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СОВЕТ М И Н И С Т Р О В СССР
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-н о а Д р и

______ 194 б .г. Москве, Кремль.

О подготовительных мероприятиях по строительству Горной станции для Первого главного
управления при Совете Министров СССР.
Совет Министров Союза ССР ПОСТАНОВЛЯЕТ:
1. Принять предложение Первого главного управления при Совете Министров СССР о
необходимости сооружения специального полигона для испытаний «РДС». Специальный
полигон в дальнейшем именовать «Горная станция Первого главного управления».
2. При проектировании Горной станции исходить из предварительной программы
исследований и оснащения станции установками и приборами предложенных академиком
Семеновым Н.Н. и утвержденных Научно-Техническим Советом Первого главного
управления при Совете Министров СССР, согласно приложению № 1.
Проектирование Горной станции возложить на Первое главное управление при Совете
Министров СССР (ГСПИ-И).
3. Поручить Первому главному управлению при Совете Министров СССР (т.
Ванникову) к 1 декабря 1946 г. представить на утверждение Совета Министров СССР
предложения о месте и сроках строительства Горной станции, начальнике Горной станции и
мерах по обеспечению строительства.
4. Область Министерства: вооружения (т. Устинова), электропромышленности (т.
Кабанова), вооруженных сил СССР (т. Вершинина) выполнить по заданиям Института
химической физики АН СССР (акад. Семенова):
а) в Государственном оптическом институте работы по проектированию и
изготовлению ряда оптических приборов, в том числе: спектрографов, измерителей размеров
светящегося тела и измерителей интенсивности излучения с разверткой показаний во
времени, согласно приложению №2;
б) во Всесоюзном электротехническом институте работы по созданию эталонных
сверхмощных источников света, изучению излучения света воздухом при высоких
температурах, изготовлению специальных трансформаторов малой мощности на опытном
заводе, согласно приложению №3;
в) в Научно-исследовательском институте ВВС работы по измерениям в воздухе на
аэростатах и самолетах, согласно приложению № 4.
Поручить тт. Борисову (созыв), Устинову, Хруничеву и Кабанову разработать
совместно с директором института Химической физики Академии наук СССР академиком
Семеновым и представить в месячный срок в Совет Министров СССР план размещения по
заводам заказов на изготовление аппаратуры необходимой для целей предусмотренных
настоящим Постановлением.
5. Обязать начальника инженерных войск т. Воробьева обеспечить выполнение в
Лаборатории №3 Инженерного Комитета сухопутных войск по программе академика
Семенова работы по моделированию взрывных волн с помощью мощных электроразрядов и
участие в работе, связанной с нахождением оптимальных условий практического
использования минного горна «РДС».
седатель
ртров Союза ССР

И.Сталин

пий Делами
нисгров СССР

Я .Чадаев

Historical document about the creation of a special testing site: the Governmental Decree signed by Joseph Stalin, Chairman of the USSR
Council of Ministers, dated November 14, 1946 “About preparatory measures for construction of a Mountain Seismic Station for the First
Chief Directorate of the USSR Council of Ministers”.
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"RADIATION” HISTORY OF THE STS
The decision to construct a special testing site for a socalled in top-secret papers “RDS” device was taken by the
Decree of the USSR Council of Ministers on 14th of November,
1946. This special site was named as “The Mountain Se is
mic Station of the First Chief Directorate” or Object 905. The
Council of Ministers’ Decree from April 21, 1947, ordered to
select in one month a location for the future Object 905 and
to design in 20 days the testing program including a range of
objects and weapons to be subjected to testing.

known as “Opytnoye pole” site - Site “P”) and a base airfield
in Zhana Semey - a suburb area of Sem ipalatinsk (Site “A”).
In later years, the Polygon expanded over new areas. In
the beginning of 1960s, the mountain ridge Degelen was
used to run underground tests in tunnels (adits); for that,
the Polygon incorporated a Mountain Seism ic Station of the
USSR Academy of Sciences. Later, the test site was expand
ed over new plain areas in Balapanzharen hole and Area 7
in Sary-Uzen where underground explosions were performed
in wells. Successful testing of the first Soviet nuclear bomb
performed on August 29, 1949, at 7.00 a.m. was an out
standing political and scientific event of the global scale.

Area in vicinity of the Irtysh River chosen for construction of the testing site

A progress report on the surveillance of potential areas
for the test site construction included description of the fol
lowing optional sites: a site in vicinity of the Irtysh River 170
km to the west from Sem ipalatinsk city; a site near the Lake
Balkhash 80 km southwest of Kiyik railroad station; a site on
the shore of the Ishim river 100 km to south from Atbasar
railroad station; a site in vicinity of Naurzumsky nature re
serve 60 km from Akmolinsk-Kartaly railroad station. The
general conclusion on the choice of the site was as follows:
“The sites in the vicinity of the Irtysh River and Naurzumsky
state nature reserve are the most suitable in terms of the
conditions specified. The best fit is the site in the vicinity of
the Irtysh River.”
On 21st of August, 1947, the USSR Council of Ministers
transferred the Mountain Seism ic Station to the USSR Minis
try of Defense, where it received a new cover name - Training
Proving Ground No.2. In the same Decree, the Kazakh SSR
Council of Ministers was obliged to transfer to the USSR De
fense Ministry the total area of 15,155 square kilometers in
the form of a regular circle (radius 60 km) except a cut of
lands in the vicinity of Maiskoye, Semiyarsk, and Grachevsky.
By the time of the first Soviet nuclear bomb in August
1949, the test site was already a large-scale and complex
enterprise. It included three main components: a zone of ad
ministration and living buildings (site M, later expanded to
become the town of Kurchatov); the Experimental field (also

On 12.08.1953 the first device with neutron amplification
was tested and on 29.11.1955 - the hydrogen bomb. There
were other particularly noticeable tests: a test with a bomb
dropped from a plane on October 18, 1951; the first indus
trial explosion in a well aimed at the creation of an artificial
lake at the conjunction of the Shagan and
the Aschisu Rivers performed on January 15,
1965.
Since 1949 until the Polygon closure in
1989, total 456 nuclear tests were performed
(616 nuclear devices). The majority of tests
were performed in the beginning of 1960s
when atmospheric tests were gradually re
placed by underground explosions. Nuclear weapon tests at
the Sem ipalatinsk test site can be divided into two stages:
the first one is the period when nuclear devices were explod
ed in the atmosphere, and the second one - the period of
underground nuclear explosions in boreholes and adits.
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The first soviet atomic bombs "RDS-1” (left) and "RDS-6” (right)

During 1949 - 1962 total 116 atmospheric tests were
performed at the Experimental Field site with the purpose
to study the effects of the nuclear weapon. Of them, 30 were
ground tests and 86 were atmospheric ones. Beginning from
1961, 340 underground nuclear explosions were performed.
Tunnels at the “Degelen” site served for 209 tests with under
ground explosions of nuclear warheads and devices, largescale testing of underground engineering constructions and
technological equipment. The underground nuclear tests
were performed at the sites “Balapan” (105 tests), “SaryUzen” (24 tests) and “Telkem” (2 excavation tests) with the
purpose to test nuclear warheads and devices, to run largescale tests of strategic objects such as missile silos (some
times also equipped with the missiles), unified command
bunkers, elements of the state command centers, nuclear
weapons storages and their technological equipment, and
to develop technologies for industrial explosions. Peaceful
underground nuclear explosions were also
performed at the Polygon. There were tech

nologies developed for utilization of underground nuclear
explosions for construction of artificial water reservoirs,
channels, for seism ic probing of the Earth crust for miner
als exploration, for construction of underground storage ves
sels, extinguishing of gas and oil fire and for other purposes.
During the STS operation, 7 underground nuclear explosions
were performed for the national economy purposes. An ex
plosion in the borehole 1004 was performed with the pur
pose to construct an artificial lake (later called the “Atomic”
lake) showed that the harm from industrial nuclear technolo
gies based on underground nuclear explosions can dramati
cally exceed their economic benefits.
Another focus area of research at the STS was the experi
ments with incomplete chain reactions performed at the sites
“Aktan-Berli” and P-2G. Along with nuclear explosions, tests
of combatant radioactive substances were also performed at
the testing grounds “4” and “4a”: total 175 blasts employ
ing conventional chemical explosive were performed there.

KURCHATOV, Igor Vasilyevich (1903-1960).

KHARITON, Yulii Borisovich (1904-1996).

BERIA, Lavrentiy Pavlovich (1899-1953).

Soviet physicist, Academician of USSR Academy
of Sciences, established and managed works on
nuclear science and technology development in
the USSR. He was awarded the Hero of Social
ist Labour title three times. The Founder and
the first director of the institute of Atomic en
ergy in Moscow. He led the tests at the STS in
1 9 49-1955.

Soviet physicist, Academician of USSR Acad
emy of Sciences. One of the authors of the first
Soviet nuclear bomb. He was awarded the Hero
of Socialist Labour title three times; laureate of
the Lenin, 3 times Stalin USSR State awards. He
took part in the first nuclear tests at the STS.

Soviet politician, Hero of Socialist Labour
(awarded in 1943). He was in charge of several
key defense industries including all technol
ogy development related to nuclear and missile
weapons. Since August 20, 1945, he led the
USSR nuclear program.

Reactor tests. Starting from 1958, the USSR Council of
Ministers initiated a series of decrees regarding research
and development works aimed at the creation of nuclear
engines for rockets (NRE) and nuclear power propulsion en
gines (NPPE). To test the NREs and NPPEs as well as their
components, the pulse graphite thermal neutron reactor IGR
was constructed and commissioned in 1961 at the test site.
Other tests in 1962-1970 required construction of a reac
tor facility “Baikal-1”. Tests of the fuel assemblies of the
NREs and NPPEs in the reactor IVG.1 and the reactor IRGIT (a
ground-based prototype of the NRE reactor) were performed
at the stand facility “Baikal-1” in 1975-1988.
Tests of gas-cooled fuel assemblies and the IRGIT reactor
at the stand “Baikal-1” were performed employing the open
loop scheme with coolant release into the atmosphere. The
release of the decay products during these tests was similar
in its radio-isotopic contents and intensities to the releases
from an NPP at normal operation, and the exposition dose

rate at the boundary of the Sem ipalatinsk test site comprised
15-20 pR/h what is very close to the background values for
these territories. During this period, total 28 “hot” reactor
start-ups were performed at IVG.1 with activity release into
the atmosphere; at that the reactor power yield varied from
4.9 (min) up to 230 (max) MW. Total 178 gas-cooled fuel as
semblies were tested in 4 experimental reactor zones.
Various-design fuel elements and fuel assemblies for
NRE and NPPE reactors as well as for the gas-dynamic instal
lations with diverse coolants (hydrogen, nitrogen, helium,
and air) were tested at the IGR reactor facility. Environmen
tal safety was assured at the IGR stand by the closed-loop
sealed system of the gas coolant release. Spent coolant was
kept in sealed vessels until its activity decreased below the
acceptable levels. It means that in 1970-1980, the second
most important source of radioactive contamination at the
STS were atmospheric releases of radioactivity during experi
ments at the reactor facilities.
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"R a d ia tio n ” h isto ry
o f th e STS

RADIATION SITUATION OF THE STS

"Goose” instrumental construction

first testing ground at the Sem ipalatinsk Polygon used for at
mospheric (surface and aerial) nuclear tests in 1949-1962.
The test site is a flat land of about 20 km in diameter sur
rounded from three sides by low hills. The Experimental
Field covers the area of about 300 km2 with the perimeter of
64 kilometers. The site is located 50 km away from Kurcha
tov.
The Experimental Field site was a large-scale facility with
complex engineering constructions designed for tests and
registration of nuclear explosion parameters and nuclear
weapon effects in real-scale experiments. Some fragments
of the engineering infrastructure, gauge bunkers, and forti
fication elements can still be found at the site with signs of
nuclear explosion impacts remained.

Remaining engineering and testing infrastructure used for studies of the nuclear weapons effects

The first test of a nuclear device was performed
at the Experimental Field at 7 a.m. on August 29,
1949 (local time). The first nuclear device with
neutron amplification was also tested here on Au
gust 12, 1953, and the first hydrogen bomb was
tested on November 22, 1955. The Experimental
Field site was the place of total 116 nuclear explo
sions; of them 86 were aerial explosions and 30 surface tests.
Several testing grounds (named P-1, P-3, P-5)
were arranged within the Experimental Field lim
its - these were the places of surface nuclear
tests. The testing ground P-1 was the location
of 3 most powerful surface tests performed on
29.08.49 (22 kt of TNT), 24.09.51 (38 kt of TNT),
and on 12.08.53 (400 kt of TNT). There was also
performed a 0.4 kt explosion on 05.11.62. There
are therefore craters and heaps of debris with frag
ments of melt soil and inclusions of nuclear ex
plosion products. These craters are seen well in the
images taken from space. Considerable radioactive
contamination spans for hundreds of meters from the epi
centers. Dose rates at the pile edges in certain craters can
exceed 40 pSv/h.
Other technical grounds (P-2, P-7, P-2G (P-2M)) were
mainly used for hydronuclear and hydrodynamic experi
ments with very little nuclear energy release. Small amounts
of decay products were generated and the radiological im
pact on the environment during such tests was mainly due
to the dispersion of the nuclear charge material. In some
experiments, the dispersed material was uranium, in the
other - plutonium.
Such a considerable number of various nuclear tests per
formed within a comparatively small area obviously formed
the considerable contamination of the soils there.
The large-scale research was performed in 2012-2016 re
sulted in the numerical characterization of the radiological
situation at the whole site with resolution up to 20 meters.
Conventional methods such as field radiometry and dosim
etry, gamma-spectrometry and radiochemical
analysis were employed along with the unique
ones developed specifically for the Experi
mental Field studies: the method of largescale gamma-spectrometric surveillance and
gamma-spectrometric well logging.

Crater resulted from nuclear explosion

This research showed that radiological contamination of
the site is not uniform over the area, but is associated with
specific localities - the epicenters and traces of radioactive
fallouts of the performed tests. Traces of the radioactive fall
outs from the most powerful tests span beyond not only the
borders of this site, but beyond the limits of the whole Semipalatinsk Polygon.
In general, the testing localities can be conventionally di
vided into the following three groups:
1) locations of nuclear tests with large energy release there are large amounts of decay products (137Cs, 90Sr);
2) sites of nuclear experiments with little or zero nuclear
energy release - there are high concentrations of the nuclear
charge material (239+240Pu, 241Am);
3) sites of experiments with high-intensity neutron
fluxes generated - there are remaining considerable activa
tion products (60Co, isotopes of Eu, 3H and other elements).
The Table below presents typical specific activities for the
radionuclides in soil at the sites of different nuclear tests.
The Experimental Field site remains a unique historic
heritage of the nuclear era and represents considerable
scientific interest as a natural object to study the conse
quences of nuclear tests.

Specific activity, Bq/kg
Radionuclide

Sites of nuclear tests with high
energy release (over 1 kt)

Sites of experiments with little or zero
nuclear energy release (below 1 kt)

Sites of experiments with high
neutron fluxes generated

Decay products of
nuclear explosion

137Cs

nx106

nx10

nx103

90Sr

nx105

nx10

nx103

Activation prod
ucts due to nucle
ar explosion

60Co

nx102

nx10

nx103

152Eu

nx103

nx10

nx105

241Am

nx103

nx106

nx103

239+240Pu

nx104

nx107

nx104

Nuclear charge
material

The sites “Balapan” and “Sary-Uzen”

Radioactive contamination of the surface soil due to radioactive fallouts at the test sites “ Balapan” and “Sary-Uzen” remains within the following
specific activity intervals: 241Am - 1 - nx102 Bq/kg; 137Cs - 1 - nx102 Bq/kg, 90Sr - 10 - nx102 Bq/kg. The highest concentrations of the radioactive
contamination are found within the traces from nuclear tests.

The sites “Sary-Uzen and “Balapan” were used for under
ground nuclear explosions in wells.
According to the archive data, total 105 military tests were
performed in 106 wells at the “Balapan” site and 24 tests in
25 wells were performed at the “Sary-Uzen” site. In addition
to that, 3 more wells that looked like the combatant ones
were found at the “Sary-Uzen” site. Nuclear experiments at
both sites started in 1965 and continued until 1980s. The
sites are noticeably different in the charge depth: so, ave
rage depth for the arrangement of nuclear charges at the
“Balapan” site was 650 m while at the “Sary-Uzen” - about
250 m. Power yield was also different reaching in some ex
periments 150 kt of TNT.
Most of the area free from local radioactive fallout traces
can be characterized by the following average concentra
tions of the artificial radionuclides: 241Am - nx10' Bq/kg,
137Cs - пх Ю 1 Bq/kg, 90Sr - п х 10' Bq/kg which is due to glo
bal fallouts.
Areas with increased specific activities of the artificial ra
dionuclides are formed as a consequence of two major fac

A typical view of a worked-out borehole

tors: radioisotope atmospheric fallout due to explosions at
other sites and radioisotope fallouts from the tests at these
sites with the release of radioactivity. For instance, a nuclear
test performed at the Experimental Field site on 24.09.1951
generated a radioactive plume that passed over the whole
“Sary-Uzen” area. Radioactive fallout traces from nuclear
tests at other sites also pass through the “Balapan” site; the
trace with the 241Am concentration of up to n x io 2 Bq/kg is a
particularly noticeable one.
Radioactive contamination of the near-mouth areas of
the boreholes can be conventionally divided
into the following three categories: clean
boreholes (24 at the “Balapan” site and
10 boreholes at the “Sary-Uzen” site); bore
holes with minor radiological contamination
(73 at the “Balapan” site and 12 boreholes at
the “Sary-Uzen” site); and the boreholes with
high levels of specific activities (9 at the “Balapan” site and
6 - at the “Sary-Uzen” site).

