mg/1.

The boron content in the examined water samples ranges from 0.07 to 3.3 mg/L,
which in most cases, exceeds the standards for content in drinking water almost an order of
magnitude. The parameters obtained exceed the established norms in almost all samples. The
MPC for the content of this trace element in the water should not exceed 0.5 mg/1.

Aluminum concentration in the water samples ranges from 0.02 to 37 mg/l. Maximum
concentrations of aluminum were observed in the surface water body — lakes in t.336. The
concentration limit for aluminum content in drinking water is 0.5 mg/L (SanPiN).

The maximum permissible concentration in drinking water for barium is 0.1 mg/l.
According to the results of laboratory studies, the concentrations of barium slightly exceed in
7 out of all taken water sample from the water facilities, numbered 354, 375, 361, 325, 315,
357 and 362. In the facility numbered 336 (lake) barium concentration is exceeded by more
than an order of magnitude and is 1.4 mg/l. In all other water samples the barium content is
normal and varies from 0.0023 to 0.1 mg/1.

The nickel content in the water facilities varies from 0.001 to 0.08 mg/1. Slight excess
in nickel concentration was detected in 8 of the investigated objects — t.336 (lake), stream
Zheter, boreholes in t.234, t.362, t.279, wells in t.343, t.344 and t.213. According to the stan-
dards of drinking water quality, the nickel content should not exceed 0.02 mg/I.
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Thus, an excess in concentrations of certain trace elements in the water samples ex-
amined was recorded in 27 out of all the surveyed water facilities, located in the territory.
Of these, 6 boreholes, 4 wells and 17 surface water sites. A slight excess of the maximum
permissible concentration in water was observed for aluminum, boron, barium, nickel.

Elevated concentrations of beryllium, the most toxic of all the above elements, were
detected only in surface water sources, the water in which is heavily salty and is not suitable
for use for drinking purposes.

The water in all other water facilities located in the area, in terms of trace element
composition concentrations, meets the standards and requirements of the quality of drinking
water and can be used without restriction for drinking, household or other uses.

2.4.3. Contents of artificial radionuclides in surface and ground water
of the studied region

To study the levels of contamination with artificial radionuclides the water samples
from all water facilities were analyzed for *H, *’Cs, *Sr and #°***°Pu [26, 27]. The results
are shown in Table 19.The detection limits of the used hardware and methodological support
averaged 0.02 Bq/L for *°Sr and *’Cs, 15 Bq/I for tritium and 0.001 Bg/l for ****>*°Pu, which
is below the MPC for these isotopes 10-1000 times.

Table 33.

Specific activity of artificial radionuclide in water

. . Specific activi Specific activi Specific activi Specific activi
N | Sampling point | g0 Bq/kgty "Sr, Bq/kg " oni0py, Bq/ktgy *H, Bq/kg "
1 371 <0.1 <0.01 <0.09 <8
2 365 <0.02 <0.02 - <15
3 352 <0.02 <0.02 <0.0026 <15
4 354 <0.02 <0.02 - 40
5 375 <0.02 <0.01 <0.001 30
6 355 <0.04 <0.01 - <8
7 385 <0.05 <0.02 <0.015 <9
8 361 <0.04 <0.01 <0.004 <12
9 borehole 325 <0.01 <0.02 <0.008 <8
10 lake 336 <0.05 <0.01 <0.00062 <9
11 borehole 345 <0.02 <0.01 <0.0007 <9
12 Surface water 337 <0.01 <0.01 <0.004 <10
13 borehole 324 <0.03 <0.01 <0.0065 <8
14 borehole 279 <0.01 <0.01 <0.00067 <8
15 | Surface water 315 <0.01 <0.01 <0.00084 <9
16 borehole 317 <0.03 <0.01 <0.030 <7
17 borehole 377 <0.04 <0.01 <0.003 <7
18 borehole 321 <0.01 <0.01 <0.0035 <7
19 341 <0.01 <0.01 <0.001 <7
20 342 <0.02 <0.01 <0.002 <8
21 borehole 356/1 <0.01 <0.01 <0.002 <7
22 well 356/2 <0.02 <0.01 <0.0017 <8
23 borehole 343 <0.01 <0.01 <0.00082 <8
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. . Specific activity | Specific activity | Specific activity | Specific activity

Ne | Sampling point | 0 po ke "Sr, Bq/kg 2920py, Bg/kg *H, Bq/kg
24 357 <0.01 <0.01 <0.0034 <8

25 344 <0.04 <0.01 <0.0027 <9

26 363 <0.02 <0.01 <0.012 <8

27 362 <0.02 <0.01 <0.004 <q

28 | Smai village, well <0.02 <0.004 <0.0008 <12

29 Zheter stream <0.03 <0.004 <0.0012 <13

30 | Unknownsiream <0.02 <0.004 <0.0014 <14

(Neizvestny)

31 well 342B <0.02 <0.004 <0.0018 <12

32 borehole 234 <0.02 <0.005 <0.0008 <12

33 Spring <0.01 <0.004 <0.0013 <14

34 well No2 <0.02 <0.006 <0.0019 <12

35 | Ainabulak village, <0.02 <0.005 <0.0027 <12

boreholes

The laboratory data analysis showed that concentrations of *H, '¥’Cs, **Sr and *°*2*'Pu
are below the detection limit of the methods used and equipment and amount to <0.09 Bq/kg,
which does not exceed the established norms for content of artificial radionuclides in water.
According to Kazakhstani Hygienic Standards "Sanitary Requirements for Radiation Safety"
the intervention level at intake with water for *H is 7600 Bq/kg, 7Cs — 11 Bq/kg, *°Sr —
4.9 Bg/kg, 2?*%Pu — 0.55 Bg/kg [28].

In accordance with the regulations in force in the Republic of Kazakhstan [28, 25] —
Hygienic Standards SanPiN Ne 2.1.4.1074-01 "Sanitary and epidemiological requirements
for quality of centralized water supply systems", the water from water facilities, located in
the southeastern part of the STS was assessed for quality. Water quality assessment was car-
ried out by laboratory methods using standard equipment and verified equipment.

General water chemistry study results show that fully usable water is in objects num-
bered 336, 321, 175, 179, 354, 361, 375 and 325. The water in the other water sites is recom-
mended for limited use due to exceeding the parameters of the total hardness and salinity.

According to the radionuclide analysis in all water objects investigated the specific
activities of artificial radionuclides are below the detection limit and do not exceed the inter-
vention level at intake with food and water, according to the Kazakhstani Hygienic Standard
"Sanitary Requirements for Radiation Safety" [28].

Trace element study results concluded that the water in almost all water use facilities,
by its trace elements in it, is satisfactory and suitable for use for drinking or other purposes.

Exceptions are objects in the water of which we detected beryllium. Given that the
water objects are of natural origin, and all are classified as surface waters, this might be the
case, but one should know that this water is not recommended for drinking water.

2.4.4. Forecast of changes in radionuclide contamination
of surface and groundwater

A full assessment of the lands to be transferred requires not only the data on lev-
els of radionuclide concentration in groundwater, common on the STS testing grounds, but
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also forecasts of the possible migration of contaminated groundwater from UNE venues to
groundwater of these areas.

Data on the geological structure and hydrogeological conditions, and the mechanisms
of radioactive contamination of water environment in zones where nuclear testing in the STS
was done are presented in detail in the materials on the "northern" areas [29]. This chapter
will focus on the review and assessment of possible pathways of contaminated groundwater
migration from the underground nuclear explosion (UNE) of into groundwater of "south-
east" territories. The possibility of contaminated groundwater flow from the atmospheric nu-
clear explosion and warfare radioactive agent testing sites into the groundwater of the study
area is not considered because these test sites are located 88 km from the northern boundaries
of the southeastern territories. The main direction of the regional groundwater flow from
the testing grounds is north and north-east. I.e. groundwater from the testing grounds flows
almost the opposite direction from the "south-east" territories.

Thus, we do not expect flow of contaminated groundwater from the atmospheric nu-
clear explosion and warfare radioactive agent testing sites into groundwater of "southeast"
areas.

When considering the likelihood of contaminated groundwater flow from the UNE
venues into groundwater of "southeast" territories the following factors are taken as a basis:

« assessment of existing areas of contaminated groundwater spread threatening to

contaminate the waters of the "south-east" territories;

« assessment of the features of the geological structure of the "south-east"
territories.

Among the possible sources of groundwater contamination of "south-eastern" areas
"Degelen" stands out as the most likely. To a lesser extent we expect contaminated water
flow from "Telkem" and "Sary-Uzen". "Balapan" site among the major possible sources also
is not considered because it is located at a significant distance from the boundaries of the
study area. At this, groundwater from this site flows almost in the opposite direction from the
"south-east" territories.

"Telkem" site. Boundary of "Telkem" site is 4 km from the northern boundary of
the "southeast" territories. According to the previous test of water wells at "Telkem-1" and
"Telkem-2" the concentration of radionuclides in groundwater, distributed within a given
area, does not exceed the permissible values for drinking water and reaches the following:
197Cs — up to 2.0, *H — up to 50, *°Sr — up to 3.0 Bg/kg. Thus, the groundwater of "Telkem"
site poses no risk to contaminate groundwater of southeastern STS. Also, the groundwater of
"Telkem" is filtered in the north-east direction, i.e. in the opposite direction from the study
area.

"Degelen" site. This site is located 17 km from the north-western boundary of the
study area. Studies have shown that contaminated groundwater, flowing beyond Degelen
Mountain, is confined mainly to the beds of temporary and permanent streams. In our case,
groundwater, common in the valley of streams Uzynbulak and Baitles can flow into ground-
water of southeastern part of STS. These streams move from mountains in the south and
south-east direction.

Underground waters in southwards. These include streams confined to stream beds of
Baitles and Tohtakushuk. According to studies, in the groundwater of Baitles stream valley
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137Cs content is below MDA equal to *’Cs <0.01 Bg/kg. Quantitative values of °*Sr were es-
tablished only in two wells containing up to 0.01 Bg/kg. The main radioactive contaminant is
3H, content of which in the groundwater where it goes beyond the mountains is 260 kBg/kg.
With distance from the mountains *H concentration is markedly reduced, but, nevertheless,
at a distance of 10 km from the mountain it is 10 kBq/kg.

Underground waters in south-eastward. These include streams flowing beyond the
mountain massif through Uzynbulak stream valley. In these waters, '*’Cs concentration does
not exceed MDA as well ("*Cs <0.01 Bg/kg). Quantitative values of **Sr were established
only in two boreholes containing up to 3.0 Bq/kg. *****Pu was detected in three boreholes
containing up to 0.7 Bg/kg. *H concentration in groundwater at boundary of the mountains
is up to 200 kBq/kg and then is drastically reduced to acceptable levels for drinking water.
To the east, within the southern boundary of the STS, Uzynbulak Valley comes together with
Shagan River watershed valley. According to the drilling and testing of water wells in Shagan
River waters at conjugation of the no artificial radionuclides were detected.

Thus, the analysis showed that the underground water distributed within the local
watershed of Baitles and Uzynbulak, can be a real supplier of artificial radionuclides into
groundwater of the southeastern territories. Given the fact that in this area the regional
groundwater flow is of north-east direction, then in this case the contaminated groundwater
from the Baytles and Uzynbulak base can penetrate the boundaries of southeastern territories
only through tectonic faults.

It should be borne in mind that in the southeastern territories is a number of regional
faults of northwest strike and major meridian and north-eastern strike.

The largest is the Main Chingiz Regional Fault of northwest strike, the trail of which
can be seen in the western part of the study area. The plume of the fault runs near "Dege-
len" site and on the south-western boundary of "Sary-Uzen" site. In this connection, there
are grounds for assuming that contaminated groundwater flow from these sites through this
fault.

It should also consider the presence of the West Arkalyk Regional Fault, the line of
which is traced 7 km from the north-eastern boundary of the southeastern area. Traditionally,
all of the major tectonic faults are accompanied by a series of smaller feathering faults.

Thus, according to the analysis of tectonic patterns and refining their location by space
images the tectonic faults were identified for the study as the main way of possible motion
of contaminated groundwater from "Sary-Uzen", "Degelen" and "Telkem" sites. To verify
this version a method of direct sampling of groundwater was used. In this connection, for the
study of interstitial waters areas were identified for drilling 3 water wells to a depth of 60 m,
to study pore water — 4 auger-type wells with a depth of 15 m (Figure 25).

Further, to establish the existence of possible motion of polluted water from Degelen
Mountain massif and "Telkem" site towards southeastern section through tectonic faults,
in near-by territory spots were laid to drill 26 auger-type wells with a depth of 15 m. Main
Chingiz fault was a closer attention. In the ipact zone of this fault one core well was drilled to
a depth of 60 m and 10 auger-type wells up to 15 m deep (Figure 25). All the wells penetrated
the groundwater and were tested.
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Figure 25. Arrangement of drilled water wells and geophysical profiles

PROGRESS MADE

To study possible migration of artificial radionuclides in the above areas, in 2011 com-
prehensive studies of groundwater were carried out, including geophysical surveys, drilling,
experimental- filtration observations in the drilled water wells and laboratory tests to deter-
mine the radionuclide and chemical composition of groundwater samples. As a preliminary,
geophysical surveys were performed to determine the main water bearing zones. Based on
the geophysical data obtained one hole with a depth of 60 m at each site was drilled to study
ground water, confined to faulting zones.

Electrical exploration was performed to identify in section the tectonic disturbances
by near-field transient electromagnetic sounding in the form "off-grounded combined loop"
[30, 31].

Drilling was made with rig UKB-500S using mechanical rotational method of core
sampling. A borehole 132/127-93 mm in diameter and with depth of 62 m was drilled to
refine the geological section.

Mail Chingiz Fault plume
Profile]. Figure 23 shows the geoelectric section, based on the near-field time-
domain electromagnetic sounding data on profile 1 for depths of 50-500 m in the param-
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eters pt-longitudinal electrical resistance (Figure 26a) and St-longitudinal conductivity
(Figure 26b).
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1 — isolines of electric resistance pt; 2 — isolines of electric conductivity St;
3 — tectonic faulting line by geoelectric data, 4 — flooded fractured zones, 5 — twinned hole.

Figure 26. Main Chingiz Fault plume. Profile 1. Geoelectric section in the parameters:
a — electrical resistance pt; b — longitudinal conductivity St

At this profile the tectonic disturbance is contrasting both at the electric resistance, and
on the longitudinal conductivity. An important characteristic of the fractured zone structure is
its heterogeneity, and the presence of local areas (Stake 1250-1700) with significantly higher

58



Radioecological Situation at the Former Semipalatinsk Test Site and Adjacent Territories

longitudinal conductivity at depths 0of 250-400 m (Stake 1550-1750), and a depth 0o 350-500 m
(Stake 1200-1500). These intervals are interpreted as watered zones. Among the flooded
zones the most contrasting is the zone in the range of 1350-1700, therefore a borehole 41 was
drilled to a depth of 60.2 m (Figure 43). Boreholehole 41 in the upper part to a depth of 3.5 m
met clay, and then to 9.0 m — fractured sandstones. Between 9.0m and 60 m the section is
folded of siltstones. Underground water level in the borehole established at a depth of 5.0 m.
Based on the experimental pumping we determined the filtration coefficient —0.12 m/day and
pumping flow rate — 0.12 1/s (10.4 m3/day), specific flow rate was 0.011 I/s (1.02 m*/day). The
aquifer has little pressure. Thus, the host rocks of the aquifer are slightly permeable.

The East Chingiz Fault plume
Profile 2. Figure 27 shows the geoelectric section pt and St on profile 2 (depth range
50-500 m).

Hole 42
A

7
7

600 800 1000

See Figure 23 for Legend

Figure 27. The East Chingiz Fault plume. Profile 2. Geoelectric section in the parameters:
a — electrical resistance pt ; b — longitudinal conductance St
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By the ratio of the longitudinal conductance gradient two sub-horizontal geoelectric
boundaries at depths of 80 and 130 m were identified. By the electrical resistance there were
revealed tectonic disturbances in between 350-550 which is practical interest for detection
of fracture watercut of effusive rocks. Most contrasting it is at the depths of 500-700 m and
can be traced to a level 70-150 m. A characteristic feature of this zone is significant lower
contrast against electrical resistance in comparison to the zone on the profile 1. By the change
in the isoline configuration of this parameter, other tectonic disturbances with contours with
varying degrees of probability were identified. Among them the flooded fracture zone are
intervals 0-180 and 300-400 with the distribution depth not more than 70-80 m.

Within the zone identified between 350 and 550 a borehole 42 was drilled to a depth
of 48 m. In the upper part (to a depth of 3.0 m) the borehole crossed the medium-grained sand
with fine gravel, then — to a depth of 12 m — the weathering crust of andesitic porphyrite and
up to 48.0 m — andesite porphyries. Rocks along the entire borehole section are fractured,
watercut. Underground water level in the borehole established at a depth of 4.0 m. Based on
the experimental pumping we determined the filtration coefficient — 0.002 m/day and flow
rate — 0.037 /s (3.2 m3/day), specific flow rate was 0.003 I/s (1.02 m3/day). The aquifer has
little pressure. Thus, the host rock of the aquifer is slightly permeable.

Arkalyk Fault plume

Profile 3 is laid on the area folded with diorites and granodiorites. Geoelectric section
along the line of the profile (Figure 28) reveals the block structure of the geological section. A
characteristic feature of the geoelectric section for profile 3 is the presence of steeplydipping
conductive zone mapped in the range stake 250-420.

Based on the data between stakes 300-400 a 63 m deep well 43 (Figure 28) was
drilled, which revealed the clay (to a depth of 12.0 m), diorites (up to 53.0 m) and granodior-
ite (up to 63 m). Diorites and granodiorites are fractured, flooded. Underground water level
established at a depth of 3.5 m.

The experimental pumping results defined filtration coefficient — 0.04 m/day and flow
rate — 0.71 I/s (61.3 m* day), specific flow rate was 0.06 I/s (5.2 m?/day). Aquifer is little
pressure.

Contamination of groundwater with artificial radionuclides

The results of laboratory analyzes of groundwater samples taken from the water wells
drilled in 2011, are presented in Table 20. Concentration of tritium was determined in all
wells. *7Cs, *Sr and 2****°Pu were determined only in wells drilled directly on the area south-
eastern part of the STS.
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Figure 28. Arkalyk Fault plume. Profile 3. Geoelectric section in the parameters:
a — electrical resistance pt ; b — longitudinal conductance St

Table 20.
Results of laboratory analyses
Coordinates
Borehole *H. B7Cs “Sr, BH2UIPpY,
Ne north latitude east longitude ’ i ’ ?
Ne 5 S = 5 S ~—Ba/kg| Ba/kg | Bg/kg | Bglkg

111-4 49 39 12780 78 30 | 630 | <12 - - -

11-5 49 38 5090 | 78 26 | 2850 | <13 -

11-2 49 34 59 78 22 1.8 | <14 <0.01 <0.005 | <0.0012

111-3 49 26 | 3640 | 78 28 14640 | <12 <0.01 <0.004 [<0.11*10°

41 P 49 26 | 404 | 78 12 7.6 | <10 <0.05 <0.005 | <1.2*10°

42Pp 49 27 [ 215 | 78 23 | 547 | <12 - - -

43 P 49 38 | 550 | 78 25 2480 | <13 - - -

boreh.2 | 49 42 12510 78 17 13620 | <13 - - -

O ||| |WwW| b |—

boreh. 3 49 42 |1 050 | 78 15 |55.00| <13 - - -

—_
(=]

boreh. 4 | 49 38 [56.00| 78 19 12210 <12 - - -
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Ne ol north latitud(;oordmateesast longitude e Sl e N
- Ne S S = S 5 ~—1Bq/kg| Bqkg Bq/kg Bq/kg
11 | boreh.5 | 49 40 4480 | 78 30 | 2850 | <I3 - - -
12 | boreh.6 | 49 41 | 3.60 | 78 32 14620 | <12 - - -
13 | boreh.7 | 49 38 3540 78 28 3040 | <12 - - -
14 | boreh.9 | 49 33 12470 78 14 | 51.10| <13 - - -
15 | boreh. 10 | 49 34 2350 78 14 | 620 | <13 - - -
16 | boreh. 11 | 49 35 | 810 | 78 12 1490 | <12 - - -
17 | boreh. 12 | 49 37 [56.00| 78 9 13390 <14 - - -
18 | boreh. 13 | 49 39 4570 78 2 [ 5850 <12 - - -
19 | boreh. 14 | 49 39 [ 610 | 78 3 5.70 | <13 - - -
20 | boreh. 15 | 49 31 3290 78 9 140.80| <12 - - -
21 | boreh.16 | 49 30 | 2.10 | 78 7 3820 <12 - - -
22 | boreh. 17 | 49 32 2280 78 6 9.20 | <15 - - -
23 | boreh. 18 | 49 35 | 1.50 | 78 1 1540 | <12 - - -
24 | boreh. 19 | 49 36 | 790 | 78 3 8.10 | <13 - - -
25 | boreh.20 | 49 33 2730 78 0 [3240| <13 - - -
26 | boreh.21 | 49 29 |5130] 78 0 [3580] <12 - - -
27 | boreh.23 | 49 28 [36.60 | 78 9 113.50] <12 - - -
28 | boreh.24 | 49 25 4840 | 78 13 3540 <12 - - -
29 | boreh.25 | 49 25 | 170 | 78 15 5240 | <13 - - -
30 | boreh.26 | 49 21 |35.10] 78 1 [3290]| <12 - - -
31 | boreh.27 | 49 26 (2140 78 1 [3290| <13 - - -

Laboratory tests showed that the concentrations of radionuclides in groundwater both
in southeastern parts of the STS, and in adjacent areas do not exceed MDA.

According to the results, in groundwater of the STS southeastern part concentrations
of 1¥7Cs, °°Sr, 2**24Py and *H are below the detection limit and do not exceed the intervention
level at intake with food and water, according to HS SRRS [28].

Studies have shown that groundwater, contaminated with artificial radionuclides and
flowing beyond the Degelen Mountain in the south and south-east, is located within the local
watershed of Koskuduk and Uzynbulak and does not migrate outside the watersheds through
tectonic disturbances in the "south-eastern" areas.

Thus, the results of the studies suggest that the levels of radioactive contamination of
groundwater in the STS "southeast" territory can be used in all kinds of agricultural activities
without any restrictions.

2.5. THE AIR BASIN

Radioactive contamination of air basin in the former Semipalatinsk Nuclear Test Site
might have been caused by the following factors:
+ large areal sources of contamination, such testing grounds as "Experimental field",
"Sary-Uzen", "Warfare Radioactive Agents" testing, "Balapan", "Telkem" sites, as
well as radioactive fallout plumes from atmospheric nuclear testing;
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« surface and underground waters, the evaporation of which results tritiated
water trittum (Shagan River section, surface water and groundwater of Degelen
mountain) to get into air.

Currently, the risk is mainly due to the following radionuclides — *H, *°Sr, "*’Cs,
2397240py and **'Am. Based on the physical properties of these radionuclides (alpha and beta
emitters), the greatest danger that they pose is in case of an internal exposure.

The most likely source of secondary air pollution in the study area may be areal con-
tamination areas located at "Telkem" site.

Studies performed to assess the air basin state at the southeastern part of STS followed
the methodology: theoretical assessment of contamination, field and laboratory studies. Dur-
ing the field works we sampled air, vapour, measured radon and thoron equivalent equilib-
rium volume activity (EEVA), density of surface exhalation for radion. Laboratory studies
covered sample preparation and volume activity determinations for artificial and natural ra-
dionuclides. Additionally, radon hazards at the territory were assessed.

Sampling and measurement of EEVA of radon, thoron were conducted on residential
wintering site and summer pastures in summer of 2010-2011 (Figure 1, Table 24).

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

The results of the study determined that in the "south-east" of the STS 3 zones were
identified for which we calculated average specific activity of artificial radionuclides in the
surface soil layer.

The climatic conditions in the study area (dust storms, high winds) contribute to the
secondary rise of artificial radionuclides contained on the soil surface. This process is also
forced by the spread of the light soils there that are most susceptible to dusting. Therefore
in the theoretical estimation it is advisable to consider radionuclide content in the fine frac-
tion (<40 micron), which will take part in the resuspension and transport at a wind speed of
6 m/s.

A study of granulometric composition determined that 14 % of the total weight of the
soil accounts for the fine fraction (<40 micron). Table 21 shows the contents of radionuclides
137Cs and "' Am in surface soil (3 cm) in a faine granulometric fraction.

Table 21.

Contents of the radionuclides in the granulometric fractionpazmepom <40 pm of studied soil

Average content of radionuclides in the granulometric soil fraction <40 pm, %
I37CS ZAIAm
17.6 9.6

Given the average content of the fine fraction and average specific activity of artificial
radionuclides in the soil, the average percentage of radionuclides in this fraction, and the ratio
of radionuclides within the zones (Table 7), we can calculate the specific activity of radionu-
clides in the fine fraction of the soil. The results are presented in Table 22.
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Table 22.
Specific activity of radionuclides in the fine fraction (<40 pm) of soil

Average specific activity, Bq/kg

137Cg | 920Gy | 239240y | HAmM
Zone 1

323 | 49 | 13.0 | 14
Zone 2

477 | 3.6 | 10.4 | 1.1
Zone 3

30.8 | 3.7 | 43 | 0.7

Assessment of artificial radionuclides content in air of the southeastern part of STS
was performed based on average specific activities in the zones I, II and III. Initial data are
presented in Table 22.

Calculated volume activities of artificial radionuclides in air are presented in Table
23 taking into account year-average dustness of the air.In assessing the content of artificial
radionuclides in the air, we take into account the specific activity of radionuclides in the
granulometric fraction of soil <40 micron.

Theoretical evaluation of the content of artificial radionuclides in the air was per-
formed assuming a resuspension factor.Volume activity of radionuclides in the air of "south-
eastern" parts of the STS was calculated as [3]:

where:

C,, — activity concentration of the i-th radionuclide in the air (Bq/m*);C, — specific

activity i-th radionuclide in surface soil, Bq/kg;

p,,. — annual average air dustiness, kg/m’.The average annual natural air dustiness,

according to [33], outdoors and indoors is 1-107 kg/m®. During natural or man-made

dustiness the air dustiness can increase up to 10 times, that is, to 1-10° kg/m®. In
assessing the content of radionuclides in the air the air dustiness value is accepted
to be 1-10°.

The artificial radionuclides in the air of the "south-east" parts of the STS were assessed
by the average specific activity in zones 1, 2 and 3. Baseline data are shown in Table 22.The
calculated activity concentrations of artificial radionuclides in the air of the study area with
the average annual air dustiness are given in Table 23.

Table 23.
Volumetric activity of artificial radionuclides in the air of STS southeastern part
Annual average air Volume activity of radionuclides
dustiness (p_, ), in the air at average specific activity in the soil, Bq/m?
kg/m? 131Cy | 0g - | 2391240py | MiAm
Zone 1
104 3210 | 49100 | 13105 | 49-10¢
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Annual average air Volume activity of radionuclides
dustiness (p, ), in the air at average specific activity in the soil, Bq/m?
kg/m? (s | NGy | 291240py | MiAm
Zone 2
104 48105 | 36100 | 10105 | 3610°
Zone 3
10 3.1-10° 3.7-10¢ 4.3-10° 3.7-10
PVA i BO/M 2.7-10' 27 25107 2.9-107
Note: * — permissible activity concentration of ****’Pu was adopted to be 2.5-10~ for one radionuclide **’Pu

The obtained activity concentration of artificial radionuclides in the air of "south-
east" parts of the STS at average specific activity in the surface soil in zones 1, 2 and 3 is
much smaller (by 2 — 6 orders of magnitude) than permissible values, according to HS SRRS
[28].

Calculations showed that volumetric activity of artificial radionuclides in the air over
studied area should not exceed the regulatory levels even at maximal possible dustness and
in presence of maximal radionuclide concentrations in air.

2.5.2. Experimental data on the content of natural and artificial radionuclides
in the air of the study area

During roinassance we described the inhabited locations at the studied territory (pop-
ulation, location, etc.). The largest settlements evenly distributed over the area were chosen
for air pollution studies. Surveying of each inhabited location followed the same methodol-
ogy — sampling of air, vapour, and determination of radon hazard. The air sampler was placed
in the center of the village. The us each air acrosol sample was taken for 4 hours. Water vapor
was sampled at two points: air acrosols sampling site and residential properties. Field radon-
ometry was performed at the same points.

Air aerosols were sampled with a special air sampler "JAP-50". Production rate of
this unit is 50-60 m?/h. Powered by 220 V. "Petryanov" tissue was used as a filter. Filtering
area comprised 250 cm?. Total volume of filtered air was measured with mechanical volume
gauge in m>. All the air aerosols samples were analyzed by gamma-spectrometric method for
determination of volumetric activity of natural and artificial radionuclides. The results of the
laboratory measurements are presented Table 24.

Table 24.
Gamma spectrometric measurements of air aerosol samples
Volumetric activity, Bq/m?
No Sampling point
7Be 40K 232Th 226Ra 241 Am 137Cs

1 Sholandyr <O*I0* | <T7*10° | <T7*0* | <2¥10° | <8*10° | <2*10*

2 Akbiik (2010) <9*104 | <8*¥10° | <9*10* | <I1*¥10° | <9*10° | <2*10*

3 Tolegen (2010) <9104 | <8*10° | <9*10* | <2*10° | <9*10° | <2*10*

4 Akshake <9*10“ | <8*10° <9*10* <1*107 <9*10° <2*10*

5 Tileubek <O9*10* | <7*10° | <9*10* <1*10° <8*10° | <2*10*
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Volumetric activity, Bq/m?
No Sampling point
7Be 4l]K 232Th 226Ra 241Am 137Cs

6 Akbiik (2011) <9*10+ <8*107 <7*10* <2*107 <9*107 <2*10*
7 Tolegen (2011) <O*104 | <7*10° | <8*10* | <2*%103 | <9*10° | <2*10*
8 Sunkar <O*I0* | <T7*10° | <9*0* | <2¥10° | <9*10° | <2*10*
9 Kyzyl <9*10* | <8*10° | <8*10* | <2*10° | <9*10° | <2*10*
10 Samai <9*10+ <7*107 <9*10+ <2*107 <9*107 <2*10*
PVA . Bg/m’ 5.0%10° 3.1*10! 4.9*%10% | 3.0¥107 | 2.9*10° 2.7*10!

The results of the research showed that the volumetric activity of natural and artificial
radionuclides in the atmospheric air over the observation period did not exceed the permis-
sible volumetric activity levels for the population according to HS SRRS [28].

Some samples were subjected to radiochemical analysis to determine the volumet-
ric activity of artificial radionuclides *°Sr and ******Pu. The laboratory results are presented
Table 25.

Table 25.
Results of radiochemical measurements of air of aerosol samples
. . Bq/m’?

No Sampling point P npy
1 Akbiik <0.0008 <0.001
2 Tolegen <0.0008 <0.001
3 Sunkar <0.0008 <0.001
4 Kyzyl <0.0008 <0.001
5 Samai <0.0008 <0.001

PVAM,Bq/m3 2.7 0.0025

The laboratory studies have found that the content of radionuclides in the air of the
study area does not exceed the levels regulated by HS SRRS.

The taken water vapor samples were analyzed by beta-spectrometric method. The
specific activity of tritium was recalculated into the volumetric by the psychrometric formula
taking into account the humidity and temperature during the sampling. According to the
study, the concentration of tritium in all the point does not exceed the permissible volume
activity for the category "Population" set by HS SRRS [28].

The study showed that the volumetric activity of natural and artificial radionuclides in
air study area is at levels that are below the minimal detectable activity of the measurement
tools used. Thus, it is safe to say that at the present time, the concentration of natural and
artificial radionuclides does not exceed the volume activity (PVApop) regulated by HS SRRS
for the category "Population" and poses no radiation hazard.

In general, field and laboratory findings agree well with the theoretical assessment of
the pollution rate. At that, calculated values were for 1-2 orders of magnitude less than data
of the analytic studies.
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2.5.3. Radon contents in the AIR of the area studied

To assess radon-hazard in the areas we measured radon emanation, EEVA of ??2Rn
and °Rn. Radon equivalent equilibrium volume activity was measured in accordance with
instrument manual, as well as criteria for evaluation of the potential radon-hazardous areas
[34, 35]. Radon exhalation in the soil air was measured in areas of air aerosol sampling.
These measurements are based on the accumulation of radon coming from the soil surface
or soil in a container mounted on the surface and sealed from the atmosphere, and then
sampling the air from the container to determine radon accumulated with the conversion
of values to exhalation values by a formula taking into account the time of accumulation and
the size of the container.

The results are shown in Table 26.

Table 26.
Results of field measurements

Ne | Measurement point| EEVA 2Rn, Bq/m* | EEVA ?'Rn, Bg/m® | Radon exhalation, mBq / (m**s)
1 Sholandyr 18 <8 1680

2 Akbiik 9 <8 1456

3 Tolegen 12 <§ 1120

4 Akshake 17 <8 728

5 Tileubek 20 <8 3108

6 Akbiik (2011) <4 <8 28

7 Tolegen (2011) 7 <8 168

8 Sunkar 5 <8 84

9 Kyzyl 5 <8 56

10 Samai 6 <8 140

The studies found that this area is classified radon-hazardous as radon exhalation sig-
nificantly exceed 80 mBg/(m**s). Volume activity of radon and thoron in the air over the
observation period did not exceed the permissible average annual volume activity for the
population set by HS SRRS to be 200 Bg/m?.

Concentrations of natural and artificial radionuclides in air are therefore within the
permissible levels. The exclusion are the data for surface radon exhalation density, which are
above the regulatory level.

2.5.4. Forecast of changes in radionuclide contamination of air basin

Based on the results, we can conclude that the current levels of radioactive pollution
of the air in the study area pose no radiation hazard to the population. Radioactive contamina-
tion of the atmosphere can be dangerous to those located directly at the radiation-hazardous
objects and only if the air contains large amounts of dust (during dust storms, man-made
dusting, etc.). Thus, studies of the artificial radionuclides concentration of at "Experimental
field" identified significant excess of allowable levels. This means that it is dangerous to be
and more over to exploit active business (that causes dusting) in the vicinity of such facilities.
However, transboundary release outside of these areas, and especially beyond the test site is
insignificant and not a danger at present or in the future. Because with time the radionuclides
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migrate into e soil to a depth then contamination with radionuclides due to wind transport is
minimized. Thus, the radiology of the air basin should only get better.

One should note that air pollution with artificial radionuclides above the regulatory
levels is only possible in contaminated epicentres of nuclear explosions in case of anthropo-
genic disturbance of the soil there.

2.6. Vegetation cover conditions

2.6.1. Assessment of natural and artificial radionuclides in vegetation cover
on the studied territory

To assess radionuclide contamination of vegetation in the study area we conducted
expeditionary operations on coupled sampling of soil and plants to determine specific activ-
ity and calculate accumulation factors (AF) of natural (“°K, #*Th, ??°Ra) and artificial ("*’Cs,
908, 239+240py, 241 Am and °Co, ’Eu, '**Eu, '*Eu) radionuclides. To do this, in areas with high
specific activity of radionuclides '¥’Cs, *Sr, 2****Pu and ?*'Am in soil established by the
area survey on zones of contamination, 10 research platforms (sampling points) were laid:
4 points in 1* zone and 3 points in the 2" and 3" zone (Figure 29). The distribution of the
sampling points in the study area is satisfied with the results of the study of vegetation cover
and the most basic geobotanical contour — ecosystem of denudation-tectonic low mountain,
high and low erosive Upland, diluvial-proluvial and alluvial plains.

Legend

® soil and plant sampling points
["""}sTs boundaries

3 : STS Southeastern part boundaries
012 4 6km _I zone with elevated concentrations

Figure 29. Location of soil and plant sampling points
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At each site we took composite samples of soil (using "envelope" (2x1 m) at a depth
of 5 cm) and above-ground parts of plants (sampling are ~2 sq. m.) represented by mixed
samples of steppe grasses dominated by feather grass (Stipa capillata, S. sareptana, S. lessin-
giana), fescue (Festuca valesiaca) and wormwood (Artemisia gracileccens, A. frigida). Total
10 soil samples and 10 samples of plants were taken.

To estimate the transfer parameters of natural and artificial radionuclides from soil to
aerial part of the plant we used one of the most widely used in the world index — accumula-
tion factor (AF) — the ratio of radionuclide content per unit mass of plants and soil, respec-
tively [36].

Content of natural radionuclides in vegetation of the study area

The results of y-spectrometric analysis to determine the specific activity and accumu-
lation factors (AF) of natural radionuclides “’K, ?**Th and ***Ra are shown in Table 27.

Table 27.
Specific activity and AF of “’K, **Th and **Ra for the area studied
Specific activity, Bq/kg AF
Point WK Th 26R4
No. WK 232Th 226Rq
plant soil plant soil plant soil

725 | 139.7+4.3 | 682421 |1.144+0.31| 29.5+1.6 | 0.44+0.08 | 24.2+0.9 | 0.20 0.039 | 0.018
761 | 180.9+2.8 | 732422 | 1.61+0.13 | 30.7+1.8 | 0.93£0.06 | 31.0+1.1 | 0.25 0.052 | 0.030
838 | 117.0£5.1 | 692421 | 1.38+0.40 | 29.9+1.8 | 0.17+0.10 | 25.0¢1.0 | 0.17 0.046 | 0.0068
855 |213.241.6| 798+24 |0.45+0.06 | 36.242.0 | 0.27+0.03 | 33.8+1.1 | 0.27 0.012 | 0.0080
97 | 164.342.5| 543434 |0.6120.11 | 22.7+2.5 | 0.2240.05 | 22.7+1.3 | 0.30 0.027 | 0.0097
113 [ 130.4+1.6 | 509+£33 | 0.40+0.11 | 21.94£2.5 | 0.52+0.05 | 26.6+1.3 | 0.26 0.018 | 0.020
189 | 166.9+2.6 | 460+£31 |0.55+0.11 | 28.0+2.6 | 0.33£0.05 | 26.2+1.3 | 0.36 0.020 | 0.013
258 | 90.2+2.5 | 515433 |0.70+0.15 | 24.3£2.5 | 0.30+0.06 | 47.7¢1.7 | 0.18 0.029 | 0.0063
365 | 154.6£3.1| 719436 | 1.10+0.22 | 35.9+2.8 | 0.94£0.09 | 30.9+1.4 | 0.22 0.031 | 0.030
424 1389.9+4.7 | 568+21 <0.38 16.9£1.5 | 0.50+0.09 | 28.6+1.1 | 0.69 | <0.023 | 0.018

AF average 0.29 0.030 | 0.016

For assessment of natural radionuclides in vegetation we calculated the average spe-
cific activity of “°K, #*Th and ***Ra in plant of the study area, which used average AF of these
radionuclides and their average specific activity (SA) in soil, established by the results of
areal survey (Table 28).

Table 28.

Calculation of natural radionuclide specific activities in plants of the studied area

Natural radionuclides
AVerage 40K 232Th ZZGRa
AF 0.29 0.03 0.016
Average SA in soil, Bq/kg 586 28 26
Calculated SA in plants, Bg/kg 170 0.84 0.42
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Based on mean specific activities of “°K, »**Th and ?*Ra one can say that the highest
content in the vegetation of the study area is observed for K, as one of the most common
natural radionuclides in nature, concentration of »2Th and **Ra — 2 orders of magnitude
lower.

Character of vegetation contamination with artificial radionuclides

To identify the vegetation contamination with artificial radionuclides we conducted
tests to determine specific activity of *’Cs, *°Sr, 2?*2*°Pu and **' Am in the samples of plants
and soil, calculated AF of these radionuclides. The obtained specific activities and AF of
radionuclides are presented separately for each of the 3 zones of radioactive contamination
in Table 29.

The analysis revealed that the maximal specific activities of '*’Cs in plants in the study
area do not exceed 8 Bq/kg, *Sr — 6 Bg/kg, #?***°Pu — 0.2 Bg/kg, **' Am —below the detection
limit (<0.17 Bg/kg).

Accumulation parameters of the studied radionuclides vary over a wide range in the
next row decreasing: AF °Sr> AF '7Cs> AF 2**2*Pu. AF of *' Am, due to lack of quantitative
specific activity of the radionuclide in the plant, is shown as estimative. Significant differ-
ences in the accumulation of ¥’Cs, **Sr and 2*****Pu are observed for the different radioactive
contamination zones. The minimal AF of all listed radionuclides is typical for the 1% zone,
which is likely due to a lack of available species of radionuclides for plants in soils, caused by
specific fallout from radioactive cloud. AF for the 2™ and 3™ zone of radioactive contamina-
tion in general is the same.

Additionally we analyzed the plant and soil samples for specific activity of “Co,
132Ey, 134Eu, 'Eu, calculated AF of these radionuclides (Table 30).

The results showed that the specific activities of ®*Co, "?Eu, '**Eu and 'Eu in plants
in most cases are below the detection limit (<0.17 Bq/kg). Therefore, a more detailed assess-
ment of vegetation contamination with artificial radionuclides was carried out only for '*’Cs,
9Sr, 2397240py, 2! Am, and for *'Sm and **Tc, which also have an impact on the study area.

For a more objective assessment of vegetation contamination with artificial radionu-
clides we calculated an average specific activity '’Cs, *Sr, 24Py, 2! Am, *'Sm and *Tc
in the plants based on data of areal survey to determine these radionuclides in soils of the
study area. For this goal we additionally considered quantitative AF of '*’Cs, *°Sr, 2Py
and > Am in the IAEA materials [37] and AF ranges obtained previously for other territories
of the STS characterized as the study area by steppe vegetation on light chestnut soils [38,
39]. The table shows the mean values and ranges of AF of 1¥’Cs, *Sr, 2**24Py and ?*' Am for
some plant groups (Table 31).
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Table 31.
Ranges of AF of artificial radionuclides for specific groups
of plants characteristic for the study area
AF
Plants 1370 | NSy | 2394240py UAM
IAEA (2009 2.)
Motley grasses 0.1 (n=10) 0.9 (n=6) - -
vE 0.01-02 03-20
Pasture arass 0.4 (n=124) 1.2 (n=58) 0.0006 (n=10) 0.003 (n=11)
£ 0.01-2.6 04-2.6 0.00006 —0.003] 0.005-0.02
"Background" Northern Territories of the STS (2008)
0.02 (n=14) _ 0.03 (n=9) 0.06 (n=3)
Steppe motley grasses 0003-006 | 04004 0.01-0.1 0.02 - 0.11
"Background" West Territories of the STS (2009-2010.)
0.05 (n=12) 0.8 (n=3) 0.04 (n=13) 3
Steppe motley grasses 0.01 —0.1 0117 0.002—02 <0.20 (n=22)
"Balapan" site (2000-2005)
Steppe motley orasses 0.34 (n=41) 0.71 (n=31) 0.05 (n=30) 0.29 (n=2)
PP vE 0.001 - 4.77 0.02-2.30 0.001 - 0.26 0.07-0.51
"Experimental Field" (2010)
. . 0.01 (n=32) 0.1 (n=30) 0.01 (n=32) 0.001 (n=32)
*
Feather (Stipa capillata) 0.001-0.1 0.002-0.3 0.00001-0.04 | 0.0001 - 0.01

Note: in the numerator — the arithmetic mean, in brackets — number of cases denominator — range of values
"-" — No data available; * — one of the dominant species of the steppe ecosystem

Average AF of *’Cs, °Sr and »*****°Pu in this report is deemed to be the values ob-
tained for the 3 zones of radioactive contamination, while the average AF of ' Am, due to
lack of quantitative values for the study area, we accepted the values for one of the dominant
species of the steppe plants (feather (Stipa capillata)) in the territory of "Experimental Field"
and pasture grasses based on the IAEA (2009) [39, 37]. No data on AF of *'Sm and *Tc were
found. However, as the closest element to *'Sm by its chemical properties is Pm, and for
9Tc — Mn, we can assume that AF for them will be similar. Thus, the average AF of '*'Sm and
#Tc is taken to be AF of Pm and Mn, given in the material on the "north" territory. [38]

Given the accepted AF and average specific activity (SA) of radionuclides in the soil
we calculated the average content of '*’Cs, *Sr, 2**24°Pu and **' Am in plants (Table 32).

Table 32.
Calculation of artificial radionuclide specific activity in the plants of the study area

Artificial radionuclides

Zone Average 137Cs 90Sr 239+240Pu 241Am 151Sm 99Tc

AF 0.045 0.14 0.0063 0.002 0.5 5
1 Average SA in soil, Bq/kg 43.9 18.9 14.9 0.8 3.5 0.7
Pacuernas YA in plants, Bq/kg 2.0 2.7 0.094 0.0016 1.75 3.5

AF 0.21 0.37 0.018 0.002 0.5 5
2 Average SA in soil, Bq/kg 30.2 42 5.9 0.8 24 0.5
Calculated SA in plants, Bg/kg 6.3 1.6 0.11 0.0016 1.2 2.5
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Atrtificial radionuclides
Zone Average 137Cs 9l]Sr 239+240Pu 241Am ISISm 99Tc
AF 0.16 0.35 0.043 0.002 0.5 5
3 Average SA in soil, Bq/kg 19.0 34 3.7 0.7 1.5 0.3
Calculated SA in plants, Bg/kg 3.04 1.2 0.16 0.0014 0.75 1.5
Average calculated SA in plants, Bq/kg 3.8 1.8 0.12 0.0015 1.2 2.5
Permissible levels in plants, Bq/kg 74 111 ~10* ~10* | ~1,000* | ~1,000*
Note: * — prospective permissible levels, see below.

The calculation results obtained do not contradict the general analytical data — average
calculated specific activity of '*’Cs, *Sr, 2°240Py, 2! Am in plants for each zone of radioactive
contamination of the study area is below the content of these radionuclides in plants, selected
from areas with elevated levels of soil contamination.

Estinative content of ’Cs and *Sr in plants does not exceed the maximum permis-
sible levels of radioactive contamination of food plants (**’Cs — 74 Bq/kg, **Sr — 111 Bg/kg),
established by the Ministry of Agriculture of the Republic of Kazakhstan (1994) [40].

Concentrations of 2°*24°Py, 2! Am, '>!Sm and *Tc in plants are not standardized, how-
ever, based on total radiotoxicity of each, it can be assumed that the allowable levels for
2391240py, 241 Am will be approximately an order of magnitude smaller, and *!Sm and *Tc¢ — an
order of magnitude more than for *°Sr [28]. This assumes the permissible levels in the plant
for all of the radionuclides are well above both average and average maximal for 2**?*°Pu and
24 Am, of the calculated SA in them.

2.6.2. Character of vegetation contamination with tritium

In order to identify the contamination sources, potentially affecting the southeastern
part of the STS (Sarzhal village), the cartographic material and satellite images of the area
were analysed. The results of studies of vegetation helped identified areas for further investi-
gation with a particular type of vegetation, characterized by additional moisture, or relatively
shallow water — areas of *H radionuclide contamination of groundwater (shallow water) in
streams Baitles and Toktakushuk and possible migration pathways of *H in south—east vector.
Expeditions resulted in 24 research sites (sample points) (Figure 30).

The main objects of study were plants with good ability to accumulate *H in their
above-ground parts [29]. Of hygrophyte with the highest demand for water, and so it is
often grown near the surface watercourse — reed (Phragmites australis), phreatophytes with
deeply penetrating roots that reach the water table and growing in relatively shallow areas
of the groundwater — cheegrass (Achnaterum splendens), licorice (Glycyrrhizauralensis),
chingil (Halimodendronhalodendron). If none of these species was found, we sampled wild
rye (Leymus angustus) and thrift (Limonium gmelinii) — mesophytes who prefer moderate
moisture and growing in areas close to ground water table near surface. In few cases feather
(Stipa sareptana) and wormwood (Artemisiafrigiday).
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Figure 30. Location of plant sampling points

For more accurate information, on individual research sites several species belonging
to different ecological groups were sampled conjugate. Thus, total 70 plant samples were
taken. The herbaceous plant test samples are represented by aboveground parts, shrubs and
trees —amount of growth for this year. °*H was determined in the free water of plants obtained
from the condensate through a special unit, which is a sealed container for loading samples
of plants, equipped with a cooled surface and the capacity to collect moisture evaporated
from plants.

Specific activity of *H was measured in prepared samples by liquid scintillation spec-
trometer TRI-CARB 2900 TR [27].

The data on *H specific activity in free water of selected plants are presented
in Table 33.

Table 33.
Specific activity of °H in free water of plants in the study area
Sampling . Specific activity | Sampling . Specific activity
e Plant species of *H, Bq/kg oI Plant species of *H, Bq/kg
8 Silver chingil <12 jiji grass 20+2
20
9 jiji grass <12 wormwood sage <11
jiji grass <13 jiji grass 25+2
10 wild rye <13 21 Wormwood sareptana 5045
Ural licorice <13 Ural licorice 15+1
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Samplin . Specific activity | Samplin; . Specific activi
poli)n ¢ g Plant species l:) £3H, Bo/kg ¥ poli)n ¢ g Plant species I:) £3H, Bq /kgty
1" jiji grass 550450 Wormwood sareptana 15+1
wild rye 15010 22 jiji grass <12
12 wild rye 2542 Ural licorice <11
13 Silver chingil 400+40 jiji grass <11
jiji grass 25+2 23 narrow leaved wild rye 40+4
14 wild rye 40+4 wormwood sage 20+2
jiji grass 200+20 Limonium Gmelini 35+3
15 Jiji grass <12 24 jiji grass 15+1
16 jiji grass 1500100 25 jiji grass <11
wild rye 450+40 wild rye 15+1
17 jiji grass 45+4 2% jiji grass 20+2
narrow leaved wild rye 300+30 wild rye <11
reed 500+50 27 jiji grass <11
18 wild rye 25020 28 wormwood sage <12
jiji grass 350430 jiji grass <13
Jiji grass 15+1 29 jiji grass <14
19 Wormwood sareptana 45+4 30 Silver chingil <13
wild rye <11 31 jiji grass <13

It was found that *H specific activity in the vegetation of study area ranges from <11
to 550 Bg/kg, in one case — reaches 1,500 Bq/kg at point 16.

Based on the maximal specific activity of *H in plants (for each site) *H distribution
layout in vegetation of the study area was constructed (Figure 31).

= oy = T - - é"

T o S LR e \ PR Legend

5 w25 Bunasi STS boundaries Plant sampling points
' ’ - Test site boundanes. 3Bk

[ 575 Southeastem part boundaries

Figure 31. Distribution of °H in free water of plants
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Elevated concentrations of *H confined to Baitles and Toktakushuk streams impact
zone and that, in turn, are places where *H contaminated groundwater and surface water
go beyond "Degelen" site. Specific activity of *H in vegetation directly on the territory in
the southeastern part of the STS at this point in most cases is below the detection limit
(<15 Bg/kg), the quantitative values (up to 50 Bq/kg) are found only in the south-west.
The level of intervention at intake of this radionuclide with water, according to HS SRRS
is 7.6 kBqg/kg [28].

2.6.3. Assessment of quality of the vegetation cover and prognosis of changes
in its radionuclide contamination

The study area covers lowland, hummocky-flat plains and desert steppes. Vegetation
cover pertains to desert sagebrush- sod grass steppes on light chestnut soils. Content of artifi-
cial radionuclide '*’Cs in plants does not exceed 10 %, *°Sr — 5 % of the maximum permissible
levels [40]. 2°*240Pu concentration in plants is less than 3 %, and **'Am, '*'Sm and *Tc — less
than 1 % of the estimated permissible levels. No abnormal specific activities of natural radio-
nuclides in plants in the area were identified.

The contamination level of vegetation with such radionuclides as *’Cs, *Sr, 2**2Pu
and "' Am, above all, depends on the ability of the plants to accumulate the radionuclides and
the accessibility of the latter, determined by soil characteristics. Newly injected radionuclides
in the first period in the soil may be more available for accumulation by plants than in later
periods when equilibrium state of radionuclides is achieved. The intensity of this process
depends on the physicochemical properties of radionuclides. So, for '*’Cs it is typical to de-
crease in accumulation by plants over time, whereas *°Sr’s mobility in the soil-plant system
changes slowly [41]. The above facts allow us to make a prediction mostly about possible
reduction in concentration of '¥’Cs, *Sr, 2?*2Pu and **'Am in the vegetation cover in the
future than its possible rise.

More complicated situation can be noted for vegetation contamination with *H. Al-
though *H specific activity in the vegetation of the study area in most cases is below the
detection limit (<15 Bq/kg), the presence of quantitative values (up to 50 Bq/kg) in the south-
west and the increase of its concentration in the vicinity (in Baitles and Toktakushuk streams
impact zone) cannot be ignored. Ability of *H to migrate with groundwater may in the future
cause expansion of the area with the specific activity quantitative values of the latter, and
a general increase of its content in the vegetation of the study area. However it is one of
the most dangerous scenarios of possible developments. At the moment, *H specific activity
numerical values (up to 50 Bg/kg) in the vegetation of the study area are found only at its
extreme south-western sector and are well below the intervention level at intake this radionu-
clide with water, which, according to HS SRRS is 7.6 kBg/kg.

Thus, the vegetation in the study area in terms of contamination with natural (*K,
22Th, 26Ra) and artificial (**’Cs, *°Sr, #°"2°Pu, **' Am, and “Co, '**Eu, *Eu, '**Eu) radionu-
clides neither today nor in the future pose any danger to the public and can be considered
suitable for certain types of economic activity. In turn, with respect to *H contamination it is
recommended in the south-western part of the study area to conduct surveillance monitoring
of its concentration in crop products, in particular, plant feed (hay) where it is harvested.
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2.7. Assessment of the state of wild animals in terms of radionuclide
contamination. prognosis of tendencies in radionuclide
contamination of animals

Assessment of °H in the body of commercial waterfowl

The main radionuclide posing a risk in the study area is *H due to its mobility in the
groundwater from "Degelen" site far beyond of its limits (Section 4.4). Therefore, during
these studies in the "south-east" STS five water birds that live in the lakes within the study
area, which are the hunting targets and can be used in food were analysed for radionuclides.
Of these three individuals — green-winged teal, two — common coot. The results are presented
in Table 34.

Table 34.
Distribution of °H in waterfowls — hunting targets
Ne Species Specific activity of *H, Bq/kg
1 common coot <20
2 common coot 40+£20
3 green-winged teal green <20
4 green-winged teal green <20
5 green-winged teal green <20

It is clear from these results that the content of *H in most samples did not exceed the
lower limits of the measurement tools. Specific activity of *H in food products is not regulat-
ed, but for the sake of comparison, we got *H specific activity in free water of the muscle tis-
sue (40+20 Bg/kg) to be much below the IL for drinking water which is 7,600 Bq/kg [28].

Prediction of radionuclide intake by some commercial species of wild animals

Having no data on the concentration of radionuclides in the body of the wild animals
living in the study area necessitated an estimative forecast of radionuclides in meat of com-
mercial animals based on available data on the concentrations of radionuclides in environ-
mental media (soil, plants).

Wild animals that are of commercial use

Of the 46 species of mammals living in the study area, 11 are targets of amateur hunt-
ing, 9 of which are the objects of commercial hunting (Table 35). Of the 147 species of birds
22 species are objects of amateur hunting, 18 species — commercial hunting and 28 species
are used for other business purposes (except for hunting). 3 species of reptiles out of 7 are
used for other purposes (except for hunting) [42].
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Table 35.
Mammals that are of commercial use
Hunting targets
Order
Species commercial hunting Amateur .(sports)
hunting
corsac fox (Vulpes corsac) + +
. fox (V. vulpes) + +
R

apacious steppe polecat (M. eversmani) + +
badger (Meles meles) + +
Siberian Roe Deer (Capreoluspygargus) +
Cloven-footed saiga (Saigatatarica) + +
moose (Alces alces) +
Rodents bobak marmot (Marmota bobak) + +
water rat (Ondatra zibeticus) + +
Double-toothed brown hare (Lepus europeus) + +
rodents blue hare (L. timidis) + +

Assessment of radionuclide intake into some commercial species of wild animals in
the case of habitat in the study area

Since there are no published data on transfer factors (TF) of radionuclides into wild
animals it was decided to use maximal TF, found in the literature and adopted in the prepara-
tion of the study materials for prediction of radionuclide intake for farm animals (Table 48),
and TF, resulted from the experiments at the STS.

As aresult, TF used is B’Cs — 2.3*10!, *°Sr — 1.1*10* (maximal TF resulted from the
experiment with farm animals at the STS (Table 48)). For #°?*Pu and **' Am we accepted
6.0%107° and 5*10*, respectively (small cattle meat). These maximal TF are derived for clo-
ven-hoofed farm livestock, therefore we assessed the possible concentration of radionuclides
in wild cloven-hoofed animals — saiga, Siberian roedeer and moose.

Based on the data on the estimated concentrations in vegetable foods, resulted from
calculating the average values of radionuclides in the soil of the selected zone 1 (Table 41),
and data on the daily consumption of pasture forage, there was calculated data on possible
annual and daily intake of radionuclides in the body of wild animals in case they are fed in
the study area. The calculation results are presented in Table 36.

Table 36.
Calculation results of possible radionuclide uptake by the wild animals in the studied area
Average . Average daily intake of radionuclides
. . . . | Consumption of pasture q
Animal species | weight of ani- . by one animal, Bq
. forage (dry weight), kg
mal unit, kg 310 20Sy 19:240py, MAm
Moose 350-400 18 87.3 78.1 3.9 0.02
Saiga 50-60 3.5 71.6 69.4 34 0.02
Siberian roedeer 50-60 3 12.1 10.5 0.5 0.003
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Based on the data on the average daily intake of radionuclides in the body of ani-
mals (Table 36) and those selected to calculate TF we assessed the possible concentrations
of radionuclides in the body of wild animals. Table 37 shows the results of the predicted
radionuclide concentrations in meat of wild animals and permissible of radionuclide con-
tents in food, according to HS SRRS [43]. Content of #**?*Pu and **’Am in food is not
standardized, however, in view of that in HS SRRS (Annex 3), the limit of annual in-
take with food for people is an order of magnitude smaller than the same value for *Sr
(397240Py —2.4*10° Bg/year, *'Am — 2.7*103 Bq/year, *°Sr — 1.3*10* Bq/year) and in view
of their high radiotoxicity, we can assume that the allowable levels for them will be much
smaller than for **Sr [28]. Permissible levels for »*?°Pu and "' Am are given in Table 37
based on this this calculation.

Table 37.
Predicted specific activity of radionuclides in meat of wild animals
Predicted concentrations, Bq/kg (permissible concentration, Bq/kg)
Product type

137Cs 90Sr 239+240Pu 241Am
Meat (moose) 2.0*10" (300) 8.6%107 (100) 2.3*%10*(10) 1.0¥10%(10)
Meat (saiga) 1.8*%10 (300) 7.6%¥10°(100) 2.0%10*(10) 1.0¥10°(10)
Meat (Siberian roedeer) | 2.78*107(300) 1.16*107 (100) 2.7%10°(10) 3.3*107(10)

The resulting predicted specific activities in the meat of game animals did not exceed
the concentrations of radionuclides in food, according to HS SRRS [43].

2.8. The oretical assessment of contamination levels for crop products
based on the experimenal data on soil contamination

To estimate the contamination levels of agricultural crops one should have data on the
radionuclide concentrations in soils of the studied area and radionuclide transfer factors (TF)
into different types of crop products:

TF = Cph .

>

soil

where:

TF — transfer factor;
C, .~ radionuclide concentration in vegetation (Bq/kg);
C,;— radionuclide concentration in soil.

Choice of transfer coefficient based on literature data

In 2009 the IAEA published the report "Quantification of radionuclide transfer into
terrestrial and freshwater environments for radiological assessments" containing the factors
of radionuclide transfer into crop products (Table 38) [37].
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Table 38.
TF of ¥'Cs, *Sr and ***?*Pu into crop products
TF
PrOdUCt type 137Cs QOSr 239+240Pu 241Am
Grain crops 4.3%10° 1.6*10" 4.7%10° 1.7%107
Maize 2.3*10 4.0*10"! 3.0%10¢ 9.6*10*
Leaf vegetables 1.8%10! 2.0 2.8%10* 2.4*10*
Vegetables (tomatoes, cucumbers) 9.4%102 1.5 8.5%10° 7.9%10+
Legumes (seeds) 4.3%10° 1.5 6.7%10° 4.8%10
Potatoes (tubers) 4.6%10° 2.0*10"! 9.9%10* 9.1*10+
Tuberous roots (roots) 5.3*%102 1.3 1.7%103 8.6%10*

In order to estimate factors of '*’Cs transfer into crop products the authors generalized
and analyzed the data for 7 Russian oblasts for 1987-1993. The data analysis showed that
for the same type of soil the accumulation of radionuclides depended on soil granulometric
composition, and the values of radionuclide accumulation differed by a factor of 1.5-7 [44].
Maximal values of '*’Cs TF for light and medium loamy soils are given in Table 39.

Table 39.
TF of '*'Cs into crop products in light and medium-loamy soils
Product type TF of *'Cs Product type TF of *'Cs
Winter rye, grain 1.1*¥10! Maize, vegetative mass 2.9*10"
Winter wheat, grain 1.1*10! Potatoes, roots 1.3*10"!
Barley, grain 1.7*%10! Beet (roots) 1.3*%10"
Oats, grain 2.1*10"

No research on migration of radionuclides in agricultural crop products in the STS
has been conducted.

Accepted TFs

Given that no studies on migration of radionuclides from the soil in grain crops and
vegetable crops have been done in the STS, maximal TFs, found in the literature (Table 40),
have been accepted.

Table 40.
TF of ¥'Cs, *’Sr u 2**2*'Pu in crop products accepted for forecasts
TF
PrOdUCt type 137Cs 90Sr 239+240Pu 241Am
Grain crops
Rye 1.1*10! 1.6*10! 4.7%10° 1.7%107
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%10°
Oats 2.1*10°! 1.6*10"! 4.7*%10° 1.7%10
Fodder crop
Maize [ 29%100 | 40%10" | 3.0%10° | 29*10"
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TF
Product type 1370y | NSy | 239:240py, | UIAm
Leaf vegetables
Cabbage, spinach, celery leaves, lettuce | 1.8*10" | 2.0 [ 28*10¢ | 24*10*
Legumes
Beans, peas [ 43%102 | 1.5 | 67%105 |  48*10*
Fruited vegetables
Tomatoes, cucumbers, paprika, aubergine |~ 9.4*102 | 1.5 [ 85%105 | 7.9*10*
Tuberous root
Potatoes 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*

2.8.1. Assessment of radionuclide concentration in crop products

In order to estimate contamination of crop products the authors used the data on av-
erage radionuclide concentration in soils of the area under investigation and factors of ra-
dionuclide transfer into different types of crops accepted based on the analysis of literature
data and the results of studies on the STS territory (Table 40). During the preparation of the
comprehensive survey materials, based on the study of a large array of radioanalytical data
the authors have taken the average concentrations of radionuclides in the soil of the study
area (0-5 cm layer). These values were used to calculate the content of radionuclides in
the steppe grasses. Based on the fact that the adopted transfer factors for the calculation of
radionuclides in garden products were obtained for the 0-20 cm soil layer [37], the specific
activity of radionuclides in the soil layer 0-20 cm was calculated. The calculation was made
based on the average concentration of radionuclides in soils of the study area (0-5 cm layer)
and on the basis of data on the distribution of radionuclides in soils of the territories cited
above (Table 9).

