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for Strategic Missile Forces (silo launchers including those 
equipped with missiles, unified command posts), fragments 
of State management system, nuclear arsenals and their tech-
nological equipment;

- peaceful underground nuclear explosions. There were 
developed technologies to use underground nuclear explo-
sions for creation of artificial water reservoirs, channels, 
seismic probing of the Earth crust for minerals, creation of 
underground reservoirs, extinguishing of flames of burning 
gas and oil fountains, etc. At SNTS were performed 7 under-
ground nuclear tests for commercial purposes. Explosion in 
the borehole 1004 performed to create an artificial reservoir, 
a so-called “Atomic Lake”, has shown that the harm from com-
mercial nuclear technologies based on underground nuclear 
explosions may exceed dramatically the economical profit 
from the explosion.

High-altitude and near-surface (atmospheric) nuclear ex-
plosions were performed at “Opytnoye Pole” testing ground 
(“The Experimental Field”). Tests in tunnels were performed 
at the testing ground of Degelen mountain massif; borehole 
tests were performed at the grounds “Balapan” and “Sary-
Uzen”. Reactions with incomplete chain reaction were per-
formed at the Aktan-Berli testing ground; technologies of 
commercial explosions were performed at the testing ground 
Telkem. In the final years of tests at the Site, there were per-
formed works aimed at creation of an addition-
al testing ground for well explosions – Novaya 
Zemlyz ground, but no nuclear explosion was 
performed there. 

Main impact on the environment in terms of 
radioactive contamination was made by ground 
and atmospheric nuclear explosions; lower impact – excava-
tional explosions, i.e. explosions in low-depth boreholes with 
excavation of ground. Tests in boreholes and tunnels (except 
those with accidents), as a rule, caused no contamination at 
the day surface.

  
Reactor tests. Starting from 1958 the USSR Council of 

Ministers issued a series of decrees about organization of re-
search aimed at creation of nuclear missile engines (NME) and 
nuclear power installations (NPI). To test NMEs and NPIs and 
their units at the site in 1961 a pulse graphite reactor IGR with 
thermal neutrons was commissioned. Other tests required 
construction in 1962-1970 a reactor facility “Baikal-1”. Tests 
of fuel assemblies for nuclear missile engines and nuclear 

Decision to create Semipalatinsk Nuclear Test Site was 
made by Central Committee of the Communist Party and by 
USSR Council of Ministers on August 21 1947. So, the Decree 
of the Central Committee and USSR Council of Ministers es-
tablished Mining Seismic Station (site 905) re-named in 1948 
into Training Site of the Ministry of Defense and, later, into 
State Central Science-and-Research Test Site No.2 (GOS-CNIIP 
2). First units of the test site (military unit 52605) started their 
re-deployment to the Site on June 1, 1948. Works on prepara-
tion to the tests were completed at the Site in July of 1949.

Nuclear tests. A distinguished political and scientific 
event of the global scale was the successful test of the first 
Soviet nuclear bomb performed at 7:00 a.m. 29th of August 
1949; 12.08.1953 the first fusion device was tested and on 
29.11.1955 – the first hydrogen bomb. One should also note 
a range of other important tests such as release of an atomic 
bomb from bomber aircraft on 18th of October 1951; the first 
commercial well-type explosion in order to create artificial lake 
at junction of the rivers Shagan and Ashisu on 15th of January 
1965. Total 456 nuclear tests with 616 nuclear explosions 
were performed at the test site from 1949 to 1989. Majority of 
the tests were performed in the beginning of 1960th when tests 
in the atmosphere were shifted to underground ones. Nuclear 
weapon tests at Semipalatinsk Test Site can be divided into 
2 stages: 1 – nuclear explosions in the atmosphere in 1949 
– 1962; 2 – underground tests in boreholes and tunnels in 
1961 – 1989. At SNTS besides nuclear tests were performed 
175 explosions with chemical explosives. 

The following types of tests were carried at the Site:
- tests of nuclear charges and ammunition in low atmo-

sphere;
- ground and atmospheric nuclear explosions with the pur-

pose to study damaging factors of nuclear explosion; tests of 
armament and ammunition, shelters, buildings, constructions 
and biological objects subjected to nuclear explosion;

- underground nuclear explosions in tunnels performed 
to test nuclear charges and ammunition, large-scale tests of 
linings and cans for underground constructions of various de-
sign, their technological equipment and other objects;

- underground nuclear explosions in boreholes to test 
nuclear charges and ammunition, large-scale tests of objects 
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The first Soviet nuclear bomb “RDS-1”

Proportion of nuclear tests performed at  SNTS by types
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power installations in the reactor IVG-1 as well as tests of IR-
GIT reactors (ground-based prototypes of NME reactor) were 
performed at the stand facility of “Baikal-1” in 1974-1988. 

Tests of gas-cooled FA and reactors IRGIT at the stand fa-
cilities “Baikal-1” were performed in open cycle with release 
of coolant to atmosphere. Release of decay products at these 
tests was close in its composition to radioactive releases of an 
NPP at its normal operation and exposition dose rates at the 
Site boundary comprised just 1520 μR/h, i.e. was very close 
to the background values for this region. Total 28 “hot” starts 
of the reactor IVG-1 with release of activity to atmosphere 
were performed at reactor power ranging from minimal 4.9 to 
max 230 MW. Total 178 gas-cooled FAs were tested in 4 active 
cores.

Reactor IGR was used to test fuel elements 
and fuel assemblies for reactors YaRD and YaE-
DU and for gas-dynamic installations with vari-
ous heat carriers (hydrogen, nitrogen, helium, 
and air). Environmental safety of the tests at the 
stand facility IGR was assured by a pressurized 

system for release of gaseous heat carrier. Spent heat carrier 
was aged in tanks of the closed release system long enough to 
decrease its activity down to acceptable levels.

Therefore, in 1970-1980th the second largest source of 
radioactive contamination at SNTS was reactor tests with re-
leases of radioactivity to atmosphere. 

Demilitarization of SNTS. During 1994-98 large-scale 
works were performed for demilitarization of SNTS and liqui-
dation of its infrastructure. On May 31 1995, the last nuclear 
device was destroyed at the testing ground Degelen. It was 
exploded in the bore-well 108-K using conventional chemi-
cal explosives with no nuclear reaction involved. Destruction 
of the device has been confirmed employing distance control 

methods. Radiation control performed during the following 
five days revealed no exceeding over natural radiation back-
ground both in the borehole and at its mouth.

In 1996 – 2000 within the “Agreement between the US Min-
istry of Defense and Kazakhstan Ministry of Science and New 
Technologies about liquidation of nuclear infrastructure” were 
performed works on sealing of all 181 tunnels in the moun-
tain range Degelen; sealing was made using concrete plugs, 
boring of blast-holes to explode the tunnels from inside and 
outside as well as explosions with laid on charges. Liquida-
tion of the tunnels was followed by remediation works at near-
mouth sites to improve the radiological situation at Degelen. 
At the testing ground Balapan 13 ready-to-use boreholes were 
destroyed and 12 SILOs for intercontinental missiles. Conven-
tional chemical charges were used to destroy these SILOs.
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Practical measures to ensure radiation safety in the SNTS

Since 2006, much of the work at the Site has been dedi-
cated to the prevention of secondary transfer of radionuclides 
from the contaminated areas to the “clean” ones, as well as 
restricting the access to radiation-hazardous objects.

Within “Degelen” testing ground there have been opera-
tions made to strengthen the physical protection of tunnels 
used for nuclear testing. Two methods were used to enhance 
the protection. When a crawlway was found into the tunnel 
cavity it was filled up. Total since 2006 works on filling up the 
crawlways were carried out at more than 50 tunnels.

At the most radiation-hazardous areas works have been 
done to strengthen the physical protection for tunnel portals 
by construction of additional concrete structures and reme-
diation works at near-portal areas. Currently these works 

have been carried out at 25 tunnels, which allowed improv-
ing the radiation environment at near-portal areas and great-
ly reducing the migration of radionuclides from cavities of 
the tunnels.

In order to restrict an access to the most radiation-hazard-
ous facilities at the SNTS that are located at sites “Opytnoye 
pole” and “4A”, there have been made physical barriers that 
prevent the free access of domestic and wild animals into 
radiation-contaminated sites.

In 2010, a set of measures were taken in order to eliminate 
and conserve wastes from nuclear weapons, radioactive and 
toxic wastes in near surface disposal of radioactive waste at 
the facility “Burial”. Within liquidation operations there were 

Closing of crawlways at the tunnels. 

Object type 

а) before works

b) after works Locations of the tunnels at “Degelen” testing ground

Operations on enhancing the physical protectionPhysical barriers
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exempted most radioactively hazardous wastes that resulted 
in significantly reducing of the surface contamination levels 
in the territory of the object. A physical barrier, consisting of 
fencing with barbed wire and a trench, was made in order to 
restrict an access to the area of the object.

One of the most radiation-hazardous facilities at the test 
site is a site for radioactive warfare agents. Content of radi-
onuclides in these areas reaches the values of radioactive 
wastes and poses a serious threat. Now the question of re-
mediation of these sites is being considered. Carrying out of 
these works is planned as part of the state program “Zhasyl 
Damu” (ecological program).

After the closure of SNTS, a guarding of its 
borders was ceased that allowed free access of 
the population to the former test sites. Since 
the closing of SNTS a numerous cases of unauthorized com-
mercial activities in radiation-hazardous objects have been 
detected (dismantling of contaminated metal and building 
construction, livestock grazing and harvesting of fodder for 
livestock in the radiation-contaminated areas, etc.).

To ensure the timely detection of unauthorized commer-
cial activities in the SNTS, a monitoring of radiation-haz-
ardous facilities has been carried out since 2004 under the 
state program “Radiation Safety in the Republic of Kazakh-
stan”. Monitoring of business activities is to systematically 
control the territory of SNTS in order to register the cases of 
unauthorized activities. If in the initial period we recorded 
dozens of cases every year, at this time the regular monitor-
ing reduced the attempts of unauthorized activities to single 
instances.

Elimination and conservation of the waste from nuclear weapons at 

the facility “Burial”

Collecting of scrap metal at “Opytnoye pole” site

Unauthorized commercial activities

Map of EDR distribution at facility “Burial” а) before and b) after operations

а)      b)
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The Opytnoye Pole site (“Experimental 
field”) was the first testing site at the Semipal-
atinsk Nuclear Test Site and it was designated 
for carrying out aboveground (atmospheric 
and surface) nuclear tests in the period from 

1949 to 1962. The site is a plain of about 20 km in diameter 
surrounded by low mountains from three sides. The “Opyt-
noye pole” occupies the area of about 300 km2 and is 64 km 
in perimeter. The site is situated at a distance of more than 
50 km from Kurchatov-city.

The “Opytnoye pole” site is a large-scale facility of con-
struction-engineering buildings designed to conduct tests 
and record parameters of nuclear explosions in the condi-
tions of a full-scale experiment. Some fragments of devices 
and fortification structures with the traces of nuclear explo-
sion impacts have remained till nowadays.

The first test of nuclear device at the “Opytnoye pole” 
was made on August, 29, 1949 at 7:00 a.m. local time. 
On August 12, 1953, at the same location the first thermo-
nuclear device was tested and on November 22, 1955, the 
first explosion of hydrogen bomb was made. On the whole, 

Location of facilities and grounds at “Opytnoye Pole” site

Equipment housing “Gus”

“Opytnoye pole” testing ground
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116  clear tests were made at the “Opytnoye pole” site, 86 of 
which were atmospheric and 30 – surface tests.