The borehole No. 1301 where
the emergency situation happened

Present-day view of the cavity
at the test borehole No.101

Radiation
situatio n
o f th e STS

Areal distribution of 241Am
at the borehole No. 1069
(the “ Balapan” site)

Areal distribution of 241Am
at the borehole No.215
(the “Sary-Uzen” site)

Areal distribution of 137Cs
at the borehole No.1080
(the “ Balapan” site)

Areal distribution of 137Cs
at the borehole No.101
(the “Sary-Uzen” site)

Radioactive contamination of the surface soil in vicinity of the wells can reach the following maximal specific activity values: 241Am - up
to 4 x 106 Bq/kg, 137Cs - up to 5 x 105 Bq/kg, 90Sr - up to l x i o 4 Bq/kg, 152Eu -u p to 2 x 103 Bq/kg. Total contaminated area of the near-mouth lands
comprises about 10 % of the total site area.

Besides the boreholes at the “Sary-Uzen” site, there are
sets of engineering structures with spots of local radioactive
contamination. Each such set can incorporate up to 20 struc
tural elements on the surface and underground. Decay pro
ducts of the nuclear fuel, non-reacted charge remnants, and
neutron activation products were found at these locations.
A typical contamination of the Object 126/1 includes con
tamination in the concrete and in the reinforced concrete
structures.
In-depth distribution of radioactive contamination at the
sites “Balapan” and “Sary-Uzen” is, in general, similar to the
character of radioactive contamination at other sites where
surface and aerial nuclear tests were performed.

Still, there is a possibility that a different type of radio
active contamination can be revealed due to radionuclide
transport from the bottom to the day surface during a nuclear
explosion. Considering in-depth radionuclide distribution in
vicinity of the Borehole No. 1267, one can see that the con
centrations for both 137Cs (above 0.5 m) and 241Am (above
2.5 m) increase; at that, 241Am concentration reached up the
value of 9.8x103 Bq/kg (at 4.5 m), and the 137Cs concentra
tion does not decrease down to the 9m depth. Based on the
obtained results, we currently set this as one of the priorities
to study the in-depth radionuclides distribution pattern at
the sites of underground nuclear explosions.

Schematic map of the 152Eu areal distribution at the object 126/1
(the “Sary-Uzen” site)

In-depth distribution of 137Cs and 241Am near the mouth territory
of the Borehole No. 1267 (the “ Balapan” site)

Radioactive contamination of soil in vicinity of the object 126/1
remains within the following specific activity limits: 241Am 1 - 50 Bq/kg, 137Cs - 1 - 6 x 102 Bq/kg, 90Sr - 10 - 3 x 102 Bq/kg,
152Eu - 1 - 1 x 104 Bq/kg.

Excavation explosions
Four experimental peaceful nuclear excavation explo
sions were performed at the STS during 1965 - 1968 with
the purpose to develop a technology for creation of artifi
cial water reservoirs and channels: “Chagan” (15.01.1965
in the Borehole No.1004), “Sary-Uzen” (14.10.1965 in the
Borehole No.1003), “Telkem-1” (21.10.1968 in the Bore
hole No.2308) and “Telkem-2” (12.11.1968 in the boreholes
No.2305, 2306 and 2307). The nuclear charge used in the
“Taiga”-coded experiment was exploded on 04.11.1970 in
the Well No.125 at the “Sary-Uzen” site. Several craters were
formed due to accidents during experiments in the wells
No .101 (the “Sary-Uzen” site) and No.1204 at the “Balapan”
site.

excavation explosion
in the Well No. 1004
(“Atomic” lake)

The “Atomic” lake

In-depth distribution of artificial radionuclides

As a rule, such tests created craters of several dozens to
several hundred meters in diameter. Major part of the radio
nuclides generated during the explosions is concentrated in
the debris heaps and exceeding radiation levels are regis
tered at distances from 200 m (“Telkem-1, -2”) to 10 kilome
ters (as for the “Atomic” lake). Now, most of these cavities
are filled up with water at least seasonally.
The first and the most powerful excavation nuclear explo
sion was performed on January 15, 1965, at the conjunction
of the main rivers of the region - Shagan and Aschisu. The
140 kt explosion created two large water reservoirs: the in
ternal one (the crater of 520 m in diameter and 100 m deep,
volume 6 mln.m3) and the external one.

The Well No. 1003. A view on the crater

The in-depth radionuclide distribution at certain areas in
the vicinity of the “Atomic” lake varies. In the Shagan River
floodplain and at the external reservoir area subjected to
seasonal flooding the radionuclides are uniformly distri
buted within the top 70 centimeters of soil due to intensive
infiltration. At the debris heap areas, the maximal radionuc
lide concentrations of up to n x io 4 Bq/kg can be observed
in the upper 2-meter layer; then down to the 6 m depth the
radionuclides are uniformly distributed with the concentra
tions of about n x io 2 Bq/kg.
Main radioactive contamination of the
lands adjacent to the “Atomic” lake spans
towards North and North-East. At larger dis
tances from the crater, the radionuclide con
centrations decrease considerably reaching
their background levels 8 -1 0 km away from
the Lake. The maximal EDR values can reach

II

Debris heap at the crater

7 pSv/h and the maximal specific activity can be as high as
nx104 Bq/kg for 137Cs, nx103 Bq/kg for 90Sr, and nx104 Bq/kg
for 239+240Pu.
Radioactive contamination of water in these objects is
mainly stipulated by presence of the 3H and 90Sr radionu
clides. Their concentrations can be as high as 20,000 Bq/kg
and 700 Bq/kg, respectively. No presence of the 239+240Pu,
241Am and 137Cs radionuclides was revealed in water. At that
some objects demonstrate non-uniform in-depth distribu
tion of the radionuclides: for example, 3H concentrations
in the “Atomic” lake water vary from 100 to 20,000 Bq/kg
and 90Sr concentrations - from 1 to 15 Bq/kg. Minimal va
lues were registered at the depths above 10 m, the maximal
ones - at the depths 60-80 m.

90Sr distribution in water of the "Atomic” lake crater
A crater resulted from the underground excavation
nuclear explosion in the Well No.1003 of the "Sary-Uzen” site

3H distribution in water of the "Atomic” lake crater

137Cs distribution pattern for the near-mouths areas
of the wells No.1003 and No.215

model of the crater
with the radioactive
^contamination area ("Telkem-2”)

Increased contents of the artificial radionuclides in the
air of these objects should now be expected only in the epi
center areas where the major radiological contamination re
mains. The maximal concentration of 239+240Pu radionuclide
in the air above the “Atomic” lake was registered at the pile
edge and comprised 6,000 pBq/m3 what is twice the regula
tory level. But at the distance 1 -2 kilometers away from the
crater, concentrations of the artificial radionuclides 241Am,
137Cs, 239+240Pu become for 2 -3 orders of magnitude below
the regulatory level.
Special measures are to be undertaken to limit access to
the site and these hazardous objects for farm animals, large
wild animals, and unauthorized population; the measures
could include fencing, warning signs and posts since these
lands contain huge amounts of radioactively contaminated
soil and debris, the proper burying of such amounts is eco
nomically impractical.

The “Degelen” site
The testing site “Degelen” has been used for low and
intermediate yield tests. The site is located on the hom
onymous quaquaversal mountain ridge of about 1 7 -1 8 ki
lometers in diameter. The total area is about ~300 square
kilometers. Underground nuclear tests were performed in
adits (tunnels).
View on an adit before (left) and after (right) the sealing
An adit is a horizontal tunnel of several hundred to two kilometers in
length with about 3 meters in diameter. In order to assure that no ra
dioactive substance from a nuclear explosion is released to the atmo
sphere, a compound high-strength sealing plug was arranged in it.

Underground nuclear explosion at the “ Degelen” site

Total 209 nuclear explosions were performed in 181 ad
its during 1961 - 1989. The last explosion was made on
04.10.1989 in the adit No. 169/2.

Location of the adits

Works to seal all the adits were performed on the site
during 1996-1998 to eliminate possibilities for use of these
adits for nuclear testing. These works were performed within
the Agreement between the US Department of Defense and
the Ministry of Energy and Mineral Resources of the Republic
of Kazakhstan about the elimination of the nuclear testing
infrastructure.

Radioecological surveying of the “Degelen” site con
firmed that most of its territory is radiologically clean since
the majority of the radioactivity (more than 90 %) generated
during the nuclear explosions remained in the adits. At the
same time, there are areas and spots with increased concen
trations of radionuclides in the environmental objects (soil,
water, vegetation). Such areas and sports were formed due
to the following three factors: 1) accidents during nuclear
tests; 2) unsealing of the adits after a nuclear explosion per
formed; 3) proliferation of radioactivity from the adits with
water flows.
The most contaminated areas at the “Degelen” site are
the near-portal areas of the adits with water flowing from the
tunnels. Many years of the monitoring studies performed
there have shown that transport of radionuclides with water
passing through the nuclear explosion cavities
takes place even today. Still, there are 8 to 12
of such adits, and the number varies from year
to year depending on the amount of precipita
tion in a specific year. Assessment of the ra
dioactivity release with water flowing from the
adits was performed in details in 1999-2003.
The total annual release of the radionuclides in 2003 was as
follows: 137Cs ~2 Ci, 90Sr ~5 Ci, 3H ~3.5 kCi. That year, radio
active water flows were found in 9 adits. Maximal specific
activities of the radionuclides in water flowing from different
adits comprised the following values: 137Cs - 820 Bq/l (adit
504), 90Sr - 2,100 Bq/l (adit 177), 239+240Pu - 6.4 Bq/l (adit
50 3), 241Am - 2.6 Bq/l (adit 177), and 3H - 9.9x105Bq/l (adit
160).
As a rule, the maximal radiological contamination is
found at the adit portals where the waters reach the day sur
face. The values decrease away from the adit portals.
239+240Pu and 137Cs demonstrate the lowest migration
ability: in most cases, they proliferate with water along the
springs for not more than a hundred meters from the source.

90Sr can pass with water several hundred meters or even sev
eral kilometers.
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Radiation contamination of the near mouth area resulted
from unsealing of the adits after explosion
Radioactive contamination of the near-mouth area took place due to
the adit opening and dumping of the debris. The adits were opened to
verify the nuclear explosion parameters and to use the adit for the sec
ond time. Radioactive contamination at such adits covers small areas
with a highly heterogeneous in-depth distribution of artificial radionu
clides. The dumped debris varies in height from 1 to 20 meters.

Vegetation inhabiting the adit waterway banks usually
demonstrates the highest specific activities of the radionu
clides: for i37Cs the values can reach n x io 4, for 90Sr - n x io 4,
239+24oPu n x io 1. 24iAm specific activity in vegetation was reg
Beta, part. (min*sq.km)
istered at the determination threshold levels of 2-4 Bq/kg.
<10
The 3H radionuclide is also present in the hydrodynamic sys
10-20
tem of the Degelen Range. Its presence in the vegetation is
20-50
not only stipulated by a permanent surface water flows, but
by the depth of underground waters. The ground waters are
close to the surface in the spring valleys and in the gorges
at Degelen; 3H is therefore abundant in the vegetation there.
LEGEND
Tritium specific activity in free water of local vegetation tends
to equilibrium with the specific activity of the radionuclide
Portal o f tu n nel N o.177
Stream
in the source water and, on average, remains at the level
perennial
n x io 5 Bq/kg.
non-perennial
Atmospheric air at the “Degelen” site also contains in
certain cases up to 1,000 Bq/m3 of 3H what does not ex
ceed, but is very close to the annual average maximal al
Radioactivity proliferation along the waterways
lowable volumetric activity in the air for population (which
At the banks and bottomlands of the springs, there
is 1,900 Bq/m3). At that, it has been revealed that tritium
are areas with 239+240Pu concentrations in soil up to
concentration in the atmospheric air is directly proportion
nxlO4 Bq/kg, 90Sr - from n xio 4 up to n x io 5 Bq/kg,
al to its concentration in the water source, soil air, vegeta
137Cs - from n xio 4 up to n xio 6 Bq/kg. Considerably
tion and can also depend on the vegetation cover strength
high concentrations of the artificial radionuclides
Щ
along the waterways and in their bottom sediments
when tritium contents are high in the vegetation. The maxi
are noticed about the radiological pattern formed by
mal 3H concentrations in air are observed near open water
the radionuclides’ transport with water from the adit
reservoirs (waterways, backwaters, springs) contaminated
cavities.
with 3Н.
The radiological situation at the Degelen Ridge evolves:
Tritium is hardly deposited and can proliferate for maxi
there were observed cases when some waterways from the
mal distances of several dozen kilometers and even more:
adits vanished, but the others appeared. Since the springs
so, 7 kilometers away from the Degelen Ridge, tritium con
dry up within the “Degelen” site boundary, main transport
tent in underground water exceeded 67 kBq/l.
of the radionuclides beyond the site limits takes place due
Anisotropy of the radionuclides migration in the soil of
to underground water. This fact determines the focus for our
the valleys is stipulated by specific geology and morphol
further research - to study the artificial radionuclides spa
ogy conditions, but the proliferation range depends on the
tial distribution with water flows coming off the STS testing
initial concentration of a radionuclide in adit water and on
sites and to develop the indirect methods for assessment
the water discharge rates. The transversal width of the radio
of tritium contamination based on its content in vegetation,
nuclide proliferation depends on the spring width and the
atmospheric and soil air.
relief. Widths of such springs rarely exceed i m and the bot
tomland widths vary from several meters to several dozen
meters.
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No extremely high radionuclide concentration has been registered in
spite of the continuous delivery of the radioactivity to the day surface
by the water flows. Current ratios of the radionuclide maximal specific
activities in water to their specific activities in soil at the near-mouth
areas of the adits do not exceed the following values: 90Sr - n x 10'3,
137Cs - nx 10-5, 241Am - nx 10-4, and 239+240Pu - nx 10'6.

B

Testing grounds for combatant radioactive
substances “4а” and “4”
The tests of the CRS were per
formed at the testing grounds “4”
and “4а”, located to the west and
to the north from the Experimental
Field site. Spreading of CRS was
achieved by the explosion of spe
cial amunition, bombardment with
mortar shells, air bombing or with
direct dispersion of the substances
employing planes.
Our investigations revealed at
these testing grounds more than
30 areas with local radiological
contamination. The main contami
nant is 90Sr: its maximal specific
activity in soil cover can be as high
as 5x108 Bq/kg what corresponds
to intermediate level radioactive
waste. At that, other radionuclides
such as 239+240Pu, 152Eu, 154Eu, 137Cs,
241Am, 60Co, also present in the soil
cover in much smaller amounts
of about nx103-106. Radioactively
Areas of radiological contamination at the testing ground "4а1
contaminated spots can cover sev
eral hundreds square meters up to several hundreds thou
Nuclear explosions were not the only types of tests per
sands square meters, some of the spots span for a kilome
formed at the STS. In 1953 - 1957, programs on testing of
ter. Among the peculiarities of the radioactive contamination
combatant radioactive substances (CRS) were in progress
at these spots, one can notice some higher radionuclide ac
there. CRS were liquid or powder radioactive substances
cumulation coefficients in the vegetation. Accumulation co
made of radiochemical wastes or by irradiation of special
efficients in the vegetation for the 90Sr radionuclide are much
substances with neutrons in a nuclear reactor. Specific ac
higher than those in the epicenters of surface nuclear explo
tivities of such substances varied from tenth parts to several
Curie per liter.
sions and at the conventionally “background” territories of
the STS; these coefficients are comparable to the values ob
tained for the radioactive waterflow areas with the majority of
the coefficients exceeding 1. The accumulation coefficients
for 239+240Pu also exceed all previously obtained at other STS
lands values and the international generalised data. Such
accumulation of the 90Sr and 239+240Pu radionu
clides at the studied territories can, most prob
ably, be related to the form of their delivery to
the environment at CRS tests. Such peculiari
ties in radionuclide accumulation in the veg
etation and high 90Sr contents in the soil cover
impose considerable hazard on people and
local animals at these territories what makes these testing
grounds the most radiologically dangerous ones among the
STS objects.
Physical barriers in form of trenches were constructed
to limit the access of people and animals to the “4a” test
ing ground, and the radiation warning signs were arranged
at the contaminated spots. Nevertheless, these lands are in
close vicinity of the lands planned for transfer for commer
cial use. This understanding sets up the priority to remediate
these lands and clean them up from the radiological con
taminants. Preliminary assessment performed for the CRS
testing grounds gave the amount of radioactive waste there
Surface distribution of radioactive contamination
to be about 45,000 m3 with the area of lands requiring reme
over one of the grounds
diation exceeding 110 hectares.