For the distribution of radionuclides '*’Cs and #*' Am the authors adopted the average
percentage distribution of radionuclides in soil layers, calculated based on the data from ten
soil profiles, for radionuclides *°Sr and #*****°Pu from four soil profiles. The average distri-
bution of the radionuclide in layers 0-5 cm, 5-10 cm, 10-15 cm and 15-20 were: for *’Cs —
82.1%, 6.9%, 8.5% and 2.5 % respectively; for »*2Pu — 93.5%, 2.6%, 2.3% and 1.6%
respectively; for ' Am — 59.8%, 12.8 %, 13.8 % and 13.6 % respectively; for *Sr — 62.9 %,
15.9%, 14.3% n 6.9 % respectively.Since the areal studies on the southeastern STS marked
out 3 zones of radiation parameters the average specific activity of the soil (0-20 cm layer)
was calculated for each zone (Table 41).

Table 41.
Average specific activity of radionuclides in the soil layer of 0-20 cm
for each marked out area of radionuclide contamination
Average specific activity of radionuclides in the 0-20 cm soil layer, Bq/kg
Zone 137CS 90Sr 239+240Pu 241Am
1 133 7.5 3.9 0.33
2 9.2 1.7 1.6 0.33
3 5.8 0.9 0.9 0.29
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The calculated values of radionuclide contents in crop products were obtained for the
dry mass of plant products, so to convert them to a wet mass, data on the percentage of dry
mass in plants listed in the IAEA recommendations [37].

Prediction of radionuclide concentrations were calculated using the formula:

x TF x Ky, )
100

C =C,

" farecast soif

where
e CONCentrations forecasted (Bq/kg);

C,,— average concentration of radionucledes in soil;

TF — transfer factor;

K,,— percentage of dry matter in total mass of plant.

Table 42, Table 43, Table 44 show the results of the forecasted concentrations in plant
products origin (wet weight), in case they are produced in the study area and permissible ra-
dionuclides concentrations in food are consistent with HS SRRS (Annex 5) [43]. Permissible
levels for 2Py and **' Am in Tables are calculated as in paragraph 42-44.

Table 42.

Forecasted radionuclide concentration in crop products (per wet weight) case produced
in the study area (calculated based on the average specific activity
of radionuclides in the soil of the zone 1)

Estimated concentration, Bq/kg (permissible concentration, Bq/k
Product type 1370y | NSy ¥he ¢ 239:240py | 241 Aqm 2
Grain crops
Rye 1.3 (70) 1 (40) 1.6%¥10 (4.0) 4.9%107 (4.0)
Wheat 1.3 (70) 1.1 (40) 1.6*10* (4.0) 5.0*%10° (4.0)
Barley 2.0 (70) 1.0 (40) 1.6*10* (4.0) 4.9*10° (4.0)
Oats 2.4 (70) 1.0 (40) 1.6%¥10 (4.0) 4.9%107 (4.0)
Fodder crops
Maize [ 33700 | 26(40) | 1.0¥10°4.0) | 82*102(4.0)
Leaf vegetables
Cabbage 2.9%10" (120) 1.8 (40) 1.3*¥10 (4.0) 9.6*10 (4.0)
Spinach 1.9%101(120) 1.2 (40) 8.8%107 (4.0) 6.4*10 (4.0)
Celery leaves, lettuce 1.4*10" (120) 9.0*10! (40) 6.6%107 (4.0) 4.8%10 (4.0)
Legumes
Beans. peas [ 49%101(50) |  96(60) | 22%10%(6.0) | 1.4%10*(6.0)
Fruited vegetables
Tomatoes, paprika, aubergine 7.5%102 (120) 6.8*10"! (40) 2.0*10° (4.0) 1.6*10° (4.0)
Cucumbers 6.3*102 (120) 5.6%107 (40) 1.7%10° (4.0) 1.3*10° (4.0)
Tuberous roots (roots)
Potatoes 3.6%10" (120) 3.2%10" (40) 8.2*10*(4.0) 6.4%10° (4.0)
Beets (roots) 2.8%10" (120) 1.6 (40) 11¥10° (4.0) | 4.6%10° (4.0)
Carrot (roots) 2.4*10" (120) 1.4 (40) 9.4*10* (4.0) 4.0*10° (4.0)
*Note: maximal permissible concentrations for fodder crops (grass, hay) were established by the Ministry
of Agriculture of the Republic of Kazakhstan ('¥’Cs — 74 Bg/kg, *°Sr —111 Bq/kg) [39]
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Table 43.

Forecasted radionuclide concentration in crop products (per wet weight) produced

in the study area (calculated based on the average specific activity

of radionuclides in the soil of the zone 2)

Estimated concentration, Bq/kg (permissible concentration, Bq/k
Product type 1310 | MS,F e b 3o4240pyy | 24: Al(lll 2
Grain crops

Rye 8.8*10! (70) 2.3*¥10" (40) 6.4%10° (4.0) 4.9%10° (4.0)

Wheat 8.9*10! (70) 2.4%10" (40) 6.4*10° (4.0) 5.0%10° (4.0)

Barley 1.4 (70) 2.3*¥10 (40) 6.4*10° (4.0) 4.9%10° (4.0)

Oats 1.7 (70) 2.3*10" (40) 6.4*10° (4.0) 4.9%107 (4.0)

Fodder crops
Maize [ 23700 | 57*107(40) | 4.0%10°(4.0) | 8.2*102(4.0)
Leaf vegetables

Cabbage 2.0*10" (120) 4.0%¥10" (40) 5.2*%10° (4.0) 9.6*10 (4.0)

Spinach 1.3*¥10" (120) 2.7%10°" (40) 3.5%10% (4.0) 6.4*%10° (4.0)

Celery leaves, lettuce 9.9%102(120) 2.0*¥10" (40) 2.6%107 (4.0) 4.8%10 (4.0)
Legumes

Beans. peas 3.4*10" (50) 2.1 (60) 8.9*10° (6.0) 1.4*10* (6.0)

Fruited vegetables
Tomatoes, paprika, aubergine 5.2*10% (120) 1.5*%10°" (40) 7.9%10° (4.0) 1.6*107 (4.0)
Cucumbers 4.3*102 (120) 1.3*10! (40) 6.6%10 (4.0) 1.3*¥10° (4.0)
Tuberous roots (roots)

Potatoes 2.5%¥10" (120) 7.0%10 (40) 3.2%10(4.0) 6.4%10° (4.0)

Beets (roots) 1.9¥10" (120) 3.5%10" (40) 4.2%10 (4.0) 4.6%¥10° (4.0)

Carrot (roots) 1.7*10" (120) 3.0*10" (40) 3.7%10 (4.0) 4.0%¥10° (4.0)

*Note: maximal permissible concentrations for fodder crops (grass, hay) were established by the Ministry
of Agriculture of the Republic of Kazakhstan ('*’Cs — 74 Bg/kg, *°Sr —111 Bq/kg) [39]

Table 44.

Forecasted radionuclide concentration in crop products (per wet weight) produced

in the study area (calculated based on the average specific activity

of radionuclides in the soil of the zone 3)

Product type

Estimated concentration, Bq/kg (

permissible concentration, Bq/kg)

1310y | NSy 239240py | MAm
Grain crops
Rye 5.5%10" (70) 1.3*10" (40) 3.9¥10° (4.0) 4.3*107 (4.0)
Wheat 5.6%¥10" (70) 1.3*10" (40) 4.0%¥10° (4.0) 4.4*107 (4.0
Barley 8.6%10°" (70) 1.3*10" (40) 3.9*10° (4.0) 4.3*%10° (4.0)
Oats 1.1 (70) 1.3*10" (40) 3.9%10° (4.0) 4.3*%10° (4.0)
Fodder crops
Maize 14700 | 3.1%*107(40) | 25%10°(4.0) | 7.2¥102(4.0)
Leaf vegetables
Cabbage 1.2*10" (120) 2.2*10" (40) 3.2*10° (4.0) 8.4*10° (4.0)
Spinach 8.3*¥107(120) 1.5*10" (40) 2.2¥10° (4.0) 5.6%¥10° (4.0)
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Product type

Estimated concentration, Bq/kg (|

permissible concentration, Bq/kg)

137Cs 90Sr 239+240Pu 241Am
Celery leaves, lettuce 6.2%102(120) 1.1*10" (40) 16107 (4.0) | 4.2%10°(4.0)
Legumes
Beans. peas [ 21%10'(0) | 12600 | 55%10°(6.0) | 1.2¥10%(6.0)
Fruited vegetables
Tomatoes, paprika, aubergine | 3.3*10? (120) 8.2*%102 (40) 4.9%10 (4.0) 1.4%10° (4.0)
Cucumbers 27%102(120) | 6.8%102(40) | 4.1*10°(4.0) | 1.2%10° (4.0)
Tuberous roots (roots)
Potatoes 1.6*107 (120) | 3.8*102 (40) 20%104(4.0) | 5.6*10° (4.0)
Beets (roots) 12%107(120) | 19107 (40) | 2.6*10%(4.0) | 4.0%10° (4.0)
Carrot (roots) LI*107(120) | L7*107(40) | 2.3*10%(4.0) | 3.5%10° (4.0)

*Note: maximal permissible concentrations for fodder crops (grass, hay) were established by the Ministry
of Agriculture of the Republic of Kazakhstan ('*’Cs — 74 Bg/kg, *Sr—111 Bg/kg) [39]

The results of investigations showed that even if crops are grown on the areas with
maximal radionuclide concentrations their concentration in crop products will not exceed
maximal permissible concentration in food products.

2.8.2. The oretical assessment of contamination levels for livestock products

To estimate the radionuclide content in animal products, as in crop products, we used
transfer factors (ratio of the concentration of radionuclides in animal products to daily intake
with diet).

Choice of transfer factors based on literature data

The contamination of livestock products can be calculated based on the fodder con-
tamination using transfer factors taken from the IAEA reference book "On the values of
parameters used to calculate migration of radionuclides in the environments of middle lati-
tudes" published in 1994 (Table 45) [45].

Table 45.
TF of '¥’Cs and *'Sr in livestock products [45]
Product type Cs T|F Sy
Black cattle

Milk 7.9%10° 2.8%103

Meat (beef) 5.1%102 8.0%10°
Sheep

Milk 5.8%102 5.6%107

Meat (mutton) 4.9*10" 3.3*10"
Goat

Milk 1.0*10"! 2.8%107

Meat 2.3%10"! 2.8%107

Poultry
Meat 12.0 8.0%107
Eggs 45%10" 1.8%10"
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The IAEA documents published in 2009 [37] contain factors for radionuclide transfer
into livestock products (Table 46).

Table 46.
TF of ¥'Cs, **Sr and ****Pu in livestock products [37]
Product type TF
137Cg | NSy | 239240pyy | AN
Black cattle
Milk 6.1%10° 1.5%10° 1.0%¥10° 4.2%107
Meat (beef) 3.0%102 2.1*%103 6.0%10° 5.0%10*
Sheep
Milk 7.7%10 3.0%102 1.0¥10* -
Meat (mutton) 2.7*10! 1.7%10* 5.3*10° 1.1*¥10*
Goat
Milk 1.3*10! 2.1*%102 - 6.9%10°
Meat 4.8%10" 3.0%10° - -
Poultry
Meat 3.0 2.3*%102 - -
Eggs 4.3*%103 8.8%10" - -

The Republic of Belarus having wide experience in farming on radioactively contami-
nated areas issued a guide-book on agroindustrial business in the conditions of radioactive
pollution which gives the transfer factors of *’Cs and **Sr from fodder to the farm products
obtained by the Byelorussian Institute of Radiology (Table 47) [46]. These factors are recom-
mended to be used to calculate radionuclide concentration in animal products in the Russian
Federation [47].

Table 47.
TFs of ¥7Cs and *’Sr in livestock products (Byelorussian Institute of Radiology) [46, 47]
Product WCs T|F Sy
Black cattle
milk 7.4%10°3 1.4*%103
meat (beef) 4.0%¥10° 4,010+
Sheep
meat (mutton) | 1.5%10°! | 1.0%10°
Poultry

meat 4.5 2.0*10°
eggs 3.5%102 3.2*%10

The English authors showed that for sheep the factor of '*’Cs transfer from
the contaminated fodder into muscles was 5.7%10, into kidneys — 5.0*10", and into
lever —3.3*10' [48]. The authors from the Czech Republic determined that the factor of '*’Cs
transfer in the fodder-milk chain was equal to 4.8%¥107, and for *°Sr it was 2.4¥107. In the
fodder-beef chain the factors were 2.1*107 and 6.9*%107, respectively [49]. The contamina-
tion of wet hay on natural grounds (England) of 550 Bq/kg gave the factor of '*’Cs transfer
to the beef equal to 2.3*10‘2’ and the transfer factor to milk was 1.1*102 [50]. In 1977-1986,
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in Great Britain the factor of ’Cs transfer from fodder to milk for livestock with pasture
holding was equal to 4.0%*107, and for **Sr — 1.0*10[51]. In Great Britain the factor of *’Cs
transfer from global fallouts to milk from different types of fodder was estimated as follows:
from hay — 2.0*10-* and from green mass — 4.0*10. The measurements for green mass after
Chernobyl fallouts gave 1.4*10 [52].

Choice of transfer factors based on STS studies

In order to obtain the transfer factors into livestock products on the STS territory the
scientists carried out field scale experiments with farm animals. As experimental animals the
two-year-old sheep of Kazakh coarse-haired fat-tail (Edilbay) breed were chosen. In the first
case the animals grazed in the conditions of radioactive contamination, in the second — the
animals were fed in with radioactive diet at stable keeping [53].

As the experimental site it was decided to choose a radioactively contaminated eco-
system of the waterway of tunnel No. 176 located in on Delegen site. The animals were
brought from the farms located in the area not subjected to radioactive contamination (May-
sky District, Pavlodar oblast).

In order to estimate the intake of radionuclides in the experimental animals the daily
ration of the animals (vegetation, water) and radionuclide concentration in it were controlled.
At the end of the pasturing period the animals were slaughtered and the samples of tissues
(muscle, bone and skin) and organs (heart, lever, lungs, kidneys) were taken for radionuclide
analyses.

Recommended transfer factors based on the experimental results. The data on aver-
age daily uptake of radionuclides into organisms of animals and their concentration in tis-
sues and organs were used to calculate factors of radionuclide transfer (TF) from ration into
tissues and organs of livestock animals. The factors obtained from grazed animals and those
kep at stable keeping are approximate [533]. The maximal transfer factors (TF) are given in
Table 48.

Table 48.

Maximal transfer factors of ¥’Cs and *°Sr into sheep’s tissues
and organs obtained in the experiment on the STS

Organ (tissue) TF
type 1310 NG 39240py
Meat 2.3*10"! 1.1*10* 2.0*10°
Heart 1.2%10 2.0*10 5.0%10°
Lever 1.2%10 1.1*10* 1.4%10°
Kidneys 1.5%10" 2.4%10 2.1%10+
Lungs 9.8*10" 3.2*%10* 6.0*10°
Bones 8.4*10! 3.4%10" -

Accepted transfer factors

The analysis of experimental and literature data showed that the transfer of '*’Cs trans-
fer into milk and meat of black and small cattle (sheep and goats) have practically had the
same values. The difference was observed for '*’Cs transfer into chicken meat (2 orders of
magnitude) and eggs (3 orders of magnitude). The factors of *°Sr transfer into black and small
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cattle (sheep and goats) and goat meat were practically of the same value. TF into meat of
black cattle, meat of chickens and eggs are different in two orders, and into lamb — 3 orders.
TF of 2%7240Py and 2*' Am for certain animal products are in the IAEA doc. [37].

Based of the analysis, it was decided to use for prognosis the maximal concentrations
of radionuclides for different types of livestock products presented in literature. In order to
calculate possible concentrations of '*’Cs and *°Sr in mutton, the maximal transfer factors
obtained in the STS experiment were taken. As a result, the following transfer factors were
adopted (table 49).

Table 49.

Accepted for prognosis factors of *’Cs, *’Sr, 2Py and >*'Am
transfer into livestock products

PrOdHCt type l37Cs 9OSr TF 239+240Pu 241Am
Horse
milk (koumiss) 5.1%10° 8.0%¥107 6.0%10° 5.0%10*
meat (horseflesh) 2.3*%102 2.8%107 1.0*10° 1.0*10°
Black cattle
milk 2.3*%102 2.8%103 1.0*¥10° 1.0*10°
meat (beef) 5.1*%10° 8.0%¥107 6.0*10° 5.0%10*
Sheep
milk 7.7%10° 5.6%10° 1.0%10*
meat (mutton) 2.3*10" 1.1%10* 5.3*%10° 1.1%10*
Goat
milk 1.3*10! 2.8%10° - 6.9%10¢
meat 4.8%10"! 3.0%10° - -
Poultry
meat 12.0 8.0%107 - -
eggs 4.5%10"! 8.8*10! - -

Assessment of radionuclide concentration in livestock products

In forecasting radionuclide concentrations in animal products the concentration in the
diet and transfer factors (TF) from the diet to product are accounted for. Prediction of radio-
nuclide content in animal products (Cpm ) is calculated using the formula:

c =C Kn ,

npod — ™ pay

where:

C,. — daily diet radionuclides activity, Bq;

TF — transfer factor of radionuclides from diet into 1 k (kg) of product.

Daily average intake with food was formed by the following factors: intake of radio-
nuclides with vegetable food, intake with soil particles on vegetation and intake with soil
ingested from ground.

For calculation of radionuclide intake with soil particles on vegetable diet (dust) an

experimental quantification of soil particles on the plants was conducted. To do this, the
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dominant steppe plants were washed (19 washes). The average amount of soil particles per
kilogram of dry mass of plants for different vegetation types is different: for fescue — 10.1 g,
wormwood — 11.6 g, wheatgrass — 6.2 g, feather — 5.1 g. As a result, for calculation of intake
with the dust of plants the mean value for steppe grasses — 8.1 g/kg was accepted, calculated
based on all available values.

The daily intake of radionuclides with soil, when ingested by animals during grazing
was calculated on the assumption that the black cattle during grazing period can consume up
to 600 kg of soil, small cattle — up to 75 kg of soil [54, 55]. Thus, the daily intake of soil for
horses and black cattle was 1.78 kg, for small cattle — 0.22 kg.

Based on these data and data on the maximal estimated specific activity of radionu-
clides in the steppe grasses (Table 29), and based on the average concentrations of radionu-
clides in the soil of the 1** zone having the highest values relative to the 2™ and 3™ zones,
using information on daily intake of pasture forage [56], we calculated the daily intake of the
radionuclides for animals grazed. The data are presented Table 50.

Table 50.
Results of calculation of possible radionuclide intake
by farm livestock grazing in the study area
v B Radionuclide intake into 1 animal, Bq
== @ )
=5 g iz S0 Z
Aferage | £ & So | 2 = 2 Eo | © = =
. S oo 8 = Z = = = = 2z <= = s
weight |5 & <| = =2 = = = = = = = = = S
Farm S8 g E° | = o g =T | £ = o =
. of SEEg Ex| 25| %= > | 25| 2= >
mimats| o ESE EE 22 53| £ | 25| 24| 23| 2
e|CE | E2 | B8 |2 = (8= E8| 2 =
unit, kg | >, 2 Eg | Z = = Eg| =z = =
T S, =2 | = < k| =2 | = S s
(=Y. = o e S
=) = =
137Cs 9OSr

Horse |350-400 18 113.4 6.43 78.4 198.2 48.6 2.77 33.75 | 85.12
Cow 400 16 100.8 5.72 78.4 184.9 432 2.46 33.75 | 7941
Sheep | 50-60 2.5 15.75 0.89 9.80 26.4 6.75 0.38 422 11.35
Goat | 50-60 2 12.6 0.71 9.80 23.1 54 0.31 422 9.93
Poultry | 4-6 0.1% 0.13 - - 0.13 0.11 - - 0.11
239+240Pu 241 Am
Horse |350-400 18 2.88 2.18 26.6 31.7 0.03 0.12 1.43 1.57
Cow 400 16 2.56 1.94 26.6 31.1 0.03 0.10 1.43 1.56
Sheep | 50-60 25 0.4 0.30 3.36 4.03 0.004 | 0.016 0.18 0.20
Goat | 50-60 2 0.32 0.24 3.33 3.89 | 0.0032 | 0.013 0.18 0.19
Poultry | 4-6 0.1* | 1.6*10° - - 1.6¥10° | 5.0*10* - - 5.0*10*

Table 51 shows the results of the predicted concentrations of radionuclides in animal
products, in case they are produced in the study area and permissible concentrations of radio-
nuclides in food stuffs, according to HS SRRS [43]. The permissible levels for 2*2*°Pu and
2 Am in animal products were calculated in the same manner as for meat of wild animals.
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Table 51.

Calculated possible radionuclide intake by livestock grazing in the study area
(based on the calculation of average radionuclide concentrations in the soil)

i e PrE:i(ljcsted conTentratlogzlé?q/kg (plermlsszzglzfl];ouncentrlatlon, ]i(} Ii :lg)
Horse
Milk (koumiss) 4.56(100) 3.38%10"(25) 3.17%104(2.5) 6.61%107(2.5)
Meat (horseflesh) 10.1 (200) 6.81¥10"(50) 1.90*10°(5.0) 7.87%10%(5.0)
Black cattle
Milk 4.25 (100) 2.22*%10" (25) 3.11%10% (2.5) 6.55%107(2.5)
Meat (beef) 9.43 (200) 6.35%10"(50) 1.87%10° (5.0) 7.79%10%(5.0)
Sheep
Milk 2.04 (100) 6.36*10" (25) 4.03*10* (2.5) -
Meat (mutton) 6.08(200) 1.25*%107 (50) 2.14*104(5.0) 2.19¥10°(5.0)
Goat
Milk 3.00 (100) 2.78%10" (25) -* 1.34%10(2.5)
Meat 11.1 (200) 2.98*10%(50) - -
Poultry
Meat 1.55 (180) 8.46*107 (80) - -
Eggs 5.82%10%(80) 9.31¥10? (50) - -

The obtained values of the possible content of radionuclides in meat of farm animals
in case they are grazed in designated zones, do not exceed the allowable values.

Thus, our studies have shown that in agricultural products both of plant and animal
origin, produced in the "South East" territory of the STS the radionuclide concentration does
not exceed the established norms, despite the fact that the calculations used the most conser-
vative parameters used. Accordingly, the use of these products in food will not pose a threat
on public health.

2.8.3. Experimental estimation of pollution levels of koumiss made in sarzhal
village

In the territory adjacent to the southeastern part of the STS there is Sarzhal locality
with a population of more than 2,000 people. The main activity in Sarzhal village is live-
stock farming. In particular, there is a shop in Sarzhal for production of the traditional Ka-
zakh beverage — koumiss which is one of the main agricultural products in the area studied.
The scope of koumiss production in 2010 exceeded 900 litres per day in summer and early
autumn. Koumiss is sold then in settlements in surrounding areas and cities of Semey, Ust-
Kamenogorsk, Almaty and Karaganda.

The koumiss is made by processing mare’s milk, so the koumiss production shop
purchases mare’s milk from farmers in the region; most of the farms are located in the STS
(Figure 1). The animals from these farms graze on the territory and around "Degelen" testing
site where underground nuclear tests were conducted in the tunnels. Also in these areas fod-
der is harvested for animal feed in winter.
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The earlier studies [29] found that the main long-lived artificial hazardous radionu-
clides accumulate in soils within "Degelen" testing site and do not overstep its boundaries.
However, it was also revealed [90] that the radiation situation has been and will be greatly
affected in the future by *H radionuclide which proliferates far beyond "Degelen" testing site
with groundwater. In this regard, studies were carried out on the possible content of *H in
koumiss produced in the shop in Sarzhal village and in farms located in southeastern part of
the STS.

EXPERIMENT

H can inflow into mare’s milk both during grazing of animals in the area adjacent
to "Degelen" testing site and at stall feeding with hay harvested in the area. Therefore, *H
content in the mare’s milk was assessed during the period of pasture feeding in the area, and
during stall feeding with hay harvested in the studied area. Koumiss was also sampled from
the shop in Sarzhal village from a 60 I wood vessel in which the koumiss is brought to readi-
ness. In total, 12 samples of koumiss were taken.

Preparation and analysis of samples

A sample for determination of *H was obtained by distillation of koumiss at 100°C.
The first obtained condensate in amounts of 10 ml was removed, and the following 5-6 ml of
free water from koumiss was taken for analyses. Tritium activity was measured in this free
water by beta-spectrometer TRI CARB 2900 TR with liquid scintillation method in com-
pliance with ISO 9698 [61]. The analytical measurement error was less than 30%. So, the
results below do not consider organically-bound tritium.

RESULTS OF INVESTIGATION

No 3H was detected (table 52) in the koumiss samples taken from the koumiss produc-
tion shop in Sarzhal village (from total volume of 601 after mixing of mare’s milk in total
capacity).

Table 52.
Determination of *H in the mare’s milk (koumiss) produced
in the the koumiss production shop in Sarzhal village
. . . Specific activity . . . Specific activity
Sampling point | Sampling date of *H, Bq/L Sampling point | Sampling date of *H, Bq/L
During pasture feeding During stall feeding
04.09.2010 <19 21.03.2011 <12
oo f g 07.09.2010 <20 hal vil 21.03.2011 <15
L 1702.09.2010 <19 Y[T2r.032011 <12
Sarzhal village farms

20.09.2010 <12 21.03.2011 <13
19.10.2010 <12 21.03.2011 <13
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In koumiss, produced at stall feeding of animals with hay harvested from areas ad-
jacent to "Degelen" sitw, in all cases, the specific activity of radionuclide *H was lower the
limits of measurement (Table 52).

Overall, the studies have shown that the *H content does not exceed the lower limits of
measuring equipment. Thus, koumiss, produced in farms located in the southeastern part of
the STS, and in the koumiss production shop in Sarzhal is safe in terms of radiation factors.

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

In this work when assessing the expected annual effective dose to the population the
dose from natural radiation is not taken into account, 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 the surface soil.

To simplify the assessment of radiation dose, the following assumptions were ac-
cepted:
* Reduction in external doses rate was not considered in case soil is coverd with
snow (in winter) and use of personal protective equipment;

+ disregarded the changes in the dust level in the air depending on the season;

o disregarded the increase of height (1.5-2 meters) above the ground and shielding
by vehicles (for farmers) or the body of a horse (for shepherd) at living and doing
business in the "south-east" part of the STS;

+ disregarded the internal dose from radionuclides in the water consumed from local
water sources, as specific activity levels of artificial radionuclides in water are
below the detection limits of the equipment used: '*’Cs and *°Sr are <0.02 Bq/kg,
2391240py <0.001. *H <15 Bg/kg [p. 4.4.2], which is 1-3 orders of magnitude below
intervention levels for drinking water, according to HS SRRS ;

* disregarded the internal dose from the imported food.

It is assumed that the radioactive contamination is distributed evenly over the site, and
the distribution in the soil horizons is exponential.

According to HS SRRS, dose factors used to estimate doses for intakes of radio-
nuclides with air, are not divided into age groups. >**Pu dose factors commensurate with
2397240py_ isotopes 234239*240Py were considered when assessing the dose.

3.1. The method for determining dose loads

To estimate dose loads to the population living in the "south-east" of the STS, from
artificial radionuclides, the exposure pathways that the major contributor to the expected an-
nual effective were considered:

« external exposure from artificial radionuclides in the surface (5 cm) layer of soil;

* internal exposure from inhalation of radionuclides;

* internal exposure consumption of food produced in the contaminated area.
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The methodology for dose loads calculations is described in the monograph "Radio-
ecological conditions of the northern territories of Semipalatinsk Test Site [38].

3.2. Initial data

3.2.1. Choice of Parameters used in calculating the dose loads

The results of the study determined that in the "south-east" of the STS the surface
layer of soil contains the following main dose forming artificial radionuclides: *°Sr, '*’Cs,
238:2390240py, 21 Am. The results of experimentally determined average content of artificial ra-
dionuclides in the surface (5 cm) layer of soil for 3 zones of the STS studied area are shown
in Table 53.

Table 53.

Specific and areal activities of artificial radionuclides
in the surface soil of the STS "south-east" part

B30 | 0S | 2381239:240pyy | UAM
Zone 1
Average specific activity, Bq/kg
439 | 18.9 | 15 | 0.8
Areal activity of radionuclides at average specific activities, Bq/m’
2853.5 | 1228.5 | 975 | 52
Zone 2
Average specific activity, Bq/kg
30.2 | 4.2 | 8.1 | 0.8
Areal activity of radionuclides at average specific activities, Bq/m’
1963 | 273 | 526.5 | 52
Zone 3
Average specific activity, Bq/kg
19.0 | 34 | 3.7 | 0.7
Areal activity of radionuclides at average specific activities, Bq/m’
1235 | 221 | 240.5 | 455

Parameter values used in assessments of dose loads from artificial radionuclides con-
sidered exposure pathways are given Table 54.

Table 54.
Coefficients used to estimate the dose loads
. Coefficient values

CoefﬁCIents 137CS 9OSr 238+239+24I]Pu 241Am

B_, mGy m*h-kBq 2.5:10° 1.0-10° 1.3-107 9.7-10°%
€, Sv/kg 4.6:107 5.0-10° 5.0-10° 4.20-10°
e, (adult), Sv/kg 1.3-10° 2.8:-10% 2.5-107 2.0-107
e, (7-12 year old children), Sv/kg 1.0-10° 6.0-10° 2.7-107 2.2-107
e, (1-2 year old infant), Sv/kg 1.2:108 7.3-10° 4.2-107 3.7-107

92



Radioecological Situation at the Former Semipalatinsk Test Site and Adjacent Territories

3.2.2. Parameters of annual consumption of food and expected specific activities
of radionuclides in products

To assess the internal dose from food produced in the contaminated area, one needs to
know the annual food consumption rate.

Rates of staple foodstuffs consumption for different social groups that represent the
minimal food needed to ensure human life, are in the Law of the Republic of Kazakhstan
dated November 16, 1999 Ne 474-1 "On Poverty Level" [57].

These standards are averaged values for the people of Kazakhstan and can differ sig-
nificantly for different groups and strata of the population.

Therefore, to estimate dose loads from the consumption of food produced within the
study area, a questionnaire survey of the population was carried out refine the food bas-
ket. The public were invited to answer the following questions: basic characteristics of the
household; if there is a garden; types of economic activities within the STS territory; annual
consumption of manufactured food products. The survey found that the volume and structure
of population’s diet living in the ST, is different from the minimum standards of staple food
consumption, towards increasing the consumption of meat and dairy products. Based on the
survey and living conditions of the population, changes were made to the norms of staple
food consumption that can be produced and consumed by the population in the study area
(Table 55).

Table 55.

Amount of consumed food grown and produced in the "south-east" part of the STS

Standards of food consumption, kg/year
Food stuff 7-12 year 1-2 year man woamn
old children | old infant*

First quality enriched wheat flour 6.5 4 16.6 13.2
Bread made from enriched wheat flour 1 quality 39.6 20 88.6 70.2
Rye-bread 2.5 2 5.8 4.6

Pasta 3.5 2 5.2 4.1

Ground oat 1.8 1.8 2.4 1.9

Pea, bean 1 - 2.6 2

Potato 66.5 5 117.9 94.1

White cabbage 13.6 0.5 31.6 25

Carrot 19.2 5 23 18.2

Tomato 3.1 0.5 6.2 4.9

Cucumber 3.1 0.3 6.2 4.9

Beet 3.1 0.5 6.2 4.9

Beef 12.3 2 30* 25%

Horseflesh 1.6 - 40* 32%*

Mutton 5.7 - 40* 32%*

Chicken meat 4.6 0.5 10* 8*
Milk, litre 150* 180 200* 150*

20% fat sour cream 2.8 0.5 30s* 18*
Koumiss, litre - - 60* 50%*

Low-fat cottage cheese 4.4 4.4 30* 20%
Eggs, pcs 205 40 200* 180*

Note: * — changes have been made according to the survey
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The forecasted specific activities of radionuclides in animal and plant products were
calculated using the transfer factors of radionuclides presented in the [AEA documents [37].
Based on the selected transfer factors in crop and livestock products the expected specific
activity of radionuclides have been calculated, which are then used to assess the dose loads
from intake of artificial radionuclides through food chains.

The expected specific activities of radionuclides in crop and livestock products at their
production in the study area are given in Table 56-57.

Table 56.

The expected specific activity of radionuclides in animal products at average contents
of artificial radionuclides in surface soil of the study area

Product e ey St of adomscides B
Black cattle
Milk 4.3 2.2:10" 3.1-10* 6.6:107
Meat (beef) 9.4 6.4-10" 1.9-10° 7.8-10*
20 % fat sour cream 8.5-10" 45107 6.2:10° 1.3-107
Low-fat cottage cheese 1.7-10" 8.9-103 1.2:10° 2.6:10°%
Horseflesh
Meat 10.1 6.8-10" 1.9-10° 7.9-10+
Koumiss (milk) 4.6 2.4-10" 3.2:10* 6.6:107
Sheep
Meat (mutton) | 6.1 [ 12108 [ 221100 [ 22:10°
Poultry
Meat 1.5 8.4-103 - -
Eggs 5.8-10° 9.3-10° - -
Note: "-" — No estimated values due to TF absence
Table 57.

Expected content of radionuclides in crop products at their production in the study area
at average specific activity in the surface soil layer for the zones 1,2 and 3

PI;O duct e Specific activity of radionuclides, Bq/kg =
ype I [ m | 1 I [ m | 1
Grain crop
Rye 1.3 8.8-10 5.5-10" 1.05 2.3-10! 1.3-10!
Wheat 1.3 8.9-10" 5.6-10" 1.06 2.4-10" 1.3-10!
Oat 24 1.7 1.1 1.05 2.3-10" 1.3-10"
Leaf'vegetable
Cabbage | 290" [ 19100 | 127100 | 1.8 | 40100 | 22:10"
Legumes
Bean.pea | 4.9-10' [ 33100 | 2110" | 9.6 | 2.1 | 1.2
Fruited vegetables
Tomato 7.5-10? 5.2:107 3.2:107 6.8-10" 1.5-10! 8.1-107
Cucumber 6.2:10? 4.3-102 2.7-102 5.6-10" 1.3-10" 6.8-10
Tuberous root
Potato 3.6:10" 2.5-10" 1.6:10" 3.1-10" 7.0-10° 3.8:107
Beet (roots) 2.8-10" 1.9-10 1.2-10! 1.6 3.5-10! 1.9-10!
Carrot (roots) 2.4-10" 1.7-10! 1.1-10" 1.4 3.0-10" 1.6-10"
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Pl;o duct 23%m])uSpeaﬁc activity of radionuclides, Bq/kg241Am
ype I [ o | 1 I [ o | 1
Grain crop
Rye 1.6-10* 6.4-10° 3.9-10° 4.9-103 4.9-10° 4.3-10°
Wheat 1.6:10* 6.4-10° 3.9-10° 5.0-107 5.0-107 4.4-103
Oat 1.3-10* 6.4-10° 3.9-10° 4.9-103 4.9-103 4.3-10°
Leaf vegetable
Cabbage | 13104 [ 52:10° | 32:10° | 9610 | 96100 | 84-10°
Legumes
Bean.pea | 22:10¢ [ 8910° | 55105 | 1410* | 1410* | 12:10*
Fruited vegetables
Tomato 2.0-10° 7.9-10° 4.9-10¢ 1.6-10° 1.6:10° 1.4-10°
Cucumber 1.7-10° 6.6:10° 4.1-10¢ 1.3-10° 1.3-10° 1.2-10°
Tuberous root
Potato 8.2-10* 3.2:10* 2.0-10+ 6.4-10° 6.4-10° 5.6:10°
Beet (roots) 1.1-10° 4.2-10+4 2.6:10+ 4.6:10° 4.6:10° 4.03-10°
Carrot (roots) 9.4-10* 3.7-10* 2.3-10* 4.03-10° 4.03-10° 3.5:10°

3.3. Description of possible scenarios for behaviour of population
in "The Southeast" of STS

In assessing the doses loads to the population living in wintering sites of "south-
castern" parts of the STS, an agricultural scenario of behaviour was considered:

Agricultural scenario

This scenario considers life activities of the population on the studied lands.

Farmer’s family (shepherd’s) consists of 4 people (adults — farmer (shepherd) and

a housewife; children — one 1-2 year old child, another 7-12 year old child). They con-
sume products of plant and animal origin in the study area. Choice of this age group of
children was conditioned that the basic food for 1-2 year child is dairy products; 7-12 year
old child is examined by parameters of the volume of air inhaled and standards of food
consumption as a middle element.

Dustiness of air in the room for all ages was accepted to be 107 kg/m3. Shielding

factor (house walss) was taken to be 0.4 [58].

The agricultural scenario includes the following activities.

1. Farmer cultivates crops and hay on the land (farm), located near his residence
site. It is assumed that the farmer spends part of his time in the cultivation
area and to take care of plants, rest of the time he spends in the garden, on the
courtyard, taking care of the cattle, and at home. The dose for the farmer is cal-
culated on the assumption that he spends 8 hours a day in open air. Air dustiness
while working on the farm and courtyard is taken as 10 kg/m?®. The farmer is
only an adult worker (male, female). When working on a farm the respiration
intensity is taken to be 5.6 m*/h — for adults.

2. Shepherd pastures in a radius of 10-15 km from his residence and cares for
animals in stall barn housing. Working day of the shepherd on average is 10
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hours in the open air, the rest of the time he spends at home. Air dustiness
in grazing animals and in the care of the cattle is taken to be 10 kg/m’,
107kg/m? at home. The shepherd is only an adult worker (male).

3. Housewife (female) is engaged in housekeeping, working in the garden and on
the courtyard, looking after cattle. She spends outdoors 8 hours a day. Air dusti-
ness is accepte to be 10°°kg/m?. Respiration rate — 2.8 m3/h.

4. 7-12 year old children spend outdoor (playing) an average of 8 hours per day.
Air dustiness is accepted to be 10 kg/m?.

5. 1-2 old child spends outdoor on average 4 hour a day. Air dustiness is accepted
to be 10 kg/m>.

Summary on the time spent by the population in the open air and in the room is

Table 58.

Table 58.
Time T spent on open air and inside the premises
Factor Measun:ement Lifestyle scenario
units
2920 (farmer, housewife)
. . . 3600 (shepherd)
The time spent in the open air hour/year 2920 (7-2 year old children)
1460 (1-2 year old child)
5840 (farmer, housewife)
. . 5160 (shepherd)
Time spent indoors hour/year 5840 (7-2 year old children)
7300 (1-2 year old child)

3.4. Assessment of dose loads to the population living and engaged
in activity in the study area

Assessing the dose loads on the population living in wintering sites of "south-eastern"
parts of the STS, the following has been revealed.

The histogram (Figure 32) shows the distribution of farmer’s annual committed effec-
tive dose received though different ways of radiation exposure for each specified zone.

The figure shows that the main contribution to the farmer’s radiation exposure in
zones I, IT and III gives the internal radiation dose produced by foodstuffs grown and pro-
duced in the area, where the main contribution is made by '*’Cs.
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Annual committed effective dose received by a farmer
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Figure 32. Annual committed effective dose received by a farmer according to the agricultural
scenario of his behavior: a) through the main pathways of radiation exposure in zones I — 111
in southeastern part of the STS territory, b) total annual committed effective dose
in zones I — III in southeastern part of the STS territory

Figure 33 shows the contribution of artificial radionuclides to the farmer’s annual
committed effective dose from different ways of radiation exposure for each specified zone.

The main contribution to the farmer’s radiation exposure for average values of radio-
nuclide specific activity in the surface soil layer in zones I, II and III is made by the internal
exposure from the intake of foodstuffs grown and produced on the studied area (~56 %,
~63 %, ~77%). The external exposure dose from contaminated soil is 27 % of the annual
effective dose in zone I, 25% in zone II and 17 % in zone III. The main contribution to the
farmer’s external dose from the radiation by raduonuclides is made by '*’Cs. The main con-
tribution to the internal exposure from inhalation of raduonuclides is made by %23%24py
(96 % in the zone I).
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Contribution of artificial radionuclides to the
farmer’s annual committed effective dose
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Figure 33. Contribution of artificial radionuclides to the farmer’s annual committed effective dose:
a) through the main pathways of radiation exposure in zones I — III in southeastern part of the STS
territory; b) internal exposure from foodstuffs grown and produced in zone I

In zone I the contribution to the annual effective dose from intake of raduonuclides
with foodstuffs for adults is equal to 28 % for crop products and 72 % for animal products.
The main contribution to the annual committed effective dose from intake of raduonuclides
with animal products for average values of radionuclide specific activity in the surface soil
layer is provided by milk products — 55 % for adults.

Figure 34 shows the values of annual committed effective doses received by a shep-
herd according to the agricultural scenario of his behavior for average values of specific
activities of radionuclides in the surface soil layer in zones I-II1.
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Figure 34. Annual committed effective dose of a shepherd and a housewife received through
the main pathways of radiation exposure in zones I — III in southeastern part of the STS territory
according to the agricultural scenario of their behavior

According to the agricultural scenario of shepherd’s behavior, annual committed ef-
fective doses received by him through the main pathways of intake of artificial radionuclides
for average values of specific activities of radionuclides in the surface soil layer do not ex-
ceed maximum permissible values and are equal to ~8.4-102 uSv in zone I, ~6.3-102 uSv
in zone II and ~4.9-102 uSv in zone III. The main contribution to the radiation exposure
in zones I-III is made by internal exposure from intake of foodstuffs (~4.3-102, ~3.8-102
and 3 4-102 uSyv, respectively). In zone I the contribution to the annual effective dose from
intake of raduonuclides with foodstuffs for adults is 28 % for crop products and 72 % for
animal products. The main contribution to the annual committed effective dose from intake
of raduonuclides with animal products for average values of radionuclide specific activity in
the surface soil layer — 55 % — is made by milk products.
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The annual committed effective doses received by a housewife through the main path-
ways of intake of artificial radionuclides according to the agricultural scenario of her behav-
ior for average values of specific activities will be ~6.2-10 uSv in zone I, ~4.8-10 uSv in
zone Il and ~3.8-10 uSv in zone II1. The main contribution to the radiation exposure is made
by the internal exposure from the intake of foodstuffs grown and produced on the studied
area where the main contribution is made by radionuclide *’Cs.

Figure 35 shows the values of annual committed effective doses received by local
people through the main pathways according to the agricultural scenario for average values
of specific activities of artificial radionuclides in the surface soil layer in zone I.

Committed effective dose for
population of zone |

m Farmer

m Shepherd

m Housawife

m 7-12-year-old child
m 1-2-y=ar-old baby

Figure 35. A graph of committed effective dose for population of zone |

An assessment of the radiation exposure of people living and working on the studied
area showed that their committed effective dose would not exceed the main limit of doses
permissible for population (1 uSv/h).

CONCLUSION

The studies revealed that presence and amounts of artificial radionuclides in environ-
ment of southeastern part of STS have beed stipulated both by global radioactive fallouts and
local fallout after the first fusion test and after one of the model experiments.

Radionuclide analysis of the environmental samples has shown that the average con-
tent of natural radionuclides in the soil of study area is typical for soils of Kazakhstan, no
geochemical anomalies have been identified. None of the samples studied by gamma spectral
analysis had any other artificial radionuclides other than *’Cs and **'Am, and in case “Co,
12Eu are found, they will be below the detection limit of the measuring equipment, which
means they pose no harmful to humans and environment. Radiochemical analysis of environ-
mental samples determined in them such long-lived radionuclides as *Sr and 2***?*°Pu.

The territory can be divided into three zones by distribution of artificial radionuclides
137Cs, PSr and 2**2*°Pu. Average specific activity of '’Cs and *°Sr in the soils of the area is
at background of global fallout, or slightly (1.5 times) exceeds it. Average specific activity
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of #9240Py is 1.5-6 times higher than background of global fallout. The maximum specific
activity of ¥’Cs, *°Sr and ****°Pu is below the levels that characterize the ecological situation
as "relatively satisfactory situation" in soil classifying regulatory documents (parameter of
soil contamination with long-living decay products due to nuclear explosions in the Gov-
ernmental Decree No.653 from July 31, 2007 "Criteria for Environmental Assessments of
Lands"). In accordance with these criteria, the study area, by contents of 2**?*°Pu in the soil,
is categorized as an area with "relatively satisfactory environmental situation".

Radionuclide contents in vegetation cover there do not exceed the levels established
in the "Provisional Acceptable Levels for Radionuclide Contents in Objects under Regula-
tory Control of the Ministry of Agriculture". In general, radionuclide contents in vegetation
do not impose radiological risks for population making the vegetation suitable for certain
types of commercial use including agricultural pasturing both in the present time and in the
future.

Specific activity of artificial radionuclides in the body of wild animals inhabiting the
"south-east" of the STS will be at an acceptable level even with their migration from nearby
testing ground of the STS. Predictive values of radionuclide content in meat of wild commer-
cial animals, obtained from the research, are far below the permissible levels. Consumption
of meat from animals that are hunted, is not dangerous to people in terms of radiation.

In the prepared materials the authors made a prognostic evaluation of radiation char-
acteristics of products which can be produced on the territory studied. The estimated specific
activity of artificial radionuclides in crop and livestock products is significantly below the
permissible content, even if produced in the area with high specific activity of transuranic
elements. Thus, the expected content of radionuclides in food produced in the area will not
exceed the permissible levels according Hygienic Standards "Sanitary requirements for ra-
diation safety".

The results of these studies suggest that the levels of radionuclides in groundwater
and surface waters in the southeastern part of the STS allow using this land for any kind
of economic activity without any restrictions. The radionuclide content in the waters of the
surveyed area does not exceed the intervention level at intake with food and water for the
population, according to HS SRRS [28]. Content of radionuclides in the atmospheric air
within the study area is safe for the person staying right in this area.

The final conclusion on suitability of the studied lands for living and commercial
activities is based on assessment of dose loads on population to inhabit these lands. Maximal
acceptable effective dose for population comprises 1 mSv/year. Our worst-case scenario for
a subsistence farmer living within the contaminated area predicts annual effective dose per
person will be 0.8 mSv that exceeds 0.3 mSv and is below the intervention level established
in Hygienic standards "Sanitary requirements for radiation safety" (Annex 7).

So, according to the assessment of integral radiological parameters and based on cur-
rent regulatory requirements, the entire studied territory can be utilized without any re-
striction.
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CCII AYMAFBIH/IATBI « OHTYCTIK-LIBITBICY» BOJIIT'THIH
(CAPKAI A. AYMAFbBI) PA/THOISKOJIOTHAJIBIK AXYAJIbI

ICrpuabuyk F0.I., Ulykamenko C.H., 'Kammpckuii B.B., 'fIkoBenko 10.10.,
'AlinapxanoB A.O., Jlaxosa O.H., Jlapuonosa H.B., 'Maramesa P.1O.,
Manunukuii A.B., 'Cyo6orun C.B., 'Kynabizoaesa A.A., 'Tonoposa A.B.,

"Tonesnukas O.B., ’Baxrun JI.B.

"KP ¥A0 Paouauusnvlx Kayincizoix jcane IK0A02Us UHCHUMYHIbL,
Kypuamoes, Kazaxcman
’KP ¥A0 I'eopusuxansix zepmmeynep uncmumymst, Kypuamos, Kazaxcman

Makanana, Cemeii coirak nosnmronsl (CCIT) aymMarbIHBIH OHTYCTIK-IIBIFBIC OOITiHIe OpHaIac-
KaH, ayKbIMbl 850 kM2 GonatbiH Capykal a. ayMarblHa )KYPri3iIreH paanodKoIOrusUIbIK 3ePTTeYIep/IiH
HOTWKENEP1 KeNTipire. 3epTTey KYPri3iireH ayMaKThIH HIEr1He TaOUFU OpTa HhICAHAapBIHBIH Ka3ipri
PaOdKOJIOT HSUTBIK JKaFIaifbIHA: KYMIAKTOIBIPAK, Cy HBICAHAAPHI, aya OacceliHi, OCIMIIK KaMBLUIFbI-
ChlI, )KaHyapJiap ajieMiHe Oaranay )KymbicTapbl xyprisinui. Tonsipakrarsl TexHorenai *’Cs, *Sr xoHe
2391240Py. paqMOHYKIMATEPIH KYPaMBIHBIH IeHreili OoWbIHIIa ayMaKThl YIII aiiMakka O6emyre Gomassl.
Exi aiiMaKTBIH TONBIPAFbIHAAFEl PAANOHYKIUATEPiH xorapbl Kypambl, CCII aymarbiHIa ©TKI3IIIeH
ChIHaKTapra OailiaHbICThI MapTTanFad. bapibik 3epTreireH aymakTarbl '¥’Cs xkoHe *Sr paJuoHyKIH/I-
TepiHiH THecim OeNCeHAUITIHIH OpTalla MOHI FaJaMIBIK TYCYJIEpAiH asCBHIHBIH JACHICHiHIe, HeMece
Gonmarisl Typae raHa sxorapbl (1,5 ecere geitin). 2°2“Pu paguoHyKIMIiHIH THECUT OeJICEH LTI HIH
opTala MoHI FaaMABIK TYCYIEpAiH aschiHaH 1,5-6 ecere »orapbl.

Kopiraran opra HeICaHIApBIHAAFHI KOHE a3bIK-TYIIK OHIMACPIHIAETI paIuOHYKIHATEPIIH KY-
paMBbl JKaiJIbl IepeKTep IiH HeTi3iHae TYpFBIHIAapFa TYCETiH J03albIK XKYKTeMere Oaraiay jKacasibl.
«JlacTanraH ayMaKTBIH HIETiH/e TaOUFH MIAPyalIbUIBIK JKYPrisyi gepmepy» cieHapuiii «Hamapy» 6oi-
FaH XafFjaaiina, Oip ajgamFa TYCETiH >KbUIABIK KYTileTiH TriMai no3a 0,08 m3B kypaiinsl, on 0,3 m3B
acraiipl sxoHe «PanuanusuiblK Kayinci3aikTi KaMTaMachl3 eTyre KOMbIIaThIH CAaHUTAPIIBIK-IIUIeMUO-
JIOTMSUTBIK TajanTapy [ MrueHanblk HOpMaTHBTEpre Colikec apajacy AeHreiliHeH TOMEeH. OTKI3UIreH Ke-
LIeH1 3epTTeyIepliH JKOHE TYPFhIHAApFa TYCETIH KYTUITeH I03aJbIK KYKTeMenepaiH Herizinae, KP
HOPMAaTHBTI 0a3achIHBIH KOJJAHBICTAFbl TaJalTapblHa CAHKec, OApibIK 3ePTTENI'eH ayMaKThl emoip
HIEKTEYCi3 Maiaananyra Oonaibl.

AranFaH 3epTTeynep, OlaH aphl Kapail kepriepi MmapyanibUIbIK aifHaIBICBIHA Oepy MaKCcaThIHAA
KYPTi3iai.

Kinm co3dep. saponbIK CBIHAKTAp, PaJHO3KOIOTHs, PaJ0aKTHBTI JIaCTaHy, PaAnOHYKINATED,
©CIMJIIK KaMBUTFBICHI, CyTIalilaJiaHy HbICAHIAPBI, KYPIM-TYpy CLHEHAPHUiii, J03aNbIK KYKTEMeTep.
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PA/THOIKO/IOTHYECKOE COCTOAHHE «IOI'0O-BOCT OYHOH)»
(PAHOH C. CAPKAJT) YHACTH TEPPUHTOPHH CHIT

ICrpuabuyk FO.I, Ulykamenko C.H., 'Kammmpckuii B.B., 'fIkoenko 10.10.,
'AiigapxanoB A.O., Jlaxosa O.H., Jlapuonosa H.B., 'Maramesa P.10.,
Mannuknii A.B., 'Cyo6orun C.B., 'Kynay36aesa A.A., 'Tonoposa A.B.,

"Tonesnukas O.B., ’Baxrun JI.B.

' Hnemumym paouayuonnoi 6ezonacnocmu u yxonozuu HAIl PK,
Kypuamoes, Kazaxcman
‘Hncmumym zeopusuueckux uccredosanuit HAL] PK, Kypuamos, Kazaxcman

B crarbe npezacTaBieHbl pe3ynbTaThl paanoIKOIOrHISCKUX NCCIeI0BaHUHIOTO-BOCTOUHOM Ya-
ctr Tepputopun CeMHITaIaTHHCKOTO ncbITareasHoro nonurona (CUII), pacrionoxeHHoH B paiioHe c.
Capokai, Ha wiommaan 850 km?. B mpenenax o0cie10BaHHON TEPPUTOPUHU MPOBEICHA OLIEHKA COBpE-
MEHHOT'O PaJHO0IKOJIOIHIECKOT0 COCTOSHUAOOBEKTOBIIPHPOJHOM CPeJIbl: TOYBOTPYHTOB, BOIHBIX 00b-
€KTOB, BO3/IYIITHOTO OacceifHa, paCTHTEILHOTO IOKPOBa, >KUBOTHOTO Mupa. I1o ypoBHSAM coneprkaHus
B MOYBE TEXHOTCHHBIX pamuoHykiIuaoB *'Cs, *Sr u »°"2*'Pu TeppuTOpHI0 MOXKHO pa3aeinTh HA TPU
30HbL. [TOBBIIICHHOE CONEpIKaHUE PaJHOHYKIH/IOB B IIOYBAX B JIBYX 30HaX 00YCJIOBJICHO HCIIBITAHUS-
MH, TIpoBeneHHbIME Ha Tepputopun CUIL. Cpennue 3Ha4ueHHs yAeIbHOI aKTUBHOCTH PaJHOHYKIHIOB
¥7Cs u *°Sr B mouBax Ha BCei 00C/Ie0BAaHHOIN TEPPUTOPUH HAXOMATCS HA ypoBHE (OHA TI0OATBEHBIX
BBINAJICHUH, TM00 He3HaUYUTeNbHO (10 1,5 pa3) npesbimaroT ero. CpejHue 3HaYCHHs YCTbHON aKTHB-
HOCTH pajaronykiuaa >*2Pu B 1,5-6 pa3 npesbiaroT GpoH 100aibHbIX BbINAICHHH.

Ha ocHoBaHMM JaHHBIX O COAEPKAHUN PAJHOHYKIHIOB B 00BbEKTaX MPHPOIHOM Cpebl B Mpo-
JIYKTax NMUTaHWs ObliIa C/eNaHa OLeHKA JI030BBIX HAarpy30K Ha HaceneHue. [Ipy ycaoBuM «HauXy/ie-
To» creHapus «depmep, BeAyIHil HaTypalIbHOE XO3SHCTBO B Mpe/esiax 3arpsA3HEHHOH TepPUTOPHI,
oxugaeMas rofosas 3ddexTuBHas go3a as yenoeka coctaBuT 0,08 M3B, uto He mpessicut 0,3 M3B
U SIBISICTCSl HIDKE YPOBHS BMEILATENIbCTBA, COIIACHO [wWrueHnmueckum HopmathBaMm «CaHUTapHO-
SMNEMHOIOTHYECKHE TPeOOBaHUS K 00ECIIeUCHNIO paJHalioHHON Oe3omacHocTmy. Ha ocHoBanmn
MPOBEICHHOTO KOMIUIEKCHOTO 00C/IeIOBaHUS U 0XKMAAEMBIX JO30BBIX Harpy30K HA HACENEHHE, B COOT-
BETCBUHC CYLIECTBYIOLIMME TpeOoBaHUsAMH HopMaTiBHOU 6a3bl PK, Bcs oOcnenoBanHas TeppuTOpuUs
MOJKET HCIOIb30BaThCs O3 OrpaHUUCHUI.

JlaHHbBIE MCCIe10BaHUs IPOBEIEHBI C LIENbI0 JalbHENIIeH epeiaun 3eMellb B X035ICTBEHHBIN
06oporT.

Kniouesvie cnosa. snepHbIe UCTIBITAHUS, PAJANOIKOIOTHS, PAANOAKTUBHOE 3arpsi3HEHHE, Paio-
HYKJIU/BI, PACTUTENbHBIH TTOKPOB, OOBEKTH BOAONOIb30BAHNS, CIEHAPUIl TOBEAEHHS, JO30BbIC Ha-

IPY3KH.
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CURRENT RADIOECOLOGICAL SITUATION
AT "SARY-UZEN" SITE OF THE STS

! Subbotin S.B., ! Strilchuk Yu.G., ! Novikova E.A., ' Romanenko V.V.,
Pestov E.Yu., 2 Bakhtin L.V.

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

The paper describes the factors and mechanisms of radiological situation formation at "Sary-
Uzen" site. Studies of radioactive contamination of soils within the near-mouth areas of emplacement
wells are reported. Current radioecological situation of groundwater at the site, as well as possible
pathways of contaminated groundwater migration beyond "Sary-Uzen" site is considered.

Keywords: "Sary-Uzen" site, well head, emplacement well, contamination of soil, groundwater
migration.

INTRODUCTION

After the shutdown of the Semipalatinsk Test Site (STS), the problem of the under-
ground nuclear explosions (UNE) has been studied in Kazakhstan since the early nineties of
the last century. The bulk of the operations being done are concentrated on collection of data
on the radionuclides distribution, primarily in the soil, surface water and groundwater and in
the air. Investigations are being carried out to study underground space at UNE sites. At pres-
ent because having no techniques for underground radioecological mapping and assessing
the technological processes dynamics at depth, the NNC RK is developing recommendations
on the techniques for comprehensive assessment of the mineral resources at the UNE sites.

The UNE sites must be categorized as potentially dangerous facilities similar to long-
term underground disposal of radioactive waste (RW). In order to allocate exclusion zones
within which the use of underground resources should be prohibited, including groundwater
it is necessary to conduct a phased set of investigations. This issue has become particularly
relevant in the present during the comprehensive researches in order to transfer the STS ter-
ritories to civilian use. For reliable identification of trends and forecasting the geoecological
conditions in the UNE areas one of the main objectives is to study in time the cause-and-
effect relationships, the adverse effects with post-explosion deep structure of the investigated
geological environment blocks and ongoing in them geodynamic, hydrodynamic and radio-
migration processes.

This review article presents research findings of the NNC RK divisions in different
years focused on the problems on one of the STS main testing grounds — "Sary-Uzen".
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1. BACKGROUND ON THE "SARY-UZEN" SITE

1.1. Nuclear tests at "Sary-Uzen" Site

According to the file materials [1] in the period from 1965 to 1980 at "Sary-Uzen"
site 24 underground tests were conducted in 25 emplacement wells. One of the underground
nuclear tests — "Lazurit" was carried out in the immediate vicinity of "Sary-Uzen" site,
in Murzhik mountain range. Arrangement of the wells is shown in the figure (Figure 1).

Legend
4. objects found
® «warfare» boreholes

{__] boundary of «Sary-Uzenn» site

Figure 1. Satellite image of "Sary-Uzen" site. Arrangement of the emplacement well on the site

It is worth noting that there is no official information about the location of the em-
placement wells, namely their coordinates. When locating the emplacement wells the IRSE
NNC RK specialists used satellite image of the test site and arrangement of the wells at
"Sary-Uzen" site that is presented in Figure 1. The satellite imagery interpretation and com-
parison of the data with the existing scheme helped to specify the positions of all wells and
determine their approximate location.

The field survey at "Sary-Uzen" site found 24 emplacement wells, the coordinates
of which are given in Table 1. More information about the tests at the site is available in
references [2, 3, 4]. In addition, 4 more well heads were found, by external characteris-
tics similar to the emplacement wells, which have been assigned the following numbers:
No. X-1, X-2, X-3 and X-4 (Figure 1).
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It should be noted that the difference between the number of tests (24 tests) and known
wells (25 wells) is caused by serial underground nuclear tests in the wells No. 109 and 2803
in 16.02.1979. It is also worth noting that the official sources are incomplete or provide false
information about the UNE radiation effects. Thus, according to [1, 2, 4] the ejection of soil
was accompanied by only a UNE conducted in well 1003 (the crater diameter by its rock
piles is 280 m, pile height of 10 m). However, the surveys found that the soil ejections were
accompanied by the UNEs in wells Nos. 101 and 125. In this case, at well 101, the crater is
much larger than the crater of well 1003. Also at the well there is a crater 104 with a radius
of up to 100 m, depth of 10 m. Near wells Nos. 110, 111, 131 and 215 within 150 m, on the
contrary, there is an elevation of the ground up to 2 m.

According to [1, 2, 4] full camouflet explosions (FCE) were found at 7 wells (104,
105, 106, 107, 126, 2613 and 2691). The survey [3, 9] in near-mouth areas of these wells
detected a significant radioactive contamination. In this connection, these wells can be classi-
fied as PCE (partial camouflet explosion). On the other hand, at emplacement wells Nos. 109,
110, 128 and 129 mentioned in [1, 2, 4] as PCE, the survey found no significant contamina-
tion. In this connection, these wells can be categorized as FCE.

1.2. Factors and mechanisms for formation of the radiation situation
at "Sary-Uzen" site

At the most general level the radiation environment of any area can be represented as
a superposition of two components:

1. Natural radioactivity of the environment.

2. Contamination with artificial radionuclides.

The natural sources of radiation include cosmic rays and natural radioactive material
distributed on the surface and in the interior of the Earth. This issue is detailed in a number
of works, such as [5] and not reviewed in the framework of this article.

For the study area due to the specificity of its geographical position, the contamination
with artificial radionuclides in the first place will be determined by testing of nuclear weap-
ons at the STS, which recover the following radionuclides:

 fission products — *’Cs, '¥7Ba, 'Y’Pm, '5'Sm, *Sr, *°Y, *Tc;

+ environment neutron activation products — ®Co, '?Eu, '**Eu, *H, *C, *ClI;

 unreacted part of the charge — 2**Pu, 2*"24Py, 2Py, ! Am, 3H.

Traditionally, the following radionuclides are the most biologically important: *’Cs,
908y, 3H, 239240y,

The main potential sources of contamination for this territory are the consequences
of the 50's and 60's surface nuclear explosions long-range fallouts, the effects of short-range
fallout from the release of radioactive gases and aerosols in the tests in wells at "Sary-Uzen"
site as well as blocks of rocks enclosing the central zones of the UNE.

1.2.1. Atmospheric radioactive fallout

The surface nuclear tests resulted in a high radioactive contamination of large areas
and formed radioactive plumes stretching for hundreds of kilometers from the explosion
epicenters.
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According to [5] and [6], the "Sary-Uzen" site area is crossed by 4 radioactive plumes
from the surface nuclear test conducted in 24.09.51 at "Experimental field" site as well as
plumes from the model experiments (Figure 2).

J
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® warfare» boreholes hydronuclear test
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@ boreholes with ground discharge - - -. nuclear test at «Experimental field»

Figure 2. Relative positions of "Sary-Uzen" site and the test trace axes

In 1960, 1961, 1963 at the Semipalatinsk Test Site the USSR Ministry of Defense im-
plemented a model (hydrodynamic and hydro-nuclear) experiments program. These experi-
ments were also to study radionuclide a-activity fallout on the ground surface, determined by
key nuclear materials that are part of the nuclear charge, mostly contamination by long-lived
radionuclides such as plutonium-238, 239, 240 and uranium-238, 239. The "Sary-Uzen" is
crossed by plume axes of two model experiments done in 1961 and 1962, which could have
contaminated the surface with the above radionuclides.
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The distance from the model experiments epicenter to the "Sary-Uzen" site is around
40 km. Such a distance is reached by the plumes from the hydro-nuclear tests of 21.07.1961
and hydrodynamic test of 1962.According to [7], the length of the zone contamination by the
hydro-nuclear test with the level of activity density 0.1 pCi/m? > qa. > 2,25*%10 pCi/m? is
53 km (Table 2), and within the "Sary-Uzen" site the plume length may be about 8 km.

The length of the 13.11.1962 hydrodynamic tests fallout with an activity in the range
of 1to0 0.1 uCi/m? is 86.5 km, and within the "Sary-Uzen" site the plume length to be around
6 km.