The Test Site territory and adjacent areas many times ex-
perienced impact of radioactive contamination which was 
mainly caused by atmospheric tests. In the territory of the 
“Opytnoye pole” site there were technical sites (P-1, P-3, 
P-5) where surface nuclear tests were carried out. Out of 
30 surface nuclear tests 25 nuclear devices detonated, in 5 
cases the devices did not explode. On the site P-1 situated 
in the center of the “Opytnoye pole” 3 most powerful surface 
nuclear tests (29.08.49 – 22 kg, 24.09.51 38 kg, 12.08.53    
400 kg) and one test with capacity of 0.4 kilotons, 05.11.62, 
were carried out. 4 aboveground tests were performed on 
site P-3 and 3 aboveground tests were carried on site P-4. 
In the places of tests there are craters with soil heaps and 
fragments of fused soil containing products of nuclear explo-
sions. These craters can be seen on space images. Radio-
active contamination of the territory spreads over hundreds 
of meters. The exposure rate on some soil heaps exceeds 
10 μSv/h. Artificial radionuclides 137Cs, 241Am, 60Co, 152Eu, 
154Eu, 90Sr, 239+240Pu were found in soil samples taken near 
the craters.

Radioactive contamination of soil is registered not all over 
the territory of the “Opytnoye pole” site, it is recorded direct-
ly in the places where surface nuclear tests, which caused 
maximal contamination of the surface within the site, were 
made. Some, the most powerful explosions caused radioac-
tive contamination of all territory of the Site and adjacent ar-

eas. Low-yield surface explosions mainly caused radioactive 
contamination of the area within the “Opytnoye pole” and 
the Site territory.

Hydro-nuclear tests were carried on other technical sites 
(P-7, P-2G). Hydro-nuclear tests practically did not release 
nuclear energy, but they formed a small number of fission 
fragments, therefore the impact on the environment during 
such tests was caused by dispersion of explosive nuclear 
substances (fission materials) used as components of explo-
sive devices. In the other type of experiments a dispersed 
substance was uranium, in some other experiments plu-
tonium was dispersed. According to some estimations ap-
proximately 750 Ci of plutonium activity were dispersed 
(~12 kg). The character of radioactive pollution of the areas 
within testing sites differs from that on the places of nuclear 
tests as in this case the main contaminating radionuclides 
are 239+240Pu and 241Am, but there are practically no fission 
products of 137Cs, 60Co, 152Eu, 154Eu and 90Sr

Concentration of radionuclides in soil-vegetation cover in 
the places of nuclear tests at “Opytnoye pole” testing site 
can be compared with radioactive wastes. 
Specific activity of radionuclides reaches the 
following values: 60Co, 154Eu, 155Eu – n*102 
Bq/kg, 152Eu – n*104 Bq/kg, 137Cs n*105 Bq/
kg, 241Am – n*105 Bq/kg, 90Sr – n*106 Bq/kg, 
239+240Pu n*107 Bq/kg.

All complex of “Opytnoye pole” site is still a 
unique memorial of nuclear epoch.

Crater formed by ground nuclear explosion at P-5 site

Distribution of EDR and expected distribution of 241Am at “Opytnoye pole” testing ground
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“Balapan” and “Sary-Uzen” testing grounds 

Testing ground Balapan is situated in the south-eastern 
part of the Site and occupies an area of 780 km2. The testing 
site was used for underground nuclear explosions in bore-
holes and model experiments with usage of conventional 
explosive substances. 

On the whole, 105 nuclear explosions, as a rule, explo-
sions of high yield up to 150 kg, were performed on the site. 

The first in the USSR excavational explo-
sion with soil outburst in the framework 
of the experiment on creation of an ar-
tificial water reservoir (15.01.65) was 
also made on this site. In 4 test-holes 
(No. 1007, 1069, 1204, 1301) emer-
gency situations caused considerable 

contamination of the surrounding areas. 

Unlike atmospheric tests, radioactive contamination of 
the territory, caused by underground nuclear explosions, 
is much lower. The main fraction of radioactive products 
remains “buried” under the thick soil layer. During under-
ground nuclear explosions in holes with normal radiation 
situation the main part of produced radioactivity remains in 
the epicenter of an explosion under the ground, only a small 
part permeates to the surface as inert gases. 

Examination of the near-mouth areas showed that in 
most cases radiation parameters do not exceed background 
levels. Maximal concentrations of radionuclides are regis-
tered at the borehole heads. At the same time, radioactive 

contamination of soil cover spreading at a distance of tens 
to hundreds of meters whose specific activity is comparable 
with that of radioactive wastes was recorded in the near-
mouth areas of 10 boreholes (2 of them are boreholes with 
emergency situations – boreholes No. 1301 and 1069). The 
following values of specific activity of radionuclides are reg-
istered in these areas: 241Am – 3*105, 137Cs – 2*106, 90Sr – 
2*105, 152Eu – 5*102, 154Eu – 4*102, 239+240Pu – 2*106 Bq/kg.

 At Sary-Uzen testing ground, underground nuclear ex-
plosions were carried out in 24 boreholes in the period from 
1965 to 1980. In close vicinity to the site Sary-Uzen, in the 
mountain range Murzhik, underground nuclear test “Lazurit” 

Location of boreholes at “Sary-Uzen” testing ground

The borehole 1301 where accident happened
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was carried out. The main contamination of the territory was 
caused by emergency radiation situations occurred during 
nuclear devices tests in the boreholes 101, 111, 215 and 
during excavation explosions in the boreholes 1003 and 125.

Spatial distribution of radionuclides within near-mouth 
areas at the testing ground Sary-Uzen is identical to the 
spatial distribution of radionuclides at Balapan site. Radio-
active contamination of the environment in the vicinity of 
boreholes where nuclear explosions were accompanied by 
soil outbursts spreads over hundreds of meters and trace 
of radioactive fallouts formed during tests in test hole 101 

is recorded at a distance of several kilometers. Radiological 
examination of test holes of Sary-Uzen ground revealed 4 un-
known boreholes, which were not identified. On one of the 
holes maximal EDR values – 2.0 μSv/h and high concentra-
tion of ar-tificial radionuclides 137Cs – 2*103, 90Sr – 4*103, 
241Am – 2*104 Bq/kg in soil samples were recorded.

By the present time virtually all heads of boreholes at 
Balapan and Sary-Uzen sites have been 
dismantled.

Borehole heads before dismantling (Balapan ground) Dismantled well heads at testing grounds “Balapan” and “Sary-Uzen”

EDR values for the borehole 101

Location of boreholes at the testing ground Balapan

Distribution of 137Cs surface

contamination density for the

borehole 1069, mCi/km2
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Excavational explosions

One of the first directions of the Program for commercial 
application of underground nuclear explosions with soil out-
bursts was creation of artificial water reservoirs in arid areas 
of the country and canals for diversion of water from northern 
rivers to the southern territories which permanently suffered 
from water shortage. As a result of emergency situations 
during tests at the boreholes No. 101, No. 125 (Sary-Uzen 
testing ground), No.1204 (Balapan) and targeted tests in the 
places of detonation of nuclear charges (boreholes No.1004 
(Balapan), No. 1003 (Sary-Uzen), Telkem-1, Telkem-2), cra-
ters of hundreds of meters in diameter and depth of dozens 
of meters were formed.

On January 15, 1965, at the confluence of two main wa-
terways in the region, the Shagan and Ashisu rivers, the 140 
kT underground nuclear test was performed, which formed a 
crater of 100 m in depth and 400 m in diameter, as a result 
of crater filling with flood waters a so-called Atomic lake was 
formed. 

The majority of radionuclides formed during the explo-
sions precipitated directly in the places of tests. Traces of 
clouds from the tests in boreholes No.1004, No.1003 and 
No.101 moved beyond the Site, but nowadays scientists do 
not detect any radioactive pollution of the environment be-
yond the Site caused by those tests.

At the present time the most contaminated area is in the 
vicinity of the boreholes No.101 and 1004 (EDR values go 
up to 7 μSv/h, specific activity: 137Cs – 9*103 and 3*104 Bq/
kg, 90Sr – 1.2*104 and 8.5*103 Bq/kg, respectively). Specific 
activity of 239+240Pu in soil in some parts of “Atomic” lake is as 
high as 2*104 Bq/kg.

With an increase of the distance from the epicenters of 
explosions, specific activity of radionuclides in all boreholes 
significantly decreases. Even 200-500 m away from the 
craters the values of radiation parameters are the same as 
background ones. However, radionuclide contamination in 

the vicinity of “Atomic” lake is observed 
even at a distance of 3-4 km in northern 
direction.

Investigation of the borehole 
No.1003 gave maximal EDR values of up 

to 2 μSv/h and β-particles flux density 
of 140 part/(min*cm2). Maximal specific activity of radionu-
clides in soil sampled in the points along the profile pass-
ing through the center of the crater was 7*103 for  137Cs and 
2.5*103 Bq/kg for  90Sr and 241Am. 

Plume of radionuclide contamination moved in the north-
eastern direction, which is well detected on the map. Con-
tamination in south-western direction was caused by the 
test made in the borehole No.215.

In the south-eastern part of the Semipalatinsk Test Site 
two underground nuclear tests with soil outburst – a single 
test “Telkem”-1 (21.10.1968) and a serial test “Telkem-2” 
(12.11.1968) (3 linear arrangement of the devices) were 
performed. Later, a crater, formed by a serial explosion, was 
filled with water.

During the experiments, technologies were tested for 
construction of canals to be used in re-direction of major 
water-flows from Arctic regions of the USSR to the Volga River 
basin and the Caspian Sea. Important data were obtained to 
plan the works on construction of the Pechora-Kama canal. 
Radioactive traces of explosions stretched at a distance of 
tens of kilometers but did not go beyond the Site territory. 

The results of radioecological research at the Site territory 
showed considerable decrease in the concentration of radio-
nuclides with the distance from the epicenters of explosions. 
Even at a distance of 200m from the crater, it is difficult to 
detect the concentration of radionuclides which consider-
ably exceeds the values of global fall-outs.

Excavational explosion in the borehole 1004 at “Balapan” testing ground
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Traces of radioactive contamination due to nuclear

 explosion with soil outburst performed in the borehole 1004

Crater formed due to serial nuclear

explosion with soil outburst at

Telkem-2 testing ground

3-D model of a crater with radioactive

contamination (Telkem-2)

Crater formed by underground

nuclear explosion with soil outburst in the

borehole 1003 at Sary Uzen testing

“Atomic” lake
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Tunnel №В-1, where the first underground test of 1 kt yield was

performed on 11th of October 1961
Location of tunnels

“Degelen” testing ground

Degelen testing ground was used for medium- and small-
yield nuclear tests. The site is situated in the Degelen moun-

tain massif, a dome-shaped elevation of 
17-18 km in diameter. Its total area is 
about 300 km2. The underground nucle-
ar tests were carried out in tunnels.

A tunnel is a horizontal excavation 
of length ranging from several hundreds 
of meters to 2 kilometers with 3-meters 

in diameter. In order to prevent release of radioactive prod-
ucts from explosions into the atmosphere, there was made 
so-called stemming complex with high-strength sealed ele-
ments, damping facilities, gas blocking and other units.

On the whole, 209 nuclear tests were carried out in 181 
tunnels in the period from 1961 to 1989. The last test was 
made in the tunnel 169/2 on November 4, 1989.

In order to eliminate possibility of secondary usage of tun-
nels for nuclear tests, in the period from 1996 to 1998 works 
on closure of all tunnels at Degelen site were carried out.

Radioecological surveying of the Degelen site showed 
that most of the territory does not have radioactive con-
tamination as the main amount (over 90%) of radioactivity 

released during nuclear tests still remains in the tunnels. 
However, there are some places with high concentrations 
of radionuclides (soil, water, vegetation). Such areas were 
mainly formed in three ways: 1) emergency situations during 
nuclear tests, 2) unsealing of tunnels after tests, 3) carrying-
over of radioactivity from tunnels by waterways.