Radiation
situatio n
o f th e STS

Lands outside the testing sites.
Traces of radioactive fallouts
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After the surface tests noticeable for their low and ultra-low yield and
after the model experiments, the related radioactive traces were, as
a rule, formed within the Experimental Field site and within the P-2G
testing ground; in certain cases, the traces stretched out as narrow
(up to 1 km in width) strips up to several dozens of kilometers outside
the site.

Radioactive contamination beyond the territories of the
test sites has been formed as a result of the fallout from ra
dioactive plumes that moved in various directions from the
test site after the nuclear explosions.
Of all the ground nuclear tests carried out at the Semipalatinsk test site, you can select not more than a dozen nucle
ar tests, which basically determined the extent of the radio
active contamination of the environment on the test site and
in its vicinity.
The last decade, research has confirmed the presence
of traces of radioactive fallout far beyond the test sites. The
traces due to the ground nuclear tests are extended from
the Experimental Field site almost to the STS boundaries. At
the trace width of up to 15 km, their length is
more than 100 km. Laboratory studies of soil
samples taken within these traces revealed
the presence of artificial radionuclides 137
Cs,90 Sr, 239 + 240 Pu, 241 Am, 60 Co, and Eu iso
topes. The maximum contents of the radio
nuclides in the soils on the fallout traces in
amounts of up to thousands of Bq/kg were
registered at a distance of about 40 km from the epicenter of
the testing ground P-1.
Radioactive contamination in the traces reduces gradual
ly and at the STS border, the radionuclide contents in the soil
are just for 3-5 times higher than the global fallout values.
The areal radioactive contamination within the traces at the
STS is represented by spots of increased concentrations of
the radionuclides.
In 2016, the radioactive contamination was revealed
in the eastern direction in the vicinity of the “Balapan”
site; most likely, this contamination was formed by several
plumes and the radioactive fallouts from the tests carried
out at the Experimental Field site.

In the locations of the underground nuclear tests with
the release of debris, contamination is mainly found near
the craters and it goes beyond the grounds for a distance
of several tens of kilometers. The nuclear explosion with the
release of debris performed at the testing ground “Balapan”
in the borehole No.1004 on 15.01.1965 led to the most sig
nificant radioactive contamination of the lands. The near
radioactive fallout trace from this test is located at a dis
tance up to 10 km in the northeastern direction and stays
within the “Balapan” site limits. Similar in its parameters
trace has been identified on the site “Sary-Uzen”: this trace
was due to the test conducted in the borehole No.1003 on
10.14.1965. The test performed in the borehole No.101 on
18.12.1966 led to the radioactive contamination of the site
in the south-western direction up to the STS border. Based
on the comprehensive ecological survey of the area between
the sites “Degelen” and “Balapan”, where the trace from the
test performed on 12.08.1953 is located, it is proposed to
limit agricultural activities on these lands. It is expected that
similar conclusions can be made for the other areas where
the radioactive fallout traces have been revealed.

The trace from the explosion performed on 24.09.1951 with the power
release of ~38 kt lies in the southern direction towards Kainar village
and goes beyond the STS boundary. A plume from the most power
ful surface test on 12.08.1953 of about 400 kt passed in the south
eastern direction towards Sarzhal village. Several traces (supposedly
from the tests on 18.10.1951 and 30.10.1954) lie in the eastern direc
tion towards the “ Balapan” site. Another trace from the 9.9 kt test on
07.08.1962 is revealed in the north-eastern direction. Areal radioac
tive contamination from this explosion has been revealed on the right
bank of the irtysh River in the famous Band-type Pine Forest along
with the traces from the first nuclear explosion on 29.08.1949.

The Shagan River
The Shagan River is the longest waterway crossing the
STS. The total length of the channel of the river is 275 km, of
which about 50 km lie on the STS. The river with braiding has
a low flow rate, deadlock sloughs, swamping banks. In dry
periods the surface water periodically dries up on separate
sections of the river.

Radioactive contamination of the Shagan River is stipulated by the
excavation thermonuclear explosion in the Well No.1004 (the “Atomic“
Lake) and the consequences of the underground nuclear explosions at
the “ Balapan” site.

Presently, the artificial radionuclides 3Н, 90Sr, and 239+240Pu
are registered in the Shagan River water. Presence of 90Sr and
239+24°Pu at the levels 0.03 Bq/kg and 0.002 Bq/kg, respec
tively, has been revealed in the Shagan River only down
stream of the “Atomic” lake contaminated soils. Main radio
nuclide contamination of the Shagan River water is formed
by increased concentrations of 3Н: its contents vary from
100 up to 350,000 Bq/kg. At that, the areas with increased
3Н concentrations differ by the contamination sources and
contamination mechanisms.

Areas of the Shagan River contaminated with 3Н
Presence of 3Н downstream of the “Atomic” lake (area No.1 on the
graph above) is due to the 3Н leaching from the contaminated debris.
The noticeable increase in 3H in the interval 1 -2 km (area No.2) is asso
ciated with the inflow of underflow water from the old river chanel. The
interval from 5 to 6 kilometer downstream (area No.3) related to direct
discharge of the contaminated fracture water proliferated through the
tectonic disruptions from the combatant wells at the “ Balapan” site.
Within the 8 -1 4 km interval, the inflow of contaminated groundwater
is observed. From the distance 14-15 km and further, one can note the
gradual decrease in 3Н due to dilution.

Some parts of the Shagan River represent particular inter
est: there are intervals with non-uniform areal and in-depth
3Н redistribution.
Monitoring of the Shagan River waters has been estab
lished taking into account the specific features of the surface
and ground waters’ contamination.
The concentration of 3H in the underground waters of the
river is relatively stable. The concentration in the surface wa

ters varies in a wide range. In the area of maximal contamina
tion, 3H contents vary from the minimal 100 Bq/kg in spring
period up to its maximal values of 350,000 Bq/kg in summer
and fall. At the border of the test site, 3H concentration in the
river varies from 100 Bq/kg to 10,000 Bq/kg; at the conflu
ence of the Shagan River and the Irtysh River, 3H concentra
tions do not exceed 10 0-20 0 Bq/kg.

Change in 3H areal specific activ
ity has been revealed over the
whole width of the river channel
both in the surface and under
flow waters of the left and right
banks. At that, no specific cor
relation between 3H distribution
in underflow and surface waters
has been revealed.

In winter times, the surface
water flows of the Shagan
River are completely fro
zen except a small interval
5 km downstream of the
“Atomic” lake where the
water is diluted by the un
derrun.

In-depth change in 3H concentra
tion in the flow (10 -3 5 cm) and
3H specific activities (2,000
250,000 Bq/kg). In all cases,
the maximal concentrations are
observed in the near-bottom
layer and the minimal ones - at
the flow surface.

The well 5-PN and the 5-km post are
the localities with the maximal 3H
concentrations. The 14-km post is
the place where the river crosses the
STS administrative border. The 110
km post is the confluence of the Sha
gan River into the Irtysh River.

In the vicinity of the Shagan River, there are about 15 per
manent winterings with people living there the whole year
round; there are also more than 10 temporary
summer shelters inhabited in a warm season.
There is no doubt that the Shagan River wa
ters cannot be used by local people for drink
ing because of high salinity (1 0 -3 0 g/l), but
the water is used for watering of the domestic
animals. Livestock watering at the areas with
increased 3H concentrations results in tritium
intake and presence in the agricultural products like meat
and milk what has been confirmed in numerous studies.
In general, tritium specific activities in the Shagan Riv
er waters exceed for 5 -5 0 times the intervention level of
7,600 Bq/kg set by the sanitary rules. These 3H excess con
centrations are registered for about 25 kilometers beyond
the administrative border of the STS.
The actual radiological conditions do therefore require
the implementation of specific measures in certain parts of
the river. Agricultural and cattle breeding activities are to be
limited there in the areas with increased tritium concentra
tions; the lands should get the proper legal status of the
state reserve territories.
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RADIOACTIVE CONTAMINATION
CHARACTER OF THE MAIN STS
ENVIRONMENTS
Surface waters

Water objects
Artificial reservoirs

Telkem-l

Lake
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The Shagan River

The site “Sary-Uzen” . The borehole No. 101
A crater of about 400 m in diameter. It is the most severely contami
nated water object at the “Sary-Uzen” site. Radionuclides concentra
tions in the bottom sediments comprise 137Cs - (8.4±1.7)x103 Bq/kg,
90Sr - (1.3±0.2)x103 Bq/kg, 239+240Pu - (8.6±0.7)x103 Bq/kg, 241Am (4±0.8)x102 Bq/kg.

Technogenic radionuclides content in waters
of reservoirs of technogenic origin

M
The Uzvnbulak Stream

Types of surface water bodies at the STS territory

Specific activity, Bq/l

Sampling point

137Cs

< 11

< 0.03

2.5 ± 0.4

0.11 ± 0.01

85 ± 13

0.12 ± 0.01

140 ± 15

(1.7 ± 0.3)x10-2

400 ± 40

(2.9 ± 0.5)x10-2

90

Sr

pu

H

3

239+240

B-1
П5, Area
No. 3
П5, Area
No. 4
The "Atomic" lake

< 13

5.4 ± 0.5

120 ± 13

< 0.01

"Telkem-1"

< 12

< 0.01

700 ± 70

(9.1 ± 0.8)x10-2

"Telkem-2"

30 ± 13

< 0.03

170 ± 16

0.17 ± 0.01

230 ± 25

(1.1 ± 0.4)x10-3

4.9

0.55

Intervention level

Natural lakes

Ш

Kishkensor Lake is located next to the western border outside the
“ Balapan” site. in 2015, the 3Н content there was registered at the
level of 400 kBq/kg; 90Sr - 1.2±0.2 Bq/l.

Borehole 101
"Sary-Uzen"

P5, site №3

The Kotansor Lake
The Zhanan
Watercourses

Kishkensor Lake

Experimental
Field

The surface waters at the STS are represented by closed
natural or artificial basins and the waterways.
There are two main factors responsible for contamination
of the ground waters: surface and excavation nuclear tests
result in considerable contamination of the surface soil and
debris, washing out or leaching out of the radionuclides from
the bank soil and bottom sediments into the water is the ma
jor factor. Another one, in case of underground tests, is the
contamination of surface waters by an inflow of ground wa
ters containing the radionuclides leached out from the well
and adit space.
The artificial basins are located at the test sites Experi
mental Field, “Balapan”, “Telkem”, and “Sary-Uzen”. These
basins are, as a rule, craters filled with water and formed as
a result of a nuclear explosion.
The water basins at the Experimental Field site are the
craters of the surface nuclear tests filled with water and,
in most cases, with a perimeter covered by southern reed
(Phragmites australis). Water in the three craters on the test
ing grounds No. 3 and No. 4 of the P5 site and water in the
crater V-1 are the most severely contaminated. There are to
tal 10 craters of 10 to 150 meters in diameter at the Experi
mental Field site.
The craters at the “Sary-Uzen” site were formed in the ex
cavation nuclear tests: these are the wells No.No. 101, 125,
and 1003 filled up with water. The well 1003 is filled up with
melt snow during spring season floods and dries up by mid
summer.
The maximal radionuclide concentrations registered in
the artificial basins are presented in Table 1 below.

(3 ± 0,2)x105 0.06 ± 0.01
7600
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0.32 ± 0.05 (0.8 ± 0.3)x10-3

The artificial radionuclides contents in the water are
below the registration thresholds of the methods used for
the majority of the craters - these are < 11 Bq/l for 3H and
<0.01 Bq/l 137Cs; or, they remain below the intervention lev
els (IL) as in case of 90Sr (nx10-2) and 239+240Pu (nx10-3). This
is because the craters were in many cases formed due to unnuclear tests or as a consequence of soil collapse. In such
cases, the soil and bottom sediments are not contaminated
with the radionuclides.
Natural-origin basins are diverse in scale natural saline
lakes; some of them dry up by the midsummer. The lakes
spread over the whole territory of the polygon including the
vicinities of the testing grounds: for example, the Zhangyldy

lake is located at the “Sary-Uzen” site and Solenoye Lake is
on the “Balapan” site; some are in close proximity (i.e. in
the influence zones): the lakes Zhangyldy and Kotansor are
close to the “Sary-Uzen” site, the lakes Kishkensor, Shunkusor, Karazhurek, Zhanan, and others are close to the “Bala
pan” site, the lake Zhaksytuz is at the border of the Experi
mental Field site, etc.

Zhangyldy Lake
Zhangyldy Lake is located in the south-eastern part of the “Sary-Uzen”
site. The radionuclides contents in the bottom sediments are as follows:
137Cs - 150±20 Bq/kg, 90Sr - 24±4 Bq/kg, 239+240Pu - 28±3 Bq/kg. The
contents in water are: 137Cs - 0.02 Bq/kg, 90Sr - (1.6±0.2)x10‘2 Bq/kg,
239+240Pu - (2.4±0.4)x10‘3 Bq/kg.

The lakes are in most cases closed with no inflows or out
flows and are not connected to with the underground waters.
The contents of artificial radionuclides in their waters are be
low 11 Bq/kg for 3Н, < 0.01 Bq/kg for 137Cs, and are below
the intervention levels for 90Sr (nx10-2) Bq/kg and 239+240Pu
(nx10-3) Bq/kg, except the Kishkensor Lake.
The 3Н contents in the Kishkensor Lake waters were regis
tered at the level 400,000 Bq/kg what e xceeds for two times
the IL for water. This radionuclide contamination is due to the
underrun of groundwater contaminated with tritium leached
out from the well cavities at the “Balapan” site.
Main waterways at the territory of STS are the springs of
the “Degelen” site and the Shagan River that runs along the
eastern border of the “Balapan” site, leaves the STS bound
ary and becomes a left-bank tributary of the Irtysh River.
Main radioactive contamination of the creeks at the “De
gelen” site is related to the transport of radioactivity from the
adit cavities with adit waters flowing out.
Permanent water flows from the adits No.No. 104, 165,
176, 177, 203, 204, 501, 503, 504, 506, 511, 609, 802 and
З-1 have been revealed at the “Degelen” site during 2015
2016. There are also about 20 springs in the vicinity of the
site. The 3Н contents in the water of springs and waterways
vary in the range nx103 - nx105 Bq/kg, 90Sr - from nx10’
up to nx103 Bq/kg, 137Cs - from < 0.02 to nx102 Bq/kg, and
239+240Pu - from < 3x10-4 to nx100 Bq/kg.
The waterways and the springs merge forming the main
creeks of the “Degelen” site: Uzynbulak, Karabulak, Toktakushuk, Aktybai, Baitles, Bezymianny and Bezymianny-2.
Contents of the artificial radionuclides in the water there is
as follows: 3H - about nx104 Bq/kg, 90Sr - from <3x10-3 to
nx100 Bq/kg, 137Cs - <0.01 and 239+240Pu - about nx10-3 Bq/kg.
Comparative analysis of the radionuclides content in wa
ter of the waterways and springs with respect to the contents
in the streams brings us to the conclusion that 137Cs and
239+240Pu have the lowest migration capability; they prolifer
ate for not more than several dozen meters from the source
while 90Sr can migrate with water for hundreds of meters or
even several kilometers.
Tritium is very mobile and proliferates along the whole
waterway until it dries up outside the “Degelen” site limits.

The decrease of the artificial radionuclide contents in the
stream waters is related to the radionuclide accumulation in
bottom sediments. The accumulation capability of the bot
tom sediments in respect to the radionuclides can be nu
merically expressed in terms of the transition coefficient Ka
calculated as the ratio of the radionuclide content in bottom
sediments to its content in water. Higher the Ka, higher the
accumulation capability of the bottom sediments. Values of
the Ka for different types of the water objects at the STS are
presented in Table 2.
Transition coefficients for different types
of water objects
Type of object
Artificial reservoirs

Natural lakes

Watercourses

239+240

Distribution coefficient (Kd )
pu
137Cs

90

Sr

from 7.5 x 102

from 3.5 x 102

from 2.0 x 100

to 1.0 x 108

to 1.3 x 106

to 1.3 x 104

from > 4 .3 x i o 3

from 3.2 x 103

from 4 x 1011

to 1.5 x 106

to > 1.5 x 105

to > 2.6 x 103

from 2.7 x 102

from > 9 x 102

from 4,8 x 101

to 1.5 x 105

to 1.5 x 103

to 1.5 x 102

The Ka values for different artificial radionuclides vary in
a wide range for different types of the water objects: in aver
age, from nx102 up to nx104.
It follows that most of the radionuclides in the system
“water - bottom sediments” is accumulated in the bottom
sediments. The only exception is 90Sr which, in some cases,
demonstrates the Ka equal to nx100. One can therefore con
clude that 90Sr in such a water object can be found in similar
amounts both in the bottom sediments and in water sup
porting the statement about the high migration capability of
this radionuclide.

a)

b)

Baitles creek: a) at the territory of the “ Degelen” site;
b) 5 km away from its border
3H concentrations in water at the “Degelen” site comprises 33±0.3 kBq/kg;
5 km away from the site, the 3H concentration in water comprises
41±0.4 kBq/kg. Such increase in the 3H concentrations is due to the
inflow from the adit No. 176 at the site.