Table 2
Model experiments characteristics [7]
Test Date 21.07.61 13.11.62
L (km) - 15.5
4 S (km?) ; 14
L (km) 17.5 86.5
% S (km?) 17 375
L (km) 53 >100
4 S (km?) 149 (960)
Test type hydronuclear Hydrodynamic
Note:
— —no data
q, —activity density>1 uCi/m’
q, —activity density>0,1 nCi/m
q, —activity density>2,25%10” nCi/m’
L - contamination zone length
S - contamination zone area

Thus, all of the above mentioned surface tests can be considered as the most likely
sources of contamination of the study area.

1.2.2. Local contamination of the UNE epicentral zones at ""Sary-Uzen'' site

Based on the data about the radiation effect during the underground nuclear tests, the
site area contamination was caused by radiation emergency situation that had occurred dur-
ing the testing of nuclear devices in the wells No. 101, 111 and 215, as well as during the
excavation explosions in the wells No. 1003 and No. 125.

The local soil contamination lies on the surface within the epicentral zones formed
mainly as a result of the short-range fallout effects from the release of radioactive gases and
aerosols from the nuclear tests in the emplacement wells. The aero-gamma-survey detected
local radioactive fallout traces around wells No. 1003 and 125, as well as longer (over 10 km)
radioactive fallout trace from the tests in well 101.

Character of artificial radionuclides’ distribution of in the surface soil is described in
the chapter 2.1.

The geotechnical conditions of the UNEs at "Sary-Uzen" site is largely similar to the
conditions at "Balapan" site. In this connection, the mechanism of radionuclides migration
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from the rocks into groundwater at sites "Sary-Uzen" and "Balapan" is similar and described
in detail in [8].

1.2.3. Contamination of surface soils due to global atmospheric fallout

Nowadays, almost anywhere on our planet one can detect radioactive contamination
of the environment caused by various nuclear tests, accidents at nuclear power plants.

The fact of the matter is that during the atmospheric nuclear tests the considerable part
of radioactive products is released into the stratosphere. Microscopic size radioactive aero-
sols (~ 4*107° c¢cm) in the cloud retain in the stratosphere from a few months to several years,
and winds carry a cloud over all the earth (stratospheric transfer).

Artificial radionuclides from the atmosphere with precipitation and dry fallout reach
the surface layer of the soil. The density of this so-called global fallout depends on the geo-
graphical latitude, the time elapsed after the release of artificial radionuclides into the atmo-
sphere, the season and the meteorological factors [7].

After coming into effect of the Treaty 1963, banning nuclear tests in the atmosphere,
in outer space and under water, the radioactivity of the atmosphere has been progressively
reduced and thus far has fallen a hundred times. The short increase in radioactive contamina-
tion of the Earth’s atmosphere over the last decade was registered in 1986 as a result of the
accident at the Chernobyl Nuclear Power Plant [7].

The calculations [7] showed that the specific activity of global fallout for 2010 is:

7Cs — 15,2 Bg/kg; *°Sr — 9,4 Bg/kg; *'Sm- 1,2 Bg/kg and *Tc — 0,2 Bg/kg.

2.  PRESENT RADIOECOLOGICAL STATUS AT "SARY-
UZEN" SITE

2.1. Radioactive contamination of soil at ""'Sary-Uzen'" site and
surrounding area

2.1.1. Medium-scaled (1:200 000, 1:100 000) radiological research findings

2.1.1.1. Basic methodology

The medium-scaled (1:200,000) radiological investigations around "Sary-Uzen" site
were conducted to clarify the positions of contaminated spots of the area, where in the future
it is necessary to conduct a more detailed (large-scaled) research. The surveyed territory was
within "Sary-Uzen" site and beyond in the north-west, north and north-east directions. The
area is over 500 km?.

The medium-scaled areal radiological studies (Figure 3) were to measure the radiation
parameters and soil sampling within 2*2 km grid. To study radionuclides distribution in the
soil depth, additionally at 10 points soil was sampled layer-wise at 5 cm spacing to a depth of
15 cm from the same pits as the main sample. The distribution of radionuclides at a depth in
soil cuts was studied in locations evenly spaced across the study area.
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A
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Figure 3. Soil sampling points arrangement at medium scaled survey

Medium-scaled (1:100,000) radiological studies were conducted in the western part
of the STS, covering about 80 % of "Sary-Uzen" site area (Figure 3). The areal radiological
survey was carried out at fixed points on a regular grid of 1*1 km, offset from the survey grid
with a scale 1: 200 000 on 500*500 meters (about 700 meters in distance). At each point of
the survey soil was sampled and equivalent dose rate (EDR) of gamma-radiation was mea-
sured on the surface of soil at a height of 1 m.

2.1.1.2. Results and discussion

The radiation parameter measurements showed that the density of a- and B-particles
is at background level and is not higher than the instrumental detection limit 0.5 and
10 part./ (min * cm?), respectively. The EDR range was: on the soil surface — 0.1-0.23 pSv/h,
at a height of 1 m —0.1-0.21 uSv/h, which is slightly higher than the background for the STS
equal to 0.13 — 0.15 pSv/h.

The laboratory tests enabled to construct distribution maps of radionuclides *’Cs,
24 Am, ?Sr, 29240Py with in the surveyed area (Figure 4 a, b, ¢, d) [9].

Areal activity of '¥7Cs in 45 % of the surveyed points is higher than background of
global fallout, equal to ~65 m Ci/km? (15 Bg/kg), in other cases, is at or below the back-
ground. Areal activity of **Sr in 30% of the surveyed points is above the background of
global fallout equal to ~ 39 m Ci/km? (9 Bq/kg). In almost all samples of soil »*****°Pu spe-
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cific activity exceeds the background of global fallout constituting 0.55-2.67 Bq/kg (up to
~ 12 m Ci/km?). Maximum excess is up to 52 times [10].

- —
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Figure 4. Radionuclide distribution at Sary-Uzen site a) *’Cs, b) *! Am, ¢) *Sr, d) >***°Pu
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The maximal amounts of these radionuclides were registered in the southern, south-
western and western parts of the study area. The contaminated areas of the territory coincide
with the radioactive fallout trace from the 24.09.1951 test, and heads of wells Nos. 1003, 101,
125, 215. Also there are elevated radionuclides concentrations in near-mouth areas of other
wells. The elevated levels of radionuclides in the near-mouth areas of the wells are caused
by the release of nuclear explosions products to the surface. The contamination in the near-
mouth areas will be discussed in detail later on.

Assessment of the radionuclide in-depth distribution in the soil

Analyzes were conducted in order to study '*’Cs in-depth distribution. *’Cs distribu-
tion feature is that the maximal concentration is in the upper 5 cm layer, and then dramati-
cally declines in activity at lower layers (Figure 5). The data on '*’Cs in-depth distribution are
consistent with the previous STS studies [7].

137¢g 0S¢
100,00 8
7T = minimal
concentration
10,00  Minimal g“' = average
§ concentration 55 concentration
3 o AVOrage = maximal
i concentration 4l conceniration
 maxirmal
concentration i a4
o
2 0,10 &
1
o . .
e o5 510 10-15 20 s
Depth, cm Depth, cm
a) b)
239,200p
8
o = minimal
§ w sonosntration
= average
= 55 concentration
g = maximal
concentration
a0
L]
30
0 -
5 [
5-10 1015
Depth, cm
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Figure 5. In-depth distribution of a) '*’Cs, b) *Sr, ¢) »**2Pu in soil profile

For laboratory analysis, to determine *°Sr and 2***?*Pu in layer-wise soil samples, we
chose three profiles from five soil profiles located in the contaminated area. Although specific
activity of *’Sr decreases with depth, but there is no sharp decline in activity.

Study of the radionuclide in-depth distribution showed that *°Sr is distributed in the
soil profile more uniformly, unlike *’Cs and #*°***°Pu. The considerable amount of *°Sr in the
lower layer (10-15 cm) confirms its high migration capacity, and also implies the presence of

120



Radioecological Situation at the Former Semipalatinsk Test Site and Adjacent Territories

this radionuclide in the deeper layers of the soil profile. The distribution pattern of 2***?*°Pu is
identical to the distribution of *’Cs.

2.1.2. Levels of radioactive contamination of soils within the near-mouth areas
of "Sary-Uzen" site emplacement wells

The UNE:s at "Sary-Uzen" site caused the following consequences: abnormal radio-
logical situations occurred in wells Nos. 101, 111 and 215. In wells Nos. 1003, 101 and 125
the nuclear tests were accompanied by soil ejection, in 14 wells — partial camouflet explosion,
in 7 wells — full camouflet explosion. The underground nuclear test locations can be classified
as potential radiation hazardous facilities. In this connection, in 19 near-mouth areas of the
emplacement wells, 13 points were surveyed for a preliminary assessment of the radiation
situation. A more detailed examination was carried out at wells where the UNEs were ac-
companied by ARS and soil ejection.

The survey of 13 points was preliminary. Using this scheme, at "Sary-Uzen" site sur-
veys were carried out at emplacement well near-mouth areas: Nos. 102, 104, 105, 106, 107,
108, 109, 110, 126, 127, 128, 129, 130, 131, 132, 133, 215, 2613, 2691, 2803 and 4 unknown
wells: X-1, X-2, X-3, X-4, "daisy" (Figure 6).
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Figure 6. Well survey layout at "Sary-Uzen" site

At each survey point we measured B-particle flux density, equivalent dose rate (EDR)
of gamma radiation on the soil surface and at a height of 1 m. Soil was sampled at near-mouth
area: near the well head and at point with the highest radiation parameters. If radioactive con-
taminated spot was detected outside soil sampling grid, additionally a point with maximum
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contamination was sampled. Satellite navigation devices were used in order to determine the
coordinates of the soil sampling points.

To clarify the radiation environment at wells Nos. 101, 125 and 1003 we conducted
an additional radiological examination, which consisted of measurements of -particles flux
density, equivalent dose rate of gamma radiation on the soil surface along the profile pass-
ing through the center of the crater on the map below (Figure 7). The ends of the profile are
located outside the contaminated area, delineated by measurements of EDR. At each point of
the profile a spot sampling of soil was done, at 2 points on each well — layer-wise soil sam-
pling to a depth of 30 cm with 5 cm spacing.

N-W 1 1 SE
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p Lo
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£200 my, L100m, v &L 00ms, 200m s

Figure 7. Arrangement of profiles at wells Ne 125 and No.1003

Below are photos of generic arrangement of the emplacement wells, EDR distribution
and [-particles flux density schematic-map, as well as laboratory analyzes results on soil
samples composition and concentration of radionuclides.

The discrepancy in the specific activities of some artificial radionuclides in the soil at
primary and repeated surveys is explained by different depths (5 and 10 cm) of soil sampling,
and when re-surveying the point of sampling may have been spaced from the previous by
10-15 meters, which was caused by an error of positioning.

Well 101

Well 101 is located in the western part of "Sary-Uzen" site. Currently, at well 101 a crater
formed with a diameter of 350-400 m and a height of piles ~ 10-15 m. The area around the crater
is mostly flat, poorly changed after the explosion (Figure 8). The bottom of the crater is filled
with water.

Figure 8. Well 101. Overview of the well mouth
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The results of radiological survey is mapped on a diagram (Figure 9 a, b, c), as well
as in Table 3.
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Figure 9. Well 101. Schematic map of a) EDR; b) alpha-particles flux density;
c) beta particles flux density
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Table 3.
Results of laboratory tests of soil from well 101 area
)
Bl £ 4|22 5| 2 |24 ]| 2 g
| F |&E|F|g| E| ¢ || §F| ¢ 4
3 & & 3 = 3 2 % =

S1[25.08.2006 | 0-5 [30£10|13+10|400+130 | 6 250+40 | 640+10 | 1 220430| 470£20 | 6 010+£930
S2 [25.08.2006 | 0-5 | 1046 | 10+6 |370+120 | 3 980+£30 | 640+10 | 1 2004£30| 480+£20 | 4200+700
S2 [25.08.2006 | 5-10 | <0,6 | <0,8 - 4970430 | 620£10 |1 140+30| 440+20 |6 300+1 000
S2 [25.08.2006 | 10-15 | <0,6 | <0,8 - 7900£50 | 900+£20 |1520+50| 660+30 | 5 880+905
S2 [25.08.2006 | 15-20 | <0,6 | <0,8 - 12 150420 | 950420 | 1 580+60| 690+£30 |6 790+1 020
S2 |25.08.2006 | 20-25 | <0,6 | <0,8 - 4930430 | 250£10 | 420£30 | 200+10 | 1090+280
S2 [25.08.2006 | 25-30 | <0,6 | <0,8 - 4020430 | 110£5 | 170£30 | 70£10 | 1730+£370
S3[25.08.2006 | 0-5 | 7+6 |23£20| 920£25 | 9 170£60 |1 610+30|2 960£60 | 1 240+50 |11 530£1570
S4 125.08.2006 | 0-5 | 157 | 16£7 | 23090 | 3 700+£30 | 420+10 | 800+30 | 340+£20 | 4 810+£770
S5 [25.08.2006 | 0-5 | 30+£5 | 265 - 36+4 - - - <100

1 (25082006 | 0-5 [30£10]|20£10| 80+10 | 1560+20 | 140+10 | 260+20 | 80+10 | 1740+380
2 125.082006 | 0-5 [30+10|30+10| 230£15 | 3340440 | 350+10 | 560+30 | 220+£20 | 2 950+540
2 125.08.2006 | 5-10 |60+10|40+10| 50+£7 | 1200£20 | 80+7 | 130+10 | 47«10 | 1750+£370
2 |25.08.2006 | 10-15 | 30£5 | 2445 - 20010 542 1245 | 27424 | 870£270
2 |25.08.2006 | 15-20 | 30£5 | 20+4 - 110+6 742 1045 8+6 180+140
2 |25.08.2006 | 20-25 | 3044 | 20+4 | 30+4 120+6 8+2 13+6 443 180+140
2 |25.08.2006 | 25-30 | 30£5 | 20+5 | 543 110+7 1043 1445 2+1 132£130
3 125.082006 | 0-5 | 1648 | 20+7 | 70+10 | 1560+£20 | 120+10 | 150+16 | 70£10 | 1 140£300
4 125.08.2006 | 0-5 | 25+4 | 1443 - 490+10 2043 30£7 1045 1 060300
5 125.08.2006 | 0-5 | 30+5 | 20+4 - 10+2 - - - -

"-" no measurement performed
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Well 102
Well 102 is located in the western part of the test area "Sary-Uzen" site. Currently,
around well 102 the daily soil surface is smooth, no post-explosion alteration seen, well head
destroyed, casing removed (Figure 10 a). The results of radiological survey are mapped on
a diagram (Figure 10 b, c¢), as well as in Table 4.
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Figure 10. Well 102: a) general view of the mouth;
b) EDR distribution map; ¢) B-particle flow density
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Table 4.
Results of laboratory tests of soil from well 102
Q on
| T I I e S s 8 I - O
= & |f| * |E|g|2| & |S|F|g| &
3 % S 3 g 2 i 2 s 3
1| 18.09.2004 [0-10| mouth | 3046 | 30+7 |70+10|1 400+£20| 10£5 | 35+4 | 1243 | 1 000+180 | 300+ 66
Maximal
A | 18.09.2004 [0-10| contamina- |50+10| 6+3 | - | 10010 | - - - | 4800+700 | 2+l
tion point
1| 15.09.2006 | 0-5 mouth 10+4 | 146 | - |3 560+£18| 5+1 [15+£8|10£3| 2 200+430 -
Maximal
contamina-
13] 15.09.2006 | 0-5 | tionpoint |30+£3 | 26+3 | - 80+3 - - - <100 -
(same as
YIA")
"-" no measurement performed

Well 104
Well 104 is located in the western part of "Sary-Uzen" site. At present, there is a

great a crater at the mouth of the well with diameter of 100-130 m, depth of 10 m. To the
south side of the crater there is a small swelling of the relief (Figure 11 a). The crater of well
104 is filled with water. The results of radiological survey are mapped on a diagram

(Figure 11 b, c), as well as in Table 5.
Table 5.
Results of laboratory tests of the soil from well 104
Q o0
N ) = =
" § |° E|l 2| 2| |5 |8 |8 |&F)|3
< b 5] b3 ] g & = e &
@n & B
1 | 15.10.2004 |0-10 mouth 40+10|30+10 - | 20x6 | - 14+4 | 642
Maximal contami- 380+ 8240+ 320+ | 260+ | 100+ | 697+ | 1760+
- + +
A | 15102004 10-10 nation point 30£10| 304 24 40 26 10 40 | 130 | 390
1| 15.09.2006 | 0-5 mouth 26£3 | 20+2 | - | 10+l | - - - - -
Maximal contami-
8 | 15.09.2006 | 0-5 | nation point (same | 3343 | 30£3 | - 162 | - - - | 406 | T2
as HAH)

"-" no measurement performed
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Figure 11. Well 104: a) general view on the mouth;
b) EDR distribution map; c) B-particle flow density

Well 105

Well 105 is located in the central part of "Sary-Uzen" site. Currently, there is a crater
at the well mouth with a diameter of 120 m, a depth of 3.0 m, head removed, and an excava-
tion with a diameter of about 8 m and a depth of 2-3 m (Figure 12 a). The results of radiologi-
cal survey are mapped on a diagram (Figure 12 b, ¢), as well as in Table 6.
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Figure 12. Well 105: a) general view on the mouth;
b) EDR distribution map; c) B-particle flow density




Radioecological Situation at the Former Semipalatinsk Test Site and Adjacent Territories

Table 6.
Results of laboratory tests in vicinity of the well 104
. Sampling 232Th’ 226Ra, 137Cs’ 90Sr, 239+240Pu’
point| = jate | Depth notes Bg/kg | Bq/kg | Bq/kg | Bq/kg | By/kg
1 |18.09.2004 | 0-10 mouth 70410 | 90+10 | 743 7+3 6+2
A |18.09.2004 | 0-10 | Maximal contamination point | 30+4 | 2543 10£2 8+2 2+1
1 |14.09.2006| 0-5 mouth 3043 | 2042 241 - -
4 |14.092006| 0.5 | Maximal contaminationpoint | 35 5| o000 |30 | e | gosls
(same as "A")
"-" no measurement performed

Well 106

Well 106 is located in the central part of "Sary-Uzen" site. Currently the post-explo-
sion alteration on the relief is minor. Well head destroyed, casing cut, near the mouth is a
rectangular excavation: side length is up to 4 meters, depth is up to 4 meters (Figure 13 a).

The results of radiological survey are mapped on a diagram (Figure 13 b, ¢), as well as in
Table 7 below.

Table 7.
Results of laboratory tests of soil from well 106
point | Sampling | Depth notes 22Th, | %Ra, | "“'Cs, Tr,  [[EET,
date Bqg/kg | Bakg | Bg/kg | Bgkg | Balkg
1 |15.10.2004 | 0-10 mouth 10£5 | 40£10 | 842 643 6+2
A [15.10.2004 | 0-10 | Maximal contamination point | 50+10 | 50£10 | 550+ 16 {3600+ 610| 30+7
1 |14.09.2006 | 0-5 mouth 2743 | 30+3 | <0,5 - -
6 [14.09.2006 | 0-5 | Maximal contamination point | 30+3 | 20£2 | 3042 <100 5+1
(same as "A")
"-" no measurement performed

Well 107

Well 107 is located in the central part of "Sary-Uzen" site. Currently the area around
the well is slightly raised, there are post-explosion deformation in the form of concentric
ridges up to 0.5 m. Well head destroyed, casing is cut, there is an excavation with a diameter
of 6 meters, a depth of 3 meters near the mouth (Figure 14 a). The results of radiological
survey are mapped on a diagram (Figure 14 b, ¢), as well as in Table 8.
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Figure 13. Well 106: a) general view on the mouth;
b) EDR distribution map; c) B-particle flow density
Table 8.
Results of laboratory tests of soil from well 107
. Sampling 232Th, 226Ra’ 137Cs’ 90Sl.’ 23%240Pu’
Point date Depth Bq/kg Bq/kg Bq/kg Bq/kg Bq/kg
1 18.08.2006 0-5 26+4 25+4 1+0,2 50£10 -
5 18.08.2006 0-5 2043 2043 1242 442 1042
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Figure 14. Well 107: a) general view on the mouth;
b) EDR distribution map; c¢) B-particle flow density

Well 108

Well 108 is located in the central part of "Sary-Uzen" site. Currently, the post-explo-
sion alteration on the Earth’s surface is insignificant. There is an elevation of the soil in the
well mouth area. Well head destroyed, casing completely dismantled, near the mouth there is
an excavation with a diameter of 5 meters and a depth of 3 meters (Figure 15 a). The results
of radiological survey are mapped on a diagram (Figure 15 b, c), as well as in Table 9.
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Figure 15. Well 108: a) overview of well mouth, well mouth, excavation depth is about 4-5 m;
b) EDR distribution map; c)beta particles flux density
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Table 9.
Results of laboratory tests of soil from well 108
.| Sampling WTh, | 26Ra, | ¥Am, | ¥Cs, | ®Co, | 2Eu, | Eu, 0Sr,
point date Depth)  notes Bq/kg | Bq/kg | Bq/kg | Bq/kg | Bq/kg | Bq/kg | Bq/kg | Bq/kg
1 ]02.09.2004| 0-10 | mouth | 30£6 | 2048 | 70+11 |2100£20| 2043 | 5645 | 16+1 -
1 |14.09.2006| 0-5 mouth | 304 | 1643 - |[1720+14| 27+2 [100£10| 30+4 |4000+ 670
Maximal
7 114.09.2006| 0-5 |contamina-| 40+4 | 20+4 - 410+6 - - - 15900+ 910
tion point
"-" no measurement performed

Well 109

Well 109 is located in the central part of "Sary-Uzen" site. Currently the post-explo-
sion alteration in the Earth’s surface is minor, there are shallow dips and a slight swelling
of the relief. Well casing is completely dismantled, excavation in the form of a 3x3 meters
square with a depth of 3 meters (Figure 16 a). The results of radiological survey are mapped
on a diagram (Figure 16 b, ¢), as well as in Table 10.

Table 10.
Results of laboratory tests of soil from well 109
point | Sampling date | Depth ;:;:é ;2;1712 l:;?l:’g I:Oqs/]l;’g 23;:;:;’
1 13.04.2006 0-5 3043 3043 541 16+4 -
1 18.08.2006 0-5 40+4 2043 7£1 100£20 10+£2
7 18.08.2006 0-5 4045 20+4 341 - -
"-" no measurement performed
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b) c)

Figure 16. Well 109: a) general view on the mouth;
b) EDR distribution map; c¢) B-particle flow density

Well 110

Well 110 is located in the central part of "Sary-Uzen" site. Currently, around the well
within 100-150 m is a 2-2.5 m high surface elevation, well casing is dismantled at a depth
of 6 m, near the mouth is an excavation in the form of a square (Figure 17 a). The results of
radiological survey are mapped on a diagram (Figure 17 b, ¢), as well as in Table 11.
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Figure 17. Well 110: a) general view on the mouth;
b) EDR distribution map; c¢) -particle flow density

135



Radioecological Situation at the Former Semipalatinsk Test Site and Adjacent Territories

Table 11
Results of laboratory tests in vicinity of the well 110

. Sampling 232Th, 226Ra’ 137CS’ 9OSr’ 239+240Pu’
point date Depth nofes Bq/kg | Bq/kg | Bq/kg | Bq/kg | Bq/kg

1 [18.09.2004| 0-10 mouth 40£10 | 30+£10 | 2645 10+£3 2+1

A |18.09.2004 | 0-10 [Maximal contamination point| 60+10 | 40£10 2+1 10+3 1£0,5

1 [14.09.2006| 0-5 mouth 2042 2442 5043 10+£3 341

12 |14.09.2006| -5 |Maximal contaminationpoint) 0 51 o545 | gy : -

(same as "A")

"-" no measurement performed

Well 111

Well 111 is located in the northern part of "Sary-Uzen" site. Currently, the ground
around the well raised by 2-2.5 m within 150-200 m from the well mouth. On the eastern
side of the well mouth is swelling relief, head and casing removed (Figure 18). The results of
radiological examinations are available in Table 12.

Figure 18. Well 111.0verview of well mouth

Table 12.
Results of laboratory tests of the soil from well 111

Point | Sampling date | Depth | »2Th, Bq/kg | *Ra, Bq/kg | *'Cs, Bq/kg | *'Sr, Bq/kg | ***'Pu, Bq/kg
1 15.10.2004 | 0-10 30+7 30+£10 3780+30 20+5 1443
6 15.10.2004 | 0-10 30+5 26+4 2080+20 1244 70£15

Radiological survey of well 111 in 2008

As a result of areal radiological survey of the well No. 111 mouth area the EDR was
measured at 472 points. The EDR measurements were made on the soil surface and at a
height of 1 meter. The survey grid was 10x10 m. The measured range is:
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» EDR on the earth surface — from <0.10 to 2.58 uSv/h;
* EDR at a height of 1 m — from <0.10 to 1.98 pSv/h.

EDR distribution and soil sampling points scheme at the study area are provided in
Figure 19 a.

Around well No. 111 the distribution of radionuclides in the upper soil layer is shown
in Figure 19 b.
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Figure 19. Well 111: a) Distribution of EDR and soil sampling points in the surveyed area;
b) distribution of radionuclides in the upper soil layer; ¢) in depth distribution of *’Cs in soil horizon

Well 125

Well 125 is located in the north-western part of "Sary-Uzen" site. Currently at
the well mouth is a crater with a diameter of 250-300 m (height of heap up to 10-15 m).
The bottom of the crater is filled with water (Figure 20 a). The results of radiological survey
are mapped on a diagram (Figure 20 b, c), as well as in Table 13.
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Figure 20. Well 125: a) general view on the mouth;
b) EDR distribution map; c) B-particle flow density
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Table 13.
Results of laboratory tests of the soil from well 125
. . | Sampling BTh, | 2Ra, | *'Am, | "Cs, “Co, 52Fy, | 'SEu, *Sr,
point Depth
date Bq/kg | Bq/kg | Bq/kg | Bq/kg | Bq/kg | Bq/kg | Bq/kg | Bq/kg
N1 |03.11.2006| 0-5 2043 20+£3 | 300430 | 38046 | 14044 | 3546 10£3 |330+160
N2 |03.11.2006| 0-5 20+4 20+4 - 32046 | 160+5 | 24+5 7+3[220+140
N2 [03.11.2006| 5-10 | 24+4 2545 | 230440 | 30747 | 185+6 | 25+8 20+5 [ 160+130
N2 |03.11.2006| 10-15 | 1743 30+4 | 210440 | 32046 | 210+5 | 3546 15+4 | 440+180
N2 [03.11.2006| 15-20 | 20£5 2044 | 320+60 | 380£7 | 210+5 | 40+7 1444 330+160
N2 |03.11.2006| 20-25 | 24+4 204 | 260440 | 460+7 | 210+5 | 30+6 14+4 |350+170
N2 [03.11.2006 | 25-30 | 1943 15+3 - 21045 1042 - - <100
N3 |03.11.2006| 0-5 25+4 2444 - 51047 | 16045 - - 340£160
N4 |03.11.2006| 0-5 2743 24+4 - 40+2 2+] - - <100
NS5 [03.11.2006| 0-5 18+3 2043 - 5042 - - - <100
S1 |03.11.2006| 0-5 2742 3043 - 31 - - - -
S2 103.11.2006| 0-5 2842 1842 - 3042 - - - -
S2 |03.11.2006| 5-10 | 3243 2043 - 60+3 - - - <100
S2 103.11.2006 | 10-15 | 36+3 2043 - 7+1 - - - -
S2 |03.11.2006| 15-20 | 2943 2042 - 1+0,2 - - - -
S2 103.11.2006 | 20-25 | 3443 1442 - <0,7 - - - -
S2 103.11.2006 | 25-30 | 2942 2042 - <0,7 - - - -
S3 103.11.2006| 0-5 2943 2043 - 5043 - - - <100
S4 103.11.2006| 0-5 2643 2043 - 40+2 - - - -
S5 103.11.2006| 0-5 2443 1042 - 3042 - - - -
"-" no measurement performed

Well 126

Well 126 is located in the north-western part of "Sary-Uzen" site. Currently, the relief
near the well mouth is changed, there are buckling and failures. The casing is dismantled to a
depth of 3 meters (Figure 21 a). The results of radiological survey are mapped on a diagram
(Figure 21 b, ¢), as well as in Table 14.

Table 14.
Results of laboratory tests of the soil from well 126
) Sampling ZJZTh’ ZZGRa’ 137Cs, 9OSr, 239+240Pu,
point date Depth notes Bq/kg | Bq/kg | Bq/kg | Bq/kg | Bq/kg
1| 13042006 | o5 | Semplesaretaken233m ol ogo 0 gy | gy |30 |-
away from the buckling
1 18.08.2006 0-5 - 2043 2043 <1 - -
3 | 18.08.2006 0-5 - 20+2 10+2 6+1 10 6+1
"-" no measurement performed
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Figure 21. Well 126: a) general view on the mouth;
b) EDR distribution map; c) B-particle flow density

Well 127

Well 127 is located in the north-western part of "Sary-Uzen" site.

Currently at the well mouth are two artificial dips to the south and west sides, the post-
explosion relief has minor changes, well head destroyed, casing removed to a depth of 3 m
(Figure 22).
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a)

Figure 22. Well 127: a) overview of well mouth; b) well mouth.

In 2006, a radiological examination of the well near-mouth area was performed
(Figure 23 a, b), (Table 15).

0 7T 0% 015 0N 030 050 090 053 pSdh

Figure 23. Well 127: a) general view on the mouth;
b) EDR distribution map; c) B-particle flow density
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Table 15.
Results of laboratory tests of the soil from well 127

. Sam lin 232Th 226Ra 137Cs DUSr 239+240Pu
point | ke | Depth | g Bq/kg Bq/kg Bq/kg Bqlkg.

1 12.05.2006 0-5 30+3 2443 12045 <100 -

1 18.08.2006 0-5 2645 2443 20400+ 62 5904200 -

8 18.08.2006 0-5 30+6 40+6 50+4 20+5 300+60

"-" no measurement performed

Well 128

Well 128 is located in the central part of "Sary-Uzen" site. Currently at well mouth
is a rising to 1 m. The well is banked and filled up, concreted cased pipe edge is visible out
of the ground (Figure 24 a). The results of radiological survey are mapped on a diagram
(Figure 24 b, ¢), as well as in Table 16.

Table 16.
Results of laboratory tests of the soil from well 128
) Sampling ZSZTh, 226Ra, 137CS, 90Sr’ 239+240Pu’
point | = jate | Depth nofes Bg/kg | Bq/kg | Bgkg | Bqkg | Balkg
1 |18.09.2004| 0-10 mouth 1042 40+12 40£6 | 4,0£22 | 2045
A [18.002004| o-go | Maximalcontamina- | 300 g0us | 10535 | 50412
tion point
1 |13.09.2006| 0-5 mouth 2342 3043 5043 <100 -
Maximal contamina-
6 [13.09.2006| 0-5 tion point (same as 3043 5043 7643 <2 <1
IIA")
"-" no measurement performed
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Figure 24. Well 128: a) general view on the mouth;
b) EDR distribution map; ¢) B-particle flow density
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Well 129

Well 129 is located in the central part of "Sary-Uzen" site. Currently, near the well
mouth is a low (up to 1.5 m) elevation. In the east, 3 meters from the well mouth is a
small crater. The well head destroyed, casing is cut off. An excavation to a depth of 6 m
(Figure 25 a). Results of the radiological examination [9] can be found on a map diagram
(Figure 25 b, c), as well as in Table 17.
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Figure 25. Well 129: a) general view on the mouth;
b) EDR distribution map; ¢) B-particle flow density
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Table 17.
Results of laboratory tests of the soil from well 129

ot | R [ Depth | Mot | gt | bty | Bgis | ot | Batg
1 [18.09.2004| 0-10 mouth 40£12 | 26+11 6+4 - -
9 |18.09.2004| 0-10 Maxmal;z;‘;:‘mmaﬁ"“ 3040 | 20410 | 3045 . -
1 13.09.2006| 0-5 mouth 3042 20+2 12+1 - -
8 [13.09.2006] 05 Maxmalgg?;:‘mmm’n 2043 | 2343 | 46+3 |140825| 9+2
"-" no measurement performed

Well 130

Well 130 is located in the northern part of "Sary-Uzen" site. Currently there is a slight
post-explosion alteration of the relief around the well mouth. On the east side, 10 meters from
the well mouth is a crater with water. The well head destroyed, casing is cut off. A pit with a
diameter of 4 meters and a depth of 3 meters (Figure 26 a, b) [9]. The results of radiological
survey are mapped on a diagram (Figure 27), as well as in Table 18.

Table 18.
Results of laboratory tests of the soil from well 130
. Sampling 232Th’ 226Ra’ 241 Am’ 137Cs’ 9OSr’ 239+240Pu’
point | gate | PP poskg Bq/kg Bq/kg By/kg By/kg Bq/kg
1 13.04.2006 | 0-5 30+2 30+3 - 40+2 <100 -
1 18.08.2006 | 0-5 35+4 3044 - <1 <2 -
3 18.08.2006 | 0-5 3045 40+5 120+40 5043 40+10 700+160
"-" no measurement performed
130
=S failed crater 10 m
- to the East

b)

Figure 26. Well 130: a) overview of the well mouth; b) failed crater 10 m to the East
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Figure 27. Well 130: EDR distribution map (a) and B-particle flow density map
(b) at the near-mouth site of Well 130

Well 131

Well 131 is located in the north-western part of "Sary-Uzen" site. Currently the well
area is raised in the form of a small hill within a radius of 150 m, height of 1.5-2.5 m, 40 me-
ters from the well mouth on the south side is a failure. Well head is cut off, casing dismantled
(Figure 28 a). The results of radiological survey are mapped on a diagram (Figure 28 b, c), as
well as in Table 19.

Table 19.
Results of laboratory tests of the soil from well 131
point |Sampling date| Depth ;;rfll:é ]232:11/{12 ]::;]:é Bg;S/ll;’g 23;:;::’
1 11.05.2006 0-5 2542 2042 350+6 200£140 -
1 18.08.2006 0-5 3444 30+4 1242 - -
6 18.08.2006 0-5 3045 2545 100+5 16+4 50£10
"-" no measurement performed
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Figure 28. Well 131: a) general view on the mouth;
b) EDR distribution map; c) B-particle flow density

Well 132

Well 132 is located in the north-western part of "Sary-Uzen" site. Currently near the
well mouth the soil surface is smooth. No post-explosion alterations seen. Well head de-
stroyed, casing removed, an excavation with a depth of 3 m (Figure 29 a) [9]. The results of
radiological survey are mapped on a diagram (Figure 29 b, ¢), as well as in Table 20.
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Figure 29. Well 132: a) general view on the mouth;
b) EDR distribution map; c) -particle flow density
Table 20.
Results of laboratory tests of the soil from well 132
. Sampling 22T, 26Ra, wCs, %Sy, 29:240py,
Point date Depth Notes Bq/kg | Bq/kg | Bqlkg Bq/kg Bq/kg
1 [18.09.2004| 0-10 Well head 40+10 40£10 40+6 1444 342
A [1809.2004| 0-10 | Maximal ;;’?;f‘mma“"“ 5010 | 45510 | 4047 | 40<10 | 20+3
Sample taken 3m away
1 [12.04.2006| 0-5 . 3043 3043 4042 <100 -
from the pit
1 |13.09.2006| 0-5 Well head 30+4 2643 3042 - -
7 |13.09.2006] 05 | Maximal contamination |0 o ps g 3y | s | s
point (same as point A)

nn

no measurement performed
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Well 133

Well 133 is located in the central part of "Sary-Uzen" site. Currently there is smooth
undulating terrain around the well mouth. On the west side there is a failure of about 0.5 me-
ters deep and 80 meters long. Well casing removed, and the resulting pit has dimensions:
diameter of about 4 meters, depth of 3 meters (Figure 30 a). The results of radiological survey
are mapped on a diagram (Figure 30 b, ¢), as well as in Table 21.

é H )
- = % 8 H 3
A b
= |
o an 015 pSvih I x o o 8 ol
b) ©)
Figure 30. Well 133: a) general view on the mouth;
b) EDR distribution map; c) -particle flow density
Table 21.
Results of laboratory tests of the soil from well 133
4 232 226 241 137, 60 152 90 239+240
o Sampling Depth Th, Ra, Am, Cs, Co, Eu, Sr, Pu,

date Bq/kg | Bq/kg | Bq/kg | Bq/kg | Bq/kg | Bq/kg | Bq/kg Bq/kg
1 ]18.08.2006 | 0-5 40+5 30+£5 | 300+50 | 22010 | 15+2 2110 | 60£10 | 1900+400
10 | 18.08.2006 | 0-5 3045 3045 - 4+] - -
"-" no measurement performed
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Well 215
Well 215 is located in the north-western part of "Sary-Uzen" site. Currently near the
well mouth are post-explosion alterations of the relief'in the form of small swelling and failures.
The well area is raised in the form of a small hill with a radius of 100 m, height of 1.5-2.0 m.
The well mouth is concreted (Figure 31 a). The results of radiological survey are mapped on a
diagram (Figure 31 b), as well as in Table 22.

a)

S0 10 200 20 paricles/{min‘sq cm)

150

-
200 m
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Figure 31. Well 215: a) general view on the mouth; b) B-particle flow density distribution map

Table 22.
Results of laboratory tests of the soil from well 215
. Sampling 32Th, 26Ra, HAm, B37Cs, 9Co, *Sr,
point date  |PP™M Bone | Bokg | Bakg | Bakg | Boke | Bakg
1 18.08.2006 | 0-5 15+4 2043 | 3070+£30 |32 160+80 - 3 150+500
Max contmntn | 18.08.2006 | 0-5 | 40£10 30+£10 |40 570+£90 | 6 200+40 60+5 | 3360+535
"-" no measurement performed

Radiological survey of well 215 in 2008
During the areal radiological survey in the near-mouth area of well No.215 the EDR
was measured at 2 299 points. Because of the large area of the radioactive trace
the survey grid was 10x20 m. The range of the measured values for EDR on the ground was
from <0.11 to 4.5 uSv/h.
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The B-particles flux density was measured in the search mode. The values ob-
tained at all points of the survey have not exceeded the detection limit of the tools used
(10 part./(min*cm?2)). The EDR and soil sampling points distribution scheme at the study
area is shown in Figure 32. Of all the samples taken to determine the radionuclide composi-
tion we analyzed 18 layer-wise and 12 areal soil samples.
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+ wellhead

[ e— S—
0 100 200 300 400 m

| [
010 020 030 040 050 060 070 100 300 450 HSwh

Figure 32. Distribution of EDR and soil sampling points in the surveyed area (Well No.215)

In vicinity of the well No. 215 the topsoil contamination is mainly due to the elevated
concentrations of ' Am, which gives a reason to believe that the content of Pu isotopes in
the area may exceed the specified level of the MSSA for this radionuclide (1,000 Bg/kg) by
several orders of magnitude. The most contaminated points in the area are 604, 710 and 651.
At points 662, 1487, 846 concentration of ' Am is several times higher than the regulatory
level. For other radionuclides no exceeding over regulatory levels in the area was found,
however, there is a tendency for radionuclides to increase at points 604, 710, 651 (Figure
33 a).Layer-wise distribution of radionuclides is presented in Figures 33 b, ¢ and d. At well
No.215 we collected data showing the classic distribution of radionuclides in layers — de-
crease in activity of *’Cs and **! Am with increasing depth of the layer. Upon that, the soil top
layer concentrates about 74-88 % of the total amount of these radionuclides in all investigated
layers. The bottom layer (40-50 cm) contains 0.1-1% of artificial radionuclides of their total
amount in all the investigated layers. Such a distribution of radionuclides is found almost
throughout the STS.
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Figure 33. Well No. 215: a) distribution of artificial radionuclides in the upper soil layer;
b) in-depth distribution of ¥’Cs in the soil horizon; ¢) in-depth distribution of >' Am in the soil
horizon; d) in-depth distribution of artificial radionuclides in the soil horizon at point 604

Well 1003

14.10.1965 was the date when an underground nuclear explosion in the well 1003 was
conducted at Sary-Uzen to study its peaceful applications. The explosion was accompanied
by the destruction and displacement of rocks in the epicentral area and release of its radioac-
tive products into the atmosphere in aerosol and gas phases; on the earth’s surface a crater
emerged. A special 1.1 kt nuclear charge was planted at a depth of 48 m (equivalent depth
was 46.7 m/kt®) [11]. Such a depth ensured a minimum release of radioactive substances into
the atmosphere, and prevented the possibility of fallouts beyond USSR, the activity of which
would exceed the background.

The main calculated parameters of irreversible deformation zone of the geological
environment are shown in Table 23 and obtained by using the data presented in [1-4].

Table 23.

Calculated parameters of the zone with irreversible deformation of geological environment

Rock mass irreversible deformation zone Zone radius, m
Crumple zone 10
Shatter zone 25
Intense fracturing zone 42,5
Block fracture zone (natural fracture restore) 70
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The average parameters of the crater formed by the UNE are presented in Table 24.

Table 24.

Crater’s average parameters
On the primary surface 124

Crater diameter, m On the rims 141
On the rock piles 281

4 From the rim 29
Visible crater depth, m From the primary surface 20
Height, m Of pile rim from the primary surface 9

Today’s overview of the crater formed at UNE site at well 1003 is shown in Figure 34.

Figure 34. Overview of the crater at well 1003 (as of 03.2003)

Within a year after the explosion the crater was being filled with groundwater. Total
volume of water in the crater was about 500 m?* [2].

In 1999 and 2006, as part of studies on the radioactive contamination of the terri-
tory adjacent to the emplacement well 1003, field radiometric measurements of EDR and
B-particles flux density were performed and soil was sampled for laboratory analysis to de-
termine the composition and concentration of radionuclides.

The field radiometric measurements were performed at 255 points with spacing
of 100 m. The areal distribution of the radiometric parameters at the site is illustrated
in Figure 35.

It is clear from the map that EDR at the site ranges between 0.007 to 1 uSv/h. The
backdrop clearly identifies two areas with increased values in the south-western and central
part of the site. In general, the contours of the outlined areas form a trace, which stretches in
the north-east. In the central part of the site the area with an increased EDR is confined to the
epicenter of well 1003. The most contaminated is the eastern part of crater heap, where the
mapping marked spot with values up to 0.50 uSv/h, in the northern parts of which a maxi-
mum up to 1 uSv/h is registered. The numerical values by the density of surface contamina-
tion with B-emitting radionuclides form two less severe areas with increased values that at the
test site, in general, coincide with the locations of areas with increased EDR values.

To study the areal distribution of artificial radionuclides in the study site the soil was
sampled at depths of up to 5 cm and 12 cm.
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Figure 35. Well 1003: a) EDR distribution map; b) B-particle flow density distribution map

Depth of soil sampling up to 12 cm. At a depth of 12 cm soil was sampled at water
wells location (Figure 36 a). The water wells are located in the area adjacent to the emplace-
ment well 1003 at various distances — from 250 m (Well 58) to 650 m (Well 26).

Results of the laboratory tests are shown in Table 25 and Figures 37-38.

A particular attention should be paid on the features of radionuclides distribution wells
26,30 and 45. The maximal specific activities of *°Sr were registered at well 26 (1100 Bg/kg),
and ’Cs and ' Am — at well 45 (980 and 790 Bg/kg, respectively).

Depth of soil sampling to 5 cm. Sampling points were located at different distances
along the profile passing through well mouth 1003 in the northern direction (Figure 36 b).

154



Radioecological Situation at the Former Semipalatinsk Test Site and Adjacent Territories

@
r AL
*
& d
&
& & Jm ”
Ll ‘. »
F
&
&
.“
e 00 L] 00m |W:Wg_lﬁ m
a) b)

Figure 36. Arrangement of: a) water wells; b) soil sampling points
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Figure 37. Distribution of artificial radionuclides in around water wells in 12 cm layer soil
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Figure 38. Distribution of artificial radionuclides in around water wells in 5 cm layer soil
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Maximal concentration of ¥’Cs — 6,760 Bqg/kg was registered at sampling point 1.
Further towards the point 4 there is a noticeable reduction of its specific activity. Upon that
%Sr concentration at the first three points is at approximately the same level and drastically
drops at point 4. The specific activity of >*! Am in this profile varies from 160 to 2,500 Bg/kg.
The maximum was registered at S5, which has no explanation yet.

Table 25.
Results of ground samples’ laboratory analysis
. Sampling 232Th’ ZZGRa’ 24IAm’ l37cs’ 60C0’ ISZEu’ 154Eu, 9OSr’ 239+240Pu’
Point Depth
date Bq/kg|Bq/kg| Bq/kg | Bq/kg |Bq/kg|Bq/kg| Bq/kg | Bgq/kg Bq/kg
Well 20 |21.07.1999| 0-12 | 21 21 34 125 - - - 173 410
Well 26 {21.07.1999| 0-12 | 26 | 33 11 44 - - - 1,100 128
Well 30 {21.07.1999| 0-12 | 25 | 28 531 209 - - - 582 6,790
Well 24 |121.07.1999| 0-12 | 17 | 35 6 58 - - - 87 119
Well 58 |21.07.1999| 0-12 | 22 | 27 - 65 - - - 30 24
Well 45 |21.07.1999| 0-12 | 8 32 787 979 26 | 29 - 20 6,980
Well 28 {21.07.1999| 0-12 | 23 30 - 18 - - - 11 43
Well 37 |121.07.1999| 0-12 | 22 | 30 8 67 - - - 180 154
Well 16 |21.07.1999| 0-12 | 20 | 23 - 20 - - - 24 104
epicenter|21.07.1999| 0-12 | 19 19 160 1,860 8 - - 850 695
pit  [11.09.2002| 0-10 | - - - - - - - 47 3,100+652
1 03.11.2006| 0-5 |34+6 | 1745 | 1,380+82 |6,760+£26| 3742 [50+12| 11£3 |2,540+482 -
2 ]03.11.2006| 0-5 |30+7 | 31£9 |1,990+ 107 [4,340+22 | 60+3 |80£14| 17+4 |2,470+ 468 -
2 103.11.2006| 5-10 | 15+6 | 23£8 | 2,060+98 [4,990+23 | 7043 |60£13| 443 |3,840+ 647 -
2 103.11.2006| 10-15 | 2346 | 2947 | 1,830+94 [3,520+19| 4343 |60+£11| - |,2450+474 -
2 ]03.11.2006| 15-20 | 1545 | 2846 | 1,870+85 [3,390+18 | 4543 |63£11| - |1,810+ 388 -
2 103.11.2006| 20-25 | 1244 | 2946 | 1,500+£76 |2,450+15| 3042 | 30+8 - [2,730+513 -
2 103.11.2006| 25-30 | 174 | 3146 | 1,004464 |2,080+14| 2642 | 24+7 - 13,320+ 581 -
3 03.11.2006| 0-5 |2945 | 2144 | 1,929+79 |3,220£19| 5143 [90+£10| 19+4 (2,160+ 435 -
4 103.11.2006| 0-5 | 2943 | 2043 | 160£32 | 396+7 | 4<1 | 1044 - 480+ 188 -
5 03.11.2006| 0-5 |33+£3 | 2743 - 3342 - - - - -
S1  [03.11.2006| 0-5 |34+6 | 18+5 | 330+56 | 930+11 | 16+2 | - - 1,100+ 282 -
S2 103.11.2006| 0-5 |36+5 | 2245 | 720+13 |1,431£16| 2443 | 37+8 |4,5+4,3| 930+ 262 -
S2 03.11.2006| 5-10 | 36+5 | 25+5 | 590411 |1,142+14 1842 | 30+7 |3,9+3,5| 640+ 212 -
S2 [03.11.2006| 10-15 | 28+4 | 2644 | 440+9 | 908+12 | 1942 | 30£7 (4,5+2,7| 860+ 250 -
S2 |03.11.2006| 15-20 | 30+4 | 30£7 | 690+12 | 13542 | 3243 | 5549 |5,5+4,1| 950+ 258 -
S2 |03.11.2006|20-25 | 30+4 | 2245 | 920+13 |1,221£14| 30+3 | 50+8 | 9+4 |[1,180+297 -
S2  ]03.11.2006|25-30 | 30+4 | 204 | 640+11 | 920+12 | 2042 | 37+7 | 5+£3,2 [1,158+296 -
S3 |03.11.2006| 0-5 |40+4 | 2043 | 340+44 |1,000£11| 1042 | 3346 | 10£3 | 297+ 163 -
S4  [03.11.2006| 0-5 | 3044 | 30+£5 | 700+£12 | 610x11 | 10£2 | 35+6 - 998+ 271 -
S5 03.11.2006| 0-5 |26+3 | 2543 | 2480465 | 380+6 | 2+l - - <100 -

no measurement performed
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The layer-wise soil sampling was carried out at point 2 to a depth of 0 to 30 cm. Ra-
dionuclide analysis of the samples was performed to determine **!Am, '*’Cs, *°Sr, °Co and
122Eu (Figure 39).

10000 -

2

]

(=2

= EAm_241
- m

g &

> mCs 137

R

Q

© u Co_60

E mEu_152

5 ®Sr_90

o

7]

5-10 10-15 15-20 20-25 25-30
Sampling depth, cm

Figure 39. Depth distribution of radionuclides at sampling point 2

It is worth noting the simultaneous decrease of > Am and *’Cs concentrations with
depth. Concentration of *°Sr also decreased gradually up to 20 c¢m, but then to a depth of
30 c¢m gradually increased to almost baseline. The maximum “Co and '?Eu concentration
was registered in the upper 10 cm layer.

Well 2613

Well 2613 is located in the east near the boundary of "Sary-Uzen" site. Currently near
the well mouth is a low elevation (2.5 m) to the north of the well, the surface is uneven, bumpy,
on the north side one can see wavy swelling of the relief. Well casing is removed, there is an
excavation with a diameter of 7.6 meters and a depth of 3 meters (Figure 40 a). The results of
radiological survey is mapped on a diagram (Figure 40 b, c¢), and Table 26.

Table 26.
Results of laboratory tests of the soil from well 2613
i | S o | o [ e | | [
4 18.08.2006 0-5 30+4 20+3 10+2 1544 3+1
1 18.08.2006 0-5 20+4 30+4 <0,3 - -
"-" no measurement performed
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b)

Figure 40. Well 2613: a) overview of the well mouth;
b) EDR distribution map; c) beta particles flux density

Well 2691

Well 2691 is located in the central part of "Sary-Uzen" site. Currently near the well
mouth the post-explosion alterations on the surface are minor. Well casing is removed, there
is an excavation with a diameter of 5 meters and a depth of 3 meters (Figure 41a). The results
of radiological survey are mapped on a diagram (Figure 41 b, c¢), and Table 27.
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Table 27.
Results of laboratory tests of soil from well 2691

. Sampling 232Th, 226Ra’ 137Cs’ 9osr’ 239/240Pu,
Point | ™ gare | Depth Comment Bq/kg | Bqkg | Bqkg | Bqkg | Balkg

I |15.102004] 0-10 Well head 1082 | 1742 | 2+ 32 | 180+41

A |15.102004] 0-10 [Meximal ng‘;tamma“"“ 3543 | 304 | 102 | 73 | 522

1 [12.09.2006] 0-5 Well head 3653 | 2312 | 502 | 170+30 | 10£2

6 |12.002006| 0.5 |Maximalcontamination| g0 4| gy 5y, : :

spot (similar to point A)
"-" no measurement performed
3
L 5 5 5 3 5 5 5 5

on

©)

Figure 41. Well 2691: a) overview of the well mouth;
b) EDR distribution map; c) B-particle flux density
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Well 2803

Well 2803 is located in the central part of "Sary-Uzen" site. Currently near the well
mouth is a low elevation: about 2-2.5 m high, 100-120 m in radius. Around the well mouth
there are swellings and failures on the Earth’s surface within up to 150 meters. Well casing

is dismantled (Figure 42 a). The results of radiological survey are mapped on a diagram
(Figure 42 b, c), and Table 28.

Table 28.
Results of laboratory tests of soil from well 2803
. Sampling 2T, 26Ra, 13, %S, 29:240py
Point date Depth Comment Bq/kg | Bq/kg | Bql/kg Bq/kg Bq/kg
I [13.042006] o5 |Semplewastaken2-Imi gy 5| gs | 3.0 . .
away from the soil pile
1 |18.08.2006| 0-5 Well head 20+4 3245 56+4 | 1660+370 -
9 [18.082006 0.5 | Maximal Zg‘;tamma“o“ 103 | 2344 | 7664 |3120£500) 541
"-" no measurement performed

Well X1

Well X1 is located in the eastern part of "Sary-Uzen" site. The well has a complicated
engineering structure. The overview is shown in Figure 43 a, b. The results of radiological
survey are mapped on a diagram (Figure 44 a, b), as well as in Table 29.

Table 29.
Results of laboratory tests of the soil from well X1
Point Sampling | Sampling | Beta, EDR, 37Cs, “Sr, HAm, 2Ky,
date | depth,cm | pSv/h |part/(min*cm?)| Bq/kg Bq/kg Bq/kg Bq/kg
1 ]25.08.2006 0-5 197 2 2000+40 | 4 000+£780 | 23 590490 | 3 100+50
14 ]03.11.2006 0-5 <10 10,1 500+70 | 400+180 | 3240+25 | 600+20
"-" no measurement performed

Well X2
Well X2 is located in the central part of "Sary-Uzen" site. The well head is disman-
tled, near the mouth is an excavation with a depth of about 3 m. A general view of the

well is shown in Figure 45 a. The results of radiological survey are mapped on a diagram
(Figure 45 b, c), and Table 30.

Table 30.
Results of laboratory tests of the soil from well X2

Point Sampling date Sampling depth, cm | ¥’Cs, Bq/kg %Sr, Bq/kg 39240py, Bq/kg
1 18.09.2004 0-10 4+1 342 9020
A 18.09.2004 0-10 1042 3+2 2+1
1 12.05.2006 0-5 20+2 - -
1 25.08.2006 0-5 2043 - -
25.08.2006 0-5 100+6 50£10 50£10
"-" no measurement performed
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Figure 42. Well 2803: a) overview of the well mouth;
b) EDR distribution map; ¢) p-particle flux density
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Figure 43. Well X1: a) Overview of well mouth; b) well mouth fragment
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Figure 44. Distribution maps: a) EDR; b) B-particle flux density

Well X3

Well X3 is located in the eastern part of "Sary-Uzen" site. The well head is disman-
tled, near the mouth is an excavation with a depth of about 3 m. A general view of the well is
shown in Figure 46 a, b. The results of radiological survey are mapped on a diagram (Figure
47 a, b), and Table 31.
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Figure 45. Well X2: a) Overview of the well mouth.
Schematic map b) EDR; ¢) beta particles flux density
Table 31.
Results of laboratory tests of soil from well X3
Point | Sampling date | Sampling depth, cm 3Cs, Bq/kg “Sr, Bq/kg 2391240py, Bq/kg
1 25.08.2006 0-5 100+6 10+4 600+162
13 25.08.2006 0-5 2042 - -
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Figure 46. Well X3: a) overview of the well mouth; b) well mouth fragment
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Figure 47. Schematic map: a) EDR and b) beta particles flux density at well X3
Well X4

Well X4 is located in the eastern part of "Sary-Uzen" site. The well head is dismantled,
near the mouth is a deep excavation. A general view of the well is shown in Figure 48. Results
of the radiological survey are mapped on a diagram (Figure 47 b, c), and Table 32.

A survey of the radiation situation was conducted in the years of 2004-2006. The test
results show that EDR and beta particles flow density are at the background levels [10].
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Figure 48. Well X4: a) Overview of the well mouth.
Schematic map b) EDR and c) beta particles flux density
Table 32.
Results of laboratory tests of the soil in vicinity of well X4
Point | Sampling date | Sampling depth, cm 3Cs, Bq/kg “Sr, Bq/kg 39240py, Bq/kg

1 18.09.2004 0-10 50+5 1244 70£15
A 18.09.2004 0-10 20+2 10+3 -
1 25.08.2006 0-5 3£1 442 -
11 25.08.2006 0-5 8+l 10+4 3+1
"-" no measurement performed
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2.2. Migration of radionuclides with groundwater at "Sary-Uzen" site

2.2.1. Reconnaissance survey of water wells

Monitoring wells were drilled during the UNEs at "Sary-Uzen" site at different dis-
tances from the emplacement wells. There are no precise data on their location. Total the field
survey found 247 wells of different purposes. Of these, 150 can be categorized as hydrogeo-
logical wells. These wells are unevenly cover the territory of the site and often form a cluster
of wells around a nuclear device explosion site. The survey results are shown in Table 33.

About 40 wells, most of them are equipped with metal lids, are in good condition.
Currently we selected 29 wells for study the most representative hydrogeological character-
istics and groundwater contamination with radionuclides. Twenty four wells turned out to
be suitable for testing, which were pumped and water samples were taken for chemical and
radionuclide analysis (Figure 49).

Table 33.
"Sary-Uzen" site. Data on the hydrogeological wells’ clean-up
Coordinates Available | Actual Ground water Ground water
Ne [ Well No. (as of W-GS 8, depth depth OLLADE level after Notes
grad, min., sec ’ > | theclean
m m the clean up, m
Lat.N Long.E up, m
1 28 49°5921.8"|77°37'51.8" 49 49.0 20.8 19.7 -
2 26 [50°0120.8"|77°44'38.0" 5 8.0 - - dry
3 59 49°54'18.7"|77°42'14.6"|  9.15 14.5 8.75 9.0 -
4 63 [49°56'31.9"|77°35'03.3"|  36.5 99.0 32 31.3 -
5 65  [49°58'35.9"|77°40'42.7"| >110.0 >110.0 6.0 6.0
6 69  [49°58'05.0"|77°33'01.2" 37 40.0 6.8 7.65 -
7 70 49°58'54.0"|77°34'17.3"|  88.0 88.0 21.4 22.5 -
8 74 149°56'01.6"|77°42'05.6"| 17.0 32.0 16.0 15.0 -
9 76 [49°54'50.7"|77°44'42.6"|  85.0 75.0 8.0 8.5 -
10 80  |49°57'48.0"(77°37'26.3"|  19.0 71.0 17.0 17.0 -
11 82/4  149°58'18.5"(77°35'03.5" - - - - emergency
12 96  [50°0021.5"|77°46'40.2"| 17.5 21.0 11.5 123 -
13 98  149°5828.8"|77°45'57.6"|  49.0 10.2 10.2 11.0 -
14 | 104/1 [49°57'07.4"|77°4025.8"|  75.0 75.0 13 - -
15 | 110/14 |49°58'30.0"|77°39'39.4"|  94.0 75.0 9 - -
16 116 |49°58'37.5"(77°37'01.0"|  15.5 82.0 11.5 12.35 -
17 | 125/1 [49°59'35.5"77°45'39.0"|  19.0 19.1 14.7 15.3 -
1 129/2 149°58'10.4"|77°38'24.6" - - - - emergency
19 | 210A |49°55'16.3"|77°44'21.4" - - - - emergency
20 2040 [49°59'35.8"|77°45'40.4" 9.9 - - - -
21 2626 |49°56'43.5"|77°4326.9"| >100 >100 13.8 - -
22 2627 |49°55'59.5"|77°43'0.93"|  49.0 75.0 14.2 - -
23 2692 49°59'43.9"|77°38'46.7"|  15.0 51.0 14.8 13.8 -
24 | 2805 [49°59'02.7"|77°41'47.7"| 51.2 75.0 10.7 - -
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Coordinates
(as of WGS 84) Available | Actual (LTRSS Ground water
Ne | Well No. ’ depth depth HEGOT level after Notes
- . grad, min., see 11:1 , Ill)l , LD the clean up, m
Lat.N Long.E up, m P
25 2810 |49°56'15.8"|77°45'04.1" 5.0 6.5 - - dry
26 2811 |49°55'59.6"|77°45'47.7" 9.7 75.0 8.0 8.0 -
27 2812 [49°55'32.8"|77°46'53.1" 0.8 9.0 0.5 - dry
28 2815 |50°00'01.0"|77°41'43.1"|  30.0 >150 14.4 9.8 -
29 2816 |50°00'12.0"[77°44'19.8"|  95.0 >150 10.8 11.6 -
30 2818 |50°00'16.5"77°36'58.0"|  20.0 70.5 20.2 21.6 -
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Wells: 1 —hydrogeological; 2 - hydrogeological, suitable for monitoring observations;
3 — hydrogeological, non-suitable for monitoring observations; 4 — emplacement well.

Figure 49. "Sary-Uzen" site. Arrangement of the cleaned hydrogeological wells
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2.2.2. Geological and hydrogeological conditions of the artificial radionuclides
migration

"Sary-Uzen" site is located within the eastern edge of Central Kazakhstan, in the
intermountain valley Altybay bordered to the west by the mountain range Murzhik, to the
east — mountains Maylykara and Degelen. Geomorphologically the whole area is located
within the Kazakh low hills. The geological structure of the territory involves dislocated
metamorphic, volcanic and sedimentary deposits of the Proterozoic, Devonian and Lower
Carboniferous and horizontal lying sandy-clay loose sediments of Neogene and Quaternary
Systems (Figure 50).
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1 — Modern Quaternary Sediments; 2 - Upper Quaternary Modern Deposits; 3 — Neogene Clays;
4 - Upper Devonian, Famennian Stage; 5 — Sedimentary Rocks of Middle and Upper Devonian,
6 — Volcanic Rocks of Lower and Middle Devonian; 7 —Different Origin Middle Lower Cambrian Rocks;
8 — Lower Cambrian Porphyries; 9 — Middle Devonian Granites and Granosyenites;
10 — Early Middle Liparites 11 — Ordovician Granodiorite; 12 — Early Cambrian Ultrabasite;
13 — Long-Lived Faults Line; 14 — True and Alleged Tectonic Faults;
15 — tectonic contacts covered with loose sediments; 16 — "Sary-Uzen" site boundary.

Figure 50. Schematic geological map of "Sary-Uzen" site
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A more detailed description of the geology and hydrogeological conditions of "Sary-
Uzen" site is presented in [12].

"Sary-Uzen" site groundwater is represented by two types:

» pore waters of proalluvial and alluvial deposits;

» fracture water of the basement rocks exogenous fracturing zones.

The groundwater in the area is of mixed composition. As seen in Figure 51 — in the
central and southern parts of the site the groundwater is stagnant, which causes increased
mineralization (1.3-7.6 g/dm?) of the groundwater. On this site, bordered on all sides by low
hills and having an outflow point only along the dry bed of Sary-Uzen, to the north, the un-
derground waters have chloride-sulfate sodium composition. On the periphery of the basin
the groundwater is fresh, with a mineralization of, from 0.3 to 0.8 g/dm?, chloride-sulphate-
bicarbonate composition from calcium-sodium to magnesium- calcium.
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Figure 51. Schematic map of the groundwater chemistry at "Sary-Uzen" site
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To analyze the structure of groundwater flow at "Sary-Uzen" site a schematic hydro-
geological map was used (Figure 52). As the initial data of the map there used the absolute
levels of groundwater determined during well testing and stored in an electronic database.
Distribution of hydrostatic pressure values shown in Figure 52 allows us to estimate the
groundwater flow direction. The regional filtration flow is directed from the recharge area to
the drainage area (discharge). The direction of the flow, shown in Figure 52, provides a basis
to determine the spatial position of the groundwater recharge and discharge areas. A regional
drain in this case is the Irtysh River valley, and the recharge area is confined to the surface of
the hilly areas in the western part of the site. The absolute benchmark changes from 500 m
in the west of the site, near the regional recharge area, confined to the mountains Murzhik
and Arkalyk (Major Chingiz Fault), decreasing to 200-220 m in the north-east area, in the
transit zone.
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1 and 2 — Quaternary Sediments Aquifers; 3 — Neogene Impermeable Clay;
4 and 5 — Paleogene basement fractured aquifer water; 6 — Proterozoic Formation;
7 —fracture water flow direction; 8 —hydroisohypses and hydroisopiezes; 9 — hydrogeological wells;
10 — recharge area of the fracture water aquifer (surface water infiltration);
11 —chemical composition of groundwater (a-sulfate anion; b-chloride anion; c-bicarbonate anion; d - mixed);
12 - water-free well; 13 - brackish water distribution area; 14 - Major Chingiz Fault.