 
The most contaminated areas of the Degelen testing 

ground are near-portal areas of the tunnels with watercours-
es. Long-term monitoring shows that carrying-over of radio-
nuclides by water from cavities of nuclear explosions is still 
under way. The number of such tunnels at Degelen testing 
ground varies from 8 to 12 depending on weather conditions 
in different years (the main influencing factor is atmospheric 
precipitations). On the banks and flood-lands of watershed 
streams there are places with concentration of 239+240Pu up to 
n*104 Bq/kg, 90Sr – n*104 to n*105 Bq/kg, 137Cs – from n*104 
to n*106 Bq/kg. The main feature of radioactive contamina-
tion caused by carrying-over of radioactivity from tunnel cavi-
ties by water flows is rather high concentration of artificial 
radionuclides along waterways and in bottom sedimenta-
tions. As a rule, radioactive contamination has maximal val-
ues near the tunnel portal and decreases with increase of 
the distance from the tunnel. There is a clearly pronounced 



Radioactive contamination of near-portal area was caused by the 

dynamic breakthrough of products of explosions in a tunnel with an 

effect of vaporization, filtering through the thermocouples of the tun-

nel and getting the RNG into the atmosphere, volatile radionuclides 

and iodine radioactive isotopes during testing of 07.01.1968. EDR 

level on the portal tunnel over 60 R/h. The characteristic features of 

radioactive contamination of the territory associated with contingency 

situations is the localization of artificial radionuclides in a relatively 

small area (less than 0.01 km2) and their concentration on the soil 

surface without significant penetration into the depth of soil horizon.

Emergency situations at tests. Tunnel Zh-1.

Radioactive contamination of the near-mouth area happened due to un-

sealing of the tunnel and dumping of rocks. Opening of the tunnels was 

performed to verify the parameters of the nuclear explosions performed 

there and with the intention of secondary use of the tunnel. Radioactive 

contamination in such tunnels is characterized by large areas and very 

non-uniform in-depth distribution of artificial radionuclides.

Unsealing of tunnels after tests. Tunnel 138.

View at an tunnel 

after its sealing

Radioactivity carryover from the tunnel cavities by water

dependence of radionuclides concentration in soil and wa-
ter on the distance from the tunnel portal. As 239+240Pu and 
137Cs have the lowest migration ability, the distance of their 
spreading along the riverbed in most cases is not more than 
a hundred meters from the source. Strontium-90 migrates 
by water at a distance from several hundreds of meters to 
several kilometers, migration distance of tritium may reach 
maximal values (several tens of kilometers and more). The 
main mechanism of radionuclide transfer beyond the moun-
tain massif is their migration along the Degelen waterways 
– streams which pass in the zone influenced by water flows 
from the tunnels. However, taking into account the fact that 
surface water flows already dry up within the territory of the 
Degelen site, ground waters provide the main way for migra-
tion of artificial radionuclides beyond the mountain mas-
sif. Overall, beyond the Degelen site the concentrations of 
hazard radionuclides pose no radioactive danger. However, 
major radioactive contaminants of the aquatic environment 
at Degelen site is tritium, the contents of which both within 
the site and beyond its boundaries poses radiation danger 
because of the significant excess of permissible values for 

drinking water. Thus according to ra-
dioecological monitoring performed 
in 1998-2008, ground waters of fluo-
rite deposit Karadzhal situated close to the Degelen test-
ing ground contain trace concentrations of cesium-137 and 
strontium-90, whereas tritium concentration in water goes 
up to n*104 Bq/l.  

Therefore, one of the key directions of investigations will 
be studying the fields of spatial distribution of artificial ra-
dionuclides by water flows beyond the territory of the SNTS 
and development of indirect methods for determining the 
levels of groundwater contamination with tritium based on 
its content in plants, atmospheric and soil air.

1515 RADIATION 
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RWA testing grounds (“4А” and “4”)

Areas of radioactive contamination at the testing ground “4A”

Radiation hazard sign on one of the contaminated sites

Nuclear explosions were not the only type of tests car-
ried out in the STS territory. In 1953 – 1957 the STS territory 
was the area for tesing of radiological warfare agents (RWA). 
Radiological warfare agents were liquid or powder-like radio-
active mixtures manufactured either from the wastes of ra-

diochemical industry or by neutron irra-
diation of specally selected substances 
in nuclear reactor. Their specific activity 
ranged from tenths of Curie to several 
Curie per liter. 

RWA tests were carried out at testing 
grounds “4” and “4А” situated westerly 

and northerly beyond the “Opytnoye Pole” site (“Experimen-
tal field”). Dispersion of RWA was achieved by blasting of in-
dividual shells, bombardment of the area by mortar shells, 
bombardment from aircraft bombers or dispersion of RWA 
from airplanes. 

Investigations carried out in the past years in the territory 
of the testing grounds discovered fragments of metal prod-
ucts used in the RWA tests and over 30 areas of local radio-
active contamination. 90Sr was the main radioactive pollut-
ant, whose specific activity in upper soil is as high as 5*108 
Bq/kg; at the same time there are other radionuclides (iso-
topes of 239+240Pu, 152Eu, 154Eu, 137Cs, 241Am, 60Co). The areas 
of radioactively-contaminated spots range from hundreds 
to hundreds of thousands of square meters with some of 

them expanding to distances of several kilometers. Concen-
tration of radionuclides in soil and vegetation cover may be 
compared with that of radioactive waste and pose a serius 
hazard to people and animals while being in those areas. At 
present, physical barriers are being constructed in order to 
impede the penetration of people and animals into “4A” site 
territory. However, the proximity of radiation-hazardous RWA 
sites to those to be released for economic use makes the 
matter of its decontamination a higher priority.
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Traces of radioactive contamination

Atmospheric and underground nuclear tests at STS 
caused contamination of the area. In conducting ground and 
surface nuclear explosion a fireball is in contact with the day 
surface, resulting in a large number of soil involved in the 
explosion cloud. The bulk of radionuclides was focused di-
rectly at the sites of nuclear tests within the testing grounds. 
Radioactive contamination outside the areas of test sites 
caused as a result of fallout of nuclear explosion products 
from radioactive clouds, which moved in various directions 
from the test venues.

Among all ground nuclear tests performed at SNTS, the 
following ones have mainly determined the scales of radio-
logical contamination of environment at the testing sites 
and adjacent territories: ground nuclear tests performed 
at “Opytnoye Pole” site on 29.08.1949 (yield ~22 kt), on 
24.09.1951 (~38 kt), 12.08.1953 (~400 kt), 24.08.1956 
(~26.5 kt), 07.08.1962 (9.9 kt) and underground nuclear ex-
plosions with soil outbursts at testing grounds “Balapan” on 
15.10.1965 and “Sary-Uzen” on 14.10.1965. Radioactive 

traces from other surface explosions of small and extra-small 
yield lie, as a rule, within the Site perimeter.

First information about readiological situation at SNTS 
was obtained within gamma aero-surveying in 1956. That 
information was later verified by gamma aero-spectrometry 
surveying performed in 1990-1991. Both surveys confirmed 
presence of radioactive traces from ground and underground 
nuclear explosions.

Surface radiological investigations performed by the 
Institute in the last decade also confirm presence of radio-
active contamination at the area. Up until now the traces 
from radioactive fallouts from surface tests performed on 
24.09.1951 and 12.08.1953 (“Opytnoye pole” site) and 
underground explosions of 15.01.1965 (“Balapan” site, 
“Atomic” lake) and 18.12.1966 (“Sary-Uzen” site, borehole 
No.101) are easily detected with radiometrical instrumenta-
tion. Laboratory studies of samples taken in the environment 
confirm presence of artificial radionuclides 137Cs, 90Sr and 
239,240Pu in amounts of up to thousands of Bq/kg.

Radioactive contamination at sites of underground nucle-
ar testing with soil outburst is concentrated mainly near the 

crater and beyond the sites at a 
distance of 10 km. Traces of ground 
nuclear testing are extended from 
the “Opytnoye pole” site almost 
to the boundaries of the test site. 
When the width of the traces are 
up to 15 km, its length may be 
more than 100 km. The figure 
shows the distribution of areal ac-
tivity of radionuclide  137Cs. Cesium 
traces are limited to the isoline 0.3 
Ci/km2. Radioactive contamina-
tion of the area is uneven. Within 
the traces there are areas that are 
several times different in the level 
of contamination. This uneven dis-
tribution is 
due, primar-
ily, to fallout 
of radioactive-
contaminated 
soil particles 
from the clouds of nuclear explo-
sions.

Axis of the main dose-forming 

traces of radioactive fallouts



SNTS aqueous medium

Table “Maximal radionuclide content in waters of SNTS”-

1 Region of water discharge to local blind depressions

2 Region of water discharge towards the Irtysh River flood-lands

3 Over flood-lands terraces of the Irtysh River

SNTS territory. Directions of groundwater motion

SNTS territory belongs to the left-bank of the Irtysh River 
regional hydrological system. The main direction of ground-
water motion is north-north-east. Groundwater discharge is 
to the Irtysh River. 

The table below presents available data indicating maxi-
mal values for concentrations of artificial radionuclides in 
surface and ground waters on the main testing grounds of 
the test site providing information about the present-day 
situation with radioactive pollution of the SNTS aqueous me-
dium.

“Degelen” testing ground. The area is characterized by 
two main types of groundwaters often interconnected with 
each other – porous and fracture waters. Porous waters are 
widely spread in valleys stretching at foot of Degelen Moun-
tains. The second type includes fracture waters of exogenous 
fracturing and connected with them fracture-vein waters 
originating in the zones of rupture disturbances.

Underground nuclear explosions caused dramatic defor-
mations of mountain structures with formation of numerous 
crushing zones, dip holes and gaping fractures. As a result 
of penetration of atmospheric precipitations and fracture-
vein waters in the crushing zones and directly in the kettle-
shaped cavities, radionuclide composition of tunnel waters 
is formed. Moving along the system of fractures and cavities 
of tunnel waters contaminated with radionuclides permeate 
into the basin of ground waters or appear on the day surface 
in the vicinity of tunnel portals.

Specific features of radioactive contamination of the De-
gelen massif waters:

1. Tunnel watercourses. All tunnel waters are contami-
nated with artificial radionuclides. In most watercourses 
the concentrations of radionuclides exceed the interference 
level for population (ILpop) established by NRB-99, when 
radionuclides penetrate into organism with water and food. 
The main radioactive pollutant of tunnel waters is 90Sr.

2. Ground waters. Results of deciphering the satellite im-
ages revealed more than 10 sites of groundwater flow be-
yond Degelen Mountains. Concentration of 137Cs, 90Sr and 
239+240Pu in ground waters does not exceed ILpop. Maximal 
tritium concentrations up to 260 kBq/l were registered in 

ground waters of south-eastern direc-
tion widespread in the valley of Baitles 
River. Additional investigations in this 
direction showed that even at a dis-
tance of 10 km from the boundaries of 

the Degelen Mountains, tritium concentration in ground wa-
ters remains rather high and goes up to 70 kBq/l, which is 
almost 10 times greater than maximal permissible values for 
drinking water.

Uzynbulak Stream Valley is the main water artery of De-
gelen massif and, consequently, the main channel for the 
migration of radioactive products from UNEs. Relatively high 
concentrations of 3H (up to 23 kBq/kg) in groundwater were 
recorded at a distance of 16 km from Degelen Mountains 
boundaries. At the same time at the site of possible inflow 
of groundwater in the valley of the Uzynbulak Stream into 
Shagan River, no 3H was found in the infrabed water of the 
river. This indicates that the groundwater contaminated with 
artificial radionuclides currently do not flow from Degelen 
Mountain Massif to Shagan River.
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Object Water type
Specific activity of radionuclides, Bq/l

137Cs 90Sr 3H 239+240Pu

“Degelen” testing ground
tunnel water 1070 2100 1430000 110
spring water 7,0 3,0 190000 0,15
ground water 1,0 3,0 260000 0,12

“Telkem” 
testing ground

surface water, lake Telkem-2 (explo-
sion crater)

<0,1 190 300 0,6

ground water 
(850 m away from Telkem-2 lake)

1,0 3,3 500 no data

“Atomic” lake (warfare borehole № 1004) <1,0 15 4000 0,01
“Sary-Uzen”

testing ground
ground water (320 m away from 

warfare borehole #125)
0,03 0,1 480000 no data

“Balapan”
testing ground

ground water 
(950 m away from warfare borehole 

#1308)
4,0 1240 4800 000 0,3

ILpop NRB-99 (Annex 2) 11 5 7,7 0,56
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“Degelen” testing ground. Content of tritium in groundwater

Springs. There used to be more than 30 springs at dif-
ferent elevations prior to the beginning of nuclear testing at 
Degelen Mountains. The main radioactive contaminant of 
spring waters is 3H. The concentration of 3H in spring waters 
is significantly higher than the permissible level. It should be 
noted that these sources are characterized by low values of 
salinity and hardness, at any time of year have low tempera-
ture and high palatability traits. It is therefore necessary to 
take security measures to prevent the use of this water for 
drinking purposes.