Soils
The Sem ipalatinsk test site is located in the climatic zone
of steppes and occupies the eastern part of the Kazakh low
hills. These factors pre-determine the nature of the land
scapes there. The landscapes are represented by low-mountain massifs, the individual ridges, hills, plains, and valleys,
dips under the dry and desert steppes on chestnut and light
chestnut soils. The typical soils there lack moisture content,
narrow friable deposits layers, contain lots of detritus and
small amounts of organic matter. Intrazonal meadow soils
are formed in the places of additional moistening by flank
flows and groundwater in the valleys of small rivers and
creeks that dissect the low hills. Such meadow soils are dark
gray in color and contain thick horizon rich in humus.
The investigations revealed the peculiarities in in-depth
radionuclide distributions in the soil cover at different land
scapes of the STS for diverse radionuclide contamination
patterns.

areas is to be mainly based on the radionuclide presence
forms in soil.
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In-depth distribution of the radionuclides in the chestnut soils
of the “ background” STS territories
At zonal conditions and weak moistening with atmospheric precipita
tions only, the maximal 137Cs and 90Sr contents are registered in the
surface soil layers of 5-10 cm. Considerable amounts of fine detritus of
dense rocks in the soil increase water permeability and stipulates 90Sr
proliferation down to the depth of 20-25 cm.

Light chestnut soils - section

Meadow soils at the “ Degelen” site

The in-depth distribution of the radionuclides studied for
the main chestnut soil types at the conventionally clean ar
eas of the test site showed the presence of the radionuclides
in the upper 15-20 cm soil layer.
The intrazonal meadow soils in creek and
spring valleys of the low mountain terrains
have, in general, similar patterns of the in
depth radionuclide distributions; still, there
are the variations in the patterns due to dif
ferences in moistening regimes.
One should note the deeper proliferation
of 90Sr into the soils at the combatant radioactive substanc
es (CRS) testing ground compared to other testing grounds.
High specific activities of 90Sr in the CRS site soils are regis
tered down to the parent rock.
The study revealed different mobility and biological ac
cessibility of the radionuclides in STS soils stipulated by
the differences in the radioactive contamination of soils de
pending on the test type, radioactive contaminants origin,
and etc.
It therefore follows that the most contaminated site
“Opytnoye Pole” is characterized by minimal bioaccessibility
parameters of the radionuclides in soils while the STS areas
with high mobility and bioaccessibility of the radionuclides
in soils (testing ground “4A” (CRS), “Degelen”) are not less
hazardous. The choice of the remediation method at these

2

In-depth distribution of the
main artificial radionuclides in
the water-rich soil at the cen
tral part of the ecosystem as
sociated with the tunnel water
flow shows high mobility of
the radionuclides in soil. For
example, in the vicinity of the
adit No.177, the high 239+240Pu
specific activity in the waterrich soil are registered at the
depths down to 90 cm (>1,000
Bq/kg). in the depth interval
100 - 120, 241Am concentra
tions exceed 100 Bq/kg; at
the depth 150 cm, 60Sr can
be found in amounts of sev
eral thousands of Bq/kg with
no noticeable decrease in its
concentration at the studied
depth range.

In-depth radionuclide distribution in the water-rich meadow soils

The decrease in the 90Sr biological accessibility param
eters in soils of the conditionally background territories sub
jected to radioactive fallouts from the surface nuclear explo
sions has been revealed.
Distribution of the radionuclides within the granulo
metric soil fractions depends on the conditions and the
mechanisms of the radioactive contamination. At increased
moistening, the highest accumulation of the radionuclides

takes place in the fine-dispersed soil fractions (sorptiondesorption redistribution). Considerable “enrichment” of a
particular granulometric soil fraction can serve as an indica
tor for presence in the soil of radioactive fallout from nuclear
explosion.
The deep proliferation of the
radionuclide can be explained
by the light mechanical com
position of the soils, the type
of the tests at this site, and
mobility/high solubility of
this radionuclide. Some soil
cuts at the testing ground
"4a” demonstrate two zones
with different mechanisms
of the in-depth distribution:
the first zone is the range of
initial proliferation of the ra
dionuclides at the short-term
spill of the radioactive liquid
during the test and the second
- further washing out with
atmospheric
precipitations
down to a certain soil horizon.
In-depth distribution of the radionuclides in soils after the radioactive
combatant substances testing (two zones)

ments (239+240Pu, 241Am) and the decay products (137Cs, 90Sr)
within the granulometric soil fractions.

90Sr presence forms in the soils of the conditionally
background STS lands
At the STS, the 90Sr presence forms can be used along with the basic
parameters to characterize the radioactive contamination at the back
ground STS territories and as a diagnostic parameter at the identifica
tion of the traces from surface nuclear explosions.

At locations of surface nuclear tests, the decay elements
(239+240Pu, 241Am) distribution and the decay products (137Cs
and 90Sr) are of similar nature. The highest radionuclide ac
tivity is associated with the large-dispersed soil fraction.

a)

90Sr presence forms in the soils of different STS objects
The lowest mobility and biological accessibility of the radionuclides
have been registered at the "Opytnoye Pole” site; the values then in
crease at the radioactive fallout traces from the surface tests and at
the "Atomic” lake due to the peculiarities of the radioactive particle
formation at surface and excavation explosions. The highest biological
accessibility of the radionuclides has been revealed in soils of the CRS
testing grounds (the site "4a”), influence zones of the waterways from
the "Degelen” Site and at the conditionally background STS areas with
the sorption-type radioactive contamination of soil particles.

b)

Radionuclide distribution within the granulometric soil fractions: a)
meadowland soils in the vicinity of the Adit No.176, b) in the arid soils
at the trace from the thermonuclear explosion in 1953.

Differences in the decay elements (239+240Pu and 241Am)
and the decay products (137Cs and 90Sr) distribution are re
vealed in the locations of excavation nuclear explosions.
The highest 239+240Pu and 241Am activities are concentrated
in the large-dispersed soil fractions, while
137Cs and 90Sr are mostly found in the fine- ^
Environments
dispersed one.
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a)
Change in mobility and biological accessibility of 90Sr
as a function of distance to the epicenters of the surface
and the excavation thermonuclear explosions

b)

Radionuclide distribution within the granulometric soil fractions at the
"Opytnoye Pole” site (surface explosion): a) 137Cs, b) 239+240Pu.

The radionuclide 90Sr demonstrated the tendency to increase its mobil
ity and bioaccessibility in soils at the fallout traces from the excava
tion and the surface nuclear explosions at larger distances from the
epicenters.

The type of a nuclear explosion and the mechanisms of
the radioactive particle formation predetermine the similari
ties and the differences in the distribution of the decay ele-

a)

b)

Radionuclide distribution within the granulometric soil fractions at the
"Atomic” lake site (excavation explosion): a) 137Cs, b) 239+240Pu.

Vegetation

Vegetation cover of the Sem ipalatinsk test site is for more
than 90 % represented by low-yield dry and desert steppes.
The steppe flora includes up to 300-350 species of vascu
lar plants, but the main herbage consists of fescue grass
(Festuca valesiaca), mat-grass (Stipa capillata, S. Sareptana,
S. lessingiana), and wormwood (Artemisia frig id a , A. Gracilescens, A. m arschalliana and others). Steppe cenosis are
formed on planes, trails and slopes of the low hills and
mountains; tangles of brushwood can be met in the valleys
and depressions (Spiraea hypericifolia, Caragana pum ila).
The mountain range Degelen is a kind of an oasis in the
endless steppes of the test site. Its coenotic composition
of the vegetation demonstrates the wide
diversity and is close to the rich flora of
mountainous Southern Siberia. Unlike in the
Environments
scant steppe vegetation, there are up to 450
contam ination
character
500 species inhabiting the range. Up to 40 °%
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Pine trees (Pinus sylvestris)
at the mountain range Degelen

of the biomass in the mountain range is concentrated in the
floodplains of the creeks where the meadow vegetation is
represented in a broad diversity. The creek valleys and the
slopes of the shady granite gorges demonstrate some frag
ments of forest vegetation mainly consisting of aspen-birch
groves. The schistose granite rocks are occupied by the petrophyte shrubby cenosis, and the tops of the granite ridge
may have spots of pine communities (Pinus sylvestris).
Previous nuclear explosions at the test site resulted in
the extermination of the vegetation in the breakaway areas,
man caused slide-rocks and at the tunnel near-portal areas.
Dense network of various communications, fire, mining all
contributed to the anthropogenic degradation and transfor
mation of the vegetation cover over the vast test site lands.
A noticeable example of such effects is a so-called “Atomic”
lake: single herbs and spots of petrophyte and shor vegeta
tion appear at the inner slopes of the crater.

Motley grass in a creek bottomland

Emerging vegetation at the internal slopes
of the “Atomic” lake crater

Radioactive contamination of the vegetation at STS can be, as a rule, revealed in the locations of the nuclear tests including those at the testing
sites Experimental Field, “ Degelen”, “ Balapan”, “Sary-Uzen”, and the site of combatant radioactive substances testing (CRS site). The maximal
137Cs specific activities of 87 kBq/kg have been registered in the vicinity of the radioactive waterways at the “ Degelen” site, 90Sr (1,500 kBq/kg)
at the CRS testing grounds, 239+240Pu (9.5 kBq/kg) and 241Am (0.53 kBq/kg) - in the epicenters of the surface tests at the Experimental Field site.

The radionuclide transfer factor (Tf) that describes the
accumulation of a radionuclide by the above-earth part of
a plant are currently obtained for the natural ecosystems
at all territories of the STS with diverse types of radiologi
cal contamination. Typically, minimal accumulation of the
radionuclides is noticed in the epicenters of the nuclear ex
plosions, increasing on the traces of radioactive fallout on
the conditionally “background” lands. The highest values of
Tf are typical for the areas of radioactive waterways and the
CRS testing grounds.

Distribution of the lg Tf values for 241Am, 239+240Pu, 137Cs,
and 90Sr at the studied STS lands

Average ratios of the 137Cs, 90Sr and 239+240Pu contents in different parts
of willow (Salix triandra) to their respective content in stems

Complicated radiological conditions have been revealed
in the vicinity of the Shagan River floodplains. Radioactive
contamination of the vegetation there is primarily formed
by 3Н. The above-ground parts of certain species (represen
ting hygro- and mesophytes) inhabiting the river floodplains
demonstrated the specific activities of this radionuclide up
to ~200,000 kBq/kg. At that, the rate of the vegetation con
tamination is related to the 3H content in surface and under
flow water - the main sources of intake.
In the areas with no surface waterways contaminated by
3Н, particular attention is to be paid to a group of species
called as phreatophytes - deep-rooted plants that obtain
a significant portion of the water that it needs from the un
derground. The most common for the STS phreatophytes are
trinius (Achnaterum splendens) and salt tree (Halimodendrnn halodendron).

Variations in Tf values for 137Cs can be as high as 71 times, 90Sr 74 times, 239+240Pu - 14 times, 241Am - 11 times. Nevertheless, the ac
cumulation capability sequence looks as follows: 90Sr > 137Cs > 239+240Pu
> 241Am. Tf for 90Sr in average exceed for 8 times the coefficients for 137Cs
and up to 16 times - the coefficients for 239+240Pu. The 239+240Pu Tf are up
to 3 times higher than those for 241Am. The locations of CRS testing are
the exception: accumulation capability of the studied radionuclides by
the herbs has the following sequence there: 90Sr > 239+240Pu > 137Cs.

The maximal Tf for i37Cs and 90Sr were obtained in the
meadow land ecosystems at the “Degelen” site in the vicin
ity of the adit No. 176 what is explained by the increased
amounts of the radionuclides accessible for the plants in
water soluble and exchange forms.

Numerous studies disclosed the empiric
relation between 3H content in free water of
the phreatophytes and its content in ground
water.
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Tf as a function of the radionuclide speciation at the “ Degelen” site
Specific peculiarities of the meadow vegetation predetermine the dis
persion in accumulation of 137Cs for 2 - 10 times, 90Sr for 2 - 6 times,
239+240Pu for 2 times; the same for the vegetation in the steppe ecosys
tems: 137Cs 2 - 4 times, 241Am 2 - 5 times, 90Sr and 239+240Pu - for 3 times.

3H specific activity in groundwater кВд/кд

The maximal i37Cs and 90Sr concentrations have been re
vealed in the leaves, 239+240Pu - in the blooms. 90Sr content
in the plants increases sharply at efflorescence and keeps
increasing during the whole vegetation period; the maximal
i37Cs and 90Sr accumulation take place in fall (semination
phase).

Increased 3H concentrations have been revealed in the
plants inhabiting the vicinity of the Shagan River as well as
the watercourses of dry streams that pass well beyond the
“Degelen” site boundaries. This fact also confirms 3H pres
ence in ground water of the territories and, in most cases,
has also been verified by boring wells there.

1
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Fauna
The animal world of the STS is rich and diverse. Verte
brates fauna at the STS is represented by 216 species in
cluding 52 species of mammals, birds - 147, fishes - 8,
reptiles - 7, amphibian - 2. Sixteen of them are included
in the IUCN and Kazakhstani Red Books. Of 178 mammals
in Kazakhstan, 52 species of 6 orders inhabit the STS lands.
The smallest and the most numerous mammals at the
STS are murine rodents. Of 49 species of reptiles existing in
Kazakhstan, 7 present at the STS; suborder of lizards is the
most numerous one represented by sand lizard (Lacerta agilis), stepperunner (Eremias argute), and sunwatcher (Phry-

Perching birds are the most common for the steppe land
scapes. The STS fauna is noticeable for 19 species of diur
nal birds of prey (Falconiformes). Some rare red-listed bird
species can also be met: steppe eagle (Aquila rapax), im
perial eagle (Aquila heliaca), golden eagle (Aquila chrysaetos), sandgrouse, pallas sand grouse, eagle-owl. Increase in
population of Pallas sandgrouse (Syrrhaptesparadoxus) was
noticed in 2015 at the Experimental Field site.

nocephalus helioscopus).

Historically, the reserve status of the STS lands benefited
to populations of the paridigitates order: Siberian roes, elks,
saiga, and argali can be met there. Increase in the red-listed
argali population (Ovis ammon) was registered at the “Degelen” site in 2015. During the field works 53 animals were
observed.
Snakes are abundant in the region: Orsini’s viper (Vipera
Ursini), mamushi (Agkistrodon halys), grass snake (Natrixnatrix) and the most numerous Pallas’ coluber (Elaphe dione).
Predators can be met at virtually any part of the site:
foxes, corsacs, badgers, and eared hedgehog. Wolves, wea
sels, least weasels, and polecats are less abundant.

Steppe eagle nestling

The STS ichthyofauna in the Shagan River basin and near
the creeks of the Degelen Ridge is represented by the Cyprinoidea order. Six species of fishes are observed in the Sha
gan River; only one species - in the Uzynbulak Creek at the
“Degelen” site. Acclimatized European carp was found in the
“Atomic” lake.

A wolf and a badger in the vicinity of the Baitles stream at the “ Degelen”
site (same camera, different seasons)
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There are two species of amphibians at
the STS (of 12 known in Kazakhstan): both
belong to the ecaudata - green toad (Bufo
viridis) and moor frog (Rana arvalis).
I
Birds represent the most numerous and
diverse fauna at the test site. There are
15 orders with 147 bird species of 488 species registered in
Kazakhstan.
The lakes of the site, including the famous “Atomic” lake
are the habitats for numerous waterfowl, aquatic and near
water birds.
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Siberian jerboa

Green toad

Sand lizard male

It was interesting to find carps in one of the craters formed
after an underground nuclear explosion with an emergency
outburst at the “Sary-Uzen” site.
Recent radioecology studies of the test site fauna showed
that the increased specific activities of the radionuclides in

Eared hedgehog

Argali, “ Degelen” site

animal bodies were only noticed when the animals continu
ously inhabited the local radioactively contaminated spots.
No exceeding values of the radionuclide specific activities
are registered at distances from these contamination spots
exceeding the activity range of the animals.
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Radionuclide contents in the animals vs
the radionuclide specific activity in soil
Biological tissues of the Siberian jerboa inhabiting the “Atomic” lake
debris contain up to 125 Bq/kg of 137Cs; the same for the jerboa inhabit
ing the vicinity of the lake does not exceed 70 Bq/kg, and the jerboa
inhabiting “clean” lands of the “ Balapan” site - below 1.9 Bq/kg.

Radionuclide concentrations in muscular tissue of the
commercial animals at the majority of the STS lands is well
below the acceptable thresholds set for the meat of wild ani
mals and fish. For example, the muscle tissue of partridge
inhabiting the “Atomic” lake debris showed the maximal
content of 137Cs which is for 7 times lower than the allowable
threshold. This is noticeable since the “Atomic” lake debris
soils are severely contaminated with 137Cs specific activities
up to 30,000 Bq/kg.
Meat of the game birds inhabiting the “background” ar
eas of the polygon has no measurable amounts of 137Cs; this
is the radionuclide most expected to appear in the muscular
tissues of animals inhabiting these lands.
The investigations also showed that even in the “Atomic”
lake crater, the 137Cs specific activity in muscular tissue of
fish was for 61 times lower than the acceptable level. The
specific activity of 90Sr is for 11 times lower the limit. Tritium

specific activity in free water of the fish meat at the “Atomic”
lake was close to the lowest determination thresholds of the
instruments.