Figure 52. Schematic hydrogeological map of "Sary-Uzen" site
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The pattern of the groundwater pressure distributions shows that within the general
regional background, direction of the filtration flows varies within the individual sites. This
shows the heterogeneous structure of the water-bearing strata fractured space and significant
heterogeneity of their filtration properties. In the central part of the territory described where
emplacement wells are located, the hydroisohypses evidences a decline in the pressure gradi-
ent and the filtration rate, and, consequently, water exchange slowdown.

This is confirmed by higher mineralization of the waters (1.3 — 7.6 g/). On this site,
bordered on all sides by low hills and having an outflow point only along the dry bed of
Sary-Uzen, to the north-east direction, the underground waters have chloride-sulfate sodium
composition, whereas on the periphery of the site, closer to the recharge area, the ground-
water is fresh, with a mineralization of, from 0.3 to 0.8 g/dm?, chloride-sulphate-bicarbonate
composition from calcium-sodium to magnesium- calcium.

2.2.3. Levels of groundwater radioactive contamination at ""Sary-Uzen" site and
adjacent areas

2.2.3.1. Groundwater conditions at "Sary-Uzen" site

In 2005, at "Sary-Uzen" site twenty water wells were tested (Figure 53), in 2010 —
10 water wells (Table 34).

The laboratory tests showed that the radionuclides concentration in groundwater,
widespread within the site area, reaches the following quantities: *’Cs to 3 mBg/1, *°Sr up to
10 mBg/1, *H up to 500 kBq/l. The presented data demonstrate that the main radioactive con-
taminant of the groundwater at the site is *H. Upon that, concentrations of '*’Cs and **Sr in the
water pose no radiation danger and do not exceed the regulatory limits for drinking water.

Table 34..
Comparative data on tritium specific activity (kBq/l)
in water samples taken from water wells at ""Sary-Uzen" site
Well No. before 2010 2010 Well No. before 2010 2010
28 <0.21 0.03 116 <0.007 -
59 0.01 <0.008 125 482 -
63 <0.007 - 189B 0.017 -
65 0.04 0.3 2626 0.49 0.2
69 <0.007 - 2627 0.012 -
70 <0.007 - 2692 0.012 -
74 <0.007 - 2805 0.018 -
76 <0.007 <0.008 2805/1 - 5
80 <0.006 - 2811 32 -
96 0.03 0.03 2815 0.8 25
98 0.009 - 2816 4.4 4
104/1 46.82 - 2818 0.01 -
110/14 65.8 30
"-" no measurement performed
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i Legend
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Figure 53. "Sary-Uzen" site. Arrangement of the water (hydrogeological) wells

Analysis of the data showed that the dynamics of *H concentration at the site is of
ambiguous of character. Areal distribution features of tritium in groundwater are largely de-
pendent on the groundwater flow direction. This is clearly shown by the trititum concentra-
tion displayed in Figure 53. An analysis of the data can identify a number of wells with
extremely low tritium concentrations to the minimal detectable activity level (MDA) of the
equipment used. These are water wells (No. 59, 63, 69, 70, 74, 76) which are arranged out-
side the contaminated waters migration front. Data on these wells show that within the area,
despite a complex geological structure, there is no migration of the artificial radionuclides
with groundwater in the opposite direction of the regional groundwater flow.

Maximal concentration of tritium (482 kBq/l) was registered in well 125/1 located
460 m to the North of emplacement well 125. For comparison, well 104/1 is located just
80 meters away from emplacement well 104, but the trititum concentration is for an order of
magnitude smaller than that in well 125/1. This difference can be explained by the following
factors. First, well 125/1 is located northerly (within the main direction of groundwater flow)
from the contamination source, which is emplacement well 125. Also confined groundwater
is widespread within well 125, which contributes to greater leaching of radionuclides from
the UNE central zones into groundwater aquifer. In contrast to 125/1, well 104/1 is located
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casterly of emplacement well 104 and stagnant ground water is widespread within the area
where well 104/1 is located.

It should be noted that moving away from the emplacement wells, in the first kilo-
meters the trititum concentration in water is significantly reduced. This is evident in well
96 located 2 km to the north-east of emplacement well 125, as well as in a number of other
wells.

2.2.3.2. Investigation of the groundwater conditions outside the northern boundary of "Sary-
Uzen" site

To study possible migration of contaminated groundwater beyond "Sary-Uzen" site
towards Irtysh River currently we are using data from the testing of water wells located at
"Novaya" site. This site is located on the northern boundary of "Sary-Uzen" site, i.e. on the
possible pathways of underground water flow to the north. At the time of the nuclear tests at
"Novaya" site preliminary works were done for UNE in the wells. To this end, 19 water wells
were arranged on the site.

The water wells were examined and then followed by assaying the groundwater. Sev-
enteen water wells, drilled to the horizon of fracture and pore waters, were found. The results
of post-processing and field survey are summarized in Table 35 and Figure 54.

Well 4133 was cleaned up, where groundwater was pumped out and sampled for labo-
ratory analysis for artificial radionuclides and reduced chemical analysis.

Table 35
"Novaya'" site. Surveyed water wells characteristics
= E ° = @ 'g
S g £ |2 E| 22|28
£ z «% «E g % i E‘D g £ £ | North latitude East'ern Note
§ < g = |28 E 2|8 longitud
| = S F| &
1 | 4126 | 393.5 | 267.6 - 7.7 | 323 50°07'12.8" 77°44'08.4" Concrete plug
2 | 4127 | 415.6 | 81.4 - 9.4 - 50°03'30.1" 77° 47 00.3" Concrete plug
3 | 4129 | 3982|1339 | 11.2 | 10.20 | 12.3 50°06' 22.0" 77° 44' 472" Metal covering
4 | 4130 | 388.2 | 300.0 - 5.5 - 50°08' 12.7" 77°43'22.1" Concrete plug
S | 4131 | 395.9 | 100.2 - 9.65 | 263 50°06'45.1" 77°44'29 4" Concrete plug
6 | 4132 [395.0| 99.2 | 9.1 8.8 | 22.7 50°06' 54.9" 77° 44'22.0" Metal covering
7 | 4133 | 390.6 | 90.0 - 6.0 | 325 50°07'44.5" 77°43'43.6" Concrete plug
8 | 4134 | 383.3 | 300.0 - 4.3 - 50°09' 05.3" 77° 42" 41.6" Concrete plug
9 | 4135 | 385.6 | 105.0 - 2.85 | 31.1 50° 08'41.0" 77°43'00.2" Concrete plug
10 | 4136 | 3801 [ 1026 | 43 | 415 | - | soc09311n | 77042213 | Ge0cquipment
left in the well
11 | 4137 | 390.1 | 300.0 | 7.05 | 7.0 - 50°07'46.1" 77°43'20.6" Well open
12 | 4138 | 391.4 | 153.7 - 6.25 | 38.8 50°07'37.9" 77°44'09.7" Concrete plug
13 [ 4139 [3900] 930 | - | 57 | 213 | soco7seor | 7re4zsser | Wellisfullof
cores and stones
14 | 4142 | 406.6 | 69.0 | 7.85 | 7.6 - 50°04'42.5" 77°50'38.9" Metal covering
15 | 4143 | 3935 | 24.0 - 8.1 - 50°07'12.8" 77° 44' 08.3" Concrete plug
16 | 4144 | 3935 | 16.0 | 8.2 8.0 - 50°07'12.9" 77° 44' 08.2" Open
17 | 4145 13935 | 17.0 - 8.0 - 50°07'12.9" 77° 44' 08.2" Concrete plug
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Wells: 1 — emplacement; 2 — structure well; 3 — water well; 4 — observation well, cleaned in 2006.

Figure 54. Arrangement of water wells at "Novaya" site

To study the migration of radionuclides at "Novaya" site, 4 wells were tested in 2006.
Analyzes of the samples showed that the concentration of *H in groundwater at the site ranges
from <7 to 20 Bq/l, which is significantly below the intervention level by the content of indi-
vidual radionuclides in drinking water [10].

In 2010, to assess the possible redirection of the contaminated water flow from "Sary-
Uzen" site in a northerly direction, three previously drilled wells were tested at "Novaya" site
(Figure 54). According to the laboratory analyzes no artificial radionuclides in groundwater
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at the sites were found. Thus, the water well testing did not find any movement of artificial
radionuclide contaminated groundwater flow from "Sary-Uzen" site to the north.

CONCLUSIONS

1. Radioactive contamination of the soil at "Sary-Uzen' site

Thus, the data obtained from the medium-scaled survey gives a reason to believe
that the contamination of soil on the surface area at "Sary-Uzen" site was the result of the
long-range fallout from the above-ground nuclear explosion performed on 24.09.51., as well
as from the short-range fallouts caused by releases of radioactive gases and aerosols during
the UNE in the emplacement wells at "Sary-Uzen" site. The radioactive contamination spots
within the emplacement wells have a local character. No effect of model experiments on the
radioactive contamination of the soil cover at "Sary-Uzen" site was found.

The study of the radionuclides in-depth distribution during the areal surveys showed
that the specific activity of radionuclides goes down with the depth. Upon that, although *°Sr
specific activity decreases with depth, there is no sharp decline in its activity. It is distributed
in the soil profile more uniformly, unlike '*’Cs and »***>*°Pu. The considerable amount of **Sr
in the lower layer (10-15 ¢cm) confirms its high migration capacity, and also implies the pres-
ence of this radionuclide in the deeper layers of the soil profile. The distribution pattern of
2391240Py is identical to the distribution of *’Cs.

The radioactive contamination of soil in the near-mouth areas differs by both specific
activity levels, radionuclide composition, and area of distribution. By radionuclides concen-
tration the topsoil around wells 104, 127, 133, X1 101, 111, 125, 215, 1003 can be catego-
rized as radioactive waste, at wells 102, 106, 108, 130, 131, 2803, X2, X3, X4 — as limited
use materials. In the near-mouth areas of other wells the radionuclide content does not exceed
acceptable levels, mainly at the level of the background of global fallout.

2. Conditions of the underground waters at "Sary-Uzen' site

The regional filtration flow has north-east direction. The recharge area is confined to
the elevated areas of the surface in the western part of the site. The regional drain is the Irtysh
River Valley.

The concentration of artificial radionuclides in groundwater, widespread within the
site area, reaches the following quantities: ’Cs up to 3 mBq/l, **Sr up to 10 mBq/l, *H up to
500 kBq/l1. The presented data suggest that the main radioactive contaminant of the ground-
water is *H. Although, concentrations of '*’Cs and *°Sr in water do not exceed the permissible
values for drinking water.

Testing of water wells in 2005 and 2010 showed a trend of gradual decline of *H con-
centration in the groundwater.

The areal distribution of tritium in groundwater depends on the direction of ground-
water flow. In the first kilometers away from the emplacement wells the concentration of
tritium in water is significantly reduced.

According to the results of the water well testing in 2010 at "Novaya" site no move-
ment (redirection) of artificial radionuclide contaminated groundwater flow from "Sary-
Uzen" site to the north is currently observed.
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CCIT «CAPBI-O3EH» CBIHAK ATAHBIH/JAFBI
KOPIIIAFAH OPTAHBIH KA3IPTI
PAJTHOIKOJIOT HATBIK AXYAJIBI

ICy660Tun C.B., 'Crpuapuyk FO.I'., 'HoBukoBa E.A., 'Pomanenko B.B.,
Mlecros E.JIO.,’BaxTun JI.B.

'KP ¥A10 PaouayusnsiK Kayincizoik scane IKoa02us UHCHUNYHbl,
Kypuamoes, Kazaxcman
’KP ¥A0 I'eopuzuransix zepmmeynep uncmumymst, Kypuamos, Kazaxcman

Makananga, «Capbl-O3eH» ChIHAK alaHbIHIAaFbl paJHAlMSUIbIK OKaFJaibIH KaJlbIITacy
MeXaHu3MIepi MeH (GaKkTopIapsl KapacThIPBUIABL. «OCKEP» YHFBIMATAP/ABIH CaFalblK alaHIapbIHbIH
HIETiH/eri TOMBIPAKTBIH PAJANOAKTUBTI JACTaHy ACHICHIH 3epTTey HOTHIKeJepi KelTipiimi. AranraH
ChIHAK aJlaHbIHJAFbl JKePacThl CYyNApbIHBIH Ka3ipri pajHO3KOJOTHSIIBIK axyajbl, COHBIMEH Karap
«CapbI-O3em» aaHBIHBIH IIETiHEH THIC JKepepre JACTaHFaH JKEPACTBI CYIapbIHBIH MYMKIiH JereH
Tapay OIAapbl KapacThIPBUIIBL.

Kinm co30ep: «Capbl-O3eH» anaHpl, ay3bl, «ICKEPI» YHFbIMAap, TOMBIPAKTHIH PaH0aKTHBTI
JaCTaHyBbl, )KePACTHI CyIapbIHbIH JKBUIBICTAYBI.

COBPEMEHHOE PA/THO3KO/IOTHYECKOE
COCTOAHHE OKPYKAIOILIEH CPE/[bl
HA HCIHIBITATE/IBHOH ILIOLLA/IKE CHII « CAPBI-Y3EHb»

ICy660Tun C.B., \Ctpuabuyk 0., 'HoBukosa E.A., 'Pomanenko B.B.,
Mlecros E.1O., 2baxTun JI.B.

!Hucmumym paouayuonnoii 6ezonacnocmu u sxonozuu HAI[ PK,
Kypuamoes, Kazaxcman
Hncmumym zeopusuueckux uccireoosanuit HAL[ PK, Kypuamos, Kazaxcman

B crarbe paccMmoTrpens! (hakTOpEI M MEXaHH3MBI (POPMUPOBAHMS PaJHAIIMOHHON 00CTAaHOBKH
Ha momazake «Capbl-Y3enb». IIpencraBiaensl pe3yabTaThl HCCASIOBAHUN YPOBHEH pajuoaKTUBHOTO
3arpsi3HEHHs] TPYHTOB B IIpelesiaX IPHYCThEBBIX IUIOMAJ0K «O0EBBIX» CKBaXHH. PaccMOTpeHO co-
BPEMEHHOE PaJH03KOIOTHIECKOe COCTOSHHIE MOI3EMHBIX BOJ HAa JAHHOM HCIBITATEIFHON IIIOMIAMKE,
a TaKKe BO3MOXKHBIE ITyTH PAcHpOCTPAHEHMs 3arpsI3HEHHBIX TOJ3EMHBIX BOJ 3a MPEEbl TUIOIAIKH
«Capbl-Y3eHb».

Kniouesvie cnosa: nnomanka «Capel- Y3eHb», OTOJIOBOK, «00CBBIS)» CKBAKHHBI, PAIHOAKTUBHOE
3arps3HEHUE TPYHTOB, MUIPALIUsI MO3EMHBIX BOJI.
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STUDY OF THE CHARACTER AND RADIOACTIVE CONTAMINATION
LEVELS AT THE RADIOACTIVE WARFARE TEST GROUNDS

Ossintsev A.Yu., Salmenbaev S.E.

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

The paper describes the investigations for determination of artificial radionuclide concentrations
in the soil cover of the Radioactive Warfare Agents (WRA) test ground 4"A". The investigations found
that the radioactive contamination is caused by the presence of such radionuclides as *Sr, ' Am,
291240py, 137Cg, 152154155Ey and ®Co, the main one of which is *Sr. The study of the radionuclide vertical
distribution showed that the major activity of *’Cs, *! Am and '5!**!3Eu is in the top 20 cm soil layer.
Furthermore, we found areas with abnormal in-depth distribution of radionuclides on the soil profile,
where maximal concentrations of the radionuclides investigated were in the 10-20 cm layer. Studies
of the isotopic ratio showed that it is impossible to interrelate the contaminated areas by possible
contamination source based on the obtained ratios and spatial location.

Keywords: test ground, radionuclide composition, radioactive contamination, radioactive
wastes, radionuclides vertical distribution, total indicator of radioactive contamination.

INTODUCTION

The test ground 4"A" is one of the two test grounds located in northwestern part of the
Semipalatinsk Test Site, (STS) where radioactive warfare agents were tested (Figurel).

The test grounds were used to study the damaging action of highly active liquid and
powder radioactive substances produced from wastes of radiochemical production in order
to develop mass destruction weapons.

The aim of the previous examinations of WRA test grounds 4 and 4"A" [1, 2, 3, 4] was
to discover and to contour the areas of radioactive contamination, and therefore they could
not give a detailed picture of the radiation situation. Thus, the aerial gamma-spectrometric
survey in the early 1990s enabled scientists to make a conclusion that there were no areas
with increased density of '*’Cs contamination in soil, and that as a result of decay of radionu-
clides from the radioactive warfare agents the density of radioactive contamination was close
to the background values [1].

During examination of the territory of the test ground specialists of the IRSE NNC
RK discovered the places of WRA tests [2]. As a result of field works they discovered
fragments of metal fabrics used in tests and spots of local radioactive contamination.
In soil samples taken during field works from the crater, presumably for EDR after the ex-
plosion of an WRA projectile, the activity of some artificial radionuclides was determined.
The following values were obtained: the concentration of cesium-137 was 3,470 Bq/kg,
cobalt-60 — 370 Bq/kg, ameritium-241 — 9,800 Bq/kg, europium-152 — 370 Bg/kg and
europium-155 — 4,100 Bq/kg [2].
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Figure 1. WRA test grounds 4 and 4 "A"

In 2005 beta- and gamma-survey of the area of the test ground 4"A" was made [3].
During that investigation the radioactive composition of radioactively contaminated spots
was not studied.

The aim of the present work is to determine the character and levels of radioactive
contamination of the area of the test ground 4 "A".

To fulfill the task of the research it was necessary to solve the following problems:

+ To obtain information on the levels of concentration of artificial radionuclides in

the soil cover of the test ground;

» To study specific features of radionuclide distribution in depth along the soil profile
and based on these results to determine possibility of soil reclamation by removal
of contaminated soil;

* To characterize radioactively contaminated spots in terms of possible sources of
radionuclides.
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1. EXPERIMENTAL PART

To fulfill the above-stated tasks, layer-by-layer and point soil samples were taken in
25 ground spots detected as a result of previous field works and classified as radioactively-
hazardous objects [4]. The samples were taken in the points with maximal values of radiation
parameters ( EDR, beta-flux density) (Table 1).

Table 1.
Values of radiation parameters measured in soil sampling points
Radiation parameters Radiation parameters
Spot No. EDR (h=1m), p-flux density, |Section No.| EDR (h=1m), B-flux density,
pSv/h part/(min-cm?) pSv/h part/(min-cm?)
1 17 >6,000 14 6 4,000
2 59 >6,000 15 26 >6,000
3 44 >6,000 16 56 >6,000
4 26 >6,000 17 14 >6,000
5 13 >6,000 18 104 >6,000
6 0.9 1,700 19 10 >6,000
7 1.5 1,200 20 46 >6,000
8 31 >6,000 21 35 >6,000
9 13 1,800 22 7 3,000
10 14 >6,000 23 4,7 2,000
11 31 >6,000 24 10 5,000
12 41 >6,000 25 38 >6,000
13 108 >6,000

Location of the studied spots on the territory of the test ground, sampling places and

places of shafts drilling are shown in Figure 2.

LU

Legend
* Sampling points

Figure 2. Location of radioactively contaminated spots on the test ground 4 "A"
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1.1. Sampling

Point samples were taken using special sampling instruments to a depth of 10cm
from the area of 100 cm?. Location of the sampling points was determined by the geodesic
coordinate system where B is a geodesic latitude and L is a geodesic longitude (in degrees,
minutes and seconds). The precision in determination of coordinates by the GPS-receiver
was 3-5 meters with probability of 95 %.

Layer-by-layer sampling from prepared shafts of a depth of 70cm was made in spots
No.1, No.5 and No.17, in the point with maximal values of EDR and beta-density. The thick-
ness of layers for sampling was 5 and 10cm (layers: 0-5, 5-10, 10-15, 15-20, 20-30, 30-40,
40-50, 50-60 cm).

1.2. Laboratory analysis

The soil samples were analysed in the IRSE laboratory of radiochemical analysis ac-
cording to standards and methodological documents. Preparation of samples for the labora-
tory analyses included such operations as drying, sieving, separation of admixtures, grinding
and quartering.

To measure activities of gamma-radiating objects we used gamma-spectrometer GX
2020 with Ge-detector with 20 % relative registration efficiency according to the method of
measurements described in [5]. The *°Sr concentration in soil samples was determined by
beta-spectrometer "Progress" with Nal detector [6]. The values of **2*°Pu activities were
determined by radiochemical analysis [7]. The obtained values of specific activities were
further used in calculations of isotopic ratios of radionuclides (Table 4).

2.  RESULTS

2.1. Estimation of radionuclide composition of radioactively
contaminated spots

Values of specific activity of radionuclides from point soil samples (0-10cm) are pre-
sented in Table 2.

The above data show that the main contaminator of the soil cover is radionuclide *°Sr,
however, a considerable contribution to the radiation safety is also made by plutonium iso-
topes. The total indicator of radioactive contamination in all studied spots is several orders of
magnitude higher than 1, hence, the soil cover of the studied spots (0-10 cm) refers, accord-
ing to normative documents [8], to solid radioactive wastes.

In further reclamation works it is reasonable to start works on removal of contami-
nated soil from the spots with maximal contamination } C/MVA, (spot No.18, spot No.13,
etc.).
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2.2. Estimation of vertical distribution of radionuclides

In order to determine the depth of radionuclide penetration in the soil and to estimate
the volume of soil contaminated by radionuclides 3 spots, two of which are located on the
opposite sides, near the boundaries of the test ground 4"A" (spot No.l and spot No.17), and
the third (No. 5) is located very close to the central part of the test ground, were chosen. The
results of investigations are presented in the table (Table 3).

Table 3.
Specific activity of radionuclides in soil profiles of spots Ne1, Ne5 and Ne7
. . Specific activity
SamPllng Sampling Ba/kg KBq/kg
ponlt depth’ S0 241Am 137Cs 152Eu 154Ell ISSE“ 60C0 90Sr
0-5 140+£50 | 170£20 | <127 | 140+30 | 160+30 15£3 | 3200£300
5-10 570£60 | 530+£50 | 160+30 | 390+70 | 190+40 18+4 | 5700+600
10-15 1 100£100 | 860+90 | <96 | 610+120 | 240450 | 2846 | 7 300+£700
Sect. 1 15-20 140£20 | 110£10 | <57 80+20 <36 <3.0 | 4000+400
20-30 <18 7.0£2.0 | <24 <6.0 <16 24405 | 600+60
30-40 <9.0 4.0+2.0 | <20 <73 <12 <1.9 7348
40-50 <3.0 <1.0 <6.0 <2.0 <3 <0.7 8.1¢1.3
50-60 <2.5 3.0£1.0 | 1343 <3.6 <4.1 <1.0 6.5+1.0
0-5 100£20 | 90+10 | 84417 44+9 <72 7.0£1.4 | 1800+200
5-10 <60 380+40 | 85£17 | 200+40 <68 11£2 |3 000£300
10-15 850490 | 930490 | <57 | 560+110 | 240450 | 29+6 | 2 900+300
Sect. 5 15-20 80+20 80+10 <44 64£13 38+8 | 4.0+0.8 | 1400£100
20-30 <22 <5.0 <31 <6.7 <30 <1.8 470+50
30-40 <8.0 <3.0 <13 <6.0 <9.8 <1.96 36+4
40-50 3.0£1.0 | 1.440.5 <4 <17 <2 <0.5 6.2£1.1
50-60 <1.0 <0.7 <3.2 <1.3 <1.6 <0.4 4.8+0.9
0-5 630+£60 | 240+£20 | 23+5 | 370+£70 | 150430 163 | 3 000£300
5-10 <80 2010 | <110 60£10 <112 <74 |2700£300
10-15 <32 8.0£4.0 | <45 1343 <31 <3 1 400£100
Sect. 17 15-20 <16 <3.0 <21 <5.7 <21 2.0+0.4 | 330+40
20-30 <12 <4.0 <21 <73 2345 <2.1 110£10
30-40 <4.5 7.0£1.0 | <6.0 4+0.8 5+1 <0.6 46+6
40-50 <43 4.0+1.0 | <97 <43 <6.0 <1.24 1542
50-60 6.0£3.0 | 5.04¢1.0 <8 <3 <4 <1.0 1442

Distribution of ¥’Cs, 2*' Am, **Sr, '**Eu and ’Co in depth of the soil cover in the stud-
ied spots is shown in the figures (Figures 3-7).

As one can see from the above figures, in spot No.17 specific activities of *’Cs, ' Am,
Eu and “Co sharply decrease along the depth of the soil profile and reach the plateau,
which is indicative of radionuclides accumulation in the surface soil layer (0-10cm).

In the spots of local contamination No.l and No.5 specific mass activity of **'Am,
¥7Cs u '*Eu increases with depth to a depth of 10-15cm with further decrease in specific
activities. A similar picture of **!Am and *’Cs distribution in the soil profile is observed in
spot No.5. The difference between the distributions of ! Am, '¥’Cs and **Eu in the soil pro-
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file in spots No.1 and No.5, on the one hand, and spot No.17, on the other hand, most likely
indicates anthropogenic impact in the spots No.l and No.5 either during WRA tests or after
the tests.
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In the spot of local contamination No. 17 the main part of *°Sr is concentrated in the
upper organogenic layer and gradually decreases with depth along the soil profile (Figure 7).
Such a distribution indicates high mobility of *°Sr, mainly present in water-soluble and ex-
change forms. In the spots of local contamination No.1 and No.5, the *Sr specific activity
increases with depth to a depth of 10-15cm and then sharply decreases.

It can be supposed that the environmental conditions during tests in spots No.l and
No.5 promoted the observed radionuclide distribution. For example, if tests were made dur-
ing a heavy shower or spring slush, radioactive substances could penetrate with water flows
deep into the soil. It is, certainly, very unlikely because of the presence of different geochemi-
cal barriers in soil [9, 10] and the ability of soil solid phase to simultaneously absorb cations,
anions and neutral molecules [11], but, in principle, possible. For example, the paper [12]
mentioned a nonuniform character of *Sr distribution in the soil cover of the test ground
"Experimental field", where in some cases **Sr concentration in layers 10-15 cm and 15-
20 cm was higher than that in the 5-10 cm layer.

However, an increased concentration of radionuclides **'Am, '¥’Cs, "2154155Eu and
%Co at the same depth (10-15 cm, Figure 8) as compared with the surface layer indicates arti-
ficial origin of the anomaly. Otherwise, due to the difference in the chemical properties of the
above radionuclides their distribution would have a different character (natural). It is most
likely that anthropogenic impact in spots No.1 and No.5 was caused by soil ploughing.

——241Am

137Cs TO0E<06

154Eu 600806
838 —a—G0C0

- &= 905r

specific activity, Ba/kg

sampling depth, cm

Figure 8. Radionuclide distribution in sector Ne 8

In spots Nos.8 and 17 the depth of soil layer classified as SRW was about 30 cm. In
case of soil reclamation in these sectors it would be necessary to remove 0.3 m* of soil of
mass of about 480 kg (for p_.=1,600 kg/m?®) from each square meter.

soil
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Figure 9. Radionuclide distribution in sector Ne 17

3. DISCUSSION OF THE RESULTS

In order to classify the revealed areas of radioactive contamination in terms of pos-
sible radiation sources, isotopic ratios were analyzed.

It was supposed that some spots were for EDR as a result of the same test. If such an
assumption were confir EDR, it would facilitate, to some extent, the choice of further actions.
For example, it would not be necessary to carry out further investigations in those areas.

The ratios of radionuclide activities to the °*Sr activity in the upper layer (0-10cm) of
the studied spots are presented in Table 4.

Table 4.
Isotopic rations in soil samples taken from the studied areas

Sector number | 24Py 1Cs “Am SEu S2Ey SEu “Co
Sect. 1 180+30 2343 11£2 541 1.7¢0.4 | 2.1£0.7 |0.21£0.07
Sect. 2 90+30 113 1243 642 642 2.5+0.7 <0.3
Sect. 3 140+14 8.3+2. 4 1244 542 340. 4 2.540.5 | 0.3£0.09
Sect. 4 11123 1244 10+3 842 742 <3.7 <0.9
Sect. 5 50£10 2.240. 4 442 2.240.6 | 0.6+0.4 <2.2 <0.17
Sect. 6 1.300+400 | 2 000+£330 25+7 <3 <2.5 <4.2 <0.8
Sect. 7 1.300+£500 |3 000+1 000 50+14 <6 <5.7 <11.4 <2.1
sect. 8 220+£50 742 25+7 14+4 20+6 642 1.3+0.4
sect. 9 140+40 19+6 19+6 8+2 <7.2 <9.7 4+]
sect. 10 170+30 642 18+6 1043 12+4 <2.7 <0.7
sect. 11 90+20 30£10 1143 642 542 <1.3 <0.3
sect. 12 2300+800 | 200+70 90+30 54420 6020 23+8 <1.2
sect. 13 3047 1.2+0.3 4+1 341 3+ 1+0.3 | 0.1140. 03
sect. 14 100+30 2347 13+4 642 <4.1 6+2 <1.3
sect. 15 400+200 18+2 55+6 3043 12+1. 4 1.240.2 | 1.120.2
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Sector number | **24Pu 31Cs HAm S9Eu 2Ky 55Eu “Co
sect. 16 50040 0+3 33+8 18+4 20+5 0. 6+0. 1 0.7+0.2
sect. 17 160+30 5+1 1343 8+2 <0.7 2.241. 4 <0.3
sect. 18 140420 3.741. 1 5+2 8+2 2+] <2.4 <0.7
sect. 19 140+30 10+4 9+3 642 <l.1 <2.1 <0.4
sect. 20 200+30 7.7+1. 1 10+£1 5+1 3+0.5 2.44+0. 6 <0.1
Sect. 21 920+140 [5200+£1 500  70+20 1545 6+1 T2 0. 8+0.3
sect. 22 1 500£200 | 1 800+£500 2447 8+2 <l.5 <3 <0.6
sect. 23 5004300 770+80 <8 3£2 <l.6 <2.6 <0.7
sect 24 2200+340 |4 100+1 200 5146 9£7 1.3£0. 8 442 <0.19
Sect. 25 350+50 106+33 33+10 1545 842 9+3 0.45+0.12

Studying the isotopic ratios of radionuclides enabled us to detect areas with similar
isotopic ratios for a range of elements from 2***?*°Pu to “°Co (Figure 10). The areas with close
isotopic ratios are marked as crosshatched regions of the same color. Such areas are located
not only close to each other but also at large distances. In the second case close values of
isotopic ratios only show similar composition of radioactive substances used in tests. The as-
sumption that some closely located spots with radioactive contamination had been for EDR
as a result of one test was not confir EDR because of different direction of axes of radioactive
contamination.

Figure 10. Areas of radioactive contamination with close isotopic composition
for the whole series of considered radionuclides

There are also areas located close to each other but with different isotopic ratios. It is
most likely that in these areas WRA tests of different composition were made or radioactive
emissions of several tests were superimposed. It is also necessary to take into account close
values of isotopic ratios in different groups, which makes it possible to refer them simultane-
ously to several groups.
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CONCLUSIONS

The levels of radioactive contamination of the studied areas differ from each other
by several orders of magnitude. The main contaminating radionuclide is *’Sr;
however, a considerable contribution in the radiation hazard is made by plutonium
isotopes. Reclamation of soil cover is to be started from the spots with maximal
values of total radioactive contamination (spots No.18, No.13, etc.).

There were discovered areas where reclamation had been made and areas with
undisturbed soil cover, which undoubtedly changes the picture of radioactive
contamination of soil cover. It is expedient to carry out research on vertical
distribution of radionuclides in the other areas.

The assumption that some closely located spots with radioactive contamination
had been for EDR as a result of one test was not confir EDR. This enables us to
make a conclusion that radioactively contaminated areas were for EDR as a result
of independent WRA tests.
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OCKEPH PAIHOAKTHBTI 3ATTEKTEP ChIHA/IFAH AJTAH/JJAPIBIH
PAJTHOAKTHBTI IACTAHY JEHT'EHI MEH CHIIATBIH 3EPTTEY

Ocunuen A.1O., Conmenoaen C.E.

KP Y0 Paouayuansik Kayincizoik y#caHe IK0102UA UHCHIUIMY b,
Kypuamoes, Kazaxcman

Makanana, 4 «A» OP3 cblHAaK aNaHBIHBIH TOMBIPAK JKAMBUIFBICHIHIAFBI TEXHOTEHIII pano-
HYKIUITEPAiH KYpaMbIHBIH [CHICHiH aHBIKTay OOWBIHIIA KENTIPUITeH 3epTTeylep CypeTTeNe/i.
3eprreyniep HOTHKECIHIE, AlaHHbIH PAJHOHYKIHATI JacTanybl *'Sr, 2! Am, 2377240py, 137Cg, 152154155k
sxoHe °Co cexini paanoHyKIUATEP/iH OPBIH ATy bIMEH IIAPTTAJFaHbl aHBIK OO0JIIbI, OHBIH 0aCTBICHI *St
Goubint TabbLTAIBI. PaqHOHYKIUMATEPIIH TiriHeH TapanybiH 3eprreyneH, 'Cs, 2 Am xone '521%15Eu
Heri3ri Oencenainiri TonbipakTeiy 20 cM OeTki KabaTbiHAa jkaTKaHbIH KepceTTi. COHbIMEH Karap,
TOMBIPaK OCHIHIHIH TEPEH/IIr OOMBIHINA PAAUOHYKIUATEPIIH aybITKBIMAIBI TYP/C Tapallybl OaliKaiFaH
TeTiM/Iep aHBIKTAIbl, ONapJarbl 3epTTENil JKAaTKaH PaJUOHYKIHATEPIIH MaKCHMaJIbl KypaMbl
10-20 cm karmapaa OexireH. V3oTonThl apakaThlHACBIHA 3€PTTEY JKYMBICHI KYPIi3ijiji, ajlblHFaH
M30TONTHl apakaTbIHACKI MEH KeHICTIKTIK OpHajacyblHa OalIaHBICTBI, MYMKIH JIeTeH KO31eH
panuoaKTHBTI JaCTaHFaH TeMIMACPIiH Oipi-OipiHe OaliTaHBICTHUIBIFBIHBIH MYMKIH €MECTITiH KOPCETTI.

Kinm coe3dep: cblHAK ajaHbl, paJUOHYKIHITIK KypaMbl, paIHOaKTHBTI JacTaHy, paJHOaKTHBTI
KaJJIBIKTap, paJHOHYKIMATEPAIH TIriHEH Tapasybl, paJHOaKTHBTI JTaCTaHyAbIH KUBIHTBIK KOPCETKIIIII.

HCCIEJOBAHUE XAPAKTEPA H YPOBHEH PAJTH OAKTHBHOI'O
SAT'PASHEHHA IVIOHJAJJKH HCITBITAHHH
BbOEBBIX PA/TMOAKTHBHBIX BEII[ECTB

Ocunuen A.10., Caabmenoaen C.E.

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

B craree onmchIBaIOTCA NMPOBEACHHBIE HCCIENOBAHMS 0 ONPENETIEHHIO YPOBHEH comepikKa-
HUS TEXHOTGHHBIX PaJUOHYKIHIOB B MOYBEHHOM ITOKPOBE HCIIBITaTeIbHON IUIomankd BPB 4 «Ax.
B pesynbrare uccnenoBaHuii BBISICHEHO, YTO PAAMOHYKIHAHOE 3aTPSA3HEHUE TIOMAKH 00yCIIOBIEHO
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NPUCYTCTBUEM TAKUX PaIMOHYKIMIOB, Kak *Sr, 2! Am, #7240Py, 137Cg, P2I4I5SEy i 9Co, 0CHOBHBIM
U3 KOTOPBIX sIBISIETCsT *°St. M3yueHne BepTHKAIBLHOTO PaclpeIeNieH s PaaHoHYKIHIOB TI0Ka3ao, YT
OcHOBHast akTUBHOCTE ¥'Cs, 2'Am u 1P213*15Eu naxomurest B BepxHeM 20-cM ciioe mouBsl. Bmecte ¢
TeM, OOHAPYKECHBI YUaCTKU C aHOMAJIbHBIM Paclpe/Ie/iCHHEM PaJAHOHYKIIHI0B [0 [TyOHHE HOYBEHHO-
ro mpodIIs, Ha KOTOPBIX MaKCHMAIbHOE COIEpPIKaHHe M3y9aeMbIX PaIHOHYKIHIOB 3a)HKCHPOBAHO
B cioe 10-20 cm. [IpoBeneHO n3yyeHHE W30TOMHBIX OTHOIICHHUH, KOTOPOE MOKA3al0 HEBO3MOKHOCTh
[PUBS3KH yIACTKOB PAJIMOAKTUBHOTO 3arPA3HEHHs APYT K JAPYTY MO BO3MOXKHOMY MCTOYHHKY TTOCTY-
TUICHHSI, HCXOJIS U3 TIOTyYEHHBIX M30TOMHBIX OTHOIIEHHH U IPOCTPAHCTBEHHOTO PACTIONOKEHHS.

Kniouegbie cnosa: ncnblTaTeNbHAs IIIOMAAKA, PAAHOHYKIHAHBI COCTaB, PAIHOAKTHBHOE 3a-
IPsI3HEHHE, PaIMOAKTHBHBIC OTXO/(bI, BEPTUKAIBHOE PACIIPE/ICICHHIE PAJAHOHYKIIUIOB, CyMMapHBIH M0-
Kasaresb PaJHOaKTHBHOTO 3aTrPsA3HECHMS.
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GEOSTATISTIC-BASED DELIMITATION OF LOCAL RADIOACTIVE
CONTAMINATION SPOTS COASED BY TESTS OF RADIOACTIVE
WARFARE AGENTS

Ossintsev A.Yu., Mustafina E.

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

In 2011, a detailed radiometric survey was conducted in the area of local pollution located
on "4A" site of the Semipalatinsk Test Site, where warfare radioactive agents were tested. The goal
of these studies was to determine the contamination spread and to assess its proliferation beyond
the site boundary in dangerous quantities. Maximal contamination of the surface with B-emitting
radionuclides outside the area was determined. The results of geostatistical processing of the data on
surface contamination with B-emitting radionuclides are provided. The methodology selected for data
processing can determine the border areas of contamination, both of tests with WRA and other similar
experiments with dispersion of radioactive substances and assess the levels of contamination beyond
certain boundaries.

Keywords: Semipalatinsk Test Site, warfare radioactive agents, "4A" site, P-emitting
radionuclides, statistical data processing, geostatistical data processing, variation curve, spatial
distribution.

INTRODUCTION

On the territory of Semipalatinsk Test Site (STS) besides main areas of contamination
that are located in the areas of nuclear tests, there is another significant source of surface ra-
dioactive contamination that appeared in the result of conducting tests of radioactive warfare
under the program on the former Soviet Union in the beginning of 1950-s [1]. The purpose of
the program was testing practical use of weapons, determination of nature and efficiency of
soil and air contamination and assessment of its impact on the human beings, animals, envi-
ronment, military forces and their equipment. The tests included dispersal of warfare radioac-
tive agents (WRA) by exploding single shells, bombing with bombs from airplanes, bombing
territory with mortars or dispersal of military radioactive materials from the airplane. WRA
were provided in liquid or powdered radioactive recipes produced either from radiochemical
wastes or from specific materials that were irradiated by neutrons from operating nuclear
reactor. Their specific activity varied from tenth of curie to several curie per liter.

Surveys of WRA test sites that were conducted by the Institute of Radiation Safety
and Ecology under the National Nuclear Center of the Republic of Kazakhstan in different
years revealed several fragments of metal constructions that were used with testing WRA as
well as areas of local radioactive contamination that are characterized by high concentration
of ®Sr radionuclide in the environment comparing to lower concentration (3-4 times differ-
ence) of other long-lived radionuclides '*’Cs, #°*2*Pu, *! Am that are present on the territory
of STS [2]. In total, there were identified over 40 objects and areas. Sizes of the areas delimi-
tated in the result of the preliminary survey vary from 1 to 50 ha. Radioactive contamination
with *Sr of the areas is up to n-10” Bq\kg [3, 4].
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Radiation situation and nature of contamination at the territory of WRA test sites were
well known by 2011. At present work is conducted to convert and transfer the northern part of
STS that is located close to the site "4A" for public economical use. Considering the nature of
contamination caused by testing military radioactive materials, i.e. local contamination spots,
the matter was raised to evaluate probability of appearance of smaller spots with high activity
of artificial radionuclides outside the test ground.

1. EXPERIMENT

To determine the nature of contamination proliferation in the areas of testing WRA,
detailed radiometric survey of radioactive contamination of the area Ne 5 was conducted; the
area is located at the site "4A" used for WRA testing. This area was selected based on the
previous surveys since this spot is characterized as the longest one among all areas and the
one with maximum activity of artificial radionuclides (Figure 1).
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Figure 1. Location of area No 5 with radioactive contamination at the RWA test site "4A"

Pedestrian B-survey was performed along designated profiles (1-14) with the step 1 m
using dosimeter-radiometer RADIAGEM-2000 with detection sensor SAB-100 (in detec-
tion sensor scintillator ZnS(Ag) is used, that is sprayed on plastic scintillator 0.5 mm thick.
Detector surface area is 100 cm?, measurement range 0 to 526 Bg/cm?, metering accuracy is
+15%). Control measurements of B-survey were performed with the same step at 1 m dis-
tance from the main profile. Survey map is showed at the picture below (Figure 2).
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Figure 2. Survey map of area Ne 5

2.  RESULTS

1.1. General results

Range of measured values of surface contamination by B-emitting radionuclides is
from 0.4 to 248 Bg/cm?.

In further analyses of the data, the average value of measurements along the main
profile and control measurements were used as the actual value of surface contamination.

Analyzing variation curve for the whole massive (Figure 3), the conclusion can be

made that the data does not belong to one general entity [5—7]. Considering existing data on
the area of contamination it can be suggested that massive consists of two general entities —
direct contamination due to test of WRA and adjacent territory with background values of
radiation parameters.

To determine natural radiation background for the site "4A" we performed statistic
processing of the data on surface contamination with B-emitting radionuclides below the
selected level of 2 Bq/cm? (Figure 4).
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Figure 3. Variation curve of all measurements of surface
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Figure 4. Variation curve of surface contamination measurements
with B-emitting radionuclides up to the base level of 2 Bg/cm?

Variation curve of surface contamination measurements with f-emitting radionu-
clides up to "background" level has distribution nature close to logarithmically normal. Right
asymmetry in the distribution shows presence of impact on conducted tests on distribution

of B-emitting radionuclides. As natural "background" level for this territory we can accept
average value of 0.7 Bg/cm?.

Based on the obtained results, diagrams were built using measured values of surface
contamination with B-emitting radionuclides (Figure 5, 6). Because of large data massive and

variation in measurements for optimal visualization of diagrams for the profiles 1-14, data
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approximation using linear filter for 20 locations was done. To build a diagram for the profile
15 actual data were used.
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Figure 5. Distribution of surface contamination
with B-emitting radionuclides by profiles
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Figure 6. Distribution of surface contamination
with B-emitting radionuclides at profile 15

Initial evaluation based on the analyses of diagrams with spread of surface contami-
nation with B-emitting radionuclides along profiles allowed to make the conclusion that this
contamination is of local nature. Area of contamination is about 300x850 m.

2.2. Data analyses

For detailed analyses the following diagrams of areal distribution were built based on
actual data including the "background" level (Figure 7-21). To determine contaminated areas
that are not connected to main contamination source visual analyses of diagrams was done.
As the result of this analyses it was determined that for some profiles "background" level is
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lower than the level for the whole data massive. For such profiles natural "background" lev-
els were calculated and additional analyses performed to identify areas of contamination not
connected with main contamination source. Contaminated arcas were considered territories
with radioactive parameters exceeding 15% of calculated "background" level for the whole

data massive.
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Figure 7. Distribution of surface contamination
with B-emitting radionuclides for profile 1
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Figure 8. Distribution of surface contamination
with B-emitting radionuclides for profile 2
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with B-emitting radionuclides for profile 3
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Figure 10. Distribution of surface contamination
with B-emitting radionuclides for profile 4
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Figure 11. Distribution of surface contamination -emitting
radionuclides for the profile 5
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Figure 14. Distribution of surface contamination
with B-emitting radionuclides for the profile 8
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Figure 15. Distribution of surface contamination
with B-emitting radionuclides for the profile 9
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Figure 16. Distribution of surface contamination
with B-emitting radionuclides for the profile 10
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Figure 17. Distribution of surface contamination
with B-emitting radionuclides for the profile 11
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Figure 18. Distribution of surface contamination
with B-emitting radionuclides for the profile 12
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Figure 19. Distribution of surface contamination
with B-emitting radionuclides for the profile 13
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Figure 20. Distribution of surface contamination
with B-emitting radionuclides for the profile 14
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Figure 21. Distribution of surface contamination
with B-emitting radionuclides for the profile 15

We took profile Ne 5 as an example of areal distribution of the surface contamination
of B-emitting radionuclides since it is characterized by maximum radiation parameters and

the biggest

length. Analyzing nature of areal distribution along the profile Ne 5 the following

conclusions can be made:

1.

2.

Clearly identified main route of radioactive fallout, width of fallout is about
300 m.

To the right of the main route there is an area with elevated readings of surface
contamination with B-emitting radionuclides about 300 m wide that exceeds
"background" level for up to 2 times. Supposedly, this area is formed by
overlapping of traces from several tests or by displacement in distribution of
radioactive materials from single test due to changes in direction of air masses at
various heights.

The territory with "background" levels of surface contamination with -emitting
radionuclides is determined with fragment areas that are above the "background"
levels. At the territory with background levels there are 4 areas identified with
elevated levels of surface contamination with B-emitting radionuclides that
exceed the "background" for 2.5 times.

Similar to the profile Ne 5, analyses of areal distribution of surface contamination with
B-emitting radionuclides along all profiles were made and based on this analyses the follow-

ing conclus
1.

ions can be made:

Clearly identified main route of radioactive fallout that is 300 m wide and 850 m
long. Spots with elevated readings above the natural "background" are registered
at the area about 600x2,200 m (according to maximum readings).

At the territory with "background" level of surface contamination with -emitting
radionuclides, 30 spots were registered with elevated readings of f-emitting radi-
onuclides. Cumulative information on the spots with elevated readings of surface
contamination with B-emitting radionuclides is shown in the table (Table 1). Vi-
sually at the area Ne 5, 3 axes of radioactive materials dispersal can be determined
(Figure 22).
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204

Cumulative information on determined areas with elevated values
of surface contamination with p-emitting radionuclides

Table 1.

Maximum surface contamination
Area Profile Area length, m with p-emitting radionuclides, Bq/sm”

1 3 1 0,9
2 3 4 1.2
3 3 2 1.6
4 5 4 1.7
5 5 2 0.9
6 5 1 0.9
7 5 1.5 0.9
8 7 1.5 0.9
9 8 2 0.9
10 10 3 0.9
11 11 1 0.9
12 11 2 0.9
13 11 2 0.9
14 11 2 0.9
15 11 1 0.9
16 11 1 0.9
17 11 2 1.1
18 11 11 0.9
19 11 1 0.9
20 12 2 0.9
21 12 4 1
22 12 1 0.9
23 12 3 1.1
24 12 6 1
25 12 2 1.1
26 12 2 0.9
27 12 12 1
28 12 2 0.9
29 15 150 1.6
30 15 250 1.3
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Figure 22. Radioactive contamination proliferation axis

2.3. Statistical processing of data

To statistically process the data and to determine nature of distribution of contami-
nation, the areas were selected on the diagrams with profiles above the "background" level
(variation curves of spatial distribution) (Figure 7-21). Variation curves of spatial distribu-
tion for the profiles 1-3 cannot be built as the levels of surface contamination with B-emitting
radionuclides along these profiles remain at the "background" level. For the profiles 4-14 ap-
proximated data were taken using linear filter by 20 points. For the profile 15, actual data
were used. For further statistic processing the length of contamination was taken as vari-
able value of variation series and as frequency of occurrence — surface contamination with
B-emitting radionuclides. To determine nature of distribution of surface contamination with
B-emitting radionuclides, the average values (M) and average square deviations (o) were
calculated for each variation row using the method of weighted variations [8]. Then, equal-
izing of observed curves by the normal law was done and evaluation made of the difference
between theoretical and observed distribution using the A criterion [8—11]. Calculation results
are shown in the table (Table 2).
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Table 2.
Results of statistic data processing of selected variation curves
Variation curve M, m 0, m A
Profile 4 338 96 2.60
Profile 5 357 73 3.76
Profile 6 220 60 1.45
Profile 7 216 27 0.12
Profile 8 83 30 0.18
Profile 9 128 28 0.17
Profile 10 59 23 0.14
Profile 11 133 60 0.22
Profile 12 163 53 0.26
Profile 13 99 25 0.21
Profile 14 69 32 0.24
Profile 15 896 224 0.7

The difference between theoretical and observed distributions can be considered as
random if observed criterion (A) does not rich the required probability cutoff. For our evalu-
ation, the criteria equal to 1.63 was selected (used for normal responsibility of analyses re-
sults). Thus, comparing calculated for our variation curves criteria A with the probability
cutoff (1.63), conclusions can be made that the distribution for profiles 6 to 15 has normal
nature. In the profiles 4 and 5 the distribution is not normal. Deviation from normal law is
related to the spots with higher values of surface contamination that was caused either by
overlapping of traces from several tests or by displacement in distribution of contamination
from single test due to changes in movement of air mass at various heights that is confirmed
by visually identified 3 axes in the contamination distribution (Figure 22). In this case con-
tamination is characterized by several general entities where each has its own distribution
nature. To check this suggestion, variation curve for the profile 4 was split into 2 variation
curves based on the visual analyses (Figure 10). For these variation curves we calculated the
main characteristics (M and o), equalized the observed curves by the normal law and calcu-
lated the A criterion (Table 3).

Table 3.
Results of statistic data processing of selected variation curves
Variation curve M, m 0, m A
Profile 4, Ne 1 292 22 0.88
Profile 4, Ne 2 447 87 0.77

From the calculations, the conclusion can be made that both distributions has normal
nature that confirms suggestion on overlapping of several general entities.

Since we did the analyses of spatial distribution, specific values M and ¢ are given
in meters. Therefore, based on the calculations and data on the nature of distribution bound-
aries of local contamination area can be determined and assessment made that contamina-
tion above the selected "background" level will not go beyond the border of the surveyed
area and equal 3.3 ¢ with probability 99 % (for the profiles with normal law of distribution)
(Figure 23).
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Figure 23. Assessed boundary of the local contaminated area

CONCLUSIONS

Thus, based on the results of the analyses, the conclusion can be done that spatial dis-
tribution of contamination spots at the site "4A" where radioactive warfare agents were tested
has Gaussian distribution nature or close to it. Beyond the boundaries of contamination,
16 spots with elevated values of surface contamination were identified with width from 1 to
200 meters with maximum reading of surface contamination with B-emitting radionuclides
1.7 Bg/cm?. Based on the conducted analyses it can be assumed that beyond the boundaries
of the areas where WRA were tested there will be no contamination with f-emitting radionu-
clides at levels imposing hazards on population.
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GENERAL METHOD OF DATA PROCESSING

Based on the conducted researches general method can be described to process data of
the performed radiological survey of the contaminated areas that were formed by the tests of
WRA and other similar experiments with dispersing of radioactive materials:

1. To determine general geometry parameters of the area (form of contamination,

length, width).

2. To identify main profiles. For areas with circle form 2 perpendicular profiles can
be used that are put across the spot with maximum contamination. For areas with
prolate form to select one main profile that is put along the whole area and several
perpendicular profiles based on the length of the area.

To determine "background" level for this area.

To identify variation curves above the "background" level.

5. To calculate average values (M) and average square deviations (o) for each varia-
tion series.

6. To perform equalizing of observed curves as per normal law.

7. To evaluate differences between theoretical and observed distribution using cri-
teria A.

8. Based on the calculated M and o, to identify boundaries of local contaminated
area.

9. To analyze areas with elevated levels of radiation parameters beyond the defined
area boundaries.

Rl

CONCLUSION

Conducted researches allowed identifying the nature of radioactive contamination
distribution in one part of the test site "4A". The conclusion can be made that spatial distri-
bution has Gaussian distribution nature or is close to it. Based on the nature of radioactive
contamination, the evaluation of contamination proliferation beyond the boundaries of the
area in dangerous quantities was made. Based on this evaluation, it can be confirmed that
beyond the identified boundaries of the WRA test areas, there will be no contamination with
B-emitting radionuclides at levels that impose danger on population.

Employed method of data processing allows to use it for identification of boundar-
ies of contaminated areas formed during test of WRA and other similar experiments with
dispersing radioactive materials. Use of this method allows not only to identify boundaries
of radioactively contaminated spots but also to evaluate with high level of probability the
contamination levels beyond the boundaries of the selected area.

Nevertheless, this method is optimal only for radioactively contaminated areas that
are formed after a single test and that has only one trace of fallout. For areas that are formed
by several test and fallout traces are overlapping it is required to conduct survey of radioac-
tive contamination of the whole area to identify all possible fallout traces and further descrip-
tion of each identified trace.
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TEOCTATHCTHKA SICIH TAH/JATIAHA OTBIPBIIT 9CKEPH
PAJTHOAKTHBTI 3ATTEKTEPAI CHIHAY CAIJAPBIHAH ITAH/IA
BOJIFAH JKEPTITIKTI PAJHOAKTHBTI IACTAHFAH TEJTIMJEPIIH
IHIEKAPA/IAPBIH AHBIKTAY

Ocunues A.1O. , Mycraduna E.B.

KP ¥A0 Paouayuanvix Kayincizoik ycane IK0102ua UHCMUMYnbl,
Kypuamoes, Kazaxcman

2011 x. Cemeil CbIHaK IOJMIOHBIHBIH ACKePH PaJHOAKTHBTI 3aTTeKTep chlHaimFaH "4A"
QJIAaHBIHJA OpHAJACKAaH JKePruUIKTI JIACTAaHFAaH TENMIe JKITi paJHOMETPHSIBIK 3€PTTeY XKYMBICTaphl
JKYPri3inmi. AtanFaH 3epTTeylepaiH MaKcaThl PaAMOAKTUBTI JACTAHYIBIH Tapasly CUIAThIH aHBIKTAy
JKOHE OHBIH aJIaHHBIH IeKapachlHAH THIC JKepre KayilTi MeJiepae WIBIFYbIH Oaranay. TenimMHIH
IIeKapackIHAH THIC XKepre § —CayIie MBIFapyIIbl paJHOHyKIHATEpAiH OSTKi JaCTaHyBIHBIH MaKCUMAIIIbI
MOHI aHBIKTaNbl. beTki KabaTTeIH B —coyne ImIbIFapyIIbl paJHOHYKINATEPMEH JTaCTaHybIHA KaThICTHI
JIEpEKTep/li TeOCTATHCTUKAIIBIK OHJICY HOTIKeIepi kentipiaai. Jlepekrepai eHaey omicHamachkl OP3
CBHIHAKTap OTKi3y OaphICBIHIAFBI JKOHE 0acKa Ja paJHoaKTHBTI 3aTTEKTEpi IIambIpaTyra OaiiaHblc-
THl OCBIFaH YKcac ToxipuOenep OapbICHIHIAFBI JIACTAHFAH TENIMAEPIIH IIEKapalapblH aHBIKTAyFa
JKSHE TeJIIMHIH Oenrini Oip IIexapachlHaH THIC JKepiepre JacTaHy[IblH Tapaiy JIeHIeiliH aHbIKTayFa
MYMKIHJIK Gepeni.

Tyiiinoi ce30ep: Cemeli ChIHAK ITOJTUTOHBI, 9CKEPHU paIMOAKTHBTI 3aTTeKTep, "4 A" anansl, B-coyne
HIBIFAPYLIBl PaTHOHYKIHIATED, JACPEKTepAi CTATHCTUKAIBIK OHJEY, NEPEeKTepIl IeoCTaTUCTUKAIBIK
OHJIeY, BapHAIMSIIBIK KUCHIK, KeHICTIKTE Tapaiy.

OIIPEJIEJIEHUE I'PAHUI] YH4ACTKOB JIOKA/IBHBIX
PAJTHOAKTHBHBIX 3AT PA3BHEHHH OBPA30BAHHBIX BC/IE[CTHH
HCITBITAHHH BOEBBIX PAJJHOAKTHBHBIX BEIIJECTB C
HUCIIO/TB30OBAHHEM METO/]OB 'EOCTATHCTHKH

Ocunnes A.1IO., Mycrapuna E.B.

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

B 2011 r. mpoBeneHs! AeTalbHBIE PaJUOMETPUIECCKIE HCCIIETOBAHMUS HAa YYaCTKE JIOKATBHOTO
3arps3HEHMs PacloIOKEeHHOro Ha ruiomanke "4A" CeMHIIaIaTUHCKOTO UCHBITATEIbHOTO MOJUIOHA,
TJIe TIPOBOIMIINCH UCIIBITAHUS OOEBBIX PaJMOaKTUBHBIX BEHIECTB. L[eJIbI0 MaHHBIX MCCIICIOBAaHUH SIB-
JSIIach OTpeJIeNIeHHe XapaKkTepa PpacpoOCTPaHSHNS PAANOAKTUBHOTO 3aTPA3HEHUS M OIIEHKAa BO3MOXK-
HOCTH €0 BBIXOJIa 33 TPAHHUIIbI IUIOIMIAJKU B ONACHBIX KonuuecTBax. OmnpesesieHbl MaKCHMajbHbIe
3HAYEHUsI TIOBEPXHOCTHOTO 3arPsS3HCHUS B-H3IIy4alonMMH paJHOHYKINIAMU 32 TPAaHUIAMH yJacTKa.
IIpencraBneHsl pe3yabTaThl T€OCTATUCTHUECKOH OOpaOOTKH JAHHBIX MOBEPXHOCTHOTO 3arps3HEHUS
B-m3mydaronMu paguoHyKIHIaMu. BeiOpanHas MeToo0rust 00paboTKH JTaHHBIX O3BOJISIET ONpe/ie-
JIUTH TPAHHIBI YUYaCTKOB 3arPS3HEHUs], KaK IIPY poBeAeHNnH uctsitanuii BPB Tak u npyrux anamorud-
HBIX 9KCTIEPHMEHTOB IO JUCHEPTHPOBAHUIO PATHOAKTHBHBIX BEIIECTB U OIIEHUTh YPOBHHU 3aTPA3HEHUS
3a Onpe/eJICHHBIMU IPAaHUIIaMH YJacTKa.

Kniouesvie cnosa: CeMunanaTHHCKUN UCIBITATEIBHBINA TOIUTOH, O0CBBIE PAIMOAKTHBHEIC Be-
niecTBa, miomaaka "4A", B-u3nydaromue paguoHyKIHIbI, CTaTHCTHUECKast 00paboTKa TaHHBIX, T'e0-
CTaTHCTUYECKasi 00paboTKa JaHHbBIX, BApHAIIMOHHAsI KPUBAs, IPOCTPAHCTBEHHOE PacIipe/ielicHue.
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RADIOLOGICAL SITUATION IN IRTYSH PINE FOREST
Strilchuk Yu.G., Ossintsev V.S., Magasheva R.Yu.

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

Many years of nuclear tests at the Semipalatinsk Test Site (STS) formed spots of radioactive
contamination not only on the test site territory, but in the surrounding regions. One of these areas is a
growing band of the Irtysh Pine Forest, located in the north-east of the test site.

The Irtysh Pine Forest is located on the right bank of the Irtysh River in the two regions of
Kazakhstan — East Kazakhstan and Pavlodar Regions. The total area of the pine forest is 8§70.5 thousand
hectares. The forest forming species — pine (Pinussilvestris). The forest is relict and has great ecological
and socio-economic importance.

The main radiological consequences of the forest ecosystems radioactive contamination is
accumulation of radionuclides in forest products, limiting its further use, internal and external exposure
of the public and the staff involved in forestry. Unlike agricultural lands, which can use protective
measures, changes in the content of radionuclides in the components of the forest are mainly due to
natural factors. Due to the long time of their purification, the forest ecosystems for long become a
source of radiation risk to the public and forestry workers.

Keywords: Pine Forest, first nuclear test, artificial radionuclides, soil profile, radiation
situation.

SURVEYS OUTSIDE THE STS DURING NUCLEAR
TESTS

At the time of the nuclear tests and after their termination, various studies were carried
out that one way or another investigated the effect of nuclear tests on the environment, as
well as the consequences of nuclear tests — nature and extent of radionuclide contamination
on the STS areas and in adjacent areas.

Studies during the tests were carried out by the specialized units of the Ministry of
Defense of the USSR and the Ministry of Medium Machine Building (military unit 52605;
National Research and Development Design Institute of Industrial Technologies, Moscow;
"Radium Institute" Nongovernment Organisation, St. Petersburg). The focus of studies was
the military-industry research, radiation safety, and Radioecology.

The survey of the area adjacent to the STS, which was covered by the cloud from the
first nuclear test as of August 29, 1949 that went over that area, was conducted just a few days
after the test. To evaluate radiation situation, the radiation survey was arranged with the use
of air and ground transport. During the survey, the airplane crossed the trace axis at least 15
times starting from the boundary of the Irtysh River. At the same time, the maximum gamma
radiation dose was fixed at the height of the fly with georeferencing of this value in each
section of the trace. Those who were involved in the survey noted that 300 km away from
P-1 test site, when crossing the trace axis, sharp increase of radiation intensity was observed,
and at greater distance from this site the increase of radiation intensity on the trace axis was
minor and sort of "wash out" along its cross section. This was enough to identify and fix on
the ground the location of the trace axis with the accuracy of £ 2.5 km [1].
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We do not have any information about environmental compartment sampling at the
beginning of the tests. However, the existing information about the trace boundary location
from other ground nuclear tests shows that radiation surveys were conducted regularly. The
first quantitative data on radionuclide concentration in plants and food that we could find
in the literature were obtained in the period of 1956-1958. These studies were initiated "in
connection with the appearance of potential danger from radioactive fallouts to the health of
country population, the Council of Ministers of the USSR, starting from 1956, took measures
to arrange control over the extent of radioactive contamination of the environment in the
USSR..." [1]. Since that time, systematic sanitary-hygienic assessment of soil and vegeta-
tion radioactive contamination hazard has been performed. After 1958, as the radiochemical
methods were introduced and spectrometric equipment appeared, the studies were initiated
to determine the content of bio-hazardous radionuclides in various environmental compart-
ments: strontium-90, cesium-137 and iodine-131. All these studies related, first of all, to food
produced in the areas adjacent to the test field, and air, water and vegetation was also stud-
ied. The data on radionuclide concentration in the surveyed targets are mainly provided for
the Dolon and Mostik settlements, and less often for Cheremushki, Bodene, and Semiyarka
settlements. And there is practically no information about the levels of radioactive contami-
nation of environment outside the populated areas in the forests.

STUDIES AFTER THE CLOSURE OF STS

Since 1990 the studies demonstrate the greatest scope with various organizations in
Kazakhstan and other countries involved.