Excavational UNE. On the SNTS territory excavational 
UNEs were carried in warfare borehole No. 1004 and on 
Telkem testing ground. Radioactive contamination of ground 
and surface waters in the vicinity of excavation nuclear ex-
plosions has its specific features. For example, in spite of 
the fact that the yield power (170 kiloton) of the explosion 
in borehole No.1004 was much higher than that of Telkem-2 
explosion (simultaneous explosion of three charges of 0.24 
kiloton each), concentrations of 90Sr and 239+240Pu in the sur-
face water of “Telkem-2” lake are an order of magnitude high-
er than those in the water of the Atomic lake. On the other 
hand, tritium concentration in the water of Atomic Lake is 10 
times higher than that in Telkem-2 lake. In spite of the above 
facts the concentration of radionuclides in Atomic Lake does 
not exceed permissible values for drinking water.

“Balapan” testing ground. It shoul d be noted that high 
concentrations of 137Cs and 90Sr in ground waters were regis-
tered only in close vicinity of “warfare” boreholes. Analyses 
of the majority of the studied samples showed that at a dis-
tance of 300 m away from the mouth of “warfare” boreholes 
radionuclide concentration decreased to minimally detected 
activity of used equipment (MDA). At the same time tritium 
concentration in ground water samples ranges from MDA to 
the values 500 times exceeding the maximal permissible 

level of this radionuclide concentration for drinking water. 
On the whole, Balapan testing ground has zonal character 
of tritium distribution. The highest concentrations of radio-
nuclides were registered in the zones of influence of regional 
fractures and in the vicinity of isolated depressions in the 
rock bedding filled with clays.

Within the ground there were found two local areas of 
groundwater discharge. The first area (artificial) – is “Karaz-
hyra” coal strip mine. It was formed under the influence of pit 
sump. At present concentration of radionuclides in the drain-
age waters of the pit does not exceed the permissible values 
for drinking water. The second area is lo-
cated at Shagan River Valley, where the 
concentration of 3H reaches 700 kBq/l, 
which is almost 100 times the permis-
sible value for drinking water.

“Sary-Uzen” testing ground. Condi-
tions and mechanism for radioactive 
contamination of groundwater at this ground are similar to 
the “Balapan” site. Concentrations of 137Cs and 90Sr radionu-
clides in groundwater do not pose radiation hazard (numeri-
cal values do not exceed 0.01 Bq/l). The main radioactive 
contaminant of groundwater at the site is 3H. The concentra-
tion of 3H in water is more than 60 times higher than the per-
missible values for drinking water.

Ground waters beyond the main SNTS experimental 

grounds. To study the processes of radionuclide migration 
in ground waters at non-studied SNTS areas and to evaluate 
drinking water quality in the water usage objects, in 2007 
water samples were taken in about 200 wells and boreholes 
in the places where ground waters had not been studied 
including several wells of the state monitoring system. The 
results showed that concentration of artificial radionuclides 
in ground waters in the sampled areas did not exceed MDA. 



“Balapan” testing ground. Zones of high tritium content.  The numbers show the content of tritium in water, kBq/l.

Layout of sampling points of groundwater at SNTS and 

in adjacent regions

Boreholes:

1 – hydrogeological; 

2 - hydrogeological, suitable for routine observations, 

3 - hydrogeological, not suitable for routine observations, 

4- warfare boreholes.

“Sary-Uzen” testing ground. Arrangement of boreholes

In single cases, in wells and boreholes, high tritium concen-
trations were detected but they were lower than ILpop. The 
figure shows location of groundwater sampling points and 
values of tritium concentration in water samples, which are 
of interest in terms of studying the radionuclide migration 
beyond the testing grounds. Increased values of tritium con-
centrations in ground waters (up to 300 Bq/l) were registered 
in wells situated between testing ground Degelen and Sar-
zhal village. The most probable source of pollution is Dege-
len testing ground, from which radionuclide move along the 
bed of the stream Uzyn-Bulak in the direction of the Shagan 
River and Balapan testing ground. Practically all results of 

the earlier investigations show back-
ground levels of tritium in the water of 
the Irtysh River.
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THE SHAGAN RIVER

The Shagan River is the only surface waterway in the SNTS 
territory. It flows along the eastern boundary of the SNTS and 
is a left-bank tributary of the Irtysh River. The length of the 
Shagan riverbed is 275 km with an average slope 0.003. 
Within the Balapan testing ground the length of the riverbed 
is about 50 km. The watershed area of the left-bank part of 
the testing ground, where testing wells are located, is about 
900 km2.

The research results showed that concentrations of radio-
nuclides in Shagan River at leaving point from the “Atomic” 
Lake are 239+240Pu - up to 0,005 Bq/kg, 137Cs – 1,5 Bq/kg, 90Sr 
up to 4,0 Bq/kg, 3H - 250 Bq/kg and do not exceed the in-
terference levels to the public when get into body with water 
and food, equal to 0,56, 11, 5 Bq/kg, respectively.

Rather higher concentrations of 3H in Shagan River (up 
to 680 kBq/kg) were recorded on a section situated at a dis-
tance of 4 to 6 km from the “Atomic” Lake. Upon that the 
content of artificial radionuclides does not exceed the values 
established at the point where the river leaves the “Atomic” 
Lake, which suggests that the tritium contamination of the 
river site is not associated with “Atomic” Lake.

The cause of the tritium contamination of the river stretch 
is the inflow of groundwater contaminated with 3H into the 
riverbed from “warfare” boreholes of Balapan site, where 
underground nuclear tests were carried out in 60-80s of last 
century. Content of 3H in Shagan river water varies as per sea-
son, and between different years, depending on the amount 
of rainfall in the current year, watercourse flowrate and other 
climatic and hydrological factors.

The situation is complicated by the fact that within the 
coastal zone of Shagan River, pasture cattle breeding and 
harvesting of forage grasses are being carried out. High con-
centrations of tritium were recorded in the coastal vegeta-
tion of the river - up to 65,000 Bq/kg. Tritium was also found 
in animal products, produced in farms located on the banks 
of Shagan River. Tritium content in milk samples reaches 
5,0*103  Bq/kg, which does not exceed the allowable values, 
but requires more careful study of this issue.

In order to limit the public access it is needed to take a 
set of measures aimed at the removal of potentially danger-

ous site, located beyond the STS boundaries area, of about 
4 km2 from economic turnover.

Alongside with that, the tritium contamination of Shagan 
River is of localized nature and concentrated on a single nar-
row sector, beyond of which the content of 3H in water does 
not exceed the normative values and poses no risk to hu-
mans.
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Vegetation cover of the former Semipalatinsk Nuclear 
Test Site is presented by low-productive dry and desertified 
steppes. Flora of those steppes has as many as 300-350 
species of vascular plants but the main grass components 
are fescues (Festuca valesiaca), feather-grasses (Stipa 
capillata, S. Sareptana, S. lessingiana) and wormwoods 

(Artemisia frigida, A. gracilescens A. 
marschalliana and others). Steppe 
communities are formed on plains, 
tail areas and slopes of hills and low 
mountains; depressions between hills 

are covered with steppe bushes (Spiraea hypericifolia, Car-
agana pumila).

A sort of “oasis” in the endless steppe covering the test 
site is the Degelen mountain massif, cenotic composition 
of whose vegetation cover is very different from that of the 
surrounding steppes and is characterized by a wide variety 
close in composition to rich flora of mountainous Siberia. 
Unlike scarce steppe vegetation, up to 400-450 species of 
plants grow here. It should be noted that 40% of biomass of 
all mountain range is concentrated in the beds of streams, 

Degelen mountain massif Shagan River

Vegetation cover

Meadow grasses in the stream flood-landMeadow grasses in the stream flood-land
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which are presented by rich variety of meadow plants. In 
the river plains and on the slopes of shadowy gorges of 
granite low mountains fragments of forest-type of vegeta-
tion are formed. Plain granites are presented by petrophylic 
bush cenoses, and on upper parts of granite ranges there 
are local areas covered by pines (Pinus sylvestris).

Nuclear tests formerly made on the test site destroyed 
vegetation cover in the “recoil zones”, man-made slides 
and at near-portal areas. Laying of a thick network of com-
munications, fires and development of deposits resulted 
in artificial degradation and transformation of vegetation 
on vast areas of the test site. A vivid example of such phe-
nomena is such object as “Atomic” lake in internal side of 
whose dumps single species and rare groups of petrophyte 
and worn types of local flora are formed.

Radioactive contamination of the SNTS vegetation cover 
is, as a rule, registered in the places where directly nuclear 
tests were carried out including testing grounds “Bala-
pan”, “Degelen”, “Opytnoye Pole” (“Experimental field”) 
and testing grounds for testing radiological warfare agents 
(RWA). Thus, the maximal radioactive contamination was 
recorded for certain species of steppe vegetation growing 
in the radioactively contaminated areas of sites for RWA. 
Thus, maximal radioactive contamination was registered 
for some types of steppe vegetation growing at radiation 
contaminated area of the RWA ground. Content of strontium 
radionuclide in plants was ~ 40 million Bq/kg. Average co-
efficients of radionuclide accumulation in the conditions 
of dry (and desertified) steppe reflecting the parameters of 
their accumulation by the aboveground part are equal to 
~(n*10-1) for cesium and ~(n*100) for strontium, for ameri-
cium ~(n*10-2).

Of a certain interest in terms of radioactive pollution is 
meadow vegetation on the Degelen testing ground situated 
within the boundaries of the cognominal Degelen mountain 

massif. In this area as a result of continuous radionuclide 
transport with tunnel waters the process of “secondary” 
contamination of all environmental components is still 
under way. Maximal contaminations are registered in the 
wettest parts with rather rich biomass of meadow grasses. 
Accumulation of radionuclides by some species of meadow 
plants varies widely – accumulation coefficients for cesium 
range from (n*10-2) to (n*101), for strontium – from (n*10-1) 
to (n*100). This process is supposed to be caused both 
by water regime and physical and chemical properties of 
meadow soils.

Complicated radiation situation is observed in the flood-
lands of the Shagan River. In this area, the main contributor 
to contamination of the vegetation with radiation is tritium. 
In the aboveground parts of some species in the riverbed 
zone, specific activity of this radionuclide is as high as ~200 
ths. Bq/kg. The degree of contamination is mainly caused 
by tritium both in surface and under-bed waters which are 
supposed to be the contamination sources.

For areas characterized by lack of surface water contam-
inated with tritium, watercourses, it is particularly worthy 
to talk about a group of plants, so-called phreatophytes, 
capable of use groundwater as a source of moisture. In the 
former Semipalatinsk Nuclear Test Site the most common 
phreatophytes are cheegrass (Achnaterum splendens) and 
salt tree (Halimodendron halodendron). Elevated levels of 
tritium were found in plants growing in adjacent areas of 
Shagan River, as well as along the beds of streams dried up, 
migrating considerable distances beyond the boundaries 
of “Degelen” site. This circumstance, 
in turn, indicates the presence of triti-
um in the groundwater of these areas, 
which is in most cases confirmed by 
drilling results.

Bushing of internal dumps of Atomic LakeBushing of internal dumps of Atomic Lake Dry steppeDry steppe

Pathways of tritium inflow into plants Salt tree (Halimodendron halodendron) Cheegrass 

(Achnaterum splendens)
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Histograms of occurrence of 137Cs concentrations in the organism of 

nimble lizard inhabiting on the banks of the stream in tunnel 176

Arkhar

FAUNA

The SNTS territory has rich and diverse fauna. The fauna 
of vertebrates is presented by 216 species including 52 
mammal species, 147 bird species, 8 fish species, 7 
reptiles and 2 amphibia. 16 species are included in the Red 
Book of the International Society for Nature Protection and 

Red Book of Kazakhstan. Of 178 mam-
mal species inhabiting in the territory of 
Kazakhstan, 52 species from 6 classes 
are met at SNTS territory.   