Frequency of occurrence histogram for 137Cs and 90Sr concentrations
in sand lizard bodies at the STS
The specific activity of 137Cs in the sand lizards inhabiting the “ Degelen”
site can be as high as 600 Bq/kg at the radionuclide average concen
tration in soil 2 *1 0 5 and maximal values up to 1.7*106. At one of the
spots of the “4a” testing ground of CRS, 90Sr specific activity reached
780,000 Bq/kg. The lowest 90Sr specific activity was registered at the
level 68,000 Bq/kg. Net weight of some lizards exceeded 13 g. Such
lizard can contain up to 10,000 Bq of 90Sr what can be a considerable
factor in the radionuclides redistribution in the environment.

Specific activities of 137Cs and 90Sr exceeding the allow
able limits were only registered in the animals inhabiting
within the “Degelen” site boundaries and the CRS testing
ground “4a” . Increased 3H contents are registered almost in
all studied animals inhabiting the “Degelen” site even when
other radionuclides were not found.
The ratios of the radionuclide contents in muscular tis
sue to the radionuclide content in the daily ration and in soil
reflect the decrease rates of the radionuclides specific activi
ties within the food chains of certain ecosystems within the
radiological conditions at the STS lands. These concentration
ratios (CR) allow to forecast possible radionuclide contents
in wild animals, including the commercial ones, and to use
them for assessment of radiological risks on
the biota. The CR values for some animals
have already been revealed and further work
Environments
[contam ination
is in progress.
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CR values for animals at the STS
CR values (MeentSO)

Animals
w Cs
n-30

(6.2*9.9) *1(7»

n-11

(1,1±1.4)*10-J

Partridge
(Perdix perdix)

n-5

(3,3±2,5)*10-»

n-5

•(4.2±6.3)*1<Г*
(2,7±2.2)*iaJ

Ground squirrel
(Spermophilus
erythrogenys)

n-6

0,012±0,009

Siberian jerboa
(Allactaga sal tat or
Ewersm)

n-27

(2,2±1,2)*10-*

n-2

(9 ,9l6,8)xl04

Hare
(lepus europaeus)
• The CR va lu e s fo r

Sampling fishing of European carp at the “Atomic” lake

» ‘Am

*Sr

Sand lizard
(Locerto ogilis)

n-S < 5.9x10^ n-5 < 1.9x104

n-1

n-8

(2,4±1,1)*10-J

are p re s e n te d for: m usc le tissue
bones

m.nopu

2.5X10-4

9,9x10^
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Geology
Among the major consequences of underground nuclear
tests are disruption and radioactive contamination of the
rock massifs. Underground nuclear explosions (UNE) create
in the geological media several zones of different disruption.
So, an explosion of up to 150 kt at a depth of 500 m, several
spherical disruption zones of various sizes can be identified:
I - cavity (the rock is burned out creating a sphere with ra
dius up to 50 m); II - fragmentation zone - up to 70 m of
crushed rock aggregate; III - intensive fracturing zone up to
150 m, IV - block fracturing zone of more than 200 m.

1 - M esozoic-Cainozoic sediments; 2 - Palaeozoic rocks;
3 - exogenous fracturing zone (water-bearing horizon);
4 - borehole; 5 - boundary of increased radionuclide concentrations
in the zone of irreversible deformation:
I - cavity and the melt, II - fragmentation, III - intensive fracturing,
IV - block fracturing, V - collapsing column; VI - spalling.

Primary radiological contamination of geological media
during an explosion results from proliferation of the hightemperature gaseous-radioactive fluids from the central cav
ity up to the day surface via complex old and developed by
the UNE faults and increased fracturing. At that, a radioactive
melt is formed in the central zone embedding up to 40 % of
total radioactive products. The remaining radioactivity is dis
tributed within the zone of irreversible deformation.
Secondary radioactive contamination of the rock massifs
happens due to underground water widely presented at the
STS landscapes. Proliferating into the zones of irreversible
deformations, underground waters dissolve and leach out
the artificial radionuclides transporting them to consider
able distances. Redistribution of the radionuclides in the
rock massif from water by sorption on the channel walls is
the main contaminating mechanism. As an indirect indicator
for the presence of such mechanism, one can use presence
of tritium in drainage waters of the acting fluorite open pit
located in the northern part of the Degelen Mountains. At the
same time, an absence of other artificial radionuclides in the
drainage waters confirms that their secondary proliferation
front does not reach the mountain borders yet.
Presently, tritium is one of the main radionuclides prolif
erated over large territories of the test site. The specific activ
ity of this radionuclide in water may vary from several units
up to hundreds of thousand Bq/kg.
The “ Degelen” site. Contaminated with the radionuclides
water passes via the fractures, cracks, and adits towards lo
cal underground water basins or comes out to the day sur
face near the adit portals.
For 20 years of adit water monitoring, concentrations of
artificial radionuclides reached the following values: 137Cs
up to 1,100 Bq/kg, 90Sr up to 2,000 Bq/kg, 239+240Pu up to
11 Bq/kg, and 3H - up to 1,800 kBq/kg.

Zones of increased radionuclide concentrations
and the source of radioactive material
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In locations of the UNE at the STS, the ra
dioactive products are distributed within the
ш
three main conditional zones. The majority
of the radioactivity is concentrated in the
rock structures of to 200 m in diameter. High
concentrations of artificial radionuclides im
posing real radiological hazard are typical for this zone. The
second zone is much larger in volume and can reach the day
surface with its radius up to 500 m and more from the epi
center; the level of radiological contamination here is much
less. The shape and dimensions of the third zone vary greatly
and are individual for each test; they depend on the hydro
geology of the place, the rate of rock deformation and pe
culiarities of the decay product distribution during primary
contamination.
The zone of local irreversible deformations can span over
500 m from the nuclear cavity, i.e. reach the day surface.
Shifts of the rocks with the development of the pre-existing
tectonic fractures and faults are common.

The “ Degelen” site. Local drainage basins

The underground waters front that comes beyond the
Degelen Mountains limits is distributed into several water
ways within the local drainage basins: supply, transit, and
discharge take place within the local basins ranging up to

20 km. Concentrations of i37Cs, 90Sr, and 239+240Pu in the un
derground water do not exceed the intervention levels. Tri
tium is the main radioactive contaminant of the underground
water. The maximal 3H concentrations of up to 300 Bq/kg
were revealed at the southeastern mountain ridge boundary.
Closed drainage system assures that all tritium in the un
derground water is spent for evaporation and transpiration
by the vegetation.
The “ Balapan” site. Quite a different pattern with the
proliferation of the radionuclides with underground waters is
observed at the “Balapan” site where UNEs were performed
in vertical boreholes. The high i37Cs and 90Sr concentrations
in the underground water were only revealed in immediate
proximity to the warfare boreholes. The study of a large num
ber of samples taken at distances up to 300 m from the bore
holes showed that the radionuclide concentrations gradually
decrease over such distance below the detection limits. At
the same time, 3H concentration in the underground water
can exceed the allowable levels for drinking water for more
than 500 times. In general, the “Balapan” site shows a zonal
character in tritium distribution. The highest concentrations
of the radionuclides are revealed in the influence zones of
the regional cracking and in the areas of isolated depres
sions on the rock substrate covered with clay.

with the tectonic fractures. The preliminary data show that
the contaminated flows come from the rocks containing the
central zones of the UNEs performed in the neighboring war
fare boreholes.

The “ Balapan” site. The Lake Kishkensor

Comprehensive studies of the adjacent to the lake territo
ries and the lake revealed that the tritium concentrations in
surface water can be as high as 400 Bq/kg, in bottom sedi
ments - more than 770 kBq/kg, and in the vegetation - up
to 210 kBq/kg.
The “ Sary-Uzen” site. Conditions and mechanisms of ra
dioactive contamination of underground water at this site are
similar to those of the “Balapan” site. Presence of artificial
3H radionuclide with activities from 60 to 230,000 Bq/kg has
been revealed in several boreholes located in different parts
of the site territory. Waters of other boreholes contained
tritium in smaller amounts - below 12 Bq/kg. In two of the
boreholes, the underground water contains increased con
centrations of 90Sr with specific activities up 140 Bq/kg. The
tritium concentrations decreased for two times since 2 0 ii .
Underground waters outside the STS
testing grounds. To study the radionuclide

The “ Balapan” site. Tritium in the samples
of underground water taken in 2016 (kBq/kg)

The UNEs in the boreholes are performed at consider
able depths (up to 500 m), but nevertheless, contaminated
waters reach the day surface in two testing grounds at the
“Balapan” site. The first case, near the Shagan River, is de
scribed on page 17. The second case is located in the west
ern part of the site next to the Kishkensor Lake where the
fracture-strand underground waters first reach out the pore
waters and then come to the day surface. That is the feeding
of the lake surface waters is due to the waters associated
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migration processes in underground waters
outside the STS testing grounds and to as
sess the drinking water quality in the wa
ter reservoirs we investigated over 300 different boreholes.
Each year we also run comprehensive studies of the lands
aimed at transfer of the territories for commercial use contin
uously expanding our network of the monitoring boreholes.
The artificial radionuclides in the groundwater at these areas
are not registered. In single cases, increased 3H concentra
tions were revealed in the boreholes, but in amounts bore
hole below the intervention levels for the population. Almost
all the research data over these years show low background
concentrations of 3H in water of the Irtysh River.

Air
Vast open territories with soil radioactively contaminated
due to various-type nuclear tests are revealed within the STS
boundaries. Natural climatic processes in the near-Earth at
mosphere may contribute to the proliferation of the artificial
radionuclides with air outside the testing grounds and the
entire STS territories. This factor is of continuous public con
cern for the population of the neighboring territories.
The 24/7 atmospheric air monitoring posts were ar
ranged at the STS and in adjacent territories to provide com
prehensive information about the current conditions of the
air. The monitoring is also performed at the ore deposits
“Karazhyra”, “Karadzhal”, and on the sites of “Kazzinc” LLP
located in the vicinity of the “ Balapan” and “Degelen” sites;
the posts are arranged in the inhabited locations Kurchatov,
Dolon’, and Sarzhal located close to the STS. All the moni
toring posts do register the presence of the 239+240Pu radio
nuclide in the air, while the presence of 241Am, 137Cs, or 90Sr
have not been registered.

Average 239+240Pu concentrations
in air for the STS and adjacent territories
Sampling location,
number of samples

Average volumetric activity
239+240Pu, p.Bq/m3
2013

2015

2016

average

Inhabited locations close to the STS
Town of Kurchatov (19)

0.25

0.15

0.15

0.2

Village Dolon' (10)

-

0.70

0.80

0.8

Village Sarzhal (6)

0.50

-

0.40

0.5

Industrial sites at the STS territory
Karazhyra deposit (7)

0.30

1.07

0.08

0.5

Karadzhal field (16)

0.16

0.10

0.04

0.1

"Kazzinc" LLP site (7)

-

0.75

0.50

0.6

Comparative analysis of the experimental data and the
theoretical assessments showed that at the industrial sites
of the STS and in the inhabited localities adjacent to it, the
volumetric activity of 239+240Pu in air remains for 2 -3 orders
of magnitude lower than the permissible volumetric activity
for population (PVApop); such air, therefore, imposes no haz
ard on the population. Contents of the 239+240Pu radionuclide

The arrangement of the air monitoring posts at the STS and adjacent territories. The sampling was performed continuously for 3 - 4 weeks with the
total volume of air pumped from 300,000 to 800,000 m3.

in air are associated with 239+240Pu presence in the soil in lo
cations of the monitoring posts (at the levels of 1 Bq/kg).
One can, therefore, conclude that the artificial radionuclides
available at the testing grounds of the STS do not reach with
air the industrial sites at the STS and the neighboring inhab
ited localities.

taminated worksite, the average 239+240Pu concentration in
air comprises 22 pBq/m3 what is for 2 orders of magnitude
below the PVA .

Experimental studies of air. The air sampling is performed continuously
for 24 hours; average volume of the air pumped through the filter com
prises not less than 40,000 m3.

Experimental studies were arranged during agricultural
activities at the epicentral areas of the Experimental Field
site and at various distances from the “Atomic” lake to as
sess the scale of the artificial radionuclides proliferation
with air outside the testing grounds.

The monitoring posts were arranged at different distances from the epi
center of the nuclear explosion at the “Atomic” lake site (80 meters 10 kilometers in the northern, western and eastern directions).

Contents of artificial radionuclides
in air immediately at the worksites

Work type

Duration of
air sampling

Radionuclide volumetric
activity, pBq/m3
137Cs

90

Sr

241Am

239+240

pu

Soil ploughing

8 hours

<100

<100

<700

1,300±100

Soil digging

16 hours

<600

<400

<300

7,400±900

Planting

48 hours

<500

<300

<300

1,000±200

6 hours

<700

<500

<300 16,000±6,000

4 hours

<600

<400

<500 30,000±1,000

8 hours

<200

<100

<100

Tilth
harrowing
Planting

2,600±300

PVA for personnel

1.7^09 3.3-108 21,000

32,000

PVA for population

2.7^107 2.7^06 2,900

2,500

The maximal 239+240Pu concentrations at performing
agricultural activities immediately at the epicentral area
were registered directly at soil impact (ploughing, digging
and harrowing). The 239+240Pu concentrations remain below
the permissible volumetric activity for personnel (PVAper
= 32,000 pBq/m3) and exceed for 12 times the PVApop for
the population. At the same time, 300m away from the con-

The maximal 239+240Pu concentrations in air were only registeres at the
pile of the “Atomic” lake. At distances 200 - 2,500 m away from it, the
239+240Pu contents in air do not exceed 100 pBq/m3 what is for 1-2 or
ders of magnitude below the PVApop. At the distances 5-10 km away
from the “Atomic” lake the 239+240Pu concentrations in air remain below
1 pBq/m3 what is for 3 orders of magnitude below the PVApop.

In general, one can state that the current radiological
conditions of the air in the STS is stable and imposes no haz
ard on the population. Nevertheless, commercial and agri
cultural activities immediately on the contaminated lands of
the STS testing grounds do impose hazard on the population
and the environment.

Snow cover
Tritium at the STS represents the highest concern in terms
of the radiological problems there. Almost all waters at the
STS testing grounds (both, surface and underground) bear
high contents of tritium. Our continuous studies at the STS
provided us with the detailed information about tritium con
tamination of the snow cover.
For the “Degelen” test site, the maximal tritium concen
trations in snow are observed in the vicinity of creeks and
springs; tritium concentrations in the riverbed water can be
as high as 40 kBq/kg with the background concentrations
in the snow of about 8-12 Bq/kg. Tritium comes to the snow
cover mainly due to emanation from the ice cover of the
streams or from the soil in the riverside areas.

Investigation of the snow cover at the “ Balapan” site was performed
over the 1x1 km net covering the 106 warfare wells. The areas with
increased tritium concentrations in the snow cover were identified at
the “Atomic” lake, the Lake Kishkensor and in the vicinity of the Karazhyra deposit. Statistical processing of the collected data showed that
the average tritium concentration at the “ Balapan” site comprises 4.5
Bk/kg. Similar studies of the snow cover were performed at the “SaryUzen” site.
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The maximal tritium concentrations in the snow cover of the warfare
wells No. 1355 and 1071 of the “ Balapan” site (up to 100 Bq/kg) are
registered not only at the epicenters but at the distances up to 200 m
away from them.

The maximal tritium concentrations in snow cover of the
“Balapan” site are revealed at the Shagan River, the “Atomic”
lake and in the Kishkensor Lake; in some cases, the concen
trations can reach 15 kBq/kg. Besides that, in the vicinity
of the Karazhyra deposit and in the epicenters of the under
ground nuclear explosions in the wells where there are no
open-air water reservoirs, the tritium concentrations in the
snow can nevertheless be as high as 1 0 0 -4 0 0 Bk/kg.
Tritium comes to the snow cover at the Karazhyra deposit
and at the nuclear testing grounds mainly due to tritium em
anation from the soil. At the Kishkensor Lake, the Shagan
River and the “Atomic” lake, mutual influence from several
tritium transfer mechanisms is observed: emanation from ice
and soil, atmospheric transport. At the Kishkensor lake and
the Shagan River, the tritium transfer into snow takes place
from the underground waters while at the “Atomic” lakeemanation from the debris surface.
In general, the background tritium concentrations in the
snow cover of the “Balapan” site comprise 4 -8 Bq/kg what
corresponds to the global fallout level of 3 -5 Bq/kg. The ob
tained data on tritium contamination of the snow cover at
the STS testing grounds agree well with the data on tritium
content in the vegetation, groundwater, atmospheric and
soil air.

Environments
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The maximal tritium concentrations in snow cover at the “ Degelen” site are in the riverbeds where the tritium concentrations in water can reach the
values 40 kBq/kg.