In 1990 and 1991, Aeromagnetic Field Party (Almaty), together with Aerogeophizika
(Nikolayevka village), conducted the aero-gamma-spectrometry (AGS) at 1:1,000,000 scale
covering almost the entire area of Semipalatinsk Oblast. As a result, a number of separate
spots were identified with contamination level of over 0.1Ci/km? sporadically distributed
throughout the survey area. At the time of the survey there were traces registered with *’Cs
contamination over 300-500 mCi/km? from nuclear explosions: on August 29,1949 — up to
12-18 km directly from the explosion epicentre (presumably); on September 24, 1951 —up to
55 —65 km; and on August 12, 1953 —up to 80-95 km. Away from these distances, the traces
do not end up with an isoline and "go down" first into the regional and then into the global
contamination [2].

One of the first comprehensive studies after the closure of the STS was performed
within the framework of Region-1 R&D Program. In addition to AGS of the area, the resi-
dential areas near the test field were surveyed in details, plus the survey was conducted along
the STS border. During the survey, which was conducted by experts of Radium Institute and
other organizations, radiation was measured on the ground (exposure dose rate — EDR), and
soil, vegetation and water samples were taken. Samples were analysed at the Radium Insti-
tute (St. Petersburg city) and in the Research Institute of Experimental Physics (Sarov city).

One of the findings that is of interest to our article was as follows: "The findings of
the survey conducted in early 90s confirmed that the radioactive trace from the explosion of
August 29, 1949 was located between Dolon and Mostik villages with 12 km between them"
[3]. Numerical values of man-caused radionuclide concentrations in Dolon and Mostik were
obtained. Unfortunately, no any information was received about the contamination of forests
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along the trace of radioactive fallout from the first nuclear test and areas affected by radioac-
tive contamination from other ground tests.

The same is stated in the report of SPF (Scientific and production firm) "Vershina"
prepared in 1997, "the previously performed surveys of radiation situation are mainly limited
by the contours of nuclear test field and the area directly adjacent thereto. Information about
contamination of the rest of the area, first of all the man-induced radionuclide contamina-
tion connected with nuclear weapon testing, is highly fragmented, diverse, and quite often
contradictory, and is mainly based on the findings of small-scale aero gamma-spectrometry.
There are no any systematic targeted comprehensive studies covering all components of the
natural environment" [2].

Geological forecasting and geological prospecting for uranium conducted in the STS
area and representing the most comprehensive and systematic study of distribution of natural
radionuclides and some artificial radionuclides can be called as the next stage in the study of
radiation situation in the STS area

At the beginning of research works undertaken by the Institute of Radiation Safety
and Ecology (IRSE) of the National Nuclear Centre of the Republic of Kazakhstan, there was
information about measurements of surface activity and concentration of long-lived radio-
nuclides in soil taken by other researchers near certain inhabited areas located close to the
forests (Table 1) [4].

Table 1.
Data on measurements of surface activity and specific activity of long-lived radionuclides in soil
Surface Activity, kBq/m? Specific Activity, Bq/kg
Author Place
137Cs 239+240Pu 90Sr lJ7Cs 239+240Pu DI]Sr 241 Am
Hille, R. etal. Mostik - - - 5-60 - 4-12 0.9-1.6
Gastberger, M, etal. | 22°% | 0379 | 01497 | 0561 | 134 |07416 | nd-26 | -
Mostik

Dubasov, Yu., etal. Dolon 0.74-11 | 0.04-30 | 0.52-11 - - - -
Dubasov, Yu., etal. Mostik 0.74-4.8 | 0.02-3.0 | 0.74-2.2 - - - -

Deriglasov, W., etal. Dolon 52-79 - 1.5-5.8 - - - -

Yamamoto, M., etal. Pine forest - 0.1-1 - - - - -
near Dolon

Sakaguchietal. Dolon 0.8-10.3 | 0.5-14.3 - 2.8-714 | 1.7-94.9 - -

Sakaguchietal. Mostik 0.6-2.8 - - 4.5-59.7 2.8 - -

IAEA, 1998 Dolon - - - 47-55 - - -

IAEA, 1998 Moldary - - - 5-9 0.4-1.4 <24 -

Notes: Global fallouts: '¥’Cs — 1.8 kBg/m? *°Sr — 1.1 kBg/m?; ****°Pu — 0.09 kBg/m?

As it is evident from the information obtained, the surface activity of radionuclides at
the time of survey was mainly at the level of global fallouts. In some cases, the level of 23+
Pu radioactive contamination of soil is ten times higher than the level of global fallouts.

One of the first works that allowed assessing the areal distribution of artificial radionu-
clides in the area adjacent to the STS from the northeast and partly covering the pine forests
was the study performed at 1:1,000,000 scale. Studies were initiated in 1991 by Expedition
No.39 of Volkovgeology KGGP (now — Volkovgeology JSC) as part of the national program
of hydrolithochemical survey along the river flow.
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It was designed to solve the problem concerning ecogeochemical assessment of
contamination of large areas and regions in the USSR with radionuclides, pesticides, and
some toxic elements. At the same time, subject to opportunities and specifics of radio-hy-
drolithochemical survey, the obtained data was also supposed to be used to solve the metal-
logenic problems, i.e. for the purpose of economic characteristic of mineral potential of raw
material base of mining industry in different regions of the USSR along with the environ-
mental assessment.

A range of works was defined based on "Methodical guidelines for regional hy-
drolithochemical survey along the small river flow at 1:1,000,000 scale" (Rudgeofizika
NGO, L. 1990) and "Requirements to geological and environmental studies and mapping
at 1:1,000,000 scale" (VSEGEINGEO, M. 1990). Field works in Semipalatinsk Oblast were
completed in 1994, during which year the area of 75,800 km? was surveyed.

As a result of a range of field, test-and-methodological, analytical and office works
performed by Expedition No.39 of Volkovgeology Geological Field Party, the data was re-
ceived that characterized the distribution in the surveyed environments (surface water, and
sediment) of principal natural and man-caused radioactive elements. Their background val-
ues were established, quality of potable water in a number of inhabited areas was assessed,
and based on the area zoning according to the level of contamination, an effort was made to
characterise the ecological importance of such contamination.

Following the analyses of bottom sediment samples, the areas with high contents of
137Cs radionuclides were determined (Figure 1).
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Figure 1. Layout of '¥’Cs activity distribution in bottom sediments of small river flows
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The areas of radioactive contamination shown in Figure 1 were identified as a result
of combining the areas of surrounding micro-basins with high radionuclide concentrations
in bottom sediment samples. In Beskaragai District an area was identified where caesium
concentrations in bottom sediments were in the range of 28-58 Bg/kg.

We believe that although the use of such research techniques enables identification
of areas (micro-basins) with excessive values of radiation parameters, it does not mean that
such areas can be combined into areal structures as shown in Figure 1. The land plot with
excessive concentration of *’Cs is located east of Dolon and B. Vladimirovka villages, and
its location does not align with the axis of radioactive fallout traces from the first nuclear test.
The first nuclear test could have resulted in radioactive contamination of the area only within
the southern part of the land identified. The northern part of the identified land was apparently
contaminated by another ground nuclear test.

Unfortunately, at the time of those studies set out below, it was impossible to verify
our assumptions, however our studies later confirmed the inaccuracy of combining the mi-
cro-basins based on the results of hydrolithochemical survey of this area.

Studies conducted by IRSE of NNC of the Republic of Kazakhstan in the Irtysh pine
forests and presented in this article started in 2004 as part of the study of radiation situation
in the Republic of Kazakhstan [5].

MEDIUM-SCALE FIELD SURVEY OF LOCAL
RADIOACTIVE CONTAMINATED AREA

In 2004, Institute of Radiation Safety and Ecology, as part of the budget program
"Provision of radiation safety. Study of radiation situation in the Republic of Kazakhstan"
and by order of Volkovgeology JSC, performed works to examine the local areas of radioac-
tive contamination that were previously identified based on the results of hydrolithochemical
surveys along the small river flows. One of the areas was located on the radioactive fallout
trace from the first nuclear test in Dolon village within the '¥’Cs contaminated area with the
specific activity in soil over 28 Bq/kg (Figure 1).

Radiological survey of the radioactive contaminated area involved radiometric mea-
surements, environmental sampling followed by determination of specific activity of '*’Cs
natural and artificial radionuclide.

Survey points are shown in the map (Figure 2).

In the course of radiological survey, 43 composite soil samples, 8 stratified soil sam-
ples, 4 grassland vegetation samples, and 3 needle litter samples were collected. Composite
soil samples were collected at a regular evenly spaced grid of 2 x 2 km. The sampling method
was "envelope" with the 10 m side. The area of composite sample is 300 cm?, and sampling
depth is 10 cm. In four points, which coincide with the soil sampling points, repeated soil
samples were collected layer-by-layer at 0-5 and 5-10m depth at the same grid (from the
same pits) by the "envelope" method. Vegetation samples were collected in the soil sam-
pling places predominantly in grazing lands. The sample weight was at least 2 kg. In the
forest, 7 samples of needle and leaf litter from 2 to 10 cm thick were collected from the area
of 40 x 40 cm.
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Figure 2. Soil and vegetation sampling points

In each spot sampling point, the equivalent dose rate of gamma radiation was mea-
sured on the soil surface and at the 1 m height. The spread in values of EDR within the enve-
lope did not exceed 20 %. Average values of five points were recorded. In the points located
along the profile with 500 m space between soil sampling points, EDR measurements were
taken on the soil surface and at the 1 m height. The range of EDR measured in sampling
points was from <10 to 12 uR/h, which corresponds to the background values for this area.

The efforts to identify any reliable regularity of EDR distribution depending on the
location of the first nuclear test trace failed (Figure 3). Therefore, it would be apparently
incorrect to rely on the EDR measurement results when singling out the radioactive contami-
nated areas in this land.
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Figure 3. EDR distribution on the site

After the standard sample preparation (sieving and quartering of soil samples, and
drying and cineration of vegetation samples), gamma-spectrometric analysis of the collected
soil and vegetation samples were carried out. The results produced are set out in Table 2.

Table 2.
Concentration of ¥’Cs in soil and vegetation
Specific activity of *'Cs, Bq/kg
Sampling . = :
e Sampling place Soil soil (0-5cm | soil (5-10 cm | Grassland i e
depth) depth) vegetation ’
1 Hay field 1143 - - - B
2 Coniferous forest | 8+2 - - - B
3 Coniferous forest | 33+5 - - - B
4 Coniferous forest | 66+4 - - - 0.5+0.3*
5 Coniferous forest | 14+3 - - - -
6 Coniferous forest | 18+4 - - - -
7 Coniferous forest | 34+3 - - - B
8 Coniferous forest | 30+4 - - - R
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. Specific activity of ¥'Cs, Bq/kg
Sam!)llng Sampling place . soil (0-5cm | soil (5-10cm | Grassland . "
point Soil depth) depth) vegetation Bark, pine needle
9 Coniferous forest | 72+6 - - - -
10 Coniferous forest | 5243 - - - -
11 Coniferous forest | 4243 - - - -
12 Coniferous forest | 21£5 - - - -
13 Coniferous forest | 22+1 - - - -
. 4.5£0.4
14 Coniferous forest | 28+2 - - - 0,050,020
15 Hay field 1343 161 15+4 1.4+0.3 -
16 Hay field 38+3 - - - -
17 Hay field 5247 - - - -
18 Aspen forest 2142 - - - -
19 Aspen forest 47+6 - - - -
20 Aspen forest 69+6 - - - -
21 Aspen forest 3343 - - - -
22 Aspen forest 3443 - - - -
23 Aspen forest 110+9 - -
24 Aspen forest 33+6 127+8 26+4 2.840.4
25 Aspen forest 161 - -
26 Coniferous forest | 66+7 76+8 16+2
27 Aspen forest 96+8 - -
28 Aspen forest 140+9 - - 1.940.2
29 Aspen forest 32+2 - -
30 Aspen forest 4443 - - (0. 47i02§22541 Am)
31 Aspen forest 3143 - -
32 Coniferous forest | 34+2 - -
33 Coniferous forest | 32+5 - -
34 Aspen forest  |380+25 - -
35 Coniferous forest | 15+4 11£2 17+4 1.7£0.1
36 Coniferous forest | 17+1 - -
37 Aspen forest 22+1 - -
38 Coniferous forest | 26+4 - -
39 Coniferous forest | 26+4 - -
40 Coniferous forest | 25+5 - -
41 Coniferous forest | 16+2 - - 2.3+0.3
42 Coniferous forest | 42+6 - -
43 Coniferous forest | 16+4 - -

In the majority of the analysed samples, concentration of *’Cs exceeds the global
fallout background (GFB) that is about 15 Bg/kg [6]. Maximum concentration of *’Cs
is 380 Bg/kg, which exceeds the global fallout background ~25 times. Figure 4 shows the
¥7Cs distribution in soil cover within the surveyed area, the specific activity in radiohydro-
lithochemical sampling is indicated in Bg/kg.
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Figure 4. Map of '*’Cs distribution within the surveyed area

The distribution of *’Cs within the surveyed land that covers the area of about 35 km?
is uneven (minimum and maximum values differ almost 50 times). An area was discovered
with the well-defined excessive concentration of *’Cs in soil registered in several nearby
points (23, 27, 28, and 34). There are also areas with the background values of *’Cs. Such
radionuclide distribution is, first of all, conditioned by irregular fallouts from radioactive
cloud, as well as migration processes that are both natural and the result of reforestation.
Distribution of '*’Cs along the depth of soil horizon (0-5, 5-10 cm) in the points where its
concentration is at the level of GFB (point 15, point 35) is uniform. The variance in '*’Cs
concentrations in the repeatedly collected soil samples is at the level of measurement method
error. In the points where excessive concentration of '¥’Cs is observed (point 24, point 26), its
concentration in the upper 5 cm soil layer is 5 times higher than in the lower layer.

Concentration of '¥’Cs in the grassland vegetation is one order less than in the soil
layer of 5-10 cm (accumulation factor K is 0.1) in all three samples where the data on the
layered distribution of '¥’Cs in soil is available. Of course, this data is insufficient to draw
final conclusions, however, such dependence might be conditioned by the location of the
main root system particularly in this part of soil layer (5-10 cm). Occasional data was also
received on '¥7Cs concentration in the pine needle and bark of softwood and hardwood trees
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(Table 3). Concentration of *’Cs radionuclide is one order (6-14 times) less than in soil,
and in the pine needles — two orders less. **' Am radionuclide was registered in the bark of
hardwood tree (aspen). No information about the age of the tree was specified, therefore in
case of entry of this radionuclide through the bark, plutonium isotope presence can be also
expected in the bark. In case of ! Am entry through the root the question about plutonium
isotope concentrations remains open.

A sand component was selected from the forest leaf litter samples. Samples of vegeta-
tion and sand component of litter were also analysed for artificial radionuclides (Table 3).
Unfortunately, gamma-spectrometry of vegetable and sand fraction was carried out in one
sample only (point 4), as to other samples the analysis, for different reasons, was performed
either on the vegetation or on the sand fractions.

Table 3.

Gamma-spectrometry of soil and forest leaf litter samples

7Cs specific activity, Bq/kg
Sampling | Place of sam- ; :
point pling Soil Litter (vegetable Litter (sandy Notes
component) component)
241 3 1

4 Forestry | 664 894 25148 2’6i1’ifart/g‘lilgevr")gemnon
14 Forestry 28+2 6343 -

41 Forestry 16+2 3143 -

18 Aspen forest 212 - 105+5

28 Aspen forest | 13949 - 78+7

37 Aspen forest 22+1 - 48+3

38 Forestry 26+4 - 235+9

137Cs concentration in the vegetation component of needle litter is 1.5-2 times higher
than in the underlying layers of soil, and in the sandy component of litter (one sample only —
p.4) the ¥’Cs concentration is higher than in its vegetation component. In the same litter
sample, ' Am radionuclide concentration was found, which might evidence the presence
of 2397240 Py radionuclides. ¥’Cs concentration in the sandy component of litter is 2-10 times
higher than in the underlying layers of soil, except for point 28 where the concentration of
137Cs in soil is twice higher than in the sandy component of the litter. Based on the fact that
in most cases concentration of '*’Cs is higher in the litter than in the soil, we will assume that
this is the main type of radionuclide distribution in the soil cover. Such distribution can be
explained by the processes that occur during the fallout from the atmosphere. The forest leaf
litter is the part of forest ecosystem which collects the most of the man-caused contamina-
tion. In case with the radioactive fallout from nuclear explosion cloud the forest leaf litter
contamination occurred in two ways: radionuclide fallout from the atmosphere directly onto
the soil surface (forest leaf litter) and formation of forest leaf litter on account of the fall of
contaminated pine needles and leaves. Further, in the course of radionuclide migration the
most of radionuclides (depending on their chemical properties) accumulate in the litter.
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STUDY OF RADIONUCLIDE IN-DEPTH DISTRIBUTION
IN SOIL

The second objective of this study was the evaluation of radionuclide distribution
within the studied area (radioactive contaminated area) along the depth of soil profile. The
profile 25 km long comprising nine research fields (soil profiles) was placed on the right bank
of the Irtysh River from the coastal area towards the trace of radioactive fallouts determined
by the hydrolithochemical surveys (Figure 5).

Dose isolines, roentgen
—0,1-0,2 —10
—0,5 —50
—1 —100
—5 —200

Figure 5. Layout of soil cross sections

This profile crosses the main landscapes of the right bank. Fields 1 and 2 are within
the terrace above flood-plain of the Irtysh River of Irtysh valley-meadow area, according
to the natural zoning [7] in the contour of K - Cn*meadow-brown ordinary together with
meadow-steppe solonchak-like average alkali soil (20%). Field 2 is located on the gentle
slope of the valley side of the Irtysh River in the soil contour JIr,* - Cu * - Ck - meadow dark
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salted lumpy in combination with meadow solonchak-like alkali soils (20 %) and meadow
solonchak (20 %).

Fields 3-9 are located within the Semipalatinsk plain and hummocky sandy forest areca
and laid in various terrains and soils. Fields 3 and 8 characterize the soil contour ITp* + K™ +
Cn,— pine forest plain sands, sometimes hilly, registered with dark brown deep effervescent
sands of average thickness (20%) and in combination with turfy forest solod soil (10 %).
Field 4 is located in the contour of K,™ — dark brown deep effervescent moderately thick and
thick, Field 5 — in the contour of JIr,”™ — meadow dark deep effervescent lumpy, Field 6 — in
the contour of JIr,* — meadow dark carbonate lumpy, Field 7 — in the contour of b — meadow
boggy, Field 9 — in the contour of K,™- dark brown deep effervescent moderately thick and
thick.

Composite vegetation samples in 2 replicates of 2 kg each were collected on each
field, their species composition is described, soil profile is established, genetic horizons are
described and soil samples area collected there for radionuclide analysis. Distribution of soil
profiles and their intervals are presented in Table 4.

Table 4.
Distribution of soil horizons and stratified samples in the depth

- Section 1 | Section 2 | Section 3 | Section 4 | Section 5 | Section 6 | Section 7 | Section 8 | Section 9
. Depth, cm
A 0-6 0-2 0-12
A 0-13 0-3 0-2 0-2 12-24 0-3 0-3
A 13-34 6-13 3-14 2-11 2-8 2-10 3-15 3-18
B 24-55
B, 16-32 14-31 11-22 8-16 10-42 15-42 18-57
B, 32-54 31-70 22-54 16-42 42-87 57-72
B, 54-76 42-95
BC 75-115 70-110 42-125 | 72-106
B, 34-100
C 54-75 76-112 | 95-110 | 87-100

Based on the field descriptions, lithological profile is composed along the trace line
consisting of the above 9 soil cross sections (Figure 6).

As the Figure shows, the profile crosses the main landscapes of the Irtysh plain and
Irtysh River valley. So, deep effervescent thin humus chestnut zonal soils, which are typi-
cal for wide ridges that separate ribbon forests; forest sands that are spread under the pine
woodland; and meadow-boggy soils developed in depressions of ribbon rests were described
and sampled. The meadow-salted soils on the valley side and meadow alkali soil in the ter-
race above flood-plain in the Irtysh River valley were described. Under the conditions when
the flows are regulated by water reservoirs, these fields are not exposed to flooding, which
resulted in soil salinization in the valley.The data obtained from cross-spectrum analysis is
shown in summary Table 6.
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Figure 6. Lithological Profile

Table 6.
Radionuclide concentration in the soil-vegetation ecosystem in research fields Nos. 1-9
Place Description of plants, | Depth of soil Man-caused radionuclide concentration
of sampling research field sampling, cm | 37Cs  [7Cs, repeated NG 239240py
) Wheat grass, worm-
Irtyshriver | yood, anabasis-salsa 3341 ) ) )
terrace, 0-13 1242 - 4149 RES
wasteland Soil section 1 13-34 <0.7 - - R
. 34-100 <0.7 - - -
Meadow-s.teppe grain 0.840.2 i i i
varieties
0-6 413 - 8+3 62+15
Terrace slope, 6-17 <0.7 - 108+6
deposit . . 17-32 <0.7 -
Soil section 2 3054 07
54-75 <0.7
i 75-115 <0.7
Steppe Iﬁisri)esllaneous 81403
Clearing 0-3 39+2 3222 2 12035
in forest, thin 3-13 1342 11£1 442 40+10
forest Soil section 3 13-31 <0.7 5748
31-70 <0.7
70-110 <0.7
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Place Description of plants, | Depth of soil Man-caused radionuclide concentration
of sampling research field sampling, cm | 13Cs  [97Cs, repeated NGy 39240py
Dry steppe miscella- 2541
neous herbs
Clearing 0-2 1142 13+1 <2 30+8
in forest, 2-11 20+2 18+2 542 80+30
clear-boled Soil section 4 11-22 16+2 14+1 <2 45+11
forest 22-54 6+1 65+6
54-76 <0.7
76-112 <0.7
Meadow miscellaneous 2741
herbs
. 0-2 60+4 44+2 30+7 360+75
Clearing 2-8 3143 2142 20+5 5612
in forest, L 8-16 9+1 1153 | 18518
depression slope Soil section 5 1642 07
42-95 <0.7
95-110 <0.7
M.eadow and steppe 12,1204
Clearing miscellaneous herbs
. 0-2 1124 95+3 4419 310+65
in forest, L 2-10 373 331 2756 | 135430
depression slope Soil section 6 042 207 34516
42-87 <0.7
Bog-meadow miscel-
Clearing laneous herbs 7o
in forest, 0-12 5144 9+3 48.8+8.4
bog Soil section 7 12-24 942 71 <2 180+40
24-55 <0.7 8.5£2.6
M.eadow and steppe 4341 ] ] i
Clear-boled miscellaneous herbs
0-3 33+2 - <2 1445
forest, forest o 315 34507 | <08 2 13030
meadow Soil section 8 1542 <07 - - 82:2.6
42-125 <0.7 - - -
M.eadow and steppe 7741 ] ] i
miscellaneous herbs
Clearing 0-3 11£2 <2 10+4
in forest, 3-18 9+2 <2
hey-field Soil section 9 18-57 <0.7
57-72 <0.7
72-106 <0.7
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Radionuclide distribution into the depth of soil horizon is also shown in Figure 7 (a — 1).

-
~

Soil profile Nel

B Cs137 WS90 @ Pu-{239+240)

5
5}

Soil profile Ne2

B Cs-137 HSr-90

H Pu-(239+240)

10 @ 100
o =
= o
Can L
o z
& 6 8 60
s o
o =
a €
= 40
£ 4 8
g @
@, 20
0 o) | 0
03 318 18.57 e =T 06 6-17 17-32 3254 54.75 75-115
Depth, cm Depth, cm
a) b)
Soil profile Ne3 Soil profile Ne4
140 90
W Cs137 WS90 [ Pu-(235+240) i W Cs-137 WSr-90 [ Pu-(239+240)
= 120 &
= = 70
3 1w g
2 & 50
o 60 o 40
= =
o §. 30
- %
20 10
0 o
0-3 3-13 13-31 31-70 70-110 0-2 2-11 11-22 22-54 54-76 76-112
Depth, cm Depth, cm
) d)
Soil profile Ne5 Soil profile Nee
400 350
i mCs137 WSr-90 M Pu-(239+240) B Cs-137 WSr-90 [ Pu-(239+240)
300
2 o
T 300 =
o £ 250
Z 250 2
Z 200
§ 200 &
g o 150
& 450 =
g g
100
w 100 )
50 50
0 0
0-2 2-8 8-16 16-42 4295 95-110 0-2 2-10 10-42 42-87
Depth, cm Depth, cm

e)

225



Radioecological Situation at the Former Semipalatinsk Test Site and Adjacent Territories

Soil profile Ne7 Soil profile Ne8
200 140
B Cs137 WS90 [ Pu-(239+240) mCs-137 WSr-30 EPu-(239+240)
180 Al
g 10 g
3 B 100
@ 140 a
Z 120 &
s = =80
T 100 T
o o 60
£ &
o o
peo 2 40
20
20
& . |
0-12 1224 24-55 0-3 3-15 15-42 42125
Depth, cm Depth, cm

Soil profile Ne9

12
B Cs-137 MSr-90 M Pu-(239+240)

10

Specific activity, Bg/kg
o

o Fa |
0-3 3-18 18-57 57-72 72-106
Depth, cm

)

Figure 7. Radionuclide distribution in soil horizons

As the table and graphs show, the maximum concentration of '*’Cs is observed in
the surface soil horizons (0-2, 0-3 cm) and in section 6 it is about 110 Bg/kg. This section is
placed near the axis of radioactive fallout trace from the first nuclear tests on meadow soils,
and on the depression slope in the centre of which there is a swamp. Lower values of this
radionuclide (60 and 50 Bq/kg) are observed in the upper horizon of nearby sections 5 and
7, respectively. With the depth, the values of '*’Cs drop down several times and at a depth of
15-20 cm they are at the detection limit (<0.7). Such distribution of *’Cs is noted regardless
of the soil texture.

The maximum values of **Sr reach 44 Bg/kg in the surface horizons of section 6 lo-
cated on the depression slope, where the excessive values of '*’Cs are observed. The second
largest value was observed in the surface horizon of section 1 located in the Irtysh River
valley. According to the data on two sections, the values in the second horizon go down by
30-35% regardless of the soil texture. However, due to the lack of data on all horizons, it
is impossible to give more detailed description of *Sr radionuclide penetration in the soil
profile.

The maximum fallout of 2 Py from the radioactive cloud within the surveyed
area occurred in the depression slope, and the maximum concentration is observed in the
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surface horizons of sections 5 and 6, which is 360 and 310 Bg/kg, respectively. These sec-
tions are located near the axis of the radioactive fallout trace from the first nuclear test. It
should be noted that in case of light soil texture represented by sandy clay in section 6, in-
tensive migration of this radionuclide occurred in the underlying layer. So, the concentration
of 297290 Py in the horizon second from the surface (2-10 ¢cm) is approximately 45 % of the
content in the 0-2 cm layer. Whereas in section 5, the profile is formed by light loams and
the amount of the material, which migrates from the surface into the second layer, is only
16-17%. The movement of maximum concentration of this radionuclide into the second and
third layers due to light soil texture is observed in section 4, where sandy pulverescent de-
posits prevail in the soil profile. This is not a single case when values noted in the underly-
ing horizon are higher than in the top horizon, which is possible with the light texture of
soils represented by powdery sand or sandy clay soil due to scattered ground. The depth
of 2272490 Py radionuclide penetration into the soil profile usually reaches 30 cm, and in rare
cases — 50 cm. The man-caused interference is equally important: for example, in section
2 the field was ploughed and clover was planted, and in section 8 the field was ploughed to
plant pines. These factors, most probably, disturbed the natural texture of soil and moved
the layers of radioactive contaminated soil. It is quite possible that in the area of sections
4 and 7, which are now located in the open area, the works were also performed connected
with the movement of top soil layer, which is evidenced by the characteristic distribution of
radionuclides.

Therefore, the maximum contamination with man-made radionuclides is observed
near the axis of the radioactive fallout trace from the first nuclear test. Distribution of ¥’Cs
and *°Sr radionuclides in the soil horizon is not connected with the types and texture of soil,
unlike 2% *240 Py radionuclides where such dependency is noted. In order to study the pen-
etration of man-made radionuclides into the depth, the soil layers sampled at regular space
of 5 cm shall be studied.

Accumulation factor of '*7Cs by the plants is highly variable ranging from 0.01 to
7.00 (Table 7). Apparently, the accumulation of this radionuclide by the plants depends on
both the physicochemical properties of soil, primarily mechanical composition and amount
of organic matter, and the biological features of the plants caught in the test sample. How-
ever, such high concentrations of '*’Cs in the vegetation raises doubts, therefore these data
needs to be verified in future.

Lack of measurements of *°Sr and 2 *>*°Pu concentrations in vegetation samples does
not allow calculating their accumulation factor.

Table 7.
Accumulation factors (Af) of arificial radionuclides in the over ground part
of composite plant samples collected on the surveyed areas
. Specific activity '¥’Cs, Bq/kg
Place of sampling Soil Plants Kn
River terrace, wasteland, section 1 12 35 2,9
Terrace slope, deposit, section 2 41 0,8 0,01
Clearing in forest, section 3 39 8,1 0,20
Clearing in forest, section 4 20 25 1,2
Clearing in forest, slope, section 5 60 27 0,4
Clearing in forest, slope, section 6 112 12,1 0,10
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. Specific activity *’Cs, Bq/kg
Place of sampling Soil Plants Kn
Clearing in forest, slope, swamp 7 51 79 1,6
Clear-bold forest, forest meadow, section 8 33 43 1,3
Clearing in forest, hay field, section 9 11 71 7,0

STUDY OF INHABITED LOCATIONS

After the termination of nuclear tests and closure of Semipalatinsk Test Site (STS) on
August 29, 1991, the question of clarifying the extent of radioactive contamination of envi-
ronment was raised, as well as the question of clarifying the damage caused by the test field
operation to the health of people in the adjacent regions.

Cheremushki, Mostik and Dolon villages are located on the right bank of the Irtysh
River at a distance of 90, 96 and 108 km respectively, and Bodene village is located on the
left bank at a distance of 94 km from the centre of Testing Area of the former STS. The
most significant radioactive contamination of this region occurred after the first nuclear test
(08.29.1949). The axis of trace goes at a distance of 1.5 km from the northern suburb of
Dolon village where more than a thousand people were residing in that period (Figures 1
and 5).

Specialists of Radium Institute (St. Petersburg) conducted field radiological surveys
in 1991-1992 as part of Region I Comprehensive Program in Mostik and Dolon villages
[3, 8]. y-radiation doses were measured in the places of soil and vegetation sampling. It was
established that the average dose in Dolon village did not exceed 16 mcR/h, and in Mostik
village it was in the range of 12-18 mcR/h with an average value of 14 mcR/h.

The analysis results of soil samples that were collected throughout Dolon evidenced
that the contamination of the village area was spotty. Relatively high concentration of *’Cs
and 2 *2*Pu was observed in soil samples taken in the northern part of the village, which was
located near the axis of the trace formed after the first nuclear explosion.

The density of surface contamination with '¥’Cs in Mostik area did not exceed the
level of global fallouts and was about 50 m Ci/km?. It was established that '*’Cs was con-
tained predominantly in the upper 10 cm soil layer and its concentration in vegetation is ap-
proximately 0.1 Bq/g of ash which is significantly less than the concentration of such natural
radionuclide as “K.

Findings of the survey performed in early 90’s confirmed that the radioactive trace
from the first nuclear test was located between Dolon and Mostik villages with the distance
between them of 12 km.

The most biologically significant radionuclide 2“2 Pu is contained in the soil of vil-
lages in two main aggregate states. The first main state — soil particles of fire-polished ground
up to 100 microns, from which plutonium cannot be recovered by weak chlorohydric acid as
the laboratory tests showed. The second state — finely-divided state that enables the transfer
of plutonium from soil into weak acid solutions, in other words it is the mobile migration-
capable plutonium condition.

Following the results of laboratory analysis of soil samples it was established that
only 1-3% of plutonium is in the mobile readily soluble form and is bioavailable [3].
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Sample analysis of meat and bones of live-stock animals, milk, potable and natural
water from Dolon village showed that the concentration of radioactive substances were 10-
100 times lower than the maximum allowed levels (MAL) accepted at the time of the study.
Concentration of - and B-emitting radionuclides in the air of Dolon village is 100-1000 times
less than allowed levels for residential areas. Analysis of filters for the concentration
of 232 *240Py showed that its concentration is 3-15 times lower than the allowed levels [9].

According to the studies conducted in the 90’s, the radiation situation in Dolon and
Mostik villages is normal. There is no data on radioecological studies performed in Cher-
emushki and Bodene villages.

In 2004, specialists of IRSE conducted the radiological survey of Dolon, Mostik,
Cheremushki and Bodene. The survey results were presented in the report [10].

Radiological survey of Dolon village

In Dolon, the foot gamma survey was carried out along the streets of the village with
the fixed EDR measurements in the points spaced at 20 meters, and additional measurement
at the entrance to each farmstead. More than 1200 EDR measurements were taken. Radiation
parameters are in the range from 0.09 to 0.12 mSv/h. No any anomalies or radioactive con-
taminated areas were found based on the data received. At the same time, foot topographic
survey of main streets and buildings was carried out with the use of GPS-receiver in the vil-
lage, and the contour of settlement was made. The results of foot gamma survey are presented
in Figure 8.

Legend

Sampling points
0,09 pSwh
0,10 pSvh
0,11 pSvh
0.12 pSvih

. -
0 100 200 300 400m

Figure 8. Results of pedestrian gamma-survey of Dolon
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To assess radionuclide contamination of the Dolon village area, 5 soil samples were
collected (4 soil samples in the cardinal directions at 100-meter distance from the edge of
the village and one sample from the centre). Soil sampling was conducted by the "envelope"
method with the 10 m side at a depth of 10 cm (the sampling area is 300 cm?). In the eastern
suburb of the village at the place of soil sampling, a vegetation sample of 2 kg was taken
from the area of 2 m*.In each survey point, the equivalent dose of y-radiation was measured
on the surface of soil at a height of 1 m, and of the flow density of a and B particles. The
equivalent doses of y-radiation on the soil surface and at the 1 m height is in the range from
0.11 to 0.13 mSv/h and from 0.09 to 0.12 mSv/h respectively. The flow density of o and
particles does not exceed 1 and 10 parts/(min * cm?) respectively. These figures are at the
background values.

In the backyard (garden) located at Ivana Dits St., house No.17, one soil sample was
collected. From the same area, vegetable samples were taken for laboratory analysis to deter-
mine radionuclide composition (potatoes, carrots, tomatoes). Also, one milk sample and one
meat sample (meat was purchased in the grocery shop) were collected. Meat and milk was
from the animals that were grazed in the suburbs of the village.6 measurements of the equiva-
lent equilibrium volume activity (EEVA) of radon and thoron daughter product were taken in
the premises of residential and public buildings. The results of these measurements (Table 8)
showed that radon EEVA did not exceed the allowed average annual value of 200 Bk/m’.
The maximum values of radon EEVA of 90 Bg/m? were registered in house No.17 on Ivana
Dits St. Concentration of thoron daughter products in the surveyed areas did not exceed the
detection threshold of 8 Bq/m®.

Table 8.
Results of EEVA measurements in Dolon village
Sampling place EEVA_ (radon), Bq/m’ Allowed value of EEVA, *4,6*EEVA
School (biology class room) 23
School (school hall) 90
Ivana Dits St., house No.28 30 :
Ivana Dits St., house No.17 90 200 Bg/m
Akimat (office) 5
In the open area next to Akimat 17

Radiological survey of Mostik village

In Mostik village, foot gamma-survey was conducted in the same manner as in Dolon
village. More than 600 measurements of EDR were taken. The values are in the range from
0.09 to 0.12 mSv/h. No any anomalies or radioactive contaminated areas were identified
based on the data received. Foot topography survey of the main streets and buildings was
conducted, the contour of settlement and the layout of the village were made. The results of
pedestrian survey are presented in Figure 9.
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Figure 9. Results of foot gamma-survey in Mostik village

To assess radionuclide contamination of Mostik village, 5 soil samples were collected
in the same manner as during the survey of Dolon. In eastern suburbs of the village at the
place of soil sampling, the vegetation soil of 2 kg was taken from the area of 8 m?. The
equivalent dose of y-radiation on the soil surface and at the 1 m height is in the range from
0.10 to 0.12 mSv/h and from 0.09 to 0.11 mSv /h, respectively. The flow density of a and
particles does not exceed 1 and 10 parts/(min * cm?2) respectively. These values are at the
level of background values.6 measurements of EEVA of radon and thoron daughter products
were taken in the premises of residential and public buildings. The results of these measure-
ments (Table 9) showed that radon EEVA did not exceed the allowed average annual value
of 200 Bg/m?*. The maximum value of radon EEVA of 16 Bq/m® was registered in household
No. 26 on Lenina St. Concentration of thoron daughter products in the surveyed premises did
not exceed the detection threshold of 8 Bg/m®.
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Table 9.
Result of radon EEVA measurements in Mostik village

Sampling place EEVA,, (radon), Bq/m’ Allowe;l’\éil};lg\(;iiEVAR“
School (teachers’ room) 12
Lenina St., house No.26 16
Lenina St., house No.6 14
Building of Dolon Branch 14 200 Bg/m®
of State Forest Natural Reserves (SFNR)
In the open area next 9
to the building of Dolon Branch of SFNR

In the course of the survey, radiation parameters were measured in residential premis-
es, as well in the backyard. Samples of milk, agricultural products (potatoes, cabbage, toma-
toes, carrots) that were grown in two backyards were taken, and soil samples were collected
from these sites by the "envelope" method.

In Cheremushki and Bodene townships, the pedestrian gamma survey was conducted
along the streets with fixed measurements in points every 20 m. At the entrance to each
courtyard, additional EDR measurements were taken. The profiles of the survey went beyond
the settlements for 100 meters. No any anomalies or radioactive contaminated areas were
identified based on the data received. The EDR values vary within the following limits: in
Cheremushki — 0.10-0.14mSv /h; in Bodene — 0,10-0,13 mSv /h. To assess the radionuclide
contamination of the Cheremushki and Bodene residential areas, 5 soil samples were taken in
the same manner as during the survey of Dolon village.Total of 25 soil samples, 13 food sam-
ples and 2 vegetation samples were collected in Dolon, Mostik, Cheremushki and Bodene.

Concentration of radionuclides in so0il25 soil samples were analysed by gamma-
spectrometry and radiochemical method. The results of laboratory analyses are shown in
Table 10.
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Table 10.
Specific activity of radionuclides in soil samples collected in the residential areas
. Sampling Concentration of radionuclides, Bq/kg
No. Sampling place .
p()]nt 40K 232Th 226Ra 137Cs 90Sr 239+240Pu
1 Dolon garden | 810+90 | 30+6 1545 1244 | 4.6£2.7 | 643
2 Dolon, western suburb point 1 | 810£70 | 36+4 28+5 16+2 | 5.8t4.0 | 174
3 Dolon, eastern suburb point2 | 790+£80 | 32+4 36+5 1143 | 2.6+1.4 | 2446
4 Dolon, northern suburb a point3 | 730460 | 25+3 16+3 16+2 <2 16+3
5 Dolon, southern suburb a point4 | 790+70 | 31+4 3245 9+2 <2 5.8+1.9
6 Dolon, centre point5 | 760+70 | 32+4 2445 542 <2 2.6+0.8
7 Mostik, Lenina St. 6 garden | 800+70 | 13+2 36+5 21+3 743 3.1£1.1
8 Mostik, Lenina St. 26 garden | 750+70 | 21+4 1344 2043 | 3.8+1.7 6+3
9 Mostik, northern suburb point 1 | 770490 | 23+2 20+3 8+2 | 3.8+1.6 | 3.6£1.9
10 Mostik, eastern suburb point2 | 620+70 | 44+5 3345 1743 | 3.941.7 | 3.4+1.8
11 Mostik, western suburb point3 | 730+£60 | 20+3 18+3 6+2 3.3£1.5 <1
12 Mostik, centre point4 | 770460 | 1943 1443 4+1 4.0£23 | 1.240.5
13 Mostik, southern suburb point5 | 770460 | 2143 1943 8+1 2.0£1.6 <1
14 Cheremushki garden | 630+90 | 35+6 2346 7+3 | 24.6£7.6| 1.8+1.3
15 | Cheremushki, northern suburb | point 1 | 940+80 | 41+4 29+5 14+2 | 5.7+2.1 <1
16 | Cheremushki, eastern suburb | point2 | 700+70 | 41+£5 3545 1343 | 54424 | 1043
17 | Cheremushki, southern suburb | point3 | 820+70 | 30+4 20+4 1442 542 -
18 Cheremushki, centre point4 | 720£70 | 3243 2244 1242 | 3.342.1 -
19 | Cheremushki, western suburb | pointS | 690+70 | 50+5 27+5 12+2 <2 -
20 Bodene, northern suburb point 1 | 71060 | 32+4 23+4 2043 | 64424 | 1043
21 Bodene, southern suburb point2 | 760+50 | 2143 18+3 1742 <2 -
22 Bodene, western suburb point3 | 780£50 | 2343 18+3 8+2 9.844.9 | 3.0£0.9
23 Bodene, eastern suburb point4 | 780+50 | 2343 18+3 8+2 <2 5.6+1.7
24 Bodene, centre point5 | 810460 | 27+3 23+4 2042 | 1.8+1.8 | 3.8+1.2
25 Bodene garden |870+100| 48+12 | 25+11 1244 | 3.842.6 | 4.9+1.5

Notes : "-"no analysis was performed

Following the analyses, it was established that the values of natural radionuclides are
at the level of average concentration of these elements in the soil of Kazakhstan, which is
conditioned by the soil types and geological structure of the earth’s crust in this area.

The data in Table 10 show that concentration of the artificial radionuclide *’Cs in soil
in the surveyed points varies from 4 to 21 Bq/kg, which is at the level of background global
fallouts that is 65 mCi/km? (15 Bq/kg for the depth of 10 cm) [6]. The maximum concentra-
tion of ¥’Cs of 21 Bg/kg was discovered in the sample taken in Mostik village in the back-
yard located at Lenina St., house No.6 (garden). Specific activity of man-made radionuclides
%Sr and 2 ***°Pu in soil is in the range from <2 to 24.6 Bq/kg and from <1 to 24 Bq/kg respec-
tively. Concentration of *’Sr in all soil samples is below the level of background global fall-
outs, that is 39 mCi/km? (9 Bq/kg) [6], except for one sample collected in the garden in Cher-
emushki village. Following the laboratory studies, it was established that concentration of %
24Py radionuclide practically in all samples exceeds the level of background global fallouts
accepted for this radionuclide at 0.5-2.67 Bq/kg [11], that is 9 times exceeding. Maximum
concentrations of 2 *4Py in soil were discovered in the eastern, northern, and western sub-
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urbs of Dolon village due to the radioactive fallouts from the first nuclear explosion cloud. It
should be noted that higher concentrations of '*’Cs and *°Sr, as compared to other surveyed
points, were discovered in the soil of gardens. Perhaps this is because the organic fertilizer
(cow manure) is added to the garden soil every year, and the cows always graze in the arcas
adjacent to the townships, including the areas of radioactive fallout trace.

Radionuclides concentration in food and vegetation

13 samples of food samples (meat, milk, potatoes, tomatoes, cabbage and carrots)
were analysed by gamma-spectrometry and radiochemical method, and these samples were
collected on the backyards in Mostik and Dolon villages, and 2 vegetation samples taken
from their suburbs were also analysed. The results of laboratory analyses are shown in Table
11.

Table 11
Specific activity of radionuclides in food and vegetation samples
Radionuclide concentration, Bq/kg
No. | Samples Place of sampling wCs Allowed g Allowed wa0py
levels levels

1 potato Dolon, I.Dits St.17 <0.2 <0.2 <0.5
2 potato Mostik, Lenina St. 6 1.6+1.3 120 0.7+0.4 40 <0.1
3 potato Mostik, Lenina St. 26 442 0.8£0.8 <0.1
4 carrot Dolon, I.Dits St.17 <0.2 120 0.4+0.4 40 <0.5
5 carrot Mostik, Lenina St. 26 2.7£1.6 0.9+0.9 <l

6 tomato Dolon, I.Dits St.17 <0.2 40 5.543.1 30 <l

7 tomato Mostik, Lenina St. 6 3.2+1.7 5.3+4 <0.8
8 | cabbage Mostik, Lenina St. 6 <0.2 40 44423 30 <0.5
9 | cabbage Mostik, Lenina St. 26 <0.2 10+9 <0.8
10 milk Dolon, I.Dits St.17 2.2+1.3 100 0.6+0.6 25 <0.2
11 milk Mostik, Lenina St. 26 1.7£1.0 <0.2 <0.2
12 meat Dolon <0.2 200 2.2+0.6 50 <0.2
13 meat Mostik <0.2 2.9+1.2 <0.2
14 | plants Mostik, point 2 <0.3 74 0.7£0.3 n <0.1
15 plants Dolon, point 2 0.5+0.1 0.2£0.2 <0.1

As it is evident from the table, the specific activity of *’Cs and *’Sr radionuclides in
food and vegetation samples does not exceed 3.2 and 10.5 Bg/kg respectively, which, accord-
ing to the hygienic standards [12], is below the allowed concentration of these radionuclides
in food. Acceptable concentrations of these radionuclides in food are shown in Table 11.

In the vegetation, the maximum concentration of '*’Cs was registered in the sample
taken in the suburb of Dolon village at the level of 0.5 Bq/kg, which does not exceed the
allowed level under the regulations of the Ministry of Agriculture of the Republic of Kazakh-
stan (74 Bg/kg). [13]

Maximum concentration of **Sr in vegetation was registered at the same place at the
level of 0.7 Bg/kg, which is well below the allowed level (111 Bg/kg). [13]
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Concentration of 2?***Pu in vegetation does not exceed the detection level of equip-
ment. Contamination of vegetation with transuranic radionuclides is not regulated in Ka-

zakhstan.

The data received from radiological survey in 2004 is well consistent with the results
of studies performed by specialists of Radium Institute (St. Petersburg) in 1991-1992 as part
of Region-1 Comprehensive Program.

Based on the results of studies performed, the following findings were made, which
served as the starting point for further studies:

1.

The data obtained during the hydrolithochemical survey can be used only for
the assessment of radionuclide concentration in a certain surveyed area, and one
should refrain from the use of the data interpreted based on the combination of
radioactive contaminated areas by means of combining micro basins.

The data obtained on *’Cs concentration in soils of the surveyed area indicates
that the radionuclide distribution is spotty, which is, apparently, connected with
its fallout from the radioactive cloud formed as a result of the first nuclear test.
The area of the detected site with excessive concentration of *’Cs covers more
than 4 km?. It might become a starting point for determination of space and posi-
tioning of grid to sample natural component in order to determine other radioac-
tive fallout traces from the ground nuclear tests conducted on the STS.To identify
the nuclear tests that could have caused the contamination of Irtysh forests, and to
identify radioactive fallout traces, one should collect all available information.
Maximum concentrations of '*’Cs radionuclides are in the plant litter and sev-
eral times higher in the soil. In the litter, the maximum concentration of *’Cs is
in most cases found in sandy component if compared to the plant component.
Distribution of *’Cs and *°Sr radionuclides in soil horizons is not related to the
soil types and texture, unlike the revealed distribution of ?** **** Pu radionuclide
where such dependency is observed. It should be noted that in the open areas of
the surveyed site, excessive radionuclide concentrations are observed in deeper
soil layers due to the anthropogenic interference (ploughing).

In the course of gamma-spectrometric analysis of single soil samples and lit-
ter, 2! Am radionuclide was detected, which might evidence the presence of plu-
tonium isotopes. However, no **'Am radionuclide was detected in soil samples
where hundreds of Bq/kg of 2 *** Pu were registered. Studies of radionuclide
concentrations in herbaceous and woody vegetation made it possible to determine
the accumulation factors that differ by several orders and range from hundredths
to units.

At present, the radiation situation in residential areas is normal. Concentration
of radionuclides in the natural environment does not exceed the allowed levels.
In general, the data that we obtained is well consistent with the results of works
performed by international researchers.
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EPTIC JKAFA/IAYBIHBIH KAPAFAH/IBI OPMAH
AYMAFBIHJIAFBI PATHALTHSTBIK AXYAIT

Crpuabuyk 10.I., Ocunues B.C., Maramesa P.JO.

KP Y0 Paouauuansik Kayincizoik sy#caHe IK0102UA UHCHIUINY b,
Kypuamos, Kazaxcman

Cemeii ceiHak nonuronsiHaa (CCII) kenrtereH skpuraap OOWBI SAPONBIK Kapylbl ChIHAyFa
yKacaJIFaH ChbIHAKTap/bIH Cal/lapblHAH TEK KaHa MOJIMIOH ayMaFbl eMEC, COHBIMEH Karap OFaH )KaKblH
JKaTKaH ayMakTap Ja paJnoaKTUBTI JlacTaHy ocepiHe yuibipaasl. Ocbiaaai aymakrapasiy 6ipine CCIT
CONITYCTIK-IIBIFBIC OaFbITTa OpHanackaH Epric jkaranaybl OOWBIHIAFBI Kaparaiilbl opMaH Ti30eriHiH
KayJiar 6CKeH OOJIiri xKaTabl.

Epric karanayblHBIH OOMBIHAAFbl Kaparailibl opMmaH Epric 3. OH Kak jKarajayblHIa
Kazakcrannsig exi obmeicel — Ilbirbic-Kazakcran men IlaBnomap oOGMBICTapbIHBIH ayMaKTapblHIA
opHanackaH. Kaparaiiabsl opMaHHBIH >kanrbl aymMarsl 870,5 MbIH ra Kypaiasl. OpMaHKypayIIbl aFaril
TYpi — KapamaiibiM Kaparaii (Pinussilvestris). Kaparaiiiabl opMaH keHe 3aMaHFbI OOJIBITT TAObLIA b )KOHE
YJIKEH SKOJIOTHSUIBIK, QJIeYyMETTiK-OKOHOMHUKAJIBIK MaHbI3Fa He.

OpMaH SKOKYHENepiHiH PaJHOaKTUBTI JIACTaHYBIHBIH HETI3rl paJuONOTHSUIBIK 3apaa0blHa
PAZAMOHYKIMATEPIH OPMaH OHIMJIEPiH/Ie KUHAKTAIYbI )KOHE OJIap/bl O/IaH dpi NaiijataHyblH LIEKTeY,
OpMaH MHIapyallbUIBIFBIHA KAMTBUIFAH KBI3METKEPJIEPAiH JKOHE TYPFBIHAAPABIH CHIPTKBI JKOHE iMIKi
coyneneHyi xarazsl. Kopray mapasapsl 6eicen il TYpae KOIIaHbUTYbl MYMKIH aybUl [IAPYaIlbUIbIFbI
JKepJepiHe KaparaH/ia, OpMaH KypaybIIITapblHAAFbl PAaAMOHYKIUATEPIiH KYPaMbIHBIH HEri3iHeH
e3repici Taburu axropiapabiH ecedineH 6osaabl. OnapabIH Y3aK yaKbIT OO ©3/1iriHeH Tap3apThUTybl
cebenTi, OpMaH KOXKYHenepi y3aKKa IeiiH TYpFBIHIAp YIIiH ¢, OpMaH HIapyallbUIbIFbI )KYMBICKEpIIepi
YILIH Jie paJHalusuIblK KaTep/IiH Ko3i 00JIbI Ta0buiabl.

Kinm ce30ep: Kaparaiiiabl OpMaH, aJFalliKbl SAPOJIBIK CHIHAK, TEXHOTEH/I PaJnOHYKIHATED,
TOIBIPAK OCHiHi, paJHalisIIBIK axyall.

PATHAITHOHHAA ObCTAHOBKA
HA TEPPUTOPHH COCHOBbLIX BOPOB IIPUHPTBHILIIBA

Crpuapuyk 10.I., Ocunues B.C., Maramesa P.1O.

Hucmumym paouayuonnoit 6ezonacnocmu u yxonocuu HAI] PK,
Kypuamos, Kazaxcman

MHoroneTHIe UCTIBITAHUS SAEPHOTO Opykust Ha CeMUIaTaTHHCKOM HCTIBITaTeIbHOM OJTUTOHE
(CHIT) npuBenu K paJloakTHBHOMY 3aTrPsA3HEHUIO HE TOJIBKO YaCTH TEPPUTOPUH CAMOT0 TOJIUIOHA, HO
U NpUICTarIuX K HeMy Tepputopuil. OfnHON U3 TaKUX TEPPUTOPUI SIBIISIETCS 110JI0Ca IIPOU3pACTaHUS
nenToqHoro 6opa [IpuupTHIIIES, pacroIoXKeHHas B CeBEpO-BOCTOYHOM Hampasienuu ot CUIL.
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Jlentounslit 6op [IpuupTHILIBS pacrosoikeH Ha IpaBoOepexbe p. VIPTHI Ha TEPPUTOPUH IBYX
obmacreit Kazaxcrana — Boctouno-Kazaxcranckoii n [laBnogapckoii. O0mias miomanb JISHTOYHOTO
6opa cocraisier 870,5 Thic. Ta. Jlecoobpasyromas mopoaa — cocHa oObikHOBeHHas (Pinussilvestris).
JleHTOUHBII 6OP SIBISETCS PEITMKTOBBIM M UMEET OO0JIBIIIOE IKOIOTHYECKOE U COLHATbHO-O9KOHOMUUECKOE
3HAYCHHE.

OCHOBHBIM PaAMOTIOTHYECKUM MOCIEACTBUEM PAJAUOAKTUBHOTO 3arpsi3HEHHS JIECHBIX IKOCH-
CTEM SIBJISICTCS] HAKOIUICHHE PaJHOHYKIIM/IOB B JECHOH NPOAYKIUH, OrpaHHIMBAIOLIee e¢ JallbHeilee
UCTIONB30BaHNE, BHYTPEHHEE U BHEITHEe 00TyIeHHe HACEeTIeHHs U NIePCOHAa, 3aHATOTO B JECHOM XO-
3s1icTBe. B oTiIMdMe OT CenbCKOXO3HCTBEHHBIX YIOIMH, HA KOTOPBIX MOTYT AKTHBHO HPHUMEHSATHCS
3aIIUTHBIC MEPOIIPHUSTHUS, U3MEHEHHE COJCPIKAHNsI PAANOHYKINI0B B KOMIIOHEHTAX Jeca MPOUCXOIUT
TJIaBHBIM 00pa30M 3a CUeT eCTeCTBEHHBIX (pakTOpoB. BenecTBie AMUTETHHOTO BPEMEHH UX CaMOOUH-
IIEHMUS, JT€CHbIE SKOCHCTEMBI HAI0ITO CTAHOBSTCS HCTOYHUKOM PAMAIIMOHHOTO PHCKA AJIsI HACENICHUS
1 pabOTHHKOB JICCHOTO XO3SIHCTBA.

Kniouesvie crosa: neHTOUHBINH OOp, TIepBOE SACPHOE MCHBITAHNE, TEXHOTCHHBIC PAHOHYKIN-
JIbl, IOYBEHHBIN MPOQUIIB, paJlalliOHHas 00CTaHOBKA.
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VK 504.4.054:577.4:614.876:546.11.02.3

RADIOACTIVE CONTAMINATION
OF THE SHAGAN RIVER WATERS (2011 RESULTS)

Aidarkhanov A.QO., Lukashenko S.N., Genova S.V., Lyakhova O.N.,
Aidarkhanova A.K.

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

The paper reports on the studies of character and levels of contamination in Shagan River. It has
been revealed that the significant concentrations of *’Sr in Shagan River waters are not directly related
to the "Atomic Lake". Tritium was detected in the water all over Shagan River from "Atomic Lake" to
a confluence with Irtysh River, where its specific activity was 50 Bq/kg. Maximal tritium in channel
waters occurred in spring and was 200 kBq/kg.

Keywords: Shagan River, radioactive contamination, tritium, "Atomic Lake."

INTRODUCTION

Systematic investigations of tritium concentrations aimed at studying of the nature
and source of radioactive contamination of the Shagan River waters started in 2006, when
anomaly high tritium concentrations were registered in the section of the Shagan River. In
2009 maximal trititum concentrations as high as 680,000 Bq/kg were registered at a distance
of 4.4 km from the "Atomic Lake", and the values not exceeding 20 Bq/kg were detected at
the confluence of the Shagan and Irtysh rivers. As a result of our investigations of the Shagan
waters, significant concentrations of *°Sr as high as 0.7 Bq/kg were registered, however, no
presence of ¥’Cs u 24Py was detected [1].

The most probable sources of radioactive contamination of the Shagan River are the
inflow of ground waters from the testing ground Balapan, where nuclear tests were made in
the boreholes, and the inflow of surface waters from the water reservoir formed as a result of
the explosion in the borehole Ne 1004 ("Atomic Lake") [2].

The objective of the present work is to study the formation mechanisms for the radio-
active contamination in Shagan River. To solve this problem it is necessary:

+ to detect potential sources of *Sr inflow into the Shagan River;

* to determine specific features of tritium distribution downstream the Shagan River
from the Atomic Lake to its flowing into the Irtysh River.

1. EXPERIMENTAL PART

The scope of research in 2011 included field works, where water samples were taken,
and laboratory analyses of samples, which determined specific activity of artificial radionu-
clides.
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1.1. Field works

Sampling for determination of tritium specific activity
According to ST RK GOST P 51592-2003 the volume of samples taken for determi-
nation of tritium specific activity was 0.2 liters [3].

Sampling for determination of *°Sr, 3’Cs, **?*Pu specific activity

The volume of samples taken for determination of specific activity of *°Sr, *’Cs and
2397240py was 10 liters. The samples used to determine activities of *°Sr, ¥’Cs and #*?*°Pu
were filtered immediately after sampling and conserved by nitric acid in proportion of 3ml/11
of the sample. Samples were delivered to the laboratory either directly after sampling or
within 48 hours.

1.2 Laboratory analyses

Determination of tritium concentration
According to ISO9698/1989 *H concentration was determined by the methods of lig-
uid scintillation spectrometry on B-spectrometer TRI-CARB2900 TR [4].

Determination of *’Sr, ¥’Cs and ******Pu concentrations

%Sr, 37Cs and #***°Pu concentrations were determined by spectrometric methods af-
ter radiochemical extraction from preliminary concentrated sediments of salts (co-precip-
itators) with radionuclides. **Sr was precipitated by calcium carbonate, '*’Cs — by copper
ferrocyanide, #°?*Pu — by iron hydroxide [5]. Specific activity of '7Cs was measured on
y-spectrometer ORTECGMX 20P4. Specific activity of *Sr was determined according to the
method presented in [4] using beta-spectrometer TRI-CARB2900 TR. Alpha-spectrometric
measurements of specific activity of 2?*2*'Pu were made on Canberra spectrometer.

2.  RESULTS AND DISCUSSION

2.1. Identification of possible sources of *’Sr entry
into the Shagan River

%Sr can entry surface waters of the Shagan River:

e with the water from the "Atomic lake";

+ as aresult of washing-off from the daylight surface contaminated by the explosion
in the borehole Ne 1004; — with washing-outs from bottom sediments;

* inflow of contaminated ground waters from the test ground "Balapan". An
assumption that *°Sr can entry with waters from the "Atomic lake" is based on
the results of investigations of the radionuclide composition of the "Atomic lake"
waters done in the previous years (Table 1).
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Table 1
Results of laboratory analyses in the previous years

Year Average value Average value Average value Average value

Ne of investizations of *Sr specific of *H specific of ¥7Cs specific | of 2*?*Pu specific
g activity, Bq/kg activity, Bq/kg activity, Bq/kg activity, Bq/kg

1 2000 1.6 - 2 -
2 2001 9.4 - 0.6 4.6
3 2003 5.7 10 000 1 0.032

As it is seen from the data, the "Atomic lake" waters have rather high concentrations
of Sr. Hence, waters of the crater are the most probable source of strontium contamination
of the Shagan River.

In 2011 works on identification of the source of contamination started from studying
surface waters in the vicinity of the "Atomic Lake". In order to determine **Sr concentrations
samples were taken in 6 points: point 1 — the place where the Shagan River flows into the
external water reservoir, point 2 — a connecting channel, point 3 — the "Atomic Lake" crater,
point 4 — the external water reservoir, point 5 — outflow of the Shagan River from the "Atomic
Lake" (dam), point 6 — the place where the Aschicy River flows into the external water reser-
voir. In order to reduce the influence of melt and flood waters on the concentration of artificial
radionuclides sampling was made in August. In the samples concentrations of *H, '*’Cs and
2391240py were determined. The scheme of water sampling is shown in the figure (Figure 1).

The results of investigations are presented in the table (Table 2).

Shagan river

1 - region of Shagan river
inflow into the external reservoir

2 - connecting channel
between «Alomic lakex»
and external water reservoir
3 - crater of «Atomic lakex»
4 - external water reservoir
5 - dam

& - region of Ashisu river
inflow into the external reservoir

Shagan river Ashisu river

Figure 1. Location of sampling points on the "Atomic Lake".
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Table 2.
Results of laboratory analyses

3 . Sampling 90Sr, SH, 137CS, 239+240Pu,
e Sampling place point B/kg Bg/kg Bg/kg B/kg

1 The mouth of the Shagan River T-1 <0.006 20+2 <0.03 <0.001

2 Connecting channel T-2 <0.005 60+6 <0.01 <0.001

3 "Atomic Lake" crater T-3 <0.004 60+ 6 <0.01 <0.001

4 External water reservoir T-4 <0.005 40+ 4 <0.03 <0.001

5 Dam T-5 <0.005 35+3 <0.01 <0.001

6 | The mouth of the Aschisy River T-6 <0.004 20+2 <0.02 <0.002

The results of investigations show that the *°Sr specific activity is lower than the mini-
mal detected activity of used devices (0.004 Bg/kg) It should be noted that the observations
in 2000-2003 registered significant quantities of strontium (up to 10 Bg/kg) in the "Atomic
Lake" waters. Considerable variations in the *°Sr concentrations in water can be caused by
the hydrological regime in the area, i.e. variations in the water level, discharge, composition
and concentration of dissolved substances. Thus, the average value of water salinity in water
samples in 2001 was 9,400 mg/dm?, whereas in 2011 it was 5,100 mg/dm?®. Concentrations of
3H, Y¥’Cs and #°"2°Pu in water also varied in a wide range.

In the samples taken in monitoring points in August concentrations of artificial radio-
nuclides *’Cs and *°Sr were determined. The results of investigations are presented in the
table (Table 3).

Table 3.
Results of laboratory analyses

Ne Sampling point | ’Cs, Bq/kg %Sr, Bq/kg

1 M-24 (4 km) <0.01 0.1+0.01

2 M-26 (5 km) <0.01 0.2£0.01

3 M-31/1 (6 km) <0.03 0.1 £0.01

4 38 km <0.02 <0.01

5 110 km <0.02 <0.01

As it is seen from the data the concentration of artificial radionuclide '*’Cs was lower
than the minimal detected activity. However, at a distance of 6 km from the "Atomic Lake"
the presence of artificial radionuclide **Sr was registered in water. This fact shows that its
source is not connected with the inflow of contaminated surface waters. It can be explained
either by washing-off of the radionuclide from bottom sediments, shore soils or by inflow of
contaminated ground waters.

Therefore, it is still impossible to give an unambiguous answer to the question about
the influence of the "Atomic Lake" on the *°Sr contamination in the Shagan River. It is neces-
sary to study the dynamics of variations in the concentration of artificial radionuclides in the
"Atomic Lake" waters during a year period.

The other probable sources of contamination such as washing-off from the daylight
surface contaminated by the explosion in the borehole Ne 1004, washing-outs from bottom
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sediments and inflow of contaminated ground waters from the test ground "Balapan" have
not been studied either.