The smallest and the most numerous 
representatives of mammals at SNTS are 
mouse-like rodents. 

Studying of mouse-like rodents showed that concentra-
tion of 137Cs in biological tissues of jerboa-jumpers inhabit-
ing even on the dumps of the Atomic lake (level 1) did not 
exceed 125 Bq/kg. In biological tissues of jerboa-jumpers on 
adjacent to the Atomic lake (level II) territories, concentration 
of 137Cs was below 70 Bq/kg and in jerboa caught on “clean” 
areas of the testing ground Balapan (level III) concentration 
of 137Cs was below 1.9 Bq/kg.  

Reptiles at the SNTS territory are presented by 7 species 
of total 49 species inhabiting Kazakhstan. The most numer-
ous are the representatives of sub-class of lizards – nimble 
lizard, motley lizard and takyr round-headed lizard. 

137Сs specific activity in the organism of nimble lizard in-
habiting the testing ground Degelen reached 600 Bq/kg t av-
erage con-centration in soil 2*105 and maximal values equal 
to 1.7*106 Bq/kg.

Green toad
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Jerboa-jumper

Male of sand lizard

Steppe eagle

Eared hedgehog

Tiny jerboa

Histogram of occurrence of 137Cs concentrations in the organisms 

of jerboa-jumper

Concentration of 137Cs in soil in the places of catching: 

level I – 3*104 Bq/kg; level II – 50 Bq/kg; level III – 10 Bq/kg

Snakes in the region are presented by steppe viper, 
grass-snake and the most widely spread of them – patterned 
runner. 

As the territory was historically a nature reserve, the class 
of Artiodactyls is presented by Siberian roe-deer, elk, saiga 
and ark-har. Radiological investigations for these species 
were not made but as some of them refer to commercial spe-
cies, it is necessary to carry out such investigations.

Practically all parts of the Test Site are inhabited with 
predators: fox, corsac, badger and big-eared hedgehog. Less 
numerous are groups of wolves, ermine, weasel and others.

2 Amphibian species (of 12 known in Kazakhstan) inhabit 
the SNTS territory, they refer to the group of tailless Amphibia 
– green toad and piked frog. 

The most numerous representatives of fauna are birds.  
Ornitho-fauna of the SNTS territory is presented by many spe-
cies.  15 classes include 147 species of 488 species known 
in Kazakhstan. 

The SNTS lakes as well as the unique Atomic lake are the 
places of inhabitance for numerous waterfowls  and near-
water birds. Steppe landscapes have numerous sparrow-like 
birds. The SNTS fauna is embellished by representatives of 
day predators (falcon-like birds) – 19 species. Among the 
birds inhabiting SNTS, there are rare birds included in the 
Red Book. They are steppe eagle, sepulcher-bird, golden ea-
gle, black-bellied hazel-hen, eagle-owl.

Ichthyofauna of the STS inhabiting 
in the basin of the Shagan river and 
streams of the Degelen mountains is 
presented by the class of carp fish. Six 
fish species were found in the Shagan 
river and only one in the stream Uzynbu-
lak in mountain range Degelen. In the Atomic lake, minnow 
and acclimatized sazan were observed, but recently these 
fishes disappeared from the lake. 
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GEOLOGICAL MEDIUM

Balapan testing ground. Total void of rock formations. Horizon of 400m.

One of the main consequences of underground nuclear 
explosions (UNEs) is destruction and radioactive contamina-
tion of mountain rocks where UNEs were carried out. Radio-
active contamination of mountain rocks may be subdivided 
into primary and secondary contamination.

Physical and mechanical destruction of mountain rocks 
has been studied in more detail. As an example, the figure 
presents destruction of rocks at Balapan testing ground.

Our investigations made it possible 
to develop methodology for detecting 
zones of rock destruction due to both 
single nuclear explosions and due to 
numerous explosions in places with 
high number of explosions per unit area. 
Analysis of integral porosity spatial dis-

tribution shows that the strongest rock destruction occurs 
in the middle part of Balapan testing ground in vicinity of 
boreholes 1314, 1304 and 1344; smaller destruction is reg-
istered to the north-east in vicinity of borehole 1203. In this 
case, integral porosity consists of porosity of mountain rocks 
and values of “voids” in geological medium formed as a re-
sult of rock deformation by UNE. In the areas with high UNE 
density, integral porosity, as a whole, increases with depth 
to a depth of 400 m, and starts to decrease at higher depths. 
Maximal porosity in anomalous zones of destruction equals 
to 10% (depths 300-400 m), minimal porosity - ~1-2% is reg-
istered beyond the explosion areas.

As a result of UNEs, several zones with different degrees 
of geological medium disruption are formed. For example, for 

a <150 kilotons explosion performed 500 m below surface, 
several spherical zones with different rates of rock destruc-
tion are formed: I – cavity (area of rock burn-out of a radius 
up to 5 m), II – 70m thick crushed zone, it is a destroyed rock 
turned into crushed stone, III – a 150 m zone of intensive 
fractures, IV – zone of block fractures stretching up to 100m. 
For the given example the zone of local irreversible changes 
can stretch to a distance of 500m from nuclear cavity, i.e. 
reach the day surface.  It is characterized by displacements 
of mountain rocks in the form of opening-up of tectonic frac-
tures and faults existing before the explosion.

Primary radioactive contamination of the geological me-
dium during UNE occurs as a result of spreading of high-tem-
perature gaseous radioactive fluids from central cavities up 
to the day surface along the complex systems of earlier exist-
ing and activated under the UNE impact zones of fractured 
disruptions and high fracturing.  In the central zone a radio-
active melt containing up to 40% of radioactive products is 
formed, the other part of radioactive products is spread in 
the areas of irreversible rock deformation 

Secondary radioactive contamination of mountain rocks 
at Semipalatinsk Nuclear Test Site is caused by presence of 
ground waters on all technical grounds where UNEs were 
carried out. When ground water reaches zones of irrevers-
ible deformations, it dissolves artificial radionuclides and 
moves them out in the geological medium transporting them 
to considerable distances. In this case, the main contamina-
tion spreads through radionuclide redistribution with water 
in the mountain range by sorption on the walls of channels 
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Diagram of areas with elevated concentrations of radionuclides

1 – Mesozoic-Cainozoic sediments; 

2 – palaeozoic rock formations; 

3 – exogenous fracturing zone

 (water-bearing horizon);

4 – well; 

5 – boundary for the region of higher 

radionuclide concentrations 

Zones of irreversible deformation: 

I – cavity and melt, 

II – fragmentation, 

III – intensive fracturing, 

IV – block fracturing, 

V – collapse pillar; 

VI – scabbing pillar; 

along which water moves. An indirect proof of existence of 
such process is the presence of tritium in drainage waters 
of the fluorite mining pit located in the northern part of De-
gelen mountain massif. At the same time, absence of other 
nuclides in drainage waters shows that front of their second-
ary contamination has not reached the boundaries of the De-
gelen Mountains. 

For an overview of the extent of contamination of the geo-
logical environment it would be appropriate to take as a ba-
sis detection of zones of secondary contamination of tritium 
concentrations in water above the interference level at inflow 
of this radionuclide with water and food for population, is 
equal to 7700 Bq/kg. Under these conditions, outside the 
“Degelen” site the length of such zones is greater than 25 
km, a width of a few hundreds of meters. I.e. nature of the 
contamination of mountain rocks with tritium is of arachnoid 

shape. Beyond the boundaries of other STS areas no such 
zones have been found. Inside the “Balapan” site the length 
of such zones is 20 km and with a width of a few kilometers. 

It should be noted that this problem is very topical and 
important for the SNTS. It is caused by the fact that, by 
chance, SNTS territory is reach in mineral resources. Uncon-
trolled mining of mineral resources may result in their irre-
versible loss.

Thus, radioactive products formed in the places of UNE 
explosions at SNTS territory are distributed in the geological 
medium in three conventional zones. Their main part is con-
centrated in the block of mountain rocks with radius up to 
100 m. This zone is characterized by radioactive contamina-
tion with high concentration of artificial radionuclides, which 
creates real radiation hazard. The volume of the second zone 

is much greater, it can reach 
the day surface as it can have 
radius of 500 m and more from 
explosion epicenter, but the 
level of radioactive contamina-
tion in this zone is much lower. 
The size and shape of the third 
zone vary widely as it depends 
on hydrogeological conditions 
of the area, degree of rocks de-
formation and peculiarities of 
radioactivity distribution during 
primary contamination.



Soil cover

Cross section of light-chestnut soil

Desertified steppe landscape Meadow soil at “Degelen” site

Speciation of radionuclides

Semipalatinsk Nuclear Test Site is located in climatic zone 
of steppes and covers eastern edge of Kazakh low-hills. Com-
bination of these two factors pre-determines the landscape 
nature. The landscapes include low mountain ranges, stand-
alone chines, hills and valley planes, depressions with dry and 
desertified steppes of chestnut soil and light chestnut soil. 

Intra-zonal grass-land soils are formed in the conditions 
 of additional moisturizing by hillside drain and ground wa-
ters in valleys of small rivers and springs which split the low-
hills. 

Investigations performed there revealed some regulari-
ties in accumulation of artificial radionuclides in various 
landscape and peculiarities of the in-depth distribution in 
soil cover. Maximal amounts of 137Cs, 241Am and 239+240Pu 
and 90Sr are concentrated in surface horizons 5-10 cm in 
deep. In zonal conditions where the source of soil moisture 
is only atmospheric precipitations, migration of artificial ra-
dionuclides in soils is slight vertical. The distribution of ra-
dionuclides in the soil profile has not undergone any visible 
change, despite the fact that their intake period exceeds the 
period of 40-50 years.

In intrazonal meadow soils of the valleys of small rivers 
and streams at lowlands, maximal content of 137Cs, 241Am, 
239+240Pu and 90Sr is also confined to the surface horizon. Re-
tention of soil is due to the developed turf and plenty of hu-
mus. The spatial distribution of radionuclides in the meadow 
soils in tunnel areas of Degelen mountain massif with perma-
nent water seepage has a singularity. Under high moisture 
higher contents of radionuclides 137Cs, 241Am, 239+240Pu were 
recorded at a depth of 25 cm. Radionuclide 90Sr penetrates 
to a depth of 40-50 cm. Some areas of the central parts of 
the streambeds have a high content of radionuclides 241Am, 
239+240Pu and 90Sr at a depth of 100-120 cm, depending on 
the degree of moisture, as well as on the physicochemical 
properties of radionuclides.

Study of the speciation of radionuclides 137Cs, 241Am 
239+240Pu and 90Sr in soils of different parts of STS provide 
an overview of the radionuclides speciation throughout the 
STS. Radionuclides 137Cs, 239+240Pu have the lowest migration 
ability, the basic species of which is well-bound – a form un-
available to plants (90%). The main content of the radionu-
clide 241Am is presented by mobile form (85%) - inaccessible 
to plants, but representing their potential reserve. The pre-
dominant species of radionuclide 90Sr is forms readily avail-
able for plant - water soluble and exchange (50%), which ac-
counts for the high mobility of this radionuclide.

 
Studies on the distribution of radionuclides in soil gran-

ulometric fractions of some STS sections showed that the 
concentration of radionuclides in a fraction, most involved 
in wind transfer, is an average of 35%. This allows us to con-
clude that, given the climatic conditions of STS, the soil cover 
does not make a significant contribution to air pollution and 
secondary redistribution of radionuclides due to horizontal 
migration due to wind transport.
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AIR BASIN

Radioactive contamination of air basin at the Test Site is 
stipulated by presence of areal and local sources of radio-
active contamination, at testing grounds “Opytnoye Pole”, 
“Balapan”, “RWA”, as well as traces from radioactive fallout 
from tests in atmosphere.

Analysis of characteristics and peculiarities of the pro-
cesses for natural and artificial dust formation showed that 
considerable contamination of near-surface atmosphere with 
radioactivity is only possible at man-caused dusting (motion 
of trucks and other works causing significant dust lifting up) 
and at fire in steppe.