Peculiarities of the tritium contamination at the STS
Nuclear explosions performed at the territory of the STS
generated large amounts of artificial radionuclides; besides
the most known 137Cs, 90Sr, 241Am, and 239+240Pu, there were
also generated considerable amounts of tritium (3Н, half
life - 12.4 years). The investigations showed that current
activity of tritium in surface and underground waters, veg
etation, and soil at the test site might comprise several units
up to several hundred thousand Becquerel. Areas with in
creased 3H contents are mainly associated with the testing
locations. Since the tests were quite diverse, all the testing
grounds and radiation-hazardous objects of the STS have
their peculiar features in terms of tritium speciation.

Tritium generation. Tritium can be generated via different
channels during nuclear explosions; the main ones are:
• generation of 3H due to neutron activation;

• tritium recovery with high-energy y-quanta;
• formation of residual 3H at fission nuclear explosions
when additional high-energy neutron sources are in
volved.
Based on that, the 3H speciation, speciation and its dis
tribution in the environmental objects at different testing
grounds of the STS would depend on the explosion type, its
yield, design features of the exploded device, and chemical
composition of the rock in the epicenter.

Specific activity of 3Н, Bq/kg or Bq/l

Site

Groundwater

Surface water

Soil

Volumetric activity of 3Н in air, Bq/m3
Vegetation

НТО

3Нg a s

Experimental Field

< 12

<12 - 100

<50 - 70,000

25 - 60,000

0.5 - 0.8

< 0.5

“ Degelen”

<12 - 60,000

100 - 420,000

<50 - 7,100

<12 - 850,000

10 - 1,400

1.2 - 2.0

“Balapan”

<12 - 500,000

<12

<50 - 12,000

<12 - 130,000

< 0.5 - 300

< 0.5 - 220

“Telkem”

<12

30 - 50

< 50

<12 - 60

< 0.5 - 1.0

< 0.5 - 1.2

“Atomic” lake

<12

100 - 20,000

<50 - 190,000

20 - 210,000

1 .2 -9 0

20 - 200

“Sary-Uzen”

<12 - 230,000

<12 - 200,000

<50 - 112,000

85 - 430,000

0.5 - 280

0.6 - 2.5

No presence of 3H has been revealed in water and air of the Experimental Field site, but the vegetation and soil there contain its considerable con
centrations. There is no surface water in the vicinities of the well portals at the “ Balapan” site, 3Н contents in soil is negligible, but there are high
3Н concentrations in air. The “Atomic” lake has its peculiar feature in terms of contamination with tritium. The high tritium concentrations of up to
thousands of Bq/kg were registered in the soil at the top of the crater pile not only on the surface, but even at the depth of more than 5 m.

НТО concentrations in the streams and creeks of the “ Degelen” site
The most highly contaminated water objects at the STS are creeks and
the adit waterways at the “ Degelen” site and the Shagan River. Specific
activity of 3Н in water can vary in wide range from 10 to 500 kBq/l de
pending on the year and season.

3Н speciation in the “Atomic” lake soils
An interesting fact has been revealed at the “Atomic” lake: tritium is
available in different forms there: hydroxyl 3Н, organically bound 3Н, 3Н
in the interlayer water, and etc.

Tritium speciation at the STS. Tritium is mainly presented
at the STS lands is the oxidized form or, in other words, as
tritiated water HTO. First, HTO can present in water and in all
biological objects that contain water, including the human
body. In the organic-origin objects, 3H can also present in the
organically bound form (OBT). This 3H form can present, for
instance, in the vegetation and agricultural products. In air,
3H is mainly present in the form of tritiated water vapors HTO
and gaseous compounds 3Mgas. The most interesting in terms
of the 3H speciation is the soil at the localities of tests where
3H can present in several different forms si
multaneously: 3H in the surface-adsorbed
i 3
environments
I
contam ination
water, 3H in the interlayer water, hydroxyl
ch a ra c te r
3H, organically bound 3H and strongly-bound
(bound in a crystalline lattice).
Tritium migration mechanisms. The in
formation of speciation, levels and speciation of tritium al
low understanding its proliferation mechanisms and assess
ing its bioaccessibility. Tritium, as the isotope of hydrogen,
has much higher migration capability than any other artifi
cial radionuclides.
Besides the direct transfer from water surface due to
evaporation of tritiated water, 3H can come to the environ
ment via the secondary transfer processes such as transpira
tion by vegetation and moisture evaporation from soil surface
when the tritium contamination source is the groundwater
with HTO. In such cases, 3H migration takes place even in
absence of the contaminated surface water.

3Н concentration in vegetation beyond the “ Degelen” site limits
Since the tunnel waters at the “ Degelen” site are related to the main drainage streams that come far outside
the site limits, 3H proliferates to considerable distances. Even in dry season, when the creeks dry up, high
concentrations of 3H are registered at distances over 12 km from the testing grounds.

3Н concentration in soil air at the near-mouth area
of the warfare well at the “ Balapan” site

Environments I
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The high concentrations of HTO have been revealed in
the groundwater at the “ Balapan” site: from 102 - up to
106 Bq/kg, what results in 3H migration into the air due
to the capillary ascent of the groundwater. HTO can
proliferate in the soil air from several meters to several
hundred meters covering the entire near-mouth area of
a warfare well.

Another, more complicated 3H migration mechanism is
the transformation of various 3H forms in soil and vegetation
that can also lead to the release of tritium into the environ
ment. Among these mechanisms are leaching processes
with the release of 3H from soil into water and further into
the air, the processes of 3H transformations in the soil bulk
and metabolism of the plants contaminated with 3Н.
Currently, the maximal 3H concentration in surface water
of about 5x105 Bq/kg is only revealed within the STS test
ing grounds. These values are much higher than the 3H in
tervention level for drinking water (IL = 7,600 Bq/kg), but
even at the most unfavorable conditions, one cannot expect
to exceed the 3H permissible volumetric activity in the air

(PVApop = 1,900 Bq/m3). In
general, tritium contamina
tion proliferation at the STS
has a typical pattern: at larger
distances from the testing
grounds, 3H concentration in
the environmental objects
decreases sharply. Therefore,
at distances of about 500 m
from a contaminated water
course, 3Н volumetric activ
ity in the air decreases to the
background values never ex
ceeding 1 -5 Bq/m3.
Since 3H has very high mi
gration capability, it can be
used as an indicator in indi
rect assessments of potential
migration passes for other
radionuclides such as, for ex
ample, 137Cs and 90Sr. A ssess
ing the radiological situation
on contaminated territories or
setting up a monitoring pro
gram, one, therefore, needs
to first assess the 3H content
in the environmental objects.

OBT content in vegetation at the “ Balapan” and “ Degelen” sites
OBT contents in vegetation at different tritium-contaminated areas of
the test site can reach up dozens of thousands Bq/kg. This value re
mains practically the same in different seasons and vegetation periods.

Volumetric activity of 3Hgas in air of the Shagan River
Vegetation contaminated with OBT releases into the environment air
the volatile organic compounds containing 3Hgas. The dynamics of the
3H concentration in the air directly depends on the vegetation life
cycles.

RADIOECOLOGICAL SITUATION
OF TERRITORIES ADJACENT TO THE STS
Traces of radioactive fallouts outside the STS
The experiments at the test site created radioactive con
tamination not only within the STS borders, far beyond them.
Military personnel of the site performed followed some pro
cedures after each explosion or a series of explosions that
implied a determination of the characteristics of each ex
plosion and, first of all, determination of the external doses
on the population in the vicinity of the test site. At that, the
main sources of radiological contamination outside the test
site were the so-called traces of radioactive fallouts formed
by radioactive plumes after atmospheric nuclear explosions.
In spite of a large number of nuclear tests performed at
the Sem ipalatinsk test site (total 456 explosions), only a few
of them created radioactive contamination outside the site
limits.
Among such explosions is the first nuclear test in the
USSR performed on August 29, 1949: it formed a narrow
radioactive trace in the north-eastern direction, a so-called
“Eastern trace”. The contaminated land has a shape of a
gradually widening band (width of up to 130 km) spanning
for about 700 km away from the test site boundary. Several
regions of the Sem ipalatinsk oblast (Novopokrovsky and
Beskaragaysky districts) in the East Kazakhstan, as well as
several districts of Altay Kray in the Russian Federation, were
contaminated.
The maximal radiological contamination was regis
tered after the surface neutron-initiated nuclear explosion
of 400 kt performed on August 12, 1953, that formed the
“south-eastern” trace. This trace crosses the STS boundary
in the vicinity of the Sarzhal village and proliferates further in
the south-eastern direction.
The calculations showed that this explosion resulted in
the contamination of large territories: eastern part of Kazakh
stan, south of Altay Kray, parts of Novosibirsk and Kemerovo
oblasts. This trace passed over to the Lake Baikal in the Tuva
Republic.
The Southern trace of radioactive fallouts formed outside
the STS limits after the 24.09.1951 explosion splits up into
several radioactive spots that can be identified only in the
vicinity of the Kainar village.
One should note that the information about the radioac
tive fallout traces was obtained not only from the historical
records inhabited from the military unit but as a result of radioecological investigations at the STS territory and adjacent
lands after the closure of the test site. Such investigations
became most intensive after 2008.
So, a new trace of radioactive fallout was identified in
2015 about 250 km away from the STS border in the imme
diate vicinity to the city of Ust-Kamenogorsk (~ 10 -15 km
from the city limit). Supposedly, this trace was formed after
the 29-kt test performed on 24.08.1956.
The main characteristics of the radioactive fallout traces
are radionuclide composition, activity levels of the radionu
clides within the trace, radionuclide proliferation depth in
the soil, width and length of the traces.

Radioactive fallout trace from the first nuclear test in the USSR per
formed on August 29, 1949. Outside the STS limits it “ covered” the vil
lages Cheremushki, Mostik, Dolon'. According to some data, the trace
spans for about 700 km.
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The “south-eastern” trace formed after the first surface neutron-initi
ated nuclear explosion of 400 kt performed on August 12, 1953. This
trace crosses the STS boundary in the vicinity of the Sarzhal village. The
studies of the main trace parameters were performed for distances up to
about 50 km off the STS limits.

The radionuclide composition of the contaminated soils
in such traces is similar to each other in all cases and is
mainly represented by the fission products: 137Cs and 90Sr,
as well as by the nuclear charge material - 241Am, 239+240Pu.

There are almost no activation products - isotopes of Eu and
60Co remained because of their comparatively short lifetimes
(152Eu - ~13.5 years, 154Eu - ~8.6 years, 155Eu - ~4.7 years,
60Co - ~5.3 years).

The radioactive fallout trace in the immediate vicinity to the city of UstKamenogorsk formed after the test in 1956.

In general, the specific activities of the artificial radionu
clides in soil influenced by the radioactive plumes are much
lower than those immediately at the explosion epicenter and
their average values are within the following limits: 90Sr - 20
30 Bq/kg, 137Cs - 50-60 Bq/kg, 241Am -1 -2 Bq/kg, 239+240Pu 1-5 Bq/kg.
Such levels of the radiological contamination of the
lands are comparable with the background values; at that,
the “background” means the level of global fallouts in the
northern hemisphere. So, the global fallout background for
137Cs is taken to be ~15 Bq/kg, for 90Sr - 10 Bq/kg, and for
239+240Pu - 1 Bq/kg.
The widths of the different radioactive fallout traces at
the STS boundary remains roughly the same and equals to
1 0 -1 4 km; farther from the site it gradually widens to sev
eral dozen kilometers with the same gradual decrease in the
level of radioactive contamination.

distance, km
The eastern trace of radioactive contamination passes over a part of the Irtysh Pine Forest strips. The trace width in that region is about 12-14 km.
The maximal concentrations of the radionuclides were registered in the axial part of the trace. Cesium specific activity in soil reached the values of
150 Bq/kg what is almost for 10 times as high as the global fallout value.

The radioactive fallout traces proliferate for more than a
hundred kilometers from the test site. Still, the actual range
of the traces has not been precisely determined yet.
While by now we have identified just a few
radioactive fallout traces spanning beyond
Radioeco
the
STS limits and it is possible that there are
lo gical
situatio n
other still unknown traces, one can reliably
o f te rrito rie s
assume that the rates of radiological contami
adjacent
to th e STS
nation in those “unknown” traces are close to
the background values and the traces do not
impose any risk on the local population.
Nevertheless, the recent radioecological investigations of
the territories adjacent to the STS revealed on the passes of
the plumes the local spots with the noticeably high levels of
radiological contamination comparable with the levels of ra
dioactive contamination within the test site. In these spots,
the 137Cs concentrations can be as high as 300 Bq/kg, 90Sr 100 Bq/kg, and 239+240Pu - 30 Bq/kg. One should also note
that the high concentrations of the radioactivity are located
close to the STS border and the geometrical dimensions of
these spots never exceed several hundred meters, i.e. on a
scale of a district or an oblast those are just very small spots.

3

0

1

2

I

4

»

•

r

•
t
Distance, km

ID

II

ti

I)

14

II

4

»

“ Radioactive fallout traces” characteristics studies in 10 km from UstKamenogorsk city have revealed that traces are well identifiable, but
levels of radioactive contamination are close to “ background” values.
However, even at that distance from the STS (more than 300 km) high
values of 137Cs specific activity which reaches 80 Bq/kg, i.e 5 times high
er of background are registered.

Radioecological conditions in the inhabited
localities
Radioactive plumes generated during nuclear tests at
the STS passed over large distances beyond the polygon
borders and created radioactive contamination on the ad
jacent territories. The main dose-forming traces lie in the
north-eastern, south-eastern and southern directions. The
radioactive contamination proliferated beyond the test site
for hundreds of kilometers forming the traces of dozens of
kilometers in width.In order to evaluate the present-day ra
diological conditions, the comprehensive ecological studies
were performed in the villages Dolon’, Sarzhal, Bodene and
their adjacent territories subjected to the highest radioactive
contamination during the nuclear explosions.

Distribution character of the 137Cs radionuclide
in the vicinity of Sarzhal village

Classification of the territories subjected
to radioactive fallout due to nuclear tests

Maximal specific activities of artificial
radionuclides in soil of the inhabited localities
and in some areas of the STS, Bq/kg
Sr

Distribution character of the 137Cs radionuclide
in the vicinity of Dolon’ village

pu

Location

137Cs

90

v. Sarzhal

17.2

60.0

500.0

v. Dolon’

72.0

27.0

120.0

v. Bodene

4.5

1.8

<4.0

STS, Northern part

75.0

35.0

83.0

STS, Western part

55.0

60.0

60.0

239+240

Currently, the average contents of the artificial radionu
clides in the soils of the studied villages does not exceed the
regulatory limits, but the level of contamination is in some
cases higher than that at some territories of the STS.

Average volumetric activity of 239+240Pu, ^Bq/m3
Location

2013 г.

2014 г.

2015 г.

2016 г.

The town of
Kurchatov

0.25

1.80

0.15

0.15

v. Dolon'

-

5.40

0.70

0.80

v. Sarzhal

0.50

-

-

0.40

of the radionuclide composition the water complies with the
hygienic requirements and does not impose radiological
hazard on the population.
Determination of the artificial radionuclides 137Cs, 241Am,
90Sr, 239+240Pu in the locally produced agricultural prod
ucts demonstrated that their concentrations remain below
1 Bk/kg. That is why one can reliably state that the lo
cal products impose no radiation hazard on the popula
tion. Nevertheless, the increased contents of 137Cs up to
260 Bq/kg (what exceeds the regulatory threshold of
160 Bq/kg) were revealed in the mushrooms inhabited the
strip pine forest; this calls for the need to establish a radio
logical control over the forest products.
Investigations employing the radiation counter were per
formed among the local people in the inhabited localities in
the vicinity of the STS - detectable amounts of 137Cs have not
been revealed in the investigated people. At that, the typical
137Cs detection threshold comprised 50 Bq/body. For com
parison, the dose of 1 mCv/year in the conditions of 137Cs
continuous intake for 1 year is created by the intrinsic con
tent of about 30,000 Bq/body.

Air monitoring revealed the presence of the only radio
nuclide 239+240Pu; at that, its maximal concentration was for
3 -5 orders of magnitude below the permissible levels. Con
centrations of other artificial radionuclides 241Am, 137Cs, 90Sr,
were also registered at the rates well below the permissible
volumetric activity of the radionuclides in the air for popula
tion.
Radionuclide contents in water, Bq/kg
Н

137Cs

241Am

< 11

< 0.0002

< 0.001
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90

Sr

0.03 ± 0.01

239+240

pu

< 0.0004

Intervention level
7600

11

0.69

4.9

0.55

Water objects at these territories include surface reser
voirs (the Irtysh River, lakes and ponds) and underground
waters used by the local population for drinking and domes
tic needs. Studies of the water objects showed that in terms

Assessment of the anticipated dose loads on the popu
lation within the worst-case scenario “a farmer living in the
subsistence production conditions” determined that the ex
pected annual effective dose on a person would not exceed
0.3 mCv and would remain below the intervention levels set
by the hygienic rules.
In general, the radiological conditions on the territories
adjacent to the STS border can be considered as satisfactory
ones. Currently, there is no need in any special measures or
actions aimed at reduction of the collective dose load on
the population, rehabilitation of the contaminated lands or
limiting the access to the radioactively-influenced territories
with optimization of the commercial activities there.
At the same time, there have been revealed the local ar
eas with radioactively contaminated soils where the artificial
radionuclide concentrations are higher than those at some
of the STS lands. At that, the majority of the territories in the
vicinity of the STS, where preliminary evaluations may sup
pose spots of increased radioactive contamination, still re
main unstudied. People inhabit these lands, run active living
and commercial activities, rear cattle, use forest and raise
agricultural products.