2.2 Determination of specific features of tritium distribution
in the Shagan River downstream from the "Atomic Lake"
to the inflow in the Irtysh River

The investigations in 2010 were the first that determined qualitative values of *H con-
centrations along the river to the place of its flowing into the Irtysh River where the tritium
specific activity was 400 Bqg/kg. In order to confirm the results similar measurements of the
*H distribution along the Shagan River were made in 2011. The structure of *H distribution
along the riverbed in 2010-2011 is shown in the Figure 2.
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Figure 2. Distribution of tritium specific activity downstream the Shagan riverbed in 2010-2011.

The main result of the 2011 investigations was confirmation of the fact of tritium in-
flow into the Irtysh River with the waters of the Shagan River. A higher tritium specific activ-
ity as compared with 2010 was registered in the 4-10 km river section. Moreover, in 2011 sci-
entists took water samples in the section 53-84 km, which was not studied in 2010 because
of the absence of water (Figure 2).

The character of the *H distribution in 2011 did not change considerably as compared
with 2010. The 2011 curve, like the 2010 curve, has two peaks of maximal values, but the val-
ues of °H specific activity in 2011 are an order of magnitude higher than the 2010 values and are
equal to 200,000 Bg/kg and 120,000 Bq/kg, respectively. The peaks in the curves are shifted,
in 2010 peaks of maximal values correspond to 3.5 km and 4.7 km, in 2011 the peaks were
located in points 5 km and 6 km. The data for the section 53-84 km were obtained; they show
two areas with increased tritium concentration. The fact of *H inflow to the Irtysh River with
the waters of the Shagan River was fully confirmed by the results of the 2011 investigations.
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In 2011, monitoring of the Shagan River was carried out in order to study the dynam-
ics of tritium contamination of surface waters. 5 monitoring posts were organized, where
radionuclide composition of riverbed waters was studied during spring-summer period. Point
1 — M-24 (4 km) is the point where the values of H specific activity sharply increase; points
2 and 3 — M-26 (5 km) and M-31/1 (6 km) are the points of *H maximal activity; point 4 —
38 km is characterized by the decrease in the *H specific activity; point 5 — 110 km is the
point where the Shagan River inflows into the Irtysh River. The results of monitoring of the
3H specific activity are presented in the table (Table 4).

Table 4.
Results of laboratory analyses
N Sampling ACﬁVity 3H, Bq/ kg
) point 16.05.2011 15.07.2011 05.08.2011 22.08.2011 15.09.2011

1 | M-24 (4 km) | 10,000 £ 1,000 7,200+ 700 8,000 + 800 10,000 £ 1,000 (100,000 + 10,000
2 | M-26 (5 km) 200,000 +20,000| 20,000 + 2,000 | 10,000 + 1,000 | 20,000 + 2,000 | 60,000 + 6,000
3 |M-31/1 (6 km)|120,000 + 10,000 17,000 2,000 | 15,000+ 1,000 | 30,000+ 3,000 | 15,000 + 1,000
4 38 km 250 +20 280+ 30 150 £ 10 150+ 10 300+ 30

5 110 km 50+ 5 30+3 45+4 <13 45+ 4

The most noticeable are the three points with maximal values registered in spring
during floods. The value of the *H specific activity in the point M-24 (4 km) practi-
cally did not change during sampling period. The *H specific activity in the points M-26
(5 km) and M-31/1 (6 km) changed synchronously, maximal values were registered in May
(200,000 Bg/kg in the point M-26 (5 km)) and minimal — in August. The only exception is
the results obtained in September where the maximal value of 100,000 Bq/kg was registered
in point M-24 (4 km).

The results of surface water monitoring showed that the value of H specific activity
in the point M-24 (4 km) practically did not change during the sampling period. *H specific
activity in the points M-26 (5 km) and M-31/1 (6 km) changed synchronously, maximal
values were registered in May (200,000 Bg/kg in the point M-26 (5 km)) and minimal val-
ues in August. The only exception is the results obtained in September, where the maximal
value equal to 100,000 Bq/kg was registered in the point M-24 (4 km). It is supposed that
SH-contaminated ground waters are discharged in the riverbed in several places. The obtained
data show the dependence of such discharges on climatic conditions. As a whole, a decrease
in the 3H activity is registered during floods.

CONCLUSIONS

The 2011 investigations did not detect a source of contamination of surface waters
by °°Sr. Therefore in 2012 it is necessary to carry out investigations of *°Sr concentration in
the "Atomic Lake" waters, soils along the shores of the Shagan River, bottom sediments and
ground waters.

In 2011 the maximal value of *H specific activity equal to 200,000 Bg/kg was regis-
tered during the flood at a distance of Skm from the Atomic Lake. A specific feature of tritium
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contamination of the Shagan riverbed is relocation of the place of *H maximal concentration.
Therefore it is necessary to localize the area of inflow and outflow of contaminated ground
waters in the Shagan riverbed. It is recommended to expand the existing monitoring points
in key areas and to enlarge the volume of works to carry out control of the state of riverbed
waters (in addition to radionuclide analysis it is necessary to carry out microelement analysis,
general chemical analysis and to determine water discharge). It is also necessary to carry out
monitoring not in separate points but in the sections of maximal values. This will enable spe-
cialists to obtain a more precise picture of seasonal variations in tritium distribution.

It has been confirmed that *H presence with the concentration of 50 Bg/kg in the
Shagan waters was registered along the whole riverbed downstream to the point of the river
inflow into the Irtysh River. The *H inflow into the Irtysh River was registered practically
during the whole spring-summer period.
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VYIK 577.4:504.064:622.271.8:539.16

RADIOLOGICAL CONDITIONS IN NEAR-PORTAL AREAS
OF TUNNELS AT THE DEGELEN MOUNTAIN MASSIF BEFORE
AND AFTER WORKS ON STRENGTHENING OF PHYSICAL BARRIERS

Korovikova T. V., Mustafina E. V., Ossintsev A. Yu.,
Dmitropavlenko V. N., Yakovenko Yu. Yu.

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

In 2009-2010, within the conservation works on elimination of the nuclear tests infrastructure
aimed at nuclear weapons proliferation threat reduction, eight tunnels at the Degelen mountain massif
of the Semipalatinsk test site were re-sealed. The purpose of present radioecological research was to
assess the state of the environment as well as possible negative impact of conservation works on the
near-portal areas of the tunnels. The paper reports on the changes in radioecological situation at the
near-portal areas of each controlled tunnel.

Keywords: Semipalatinsk test site, Degelen mountain massif, tunnels, additional protection
for engineering structure, radiological survey, radiation situation, equivalent dose rate, the flux of a-,
[-particles, radionuclides, specific activity, areal contamination

INTRODUCTION

At the end of the 1990s, measures aimed at liquidation of the infrastructure of nuclear
tests were taken on the territory of the Semipalatinsk Test Site. The following-up inspection
of the state of engineering constructions on the Degelen test ground (2001-2005) discovered
breaking or violation of protective barriers on engineering constructions with carry-over of
nuclear active wastes (NAW) to the daylight surface. In order to reduce the threat of NAW
spreading, in 2009-2010 additional protection of § tunnels was construction.

One of the papers, published in 2010 in the Collection of Papers of the Institute of
Radiation Safety & Ecology for 2007-2009, described the influence of works on additional
protection of 9 tunnels in the Degelen mountain massif carried out in the period from Sep-
tember 2006 to December 2009 on radiation situation in the near-portal areas [1]. The present
paper continues that research and describes the influence of the 2009-2010 works on addi-
tional protection of engineering constructions on radiation situation in the near-portal areas
of 8 tunnels.

1. BACKGROUND INFORMATION

The area of works, the Degelen mountain massif, is a dome-shaped hill of about 18 km
in diameter with difference in heights up to 300 m. According to its geographical position,
the Degelen mountain massif is located in the northeastern part of Kazakh Hummocks on
the territory of the former Semipalatinsk Test Site. The scheme of location of objects on the
Degelen test ground and photographs of the tunnel portals before the works are shown in the
figure below (Figure 1).
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1.1. Methods of additional protection of the engineering structures
(2009-2010)

Construction of additional protection of engineering structures consisted in filling tun-
nel voids by the binding material preventing the possibility of unauthorized NAW extraction.
Depending on the initial data for the engineering assignment, the additional protection was
constructed using two different techniques:

* Construction of additional protection of engineering structures through vertical

boreholes drilled from the surface of the mountain massif — a vertical method;

» Construction of additional protection of engineering constructions by drilling-in
of the portal of the structure with further excavation from tunnels — a horizontal
method.

Depending on the method of additional protection the tunnels were assigned the fol-
lowing notations:
* Tunnels with a horizontal construction of additional protection — G5, G6;

* Tunnels with a vertical construction of additional protection — V6, V7, V8, V9,
V10;

* Tunnels with a combined construction of additional protection (horizontal and
vertical) - GV1.

Figure 1. Location of the tunnels at the Degelen test ground
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1.2. Characteristics of the radioactive contamination sources

The data from literature sources [2, 3] on the tests made in the studied tunnels are
presented in the table (Table 1). In the tunnels with notations V7, V8, V10 and G5 group ex-
plosions with several charges were made. The aim of the tests was development or modern-
ization of nuclear weapons (NWM), carrying out of fundamental or methodological research
(FMR), studying of accidental regimes and nuclear incidents (ARNI).

Table 1.
Information on tests made in tunnels G5, G6, V6 — V10, GV1
in the Degelen mountain massif
Tunnel | Yield O,f nuclear Characteristic of explosion Aim of tests R.a dlat.lon
code explosion, kton situation
r's Up to 20 kton | Group nuclear explosion consisting of 2 explosions| NWM
0.001 kton ARNI ICE
' Up to 20 kton NWM CCE
B6 Up to 20 kton NWM CCE
Less than 0.01 kton ARNI CCE
B7 Up to 20 kton Group NE consisting of 3 explosions NWM, ARNI CCE
Up to 20 kton Group NE consisting of 3 charges NWM, FMR CCE
B8 Group NE — 1 explosion in tunnel F, 3 explosions
Up to 20 kton P " Ll P NWM CCE
B9 Up to 20 kton NWM ICE
Less than 0.001 kton ARNI
Up to 20 kton Group NE consisting of 2 explosions NWM CCE
B10 Up to 20 kton NWM CCE
Up to 20 kton NWM ICE
Up to 20 kton CCE
Up to 20 kton FMR CCE
I'Bl Up to 20 kton FMR ICE
Up to 20 kton FMR ICE

NWM - development or modernization of nuclear weapons,

FMR - fundamental or methodological research

ARNI - investigations of accidental regimes u nuclear incidents

INF  —investigations of nuclear effects of nuclear substances and their impact on military and civil objects
CCE —an explosion of a complete camouflet, ICE — an explosion of an incomplete camoufiet

According to the initial data, it can be supposed that sources of radioactive contamina-
tion are fission fragments of 2*°Pu and remains of fissionable material. In tunnel V9 either an
incomplete camouflet of a capacity of 20 ktons plus a hydronuclear test or a chemical blast-
ing of a nuclear charge was made. It is impossible now to estimate the contribution of such
explosions, and therefore calculations were made for nominal tests which form the lower
level of residual activity.

Additional radioactive contamination of the territory of tunnel G5 was made by the
second explosion of a yield 0.001 ktons, which according to the characteristics of the explo-
sion was mainly caused by Pu and >*' Am isotopes. Concentrations of radionuclides emitted in
the explosion are commensurable with concentrations from the 20 kton explosion.
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Mass emissions of fragments of instantaneous fission of *’Pu have been well studied
and are widely presented in literature [4]. Based on this fact and on the initial data about
the explosion, we carried out calculations of activity taking into account the half-life period
of the Pu fission fragments, which make a significant contribution to the total activity
(Table 2).

The amount of remaining fissionable material by the time when the nuclear charge
construction is destroyed is determined by the efficiency of a nuclear explosion. The ef-
ficiency of the nuclear explosion, depending on the time of tests, type and construction of
the nuclear device, may vary from 1 to 30 %. In order to calculate the amount of remaining
fissionable substance, due to the absence of information on that nuclear explosion, the ef-
ficiency was taken equal to 20 %.

According to theoretical calculations, the *°Pu activity per 1 kg of explosion at the
moment after explosion t=0 is 4.8-10"" Bg/kton. Knowing a typical composition of the weap-
on Pu, it is possible to calculate the activity of other isotopes in the substance of the charge
(Table 2).

The well-known data on neutron activation show that most isotopes produced in the
process of activation have a rather short half-life period. Therefore taking into account a rather
long period of time that ¢ passed after the explosion, it is possible to suppose that contribution
of activation products to total gamma-activity is negligibly small. The only exception may be
%Co, '?Eu and **Eu, but it is impossible to calculate their activity at the present moment of
time. Therefore, in laboratory investigations of the samples taken in vicinity of the tunnels,
it is necessary to take into account the possibility of presence of a certain radionuclide and to
estimate its contribution to the radiation situation on the territory of the tunnel.

Therefore, increased concentrations of the radionuclides *°Sr, *Tc, *’Cs, '*'Sm, > Am
and Pu are to be expected in the near-portal areas.

Table 2.

Calculated activity of 2°Pu fission fragments and residua of fissionable substance
in tunnels G5, G6, V6-V-10, GV1 of the Degelen mountain massif, Bq

I's 6 B6 B7 B8 B9 B10 I'B1
Se-79 2.1x10° 2.9x107 2.2:10° 3.8 x107] 3.3x10% | 3.1x107 | 1.7x10* | 6.7x10®
Sr-90 3.9-10% 1.8x10" 5.1-10° 2.4 x108] 3.2x10" | 1.9x10" | 1.0x10™ | 6.9x10"
Y-90 3.9-10% 1.8x10" 5.1-10° 2.4 %10 3.2x10" | 1.9x10" | 1.0x10" | 6.9x10"

Nb-93m 1.2x10’ 1.8x10’ 1.7-10° 24 x10°| 1.7x10° | 1.9x10° | 1.0x10™ | 7.4x10’
Sn-121m 2.0-10" 2.7x10'° 2.3-10"° 3.5x10"] 4.0x10" | 2.8x10" | 1.5x10" | 8.8x10™

Sb-125 7.7x108 2.4x108 9.1-10° 3.1 x 10%] 4.0x10" | 2.8x10% | 1.4x10° | 1.3x10"
1-129 7.7x107 1.0x108 7.7x107 1.3x10%] 1.1x10% | 1.1x10% | 5.7x10% | 2.3x108
Cs-135 1.9-10° 2.6x10° 1.9-10° 3.3 x10°] 2.7x10° | 2.6x10° | 1.4x10' | 5.5%x10°
Cs-137 5.3-10" 5.1x10" 6.6:10 6.6 x 108] 8.9x10" | 5.3x10" | 2.8x10'* | 1.9x10'*
Sm-151 2.2-10" 4.1x10" 2.4-10" 5.3 x 102 5.3x10'2 | 4.2x10'2 | 2.3x10" | 1.1x10"
Eu-154 1.2x10% 1.1x10% 2.3-10° 1.5 x 10%| 5.9x10% | 1.2x10° | 6.4x10°% | 1.3x10°
Eu-155 1.4-10" 2.6x10'° 5.8-10" 3.3 x 10" 4.6x10" | 2.6x10' | 1.5x10" | 1.1x10"
Tc-99 1.7x10" 8.2x10" 1.7-10" 1.1 x102|3.4x 10" 1.7-10'° | 4.6x10'> | 5.1x10"
Pu-238 2.4-10" 3.4x10" 2.7-10" 3.7 x 102 7.5x10'"% | 3.5x10'> | 1.5%10'% | 1.04x10"
Pu-239 9.6:10" 9.8 x10" 9.6:10" 9.8 x 10| 1.9x10" | 9.8x10'> | 3.9x10" | 2.9x10"

Pu-240 |2.2-10-2.4-10" (3.2 x10'2|2.2-102—2.4-10'%|3.2 x 10'?] 6.4x10"> | 3.2x10"? | 1.3x10" | 9.3x10"
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Is Ie B6 B7 B8 B9 B10 I'B1

Pu-241

6.8-10"2—1.4-10" | 3.1x10"|1.1-10%-2.3-10"|5.3 x 10"*| 1.1x10" | 3.3x10" | 2.6x10™ | 8.8x10"

Pu-242

1.8-107 3.6x107 1.8-10’ 3.6 x 107 7.2x107 | 1.8x107 | 1.4x107 | 5.5x10’

Am-241

1.1:102-2.3-10"] 6.5x10'2 {9.4-10" - 2.0- 10" 6.1x 10'?| 1.2x10" | 6.7x10" | 2.8x10'* | 7.9x10"

Radiological situation at the near-portal areas by the results of the 1999 investi-

gations.

In the 1996-1998, the conservation operations at the Degelen tunnels were carried out.
After sealing of the tunnels, radiometric measurements (1999) were made in the near-portal
areas. A 20x20m mesh was used when measured EDR, and density of the flux of a- and
B-particles in each point. In each tunnel 5 soil samples were taken. The results of the investi-
gations are presented in the figures (Figure 2-3).
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Figure 2. Maximal values of the density of the flux of a-particles (a)
and B-particles (b) by the results of the tunnel inspection in 1999.
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Figure 3. Maximal and minimal EDR values by the results of the tunnel inspection in 1999.
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By the results of the 1999 radioecological surveying, the highest values of radiation
parameters were registered in the tunnels G6 (EDR up to 2.7 uSv/h, the density of B-particle
flux up to 570 part/(min-cm?)) and V6 (EDR up to 1.2 uSv/h, the density of B-particle flux
up to 235 part/(min-cm?)). However, values exceeding maximal permissible values for the A
category personnel were not registered in any of the tunnels [4].

Laboratory analyses of the soil samples show that the specific activity of radionu-
clides *°Sr and #***?*°Pu in the soil samples gathered after conservation works in the near-por-
tal areas was not higher than the normative MSSA level for these radionuclides (MSSA for
¥7Cs is 1-10* Bg/kg, *°Sr — 1-10° Bg/kg, *'Am — 1-10° Bq/kg, 2***Pu — 1-10° Bq/kg, NRB-
99 (radiation safety standards)). The only exception were spots in tunnels V7 and G6 with
radioactive contamination with increased concentration of *!Am (4.1-10° Bq/kg, V7) and
137Cs (5.8-10* Bg/kg, G6). Maximal values of specific activities of radionuclides after tunnels
conservation in 1999 are presented in the figure (Figure 4).
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Figure 4. Maximal values of radionuclide specific activities after conservation
works registered during final inspection of tunnels in 1999, Bq/kg.

1.3. Conclusions of the 1999 tunnel inspection

According to the results of the 1999 final inspection of the tunnels, maximal registered
values of radiation parameters did not exceed maximal permissible values for the A category
personnel [5]. By the data of laboratory analyses, the increased values of specific activities
for artificial radionuclides were only registered in two tunnels — G6 and V7.

2.  MAJOR FACTORS INFLUENCING FORMATION
OF RADIOLOGICAL SITUATION DURING
CONSTRUCTION OF ADDITIONAL PROTECTION

Factors influencing formation of radiation situation can be conventionally subdivided
into 3 groups depending on the type of additional protection [1]:
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* General factors not depending on the type of additional protection (radioactive
contamination of the surface of the working area, objects with increased radiation
hazard located in a close proximity to the area);

* Factors characteristic of the vertical method (possible contamination of the
working area due to the carryover of the radioactive contamination from the body
of the tunnel or adjacent rocks with bore mud and rise of dust, redistribution of
existing radioactive contamination caused by secondary transfer due to dust rise
from piles, motion of equipment and personnel);

» Factorscharacteristic of the horizontal method (probable carryover of the radioactive
contamination from the body of the tunnel with the removed rock refuse formed
during tunnel excavation, rise of radioactive aerosols during tunnel ventilation,
redistribution of existing radioactive contamination caused by secondary transfer
by equipment and personnel both from the body of the tunnel and from the piles of
refuse removed from the tunnel).

3. RADIOLOGICAL SURVEYING METHODOLOGY

At the stage of planning of field and laboratory investigations in the near-portal areas
of the tunnels, the initial and calculated data enabled us to suppose that as a result of possible
carryover of radionuclides from the tunnel to the surface, the territory of the tunnel and adja-
cent areas could be mainly contaminated with the following radionuclides: **Sr, '¥’Cs, '*'Sm,
2 Am and Pu isotopes.

According to theoretical recommendations, field works and samplings were carried
out using a uniform mesh with measurements of EDR and surface ground contamination with
a- and B-particles in fixed points and EDR measurements in the "Search" regime between
points. On the territory of tunnels, where it was planned to use a vertical method for addi-
tional protection, additional EDR measurements in the "Search" regime were made starting
from the cutting-in point in the segment, of about 50m wide and 250 m long, located along
the tunnel axis [1].

Environmental samples were taken in the following points:

* on the projected working area — point soil sampling:

* on the territory of the projected field camp — point soil sampling;

* in the points located uniformly on the studied area — point soil sampling (an
approximate number of sampling points is 5-8 % of the total number of points
where radiation parameters are measured);

* on piles and backfilling of tunnels — combined soil sampling;
* in the places of maximal values of radiation parameters — point soil sampling;
* aprojected cutting-in point — samples of water vapor and aerosols.

For laboratory analyses gamma-, beta- and alpha-spectroscopic equipment was used.
The final inspection was made according to the scheme similar to the preliminary
inspection.
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4. RADIOLOGICAL CONDITIONS AT THE NEAR-PORTAL
AREAS OF THE TUNNELS BEFORE THE WORKS (2009)

4.1. Radiological situation according to the results of radiometry
and dose measurements

By the results of the preliminary inspection, schematic maps of radiation parameters
distributions in the studied areas were made (Figure 7a — Figure 22a). The data on maximal
and minimal EDR values registered during the preliminary inspection of the tunnels are pre-
sented in the histogram (Figure 5).

Minimal values of the B-flux density registered during the preliminary inspection of
the territory of the near-portal areas did not exceed 10 part/(min-cm?). Maximal values of the
B-flux density registered during the preliminary inspection are presented in the histogram
(Figure 6).
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Figure 5. Maximal and minimal EDR values during the preliminary tunnel inspection
part./{min*sg.cm)
1000
100
10
] 4

GS G6 V6 V7 V8 V9 VIO GVI

Figure 6. Maximal values of the f-flux density during the preliminary tunnel inspection
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Figure 7. Schematic maps of EDR distribution on the territory
of the near portal areas of tunnel G5 during preliminary (a) and final (b) inspections
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Figure 8. Schematic maps of distribution of the density of B-particles flux on the territory
of the near portal area of tunnel G5 during preliminary (a) and final (b) inspections
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Figure 9. Schematic maps of EDR distribution on the territory of the near

of tunnel G6 during preliminary (a) and final (b) inspections

portal area

Densities of fluxes of a-particles registered during the preliminary inspection
in all inspected areas did not exceed the detection limit of used measuring instruments
(1 part/(min-cm?)). According to the preliminary inspection, maximal radiation parameters
were registered on the territory of near-portal areas of tunnels G6 (EDR — 1.02 uSv/h)
(Figure 9a), V8 (EDR — 0.98 uSv/h) (Figure 15a), G5 (EDR — 0.86 uSv/h),

the density of the
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flux of B-particles was 220 part/(min-cm?)) (Figure 7a, Figure 8a). The results of inspection
made after completion of works on construction of additional protection show that on the ter-
ritory of all tunnels the radiation parameters did not exceed maximal permissible values for
the A category personnel [5].
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Figure 10. Schematic maps of distribution of the density of B-particles flux on the territory
of the near portal area of tunnel G6 during preliminary (a) and final (b) inspections
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Figure 11. Schematic maps of EDR distribution on the territory of the near portal area
of tunnel V6 during preliminary (a) and final (b) inspections
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Figure 12. Schematic maps of distribution of the density of B-particles flux on the territory
of the near portal area of tunnel V6 during preliminary (a) and final (b) inspections
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Figure 13. Schematic maps of EDR distribution on the territory of the near portal area
of tunnel V7 during preliminary (a) and final (b) inspections
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Figure 14. Schematic maps of distribution of the density of B-particles flux on the territory
of the near portal area of tunnel V7 during preliminary (a) and final (b) inspections
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Figure 15. Schematic maps of EDR distribution on the territory of the near portal area
of tunnel V8 during preliminary (a) and final (b) inspections
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Figure 16. Schematic maps of distribution of the density of B-particles flux on the territory
of the near portal area of tunnel V8 during preliminary (a) and final (b) inspections
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Figure 17. Schematic maps of EDR distribution on the territory of the near portal area
of tunnel V9 during preliminary (a) and final (b) inspections
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Figure 18. A schematic map of distribution of the density of B-particles flux on the territory
of the near portal area of tunnel V9 during preliminary (a) and final (b) inspections

266



Radioecological Situation at the Former Semipalatinsk Test Site and Adjacent Territories

Legend
—— V10 tunnel entry EDR, pSvih
+  pedestrian gamma survey points | 0.19-0.22
®  soil sampling points | 022025
| 025028
028031
I 0.31-063
a)

Legend 30 m
—— V10 tunnel entry EDR, pSvih
+  pedestrian gamma survey points || <0.19
@ soil sampling points I oag022
[ n22025
| n2s0.28
[ p28032
b)

Figure 19. Schematic maps of EDR distribution on the territory of the near portal area
of tunnel V10 during preliminary (a) and final (b) inspections
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Figure 20. A schematic map of distribution of the density of B-particles flux on the territory
of the near portal area of tunnel V10 during preliminary (a) and final (b) inspections
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Figure 21. Schematic maps of EDR distribution on the territory of the near portal area
of tunnel GV1 during preliminary (a) and final (b) inspections
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Figure 22. A schematic map of distribution of the density of B-particles flux on the territory
of the near portal area of tunnel GV'1 during preliminary (a) and final (b) inspections
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Comparison of the 1999 results with the results of the inspection before the works
revealed a general tendency to the reduction in the radiation parameters on the territories
of the near-portal areas of tunnels. On the territories of tunnels G6, V6, V7, V9, V10 and
GV1 a decrease in the maximal values of EDR and density of a- and -particles fluxes was
registered. It may be caused by redistribution of dose-forming artificial radionuclides on
the area. However, one should not exclude that different methods of field investigations
in different periods of time were used (different devices, different precisions, a human factor),
what could give different initial data. In tunnels G5 and V8 increased values of radiological
parameters (in G5 an increase in the density of B-particles flux from 21 to 220 part/(min-cm?),
in V8 an increase in EDR from 0.44 to 1 uSv/h) were registered. An increase in the values
of the radiation parameters on the territory of the near portal areas may be explained either
by unauthorized activities [1] or by the methods of measurements in 1999, which used only
a mesh without more precise determination of maximal contamination in "Search" regime.

4.2. Radionuclide contamination of the surface soil layer

In order to obtain a preliminary estimation of radionuclide contamination of the stud-
ied areas, soil samples gathered during preliminary examination of near-portal tunnel areas
were analyzed by spectrometric and radiochemical methods.

Concentrations of natural radionuclides on the studied territory of the tunnels at
the mountain massif correspond to the natural background of the region (mainly, gran-
ite rocks). For artificial radionuclides the following specific activities were taken as
background values: *7Cs — 30 Bq/kg, *°Sr — 20 Bg/kg, 2!Am — 0.2 Bq/kg and #**2*Pu —
1 Bg/kg. In order to determine the hazard level of an object, the laboratory data on
concentrations of artificial radionuclides in soil were compared with the minimal sig-
nificant specific activity according to NRB-99: ¥/Cs — 1-10* Bq/kg, **Sr —1-10° Bg/kg,
2 Am — 1-10° Bg/kg, 272°Pu — 1-10° Bg/kg.

The maximal values of specific activity of radionuclides '¥’Cs, *°Sr, 2! Am and **2*°Pu
for the period of preliminary inspection of the tunnels are presented in the table (Table 3) and
the histogram (Figure 23) below.
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Figure 23. Maximal values of radionuclides specific activity for the period
of preliminary inspection of the tunnels, Bq/kg
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Concentration of 2Py in 20% of the sampling points was determined by ra-
diochemical analysis; then for each tunnel the average ratio of >*! Am to ****>°Pu was deter-
mined, which was used to calculate the expected »°*>**Pu concentration in soil.

Maximal concentration of *°Sr and ?*'Am on the territory of inspected tunnels
did not exceed minimal significant specific activity (MSSA) for these radionuclides —
1-10° and 1-10° Bg/kg.

Based on the results of comparison of maximal values of specific activities of radionu-
clides '¥7Cs, 2! Am and **?Pu with the normative level (MSSA, NRB-99), the tunnels were
subdivided by the character of contamination:

1. Tunnels on the studied areas of which concentration of radionuclides in soil did

not exceed the normative level for all determined radionuclides (G6, V9, V10);

2. Tunnels on the studied areas of which maximal concentration of '*’Cs and/or

2397240Py in soil did not exceed the MSSA level (G5, V6, V7, V8, GV1).

The first group of tunnels was radiation-safe. The concentration of '*’Cs, *°Sr, *'Am
and 2***2%Py in the soil of the studied area of tunnels G6, V9, V10 did not exceed the nor-
mative level (MSSA, NRB-99) equal to 1-10%, 1-10% 1-10° and 1-10° Bg/kg, respectively
(Figure 24a — Figure 26 a). At the preliminary stage, maximal concentration of *’Cs in the
studied objects had the values 6.4-10* Bg/kg, *°Sr — 7.0-10> Bg/kg (tunnel V10), *'Am —
3.0-102 Bg/kg (tunnel V9), 2**24Py — 9.0-10? Bg/kg (tunnels V9 and V10).

The second group of the tunnels (G5, V6, V7, V8, GV1) is characterized by the ex-
ceeding MSSA values of 137Cs and/or 239+240Pu concentrations in soil. On the territory of
objects V6, V7 and GV 1, concentrations exceeding MSSA were registered only for 24Py
(2.3-103, 1.2-104 and 1.5-103 Bg/kg, respectively).

The preliminary inspection of tunnel G5 showed that concentrations of >*'!Am, *Sr
and *’Cs did not exceed the normative level, accepted according to NRB-99, except for the
point 140, where the '*’Cs specific activity was as high as 5-10* Bq/kg (Figure 30 a — 31 a).
Because of high *’Cs concentration in the point, it was difficult to determine the **' Am con-
centration there, which gave a low limit of equipment sensitivity for this radionuclide (<10).
In the point of maximal concentration of ! Am (point 131), the ?*****°Pu concentration deter-
mined by radiochemical analysis was 90 Bg/kg. This fact shows that no values of 2*2*Pu
concentration exceeding the normative level were detected on the studied area.
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Figure 24. Schematic maps of '*’Cs distribution on the territory of the near portal area
of tunnel G6 during preliminary (a) and final (b) inspections
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Figure 25. Schematic maps of *! Am distribution on the territory of the near portal area
of tunnel G6 during preliminary (a) and final (b) inspections
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Figure 26. Schematic maps of '*’Cs distribution on the territory of the near portal area
of tunnel V9 during preliminary (a) and final (b) inspections
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Figure 27. Schematic maps of *! Am distribution on the territory of the near portal area
of tunnel V9 during preliminary (a) and final (b) inspections
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Figure 28. Schematic maps of '*’Cs distribution on the territory of the near portal area
of tunnel V10 during preliminary (a) and final (b) inspections
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Figure 29. Schematic maps of *! Am distribution on the territory of the near portal area
of tunnel V10 during preliminary (a) and final (b) inspections
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Figure 30. Schematic maps of '*’Cs distribution on the territory of the near-portal area
of tunnel G5 during preliminary (a) and final (b) inspection
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Figure 31. Schematic maps of **! Am distribution on the territory of the near-portal area
of tunnel G5 during preliminary (a) and final (b) inspections
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The laboratory analyses of soil samples from the tunnel V6 (Figure 32 a — 33 a)
showed the presence of local contamination by the artificial radionuclide ***2*°Pu on the area
of point 110. The specific activity of 2***?*°Pu in the point exceeded the MSSA level by a fac-
tor of 2.3. The level of contamination of the area by '*’Cs and *°Sr did not exceed normative
levels. The obtained data confirmed the assumption about an "incomplete" nuclear explosion
in the tunnel, which is characterized by low activity of fission products ('*’Cs and *°Sr) and
rather high specific activity of fissionable material (******°Pu). The analysis of the soil from
point 209 showed an anomalously high concentration of natural Th, as compared with other
studied points, the specific activity of which 2.4 times exceeded MSSA for this radionuclide.
This point also had an increased, as compared with the other points, concentration of *Sr
(1.3-10° Bg/kg). The presence of these radionuclides in the soil sample could cause an in-
crease in the detection threshold in registration of *!Am.
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Figure 32. Schematic maps of '*’Cs distribution on the territory
of the near-portal area of tunnel V6 during preliminary (a) and final (b) inspections
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Figure 33. Schematic maps of **' Am distribution on the territory
of the near-portal area of tunnel V6 during preliminary (a) and final (b) inspections
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On the territory of the near-portal area V7, maximal concentration of ! Am in soil
was 410 Bg/kg, as a result the specific activity of 2**2*°Pu could exceed the MSSA normative
level. Concentrations of *°Sr and *’Cs did not exceed the normative levels accepted accord-
ing to NRB-99 (Figures 34a-35a).
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Figure 34. Schematic maps of '*’Cs distribution on the territory of the near-portal area
of tunnel V7 during preliminary (a) and final (b) inspections
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Figure 35. Schematic maps of 2*! Am distribution on the territory of the near-portal arca

of tunnel V7 during preliminary (a) and final (b) inspections

Preliminary inspection of tunnel V8 determined the exceeding MSSA values for
two artificial radionuclides '7Cs and *?*Pu. The concentration of *’Cs in two points
exceeded the established level of 1-10* Bg/kg (points 214 and 216). In point 215 radionu-
clides ®°Co (2242 Bq/kg) and '*Eu (3342 Bq/kg) were detected. In point 216 radionuclides
28U (1600+100 Bg/kg) and U (70+£20 Bg/kg) were registered. The concentrations of 2! Am
and *°Sr on the studied area did not exceed normative levels accepted according to NRB-99
(1-10% and 1-10° Bqg/kg, respectively). In the samples taken for the radiochemical determina-
tion of Pu concentration, the radionuclide was detected. However, its amount did not exceed
the regulatory level, except for point 214 (by a factor of 4.2). In the other points no excess in
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the concentration of %Py over the normative level was expected. Schematic maps of *’Cs
and **'Am distributions are presented in Figures 36a-37a.
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Figure 36. Schematic maps of '*’Cs distribution on the territory of the near-portal area
of tunnel V8 during preliminary (a) and final (b) inspections
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Figure 37. Schematic maps of **! Am distribution on the territory of the near-portal area
of tunnel V8 during preliminary (a) and final (b) inspections
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Preliminary radioecological survey in the tunnel GV1 showed that practically on
all studied territory the radioecological situation could be characterized as satisfactory
(Figure 38 a, Figure 39 a). The concentration of 2**>*°Pu on the studied area did not exceed
1.7-10%> Bg/kg, which is 5.8 times lower than MSSA for this radionuclide. However, the labo-
ratory analysis showed that in point 152 the »**2*Pu concentration was 1.5 times higher than
MSSA, which gives grounds to refer this soil to the category of radioactive wastes.
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Figure 38. Schematic maps of '*’Cs distribution on the territory of the near-portal area
of tunnel GV1 during preliminary (a) and final (b) inspections
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Figure 39. Schematic maps of **! Am distribution on the territory of the near-portal area
of tunnel GV1 during preliminary (a) and final (b) inspections
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Comparison of the data of preliminary inspection with the 1999 data showed
that maximal values of specific activities of artificial radionuclides could vary widely.
Thus, maximal specific activity of *’Cs is now 4.9-10* Bg/kg (5.8-10* Bg/kg in 1999),
PSr — 8.7-10° Bg/kg (1.3-10° Bg/kg in 1999), 2*24Pu — 1.2-10* Bq/kg (7.5-10*> Bq/kg
in 1999).

As there are no exact data on the conditions and methods of investigations carried
out 10 years ago, it is possible to suppose that the 1999 data gave only estimations, and the
aim of research was to evaluate the radiation situation on the objects in general without any
detailed examination of the territory and detection of locally contaminated areas. Therefore,
the preliminary inspection of the territory of the near-portal areas enabled us to obtain more
accurate data on the radiation situation in the vicinity of tunnels.

4.3. Radionuclide contamination of the surface atmospheric air

In order to obtain information on radionuclide contamination of the atmospheric air
on the studied objects, samples of air aerosols were taken and analyzed. The results of labora-
tory analyses are presented in the table (Table 3).

The laboratory analyses did not reveal any gamma-emitting artificial radionuclides
in the samples of air aerosols. An analysis of the obtained data showed that concentration of
the main dose-forming radionuclides ) Am and '¥’Cs in the atmospheric air on the studied
objects was below the detection limit of used measuring equipment.

4.4. Conclusions from the preliminary inspection of the near-portal
tunnel areas

A general tendency to the reduction in the values of radiation parameters on the ter-
ritories of the near-portal areas of tunnels (by the results of the 1999 survey and the pre-work
inspection) may be caused by the redistribution of dose-forming artificial radionuclides on
the area and use of different methods of field investigations in different periods of time (dif-
ferent devices, different precisions, a human factor). In tunnels G5 and V8 increased values
of radiation parameters were registered, which may be caused either by unauthorized ac-
tivities [1] or the methods of measurements in 1999, which used only a mesh without more
precise determination of maximal contamination in "Search" regime.

In the preliminary inspection maximal values of specific activities of radionu-
clides were registered in locally contaminated areas in tunnels G5 ('"¥’Cs — 4.9-10* Bg/kg),
V8 (*Sr — 8.7-10° Bg/kg), V7 (*'Am — 4.1-10*> Bg/kg, ****Pu — 1.2-10* Bg/kg). Maxi-
mal values of specific activities of *’Cs and *****Pu exceeded MSSA normative levels.
The values exceeding MSSA for ¥’Cs were registered in the near-portal areas in 2 tunnels,
for 24Py — in 4 tunnels.

The concentration of artificial radionuclides *’Cs and *' Am in the atmospheric air at
the studied objects was below the detection limits of used measuring instruments.
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5. RADIOLOGICAL SITUATION AT THE TERRITORY
OF NEAR-PORTAL TUNNEL AREAS AFTER
COMPLETION OF CONSERVATION WORKS

5.1. Radiation situation by the results of radiometric and dosimetric
measurements

Using the results of final inspection, schematic maps of distributions of radiation pa-
rameters on the studied areas were constructed (Figures 7b-22b).

Maximal and minimal measured EDR values in the period of final inspection are pre-
sented in the histogram (Figure 40).
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Figure 40. Maximal and minimal measured EDR values on the territory
of the near-portal areas after completion of conservation works

Minimal values of the B-flux density registered during final inspection at the near-
portal territories did not exceed 10 part/(min-cm?) for all the tunnels. Maximal values of the
B-flux density registered during final inspection are presented in the histogram (Figure 41).
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Figure 41. Maximal values of the B-flux density after completion of conservation works
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The values of density of the flux of a-particles registered during final inspec-
tion in all studied areas did not exceed the detection limit of used measuring instruments
(0.2-1 part/(min-cm?)).

According to the final inspection of the tunnels, maximal values of the radiological
parameters were registered on the territory of the near-portal areas of tunnels G6 (EDR —
1.02 uSv/h) (Figure 9 a), V6 (EDR —0.78 uSv/h) ) (Figure 11 b) and V8 (EDR — 0.65 uSv/h),
(Figure 15 b). The results of inspection showed that on the territory of all tunnels radiation
parameters did not exceed maximal permissible values for personnel of A category [5].

5.2. Radionuclide contamination of the surface soil layer

By the results of the final inspection of the near-portal tunnel areas after completion
of the conservation works, residual contamination of the territory of the near-portal areas
was estimated and schematic maps of distributions of '*’Cs and ' Am were made (Figure 26
b, Figure 37 b). Maximal values of specific activities for radionuclides '*’Cs, *’Sr, ' Am and
2397240py registered during final inspection of the tunnels are presented in the table (Table 3)
and in the histogram (Figure 42).
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Figure 42. Maximal values of the radionuclides specific activities
during final inspection of the tunnels, Bq/kg

Maximal concentration of **Sr in the studied tunnels did not exceed MSSA
(1-10° Bg/kg) for this radionuclide.
Comparing maximal values of specific activities for *’Cs, 2! Am and ***%*°Pu with the
regulatory levels (MSSA, NRB-99), the near-portal areas of the tunnels were subdivided by
the character of contamination into the following 3 groups:
1. Tunnels at the studied areas with concentration of the radionuclides in soil did
not exceed the regulatory level for all determined radionuclides (G5, V6, V7, V9,
V10);

2. The tunnel in which maximal concentration of '*7Cs was at the MSSA level
(V8);

3. Tunnels in the studied areas with maximal specific activities of transuranium
radionuclides 2! Am and »**?*°Pu exceeding MSSA for these radionuclides (G6,
GV1).
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The first group of tunnels according to MSSA values was radiation-safe. At the final
stage, the following maximal values of the radionuclide concentrations on the territory of
the near-portal areas were registered: *’Cs — 1.9-10° Bg/kg, *°Sr — 3.0-10> Bg/kg,>' Am —
3.6-10> Bq/kg, 2%*%4Pu — 7.0-10? Bg/kg (tunnel V7).

According to the character of contamination, tunnel V8 is to be put in a special group.
In the examination of the near-portal area of tunnel V8, a local contamination (point 214,
Figure 36 b) with decreased background of natural radionuclides was detected, which is most
likely caused by dilution of the natural soil by man-made remnants produced as a result of
unauthorized burning of cables and other details from the tunnel. It gave increased concen-
tration of artificial radionuclides in the point. The specific activity of '¥’Cs registered in the
tunnel was 1.0-10* Bq/kg, which was equal to MSSA for this radionuclide. Maximal concen-
tration of 2***°Pu equal to 350 Bqg/kg was registered in point 141, concentrations of *'Am
and *°Sr did not exceed normative levels. There were also detected radionuclides °Co, **Eu
and "*Eu in amounts of 80, 150 and 70 Bg/kg, respectively.

The third group of tunnels is characterized by an increased MSSA for the concentra-
tion of transuranium radionuclides *! Am and *****°Pu in soil of the studied area. Maximal
value of specific activity registered for *! Am was 2.7-10° Bq/kg, for 2*4Pu — 4.3-10*Bg/kg
(tunnel G6).

In the near-portal area of tunnel GV1 the maximal value of **'Am specific activity
equal to 1.1-10° Bg/kg, which is 1.1 times higher than the MSSA, was registered in point 7.
The 24Py specific activity in the point was equal to 4.1-10° Bq/kg. The values of 24Py
specific activity exceeding the normative level were observed in 20 % of examined points in
the near-portal area. The '*’Cs concentration in the tunnel varied from 7 to 240 Bg/kg, the **Sr
specific activity did not exceed 450 Bq/kg.

In the final inspection of the near-portal area of tunnel G6, > Am was only regis-
tered in amounts not exceeding MSSA, except for two points 70 and 77 (2.7-10° and
1.1-10° Bg/kg) located opposite the tunnel portal on the working area. The laboratory and
calculated data showed that an excess in the 2***°Pu concentration over the normative MSSA
level could be also registered only in points 70 and 77. Maximal value of specific activity
could be as high as 4.3-10* Bg/kg. In point 35 the concentration of plutonium isotopes was
at the MSSA level — 9.8-10? Bq/kg, therefore taking into account analytical errors, the soil in
the point could be referred to the category of radioactive wastes.

Specific activities of *’Cs and *Sr in the soil of tunnel G6 did not exceed the values of
minimally significant activity for these radionuclides, but by the concentration of *! Am and
2397240py the near-portal area was the most radiation-hazardous area of all compared 8 tun-
nels.

5.3. Radionuclide contamination of the surface atmospheric air

In the final inspection of the near-portal tunnel areas it was not necessary to determine
the contamination of the surface atmospheric layer as the preliminary inspection did not reg-
ister any significant values of volumetric activity of radionuclides in air even in case of very
high concentrations of radionuclides in soil.
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5.4. Conclusions of the final inspection of the near-portal tunnel areas

The final inspection showed that maximal values of radiation parameters were reg-
istered on the territory of the near-portal areas of tunnels G6, V6 and V8. The results of
inspection after completion of construction of additional protection showed that on the terri-
tory of all tunnels radiation parameters did not exceed maximal permissible values for the A
category personnel [5].

Laboratory analysis showed that maximal contamination with artificial radionuclides
was registered on the near-portal area of tunnel G6. Maximal values of specific activities of
radionuclides >*' Am and »*°"2**Pu were 2.7-10% and 4.3-10* Bq/kg, respectively. Maximal con-
centrations of *’Cs and **Sr were registered in tunnel V8 (1.0-10* Bq/kg).

As a whole, only in 3 near-portal areas, out of 8 tunnels sealed in 2010, the values
exceeding regulatory levels for artificial radionuclides were detected.

6. ASSESSMENT OF IMPACT FROM CONSERVATION
WORKS ON THE RADIOLOGICAL SITUATION IN THE
NEAR-PORTAL TUNNEL AREAS

6.1. Variations in the radiation situation by the results of radiometric
and dosimetric measurements

Maximal EDR values registered in preliminary and final inspections are presented in
the histogram (Figure 43).
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Figure 43. Maximal EDR values and average EDR density registered
in the preliminary and final tunnel inspections
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The histogram shows that during the preliminary inspection maximal EDR values
were detected in the locally-contaminated areas of tunnels G5, G6 and V8 and in the final in-
spection — in the locally-contaminated areas of tunnels G6 and V6. After works lower maxi-
mal EDR values were registered in tunnels G5, V7, V8 and V10. Thus, the initial assessment
shows that protection works reduced the levels of radiation contamination on the near-portal
areas of the examined tunnels. During the final inspection higher EDR values, as compared
with the data of the preliminary inspection, were registered in tunnel V6, which makes it pos-
sible to suppose that works on additional protection negatively affected radiation situation in
the near-portal areas of that tunnel.

However, maximal EDR values do not fully characterize radiation situation in the
near-portal areas as they do not take into account the area of contamination. In order to
evaluate the influence of the area of contamination, the average density of contamination
was calculated [1]. The results of calculation of the average density of contamination in the
near-portal areas based on the data of the preliminary and final inspections are presented in
the table and in the histogram (Table 3, Figure 43).

Comparing maximal EDR values before and after conservation works and results of
calculation of average contamination densities, it is possible to subdivide the tunnels by the
character of radiation situation variation:

1. Tunnels where variations in EDR values and average contamination densities

were within the measurement errors of the corresponding quantities (G6, G9,
GV1), hence, the protection works did not affect the radiation situation in the
near-portal areas;

2. Tunnels where maximal EDR values and average contamination densities de-
creased (G5, G7), which was a result of decontamination measures before protec-
tion works;

3. Tunnels where maximal EDR values decreased whereas the values of average
contamination densities remained unchanged within the measurement errors of
the corresponding quantity (V8, V10). It is the result of decontamination mea-
sures before works, however, it should be noted that before works there were
only local areas with maximal EDR values, which did not make any considerable
contribution to the average density;

4. Tunnels where maximal EDR values increased and average contamination densi-
ties changed insignificantly (within the measurement errors of the corresponding
quantity) — V6. The area had local contamination which was caused by carrying-
out of contaminated soil and rust during works.

Minimal and maximal values of the B-flux density measured during preliminary and

final inspections of the tunnels are presented in the histogram (Figure 44).

Maximal values of the B-flux density were registered during preliminary inspection
of the locally-contaminated area of tunnel G5 (220 part/(min-cm?)). The initial assessment
shows that protection works reduced the levels of radiation contamination in the near-portal
areas of tunnels G5, V8, GV1 and increased the levels in the near-portal areas of tunnels G6
and V6. On the territories of tunnels V7, V9 and V10 the protection works did not affect the
radiation situation.
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Figure 44. Maximal values and average density of flux of B-particles registered

in the preliminary and final tunnel inspections

The average contamination densities for the near-portal areas by the measurements of
data of the B-flux density during preliminary and final inspections were calculated (Table 3,
Figure 44). The results of calculation of the average density of contamination of the near-
portal areas based on the B-flux density showed that the radiation situation did not change
after works.

Comparing variations in maximal values of the B-flux density before and after works
and results of calculation of average contamination densities, it is possible to subdivide the
tunnels by the character of variations in the radiation situation:

1.

Tunnels where variations in the B-flux density and average densities were within
the measurement errors of the corresponding quantities (V7, V9, V10), hence, the
protection works did not affect the radiation situation in the near-portal areas;
Tunnels where maximal values of B-flux density decreased whereas the values
of average contamination densities changed insignificantly — within the mea-
surement errors of the corresponding quantity (G5, V8, GV1). It is the result of
decontamination measures before works. Insignificant variations in the average
density show that maximal values of B-flux density registered during preliminary
inspection were detected only in small local spots, which did not make any con-
siderable contribution to the average density;

Tunnels where maximal values of B-flux density decreased whereas the values
of average contamination densities changed insignificantly (G6, V6), which may
be a result of contamination by beta-radiating radionuclides during protection
works. Insignificant variations in the average density are caused by insignificant
increase in the maximal values of B-flux density registered during the final in-
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spection as well as local contamination, which did not make any considerable
contribution to the average density.

As a result of the analysis the following conclusions were made:

1. V9 — the protection works did not affect the radiation situation on the territory of
the tunnel.

2. G5, G7, V8, V10, GVI — decontamination carried out on the near-portal areas
before works improved the radiation situation.

3. G6, V6 — contamination of the area caused by protection works is local with in-
significant increase in radiation parameters.

6.2. Variations in the radionuclide contamination of the surface soil
layer

After final inspection of the near-portal tunnel areas, variations in the radioecologi-
cal situation in the studied areas were evaluated. Maximal values of soil contamination with
artificial radionuclides registered in the preliminary and final inspections are presented in the
histogram (Figure 45).
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Figure 45. A comparison of maximal values of radionuclide specific activities registered
in the preliminary and final inspections of the near-portal tunnel areas, Bq/kg
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In all the tunnels with vertical additional protection, maximal values of specific ac-
tivities of artificial radionuclides decreased, as before conservation works in order to reduce
radiation influence on the personnel, the territory was decontaminated with removal of lo-
cal contaminations, and after conservation works the contaminated ground extracted during
drilling was removed from the area.

In the tunnels with horizontal additional protection, an increase in local maximal ac-
tivities of transuranium radionuclides ' Am and *°"?** was registered, which indicates car-
rying-out of contamination from the tunnel cavities. Significant increase in activities was
observed in the local area of tunnel G6, where the final inspection registered the maximal
specific activity of ! Am equal to 2.7-10° Bq/kg; as the ratio of 2*"2*°Pu to >*! Am in the tunnel
was 1:16, the maximal specific activity of 2?***°Pu could be as high as 4.3-10* Bq/kg.

Increase in maximal values of *Sr specific activity was only observed in two tunnels
(G6 — by a factor of 1.4, GV1 — by a factor of 4.5), an increase in '¥’Cs activity was only ob-
served on the near-portal area of tunnel G6 with a 1.5 increase in activity during preliminary
examination.

As a whole, in order to analyze variations in the radiation situation in the near-portal
areas, one can compare the average values of concentrations of artificial radionuclides in soil.
The average values of specific activities of all studied radionuclides in all near-portal areas
calculated taking into account all sampling points in the area are presented in Table 3.

A comparative analysis of variations in the average specific activity of radionuclides
in soil showed improvement in the radiation situation and considerable decrease in average
specific activities of artificial radionuclides in tunnels with vertical additional protection.
In most cases specific activities of radionuclides decreased after measures on reduction of
radiation hazard on radioactively-contaminated spots. In tunnels with horizontal and com-
bined additional protection an increase in average values indicates on areal redistribution of
contaminated soil on the near-portal areas of tunnels.

As a whole, variations in maximal and average values of specific activities of artificial
radionuclides on the inspected near-portal tunnel areas before and after conservation works
enabled us to subdivide tunnels by the character of variations in the radiation situation:

1. Tunnels where maximal and average values of specific activities of artificial ra-
dionuclides in soil decreased, which is indicative of improvement in the near-
portal radiation situation due to measures on reduction of radiation hazard on
radioactively-contaminated spots (V6-V9);

2. Tunnels where only concentration of transuranium radionuclides *! Am and/or
2397290Py in soil increased, which was caused by redistribution of contaminated
soil over the territory as a result of conservation works (G5< V10, GV1);

3. The tunnel where the concentration of radionuclides '*’Cs, *°Sr, ' Am and 2*°*2*°Pu
increased, which was the result of redistribution of radionuclides during works on
additional protection (GO).

297



Radioecological Situation at the Former Semipalatinsk Test Site and Adjacent Territories

W0109> | 01ST> | 0107 | +01ST> | 15T | <015€> | 0157 | 0157 Wy ,c st/bg
‘uonpdadsur Kreurmipad
urmp Jare ur AJIANIE dLL
mOﬁOMV mOﬂOMV wOMOBV voﬁ.v.vv woﬁcmv woﬁwNV wOMWwV vOMOWV wOE |«®E=—O> .wo ®=—N> —Namxﬂz
0> > > > > > > > uonoadsur [eur{
(;wo-urur)pred Aysudp
xnp-eyd[e Jo anjeA [RWTXe\
> I> I> > > > I> > uonoadsur Areururjarg
€701 £F11 €01 ¥l €01 €701 PRI ¥ uonoodsur [eutg o
/aed ‘Kysuap xng-ejaq 3y
Jo syudwdanseaw Aq A)suap
EFII ¥l £F01 yFCl €F01 2l £F01 eFll uonoadsur Areurwrforg U0 EUIIIERIU0) dSEIIAY
F01 P81 F01 9FI¢ F0l1 SFC LFSE Fel uonoadsut [eurf
(;wo-urur)pred Aysuap
XN[J-839q JO ONJBA [BWIXE]\
$F0T €791 7¥01 01FCS 701 €01 vT81 pYFOCC | uonoadsur Kreurwrjard
60°0F6T0 | LOOFETO | SO'OFIT'0 | 90°0FOTO | 90°0F0T0 | LO'OFETO | 80°0F8CTO | 90°0F0T0 uonoadsur [eur y/agi
‘SpuaIRINSBAW Y (T Aq Lu1s
60°0FIEC0 | LOOFFTO | LOOFTTO | 800FSTO | 60°0F6T0 | LOOFTTO | OI'OFEE0 | 0I'0FCE0 | uonoadsur Areupurorg | ~USP UOHPUILIEIUOD 33LIAAY
80°0FI¥0 | 90°0FCE0 | #0'OFOTO | LOOFSI0 | LOOFLEO | 91'0F8L'0 | 0TOFCO'T | LOOFELO uonoadsur [eurf
/AST ‘anfeA Y (I [BWIXe
80°0FI¥'0 | €I°0FE90 | SOOFETO | 0TOF86'0 | €T0FEY0 | 90°0FOS0 | 0TOFTOT | LI'0F98( | uondadsur Areurujasg
TAD 0TA 6A SA LA 9A 9D <O IdPpuered

‘€21901

uondadsur euy pue Areurwippad (10Z-6007 JO SHNSAI Y} Aq JISSeW UIRIUNOW UI[IFI( dY) JO
s[puun) 3y} Jo seaue [eraod-1edu Jo A10)1LI9) IY) U0 sidjoweIed UONBIPEI JO J[qe) AlewIwns y

298



Radioecological Situation at the Former Semipalatinsk Test Site and Adjacent Territories

019€ | 0189 [ OFT [ OFT | OI€L [ QLT | OLIC | QOI1¢C uonoadsur ety T o wbg
0189 | 016C | 016 | OISE [ 016C | 01-cC | OLIT | 01-0S | uondoodsur Aeuriipig " | wopeunueyuos
0169 | 019% | 019C | OLTT | €€ | 0lcc | OISy | W0lce uondadSU ety | o1t 25810k
OLE€L | 0148 | 0106 | oI%T | 010€ | 0lce | 016€ | ,016¢ | vonoadsur Kewmmiarg | ot | | M
OITT | OIS0 | OIT0 | ©OFT | OF0 | OIS0 | OIS0 | 01€0 P —
FOLE9 | FO19C | FOITI | FOISL | FOI€T | FOI9T | FOILT | FOISI o ng
OLE0 [ OI8T [T OLF0 [ 01S0 [ OL€0 [~ 01T0 [ 01T [ O008T [ o et |
FOLECT | FOLE6 | ROLIT | FOI9T | FOLLT | FOITI | FOI06 | FOIS6 |~ "
OTFT | 08T | €0 | 08T | 01CT | 01C0 | 0[€0 | 0€0 S
FOILL | FOLO6 | FOLYT | F0106 | FOI-T9 | FOLLL | FOI9T | FOLEI A wy
OTTO [ OLTT [ 0IFT [ OI8T [T 0L0T [ 101€0 [ 00Z0 [~ 0180 [ onoqqn Creurunorg " Sybg
FOLLT | F0109 | FOLTL | FOL06 | FOLSS | FOLLT | F0L0T | 010y |~ panoe ogioads
OLE0 [ 0LT0 [ 0LT0 [ <0140 [ 01T0 [ 01-T0 [ OL€0 | 01-€0 P — Jo angen aSnsony
FOLET | FOI0T | FOI0T [ FOI6T | FOI0T | FOLIT | ®OI9T | 0181 i
OLT0[TZ01E0 [T OLE0 [ 19T [01T0 [~ OLE0 [ 0170 [ 000 [0 ot |
FOLOT | FOLE€T | FOIST | FOI-8 | FOITIL | FOLLT | FOLIT | ®019T |
OTT | 080 | 0180 | 09T | 0IF0 | 01-€0 | 0190 | <0190 RS —
FOILY | FOLGE | FOLOY | FOISS | FOI0T | FOLLL | FOLYE | FOLIE S 0
L0 [ O1T0 [ OLT0 [ 01S0 [ 0090 [ 0190 [ 0190 | 0S| oo g o |
FOI9T | FOLLT | ROLOT | FOIST | FOI6T | FOLLE | ROLTE | FOI8CT |
0180 | 0I8T | 0160 | 0190 | OMFT | ©OIFT | 0160 | 0190 T —
FOLLY | FOL06 | ROL9Y | FOLSE | FOILOL | FOIOL | FHOLEY | FOLEE AR ng
OTE0 [T OI8T [ 08T [~ 080 [ OLT0 [ OLF0 [ 0190 [ 0190 | oo Commmorg |
FOLST | FO106 | FO106 | FOITY | HOITIL | FOL€T | FOL0E | #OL0¢ |~ "
O1TO | 0180 | 00T | OI80 | 0190 | 0TI | OIS0 | 010 wonadsur [eug
FOLLT | FOI0Y | F010S | F0I0% | FO19€¢ | F01-09 | FOILT | =OI-TI A wy
010 [ OLTT [ 0090 —[0T€0 [ 0L80 [~ 0190 [~ 0190 | 0% 0 |00 ou croumunorg " Sy/bg
FOLLL | FOL09 | ROL0E | FOLST | FOILIY | FOITE | FOLOE | FOLIT |~ Enanoe oyads
0160 . : OIT0 | 0ITO0 | 0190 | OI0T | <0190 e
. . uonadsur [eur
w015y | OO .v 01 .v FOLET | FOLOT | FOI-6T | FOIFS | FOI0E oot T 15, Jo an[eA [PUIXEIN
10> | QT [T [TOMT [TOR0T [T OIT0 [ 0I80 [ 0090 o e G o
. FOLOL | FOL¥S | FOLLS | #0ITS | FOLCT | ROI0Y | FOITE
QL0 0TE0 [ OLF0 5010 [ 01T0 [ 0LTT |~ 0140 | 0[F0 S —
FOIYT | FOLYL | ROLOT | FOLOL | FOI0T | FOL0Y9 | FOI-0T | FOI61 9
0170 [ 0ITT [ 0160 | 0090 [ OLT0 [ OIT0 [ 01T0 [ 0I0T | oo comumorg |
FOLTT | FOLY9 | FOIh | FOI8T | FOILOT | ®OLOT | ROLEL | HOL6 | —
TAD 0IA 6A 8A LA 9A 99 9 TopuIEIE]

299



Radioecological Situation at the Former Semipalatinsk Test Site and Adjacent Territories

CONCLUSION

In 2009 —2010 in the framework of the project on liquidation of the nuclear tests
infrastructure, 8 tunnels of the Degelen mountain massif at the Semipalatinsk test site were
re-conserved. Radioecological survey of the near-portal areas before and after the works on
construction of additional protection enabled us to evaluate the impact of the conservation
works on the environment.

It is possible to make a conclusion that as a result of the conservation works using ver-
tical method of additional protection, the radiation situation was improved due to decontami-
nation measures. Usage of horizontal or combined methods of additional protection might
have caused local contamination of near-portal areas and in some cases it really happened.
In such a situation it is necessary to organize temporary storage facilities for working instru-
ments and appliances as well as temporary disposal facilities for storage of ground removed
from the tunnels.

As a whole, the system controlling the radiological situation with preliminary and
final inspections in each controlled area makes it possible to improve the radioecological
situation, which is an important factor in assuring safety of personnel and population.
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®U3HKATBIK TOCKAYBLTJAPIBI KYIIEHTY EOHBIHIIIA
JK¥MBICTAP OTKI3UITEHTE JEHIH JKOHE KEHIH JETEJIEH TAY/TbI
MACCHBIHJETT IITO/IbHA/IAPTBIH ITOPTA/IA/IbI TEJTIM/JEPIHIH
PAJTHALTHAITBIK XA/T-AXYAJIBI

Koposukosa T.B., Mycraduna E.B., Ocunues A.1O.,
JAmurponasienko B.H., SIkoBenko 10.1O.

KP ¥A0 Paouauuanvik Kayincizoik ycane IK0102ua UHCIUMYnbl,
Kypuamoes, Kazaxcman

SInponbIK KapyAblH TapaTblly KaTepiH TOMEHJIETYy MaKcaThIHAA SIPOJBIK ChIHAKTAPIBIH
MH(PaKYPHUIBIMBIH KO0 OOHbIHIIA >kyMbIcTapaelH meHOepinae (2009-2010 xokx.) Cemell chIHaK
TIOJIUTOHBIHAAFEI JleresieH Taybl MacCHBIHIH 8 MITOIBHACHIH KalTa skaly JKYMBICHI OTKi31Ial. ATanFaHn
PaMOdKOJIOTHSUTBIK 3ePTTEYIePAiH MaKcaThl KOpIIaFaH OpTa HbICAHIAPbIHBIH XaJl-aXyasblH, COHBIMEH
KaTap aTajFaH ITOJIBHIAP/IBIH TOPTAJIAJIAEI TEIIMIEPIHAe OTKI3UITCH )KYMBICTap/BIH Tepic acep eTy
MYMKIHAIriH Oaranay. bakputaygars! opOip MITONBHSHBIH MOPTATAJIBl TETIMIHACT] PaJHOIKOIOT HSIBIK
JKaFIaiIbIH ©3repiCiHIH HOTIKEIepi KeATIpiIIi.

Tyitin co30ep: CeMeli ChIHAK MOJIUTOHEI, JlereneH Tayilbl MACCHBI, ITOIBHSIIAP, HHKECHEPIIK
KYPBUIFBITAP/IbI KOCBIMINIA KOPFay, PaJ03KOIOTHAIBIK 3€PTTeY, PaAHaIHIbIK XaI-axXyall, SKBUBAaJTEeHTTI
71032 KyaTbl, 0.-, 3-06JIIIeK aFbIMBIHBIH THIFBI3BIFBI, PAAUOHYKINI, THECTI OSICEHAITIK, ITOIbHSIIAp.

PATHAITHOHHAA OBCTAHOBKA HA IIPHIIOPTA/IBHBIX YYACTKAX
LITOJIEH 'OPHOI'O MACCHBA JIET'EJIEH /1O H IIOCJIE IIPOBE/[EHUA
PABOT 110 YCHIIEHHIO ®U3HYECKHX BAPHEPOB

KopoBukosa T.B., Mycraduna E.B., Ocunues A.1O.,
JAmurponasienko B.H., SIkoBenko 10.1O.