Radioactive contamination of atmosphere can pose 
a danger for a person only directly at radiation-hazardous 
spots at the Test Site and only in case when large amounts of 
dust are lifted up in air at that moment (at dust storms, man-
caused dusting, etc.). Studies on artificial radionuclides in 
the vicinity of “Opytnoye Pole” site revealed considerable 
exceeding over regulatory limits. This means that to be and a 
fortiori to carry out commercial activities for a long time near 
such facilities is inappropriate. Nevertheless, transboundary 
transfer of radioactivity outside these places and outside the 
SNTS perimeter is negligible and poses no hazard. Outside 
the Site perimeter, volume activity of artificial radionuclides 
is considerably, (for orders of magnitude) below the regula-
tory limits. So, for instance, in v. Sarzhal and Kurchatov city, 
239+240Pu volume activity is 350 and 25 000 times below the 
acceptable one, respectively, but it still remains higher that 

Radionuclide
Sampling 

location

Volume activity, 

μBq/m3

Year 

of sampling
239+240Pu Near Opytnoye Pole 14000 2001

137Cs Near Opytnoye Pole 800 2001
239+240Pu v. Sarzhal 7 2000-2001
239+240Pu city of Kurchatov 0,1 2000-2001

137Cs city of Kurchatov 4 2000-2001
137Cs city of Almaty 0,2 1995

239+240Pu city of Astana 0,029 2001
239+240Pu city of Munich 0,002-0,006 1987-1991

NRB-99: 137Cs – 27000000 μBq/m3, 239+240Pu – 2500 μBq/m3

concentrations of these radionuclides in air of cities located 
far from the Site.

Air contamination with 3H is geographically confined 
to the mainstream of streams of Degelen site and even be-
yond its boundaries. Upon that, concentration of 3H reaches 
500 Bq/m3, that does not exceed the permissible volume ac-
tivity of 3H in the inhaled air (1900 Bq/m3), but is significant 
in terms of distribution of 3H in the conventionally “clean” 
areas, i.e. off Degelen site.

3H content in the air along Shagan river bed varies from 
<0.1 to 5 Bq/m3. Maximal tritium contamination of the air is 
observed in the riverbed, in the place where surface waters 
are most contaminated with 3H.

It is noted that in both cases, the concentration of 3H in 
the air, as the distance from the riverbed, drops sharply and 
there is no danger to humans at a distance of several tens of 
meters. 
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Weeks

Volumetric

activity of 239+240Pu in 

Kurchatov (2000-2001)



Location of settlements

Nuclear explosions performed at SNTS resulted in pro-
liferation of radioactive fallouts outside the site perimeter. 
After the site was stopped, this stipulated the need to study 
more thoroughly the radiation conditions in inhabited locali-
ties adjacent to the site. Since 1990, many studies performed 
by researchers from Russia, the USA, Austria, France, Czeck 
Republic, Slovenia, Germany, Japan and Kazakhstan as well 
as by various international organizations such as IAEA, NATO 
and others were devoted to this topic. In order to evaluate 
the long-term consequences of these nuclear explosions, at 
the territory of over than 600 inhabited localities (including 
villages, wintering and summering sites) in East-Kazakhstan, 
Pavlodar and Karaganda oblasts were performed radiological 

studies of soil, vegetation, water and air basin. There were 
studied such parameters of radiological situation as exposi-
tion (equivalent) dose rate for gamma radiation (EDR); con-
tents of artificial radionuclides (caesium-137, strontium-90, 
plutonium-238, plutonium-239 and 240, americium-241) in 
the environment and human bodies. Obtained results were 
verified by independent laboratories in Austria, France, Slo-
venia, USA and laboratories of IAEA.

The first, most comprehensive (at that time) and focused 
study of the territories adjacent to the Semipalatinsk Test 
Site was completed in 1990-1992 led by Khlopin Radium 
Institute (Leningrad, nowadays St. Petersburg), by research-
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Results of pedestrian gamma-survey Karaul vil.

ers from Moscow Institute for Physics and Technology and by 
Complex Airborne Survey Expedition of the State Company 
“Aerogeologia” employing both land-based and aviation 
technologies. These studies included determination of ex-
position dose rates (EDR), parameters of surface contamina-
tion of soil and vegetation with radionuclides, contents of 
90Sr and 137Cs in water. Large scope of research was done at 
investigation of radiation situation in villages adjacent to the 
site (Dolon’, Kainar, Sarzhal, Karaul, Mostik, Maiskoye, Yeg-
endybulak and Chagan). Airborne and ground-based meth-
ods were used to survey the total area of more than 30,000 
square kilometres.

A particular attention was paid to investigations in five 
villages: Dolon’, Mostik, Kainar, Karaul and Sarzhal located 
100 – 200 km away from places of ground nuclear tests and 
suffered from radioactive precipitations more than other 
ones.

Among the main conclusion of these works are: “Radio-
logical situation in vicinity of Semipalatinsk Nuclear Test Site 
is stipulated by both global fallouts and by atmospheric tests 
previously performed at the Site. Based on current values of 
EDR and contamination rates one could hardly expect nowa-
days any additional on-going exposure for local population 
in villages adjacent to the Site exceeding annual average 
value over 1 mSv (0.1 rem).

Second, more representative study of the villages outside 
SNTS was performed in 1993 – 1994 by two IAEA missions. 
Specialists from Kazakhstan, Russia, United States, France 
and Great Britain worked for the missions. Objectives of the 
missions were: 

• to assess radioecological situation in territories adja-
cent to the test site using available dosimetry information;

• to determine possible radiation doses of people in 
Semipalatinsk Region.

Main activities were performed in the inhabited localities 
Moldary, Dolon’, Sarzhal, Kainar, Akzhar, Sarapan.

The final report of the Second Mission included the fol-
lowing: “In most of the districts, exposition doses for gam-
ma-radiation and contamination levels of the environment 
are very close to those corresponding to normal global fall-
outs. Some districts show slight increase which is still neg-
ligible in terms of exposure to local population. Village Do-
lon’ has got some higher level for plutonium compared to its 
neighbors, but annual dose still remains quite low of about 
0.13 mSv/year.”

       During the entire period of National Nuclear Center ac-
tivities the issues related to current radioecological situation 
in inhabited localities adjacent to SNTS are in charge of the 
Institute of Radiation Safety and Ecology. Unlike listed above 
studies, the Institute aims its activities not only at investiga-
tion of the situation in the villages, but at all territories ad-
jacent to the Site as well. So, most comprehensive radioeco-
logical investigations were performed at territories of Maiskiy 
district in Pavlodar oblast, Abralinskiy and Beskaragaiskiy 
districts in East-Kazakhstan oblast. There were assessed not 
only EDR, but contents of radionuclides (including 239+240Pu) 
in environmental objects. Results obtained made it possible 

to assess more reliably the dose loads on local population 
from artificial radionuclides which is today much lower than 
1 mSv/year according to Radiation Safety Standards (NRB-
99).

In 2010, IRSE investigated the content of gamma-emitting 
radionuclides in human body. Elderly residents of the village 
Sarzhal, at the time of testing were living in this village, were 
selected for studies. 50 people were tested at body-counting 
machine. As a result of measurements 
no artificial radionuclides 137Cs and 
241Am were found in the tested bodies.

Making general conclusion the fol-
lowing should be stated:

1. Out of the artificial radionuclides 
studied, the amount of plutonium iso-
topes (239+240Pu) can make main contribution to the total dose 
of radiation in the mechanism of inhalation. 

2. Content of long-lived radionuclides in humans is small 
and can lead to a radiation load of the strontium-90 and ce-
sium-137 just to not more than 1% of natural background. 

3. Radiation situation in the surveyed settlements is vari-
ous, but it is not dangerous. Dose from external exposure 
is at background levels. The values of internal doses do not 
exceed allowable values, and the issue requires further re-
search with respect not only to settlements, but also indi-
vidually to each person.



“Conventionally-clean territories”. Issues of releasing the STS lands for economic use

Between 1991 and 2010 at the former STS, National Nu-
clear Centre of Kazakhstan in cooperation with international 
organizations and research centers have performed large 
amount of research as well as activities aimed at reducing 
the risks posed by STS. 

Extensive operations on elimination of the test site facili-
ties were carried out. 181 tunnels were eliminated at “Dege-
len” site; protective measures were taken at “Aktan Berli” 
site, completely precluding the possibility of the spread of 
radioactivity and its negative impact on the environment and 
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population, part of the boreholes at “Balapan” site was elim-
inated, activities conducted to restrict physical access to the 
site for RWA. The complex of the works led to a significant 
risk reduction at STS.

To date, the STS territory has thoroughly been studied. 
There were revealed all significant areas of radioactive con-
tamination, major pathways and mechanisms for current and 
potential spread of radioactive substances. One of the most 
important results was the realization that some parts of STS 
is “clean” (uncontaminated) and can be used in the national 
economy. Existing STS boundaries are clearly redundant and 
unwarranted in terms of radiation safety.

Alongside with that, given the vast scope of STS and va-
riety of the tests, the available information is not exhaus-
tive, but allows us to offer a science-based work plan, whose 
main aim should be a phased withdrawal of STS territories 
from reserve land and release it for the national economic 
turnover.

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

During 2008-2009, large-scale studies were carried out in 
“northern” territories of STS which is 3000 km2 (about 16% 
of the Test site). Soil, vegetation covers, air basin and water 
environment of flora and fauna were studied, and prediction 
calculations of changes in the radiation situation were made. 
The findings and conclusions are based on experimental de-
termination of some 25,000 parameters characterizing the 
radiation environment. In order to obtain the most reliable 
data in the most contaminated sites (sites “Degelen” and 
“Experimental Field”) there were conducted field experi-
ments, based on specially organized experimental “farm”. 
The main resume is the conclusion about the possibility of 
unrestricted use of 2997 km2 “northern” territories, and 3 
km2  should remain in the reserve land. 

The International Atomic Energy Agency (IAEA) was re-
quested for peer evaluation of the results obtained. To date, 
a final expert opinion was obtained, which confirms the find-
ings of NNC RK. The report, in particular, says “... Based on 
the work undertaken by the National Nuclear Center of Ka-

zakhstan (NNC), and submitted report “Semipalatinsk test 
site: Radioecological situation of the “Northern” Lands”, the 
following conclusions can be made: NNC RK has completed a 
comprehensive assessment of the distribution of radioactiv-
ity in the northern territories. Sampling procedures and ana-
lytical methods used in the determination of radionuclides 
in environmental samples, are consistent with stated objec-
tives of the assessment. The level of contamination in the 
“northern territories” in general, is low and consistent levels 
of global fallout....”

In 2009-2010 similar studies were carried out in the 
“western” territories of STS within the Karaganda Region in 
an area of 560 km2. A conclusion was made about the fea-
sibility of unlimited use of all the investigated territory. The 
prepared materials of the research in this area are directed to 
be examined to the appropriate authorities in the first quar-
ter of 2011. In accordance with the strategic plan in 2010 
investigations began in the area of 850 km2.

In order to meet the wishes of Sarzhal village population, 
it was decided in 2010-2011 to choose the territory of south-
eastern part of the STS as a priority area for integrated envi-
ronmental research, near the village of Sarzhal covering the 
territories of pasture, indicated in a letter of residents. The 
surveys in the above areas will be completed in 2011.

It should be noted that the researches on conditionally 
“clean” lands of STS to release it for economic use require 
large-scale field and a variety of analytical and research 
works. For the preparation of qualitative conclusions it is 
required to determine about 8,000-10,000 parameters per 
1000 km2.

 
Thus, the works show that within ten years, much of the 

former STS can be released for the national economic turn-
over, the rest should be under strict radiological control.
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Radiological state of pine forests

Distribution of 137Cs specific activity in the soil covers in the pine forests

Band coniferous forests are located at the right bank of 
Irtysh River in two oblasts of Kazakhstan – East Kazakhstan 
and Pavlodar. This is a unique and the only forest of this type. 
Something similar to this natural treasure with climate-regu-
lating, sanitary, soil-protective, water-preserving functions 
can be found in Canada only. Total area of the band forest 
comprises 870500 hectares. The forest is mainly presented 
by pines (Pinus silvestris). These forests are of relict nature 
and are of great environmental, social and economic value.