‘‘Conditionally clean territories”. Adjustment
of the STS borders in compliance with
the radiological status of the lands
During 1992-2017, the National Nuclear Center of the
Republic of Kazakhstan in cooperation with international
organizations and research centers performed at the former
STS a considerable scope of research activities and works
aimed at the reduction of the STS-related risks.

A new method for the large-scale gamma-spectrometry survey
ing has been developed for the studies of the large areas; there
was also developed and utilized a set of methods for determi
nation of various tritium forms in soil, air, biological objects. A
range of Hi-tech analytical methods was developed to assure
determination of the whole set of the most important radio
nuclides in any media - natural (40K, 232Th, 226Ra) and artificial
ones (3H, 90Sr, 137Cs, 241Am 238, 239+240Pu and others). To assess
the radiation loads, we developed a set of fundamental data
characterizing the transitions of all the important artificial ra
dionuclides in the system "soil-vegetation-animals” using a
special experimental facility "the Experimental Farm” arranged
at the STS territory.

The large-scale works were performed to eliminate the
test site objects and infrastructure: 181 adits were sealed
at the “Degelen” site; protective measures were undertaken
at the “Aktan-Berli” testing ground assuring that radioactiv
ity would not proliferate outside influencing the environment
and the population; some of the wells at the “Balapan” site
were eliminated; measures to limit the unauthorized access
to the testing site of the combatant radioactive substances
and remediation of artificially contaminated areas at the Ex

perimental Field and the “Degelen” test sites were undertak
en. All these measures and actions resulted in considerable
reduction of the hazards at the STS. At the same time, the
contents in the environment of such radionuclides as 137Cs,
90Sr, 60Co and Eu isotopes decreased due to their natural de
cay.
The STS lands are rich in mineral resources; there are
coal, gold, nickel, iron, copper, and many other deposits.
Large areas of the STS have long been used for agricultural
activities and, first of all, for breeding. Further development
of the STS is restrained by both the legal status of the test
site and its negative public image. That is why a comprehen
sive radioecological surveying of the STS territories is one of
the important tasks at the state level.
By now, the territories of all the test sites and some ar
eas beyond their limits are studied quite well. All the signifi
cant areas of radioactive contamination along with the main
pass ways for the current and potential proliferation of the
radioactive substances have been identified. Among the im
portant outcomes of these works is the understanding that
a part of the STS territory is “clean” and can be used for civil
purposes. Current STS borders are obviously excessive and
groundless in terms of the radiological hazards.
The complex ecological surveying was performed in 2008
2017 on a part of the STS territory of 10,410 km2 comprising
56 % of the total STS area. This surveying included decoding
of the engineering constructions, areal land surveying over
the 1x1 km net (reducing it when needed for 0.1x0.1 km),
environmental sam pling (soil, vegetation, snow cover, water
and air, animal, agricultural products) with measurements of
the radiological parameters in the sampling points. In all the
media both natural and artificial radionuclides were mea
sured.
The new types of works were introduced to our studies
and activities on the comprehensive ecological investiga
tions of the test site. So, the presence of such radiologically
hazardous objects as the radioactive waste burials called for
the works on the space images decoding and search for po
tential places of previous technogenic activi
ties with the further field investigation of the
Radioeco
identified locations.
lo gical
situatio n
The dose loads on the potential popu
o f territories
lation that may come to these territories in
adjacent
to th e STS
the future were assessed based on the per
formed investigations. In the worst-case sce
nario of “a farmer living in the subsistence production con
ditions” at the investigated territories, the assessed annual
effective dose load on a person does not exceed the regula
tory limits. A short-term and a long-term (up to 300 years)
forecast of the radiological conditions dynamics has been
made for the studied lands.
All these studies allow us to conclude that the territory
of 9,863.2 km2 can be transferred for civil use without any
limitations. At the same time, the territories adjacent to the
radioactive fallout trace of the 12.08.1953 explosion and at
the testing ground “4a” (testing of combatant radioactive
substances) of the total area 453.2 km2 can be commercially
used with certain limitations - for industrial activities only.
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The radioactively contaminated territories of 88.6 km2 lo
cated within the burial site limits (near Kurchatov city), the
parts of the Uzynbulak and Karabulak Creeks and the test
ing grounds “4a”, “Telkem”, and near the Kishkensor Lake
should remain as the state reserve lands.
Adjustment of the test site boundaries in compliance
with the real radiological status of the lands implies not
only the return of a part of the lands for civil use. A part of
the lands currently outside the test site boundaries in the
vicinity of the Shagan River (an area of about 20-km long)
and contaminated with tritium is to be withdrawn from the
civil use and transferred into the state reserve lands - these
lands are highlighted with yellow color on the map.
The data on the comprehensive ecological surveying of
the STS lands are regularly submitted for the expert verifi
cation to the International Atomic Energy Agency (IAEA). By
now, positive IAEA expert conclusions have already been
obtained for the submitted previously materials. The IAEA
expert conclusions, in particular, include the following:
“... the Analytical methods employed by the laboratories of
the NNC RK are the most up-to-date, the instrumentation
meets the modern requirements and the personnel is highly
qualified. Based on the NNC RK w o rk . the following con
clusions can be made. NNC RK has completed the overall

assessm ent of the character of the distribution of the radio
activity on the northern territories. The sam pling procedures
and the analytical methods involved in the determination
of the radionuclides in the environmental samples net the
established objectives. The rate of contamination at the
northern territories, in general, is low and corresponds to
the global fallout le v e ls .”
The materials were also submitted to the Russian State
Corporation “ROSATOM” and the following conclusion was
received back: “The Russian specialists accentuate that the
presented by NNC RK documents are noticeable for their high
quality of methodical, scientific and practical elaboration of
the task. This allows, in particular, raising an issue in regards
to the northern territories of the former STS to the Govern
ment on the initiation of the procedures aimed at the lands
transfer into the civil use. The high level of correlation be
tween the outcomes of the Kazakhstani researchers and the
outcomes of the RF specialists is to be also noted.”
Therefore, obtained during the described above studies
information makes it possible to propose a scientificallyground plan for cardinal resolution of the STS problem. The
result of the works should be the adjustment of the STS ad
ministrative borders in compliance with the actual radiologi
cal conditions and the complete liquidation of the most ra
diologically hazardous objects by 2021, the 30th anniversary
of the Republic of Kazakhstan independence.
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137Cs distribution as revealed during the comprehensive
ecological studies of the STS territories

“NON-RADIATION” HAZARD FACTORS
AT THE STS
Gas emissions in the UNE locations
During 19 61-1989, 340 underground nuclear explo
sions (UNE) including 131 explosions in the vertical bore
holes (so-called warfare boreholes) were performed at the
territory of the former STS. These UNEs resulted in radioac
tive contamination of the testing grounds localized mainly at
the test epicenters.
Besides the radiological hazards, the territories of UNEs
in the warfare boreholes demonstrate the effects related to
the release of СО2, flammable and toxic gases (CH4, H2, CO,

SO 2 H2S) to the day surface. The range of the released gases
and presence of carbonaceous rocks in the UNE locations al
lows considering this phenomenon as a consequence of the
long-term processes of the coal-containing rock formations’
decomposition and oxidation initiated by the thermal effects
from the UNEs.
As a result, collapses and landslides may occur with gas
bursts and fire. A noticeable example is a case of a surface
collapse at the near-mouth area of the warfare borehole
“Glubokaya” that was accompanied by the gas release and
fire.
The test sites “Balapan” and “Sary-Uzen” surveying re
vealed the gas anomalies at the near-mouth areas of about
25 % of the warfare boreholes.
The collapse crater at the “Gluboka
ya” borehole. A sudden cone-shaped
collapse of the ground happened in
April 1992. This process was accom
panied by a gas explosion and fire.
Currently, the resulting crater has a
diameter of more than 100 m and the
depth of about 20 m.

Gas contents in the surface soil

Concentration, %
0.01-0.4
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Below the detection threshold
Total boreholes with increased control values
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Distribution of the gas anomalies: “CO in soil air” example for the warfare borehole No. 1220 at the “ Balapan” test site. In most cases, the gas re
lease takes place in the near-mouth areas of the warfare boreholes and the gas anomalies in the soil air can take place at various distances from it.

Each near-mouth area of a warfare borehole has its own
individual pattern of the gas anomalies; increased concen
trations of gases are typical for the borehole mouth areas.
The most noticeable is the gas release at the warfare
borehole No. 1010 where the release of СО2, CH4, H2, CO,
SO 2, and H2S is registered at the borehole mouth.

Some civil activities and research works
take place at these testing grounds: the risks
4
of the possible sudden collapse of the sur
face, radioactivity release, release of gases
and their ignition are to be taken into account.

а)
b)
а) The maximal concentrations of gases in the air released at the portal of the warfare borehole No.1010. The main gases are carbon dioxide and
methane. The CO2 concentration in the air there exceeds the average value for the atmospheric air for 2,000 times, H2 - for 1,600 times and the 0 2
concentrations are for 2.6 times less than in the normal atmospheric air. The СН4 concentrations are at the dangerously explosive level. The CO con
centration exceeds the permissible level for 9 times; b) The gas concentrations variations with seasons.

“ Non
radia tion”
hazard
factors
a t th e STS

Heavy metals

exceed their average values for soil (Clarke value) for up to
10 times.

104

165

176

Be
Mn
Mo
Cd
U
La
Ce

4.2
4
840
5.4
1200
0.06
0.3

0.7
7
60
0.7
530
0.08
<0.05

0.7
2
160
1.4
230
0.06
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1.1 430
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2.8
9 9.1404 9.7-103 2
560
<1
2.4 140
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30
9
1.1
520 700
140 230
0.17 240
0.4 0.04
0.07 315 0.16 0.05

0.33
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4.12
0.42
4.32
0.67*
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0.2
500
250
1
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The Shagan River. Zones with considerable exceeding of
the average contents over the average for natural waters and
the regulatory limits for such elements as strontium, lithium,
iron, and uranium have been revealed in the Shagan River.
In general, except some limited areas, the water along the
whole watercourse is not contaminated with any heavy met
als or toxic elements. The increased concentrations of the
elements in the water are revealed in the intervals 4-6, 8-11,
50-54, 63-66, 73-79, and 84 kilometers from the “Atomic”
lake.

•

Soil sampling points
Faults of great depth and long-term development
. . . . Sublatitudinal regional faults of great depth
Other major faults
Average content of molybdenum in soil 1.1 ppm

8 KM

504

* average content in the underground water in the hypergenesis
zone (by S.L. Shvartsev, 1998)

Legend

The map of molybdenum
distribution in soil
at the areas in the vicinity
of the “ Degelen” site

177

MPC for water
(RK Sanitary rules, 2015)

Adit waters

Underground waters in
arid climatic zone
(by S.L. Shvartsev, 1998)

Concentrations of chemical elements in adit waters
at the "Degelen" site, pg/l

Element

By tradition, the Sem ipalatinsk test site is perceived only
as a source of radiological hazard and all the diverse phe
nomena there are inadvertently explained by the action of
radiation, what is not fair.
Besides the radioactive contamination, there are areas
with high concentrations of hazardous chemical elements
and, particularly, heavy metals (HM): numerous experimen
tal data and presence of various ore deposits within the test
site support this statement.
In terms of the impact on the biological objects, the HMs
are of particular concern since they are highly toxic and many
are cancerogenic. They can cause changes in the living cells
and trigger gene mutations similar to those caused by the
ionizing radiation.
The “ Degelen” site. Among the noticeable examples
are the adit waters at the “Degelen” site where both the
increased radioactive contamination and the anomalously
high contents of heavy metals & toxic elements have been
revealed.
In the studied adit waters, the contents of such elements
as Li, Be, Mn, Mo, Cd, U, and the lanthanides (specifically in
the adit No. 504 - La, Ce, Pr, Nd, Sm, Ho, Eu) are for many
times and, in some cases, for orders of magnitude higher
than their respective average contents in underground wa
ter typical for this climatic zone. One should note that such
elements as lithium, beryllium, molybdenum, cadmium, and
uranium are the Class 1 and Class 2 hazardous elements.
Contents of molybdenum, beryllium, arsenic, and cad
mium in soils at the areas adjacent to the “Degelen” site

£
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The highest exceeding over the
MPC for water has been registered
for lithium (5 MPC); the contents of
iron, strontium, and uranium along
the riverbed remain on average at
the level of i MPC.
The increased concentrations of
some elements in the beginning of
the Shagan riverbed are related to
the inflow of groundwater at the river
interval 4-7 km from the “Atomic”
lake where the tectonic faults of the
Zhanahskaya syncline crumple zone
are present. Within these faults, the
fracture-vein waters coming to the
surface water of the Shagan River are
also enriched with tritium
The revealed abrupt bumps and
falls in the manganese contents in
water and the bottom sediments are
of natural origin related to the oxidi
zation transformations that depend
on a range of factors: pH and Eh,
presence of manganese-oxidizing
microorganisms, dissolved oxygen,
and other factors.
Among the factors contributing to
the high lithium and strontium concentrations in water is the
high mineralization of the Shagan River waters.
The chemical composition of the Shagan River water is,
therefore, explained by the hydrogeochemical factors and
the climatic conditions.
Water use objects. A characteristic feature of the located
at the STS water use objects is the increased contents of ura
nium, molybdenum, and strontium with respect to their av
erage contents in the underground waters in the arid zones.
Kazakhstan and its STS belong to the hydrogeochemical
province with increased strontium contents up to 10,000
pg/l what explains the observed high strontium contents in
the underground waters at the test site.
Particular attention is to be paid to the uranium abun
dance in the STS environment. Natural waters of the site bear
considerable amounts of uranium. One should note that
the isotopic composition of uranium in the water is natural
(235U - 0.72 %) what confirms its natural origin due to the
geochemical background of the site.

Spatial distribution of the chemical elements
in the Shagan River water (the contents are denoted
in conventional unit normalized for its average value)

“ Non
radia tion”
hazard
factors
a t th e STS

Contents of the uranium isotopes in the STS natural waters
Object

Content, ug/l
235U 238U 235+238U

Mass rate, %
U 235,%

U 238,%

Kaskabulak borehole

0.40

52.0

52.4

0.76±0.05 99.24

Sarapan borehole

0.50

66.6

67.2

0.76±0.05 99.24

Berle-2 borehole

0.48

67.6

68.0

0.70±0.04 99.30

Adit No. 104

8.64

1191

1200 0.72±0.04 99.28

It, therefore, follows that in order to assess the STS haz
ards and, particularly, the biological effects, one should take
into account not only the radiological factor but the presence
of heavy metals and toxic elements there as well.
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REHABILITATION MEASURES AT THE STS
Rehabilitation of the former STS implies a set of mea
sures aimed at the transformation of the territories to the
conditions of maximal dose reduction on the population and
personnel operation on these lands.

Among the first rehabilitation actions was the liquidation
of the nuclear testing infrastructure at the test site. These
works were performed within the international cooperation
framework.
The works on sealing the portals of 181 adits and ar
rangement of additional protection at the 20 adit portals
were performed in 1996-2013 at the “Degelen” site located
at the same-named mountain ridge. These works assured
the overall improvement of the radiological conditions in the
mountainous area.

Landfilling with radiologically clear soil of the near-portal areas were performed at 40 adits with the highest rates of radioactive contamination

In 1999-2004, the works on liquidation of the two hydronuclear experiments testing grounds were performed at the

“Aktan-Berli” test site: the nuclear tests there had been performed in boreholes of down to 10 m in depth.

Upon completion of the assessment, the areas of the hydronuclear tests were covered with the domes of metal concrete slabs and soil

Four burying sites were identified during the comprehen
sive radioecological surveying at the part of the STS terri
tory: these sites were localized and mapped as the “Burying
sites”. Dumping of diverse materials was revealed including

burying of chemical vessels and tinware, construction waste,
fragments of plastic boxes, etc. Almost all objects impose
radiological hazard.

More than 80 m3 of radioactively contaminated soil was
removed from the testing grounds P-2 and P-7 at the Experi
mental Field site. This contaminated soil was transported to
the disposal site “Baikal-1”. These works allowed to con
siderably reducing the surface contamination at the objects
“Burying” and the Experimental Field.

Also, physical barriers were arranged at the “Burying”
site and the CRS testing grounds “4” and “4a” as well as
at the testing grounds P-2, P-5 and P-7 of the Experimental
Field. Additionally, the perimeter of the “Burying” site was
wire fenced. These works are performed on an ad hoc basis.

Radioactive waste was removed from the "Burying” site located 20 km
from Kurchatov town and from the object M4 of the Experimental Field
(in amounts 5 and 1 m3, respectively).

The territories adjacent to those radioactively contami
nated spots were then subject to deep ploughing in order to
reduce the levels of radioactive contamination. Total, more
than 4 km2 was ploughed out. This rehabilitation method
was pilot tested at the contaminated STS lands.