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

B pamxax pabor (2009-2010 rr) mo nukBHAaUUM UHOPACTPYKTYPBI SACPHBIX HCHBITAHUN
B I[EJISIX YMEHBIIICHUS YTPO3bI paCpOCTPAHCHUS SIIEPHOTO OPYXKHSI OBUIO MPOBEICHO IIOBTOPHOE KOH-
cepBUpOBaHNE 8 MITOJIEH ropHOro MaccuBa Jlerenern CeMHUIATaTHHCKOTO UCTIBITATEIBHOTO MOTUTOHA.
Lenbro 1aHHBIX PaJAMOIKOJIIOTHYECKUX UCCIICAOBAHUH SIBIISIACH OLICHKA COCTOSIHUS OOBEKTOB OKpYIKa-
IOIEH cpelibl, a TAK)KEe BOSMOXKHOTO HETATHBHOTO BIIUSIHUS MPOBEICHHBIX paboT Ha MPHIIOPTAIHHBIX
YYacTKax JaHHBIX MITOJEH. [IpeacTaBieHsl pe3ybTaThl H3MEHEHUS PaIi0dKOIOTHYECKOH 00CTaHOBKH
Ha MPUIOPTATIBHBIX YUaCTKaX Ka)10H KOHTPOJIUPYEMOM IITOJILHU.

Kurouegvle cnosa: CeMunanaTMHCKUN MCIIBITATeNIbHBIA MOJUIOH, TOPHBIA MaccuB JlereneH,
LITOJIbHU, TOTIOJHUTENbHAS 3allliTa HHKCHEPHBIX COOPYKEHUH, PaIHOIKOIOTHIECKOE 00CIeIOBaHIE,
panuanroHHas 00CTaHOBKA, MOIIHOCTh SKBHUBAJCHTHOW 03bl, MJIOTHOCTh IMOTOKa 0O-, [-4acTHII,
PaIMOHYKIIHI, YACTbHAS aKTHBHOCTD.
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YIK 577.4: 614.876:504.064:539.16

FEATURES OF RADIOACTIVE CONTAMINATION
OF THE ZHAKSYTUZ SALT DEPOSIT AREA

Aidarkhanov A.QO., Lukashenko S.N., Lyakhova O.N.

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

The paper presents the results of radioecological investigations in "Zhaksytuz" salt deposit
area located at the border of the "Experimental field" of the former Semipalatinsk Test Site (STS).
A distinctive feature of the deposit is the mechanism of continuous formation of the productive salt bed.
Thus, the surface of the lake, contaminated by the fallout from nuclear testing about 50 years ago, is now
deep in the newly formed salt beds. It has been established that the major surface contamination with
artificial radionuclides is concentrated in soils and subsoils of the deposit’s shoreline. In the deposit’s
productive strata no significant concentrations of artificial radionuclides have been found.

Keywords: "Zhaksytuz" salt deposit, Semipalatinsk Test Site, radioactive contamination,
radionuclides, areal contamination.

INTRODUCTION

"Zhaksytuz" salt deposit is located at a distance of 60 km to the southwest from
Kurchatov-city, in Maisky rayon of Pavlodar oblast.

Zhaksytuz is a closed lake without constant water inflows, the lake has an isometric-
oval shape slightly elongated in the meridian direction. The area of the lake is 2.3x3 km. The
shores, 2-3 m high, are flat turning into 40-50 m-wide solonchak plain. Formation of the salt
stratum depends on the presence of surface saturated salt solution (brine) and its evapora-
tion.

Lithologic section of the lake:

* 0.00-0.05 m — novosadka sediments (unsteady);

¢ 0.00-0.50 m — starosadka stratum,;

e 0.50-10.50 m — karatuz with silt gradually passing into silt and further into clayish
sediments [1, 2].

A specific feature of the deposit is its location. It is located on the territory of the for-
mer STS close to the border of the test ground "Experimental field" (Figure 1).

Previous investigations showed that nuclear weapons tests on the "Experimental
field" caused radioactive contamination of the area located beyond the test ground. This fact
enabled scientists to make an assumption that the territory of the deposit is contaminated by
artificial radionuclides.
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E boundaries of «Experimental field» site I:l technical sites

Figure 1. Spatial location of Zhaksytuz lake

The aim of the present research is to study the present-day radiation situation in the
deposit area and to reveal factors forming the type of radionuclide contamination of the
area.

In order to solve the problem it was necessary to do the following works:

1. To study the levels of contamination of soils and subsoils of the deposit’s shore-

line by artificial radionuclides.

2. To study the character of vertical and horizontal distribution of radionuclides in

the salt strata.

3. To study the forms of radionuclides in the salt strata.
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1. EXPERIMENTAL PART

1.1. Field works

In the shoreline of the lake surface soil samples were taken. The samples were col-
lected at equal distances along the perimeter of the lake at a distance of 100 m from the
shoreline. Such a distance was taken in order to exclude sampling in the solonchak area
subjected to underflooding during floods. The sampling scheme is shown in Figure 2. The
samples were taken at a depth of 0-5 cm from the area of 100 cm?® The samples were packed
in the polyethylene bag containing their passport with the following data: date of sampling,
place of sampling, geographical coordinates, radiation parameters in the place of sampling,
etc. The samples were taken and packed according to the requirements to soil sampling in
areas with global and local contaminations [3]. During sampling EDR at a height of 0.03 m
and 1m above the soil level and B-flux density were measured.

: +
2p W E

Legend

® sall sampling points
o soil sampling points

N
0 250 500 1000 M

Figure 2. A sampling scheme
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Samples of the salt stratum were taken over the whole area using a grid with a step
of 500x500 m. In each point the samples were taken layer-by-layer at different depths
(Figure 2). The samples were taken with special instruments designed to take samples layer-
by-layer from a given depth. As different types of salt sediments are distributed non-uni-
formly, the boundaries of different layers were determined visually directly at the moment
of sampling. The thickness of the "novosadka" layer was up to 10 cm, the "starosadka" layer
was not thicker than 40 cm, the thickness of the "karatuz" was 90 cm and that of the "bottom
sediments" was 130 cm.

The samples were sent to the laboratory in order to determine specific activity of
artificial radionuclides.

1.2. Laboratory analysis

Preparation of soil and salt samples

To prepare the samples for laboratory y-spectrometric analysis according to GOST
17.4.4.02-84 [4] the following operations were made:

1. Extraction of impurities (vegetation and stones) from the main volume of the

sample;

2. Drying up to a constant weight;

3. Sieving of samples through a 2 mm sieve;

4. Grinding of fractions less than 2 mm on the mill to a size of 200 mesh

(20.074 mm);

5. Quartering;

6. Placement of a specimen of a volume of =500 g in the calibration vessel (Petri

dish) for y-spectrometric measurements.

Samples for radiochemical analysis for *****Pu and *’Sr were prepared according
to the scheme:

1. Choice of a specimen (not less than 50 g) from the sample which passed

y-spectrometric analysis;

2. Ashing of the specimen in the muffle furnace for 8 hours at 600° C with periodic

stirring.

Analysis of samples by y-spectrometry

In order to determine concentration of y-radiating radionuclides we used y-spectro-
meters produced by Canberra and Ortec.

For energy calibration of spectrometers a set of standard y-sources (OSGI) was used,
for geometry calibration special-purpose volumetric activity standards (OMASN) containing
radionuclides '¥’Cs, *?Eu and *! Am were used. A sample of a mass =500 g obtained during
sample preparation was placed on the detector window for measurements. The measurements
were made according to the certified methodology [5].

Determination of %***Pu concentration in the environmental objects

Radiochemical analysis of concentration of plutonium isotopes in the environment
samples was made using radiochemical technique [6]. a-spectrometric measurements were
made on Canberra a-spectrometers. The obtained results were processed using Genie-2000
software developed by Canberra for a-spectrometer.
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Determination of *’Sr concentration in the environmental objects

%Sr concentration in the environmental samples (soil, water, air aerosols and vegeta-
tion) was determined according to the certified methodological instructions and methods
[7, 8] using B-spectrometer TRI-CARB 2900TR and a software package QuantaSmart.

Relative registration efficiency used for analysis of spectrometers was not lower than
20%. The time of measurement of each sample was not less than 2 hours.

Determination of radionuclide forms in the deposit

To determine the forms of radionuclides we chose samples with the highest specific
activity of artificial radionuclides. Preference was given to the samples taken in different
points of the salt strata at different depths. The whole volume of the sample of the volume
1-1.5 kg was dissolved in the distilled water during heating. The obtained solutions were
filtered through the double layer of filter paper. The filtrate was a transparent colorless liquid.
The dry residue in the filter was a grayish mixture in the form of silt. The filtrate and the dry
residue on the filter were subjected to the y-spectrometric and radiochemical analyses.

As a result of analytical investigations the following values of minimally detected
specific activities were obtained (Table 1). The values depended on the mass of the sample
provided for research and time of measurement.

Table 1.
Values of minimally detected specific activities (MDSA)
Bq/kg
137Cs 241Am lSZEu 154Eu 60C0 Z39+240Pu 90Sr
3 3 2 2 2 1-3 1

2.  RESULTS OF INVESTIGATIONS

The radiometric measurements showed that the values of radiation parameters on the
territory of the lake and in the shoreline ranged in the following intervals: MED — 0.10-
0.14 pSv/h, the beta-particles density was <10 part./(min*cm?). No radioactively contami-
nated spots have been revealed.

2.1. Investigation of radionuclide composition of soils and subsoils

The results of laboratory gamma-spectrometric measurements are presented in the
Table 2. For radiochemical investigations of ***2*Pu and *°Sr concentrations 3 samples,
in which maximal concentration of ! Am was registered, were chosen.

Table 2.
Content of artificial radionuclides in soil
Sampling Concentration of gamma-radiating radionuclides, Bq/kg
point HAM 310 2Ry 1S4Fy 0Co 239240py NG
P-1 <3 T+1 <2 <3 <3 - -
P-2 7+1 7+1 <2 <2 <3 - -
P-3 <4 B! <2 <2 <2 - -
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Sampling Concentration of gamma-radiating radionuclides, Bq/kg
point UAm 131Cg 155 i IS4y 0o 239+:240py NG
P-4 100+ 10 40+4 <2 <3 <2 - 17+1
P-5 90+9 35+3 <2 <2 <3 - -
P-6 15+1 25+2 <3 <2 <3 - -
P-7 200 + 20 45+4 <5 <2 <3 320+ 40 37+1
p-8 55+£5 60£6 <2 <2 <2 - -
P-9 250+20 150+ 10 <6 <2 <3 830+ 60 23+1
P-10 70+7 3543 <3 <2 <3 - -
P-11 60+6 10+1 <2 <2 <2 - -
P-12 <3 10+1 <2 <2 <3 - R

The data presented in the table show that soils and subsoils were almost everywhere
contaminated with artificial radionuclides ' Am and *’Cs. No products of '**Eu, '**Eu and
%Co fission and activation were detected. The presence of 2*?*°Pu and **Sr was detected in
all sampling points.

Qualitative data on the contents of radionuclides in the upper layer of the salt strata
were obtained in the three sampling points only; in the other points specific activity was be-
low minimally detected values. In the graphic form the results of determination of artificial
radionuclides in the shoreline soils and in the surface salt layer are presented in Figure 3.

It is seen from the figure that no significant concentrations of '*’Cs and **'Am are
registered in the surface layer of the deposit, and their specific activity on the most part of the
studied area is less than 4 Bg/kg.

Quantitative values of specific activity of artificial radionuclides were determined in
soils and subsoils and were concentrated along the shoreline of the lake.

2.2. Investigation of the character of distribution of artificial
radionuclides in the productive strata

In the samples collected along the lithologic section (in depth) only radionuclides
24 Am and "Cs were detected. The results of laboratory gamma-spectrometric measurements
are presented in Table 3.
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b)

Figure 3. A schematic map of the areal distribution a) *’Cs and b) ! Am
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Table 3.
Results of laboratory gamma-spectrometric measurements

Sampling | Sampling | Stratum *'Am | 'Cs Sampling | Sampling Stratum |*'Am | Y'Cs
point depth, cm type Bq/kg point depth, cm type Bq/kg
p-1/1 0-5 novosadka | <3 | <3 | p-16/2 3-10 novosadka | <3 | <3
p-1/2 5-15 bottom | 10+1 | 30£3 | p-16/3 10-20 | starosadka | 9£1 | 4+1
p-2/1 0-10 novosadka | <3 | <3 | p-16/4 20-30 bottom | <3 | 4+l
p-2/2 10-20 | starosadka | 71 | <3 | p-16/5 60-70 bottom | <3 | 3+l
p-2/3 20-30 bottom |20+2| <3 | p-17/1 0-10 novosadka | <3 | <3
p-2/4 90-100 bottom | <3 | <3 | p-172 10-20 | starosadka | 51 | <3
p-3/1 0-10 novosadka | <3 | <3 | p-17/3 20-30 bottom | 3+l | <3
p-3/2 10-20 | starosadka| <3 | <3 | p-17/4 40-50 bottom | <3 | 3+l
p-3/3 40-50 bottom | <3 | <3 | p-18/1 0-10 novosadka | <3 | <3
p-3/4 90-100 bottom | <3 | 3£l | p-18/2 10-20 | starosadka | 15+1 | <3
p-4/1 0-10 novosadka | <3 | <3 | p-18/3 20-30 bottom | 3£l | 3+1
p-4/2 10-20 | starosadka| <3 | <3 | p-18/4 100-120 bottom | <3 | <3
p-4/3 20-30 bottom | 3£l | 3+1 | p-19/1 0-10 novosadka | <3 | <3
p-4/4 80-90 bottom | <3 | <3 | p-19/2 10-20 | starosadka | <3 | <3
p-5/1 0-10 novosadka | <3 | <3 | p-19/3 20-30 bottom | <3 | <3
p-5/2 10-20 | starosadka | <3 | <3 | p-19/4 120-130 bottom | <3 | <3
p-5/3 20-30 bottom | <3 | <3 | p-20/1 0-5 novosadka | <3 | <3
p-5/4 40-50 bottom | 7£1 | 3+1 | p-20/2 5-15 bottom | 20+2 | 25+2
p-6/1 0-5 novosadka | <3 | <3 | p-20/3 60-70 bottom | 7+l | 10«1
p-6/2 5-15 bottom | 9+1 | 505 | p-21/1 0-10 novosadka | <3 | 3+1
p-7/1 0-3 novosadka | <3 | <3 | p-21/2 10-20 | starosadka | 41 | <3
p-7/2 3-10 novosadka | 4+1 | 4+1 | p-21/3 20-30 bottom | <3 | 3+l
p-7/3 10-20 | starosadka | 15+1 | 10+] | p-21/4 50-60 bottom | <3 | 3+l
p-7/4 20-30 bottom | 3+l | 4£1 | p-22/1 0-10 starosadka | <3 | <3
p-7/5 60-70 bottom | <3 | <3 | p-22/2 10-15 starosadka | 3£1 | 51
p-8/1 0-10 novosadka | <3 | <3 | p-22/3 15-25 bottom | S5t1 | 9+1
p-8/2 10-20 | starosadka | <3 | 3£l | p-22/4 40-50 bottom | <3 | <3
p-8/3 20-30 bottom | <3 6 p-23/1 0-10 novosadka | <3 | <3
p-8/4 60-70 bottom | <3 | <3 | p-23/2 10-20 | starosadka | 3£1 | 3+1
p-9/1 0-10 novosadka | <3 | <3 | p-23/3 20-30 bottom | <3 | 3+l
p-9/2 10-20 | starosadka | 4+1 | 3£l | p-23/4 50-60 bottom | <3 | <3
p-9/3 20-30 karatuz | <3 | 3£l | p-24/1 0-10 novosadka | <3 | <3
p-9/4 40-50 bottom | 3+£1 | 6£1 | p-24/2 10-20 | starosadka | 6£1 | 441
p-10/1 0-10 novosadka | <3 | <3 | p-24/3 20-30 bottom | <3 | 5+1
p-10/2 10-20 | starosadka | 8+1 | 5£1 | p-25/1 0-3 novosadka | <3 | <3
p-10/3 20-30 karatuz | 3£1 | 441 | p-25/2 3-10 novosadka | <3 | <3
p-10/4 70-80 bottom | <3 | <3 | p-2573 10-20 | starosadka | 3+l | <3
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Sampling | Sampling | Stratum |*'Am| "'Cs | Sampling | Sampling | Stratum |*“Am| "'Cs
point depth, cm type Bq/kg point depth, cm type Bq/kg
p-11/1 0-3 novosadka | <3 | <3 | p-25/4 20-30 karatuz | <3 | <3
p-11/2 3-10 novosadka | <3 | <3 | p-25/5 70-80 bottom | <3 | <3
p-11/3 10-20 | starosadka | <3 | 3+l | p-26/1 0-3 novosadka | 31 | <3
p-11/4 30-50 karatuz | 7£1 | 441 | p-26/2 3-10 starosadka | 3+1 | 4+
p-11/5 70-80 bottom | <3 | <3 | p-26/3 20-30 karatuz | <3 | 7+1
p-12/1 0-10 novosadka | <3 | <3 | p-26/4 40-50 bottom | <3 | 3+l
p-12/2 10-20 | starosadka | <3 | <3 | p-27/1 0-3 novosadka | <3 | <3
p-12/3 40-50 karatuz | 5+1 | <3 | p-272 3-10 starosadka | <3 | <3
p-12/4 70-80 bottom | <3 | <3 | p-27/3 30-40 karatuz | <3 | <3
p-13/1 0-5 novosadka | <3 | <3 | p-27/4 50-60 bottom | <3 | <3
p-13/2 5-10 starosadka | <3 | <3 | p-28/1 0-3 novosadka | <3 | <3
p-13/3 40-60 bottom | <3 | 3£l | p-28/2 3-10 starosadka | <3 | <3
p-14/1 0-10 novosadka | <3 | <3 | p-28/3 30-50 karatuz | <3 | 3+l
p-14/2 10-15 | starosadka | 50+5 | <3 | p-28/4 70-80 bottom | <3 | <3
p-14/3 15-20 karatuz | <3 | 4£1 | p-29/1 0-10 novosadka | <3 | <3
p-14/4 60-70 bottom | <3 | <3 | p-29/2 10-20 | starosadka | <3 | 3+l
p-15/1 0-10 novosadka | 10£1 | 5+1 | p-29/3 30-40 karatuz | <3 | 3+l
p-15/2 10-20 | starosadka | 6+1 | 6+1 | p-29/4 40-50 bottom | <3 | 3+l
p-15/3 20-30 karatuz | <3 | <3 | p-30/1 0-3 novosadka | <3 | <3
p-15/4 40-50 bottom | <3 | 4+l | p-30/2 10-30 karatuz | <3 | <3
p-16/1 0-3 novosadka | <3 | <3 | p-30/3 80-100 bottoms | <3 | <3

The results of laboratory investigations provided us with the distribution pattern for
specific activity of **'Am and '*’Cs in the upper surface layer (0-5 cm) on the lake and in the
adjacent area. Figure 4 shows a schematic map of distribution of artificial radionuclides *’Cs
and *'Am in the surface layer (0-5 cm).

The most contaminated areas, as it was expected, are the areas close to the "Experi-
mental field". The character of > Am and '*’Cs distributions is similar. The map of their dis-
tributions looks like a mosaic with no contamination on the territory of the lake.

It was established that the character of **!Am distribution in the profile of the salt
stratum was slightly different from the character of *’Cs distribution. Minimal concentration
of #'Am was registered in the novosadka layer and maximal — in the karatuz layer. Minimal
concentration of *’Cs was registered in bottom sediments, the lowest layer in the vertical salt
profile.

In order to analyze the obtained data, the results of Table 3 are presented in the form of
a histogram (Figure 5). To construct the histogram we used the ratios of the specific activity
numerical values to the total number of measurements depending on the layer depth.
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Figure 4. A schematic map of '*’Cs (a) and **' Am (b) distribution in the surface layer
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Figure 5. Occurrence frequency of >' Am and *’Cs numerical values for different depth intervals
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The histogram shows the presence of artificial radionuclides along the whole depth of
the layer. Most often numerical values of ' Am are registered in the layer 10-20 c¢m; '*’Cs is
mainly distributed in the layer 10 — 60 cm.

Such distribution of radionuclides can be explained by the following factors:

1. Different migration abilities of ! Am and '*’Cs.

2.  Mechanisms of formation of radiation contamination.

2.3. Determination of radionuclide forms in deposits

The results of laboratory analyses are presented in Table 4.

Table 4.
Results of gamma-spectrometric measurements of liquid
and solid phases of samples of the salt strata
Specific activity of artificial radionuclides, Bq/kg
Sampling point Filtrate Precipitate
241Am 137CS 241Am 137CS
5/4 <2 <4 3] 9+3
14/2 <2 <4 180+20 18+2
15/1 <2 <4 2743 6+1
182 <2 <4 85+9 2242
20/2 <2 <4 2542 5545

An analysis of obtained data showed that in all cases radionuclide contamination was
caused by the admixtures of contaminated soil, silts and bottom sediments presented in this
experiment by the residue obtained after filtration of dissolved salt samples. Salt component
of samples, which after dissolution turned into filtrate, did not have studied artificial radionu-
clides in its composition. ! Am and '*’Cs activity in all samples was below the registration
threshold of the equipment used.

The above data were confirmed by the results of *°Sr and *****°Pu determination in
salt samples. For the investigations we took stratified samples along the depth in points 26,
2, 1 and 6, where numerical values of specific activity of >*' Am or '*’Cs were registered. The
results showed that **Sr and #?***°Pu concentrations in the dissoluble salt fraction were below
the registration threshold of used equipment and techniques.

3. DISCUSSION OF THE RESULTS

The data on specific activity of radionuclides in the surface layer do not enable us to
unambiguously claim that there is no radioactive contamination on the territory of the lake.
This fact is related to the mechanisms of formation of the salt strata and to formation of ra-
dioactive contamination. In this case it will be more correct to consider areal contamination
of the studied area, i.e. to determine amounts of radionclides along the depth of lithologic
layer.

In order to determine amounts of radionclides we made sampling from all available
data on ! Am and *’Cs distributions and assigned them into categories depending on the
results. The obtained specific activity values were transformed into areal activity; for the
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points with stratified samples the activity was summed up along the depth. The obtained data
were used to construct a schematic map of the areal *’Cs and ! Am distribution in terms
of kBq/m? (Figure 6).

«Experimental field» site «Experimental field» site

Legend
Legend g
Z ; p - soil sampling points 7-10
- soil sampling points 37
Cs-137, kBg/sq.m 710 Am-241,kBalsq.m I 1020
i - I 015 s B 2040
. 12 s o I <050
a) b)

Figure 6. Areal distribution of '¥’Cs(a) and ' Am (b)

The figures above represent general areal contamination of the territory near south-
eastern part of the "Experimental field". Several spots with increased values are marked in
the figures. It should be noted that in such data representation the lake does not look like a
"white" spot. The traces of radioactive contamination have their continuation in the lake. The
activity of radionuclides in the lake and on the adjacent territory has close values. This result
shows that contamination of the lake was formed as a result of passing of axes of the traces
of ground nuclear tests on the test ground "Experimental field". Due to the processes of salt
formation (growth of new salt layers), radionuclides went down to the lower layers.

CONCLUSION

Radioecological investigation of the deposit area has shown that the present-day con-
tamination of the lake is caused by artificial radionuclides '*’Cs, **!Am, **Sr and 2****'Pu.
As over 50 years has passed since the last nuclear test, and salt is forming continuously, the
surface layer does not contain artificial radionuclides. The main part of the radionuclide con-
tamination is contained in the middle layer of the salt deposit, which shows natural vertical
redistribution of radionuclides in depth. The fact that the concentration of '*’Cs and **'Am in
bottom sediments is lower than in the starosadka and karatuz only indicates that the process
of deepening of radionuclides is not over yet.

It has been established that radioactive contamination of the salt strata is caused by
the presence in salt of soil particles contaminated by artificial radionuclides and the level of
contamination is practically the same as that on the adjacent territory, which is indicative of
the same source and mechanism of formation of contamination. Specific activity of artificial
radionuclides in the salt is lower than the detection level of used equipment.
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At present no significant variations in the radiation situation to the worse due to sec-
ondary transfer, migration, etc. are observed.
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HKAKCBITY3 ACTY3bl KEHOPHBIHbIH AYMAFbIH/[A

PA/THOAKTHUBTI JIACTAHY/[bIH KA/IBIIITACY EPEKIITEJIIT'T

AiinapxanoB A.O., Jlykamenko C.H., JIsxosa O.H.

KP ¥A0 Paouauuanvix Kayincizoik scane IK0102ua UHCIUMY b,
Kypuamoes, Kazaxcman

Makanana, oypeiarel Cemeit ceinak nosnuronsl (CCIT) aymarsianarsl «TaxipnOe mamacbby
CBHIHAK aJIaHBIHBIH IIEeKapachIHa OpHANACKAH «JKaKChITY3» acTy3bl KCHOPHBIHBIH ayMaFrbIHa jKacalFaH
PaIMOIKOJIOTHSIIBIK 3€PTTEy HOTHKEepl KenTipinreH. KeHOpHBIHBIH alpbIKIIa epeKIlelNiri, oHiMal
TY3Ibl KaTHapIblH TY3UTy MeXaHu3Mi OobIl TaObUla/bl, OHBIH KAJBINTACYBl Y3MIKCi3 CHIIATTa.
Ocsunaiimna, 50 5KbIT OYpPBIH SAPOIBIK CEIHAKTAPABIH CalJapblHAH PaJANOAKTUBTI JIaCTaHyFa YIIBIPaFraH
KeJIiH OeTKi Ka0aTkl, Ka3ipri yakpITTa *KaHaJdaH TY3UIreH TY3/bl KaTrap/AblH TePeH KabaTbIHa KaThIp.
TexHOreH 1 paAnOHYKINATEPMEH Heri3ri OeTKi paJoaKTHBTI JacTaHy, KCHOPHBIHBIH YKarajaybIHJarbl
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KYMJIaK TOIBIPAKTa IOFbIpIaHFaH. KeHOPHBIHBIH OHIMIIK KaTIapbIH1a TEXHOTeH 1i PaJHOHYKIHATEPAIH
KOMAKTbI TYP/IC LIOFBIPJIAHYbI aHBIKTAJIFaH XKOK.

Kinm ce3zdep: «XKakchity3» Ty3 KeHOpHBI, CeMeil ChIHAK MOJIMIOHBI, PaIUOAKTHBTI JIACTAHY,
PAAMOHYKIIMATED, ATaH/bIK JIACTAHY.

OCOBEHHOCTH ®OPMHUPOBAHHUA
PA/THOAKTHBHOI O 3AI'PASHEHHA TEPPUTOPHH
MECTOPOKJJEHHA IIOBAPEHHOH COJIH KAKCBITY3

AiinapxanoB A.QO., Jlykamenko C.H., JIaxosa O.H.

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

B crathe mpuBeACHBI PE3YIBTAThI PAIMOIKOIOIMICCKUX UCCIICIOBAHUN TEPPUTOPUH MECTO-
POXKICHUS MOBapeHHOM cou «JKaKChITy3», pacIoloKEHHOTO Y TPAaHHIIBI HCITBITATEIIEHON TIOIIAIKH
«OmpITHOE TIOJIe» ObIBIIEro CeMunaiaTHHCKOTo HenbiTaTesibHoro nonurona (CUIT). OtmuantenbHOM
0COOCHHOCTBIO MECTOPOYKICHHS SBSIETCS MEXaHU3M 00pa30BaHUs MPOIYKTHBHOTO COJISIHOTO IUIACTA,
(hopMHpOBaHKE KOTOPOTO HOCUT HENPEPBIBHEIN Xapakrep. Takum o0pa3om, MOBEpXHOCTH 03epa, MO-
BEPruIasics paOaKTHBHOMY 3arpsi3HEHUIO B Pe3yJIbTATe BBINAJACHHUI OT sICPHBIX HCIBITAHUI MOPSIKa
50 net Ha3aj, B HACTOAIIEE BPEMST HAXOIUTCS TIIyOOKO MO/l BHOBH 0OPa30BaBIIMMCSI COJISTHBIM CIIOEM.
YcTaHOBJIEHO, YTO OCHOBHOE TOBEPXHOCTHOE PAIMOAKTHBHOEC 3arpsi3HCHHUE TEXHOTCHHBIM PaIHOHY-
KJIMAaMH COCPEIOTOYCHO B MIOYBOTPYHTAX OEPEroBoii IMHUK MECTOPOXKACHUS. B MPOAYyKTUBHOM ILTa-
CTEe MECTOPOXK/ICHUS HAJTMYKSI 3HAYMMBIX KOHIICHTPALMI TEXHOTCHHBIX PaJMOHYKIIUIOB HE BBISIBICHO.

Kniouesvle cnosa: mecropoxaeHue comn «XKakcpiTy3», CeMHNMANIATHHCKAN HCIBITATEIbHBII
MOJIUTOH, PaJIHOAKTUBHOE 3arpsi3HEHNUE, PaHOHYKIIHIbI, TUIOIIAIHOE 3arpsI3HeHHE.
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TRITIUM CONTENT IN THE SNOWPACK
IN SETTLEMENTS ADJACENT TO STS

Turchenko D.V., Lukashenko S.N., Aidarkhanov A.O., Lyakhova O.N.

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

The paper presents the study of tritium in the snow cover in the large settlements adjacent to
the territory of STS. Quantitative data on the content of tritium in snow near "Degelen" site and in the
residential areas were obtained. The survey in the city Kurchatov, Kaynar and Sarzhal towns did not
receive numerical concentrations of tritium in the snowpack. Outside the "Degelen" site limits, in the
south and south-east, the concentrations of trititum do not exceed the detection limit of 11-16 Bq/kg.

Keywords: river bed water, tritium, snow cover, STS, migration of tritium, surface layer of
snow, near-the-ground layer of the snow cover.

INTRODUCTION

At present, on the territory of the STS there are areas with water bodies that have
high tritium concentration in surface and near-the-surface water [1]. Components of this
ecosystem (vegetation, atmosphere and ground air) are also contaminated with tritium. It is
supposed that tritium has high migration capabilities in ecosystem components and can pro-
liferate by air from contaminated areas and therefore provide negative impact in the ambient
air. Thus, it is important to evaluate transfer of trittum by air beyond the borders of STS in
direction of populated areas like town of Kurchatov, villages Sarjal and Kainar located to the
north and south of STS.

To evaluate the impact of tritium in the air of test sites "Balapan" and "Degelen", it is
required to identify its possible migration routes in direction of populated areas beyond STS
border.

The objective of this work is to get quantitative data on tritium concentrations in
the snow cover at the populated areas adjacent to the STS border and near the STS testing
grounds.

Main purposes of this work were:

» study of tritium concentrations in the snow cover in populated communities;

+ study of tritium concentrations in vicinity of "Degelen" test site.

1. AREAS AND METHODS OF RESEARCH

The biggest populated communities in vicinity of STS were selected for the study.
Figure 1 shows the location of these communities near the STS and research areas on the
territory of STS.
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Figure 1. Location of research areas at STS and in the population communities adjacent to STS;
sampling locations map: a) town Kurchatov, b) vil. Sarjal, c) vil. Kaynar,
d) "background areas" of STS.

In the town of Kurchatov (Figure 1, a), samples of snow cover were collected through
the whole winter period of 2011 and sampling locations covered the whole territory of
Kurchatov (hospital, garages, children’s sport school and river banking). In 2012 snow sam-
ples were collected only on the territory of the Institute (location of the Department of the
monitoring systems development for environment — DMSDE). In villages Sarjal and Kainar
(Figure 1, b and c) snow cover samples were collected only in March 2012 and sampling
locations were evenly distributed over the territory of each village.

To determine tritium concentrations in the snow cover beyond the "Degelen" test site
in southern and south-eastern directions (in direction to villages Kainar and Sarjal), 2 re-
search profiles were made (Figure 1, d). Length of each profile (path) was 10 km with spac-
ing between sampling locations 1 km. Snow samples were collected in March 2012 as it was
supposed for maximum tritium accumulation in the snow cover during the winter.

Snow cover was sampled by layers 0-10 cm and 10-20 cm. In cases when total snow
cover thickness was over 20 cm then it was sampled 0-10 cm and then for the whole depth up
to underlying surface. Snow cover thickness was measured using measuring ruler.

To determine tritium concentrations, snow samples were placed into the plastic bag
and then melted. Then the samples were put into 20 ml plastic test tube. To remove mechani-
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cal solids the "Blue ribbon" filters were used. Filtered sample then was put into 20 ml plastic
tank and scintillation solution was added in the proportion 3:12 ml.

To determine specific activity of tritium in snow samples, the liquid scintillation spec-
trometer TriCarb 2900 TR was used along with the standard measurement technique. [3].

2.  RESULTS AND DISCUSSION

2.1. Study of tritium contents in the snow cover of populated areas

Table 1 reports on tritium analyses in the snow cover on the territory of Kurchatov city
for the period 2011-2012.

Table 1.
Tritium concentration in the snow of Kurchatov city
Sy oo v “DYISBE O Trl’tmm specific activity, Bq/kg
period Y . réren s Garage area Hospital |River banking
location | sport school
February 2011 surface <13 <13 <14 <14
surface <13 <13 <14 <13
March 2011 underlying <13 <15
December 2011 surface <12
January 2012 surface <12
February 2012 surface <12
March 2012 |—Sutace 2
underlying <12

Table 2 shows the results of tritium determination in the snow cover on the territory
of Sarjal and Kainar villages.

Table 2.
Tritium concentration in the snow of Sarzhal and Kainar villages
Tritium specific activity, Bq/kg
Area Snow layer
1 2 3 4 5

Sarzhal surface <12 <12 <13 <12 <13
underlying <12 <12 <13 <12 <12

Kainar surface <11 <12 <12 <13

underlying <12 <13 <13 <12

During the whole period of research (from 2011 to 2012) no tritium concentrations
were detected exceeding detection limit of 12-16 Bq\kg on the territory of the biggest popula-
tion communities. This means that there is no tritium in the air of Kurchatov city and villages
Sarjal and Kainar: STS does not provide negative impact on these communities in terms of
tritium.
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2.2. Tritium studies in vicinity of '""Degelen" site

Table 3 shows research results on tritium concentrations in the areas to the south and
to the south-east from the "Degelen" test site.

Table 3.

Tritium concentration in the snow beyond the borders of '""Degelen" site

i Distance from the border of ""Degelen", km
trection from | g wlayer | 0 | 1 [ 2 | 3 [ 4 5] 6] 78] 0910
Degelen
Tritium specific activity, Bq/kg
South surface <12 | <13 [ <12 | <12 | <12 | <12 | <I] | <]l | <I2 | <13 ] <Il
underlying | <12 | <12 | <12 | <12 | <II | <I2 <Il | <12 | <11

South-east surface <I2 | <12 | <16 | <12 | <12 | <12 | <I2 [ <12 | <12 | <]l | <II

- underlying <1l | <11 <12 | <12 | <12 <11 | <12

As it is seen from the data above, there is no tritium in the snow cover at the distance
10 km from the "Degelen" site in the southern and south-eastern directions. Even close to the
border of "Degelen", trititum concentration was within the detection limit of 11-16 Bq\kg.

3. DISCUSSION OF RESULTS

No tritium was detected in the town of Kurchatov and villages Sarzhal and Kai-
nar. In the whole snow cover, tritium concentration did not exceed the detection limit
of 12-16 Bq\kg. In southern and southeastern directions from "Degelen" site towards the
population communities, tritium concentrations also did not exceed the detection limit of 11-
16 Bq\kg. This means that in the nearest proximity to "Degelen" site tritium is diluted by air
masses and does not proliferate by the air beyond the site borders.

During the whole winter season snow is accumulated and compacted. Along with
this, tritium is accumulated in the upper snow layer from the ambient air and in the near-the-
ground layer — from underlying surface. This snow cover is an integral indicator of contami-
nation in the air and in underlying surface.

CONCLUSIONS

Quantitative data was received on trititum concentration in the snow cover of populat-
ed areas adjacent to the STS territory and near the "Dagelen" site. No tritium was detected in
the snow cover in the villages. Beyond the border of the "Degelen" site and in the populated
areas, trittum concentration in the snow cover did not exceed 11-16 Bq\kg. Thus tritium in the
ambient air is diluted and does not reach territory of populated areas like town of Kurchatov
and villages Srazhal and Kainar.

The authors express thanks to the members of the Institute of radiation safety and
ecology Muliankin V.A., Yesimbekov A. for assistance in expedition, Lyakhova O.N. and the
Group of general chemistry DMSDE for handling and analyzing snow samples.
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JKAMBLIFBICBIHJAFBI TPUTHH/IIH K¥YPAMBIH 3EPTTEY

Typuenko J.B., Jlykamenko C.H., Aiinapxanos A.O., JIaxosa O.H.

KP ¥A0 Paouayuanvik Kayincizoik yicane IKon02us UHCMUmymol,
Kypuamoes, Kazaxcman

by makanana, CCII aymarbIHa KaKbIH JKaTKaH ipi eni-MeKeHACPIiH ayMaKTapbIHIAFbl Kap
JKaMBUIFBICBIH/IA TPUTUH/IH KYPaMbIH 3epPTTey HOTIIKENEepi KenTipinreH. «J{ereneny chlHaK anaHblHA
JKaKbIH JKepJeT] XoHe elli-MeKeHAepAiH ayMaKTapbIHAAFbl Kap JKaMBUIFBICBIHA TPUTHIIIH KypaMbl
OOBIHIIIA MOIIIEPIIIK AEPEKTEP ANBIHBL. 3epTTey KeseHinne, Kypuaros kamacel, Capxai sxoHe KaiiHap
aybULIapbl  eJIi-MEKeHICPIHIH ayMarbIHAAFbl Kap JKaMBUIFBICBIHAAFbl TPUTHH IIOFBIPJIAHYBIHBIH
MOJIIIepi aIbIHFaH JKOK. «Jleresieny ChIHaK aJlaHbIHBIH IeKapachIHAa, OHTYCTIK )KOHE OHTYCTIK-IIBIFBIC
0aFpITTa, TPUTUIIH MOFBIpIaHysl — 11-16 BK/KT aHBIKTAy IIETiHEH aCKaH KOK.

Kinm cesoep: apnanarbl cy, Tputuii, Kap sxambUirbicbl, CCII, TpUTHiiAiH KBUIBICTAYBI, Kap
JKaMBUIFBICBIHBIH YCTIHIT Ka0aThl, Kap >KaMBUIFBICEIHBIH O€TKi KaOaThbl.
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H3YUYEHUE CONAEPKAHHUA TPUTHA B CHE2KHOM IIOKPOBE
HACEJIEHHBIX IIYHKTOB, IIPUIETAIOIHX K TEPPUTOPHH CHIT

Typuenko 1.B., Jykamenko C.H., AiinapxanoB A.O., JIsixoa O.H.

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

B pabore npeacraBineHsl pe3yabTaThl HCCIET0BAHUS COACPIKAHHS TPUTHUSI B CHEKHOM TTOKPOBE
Ha TEPPUTOPUH KPYIHBIX HACEICHHBIX MyHKTOB Mpuieraromux k teppuropun CUIL. Tloryuens: xomm-
YEeCTBEHHBIE JAHHBIC 110 COAECPKAHUIO TPUTHS B CHE)KHOM TTOKPOBE BONM3H HUCHBITATENbHOH TIOIA K]
«Jlerenen» ¥ Ha TEPPUTOPUH HACEICHHBIX ITyHKTOB. B epros o6cienoBaHys Ha TEPPUTOPHN HACEIICH-
HBIX ITyHKTOB ropoza Kypuaros, nocenkos Capskan u KaifHap He ITOTy4eHO YHNCICHHBIX KOHIICHT PN
TPUTHS B CHEXKHOM TIOKpPOBE. 3a MpeenaMy IPaHUIbl CTIBITATEIbHON TIOMAAKN «Jlerenen», B 10xk-
HOM M I0T0-BOCTOYHOM HalpaBJIeHHH, KOHIICHTPALUs TPUTHS He MPEeBbIIIaia Ipeses 00HapyKeHHUs —
11-16 Bx/xr.

Kniouesvie cnosa: pycnopas Boja, TPUTHH, cHeXHBIN mokpoB, CUII, murpauus tputHs, mo-
BEPXHOCTHBIH CJION CHEXKHOTO IOKPOBA, IPU3EMHBIH CIIOH CHEXHOIO ITOKPOBA.
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TRITIUM CONTENT IN THE SNOWPACK AT THE SHAGAN RIVER
Turchenko D.V., Lukashenko S.N., Aidarkhanov A.O., Lyakhova O.N.

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

This paper reports on a study of tritium in the snow cover on the Shagan River. Spatial distribution
of tritium in the snow was investigated relatively to Shagan riverbed. We revealed a regularity that the
maximum concentrations of tritium are located in the center of the bed and reached 15,000 Bg/kg.
Outside the bed, trittum concentrations reach 20 to 150 Bq/kg. Mechanisms of tritium inflow in the
snow cover were identified; the most significant trititum inflow mechanism outside the channel is the
condensation of tritium-containing water vapor on the particles of snow at the time of precipitations.

Keywords: river bed water, ground water, tritium, snowpack, Shagan River, STS, migration of
radionuclides, ice cover, surface layer of snow, near-the-ground layer of snow, emanation of tritium
from the soil.

INTRODUCTION

Tritium studies in the snow cover at the "Degelen" [1] site showed that close to the
brook stream that has high tritium concentration in the water the snow has also high tritium
concentrations in the surface layer of snow and in near-the-ground layer. In all researched ar-
eas tritium concentration in the near-the-ground layer is higher than in surface layer. Beyond
the main river bed, trititum concentration in the snowpack drops to the background levels. As
it was proven at the "Degelen" site, the main mechanism of tritium transfer to the snowpack
is emanation from underlying surface.

At the Shagan River there are areas with anomaly-high tritium concentrations in the
surface and ground water [2]. In the same areas, high tritium concentrations are detected in
the ecosystem components (vegetation, surface and atmospheric air). In the areas of under-
ground nuclear tests there is tritium inflow to the snowpack from the underlying surface [3].
Results of previous studies showed that snow is an integral indicator of contamination with
tritium for air and soil environment.

The purpose of this work is to study the impact of the transfer mechanisms on the
spatial distribution of tritium in snowpack and to evaluate background tritium concentrations
at the Shagan River.

The main tasks for this work were:

* Research of spatial distribution of tritium in the snowpack along the Shagan

riverbed (axial profiles);

* Research of tritium spatial distribution in the snowpack over the area perpendicular
the Shagan riverbed (cross-axis profiles);

* Todetermine background tritium concentrations in the snowpack along the Shagan
riverbed.
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1. OBJECTS AND METHODS OF RESEARCH

As the research object, a 9-15 km long area was selected of the main riverbed of
the Shagan River from the "Atomic lake" (hereinafter "AL"). Field work was done in two
stages:

* in December evaluation of background trititum concentrations was conducted in

fresh snowpack;

* in February and March evaluation was conducted of tritium concentrations for the
whole winter season. During the whole winter season the snowpack total thickness
changed depending on the terrain. On the hills and elevations snow thickness was
about 5-10 cm and in riverbeds and lowlands 20-30 cm.

<1 6,5 km from AL

Balapan test site

<_—1 5,6 km from AL

<_—— 4,7 kmfrom AL

Legend

STS border

Borders of testing grounds
Exploration wells

40 m from riverbed, left bank
40 m from riverbed, right bank
Cross-axial profiles

AL “Atomic Lake™

Atomic Lake

Figure 1. Location of sampling areas at the Shagan River
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Figure 1 shows the location of axial and cross-axis profiles at the Shagan River. To
study spatial distribution of tritium in snowpack along the Shagan riverbed, two axial profiles
were laid at 10-15 km areas from "AL" (40 m from the riverbed along the right bank and
40 m from the riverbed along the left bank). Distance between the locations in each axial
profile was 200-300 m. Showpack samples were taken on the axial profile on the right bank
in February 2012 and on the left bank in March 2012. Received data was used to evaluate
nature of spatial distribution of tritium in snowpack across the area perpendicularly to the
main riverbed of Shagan River.

To study spatial distributin of tritium in snowpack on the areas with high tritium con-
centrations (4.7 km, 5.6 km and 6.5 km from "AL") 3 research profiles were laid perpendicu-
lar to the Shagan riverbed (Figure 1). Center of the profile was located in the center of the
Shagan riverbed and distance between sampling locations in the profile was 50 m. The re-
search profiles were located on the right and left sides of the Shagan River. For more detailed
study of spatial tritium distribution in snow at the profile 5.6 km, one more snow sampling
was done in March 2012 with the sampling distance 20 m.

In December 2011 a 9 km-long axial research profile was installed from "AL" to eval-
uate background concentrations of tritium in snowpack at the distance not less than 150 m
away from the Shagan riverbed. Distance between sampling points was 200-300 m. Snow-
pack sampling was done by layer to the depth 0-10 cm and 10-20 cm. In cases when total
snowpack depth was less than 20 cm, sampling was done to the depth 0-10 cm (surface layer)
and to the remaining depth (near-the-ground layer). If total snowpack depth was 30 cm, then
surface, intermediate and near-the-ground layers were sampled. Showpack depth was mea-
sured using measuring ruler.

The snowpack samples were put into plastic bag and melted to determine tritium con-
centration. Then the samples were put into the 20 ml plastic test-tube. Melted snow samples
were filtered using filers "Blue ribbon" to remove mechanical solids. Then filtered sample
was put into the 20 ml plastic container and scintillation cocktail was added in the proportion
3:12 ml. Specific activity of tritium in the snow samples was determined using liquid scintil-
lation spectrometer Tri-Carb 2900 TR employing standard method [4].

2.  RESULTSS

2.1. Tudy of spatial distribution of tritium in snowpack along the main
riverbed of Shagan river

Figure 2 shows spatial distribution of tritium in the snowpack at studied areas along
the riverbed of Shagan River. To plot the graph of spatial distribution of tritium, in the cases
when tritium concentrations were below the detection limit of 12-13 Bq\kg, the value of the
detection limit was taken.

As it is seen from the results (Figure 2), along the 15 kilometer area from the "Atomic
lake" along the left and right banks of Shagan riverbed there is an area (from 4.7 to 6.5 km
from "AL") with anomaly high tritium concentrations in the snowpack reaching 5,500 Bq\kg.
Increased tritium concentrations are detected on the right and left banks of the Shagan River.
Also it is to be mentioned that in all cases tritium concentration in the surface layer of snow
was higher than in near-the-ground layer.
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Figure 2. Spatial distribution of tritium along the riverbed of Shagan river

Analyzing the results it was determined that at the distance 40 m from the Shagan
river, maximum concentrations are prevailing at the area from 4.7 to 6.5 km from the "AL"
and reach 5,500 Bq\kg. At this area trititum concentration is higher in the surface layer of
snow than in near-the-ground layer. It can be assumed that tritium comes by atmospheric
way from the Shagan River in the result of condensation of tritium-containing water vapor
on snow particles.

2.2. Study of spatial tritium distribution in the snowpack
perpendicular to the main riverbed of the Shagan River

Figure 3 shows spatial distribution of tritium in perpendicular to the riverbed of the
Shagan River at the area (from 4.7 to 6.5 km) with anomaly high trititum concentration in the
snowpack.

Along all research profiles, maximum tritium concentrations in the snowpack prevail
in the ice cover and reach 5,000-15,000 Bq\kg. It must be mentioned that beyond the main
riverbed trititum concentration in the surface layer of snow is higher than in near-the-ground
layer. Presumably, tritium comes to the snowpack at this area from atmosphere. At the dis-
tance 100-150 m from the Shagan River tritium concentration drops to the background lev-
els.
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Profile 4,7 km from “AL”, January 2012 Profile 5,6 km from “AL”, January 2012
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Figure 3. Spatial distribution of tritium in the snowpack at the Shagan River

2.3. Determination of tritium background concentrations
in December 2011

Figure 4 describes spatial tritium distribution in the snowpack and ground water at the
distance 150-300 m along the riverbed of the Shagan River.

Average trittum concentrations in the snowpack did not exceed the detection limit
of 13 Bq\kg and in some cases higher tritium concentrations reaching 25-40 Bq\kg were
detected in the snow. Presumably, higher trittum concentration in the snowpack is related to
shallow depth of ground water aquifers that have high trititum concentration (Figure 4).

Along the whole 9-kilometer area from the "AL", tritium concentration in ground
water ranges from 1,000 to 40,000 Bq\kg. Depth of ground water aquifers in the exploration
wells varies from 3.6 to 5.4 m [5]. Thus, using the received data it is impossible to estimate
accurately influence of specific mechanism of tritium entry into snowpack. It can be assumed
that at this area there is influence of several entry mechanisms on tritium into snowpack:
emanation of tritium from soil and entry from atmosphere.

327



Radioecological Situation at the Former Semipalatinsk Test Site and Adjacent Territories

Legend =#= Snowpack <#= Ground water —— Depth of ground water aquifer

100000 10

10000 ‘MVA | | I 7 :

1000 6

Specific activity of tritium, Bg/kg
Depth of ground water aquifer, m

100 4
———— E——
3&-@;&@4&!3
10 - . . T F 2
1 2 3 4 5 6 7 ] 9

Distance from “Atomic lake”, km

Figure 4. Comparison data on tritium concentration in snowpack and ground water

3. DISCUSSION OF RESULTS

Figure 5 shows roundup data on tritium concentration in the snowpack and riverbed
water of the Shagan River at the 15 km area from "AL". The results show that along the
whole 15 kilometer area from "AL" there is significant correlation between tritium concen-
tration in riverbed water and the snowpack. This proves that main mechanism of tritium entry
into the snowpack is condensation of tritium-containing water vapors on snow particles dur-
ing atmospheric precipitation.

Figure 6 shows spatial distribution of tritium in the snowpack relative to all perpen-
dicular research profiles. For each case (profile), trititum concentration is rated to the maxi-
mum value in the profile. Approximation curve at the Figure 6 shows nature of tritium con-
tamination distribution relative to the riverbed of the Shagan River.

Obtained spatial distribution of tritium showed that maximum concentrations of tri-
tium (5,000 Bq\kg) prevail in the center of the riverbed of the Shagan River and are limited
by nullah. Beyond the riverbed, tritium concentration in the surface layer of snowpack is
higher than in near-the-ground layer. This means that tritium came into the snowpack from
atmosphere via wind transfer of snow from more contaminated parts of the riverbed. Along
with this, at the distance of 100-150 m tritium concentration in all layers of snow decreases
back to the background concentrations.
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Figure 5. Comparison data on tritium concentration
in the snowpack and riverbed water at the Shagan River
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Figure 6. Spatial distribution of tritium perpendicular to the riverbed of the Shagan River

The ratio of tritium concentration in near-the-ground layer of snow to tritium con-
centration in surface layer shows influence of tritium-to-snowpack entry mechanisms. If the
ratio is equal to 1 or more, then the main entry mechanism is emanation from soil, but if ratio
is less than 1, then tritium enter the snowpack from atmosphere [6]. Figure 7 shows average
ratios of tritium concentration in near-the-ground layer (C ..., to tritium concentration
in surface layer of snow (Cprace) that are calculated for each area of STS. At all streams of
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the "Degelen" site, the relation ratio is over 1 (from 1 to 14) what means that the main entry
mechanism of tritium is emanation from soil and ice [6].
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Figure 7. Spatial distribution of tritium in perpendicular to the riverbed of the Shagan river

At the river Shagan, average ratio Cmr_me_groun LC_ e O sNOWpack is 0.65 what shows
that tritium comes from atmosphere. In the riverbed of Shagan River at areas with high
trittum concentration in water both entry mechanisms are in place: from atmosphere and
emanation from soil. Beyond the main riverbed, tritium enters to snowpack from atmosphere
in the result of evaporation and precipitation of tritium-containing water vapors on the snow
particles during precipitation and packing.

CONCLUSIONS

Quantitative data was received on tritium concentration in the snowpack along the
main riverbed of the Shagan River. At the distance from 1 to 15 km from "AL" there are sev-
eral areas of the main riverbed that has high tritium concentration in the snowpack reaching
5,000 Bq\kg. Areas with high trititum concentration in the snowpack do match the areas with
high trititum concentration in the river water.

Nature of spatial trittum distribution in the snowpack perpendicular to the main river-
bed of the Shagan River shows that maximum tritium concentration is related to areas with
ice within the riverbed (0-50 m). Beyond the main riverbed (50-200 m), tritium concentration
decrease back to the background levels of 12-20 Bq\kg.

Within the main riverbed of the Shagan River, two main tritium entry mechanisms are
verified: emanation from soil and ice and from atmosphere in the result of precipitation of
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tritium-containing water vapors on snow particles during fallout. Also there is an assumption
that in case of shallow ground water aquifers, tritium can enter the snowpack from ground

water.

The authors extend thanks to the members of the Institute of Radiation Safety and
Ecology NNC RK Uliankin V.A., Esimbekov A.Zh. for help during expedition activities, Ye-
remenko Ye. for preparing cartographic materials, Lyakhova O.N. and group of general
chemistry of DDEMS' (Department of Environmental Monitoring Systems Development) for
preparing and analyzing snow samples.
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HIAFAH O3EHIHIH KAP JKAMBUIFBICBIHAAFBI TPHTHHIIH
K¥PAMBIH 3EPTTEY

Typuenko .B., Jlykamenko C.H., AiinapxanoB A.O., JIaxosa O.H.

KP ¥A0 Paouauuanvik Kayincizoik ycane IK0102ua UHCIUMY b,
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byn sxymbicra, Illaran e3eHiHIH Kap JKaMBUIFBICBIHIAFBl TPUTHIIIH KypaMblH 3epTTey
HoTKeepi kentipinreH. Illaran e3eHiHIH apHACBHIHA KaTBICTBI Kap JKaMBUIFBICHIHJAFBl TPUTHIIIH
KEHICTIKTIK Tapaixybl 3epTTengi. TpUTHHIIH MaKCUMaJIbl IIOFBIPIAHYbl apHAHBIH OpPTAJBIFBIHAA
opHanacybiHa xoHe 15000 B/Kr-ra )keTyiHe KaThICThI 3aHIbLUIBIK aHBIKTAJIBI. AFBIH CY/IbIH apHACHIHAH
TBIC JKepAe TPUTHUIIH Kypambl 20-maH 150 Br/kr-ra neifiH KeTeTiHi aHbIKTaIIbl. TPUTHHTIH Kap
JKaMBLIFBICBIHA TYCY MEXaHU3M/IEPi aHBIKTAJIbI, aPHAIAH THIC KePre TPUTHIIIH TYCYiHIH MaHBI3IBIPAK
MeXaHH3Mi, aTMOC(epabIK jKaybIH-IIAIBIHAAPABIH TYCYi OapbIChIHAAFbI Kap/IbIH OOJIIIEeKTepiHIeri Cy
OyJapbIHBIH KYPAMBIHIAFbI TPUTUIIIH KOHICHCAIMACH! OOBII TaObIIaIbL.

Kinm ce30ep: apHambIK Cy, TONBIPAKACTHI Cybl, TPUTHH, Kap KaMbUIFbICHI, lllaran e3eHi,
CCII, paanoHyKIUATEPIH KbUIBICTAYbl, MY3 )KaMBUIFBICHI, Kap >KaMBUIFBICBIHBIH OCTKi KabaTbl, Kap
JKaMBUIFBICBIHBIH KepOeTKI Ka0aThl, TONBIPAKTAaH TPUTUH/IIH SMaHAINSUIAHYbL.

H3YUYEHUE COAEP’KAHUA TPUTHA B CHE?KHOM IIOKPOBE
HACEJIEHHBIX IIYHKTOB, IIPUTETAIOLI[HX K TEPPUTOPUH CHIT

Typuenko JI.B., Jlykamenko C.H., Aiinapxanos A.O., JIaxosa O.H.

Hucmumym paouayuonnoii 6e3onacnocmu u ykonozuu HAI] PK,
Kypuamoes, Kazaxcman

B pabore npencraBieHs! pe3yabTaThl HCCIEA0BAHHS COAEPIKAHMS TPUTHUS B CHEKHOM TTOKPOBE
Ha TEPPUTOPUH KPYIHBIX HACEIEHHBIX IMyHKTOB mpuieraronmx k tepputopuu CHUIIL. IlomydeHst
KOJIMYECTBEHHbIC JaHHbBIC 110 COACP)KAHUIO TPUTHS B CHEXHOM ITOKPOBE BOJIM3HM HCIBITATEIBHOM
UTOIIAIKH «Jlerenieny 1 Ha TeppUTOPHH HaCeJIeHHBIX ITyHKTOB. B ieprox o6citeioBaHms Ha TEpPUTOPUN
HACeJICHHBIX IyHKTOB Topona KypuaroB, mocemkoB Capskan m KaiiHap He NOTy4eHO UYHCICHHBIX
KOHLIEHTpAlMi TPUTHS B CHEKHOM IIOKpOBE. 3a IpelesiaMM I'PaHHMLbl UCIBITATEIbHON IUIOMIAIKH
«/leresnen», B FOKHOM U I0I0-BOCTOYHOM HAIIPABJICHUH, KOHLIEHTPALUSA TPUTUS HE IIPEBbIILaa Ipeael
oOHapyxeHus — 11-16 Br/kr.

Kniouesvie cnosa: pycnoBast Boa, TPUTHH, CHexHbIH 1okpos, CUII, Murpauus tpurus, mno-
BEPXHOCTHBIH CJION CHEXKHOTO IIOKPOBA, IIPU3EMHBII CIIOM CHEXHOIO IIOKPOBA.
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YIK 577.4: 551.49:546.11.02.3:539.16

TRITIUM CONTENTS IN THE SNOW COVER AT THE "DEGELEN" SITE
Turchenko D.V., Lukashenko S.N., Aidarkhanov A.O., Lyakhova O.N.

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

The paper reports on tritium contents in the snow cover on the waterways Karabulak, Uzynbulak
and Baytles on the territory of the "Degelen" site. Maximum concentrations of tritium were found in
the snow cover in March, they were revealed in the center of the channel, in the zones of ice cover of
the underlying surface. Dynamics of tritium concentration in the snow cover during winter period was
studied. Detailed information was obtained about the mechanisms of tritium inflow into the snow cover
at various distances from the stream beds of Uzynbulak and Baytles.

Key words: ground water, tritium, snow cover, Uzynbulak, Karabulak, Baytles, STS, migration
of radionuclides, ice cover, surface layer of snow, near-the-ground layer of snow, emanation of tritium
from soil.

INTRODUCTION

The investigations of tritium concentration in the snow cover on the "Degelen" site [1]
revealed an interrelation between tritium concentration in the water of the streams and tritium
concentration in the snow cover. It was found out that the snow cover near the stream bed
could have high tritium concentrations both in the near-the-ground and surface snow layers.
As the distance from the stream bed in the perpendicular direction increased, the tritium con-
centration in the snow cover decreased to the background values. An assumption was made
that within the main stream beds the major mechanism of tritium penetration into the snow
cover was emanation from the underlying surface.

The earlier obtained data on the snow cover were used as a primary assessment of the
scale of tritium contamination of the environment. The paper contained isolated data on spa-
tial trittum distribution perpendicular to the beds of the Uzynbulak, Karabulak and Aktybay
streams. A preliminary forecast of the variations in the dynamics of tritium concentrations
within winter months was made, and background trititum concentrations in snow cover on
the "Degelen" site were obtained. However, the data of that research were not sufficient to
obtain a reliable picture of spatial tritium distribution and dynamics of variations in tritium
concentration in the snow cover throughout the winter period.

The purpose of the research is to estimate the character of spatial tritium distribution
and dynamics of variations in tritium concentration in the snow cover during the winter pe-
riod.

1. OBJECTS AND METHODS OF INVESTIGATIONS

As the objects of investigations we chose the streams Uzynbulak, Karabulak and Bay-
tles. Figure 1 shows location of the research areas on the "Degelen" site.
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Figure 1. Location of examined areas on the "Degelen" site

The research work consisted of the following stages:
* Studying of spatial (areal) trittum distribution in various seasons of the year
(monthly);

* Studying of dynamics in tritium concentration depending on the depth of the snow
cover.

To study dynamics of spatial tritium distribution by area in the Uzynbulak, Karabulak
and Baytles streams, research profiles were drilled perpendicularly to the main stream bed.
The points of the research profile were located on the left and right banks of the stream bed.
The center of the profile was located in the center of the stream bed, the distance between
the sample points was 50 m. Snow samples in the snow cover were taken at depths 0-10 cm
(surface layer), 10-20 cm (intermediate layer) and 20-30 cm (near-the-ground layer). Snow
samples were gathered every month in the winter-spring period, from December to March.
To study the dynamics in tritium concentration in-depth of the snow cover on the Uzynbulak
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and Baytles streams 3 research areas were made. They were located:directly in the stream
bed;at a distance of 50 m to the main stream bed;at a distance of 300 m or 800 m to the main
stream bed.

The area of the examined territory was not more than 4m?. For visual assessment
of the snow cover layers, the upper snow layer was marked by the 0.1-0.3 cm sand layer
(Figure 3). The snow samples were taken after hardening of the newly-fallen snow.To study
the spatial tritium distribution over the area, the snow samples were gathered in layers at a
depth of 0-10 cm and 10-20 cm. In rare cases, when the total snow cover was less than 20 cm,
the snow samples were taken from the depth 0-10 cm and the remaining depth to the underly-
ing surface. The thickness of the snow cover was measured by the measuring ruler.To study
the dynamics of tritium distribution in the snow cover, the snow samples were gathered in
layers; on the Uzynbulak stream three sampling depths were used: 0-10, 10-20 and 20-30 cm,
on the Baytles stream the samples were taken from the depths — 0-1 c¢cm (ice crust), 1-3 cm,
3-6 cm and 6-10 cm. The thickness of the snow cover was measured by the measuring ruler.
To determine tritium concentration the snow samples were placed in polyethylene bags and
melted to the liquid state. The obtained samples were placed in 20 ml plastic test-tubes. To
remove mechanical admixtures the snow samples were filtered through fitters "Blue ribbon".
The obtained filtered sample was placed in the 20 ml plastic cavity to which a scintillation
liquid in proportion 3:12 ml was added.

Tritium specific activity in snow samples was determined according to a standard
method using a liquid scintillation spectrometer TriCarb 2900 TR [2].

N
we
&8
o Center of bed
] ° ] L4
100 m 50 m ° 150 m 200m
Watercourse ——— = -

Figure 3. Snow cover layers
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2.  RESULTS

2.1. Spatial tritium distribution over the area

2.1.1. Karabulak stream

Figure 4 shows summarized data obtained earlier [1] and in 2012 characterizing spa-
tial tritium distribution in the snow cover perpendicular to the Karabulak stream bed in the
2011-2012 winter period.

The obtained results show that in the same area the tritium concentration in snow lay-
ers increases with time. Maximal tritium concentrations in the snow cover were registered
in the ice cover of the stream bed. Throughout the winter-spring period, the concentration of
tritium in the near-the-ground snow was always greater than in the surface layer.
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Figure 4. Spatial tritium distribution in the snow cover on the Karabulak stream
in the 2011-2012 winter period: a) March 2011, b) December 2012, ¢) January 2012, d) March 2012.