The band forests located in north-
ern, north-western and western parts of 
SNTS were subjected several times to 
radioactive impacts from atmospheric 
nuclear tests performed at SNTS. The 
trajectories of the clouds from the nu-
clear testing of 12 ground and 28 air 

explosions went through this territory. The first nuclear test 
(29.08.1949) made a major contribution to the radioactive 
contamination of the band forests. The radioactivity contam-
inated Novopokrovskiy and Beskaragai districts of Semipal-
atinsk region and several districts of the Altai Region. The 
second test, which resulted in the contamination of band 
forests, was held on August 7, 1962, when instead of of 
planned atmospheric explosion, there was achieved surface 
explosion with comparatively high radioactive contamina-
tion of the lands towards. On the pathways of radioactive 
traces, caused by these tests, higher content of long-lived 
radionuclides are currently registered in the soils of the terri-
tory of the band forests. 

Within the State program “Forest preservation and ex-
pansion of forest in the Republic of Kazakhstan” there was 

performed in 2006 a radiological surveying of the lands in 
pine forest of near-Irtysh region. There were studied soil and 
vegetation as well as woods of the band coniferous forests. 

Exceeding concentrations of radionuclides in the envi-
ronment has been revealed on the lands limited by: from 
the North – Kurchatov – Malaya Vladimirovka, and from 
the South – Shagan – Djelandy. Specific activity of radionu-
clides in soil lies within the limits: 137Cs <1 - 3,8*102, 90Sr 
<1 - 1,2*102. 

The majority of newly introduced radionuclides remain 
in the top 10 cm of the soil (about 80-90 %). At the same 
time, major accumulation of the radionuclides has been reg-
istered in the forest bedding. Contents of radionuclides in 
grassy vegetation and wood remain for one – two orders of 
magnitude below the regulatory acceptable levels.

Formation of internal radiation dose
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Higher values of radionuclides 137Cs, 90Sr in the surveyed 
area were recorded, mainly within the wakes of the radioac-
tive fallout of the first nuclear test. Areas with a high content 
of radionuclides in the soil are elongated along the traces of 
radioactive fallout. Width of those areas may be several kilo-
metres. At the widest sector of the trace from the first nucle-
ar test, the width of the area exceeds 10 km. The pattern of 
distribution of radionuclides along the 
traces of radioactive fallout is uneven. 
I.e., the trace consists of many separate 
sectors with a high content of radionu-
clides that are located within its bound-
aries.

The content of radionuclides in the 
environment outside of traces of radioactive fallout is at the 
level of background values.

According to the results of studies conducted there were 
measured the expected annual effective doses for forestry 
personnel and the public. The calculations were performed 
for areas with different levels of radionuclides content, in-
cluding for the most contaminated area, within the wake of 
the radioactive fallout from the first nuclear test at the STS. 
When calculating the doses there was taken into account all 
possible exposure pathways. It was determined that the max-
imum total expected annual effective dose for the forestry 
personnel, calculated based on the currently available data 
on the content of radionuclides in the environment, could 
reach 0,32 mSv/year, which is below the allowable limit for 
doses to the public that is 1 mSv/year, according to NRB 99. 

Distribution of radionuclides specific activity in the soil cover along

 the profile located across the axis of the radioactive fallout trace 

of surface testing on August 29, 1949 (the arrows indicated

 the date  of the nuclear tests)

Scheme of passage of the radioactive fallout trace from surface testing on August 29, 1949 (for the isoline the dose is given up to complete decay of 

radioactive substances, Roentgen)



Temperature conditions at STS

Arrangement of observation areas in 2001

Over the years, in the territory of Ka-
zakhstan there have been types of stud-

ies using remote sensing. One of the results was the identi-
fication of the regional temperature anomalies, within which 
the temperature is over 100C higher than the general ambi-
ent background, over the Semipalatinsk Test Site (STS).

In order to check the assumptions emerged the members 
of the National Nuclear Center RK in cooperation with Rus-
sian scientists conducted the study aimed at investigating 
the thermal anomalies detected by direct measurement of 
the temperature on the ground and in the air.

Measurements of ground temperature were conducted at 
five sites, chosen based on satellite imagery data, maximally 
similar to landscape structure and composition of the soil. 
The temperature values were recorded in specially prepared 

holes employing a temperature probe. In addition, the work 
was carried out to study the temperature below the earth’s 
surface and in the air. To study the temperature of rocks there 
were used measuring stations installed in boreholes for a 
period of one year. At the station locations we measured the 
air temperature above the ground and at different altitudes.

According to the results of data processing within the 
“Balapan” site, rock slabs with different temperature re-
gimes were identified. Studies showed that the average 
temperature at the base of a “neutral” layer (approximately 
20 m) at STS territory is 6-70C. Pertaining to this background 
rate the temperature measurements in all observation wells 
at “Balapan” site record the heating of rocks: in “cold” wells 
the temperature at 20 meters is averaging 8,50C, in “hot” - 
about 9,70C. The temperature rise relative to the background 
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Contours of temperature anomalies according to remote sensing data

Measuring air temperature at different altitudes

of rocks in the upper section can be explained by the transfer 
of heat by the hot gases from sources of underground gasifi-
cation, and in the lower - conductive heat transfer from the 
same sources. Thus, in the focal zones of UNEs at “Balapan” 
site currently the anomalous temperature regime remains 
unchanged. The reason may be the two processes. First, 
the UNEs hot spot could not yet cool down, secondly, the 
high temperature can be kept by underground gasification 
of rocks.

Analysis of the results on measurement above the ground 
and in the wells showed that temperature changes are minor 
and are related to seasonal fluctuations in temperature. At 
the same time outside the boundaries of the anomalies there 
were registered higher average temperatures. Thus, the full 
range of the results suggests that on the surface and in the 
air up to 50 m high, there is no regional thermal anomaly in 
STS territory.

It is worth noting that the mountain rocks surrounding 
the cavities of underground nuclear explosions (UNEs), for 
many years have had a high internal temperature, slowly de-
creasing over time. Studies of the temperature made for an 
explosion “Rulison” (USA), showed that for 6 years the tem-
perature in the sprung cavity has de-
clined only to 2900C. During the UNEs at 
STS to study the intensity and forms of 
thermal anomalies on the surface there 
were used both ground-based measure-
ments and methods of thermal survey 
from the aircraft. Observations showed 
that for the majority of UNEs on the surface in the epicentral 
areas there are arched thermal structures, individual heat 
spots or many heat spots of random configuration.

Thus, at the STS there can be detected local thermal 
anomalies associated with the objects of the nuclear tests, 
but they have limited distribution, space-bound to cavities 
of UNEs.



Showings of gas at STS

A crater  formed  at  “Glubokaya”  borehole   

Layout of gassy “warfare” boreholes on geological map of “Balapan” site

In addition to artificial hazards of radiation exposure, the 
STS has a number of other dangers. First of all, it is “Bala-
pan” site.

According to the military and civilian professionals who 
worked in Kurchatov during underground nuclear explosions 
(UNEs) the boreholes often rapidly released gases. There 
have been several cases of spontaneous combustion of gas-
es and their long and stable combustion. The most powerful 

catastrophic manifestation of gas-release in the territory oc-
curred in April 1992 at “Balapan” site in the mouth area of 
“Glubokaya” warfare borehole (UNE performed in 1977).

In April 1992, there was a sudden a crater-shaped sub-
sidence (collapse) of the surface near the mouth of this war-
fare borehole. The surface subsidence was accompanied by 
an explosion and fire. The resulting crater has a diameter of 
200 m and a depth of 20 m.
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“Sary-Uzen” site. Composition and concentrations of gases

“Balapan” site. Composition and concentrations of gasesObservation results at “warfare” borehole 1010

At present the situation in all the boreholes is controlled 
by units of NNC RK. At all critical boreholes gas and temper-
ature monitoring is carried out. For observations at 7 bore-
holes there were drilled special observation wells. To carry 
out day-night temperature measurements the “warfare” 
borehole 1010 equipped with monitoring station.

In the territory of STS the processes of gas-release take 
place at sites “Balapan” and “Sary-Uzen”.

The composition of gases being evolved is similar to the 
composition of gaseous products of thermal degradation of 
coal-bearing rocks without access to air, as evidenced by 
high concentrations of methane, carbon monoxide, sulphu-
rous anhydride, hydrogen sulfide.

The data obtained so far are not enough to answer the 
question about the dynamics of the process. But given the 
fact that the gasification process of rocks surrounding the 
central zone of UNEs, has lasted for more than 50 years, it is 
legitimate to say that it will be happening in the near future 
as well. One of the major consequences of underground gas-
ification of mountain rocks is the formation and growth of 

un-collapsed sprung cavities. It should be understood that 
the collapse of sprung cavities can occur at any time and be 
accompanied by sinking of the earth’s surface, releasing the 
gas, explosion and burning. Such a phenomenon is the main 
danger to enterprises engaged in development of mineral 
deposits at site “Balapan”. Collapse of sprung cavities can 
be triggered by seismic vibrations from operation of mining 
equipment or blasting operations.

It needs to be noted that there are currently no catastroph-
ic events associated with the occurrence of fires on the rocks 
on the surface in the vicinity of “warfare” boreholes. Release 
of gases to the surface occurs at local sectors in the area of 
“warfare” boreholes with a radius of 
100 m. NNC RK have provided schemes 
for safe movement, which takes into ac-
count both the radiative and risk factors 
associated with the underground gasifi-
cation of rocks, to all the business enti-
ties in the area of “Balapan” site.
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Uranium contetnt in waters of Shagan River

Contents of some heavy metals in 

the watercourse of tunnel # 504

Traditionally, the Semipalatinsk test site is thought to be 
only a source of radiation hazard, explaining of all revealed 
phenomena by the effect of radiation, which is not quite true. 
The possible influence of other factors have insufficiently 
been studied and understood, such as “heavy” metals, the 
existence of which is evidenced by both experimental data 
and the availability of deposits of mineral resources at the 
test site.

By effects on the biota the heavy metals (HMs) have a 
special place because are characterized by high toxicity, and 
some of them by carcinogenic properties. In addition, the 
consequences of their effects are changes at the cellular lev-
el of living organisms and gene mutations that are similar to 
those of consequences when exposed to ionizing radiation.

One notable example is “Degelen” testing ground. So in 
the watercourse of the tunnel #504 the content of such ele-

Heavy metals



Schematic map of the distribution of molybdenum in soils in areas adjacent to “Degelen” site

Schematic map of the distribution of uranium in the sediment of the watercourse at tunnel #504

ments as Al, Li, Be, Sc, Mn, Zn, Y, Mo, Cd, Cs, U and elements 
of the subgroup of lanthanum: Ce, Pr, Nd, Sm, Ho, Eu, Dy are 
at levels that are many times of orders of magnitude higher 
than their average content in natural waters typical for this 
climatic zone. The content of molybdenum, beryllium, arse-
nic, cadmium in soil on adjoining sites to the site Degelen is 
higher than the average for soils (Clark) 10 times.

A typical feature of many water consumption objects lo-
cated at STS is the elevated concentrations of beryllium in 
the waters, reaching 0.003 mg/l, which exceeds almost an 
order of magnitude the established norms of the maximal 
permissible concentration (MPC). Waters of Shagan River are 
characterized by higher contents of elements such as man-
ganese, vanadium, barium, nickel and uranium.

A prevalence of uranium in the environmental objects of 
STS deserves special attention. Significant concentrations of 
uranium have been found in waters of virtually all the tunnels 
with constant water seepage. In water of the watercourse at 
tunnel #165 on conversion to specific activity the concentra-
tion of uranium exceeds the interference level by an order of 
magnitude in accordance with NRB-99. It should be noted 
that the content of uranium isotope 235U is equal to 0.72%, 
which corresponds to the natural isotopic composition of 
uranium. Wherefrom it follows that the concentration of ura-
nium in water of “Degelen” site is not associated with the 
tests carried out and is a natural singularity of the object.
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Restrictions on commercial activity at STS in order to ensure radiation safety

Locations of commercial activities at STS

Special signs set around the perimeter of the test site 

and main testing grounds

Activities at territory of STS are regulated by several spe-
cial regulatory documents such as the Law of RK “On atomic 
energy utilization”, the Law of RK “On radiation safety of 
population”, regulations “On licensing of activities related to 
atomic energy utilization” (set in power by the Governmen-
tal Decree #100 from 12.02.1998) and “On procedures for 
withdrawal, protection and utilization of contaminated and 
disturbed lands” (set in power by the Governmental Decree 
#976 from 16.06.1997). According to these documents, any 
activity in the territory of STS is to be licensed as one related 
to utilization of atomic energy. STS lands can be released to 
commercial use only upon completion of all measures aimed 
at elimination of consequences from nuclear weapon test-
ing and upon comprehensive ecological investigation sup-
ported by positive expert conclusion issued by the State En-
vironmental Expertise.