The investigations showed that the most attractive technology for re
habilitation of the lands contaminated with artificial radionuclides at
the STS is the soil ploughing to the depth of up to 30 cm completely re
volving the ploughed soil layer. The lands are then be sowed with natu
ral steppe vegetation (agropyron, couch grass, June grass and other).

To limit the unauthorized access of the population and animals to
the radioactively-hazardous sites, physical barriers (trenches of total
34.7 km in length) were arranged in 2008-2011.

The full-scale systematic works are needed to eliminate
the consequences of nuclear weapons testing at the Sem i
palatinsk test site and to adjust the site border in compli
ance with the actual radiological status. Such works are
planned within the scopes of the proposed State program
“Rehabilitation of the contaminated lands of the former
Sem ipalatinsk test site”. This Program also implies estab
lishing a radioactive waste storage facility,
rehabilitation of radioactively contaminated
Reha
lands and to arrange physical barriers around
4
b ilita tio n
the radioactively hazardous objects.
measures at
th e STS
Lands reclamation would imply withdraw
al of radioactively contaminated soil and its
further disposal at the established for this purpose radioac
tive waste storage facility. Then, the remaining local radioac
tively contaminated spots would be backfilled with clean soil
or subjected to deep ploughing revolving the upper soil. As
estimated, about 50,000 m3 of radioactive waste is to be re
moved and the rehabilitation activities are to be performed
at the area of more than 13,000 hectares with the span of
the constructed physical barriers to exceed 200 kilometers.
These activities would allow both limiting the physical
access to the radiologically-hazardous objects and eliminat
ing the radioactive contamination, or decreasing its levels
at the most hazardous areas. A radiation monitoring system
would be established at the radiologically hazardous objects
to control over the radiation situation.

ECONOMIC ACTIVITIES AT THE STS
Agricultural production
Local population neighboring to the STS became actively
involved in unauthorized agricultural activities at the STS
lands after formal closure of the test site.
Starting from 2007, the Institute runs diverse natural ex
periments investigating the parameters of the radionuclide
transition into agricultural products in order to assess the
opportunities for agricultural utilization of the STS lands.
These investigations employ a special experimental pilot
farm located on one of the highly contaminated sites of the
polygon. Continuous monitoring of the radionuclide con
tents in agricultural products from the STS is in progress.
Many years of research showed that the use of agricultur
al commodities produced at the STS lands outside the con
taminated testing grounds remains absolutely radiologically
safe. The only exclusion is the Shagan River and the water
sources that come from the “Degelen” site: increased con
centrations of 3H are possible in animal and crop products
in those areas.
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Farms at the territory o f STS
There are about a hundred farms at the STS territory mainly focused on
pastoral horse-, cattle- and sheep-breeding as well as forage produc
tion and haymaking.

Experimental STS farm at the Experimental Field site
The natural experiments are set during summer time. Typical for this region agricultural animals, birds (cattle, small cattle, horses, pigs, wild boars,
hens, broilers) and agricultural vegetation (Gramineae, fruits, coleworts, roots, tuberiforms, berries - total 21 species) are farmed and investigated.
The selected groups of animals and birds were fed with contaminated forage, soil and water; in some of the experiments, the animals were watered
with a solution of known amounts of specific radionuclides. The forage and soil were prepared at diverse contaminated testing grounds of the site
with a different character of radionuclide contamination (places of surface nuclear tests, testing of combatant radioactive substances, areas of radio
active waterways). Investigated vegetation was bedded out in the areas with high concentrations of the radionuclides in soil.

High activities of the radionu
clides 3Н, i37Cs, 90Sr, 239+240Pu and
24iAm in the soil are found within
the limits of the testing sites such
as Experimental Field, “ Degelen”,
“4a” and others. But the investi
gations confirm that the agricul
tural goods can be safely pro
duced even within some of these
testing grounds. This conclusion
is based on the relatively low
migration capabilities of the ra
dionuclides in the system “soil vegetation - livestock products”.
This fact is a peculiar feature of
the STS contamination. Among
other important factors are the
localized character and relatively
small areas of the radionuclide
contamination.

The range of the radionuclide accumulation coefficient (Ka) for the plants
For all the radionuclides, their accumulation coefficients Kavary in a wide range. The considerable differ
ence between the obtained coefficients of the studied radionuclides for both agricultural plants and fruit
& berry plants is explained by differences in the radionuclide biological accessibility and their biophilia
rates. The radionuclide accumulation sequence illustrates that the difference in Ka for specific radionu
clides can reach two orders of magnitude. The maximal accumulation in the agricultural and fruit & berry
plants is typical for 90Sr.

The investigations also proved that 90Sr specific activity
in soil of the Experimental Field site (the site of surface nu
clear tests) should not exceed 20 kBq/kg to assure that the
concentrations of this radionuclide in meat and milk prod
ucts remain below the permissible levels; the same number
for i37Cs is 30 kBq/kg. Crop products satisfying the radiologi
cal safety standards can be obtained from the lands where
the radionuclide contents in soil remain below the follow
ing levels: 90Sr below i kBq/kg, i37Cs - 40 kBq/kg, 24iAm Transition dynamics for the 239+240Pu radionuclide
5 kBq/kg, 239+240Pu - 10 kBq/kg. One should also note that
the total area of this particular site comprises about 375 km2,
At a long-term intake of 239+240Pu, 241Am, 137Cs and 90Sr into the sheep
while the total area with the i37Cs soil contamination above
bodies, the radionuclide concentrations in the main depositing or
gans (liver and bones - for 239+240Pu and 241Am; muscle tissue for 137Cs,
2 kBq/kg is less than i km2. The area contaminated with 90Sr
bones for 90Sr) increase during 16 weeks. in other organs and tissues,
is much less. A similar situation has been revealed for the
a considerable decrease in activity accumulation is noticed after 2 and
transuranium radionuclides 24iAm and 239+240Pu.
4 weeks of the radionuclide intake.
Currently, assess of animals and population to the “ Degel
en” site is restricted with physical barriers and enforced by a
militarized guard. Remediation activities aimed
to assure improvement of radia
tion situation at the Experim en
4
tal Field site. The contamination
at the sites “Sary-Uzen”, “Bala
pan” and in the places of excava
tion explosions (the “Atomic” lake, “Telkem-1”
and “Telkem-2”) would not result in exceeding
of the permissible radionuclide concentrations
in the agricultural commodities produced there.
Particular attention is to be paid to the test
Specific activity of 3H in the farm products
Correlation of the 90Sr
as a function of the farm distance to the
specific activity in bones
ing ground “4a” and to some areas adjacent
Shagan River
and wool of the animals
to the Shagan River, as well as to some water
sources running off the “Degelen” site. Agricul
The 3H concentrations in the livestock
At higher 90Sr activities in wool, higher
products can, in some cases, exceed the in
activities were also revealed in the
tural use of the lands and pasturing should be
tervention levels for drinking water. The 3H
bone tissues of sheep. This correlation,
reliably prohibited there due to the risk that the
specific activities decrease in the products
therefore, allows performing an intrahigh concentrations of the radionuclides would
at larger distances from the “Atomic” lake
vital assessment of the 90Sr concentra
be transferred into the agricultural products.
down to the Shagan River flow.
tion in a sheep body.
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Limitation of the commercial activities
at the STS in order to assure radiation safety
According to the State regulatory documents, any activity
at the STS is to be licensed as an activity in relation to the use
of atomic energy. The polygon lands can only be transferred
into commercial use after completion of all the measures on
liquidation of the nuclear weapons testing consequences
and after a positive resolution of the State ecological exper
tise is gained based on the overall ecological studies.
Currently, the polygon limits and its testing grounds are
denoted with special warning signs informing about the
presence of radioactive contamination there. In spite of that,
unauthorized activities are performed at those lands: dis
mantling and removal of scrap metal and construction mate
rials, haymaking and pasture by farmers.
Total 123 wintering and summer sites are revealed with
in the STS contour with 75 currently operating ones. Local
population and farmers from the adjacent to the test site ter
ritories are engaged in cattle breeding and haymaking within
the test site premises. Still, not a single farmer got a State
license permitting such activities at the restricted lands.
Some farmers in East-Kazakhstan oblast got land allotments
(actually, in contradiction with the state legislation since the
land allotments are on the state reserve lands) while more
than a dozen of former winterings in Pavlodar and Karaganda
oblasts within the STS boundary even such allotments were
not granted.
At the same time, such companies as “Degelen Semey
Tau” LTD, “FML Kazakhstan” LTD, “Ulba-FtorComplex” LTD,
“Karazhyra” LTD, “Temirtau Electrometallurgic Combine” LTD
hold the state licenses from the AEA ME RK and run com
mercial activities at the STS lands. The IRSE NNC RK performs
radiation monitoring for some of these companies.
Licensing and operation in compliance with the licens
es assure non-exceeding of the permissible dose loads on
the personnel as stated in the regulatory doc “The Hygienic
Norms “The Sanitary-Epidemiology Requirements for Radia
tion Safety Assurance”.
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Unauthorized activities at the STS lands (Kubka wintering, pasture, haymaking)

Prospecting and mining
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Deposits of mineral resources at the STS lands

Starting from 1930s, there were discovered the depos
its of tungsten, beryllium, iron, and fluorite at the STS lands.
Geological prospecting works were stopped with the ar
rangement of the test site. Then the tests site was closed,
it again became attractive in terms of its natural resources
utilization.
Hydrogeological conditions at the locations of mineral
deposits within the STS are quite simple: currently, the
ground waters are free of radionuclide contamination in the
majority of locations. At that, one should take into account
that under natural conditions the underground hydrological

contamination in the vicinity of the contaminated sites can
exhibit after tens, hundreds and even thousands of years.
The situation differs when the territories are subjected to in
tensive technogenic impact like open pit mining. Intensive
water drainage during mining creates the depression cones
that influence the rocks containing the radioactive products
from UNEs. Tritium is the first radionuclide proliferating in
the open pit drainage waters since tritium is a part of water
and cannot be retained by the rock during migration. When
tritium contents in water reach up the first hundreds of
kBq/kg, strontium 90Sr also appears in the water. The prolif
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eration of 137Cs and 239+240Pu depend on the geological pecu
liarities, UNE yield, and other parameters. Radiation safety
assurance at the STS open pit mining is therefore very dif
ferent from the conventional mining where the radiological
concern is focused on the control over EDR from alpha- and
betta-emitting radionuclides. First of all, 90Sr concentrations
in the drainage water are to be monitored as well as tritium
contents in the air of the working zones to assess the dose
loads on the mine personnel.
There are two mines currently operating in the STS ter
ritory: “Karazhyra” coal deposit and the fluorite deposit

“Karadzhal”. The radiological situation at these operating
pits remains satisfactory in terms of all radiological control
parameters. The doses of the personnel remain within the
permitted levels.
«Karazhyra” deposit

Approved reserves of coal comprise 1.2 bln.t. Mining
method - open pit. Areas with increased contents of tri
tium in groundwater up to 40 kBq/kg are revealed at the
adjacent territories. Further investigations are in progress
in those areas to provide reliable data for the forecasts and
development of protection measures aimed at prevention of
the contaminated groundwater proliferation to the open pit
drainage waters.

“ Karadzhal” deposit

General view of “ Karadzhal” pit

This deposit is the only one in the Republic of Kazakh
stan. Previously, fluorite was imported to the country. Con
taminated with tritium groundwater does continuously
proliferate and reach the pit drainage waters showing the
tritium concentrations up to 50 kBq/kg. This number ex
ceeds for 6 times the regulatory intervention level for the
population at the intake of this radionuclide with food and
water. At that, tritium concentrations in the air do not exceed
20 kBq/m3 what is considerably below the permissible volu
metric activity for population (1.9*103 Bq/m3, set by the
State regulation). Therefore, such level of the tritium specific
activity in water does not impose radiological hazard for the
mine product and the mine personnel but indicates the pro
liferation of groundwater contaminated with the UNE radio
active products into the operating pit.
The mineral deposits at the STS are located close to the
sites of underground nuclear explosions, and their further
safe development is only possible in compliance with the
recommendations of NNC RK and other State authorities in
charge of the public health and environmental protection.

CONCLUSION

Since the Test Site closure and up until now, National Nu
clear Center of the Republic of Kazakhstan (NNC RK) in coop
eration with other specialists from Kazakhstan and interna
tional scientific community have accumulated a large scope
of information about the current radiological situation at the
STS and adjacent territories. There were revealed all the im
portant spots of radioactive contamination, identified the
main pathways and mechanisms for present and potential
proliferation of radioactive substances. The essence of these
comprehensive studies is presented in the monograph “Sci
entific, technical and engineering work to ensure the safety
of the former Sem ipalatinsk test site” prepared with the con
tribution from the President of the Republic of Kazakhstan
N.A. Nazarbayev.
Obtained data assure us that the present-day site pro
vides no negative impact on the population on the adjacent
territories excluding the people within the Shagan River wa
ter basin. Compliance with regulatory requirements and spe
cial rules developed specifically for the STS territory assures
radiation safety during commercial activities on the Site.
At the same time, the radiological situation does not re
main stable; there were revealed the processes of radionu
clide migration what requires regular monitoring of the ra
diological situation at the STS.
Taking into account the scale of the Site and the variety
of tests performed there, the information available about the
STS cannot be completely exhaustive but enables us to pro
pose a scientifically grounded plan for further research and
practical measures aimed at remediation and reclamation of
lands. Implementation of such measures should return the
most part of the test site lands to commercial use.
The STS is one of the three world’s largest nuclear test
sites with a decisive contribution to the creation and devel
opment of nuclear weapon. To a considerable extent, these

were the works at the STS which assured the nuclear parity
between the superpowers - one of the crucial factors in the
history of human civilization in the XX century. Also, taking
into account the interest to the STS paid by international or
ganizations, it is reasonable to initiate a procedure and rec
ognize the site as a landmark including it in the UNESCO List
of World Cultural and Natural Heritage. UNESCO status would
foster re-evaluation of the approaches and attitude towards
the Site and, quite possibly, to lowering of radio-phobia in
Kazakhstan increasing the national pride.
The STS territory remains a unique area in terms of the op
portunities it provides for various experimental research in
radioecology, geochemistry of radioactive elements, radio
biology, and other fields. So, it should be quite promising to
establish at the STS an International natural-sciences labo
ratory for radioecology studies. The first step towards this
might be the creation within the Institute of Radiation Safety
and Ecology NNC RK of an IAEA Collaboration
Center for Radiation Ecology.
Certain areas at the STS cannot be
used now and in the observable future
щ
for conventional commercial activities. At
the same time, these lands can profitably
be used for bringing there enterprises of the
nuclear power cycle. Particular need in Kazakhstan exists for
disposal of radioactive waste accumulated in the country. It
is therefore reasonable to establish at the STS a state facility
for processing and long-term storage (disposal) of radioac
tive waste.
Thus, even today the former Sem ipalatinsk test site has
so many unique qualities and features that their proper de
velopment and utilization would inevitably result both in new
achievements in advanced science and in noticeable com
mercial outcomes for the benefit of the national economy.

FROM THE NATIONAL TRAGEDY TO THE NATIONAL PRIDE
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ЖАРАЫГЫ
УКАЗ
ПРЕЗИДЕНТА К А ЗА Х С КО Й СОВЕТСКОЙ СОЦИАЛИСТИЧЕСКОЙ
РЕСПУБЛИКИ

О закрытии Семипалатинского испытательного ядерного полигона
На территории Казахской ССР в Семипалатинской области с 1949 года
осуществлялись испытания ядерного оружия. За это время здесь было произведено
около 500 ядерных взрывов, которые нанесли урон здоровью и жизни тысяч лю дей.
Учитывая, что Казахская ССР выполнила свой долг по созданию ядерного
потенциала, обеспечивш его стратегический военный паритет между СССР и США,
и, принимая во внимание требования общ ественности республики, постановляю:
1. Закрыть Семипалатинский испытательный ядерный полигон.
2. К абинету М инистров Казахской ССР по согласованию с М инистерством
обороны СССР и М инистерством атомной энергетики и промышленности СССР
преобразовать
Семипалатинский
испытательный
полигон
в
сою зно
республиканский научно- исследовательский центр.
В 1991 году разработать и утвердить его статус и перечень основны х
направлений научно-исследовательских работ.
3. Учитывая, что при проведении воздушных и наземных испытаний с 1949 по
1962 годы нанесен ущерб здоровью населения районов, прилегающих к
Семипалатинскому полигону, совместно с союзны ми органами определить размеры
и порядок ком пенсационны х выплат пострадавшим гражданам Казахской ССР.
4.
К абинету
М инистров
Казахской
ССР
совместно
с
союзными
министерствами и ведомствами, причастными к проведению ядерных взрывов на
территории республики утвердить программу социально-экономического развития,
улучшения условий жизни и медицинского обслуживания населения районов
Семипалатинской, Карагандинской и Павлодарской областей, прилегающ их к
испытательному полигону, с привлечением на указанные цели средства
соответствующ их сою зны х источников.
Настоящий Указ вступает в силу с момента его принятия.
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The Governmental Decree of the President of the Kazakh Soviet Socialist Republic N. Nazarbayev "About the closure of the Semipalatinsk
Nuclear Test Site”.
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