2.1.2. Uzynbulak stream

Figure 5 shows the spatial tritium distribution perpendicular to the Uzynbulak
stream. In this area the boundary of the ice cover changes with time. In December the snow
cover does not exceed the width of 50 m and coves the entire surface of the stream. In Janu-
ary and February, the stream water goes out from the ice-hole on the surface of the ice cover,
uniformly spreads over the surface, freezes and forms a larger surface of the ice cover of a
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width of 75-100 m. In March, the snowmelt water contributes to underflooding of the main
stream bed, and the boundary of the ice cover may become as wide as 200 m.
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Figure 5. Spatial tritium distribution in the snow cover on the Uzynbulak stream
in the 2011-2012 winter period: a) March 2011, b) December 2012, ¢) January 2012, d) March 2012.

From December 2011 to March 2012 the tritium concentration in snow layers in-
creases. Maximal tritium concentrations in the snow cover were registered in the ice cover. In
January (Figure 5 c) the tritium concentration the ice cover was 40,000-50,000 Bg/kg, in the
snow cover it did not exceed 15,000 Bg/kg. As in the previous case, the trittum concentration
in the near-the-ground snow layer was greater than in the surface layer.

2.1.3. Baytles stream

The width of the main stream bed and the ice cover during the winter did not ex-
ceed 50m. Figure 6 shows the spatial tritium distribution on to the Baytles stream. As in
the two previous cases the maximal tritium concentrations prevail in the center of the main
stream bed, in the ice-covered zones in the underlying surface. During the winter period
the tritium concentrations in the near-the-ground snow layer are higher than in the surface
layer.In the spring, the near-the-ground layer of the snow cover accumulates significant
tritium concentrations, however, they do not exceed the tritium concentrations in the ice
cover and surface water. During the winter the surface snow layer periodically changes, it
means that during this period the tritium concentration in the upper snow layers can decrease
and then increase again. Within the stream bed the tritium concentration may be as high
as 40,000 Bg/kg, whereas beyond the stream bed the average tritium concentrations range
from 60 to 250 Bq/kg.The obtained results confirm the earlier made assumption made on
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tritium inflow to the snow cover from the underlying surface of ice or soil cover, i.e. the main
mechanism of tritium inflow to the snow is its emanation from the underlying surface.
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Figure 6. Spatial tritium distribution in the snow cover on the Baytles stream
in the 2011-2012 winter period: a) December 2012, b) January 2012,
c¢) February 2012, d) March 2012.

2.2. Investigation of tritium concentration dynamics in the snow cover

2.2.1.Uzynbulak stream

Minimal thickness of snow cover not exceeding 10cm was registered in the studied
areas in February 2012. Figure 6 shows the results of studying the dynamics of tritium con-
centration in the snow cover in 3 research areas in the vicinity of the Uzynbulak stream. An
increase in the tritium concentrations in the lower layers of the snow cover (near-the-ground
and intermediate layers) was observed in the riverbed and at a distance of 50 m from the
Uzynbulak stream bed. In the near-the-ground layer the tritium concentration reached the
values of 18,000 Bg/kg, in the intermediate layer it went up to 500 Bq.kg. In the same areas
the tritium concentration in the surface snow layer was 30-90 Bg/kg. In the area located at
a distance of 300 m from the stream bed the tritium concentration in all layers of the snow
cover did not exceed 30 Bq/kg.
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2.2.2. Bapytles stream

The examined area located directly in the Baytles stream bed was occasionally flood-
ed with water and covered with ice; therefore, the snow cover was not thicker than 3 cm and
characterized tritium accumulation only in the period of the last snow precipitation. Figure 7
presents the results of measurements of tritium concentrations in the snow cover layers in
three examined areas near the Baytles stream. The results (Figure 6, a) also show an increase
in the tritium concentration with time both in the near-the-ground (1-3cm) and surface layers
(0-1 cm). In this area the predominant mechanism is trittum emanation from the underlying
surface.At a distance of 50m from the stream bed the trititum concentration was 30-80 Bq/kg
throughout the thickness of the snow cover, and only in March in the surface layer of snow
the tritium concentration could reach 190 Bq/kg. This result can be explained by the action
of two mechanisms of tritium inflow into the snow cover: emanation from the underlying
surface and fallout from the atmosphere.
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Figure 7. Dynamics of trititum concentration in the snow cover on the Uzynbulak stream:
a) in the stream bed, b) at a distance of 50 m from the stream bed,
¢) at a distance of 300 m from the stream bed.
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Figure 8. Dynamics of tritium concentration in the snow cover on the Baytles stream:
a) in the stream bed, b) at a distance of 50 m from the stream bed,
c) at a distance of 800 m from the stream bed.

The observed dependence can be explained by the fact that in the studied area, located
directly in the beds of Uzynbulak and Baytles streams, the main mechanism of tritium inflow
is tritium emanation from the underlying surface of ice or soil cover. At a distance of 50 m
from the center of the stream bed there are two mechanisms of tritium inflow in the snow
cover — tritium emanation from the underlying surface and condensation of tritium-contain-
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ing water vapor on snow particles during snowfalls. At a distance of about 300 meters from
the center of the stream bed the concentration of tritium in the snow cover did not exceed the
background level of 12-35 Bg/kg.

3.  DISCUSSION OF THE RESULTS

This research enabled us to obtain a clear picture of the tritium concentration near
streams on the "Degelen" site and to get an indirect assessment of tritium contamination of
the atmosphere. Figure 9 shows the spatial tritium distribution in the snow cover as a function
of distance from all studied streams on the "Degelen" site in the 2011-2012 winter period.
For each case (stream) the tritium concentration was normalized to the maximal value. The
approximation curve in the figure shows the general character of trititum contamination de-
pending on the distance from the stream beds.

# Karabulak March 2011 M Karabulak December 2011 A Karabulak January 2012 * Karabulak March 2012
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Figure 9. Spatial tritium distribution in the snow cover as a function of the distance from the stream
beds of the studied streams normalized to the maximal value of tritium concentration

Studying of the spatial trittum distribution in the snow cover on the "Degelen" site
showed that in the water ways maximal tritium concentrations in the snow layers were reg-
istered in the center of the stream bed, close to the water flow of the stream and ice cover. In
the winter period the area of trititum contamination of the snow cover did not exceed 20 m
from the stream bed. Due to intensive snow melting during spring floods, the main stream
bed is overfilled with tritium-contaminated water, as a result some areas of the water way
are subjected to tritium contamination, in such cases the snow cover has significant tritium
concentrations at a distance of 300 m from the center of the stream bed.

The ratio of the tritium concentration in the near-the-ground layer to the tritium con-
centration in the surface layer clearly shows the influence of mechanisms of tritium penetra-
tion to the snow cover. For the values of the ratio equal to 1 and more, the main mechanism of
trittum penetration is emanation from the underlying surface, and when the ratio is less than
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1, tritium inflows into snow from the atmosphere [3]. Figure 10 shows the average ratios of
the tritium concentration in the near-the-ground layer (an_the_gmun ) to the tritium concentra-
tion in the surface layer (C_, ) calculated separately for different STS areas. In the streams
on the "Degelen" site (Figure 10) tritium concentration in the near-the-ground layer of the
snow cover is always higher than in the surface snow layer. The ratio of C carthe-ground Curtace
in the snow cover varies from 6 to 14. This result makes it possible to suppose that the main
mechanism of tritium penetration is emanation from the underlying surface of the soil or ice
cover.
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Figure 10. Average ratios of the tritium concentration in the near-the-ground layer to the tritium
concentration in the surface layer of the snow cover

The dynamics of tritium concentration in the snow cover was studied in order to get
a more precise information about the mechanisms of tritium penetration in the snow at dif-
ferent distances from the center of the Uzynbulak and Baytles streams. It was found out that
in the beds of the Uzynbulak and Baytles streams the main mechanism was tritium emana-
tion from the underlying soil or ice surface. At a distance of about 50 m from the center of
the stream bed there are two mechanisms of tritium penetration in the snow cover — tritium
emanation from the underlying surface and condensation of trititum-containing water vapor
on snow particles during snowfalls. At a distance of about 300 m or 800 m from the center of
the stream bed the concentration of tritium in the snow cover did not exceed the background
level of 12-35 Bg/kg. This means that the stream does not affect this area, and at a distance of
over 500 m from the streambed, the concentration of tritium is as low as the detection limit.
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CONCLUSIONS

The results of investigations obtained in this work enabled us to more precisely de-
termine the spatial tritium distribution by area in all streams at the "Degelen" site. Maximal
trititum concentrations in the snow cover (tens of Bq/kg) were registered in the centers of the
streams and are located in the areas having ice in the underlying surface. At a distance of not
more than 100 m from the center of the stream bed the concentration of trittum in the snow
cover decreased to the background level of 12-60 Bg/kg.

The assumption of the existence of two mechanisms of tritium penetration in the snow
has been confirmed, moreover, the areas with both mechanisms of tritium penetration — ema-
nation from the underlying surface and fallout from the atmosphere — have been identified.
In the beds of the streams on "Delegen" site the prevailing mechanism is tritium emanation
from the underlying soil or ice surface. At a distance of about 50 m from the center of the
stream bed there are two mechanisms of trittum penetration in the snow cover — tritium
emanation from the underlying surface and condensation of trititum-containing water vapor
on snow particles during snowfalls. At a distance of more than 300 m from the center of the
stream bed the concentration of tritium in the snow cover did not exceed the background level
of 12-35 Bqg/kg, which proves the absence of tritium contamination in this area.

The authors are grateful to the specialists of the Institute of Radiation Safety and
Ecology V.A. Ulyankin and A.Zh. Esimbekov for their help in providing support and carrying
out of field works, and O.N. Lyakhova and the group of general chemistry at the Department
of the monitoring systems development for environment for preparation of snow samples.
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WAEI'EJIEH» AJIAHBIHBIH KAP KAMbUIFbICBIH/IAFbI
TPUTHH/IIH KYPAMbIH 3EPTTEY

Typuenko .B., Jlykamenko C.H., AiinapxanoB A.O., JIaxosa O.H.

KP ¥A0 Paouauuanvix Kayincizoik scane IK0102ua UHCHUMYnbl,
Kypuamoes, Kazaxcman

byn wmakamanma, «Jlereneny anmanwiHblH KapaOynak, ¥Y3biHOyTak »koHe baiftinec arbiH
CYJIapbIHBIH Kap JXKaMBUIFBICBIHIAFBl TPUTHHIIH KYpaMbIH 3epTTey HOTmXenepi kenripitren. Kap
JKaMBLIFBICBIHIAFBl TPUTUHIIH MaKCHMAJIIbI IIOFBIPIAHYb! HAyphI3 aliblHa OaliKalabl, Olap apHAHbIH
OpTaNBIFBIHA OpHANACKaH JKoHe OeTKi TeceM KaOaThIHIAFrbl MY3 JKaMBUIFBICHI aiiMarbIHBIH OpPBIH
arybIMeH OaiianbIcThl. KpIc Me3riti 60HbIHIa Kap )KaMBITFBICHIHAAF B TPUTHIIIH MIOFBIPJIAHY BIH QJIICY
KapKbIHBI 3epTTenai. ¥3bHOYIaK skoHe baiiTinec OynakTapbl apHalapblHaH TYPIIi apaKaIbIKTBIKTaFbI
Kap JKaMBUIFBICBIHA TPUTHIIIH TYCY MEXaHH3MI XKIiTi 3epTTeI .

Kinm coe30ep: xepacTrl cynapsl, TPUTHH, Kap >KaMbUTFBICHL, ¥ 3biHOYTaK, KapaOyitak, baiirinec,
CCIl, paanoHYKIUATEPAIH JKBIIBICTAYBI, MY3 JKaMBUIFBICHI, Kap KAMBUIFBICBIHBIH OCTKi KaOaThl, Kap
’KaMBUIFBICBIHBIH JKepOeTKi KabaThl, TONbIPaKTaH TPUTUHIIH SMaHALUIIAYbI.

HU3YUYEHHUE COAEPKAHHA TPUTHA
B CHE’KHOM IIOKPOBE HA PEKE IIIAT'AH

Typuenko .B., Jlykamenko C.H., AiinapxanoB A.O., JIaxosa O.H.

Hucmumym paouayuonnoit 6ezonacnocmu u 3konozuu HAL PK

B paGote npexncTaBneHsl pe3yabTaThl HCCISI0BAHUS COAEPKAHUSA TPUTUS B CHEIXKHOM ITOKPOBE
Ha peke lllaran. M3y4eHO MpOCTPaHCTBEHHOE PACIpE/E/ICHHE TPUTHSA B CHEXKHOM IIOKPOBE OTHOCH-
TenbHO pycna peku lllaran. BeisBieHa 3aKOHOMEPHOCTB, YTO MaKCHMAaJIbHbIE KOHIIEHTPAIMH TPUTHS
pacrosararorcst B ieHTpe pycia u gocturarot 15000 br/kr. 3a npenenamu pyciia BOZOTOKA COAEpIKa-
Hue Tputus cocrasisier oT 20 no 150 Bx/kr. OnperneneHs MeXaHU3MBI TOCTYIUICHUSI TPUTHS B CHEX-
HBIH MTOKPOB, HanOoJIee 3HAYMMBIM MEXaHU3MOM MOCTYIIJICHHS TPUTHUS 32 MpeaeTIaMu pycia sSBISETCS
KOHACHCaus TpMTHﬁCO}IepH{aLLLMX BOJIHBIX IIapOB Ha YaCTUlaX CHEra B MOMEHT BbIIaACHHUA aTMOC-
(hepHBIX 0CAIKOB.

Kuroueguvle cnosa: pycnosast Bofa, TpyHTOBasi BoJa, TPUTUM, CHEXHbIM 1MOKpoB, peka Illaran,
CUII, murpauust paAMOHYKIUAOB, JEISHOW TOKPOB, TOBEPXHOCTHBIN CJIOH CHEXXHOTO MOKpPOBA, MPHU-
3€MHBI CJIOH CHEKHOIO TOKPOBA, YMAHALMS TPUTHS U3 I10YBBIL.
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STUDIES OF RADIOECOLOGICAL CONDITIONS
AT THE SPENT FUEL STORAGE OF THE IGR REACTOR

Gaydaychuk V. A., Deryavko L.I., Meshin M. M., Chernyadev V.V.

Institute of Atomic Energy NNC RK, Kurchatov, Kazakhstan

General information about the research reactor IGR spent-fuel storage, quantity and the
arrangement of its storage cells is provided in the paper. The paper also introduces the research outcomes
on radioecological conditions at the spent-fuel storage and adjoining territory (research performed in
2012), which have shown no release of noticeable amounts of radioactive products outside the spent-
fuel storage and absence of overdosage to the personnel of the reactor complex IGR working in vicinity
of the spent-fuel storage.

INTRODUCTION

In order to obtain reliable information about the current Radioecology at former Semi-
palatinsk Nuclear Test Site it is required, above all, to perform systematic and comprehensive
environmental studies at such radiation hazardous testing facilities as "Balapan", "Experi-
mental Field" (Opytnoye Pole) site and "Degelen" as well as the newly discovered facility
"Burial", located dangerously close to the town of Kurchatov. At the same time, information
on the STS territory conditions would be incomplete without knowing the radioecological
situation at two complexes of research reactor of the Institute of Atomic Energy NNC RK —
research reactor complex "Baikal —1" and research reactor complex IGR — located within the
STS (Figure 1).

The latter is because of these reactor systems include many radiation hazardous fa-
cilities: first, the nuclear reactors themselves — the operating water-cooled heterogeneous
research reactor IVG.1M, operating pulse graphite reactor IGR and non-operating ampoule
reactor RA, and second, fifty seven storages for different purposes — temporary, interim and
permanent storages for sources of ionizing radiation [1, 2], radioactive waste storage, storage
of nuclear materials, storages of reactor’s fresh fuel, spent fuel storage facilities.

The radiological situation at the radiation hazardous facilities "Baikal —1" and IGR
is monitored by the relevant divisions of the IAE NNC RK, which is to ensure acceptable
radioecological conditions at these facilities and on their surrounding areas. In this regard,
this paper puts forward the findings of the radioecological studies at one of these facilities of
the Institute — spent fuel storage for IGR reactor, which has stored for about 43 years IGR’s
uranium-graphite fuel elements of the core damaged in one of the out-of-limit tests.
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Figure 1. Schematic map of the reactor facilities location and major testing grounds
at the Semipalatinsk Test Site

1. BACKGROUND INFORMATION ABOUT THE IGR
REACTOR SPENT FUEL STORAGE

The storage is located at the IGR reactor complex in gable facade room of the earth-
mounded process building with a single-ended ceiling (Figure 2). The opening in front of the
storage entrance is both an opening in front of the emergency exit of the process building.

There are two cells in the storage for storing nuclear fuel: cell No. 1 is the fuel bell of
the storage, and cell No. 2 — 1.5 m deep pit, covered with protective concrete slab. To access
the upper transshipment metal hatch of the bell there is a staircase arranged with a handrail
(Figure 3a), laid directly on the embankment of the building, since this hatch, sealed with the
IAEA stamp, is located on the ceiling of the process building (Figure 3b).
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Figure 2. Entrance to the process building (a)
and exterior of the building (b) from the emergency exit side

Figure 3. Stairs rise to the building’s ceiling (a) and sealed top hatchway of the bell (b)

The fuel bell (in cell No. 1) stores in two layers eight sealed metal drum-contain-
ers with fragments of uranium-graphite fuel blocks. The design of these drum containers
(©660x1350mm — 6 pieces, ¥420x1770 mm — 2 pcs) is a leak-tight (the container cover is
tightly bolted to the container through the rubber gasket).

To access the storage pit (to cell Ne2) one should enter the pocess building through
the front door and opening (Figure 2 a) and walk down the main corridor (Figure 4 a) into the
building gable facade to the opening in front of the storage and an emergency exit, open the
front door of the storage (Figure 4b) and go into the room of the storage (Figure 4 c).

The last image of this figure shows that the storage pit is closed with four sections of
the protective concrete slab (in demountable slab each section is an extension of the nearby
one, and with inclined planes of contact). The protective slab is under the IAEA seal (control
wire is threaded through four eye bolts screwed into the protective slab outer section). This
image also shows the reactor fuel storage cell numbers (Ne 2 and Ne 1): on one section of the
protective slab of the pit is labelled with "2", and the IAEA sealed green metal cover on the
opening of the fuel bell is labelled with red "1" (as seen in Figure 3 b, the digit "1" is labelled
on the top shifting hatch of the bell). Immediately after opening of the bell is a 100 mm thick
lead protective wall, assembled from 50 mm thick lead-block "bricks", behind which metal
drum-containers with parts of the reactor fuel are stored.
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a) b)

Figure 4. The building process corridor (a), front door to the storage (b), interior of the storage (c)

For opening the pit there is a 1 ton lifting capacity mechanical beam crane which
removes the required number of sections of the protective concrete slab from the pit. The
pit stores eight leak-tight sealed metal containers (size of each — 410x410x760 mm) with
uranium-graphite fuel blocks. The fuel blocks are stored in containers in the following man-
ner. Five blocks (dimensions of each one — 98x98x130 mm) installed on each other, form a
low column. In the channel formed on the axis of each column a leak-tight metal case with
absorber is inserted in the form of boron carbide powder. Sixteen of these columns are placed
in a metal container, i.e. each container holds up to eighty-uranium-graphite blocks. All eight
fuel containers are placed in a metal frame with a metal tiltable lid, on which lead- blocks
"bricks" are stacked, forming an additional 50 mm thick protective lead layer.

By removing all the lead blocks from the frame lid (in Figure 5a these remote blocks
are stacked on top of each other on the edge of the pit) one can access to the containers with
fuel blocks (for which it is enough to fold back the frame lid). These eight semi-hermetic
containers, shown in Figure 5b, store spent uranium-graphite blocks containing a total of
1,085 kg of highly enriched uranium impregnated graphite [3, 4]. (Given the fragments of
fuel blocks in eight drum-containers in the fuel bell the total amount of reactor fuel in the
storage is 2604 kg).

One should bear in mind that the fuel blocks of any container in the pit can only be
accessed after removing the container’s lid that is through a rubber gasket is joined firmly
to the container by sixteen bolts. When examining the parts and materials of the storage in
2001 [4] a lid of one of the containers was opened. The picture taken during the examination
(Figure 5c¢) clearly shows sixteen columns of the fuel blocks with embedded in them devices
for ensuring nuclear safety in long-term storage of fuel.

It remains to note that in the surveyed storage the IAEA sealed only protective con-
crete slab of the pit with the fuel, the metal lid on the fuel bell opening and top transfer
hatchway of the bell. All others are sealed by the relevant divisions of the Institute of Atomic
Energy NNC RK. At the same time the IAEA inspectors once in a quarter monitor the secu-
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rity of the three of its seals and once a year instrumentally remotely check for the presence of
irradiated fuel in the pit and in the fuel bell.

Figure 5. The frame with the containers in the pit (a), eight containers with fuel blocks (b),
fuel blocks in one of the uncovered containers (c)

2.  RADIATION SITUATION IN THE STORAGE
AND ON ADJACENT TERRITORIES

The 2012 survey found (Figure 6) quite satisfactory Radioecology conditions at the
storage and in its surrounding areas. The B-particles flux density measurements performed
outside the building process, in front of the building entrance, in the entrance opening, in
the building corridors and in all its facilities up to the opening before the door of the storage
found no significant radioactive products transport outside the storage: the fluxes at different
measured points ranged from 0 to 16 part./(cm**min) with pronounced tendency to decrease
in the direction from the storage. Thus in the storage room the B-particles flux densities were
significantly higher and ranged from 50 to 105 part./(cm**min).

Such a low contamination of the storage and absentation of significant radioactive
products migration beyond it is quiet understandable. First, the design of the containers with
fuel, and in the pit, and the fuel bell is semi-hermetic, which virtually eliminates the radio-
activity carryover from these closed and sealed containers. Second, the cases of opening the
containers, that is, those states of the storage, when the radioactivity carryover probability is
highest, have been extremely rare in the practice of the storage. Thus, the drum-containers
in the fuel bell have never been opened for all 43 years of operation, and out of the eight
containers in the storage pit only two containers were opened: containers M-204 opened four
times (Figures 5b and 5 ¢ show red digit "4" on its lid), and container M- 206 opened once
(Figure 5b, the container is labelled with "6" on its lid). It is appropriate to note that during
the annual instrumental check for irradiated fuel in the pit and in the fule bell the IAEA in-
spectors do not open the containers.

Also the survey found no danger of overexposure of the IGR reactor complex staff
operating in the process building rooms. The dosimetric measurements showed that the ex-
posure dose rates at different points both the outside of the building, and inside it and all the
way up to the opening in front of the storage, did not exceed 0.2 pSv/h. Directly at the storage
door EDR was 0.5 uSv/h, and in the doorway — 0.8 uSv/h. Inside the storage at all measured
points the EDR is markedly higher than uSv/h, and its maximum, 10.4 pSv/h, was on the
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surface of the protective concrete slab over the pit with the fuel (it is interesting to note that
when the pit is uncovered the EDR on the surface of the protective lead layer on the container
exceeded this value by three orders of magnitude and was about 10 uSv/h).

Figure 6. Examination of the storage radiation

In the surveyed storage, except for fuel storage pit, there is an additional 0.8 m deep
pit, designed for storing radioactive wastes, in which two sealed semi-leak-tightmetal con-
tainers with IGR reactor spent radioactive filters are stored. The pit is covered with a protec-
tive concrete slab (an additional protective lead layer between the containers and the concrete
slab is absent). This three-section concrete slab can be seen in the middle picture in Figure 6,
where the central section of the slab is labelled with "3", indicating the number of the ad-
ditional storage cell. Measuring the y-radiation doses near the auxiliary storage pit found that
the maximal EDR is on the surface of the slab central section and is 6.2 uSv/h.

CONCLUSION

The paper described the IGR reactor’s spent fuel storage and storing conditions in it
of highly enriched nuclear material, gave the findings of the radiological examinations of the
storage conditions and surrounding area. It was found that the storage has quite satisfactory
Radioecology (no significant migration of radioactive products beyond the storage and there
is no danger of overexposure of the IGR reactor staff operating in the rooms next to the
storage). The obtained positive results from the storage examination have fully confirmed the
fact that the fuel storage and its maintenance conditions, and radiation monitoring in storage
and the surrounding area, implemented by the relevant departments of the Institute of Atomic
Energy, really guarantees an acceptable Radioecology of this radiation hazardous facility.
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HUTP PEAKTOPBIHBIH ITAH/JATAHBLIF. AH OTbIH K OHMACBIHBIH
PATHOIKOJIOI'HAJIBIK KAFJIAUBIH SEPTTEY

laiipaiiuyk B.A., lepsaBko U.H., Memun M.M., Yepusiabes B.B.

KP ¥A0 Amom snepzusacot uncmumymel, Kypuamos, Kazaxkcman

WI'P 3eprrey peakTOpbIHbIH IaliJaJaHbLIFAH OTBIH KOMMACBI, CAHBl JKOHE OHBIH CakKTay
YLIBIKTAPbIHBIH KOH/BIPFBICHI TYypaJIbl JKaJIbl MaJiMeTTep YChIHBUIABL. 2012 KbUIBI OpBIHAAIFaH
KOMMaHBIH JKOHE OFaH IICKTEYN ayMaKThIH PaIHOIKOJOTHSIIBIK JKAaFJaiblH 3epTTECy HOTIDKENepi
KeNTIpiaai, KoMa IIEriHeH paJMOaKTUBTI OHIMICPHAi alKbIH bl IIBIFYBIHBIH >KOKTBIFBI JKOHE
KOWMaMeEH IIeKTeC JKaitnapaa swymbic icteiitin TP peakTopIibIK KellieH MepCOHABIHBIH aca CoyJICICHY
KaylNTUTITHIH )KOKTBIFBIH KOPCETTI.

HCCIIEJJOBAHHE PA/THOJSKOJIOTHYECKOI'O COCTOAHHUA
XPAHHUIINIIIA OTPABOTABIIIEIO TOIIVINBA PEAKTOPA UT'P

laiipaiiuyk B.A., lepssko U.H., Memnun M.M., UepHsaabses B.B.

Hucmumym amomnoii snepzuu HAIl PK, Kypuamos, Kazaxcman

[IpencraBneHs! 00mye CBECHNS O XPAHIINIIE OTPAOOTABIIETO TOILIMBA HCCIEA0BATEIHECKOTO
peakrtopa UI'P, konnyecTBe 1 ycTpONCTBE €ro stueek XpaneHus. [IpuBenenbl pe3yabTraTsl BHITOTHEHHBIX
B 2012 roay uccienoBaHUN PagMO3KOIOTMYECKOr0 COCTOSHUS XPaHWINIIA U IPUJIEraouieil K Hemy
TEPPUTOPUHU, KOTOPBIC ITOKA3AIN OCYTCTBUE 3aAMETHOTO BBIHOCA PAJHMOAKTUBHBIX IPOLYKTOB 3a IpeJie-
JIBI XPAHWIHIA ¥ OTCYTCTBUE ONACHOCTH MepeoOIydeHus epcoHana peakTopHoro xkomriekca UI'P,
pabOTArOIIEro B CMEXKHBIX C XPAHUITUIIEM [TOMCIIICHUAX.
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Institute of Nuclear Physics NNC RK, Almaty, Kazakhstan

The paper reports on the outcomes of comprehensive nature conservation activities on peaceful
nuclear explosion sites at Ustyurt Plateau in Aktoty, Mulkaman, Kindikty: assessment of contamination,
design and implementation of remediation works. The nuclear explosions parameters have been
described. Technologies and methods of remediation are considered. The post-remediation monitoring
has shown that modern radiation environment comply with the established sanitary standards.
A conclusion has been made about effectiveness of the methods and technologies to reduce the radiation
risks.

INTRODUCTION

The need for remediation of the underground nuclear test areas on Ustyurt plateau
(Mangistau Oblast) is stipulated by the following reasons:
» underground nuclear explosions (UNE) are on the pastoral farming sites in the
area of "summer pasture”" and wells for the livestock;

+ self-regeneration processes on the large area of technologically modified site have
been moving slowly which disrupts the ecological balance of the area;

» wind erosion of the contaminated spot entails contamination of vegetation;

» according to the recommendations of the International Commission on Radiological
Protection, the presence of a potentially dangerous object in the inhabited area is
the constant stress factor for the population.

The area, where three underground nuclear explosions were conducted for peace-
ful purposes in the 70s of the last century, is 290 km away from Aktau city and located on
Ustyurt plateau 110 km south-east of Sai-Utes township, 105 km away from Ustyurt station
in Mangistau Oblast.

The purpose of UNE conduction on Ustyurt plateau was to create water reservoirs in
sinkholes and to study engineering seismology. Such craters on the surface can be formed
by the collapse of explosion cavity and all geological rocks that are lying above this plane;
therefore the most of the cavity appears on the surface in the form of a cone-shaped collapse.
This happens when the rock lying above the cavity does not possess the "swelling" property
when collapsing into the cavity. The diameter and depth of such craters allow using them for
creation of reservoirs in the arid areas.

It was assumed that sinkholes formed by the collapsed cavity would be filled with
water from the first aquifer in the emplacement hole area. But it did not happen; the bottom
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of craters got filled with melt waters for a short time and then dried out turning into dry-type
playa.

Mechanical effect of the explosion on the massif could have established hydraulic
connection between the aquifer of Cenomanian complex (600 m) and collapsed cavity with
the further radionuclide contamination of these waters. The assessments have shown that
the radius of radionuclide distribution in the underground Cenomanian aquifers can be up to
400 m away from the centre of the explosion and up to 110 m subject to sorption of clays.

a) hole T-6 b) hole T-2

¢) hole T-1

Figure 1. Underground Nuclear Explosion Pattern
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It should be noted that the depth of craters formed in the study area is significantly
less than of those formed under the circumstances of similar activities on Nevada test site in
the U.S. This may be the result of differences in geological environment physical properties
between the centre and the surface of the explosion. The fact of no crater being formed dur-
ing the explosion in T1 hole can be explained by too deep location of nuclear charge during
the UNE conduction.

Table 1 and Figurel show the characteristics of UNE conducted in mass glauconite
quartz sand with clay (T1) and in chalk rock (T2, T6).

Table 1.
Characteristics of underground nuclear explosions on Ustyurt plateau
Explosion parameters T-2 Hole T-6 Hole T-1 Hole
Time of explosion 06.12. 1969 12.12. 1970 23.12.1970
Explosion yield, kg 30 80 75
Depth of explosion, m 407 497 640
Cavity radius, m 65 100 100
Crushing zone, m 170 225 240
Fractured zone, m 275 350 410
Height of pillar caving, m 270 340 400
Crater diameter, m 300 500 0
Crater depth, m 13.8 12.8 0

Assessment of radioactive contamination at UNE sites

Radiation environment at the sites

The main feature of three nuclear explosions was the fact that they had no radioactiv-
ity leak and radiation did not exceed the background levels.

The results of numerous surveys of the areas where industrial underground nuclear
explosions were conducted prove that the use of nuclear explosive technologies for national
economic purposes did not become the cause of serious radioecological problems.To as-
sess the radionuclide contamination, in 2004 the Institute of Radiation Safety and Ecology
conducted reconnaissance studies during which three water samples, 73 soil samples, and
10 vegetation samples were taken, 334 measurements of radiation parameters were taken in
85 survey points, 3 measurements of radon activity were taken in living premises. Two spots
with radioactive contamination were found.

In 2005, in order to study the nature of radioactive contamination of the area, the In-
stitute of Nuclear Physics performed additional field works to study the distribution of radio-
nuclides in various environmental compartments, and to define the boundaries of reclaimed
areas. The UNE arecas were surveyed by means of gamma survey on foot on a 2020 m
grid with layer-by-layer sampling along the radial profiles.The cartogram (Figure 2) implies
that the gamma field intensity on the site areas within the sinkholes varies from 0.10 to
0.14 pSv/h. These values correspond to the normal gamma background for this region.

Soil samples (total of 232 samples) collected at Ustyurt plateau within the sinkholes
were analysed by means of gamma-spectrometric analysis to determine the concentrations
of Cesium-137, Americium-241, Lead-210, Radium-226, Lead-214, Thorium-234, Thorium-
232, Potassium-40 isotopes. Concentration of natural radionuclides in all selected samples
does not exceed concentrations that are typical to such soils. Concentration of artificial radio-
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nuclides ("*’Cs and ' Am) in all selected samples does not exceed the background concentra-
tions caused by global atmospheric radioactive fallouts. The exceptions are two local areas
on T1 and T6 sites. No excess EDR was noted on T-2 site.
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Detailed description of radioactively contaminated spots (RCS)
Ustyurt plateau had two areas referred to radioactively contaminated sites: RCS-1 and
RCS-2.

RCS -1. Contamination on T-1 site is located at the observation holes and appears
in the form of a spot of irregular shape of about 30 m in diameter on the surface. According
to the field gamma-spectrometry, the sandy-clay ground is contaminated with '*’Cs isotope.
EDR on the ground surface does not exceed 0.33 uSv/h. Contamination penetrates to the
depth 0f 20-30 cm. The area with excess gamma-activity of up to 0.33 uSv/h is noted at about
150 meters away from the emplacement hole on T-1 site (Figure 3a) near the observation
holes. Radioactive contamination represents a spot of irregular shape on the ground surface
elongated in sub-northern direction for up to 25 m. According to the field gamma-spectrom-
etry, the sandy-clay ground is contaminated with '*’Cs isotope.

In stratified soil sample collected from the depths of 0-5 cm, 5-10 cm, 10-20 cm,
20-30 cm in the centre of anomaly, the specific activity of *’Cs is 5,707 Bg/kg, 1771.9 Bg/kg,
718.1 Bg/kg and 550.9 Bg/kg accordingly. Contaminated grounds are not radioactive wastes
and shall be referred to the materials of limited use. It should be noted that concentration of
137Cs decreases closer to the anomaly periphery and with the depth of sampling.

RCS-2. The emplacement hole on T-6 site (Figure 3b) is the radiation hazardous sites.
Fencing around the wellhead area (previously it was a fence made of metal pipes of 40 mm
in diameter) was destroyed and the pipes were partially removed.

Radiation background in the site area does not exceed 0.1 pSv/h. EDR at 1 m away
from the casing pipe from the southern side is 0.62 puSv/h and from the northern side —
0.22 puSv/h. The direction of positive gradient of gamma-field goes upwardly along the hole
starting from the height of 1 m from the surface. The maximum EDR of 15 uSv/h is inside
the hole on the top at the concrete plug. According to the field gamma-spectrometry, *’Cs is
the main dose-forming radionuclide.

: - o S 1 T g
a) General view of UNE-1

Figure 3. Radioactively contaminated spots Ne ground contamination at the hole was found.
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The gamma-field cartogram within the radioactively contaminated spots is shown on
Figure 4.
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Figure 4. Gamma-field cartogram

Activities to eliminate radiation risks

Design of remediation works

In accordance with the legislation of the Republic of Kazakhstan, the environmental
actions are being taken on the basis of the approved design documentation. In this connec-
tion, the remediation plan for contaminated areas on T1 and T6 sites was developed by INP
of the NNC.The efforts to restore the radioactively contaminated areas include conservation
of the wellhead of T6 hole and decontamination of contaminated daylight area of T1 hole.

Two options of contaminated soil disposal were considered during the plan develop-
ment. Option 1 provides for the waste disposal in the wellhead area of T-1 emplacement hole.
RCS-1 will be liquidated by excavation of contaminated soil and backfilling the reclaimed
area with radiation-free soil. Contaminated soil will be disposed by way of trench burial in
the wellhead area of T-1 emplacement hole.

The trench for disposal of limited use materials will be dug within the limits of the
wellhead area of T-1 emplacement hole at 30 m away from the emplacement hole. General
enclosure of the disposal site and emplacement hole is envisaged in the form of the ditch of
1.5m deep and 1.4 m wide.Option 2 provides for the removal of contaminated soil, packing
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thereof in bags and further transportation by specially prepared motor vehicles to be disposed
in depleted pit 2-3 in Aktau.

The cleaned up site will be reclaimed by means of backfilling with radiation-free soil.
For the purpose of waste disposal, the radioactive waste burial site will be constructed in the
open pit in accordance with the adopted technical solutions with regard to the on-site dis-
posal.The options in question are different in terms of waste disposal place. Since the second
option is not economically advantageous because of additional transportation cost related
to the haulage of wastes to the pit, as well as the potential risk of disturbance of shipping
containers (bags) and related possibility of contamination distribution on the way of motor
vehicles, option 1 was adopted to take technical solutions.

RCS-2 will be liquidated by means of conservation of the wellhead of T6 hole to lo-
calize fixed radioactive contamination on the hole plug through the construction of shielding
around the hole from the reinforced concrete "Sarcophagus" with the wall thickness of 1 m.
Upon implementation of this method of RCS-2 liquidation, the intensity of penetrating gam-
ma radiation will not exceed 0.11 puSv/h on the surface of concrete shielding.Due to the lack
of information about hole construction, any works connected with hole disintegration will be
impractical. Therefore alternative options for hole conservation have not been considered. To
prevent access of people and domestic animals to the area of T-1 and T —6 sites, the enclosure
is supposed to be built in the form of a ditch of 1.5 m deep and 1.4 wide.

To determine the volume of contaminated soil to be disposed based on the results of
gamma survey on foot and gamma- spectrometric analysis of soil samples taken from RCS-1,
the layer-by-layer vertical sections of contamination site were developed (Figure 5). The
absolute gamma activity of contaminated soil was calculated. When estimating the area of
radioactive contamination distribution, the specific activity of main radioactive '*’Cs isotope
in the range of 300 and 150 Bg/kg was considered as the boundary condition. The results are
shown in Table 2.

Table 2.
Parameters of RCS-1 in the area of T-1 site
Boundar Layer Contaminated . .. . Absol ivi
conditioz thiclz]ness area Specific activity | Volume | Weight of C:ssi(:nl:ltflggt;:ott}(;pe
Bq/kg cm m’ Bq/kg m’ kg Bq
>300 0-5 63.7 1000 3.2 5,120 5,100,000
5-10 28.4 590 1.4 2,240 1,300,000
10-20 9 410 0.9 1,440 590,000
20-30 2.7 380 0.27 432 160,000
0-30 5.8 9,240 7,150,000
>150 0-5 92.6 770 4.6 7,360 5,700,000
5-10 63.2 380 32 5,120 1,900,000
10-20 32.1 260 32 5,120 1,300,000
20-30 184 230 1.8 2,880 660,000
0-30 12.8 20,480 9,560,000
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Figure 5. Vertical distribution of Cesium-137 isotope on RCS-1 (T-1)

Contaminated area on the day surface with ¥’Cs specific activity more than 300 Bg/kg
is 63.7 m?, and the area with excess values more than 150 Bg/kg is 92.6 m?. With the depth
the contaminated area sharply decreases. The volume of contaminated soil on RCS-1 to be
buried to ensure the required level of radiation safety is 13 m?

Technical solutions for the construction of disposal site for limited use materials
Construction and operation of the disposal site for the materials of limited use (MLU)
includes the following stages:
+ soil excavation and bed construction for waste placement;— placing of materials
of limited use;

* sheltering of materials of limited use;— enclosure of burial site;

* monitoring. The dimensions and design of the MLU disposal site were determined
based on the total volume of the limited use materials of to be buried and safety
of work performance.

Dimensions of the burial pit for MLU:
on the bottom — 2 x 3 m; on the top — 5 x 6; depth —3.5 m

In the course of designing of the MLU disposal site the measures were envisaged to
ensure that the site is waterproof against surface and ground waters, and to provide erosion
control. The surface and sides of the ditch shall be covered with a layer of impermeable soil
(clay) of at least 0.5 m thick and hydrogeochemical barrier on a hexacyanoferrate basis.
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The surface of the MLU to be buried shall be covered with clay screen and then with stone-
macadam pavement (each layer at least 0.5 m thick), concrete shielding and a layer of clean
soil of about 1 m thick. The total thickness of cover shall be at least 2 m. The bottom of the
ditch shall be first of all covered with the soil with the activity over 300 Bg/kg taken from
the centre of RCS and then with the soil with the activity over 150 Bg/kg. The soil taken out
but not utilised in the construction of the MLU disposal site shall be backfilled into the place
where soil was removed for the burial purposes.

Localisation of fixed radioactive contamination at the concrete plug of T-6 hole
(RCS-2) in the Mulkaman area

Under the design and estimate documentation (DED), the practical solution of this
problem was assumed to be implemented by means of shielding construction around the
hole with the use of reinforced concrete with the wall thickness of 1 m.Due to the changed
economic situation (appreciation of building materials), the technical solution was changed.
Justification for changes in the technical solution regarding RCS-2 liquidation was prepared.
This justification was submitted to the Institute of Radiation Safety and Ecology (IRSE) of
the NNC of the Republic of Kazakhstan to assess its viability. After the receipt of positive
opinion from the IRSE, this solution was used in the works carried out on T6 site.

The reinforced concrete "shelter" (sarcophagus) on the wellhead ground of T-6 hole
on RCS-2 was replaced with the rectangular shelter made of limestone with the dimensions
3 x 3 x 2.6 m and wall thickness 0.2 m with the interior being filled with the mixture of clay
and gravel.Below is the comparative calculation of the shielding capacity of shelter under
both options.

Upon expiry of more than 30 years, the main gamma emitter in the nuclear explosion
products will be '¥’Cs radionuclide with the gamma quantum energy of 0.66 MeV.

In the adopted solution the complete concrete shielding is replaced with the com-
pacted mixture of clay and gravel. The difference in shielding capacity is that the cement is
replaced with clay. The linear attenuation coefficients of clay and cement in terms of 1 MeV
gamma quantum energy are 0.130 and 0.133 cm™! respectively. The difference 2 %) is within
the limits of calculation accuracy.

The use in the proposed solution of the limestone layer of 20 cm thick with the linear
attenuation coefficient of 0,187 cm™ as an outer load-carrying frame will slightly increase
the shielding capacity of the shelter as compared to the concrete that has linear attenuation
coefficient of 0.154 cm'.

The shielding capacity of shelter in the planned and amended options is calculated
with a large safety factor. With the shielding thickness being 1 m, the attenuation multiplic-
ity for 0.66 MeV gamma quantum energy is more than 100 times. With the initial total dose
being 0.62 puSv/h subject to the background 0.12 mSv/ h and safety factor for calculations
2 as required by the Sanitary Requirements for Radiation Safety, the shielding multiplicity
required in calculations shall be 10 in order to comply with standard KPR-96 (0.3 uSv/h), i.e.
the actual safety factor adopted in the project is 20, so the change in shielding density even
up to 1 g/cm? (water) provides the desired shielding capacity.
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Remediation work methods

The contaminated area was preliminary marked by pegs according to gamma sur-
vey data. The top soil of 30 cm thick within the limits of the marked area was removed by
bulldozer. The collected soil was hauled by tractor bogey to the burial trench at T1 hole in
accordance with the safety regulations. The area of decontaminated site is covered with a
layer of potentially fertile soil 30 cm thick. The EDR on the surface of decontaminated site
i 0.07 — 0.11 uSv/h.

Disposal site for contaminated soil was constructed on T-1 site in the area of Akotty
summer pasture in the immediate vicinity of the wellhead of the emplacement hole in ac-
cordance with the DED. The disposal site is a 5 x 6 x 3.4 m trench. The trench sides and
bottom are concreted and have water proofing made of clay material with bitumen greasing.
Contaminated soil is placed in a layer of at least 1m thick in the trench constructed near the
surface. The volume of disposed contaminated soil is 12.8 m* with the specific activity of
466 Bg/kg. Contaminated soil is covered with a layer of clay and a layer of gravel. On the
surface the trench is covered with a concrete slab 0.3 m thick and a layer of potentially fertile
soil 1 m thick. EDR on the top of the disposal site for MLU is 0.12 uSv/h.In order to limit the
access of people and domestic animals to the MLU disposal site in the T-1 wellhead area and
to T-6 hole, a ditch 1m deep was dug around the built objects in accordance with the DED,
and radiation hazard signs were posted with warning signs in two languages.

a) "Entombment" at T6 site b) Enclosing ditch at T1 site

Figure 6. Remediation results

Radiation Control

In the course of work performance, employees of INP NNC of the Republic of Kaza-
khstan conducted radiation control over the radiation environment of the objects. No radia-
tion background exceeding the natural background level was revealed. Pursuant to section 15
of the Sanitary Rules for liquidation, conservation and conversion of radioactive ore mining
and processing companies (CP KKP—98 ) N5.01.012.98 *, immediately after completion of
all works, the post-remediation control was carried out, including radiometric survey of the
reclaimed lands, collection and laboratory analysis of samples to determine the concentration
of radionuclides. The purpose of such control was to evaluate the efficiency of measures tak-
en.Figure 7 shows the results of radiation control on T1 site (RCS-1). The cartogram shows
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that radiation characteristics after site remediation match the background values. Specific
activity of natural radionuclides corresponds to the background values, and specific activity
of Cs-137 and Am-241 corresponds to the values of global fallouts in this region (Table 3).

Table 3.
Gamma-spectrometry of soil samples taken
at the reclaimed land on RCS-1 site (Bq/kg)

Sample B31Cs HAm 210pp 2R 214pp 214Bj 234Th BITh K
US-01 4.8 <0.7 355 29.3 29.2 29.4 27.4 253 515
US-02 6.2 <0.9 28.1 28.1 27.6 28.6 29.1 26.5 484
US-03 16.0 <0.7 36.5 26.5 259 27.1 25.0 26.7 465
US-04 22 <1.0 35.0 27.0 26.5 275 25.0 31.1 563
US-5 9.5 <08 56.4 29.7 28.9 30.4 235 29.4 516
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Figure 7. Gamma field cartogram for RCS-1 area
a) — before remediation, b) —after remediation

365



Radioecological Conditions at Other Nuclear Test Sites in Kazakhstan

CONCLUSION

Remediation works on nuclear test sites in the areas of Akotty, Mulkaman, and
Kindikty resulted in elimination of the source of environment contamination and brought the
radiological conditions at the reclaimed lands to the background level typical to this region.
According to the principle of optimization stated in NRB- 99 radiation safety standards,
only locally contaminated spots were disposed and buried without disturbance of soil or
vegetation cover in the surrounding areas. The performed works contribute to the reduction
of social tension by reducing radiophobia among people engaged in business activities in the
surrounding areas.

These actions may serve as the basis for remediation measures in other locations of
underground nuclear explosions.
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YCTIPT JKOHBIH/JAFBI S/JPOIBIK CBIHAKTAPIBIH
3APJAIITAPBIH JKOIO

Hoaemxko A.H., I'mymenko B.H., Jlykamenxo C.H.,
CeBepunenko M.A., Hukonaes U.M., Jleamos M.A.,
Inymenxo I'M., Muisi O.C., PesnukoBa P.A.

KP ¥A0 Aoponvik ¢huzuka uncmumymui, Aimamot, Kazaxcman

Makanana, YCTIpT JKOHBIHAAFbl OCHOIT SAPONBIK IKAPBUIBICTAP OTKI3IIreH AKTOTEI,
Mynkaman, KingikTi skepiiepinjeri, paJHoakTHBTI JlacTaHy/bl Oarajiay *YMBICTaphl, >KOOAIaHIBIPY
JKOHE PEKYJIBTHBALMIIBIK OPBIHAAY KYMBICTAPBl €HETiH, TAaOMFATKOpFay IIapanap KEHIeHIH OTKizy
HOTIDKEJIepl KeNTipiireH. SIpoJbIK JKapbUIbICTap/IblH HMapaMeTpiepiH CHUIaTTaMachl KeITipijreH.
PexynsTHBaIMSUIBIK KYMBICTapFa KOJIAAHATHIH TEXHOJIOTHSUIAP KapacThIpbUIFaH. PeKyIbTHBAIMSIIBIK
OakpuTayIaH KeHiHr1 HOTIKETEepAiH HeTi3iHAe, Ka3ipri YaKbITTaFbl paJlHalusuIblK axyanl CaHUTapIIbIK-
TMTHeHANBIK HOPMATUBTEPiH OCKITIIreH IIeriHeH acmaipl. Paaualusuiblk KartepieplaiH ToMEHIey
TEXHOJIOTUSICEI MEH SICTepiH KOJaHy THIMALIIT] Typasl TYHiH *Kacalibl.

JTHKBHJJAIIUA OC/AEACTBHY SJEPHBIX HCIIBITAHUH
HA ITIATO YCTIOPT

Monemxo A.H., lnymenko B.H., Jlykamenko C.H.,
CeBepunenko M.A., Hukonaes U.M., Jleamos M.A.,
I'nymenko I'M., Muasn O.C., PesnukoBa P.A.

Hucmumym aoepnoii pusuxu HAI] PK, Anmamut, Kazaxcman

B crarbe npencraBieHsl pe3ynbTaTsl NPOBEICHUS KOMILIEKCA IPUPOAOOXPAHHBIX MEPOIIPHUs-
THH B MeCTaxX MPOBEJACHHUS MHPHBIX SIEPHBIX B3PBHIBOB HA IIATO YCTIOPT B MECTHOCTSIX AKTOTEL,
Mynbkamad, KMHIMKTBL, BKIIIOYAIOIIETO OLEHKY PaJAMOAKTUBHOIO 3arpsA3HEHUs, NPOCKTUPOBAHUE U
BBITIOJTHEHNE PEKyJIbTHBAIMOHHEIX paboT. [IpuBeieHo omcanne napaMeTpoB sIePHBIX B3phIBOB. Pac-
CMOTpPEHBI IPHMEHsIEMbIE TEXHOIOTHH PEKYIITHBAIIMOHHBIX PaboT. Ha ocHOBaHMH pe3ynbTaToB mocie-
PEKYJIBTUBALIMOHHOIO KOHTPOJIS II0KA3aHO, YTO COBPEMEHHAs paJiuallMOHHasi 0OCTaHOBKA HE BBIXOIUT
3a TpeeNbl YCTAaHOBICHHBIX CAaHUTAPHO-TUTHEHHYeCKNX HopMarnBoB. ClienaH BEIBOA 00 3(h(eKTHB-
HOCTH NIPUMEHEHHBIX METOJI0OB ¥ TEXHOJIOTHIl CHIKEHUS PaJHAI[MOHHBIX PHCKOB.
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VYIK 577.4: 521.039.9:539.16

RADIOECOLOGICAL CONSEQUENCES OF THE UNDERGROUND
NUCLEAR EXPLOSION "MERIDIAN-3"

Solodukhin V.P., Poznyak V.L.

Institute of Nuclear Physics NNC RK, Almaty, Kazakhstan

The paper reports on the radiological survey and the study of elemental composition and *’Cs
contents in soil samples taken from the underground nuclear explosion site "Meridian-3" and from
Syrdarya River basin. The methods of radiometry, neutron activation analysis, XRF and y-spectrometry
were used. It was found that the elemental composition of the soil in two kilometer area from the
"Meridian-3" epicenter is largely consistent with the composition of soil on the bank of Syrdarya River
along its entire channel. However, '*’Cs concentration at this site and in the bank ground adjoining
segment of Syrdarya significantly exceeds the background. These results provide a basis for the as-
sumption that nuclear explosion at "Meridian-3 was followed by emission of such noble gases as '*"Xe,
which caused a slight additional contamination of surrounding areas with artificial radionuclide **’Cs.

The underground nuclear explosion "Meridian-3" was performed for the USSR Min-
istry of Geology on 15" of August 1973 in Shymkent region 90 km to south-west from Turke-
stan. The explosion was done with the purpose of the earth crust seismic sounding in order to
reveal geological formations promising for minerals prospecting. The explosion was carried
out at the depth 600 m, explosion power — 6.3 kt. Seismic magnitude was of 5.3. The explo-
sion has been classified as one of total camouflet. It is pointed that no mining-and-geological,
geophysical, radioecological, and other documentation concerning this object was provided
to the Republic of Kazakhstan by Russian Federation. Information on geographical coordi-
nates of this explosion is absent in the published materials.

Since 2004, the works on a more precise identification of the explosion epicenter,
testing its territory and revealing its influence on the radioecological situation in Syrdarya
river, the main freshwater artery of this region, were performed by the INP NNC RK.The
geographical coordinates of "Meridian-3" nuclear explosion site were defined as follows:
42°46'27" of Northern latitude and 67°24'25"of Eastern longitude. Radiometric investiga-
tions and soil samplings for laboratory studies were performed on the territory of 2 km from
the explosion epicenter. It was found that for the whole researched territory the EDR remains
within the background value range of (0.12 — 0.20) uSv/h. Soils of 0-5 cm were taken along
6 rays in 100 m, 1 km, and 2 km. Total 18 surface soil samples were taken. Besides, two
50 cm-deep trenches were laid along 2 rays (north and north-west directions) in 100 m from
the explosion epicenter. Also there were taken soil samples (5 samples from each trench) in
each 10 cm of depth for further laboratory researches.

Elemental composition in all taken soil samples was investigated using the methods of
neuron activation analysis (NAA) and X-ray fluorescence analysis (XFA). Concentrations of
more than 30 elements were calculated. Obtained data say that the elemental composition of
the taken soil samples (0-5 cm) mostly correspond to the average value of soil composition
on the bank of Syrdarya River. There are exceptions for some elements (Sc, Co, As, Sb, Cs,
Ba, Pb, Th) for which the concentration are a little bit (20-30 %) greater at "Meridian-3"site
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than those on the bank of the river. Concentrations for the most of the target elements in soil
layer of 10-40 cm is noticeably (30-50 %) greater than those in the surface layer (0-10 cm),
see Table 1. Probably, this peculiarity is the result of land reclamation performed on the
territory.Radionuclide composition of soil has been studied by the method of instrumental
y-spectrometry. The results are presented at Figure 1 and in Tables 2, 3.

It was found that the average concentration of '*’Cs artificial radionuclide in the soil
layer (0-5) cm on this site is (9.0 + 3.1) Bq/kg (see Table 2). Based on our data, '*’Cs back-
ground concentration in this region is about 4 Bg/kg. Thus, the average concentration of '*’Cs
artificial radionuclide in two kilometer area from the "Meridian-3" epicenter is noticeably
greater that the background value.

Table 1.
Average concentrations for some elements in different soil layers at ""Meridian-3" site, pg-g™
Soil layer, cm Se Co Zn As Sb Cs Ba Pb Th U
0-10 103 | 10.1 68 10 1.4 5.7 690 18 8.6 2.0
10-20 13.5 | 14.0 85 14 1.9 8.1 840 24 10 3.1
20-30 140 | 145 92 15 1.9 8.9 770 25 11 4.8
30-40 13.0 | 14.0 90 15 1.8 8.2 750 26 12 4.8
40-50 8.3 8.0 53 7.5 1.3 4.3 690 20 8.2 2.5
C 11.8 | 12.1 78 12.3 1.7 7.0 748 23 10 34
C for Syrdarya River 8.5 9.2 81 7.6 1.1 43 590 18 8.0 3.1
Clarkfor soil 7.0 8.0 50 5.0 1.0 5.0 500 10 6.0 1.0

Data presented in Table 3 showthat the most contaminated with *’Cs artificial radio-
nuclide are north-western and south-eastern directions from the explosion epicenter. Inthe
case when the explosion wasaccompanied by outflow of precious gases, their propagation in
one of these directionsis mostly probable.

Table 2.

Average"¥’Cs concentrationson different distances (R) from the explosion epicenter
and spherical sites of different areas (S;)

R, S,

R-100 m

R-1km

R -2 km

S, —100 m

Sy —1km

S —2 km

137Cs, Bg/kg

80+1.5

10.2+4.5

9.0+£4.0

82114

9.0+£2.7

9.0+3.1

370



Radioecological Conditions at Other Nuclear Test Sites in Kazakhstan

Table 3.
Average’Cs concentrations in different directions (rays) from the explosion epicenter
NE SE SW NW

Rleol N (north) (north-east) | (south-east) R (EOUE) (south-west) | (north-west)

¥Cs,Bq/kg | 7.4+£2.1 6.0+1.3 11.0+1.3 7.0+£0.8 87+4.4 12.8+£53

Bag/kg
o 1-4
© 5-8
@ 9-12

@ 13-16
. >16

Figure 1. ¥’Cs distribution in "Meridian-3" nuclear explosion epicenter area, Bq/kg.

Concentrations of *’Cs in the riverbank soil have been studied for Syrdarya and its
tributaries Keles and Kurkeles, Badam and Arys. Distribution of this radionuclide showed
high heterogeneity what imposes difficulties on precise determination of its average value. In
order to improve the statistics and reliability of the results we therefore assessed *’Cs aver-
age concentrations for separate long spans along theserivers. Based on these calculations we
plotted '*’Cs distribution for the Syrdarya river basin (Figure 2).
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Figure2."’Cs distribution in Syrdarya riverbed, Bq/kg (soil layer 0-5 cm)

137Cs distribution diagram along the Syrdarya riverbed is presented on Figure 3 be-

low.
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Figure3.'"’Cs distribution along the Syrdarya riverbed soil

Each particular value on this diagram is an average over not less than 10 data entries.
The data on the diagram demonstrate that the band most close to the epicenter of the nuclear
explosion (50-100 to the south-east) has maximal average concentration of the radionuclide
which reaches 8.3 Bq/kg.

Performed studies make it possible to preliminary conclude that the nuclear explo-
sion at Meridian-3 site resulted in release of noble gases and, particularly '7Xe, what in its
turn lead to some additional contamination of the neighboring areas with artificial '*’Cs.
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Toverifythisstatement, more thorough investigation in compliance with standard procedures

is required.

LITERATURE

1.

2.

MupHblIe siiepHble B3pbIBBI: o0ecrieueHne o0mIel u paJualioHHOi 0e301acHo-
ctu ipu ux nposezaenuu /Ilox pen. B.A. Jlorauesa. — M.: AT, 2001. — 519 c.
bepesun C.A.MupHble siiepHble B3pbIBbI Ha Tepputopun Kazaxcrana / C.A. be-
pesun, J.I. 'unbmanos, XK.P. YXKorabaes [u ap. | // Bectuuk HALL PK. — 2001. —
Boim. 3. - C. 57-61.

Vasiliev I.A.Uranium levels in the Naryn and Mailuu-Suu river of Kyrgyz Re-
public / L.A. Vasiliev, D.S. Barber, V.M., Alekhina, S. Mamatibtaimov, D. Betsill,
H. Passell. // Journal of Radiooanalytical and Nuclear Chemistry. —2005.- Vol.
263.- P. 207-212.

KanpsipxanoB K.K.Paanoskonmormueckne mMOCIEACTBHUA IMOJ3EMHOIO SIIEPHOTO
B3peiBa «Mepunuan-3» / K.K. Kagsipxkanos, B.I1. Cononyxun, B.JI. I1o3Hsk,
C. Xaxex0ep, B.B. Cmerannukos// SlnepHas 1 paananuoHHast GU3HMKa: TOKIa bl
6-oit MexyHap.xoHd., 4-7 uronst 2007 . — Anmarer: USI® HAALL PK, 2007. — C.
141-146.

Kadyrzhanov K.K.RadioecologicalSurfey of a Territory of the Underground
Nuclear Explosion "Meridian-3"along with Its Neigborhood/ K.K. Kadyrzhanov,
V.P. Solodukhin, V. L. Poznyak, S. Khazhekber, V.V. Smetannikov // Nuclear
Power Engineering of the Republic of Kazakhstan:abstracts of International Con-
ference, Sehtember 3-5 2007. — Kurchatov, Kazakhstan, 2007. — P.90.

«MEPH/THAH-3» 7KEPACTbI A/[POJIBIK ’KAPBI/IBICBIHBIH

PA/TUOIKOJIOT HAIBIK CAJI/IAPBIH 3EPTTEY
Cononyxun B.I1., Ilo3usik B.JL.,

KP ¥A0 Aoponvik ¢huzuka uncmumymui, Aimamot, Kazaxcman

«Mepuanan-3» jKepacThl SIPOJIBIK KAPBUIBICBIHBIH ayMaFbIHaH skoHe ChIpaapus 0acceiHiHeH
IpIKTEJreH TOMBIPAKTHIH ChiHaManapbiHaarsl B7Cs KypaMbl MEH 3JIEMEHTTIK KYPaMblH 3epJIeIiCy JKOHE
panuanusIbIK 3epTTey HOTIKeNepi kenrtipinreH. Pagmomerpus, HAA, POA xoHe y-cieKTpoMeTpHs
omicTepi maiianaHpUIaBl. «MepuanaH-3» SMHOPTANBIFBIHAH CKIKUIOMETPIIIK aiiMakTa TOMBIPAKTHIH
ANIEMEHTTIK Kypambl ChIpIapusi 3. )KarallayblHa OHBIH OapiblK apHACchl OOMBIMECH ajbIHFaH TOIIbI-
PaKTBIH KypaMbIHa e19yip colikec KesleTiHi aHbIKTanabl. COHBIMEH Katap, OyJ1 HhICAHHBIH ayMarbIH/a-
o1 ¥’Cs Kypambl jxoHe oraH ChIpapus ©3. KOChUIATBIH OOJIIriHIH jKaFagayarsl TOIbIParbIHIa OHbIH
AsUTBIK MOHIHCH €0yip KOFapbl. AJIBIHFaH HOTHXKEICpIeH, «MepuanaH-3» HbICAaHBIHIAFBI SIPOJIBIK
JKapBUTBICTBIH COHBI OAMBITHUIFAH Ta3AapIblH O6TiHyIMEeH YIIacThl, OHBIH imriHae ¥'Xe GemiHi, OYHbIH
notmwkecinge *’Cs jkacanjbl pajdoHYKIUIIMEH MaHAWIarbl ayMaKThIH KOCHIMINA TYpae OoJMaribl
JacTaHybIHA aJIbIT KEJIII et OOJKaM jKkacayFa Heri3 OoJaibl.
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H3YYEHHE PAJTHO3KOJIOTHYECKHX ITIOC/TIEJCTBHH
HOA3EMHOIO AJAEPHOI' O B3PbIBA «MEPH/[UAH-3»

Cononyxun B.I1., Ilo3usik B.JIL.,

Hucmumym aoepnoii pusuxu HALl PK, Anmamul, Kazaxcman

IpuBe/eHbI Pe3ysbTaThl PaJAHALMOHHOTO OOCICIOBAHUS M M3yYEHHUS JIEMEHTHOIO COCTaBa
u coxgepxanus *’Cs B mpobax rpyHTra, OTOOpaHHBIX Ha TEPPHTOPHU IOJ3EMHOTO SIEPHOTO B3PbI-
Ba «Mepununan-3» u B Oacceitne p. Colpmapbs. Vcmons3zoBansl MeTonsl paguomerpun, HAA, POA
U Y-CIIEKTPOMETPHH. YCTAHOBICHO, YTO 3JIEMEHTHBIH COCTAaB IPYHTa B JBYXKHJIOMETPOBOIl 30HE OT
anuLeHTpa «MepHuanaH-3» B 3HAYUTENIBHON CTEICHH COOTBETCTBYET COCTABY IpyHTa Ha 100EPEKbEe
p- Coipapsst BIOIb Beero ee pycia. Bmecre ¢ em, copepxanue *’Cs Ha TeppUTOPHU 3TOTO 0OBEKTa U B
NpHOPEKHOM I'PYHTE NPUMBIKAIOIIETO K HeMy oTpe3ka p. ChIpiapbsi 3aMETHO TPEBBIIIACT ero (POHOBOE
3Ha4cHHUe. [ToydeHHbIC Pe3y/IbTaThl JAF0T OCHOBAHHUE IS TPE/IIONI0KCHHUS O TOM, 4TO SIICPHBIIl B3PHIB
Ha 00beKTe «Mepuauan-3» CONpPOBOXK/IAJICA HCTEUCHUEM OJIaropoAHbIX Ia30B, B yacTHOCTH *'Xe, 4To
U TIPUBEJIO K HE3HAYUTEIIBHOMY JIOTIOJHUTEIBHOMY 3arps3HEHUIO OKPECTHBIX TEPPUTOPHUIi HCKYCCTBEH-
HBIM pagnoHyKimaoM Cs.
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