Currently, the boundaries of the test site and its main 
testing grounds have been outlined and marked on-site with 
special warning signs of radioactive contamination.

In spite of that, in this territory some commercial activi-
ties are authorized (such as prospecting and mining of miner-
als, geological surveys), but some activites are unauthorized 
i.e. without getting required permissions (cattle pasturing, 
hay provisioning,dismantling and removal of metal construc-
tions). Today no single farm operating there currently has a 
license from AEC RK. Moreover, while most of the farms in 
Eastern Kazakhstan Region have got land allotments (al-
though in violation of legislation as land acquisition are lo-
cated on reserve lands), there are still more than a dozen of 
wintering sites located within STS contour in Pavlodar and 
Karaganda Regions have got no such allotments.

Currently at STS, there are 49 active wintering sites where 
grazing and hay-making are taking place. Also 7 industrial 
organizations are operating in STS territory (LLP “Degelen Se-
mey Tau”, LLP “FML Kazakhstan”, LLP “Ulba-FtorKompleks”, 

LLP “Karazhyra LTD”, LLP “Temirtau elec-
tro- metallurgical combine “), pursuant 
to licenses issued by AEC RK. At some of 
those companies radiological monitor-
ing is carried out by IRSE NNC RK. Thus, 
at Karazhyra coal mine, radioecological 

studies have been conducted since 2001, and territory of 
“Karadzhal” fluorite deposits - since 2005.

Despite the fact that Karazhyra coal mine is located at the 
former “Balapan” site near the boreholes where underground 
nuclear tests were carried out, and “Karadzhal” deposit is 
located in the immediate vicinity of the former “Degelen” 
site, for the entire period of monitoring no radiation dose to 
personnel has been detected that would exceed the permis-
sible levels. Values of the measured radiation parameters, 
content of radionuclides in the soil, air, deposit outcomes 
are not dangerous.

By radionuclide composition the extracted coal can be 
used as energy resources, ash residue can be used as build-

ing materials without restriction (NRB-99, p. 5.3). Upon that 
the concentration of natural radionuclides in the coal ex-
tracted by Karazhyra field corresponds to values of average 
activity for coal.

Subject to the recommendations on radiation safety dur-
ing the works at Karazhyra and Karadzhal deposits the ex-
pected average annual effective dose to personnel will not 
exceed acceptable levels, regulated by NRB-99.



Exploration and mining of minerals

Currently, at SNTS the following minerals are mined: gold, manga-

nese, fluorite, coal, copper, molybdenum.

Karazhyra coal field

Karazhyra coal field is located near to Balapan testing ground in the 

South-Eastern part of SNTS. Total area of the field comprises 2574.7 

hectares with confirmed coal deposit of 1.2 bln tons. 3 mln tons of 

coal are produced there each year. The field is developed by open 

mining with partial drilling and blasting operations used for hoeing.

Karadzhal Fluorite ore field

Karadjal fluorite ore field is located at Degelen mountain massif. The 

field is the only one available in Kazakhstan – so, previously demand 

for this mineral was covered by import. The ore is processed in 

Kurchatov city at specially constructed for this purpose concentrat-

ing mill commissioned in 2007.

Shorskoye Copper and molybdenum field

Shorskoye copper and molybdenum ore field is located next to the 

Balapan testing ground at former Semipalatinsk Nuclear Test Site. 

It’s area covers 550 hectares. The field is developed by open method 

with drilling and blasting operations used for hoeing.

Since 1930th, the lands allocated later for Semipalatinsk 
Nuclear Test Site were considered as promising in terms of 
their mineral resources. There were revealed available tung-
sten, beryllium, iron, and fluorite. When nuclear testing be-
gan there, any geological prospecting for commercial mining 
stopped. Upon closure of SNTS, its huge lands considered 
till 1991 as a military site, again attracted attention as a re-
serve of mineral resources. According to modern geological 
prospecting, there are areas and fields promising for gold, 
copper-porphyry (copper, molybdenum, gold), rear earth 
(tungsten, molybdenum) ore deposits and for fossil coal. In 
the future, poorly studied territory of SNTS, if supported by 
investments, may become in Kazakhstan the most important 
ground for mining. Geological explorations were commenced 
in 2010 on the deposits: “Beschoku”, “Yubileynoye” and 
“Baitemir.”

Currently, mineral recourses are being developed and 
mined at the former STS on the deposits “Karazhyra” (coal), 
“Karadzhal” (fluorite), “Shorskoye” (copper and molybde-
num concentrate), “Pridorozhnoye” and “Kovylnoe” (sand 
-gravel mixture), “Naymanzhal” and “Koskuduk”(gold), 
“Esymzhal (manganese ore).
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Agricultural production

Farm livestock at SNTS

Sheep breeding at the Shagan River, Balapan testing ground

Dynamics of relative 137Cs concentration in tissues and organs of sheep, 

% of daily intake of the radionuclide with food

It is well known that unauthorized commercial activity is 
currently in progress at the Site territory where many areas 
contaminated with radiation are present.  Such activities 
include, for instance, uncontrolled pasturing and agricul-
tural production. Total about 80 operating winterings were 
revealed within SNTS perimeter mainly involved in sheep, 
horse and cattle breeding as well as fodder production. 
There are over 30,000 heads of sheep, 4,000 - cattle and 
3,000 horses at the Site. 

Radiological quality assessment for agricultural products 
performed at wintering sites located in close vicinity of “4a” 
site contaminated with radiation where radiological warfare 
agents were tested, showed that intake of 137Cs and 90Sr with 
food in the farm livestock does not result in exceeding of the 
permissible levels in the main types of products (beef, mut-
ton, cow’s milk) and does not impose hazard to people. 

Research of intake and distribution of radionuclides in 
the bodies of farm animals, conducted at STS, shows that 
under uniform average-daily intake of radionuclides into ani-
mals an equilibrium state is reached rapidly and the specific 
activity of radionuclides in the soft tissues and organs cease 
to increase. Maximal concentration of 137Cs is observed 
in soft tissues and organs of experimental animals. 90Sr in 
muscle, liver, kidneys, lungs and heart does not accumulate, 
even when feeding animals with vegetation with a specific 
activity of 90Sr, reaching an average of 9.5*104 Bq/kg and at 
its general intake , exceeding tens of millions of becquerels, 

while the content of this radionuclide in bone tissue contin-
ues to grow.

Accumulation of 239+240Pu in soft tissues and organs is not 
observed, only in the liver there is an increase in transfer 
coefficients of radionuclides with the increase in timing of 
feeding with radioactive food.

3H in all organs and tissues rapidly reaches equilibrium 
and is distributed according to the water content in organs 
and tissues, that is in the milk of animal constantly grazed in 
an area contaminated with radionuclide 3H, the concentra-
tion of the latter is close to the concentration at the source 
(water, plants).

Studies of tritium content in mare’s milk produced on the 
wintering sites, located on the “south-east” part of the STS 
showed that at horse grazing in the area no tritium was re-
corded in koumiss. Studies also showed that no tritium was 
found in koumiss produced in the shop located in Sarzhal 
village.

Monitoring of 3H in livestock products in six farms located 
on the banks of Shagan River where at a distance of 4.7 km 
from the “Atomic Lake” the concentration of tritium in water 
is up to 1.6*105 Bq/kg, showed that the tritium content in 
all milk samples does not exceed the IL which is 7700 Bq/kg 
(NRB-99), and ranges from 12 Bq/kg (wintering Toraigyr) to 
5500 Bq/kg (wintering Yubileynaya). Nevertheless, the dis-
covery of elevated concentrations of tritium in milk samples 
from wintering sites located in the vicinity of Shagan River 
section polluted with tritium, requires a more thorough in-
vestigation of this matter.

Studies have shown the need to restrict access to radio-
actively contaminated areas of “Experimental field” site, 
“RWA”, “Balapan”, “Sary-Uzen”, “Degelen” “Atomic Lake” 
objects, “Telkem-1” and “Telkem-2” and the need for sci-
ence-based control system of agricultural products produced 
at STS.

Assessment of the radiation characteristics of products 
produced in the “northern” and “western” parts of the STS 
territory, located outside the testing grounds, showed that 
in agricultural products such as vegetable and animal ori-
gin, the concentration of radionuclides does not exceed the 
established norms, although that the calculations used the 
most conservative values of the parameters applied.
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CONCLUSION

Kadyrzhanov К.К., Director General, 

National Nuclear Center of the Republic of Kazakhstan

Lukashenko S.N., 

Deputy Director General NNC RK for Radio-Ecology & Director 

of the Institute for Radiation Safety and Ecology NNC RK

Since the Test Site has been stopped and up until now, 
National Nuclear Center of the Republic of Kazakhstan (NNC 
RK) in cooperation with other specialist from Kazakhstan and 
international scientific community have accumulated large 
scope of information about current radiological situation at 
SNTS and adjacent territories. There were revealed all im-
portant spots of radioactive contamination, identified main 
pathways and mechanisms for present and potential prolif-
eration of radioactive substances. Obtained data assure us 
that present-day SNTS provides no negative impact on popu-
lation living in territories adjacent to the site excluding peo-
ple in the water basin of the river Shagan. Compliance with 
regulatory requirements and special rules for SNTS territory 
ensures radiation safety at commercial activities on the Site. 
At the same time, the radiological situation does not remain 
stable; there were revealed the processes of radionuclide 
migration what requires regular monitoring of radiological 
situation at SNTS.

Taking into account the scale of the Site and the variety of 
tests performed there, the information available about SNTS 
can not be completely exhaustive but enables us to propose 
a scientifically grounded plan for further research and prac-
tical measures aimed at remediation and reclamation of 
lands. Implementation of such measures should return up to 
80 % of the lands to commercial use.

SNTS is one of the world largest nuclear test sites with de-
cisive contribution to creation and development of nuclear 
weapon. To considerable extent, these were works at SNTS 
which established nuclear parity between the superpowers 
– one of the crucial factors in the history of human civiliza-
tion in the XX century. Also, taking into account the interest 
to SNTS paid by international organizations, it is reasonable 
to initiate a procedure and recognize SNTS as a landmark in-
cluding it in the UNESCO List of Cultural and Nature Heritage. 
UNESCO status would foster re-evaluation of the approaches 
and attitude towards the Site and, quite possibly, to lower-
ing the radio-phobia in Kazakhstan and increasing national 
pride.

Territory of the test site remains a unique area in terms 
of opportunities it provides for various researches in radio-
ecology, geochemistry of radioactive elements, radio-biolo-
gy, and other fields. So, it should be quite promising to es-
tablish at SNTS an International Natural-Sciences Laboratory 
for Radio-Ecology. The first step towards this might be cre-
ation of IAEA Radiation Ecology Collaboration Center under 
the Institute for Radiation Safety and Ecology NNC RK.

Certain areas at SNTS can not be used now and in the ob-
servable future for conventional commercial activities. At the 
same time these lands can profitably be used for bringing 
there enterprises of nuclear power cycle. Particular need in 
Kazakhstan exists for disposal of radioactive waste accumu-
lated in Kazakhstan. It is therefore reasonable to establish 
at SNTS a facility for processing and long-term storage (dis-
posal) of radioactive waste.

Thus, now the former test site has so many unique quali-
ties that their proper development and utilization would 
inevitably result both in new achievements in advanced 
science and in noticeable commercial outcomes for the na-
tional economy.

«FROM NATIONAL TRAGEDY TO NATIONAL PRIDE»
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