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In July 1994, the IAEA led a team of international experts (two each from France, the Russian Federation,
the United Kingdom and the USA, and one from Kazakhstan) to investigate the current radiological
situation within and in the vicinity of the former USSR nuclear test site called Semipalatinsk, which lies 120
km west of the large city of the same name. The visit followed a mission earned out some six months earlier,
under the IAEA/UNDP Initiative for Strengthening Nuclear Radiation Safety Insfrastructures in Countries
of the Former Soviet Union. Both were part of a project, launched at the request of the Government of
Kazakhstan, to make a preliminary assessment of the radiological situation in terms of its potential effects
on the health of people living in the area today, rather than to reconstruct doses and health effects of the
nuclear experiments to people in the past.

The test site, shaped like an irregular polygon and familiarly called the polygon, is a 19 000 km2 zone in
the northeast of the newly independent Republic of Kazakhstan, 800 km north of the Kazakh capital
Alma-Ata. The zone lies southwest of the Irtysh River which flows into Kazakhstan from China and which
for a short stretch, where it veers sharply northwards on its way to join the Ob River in Siberia, forms part
of the polygon boundary. The USSR conducted 465 nuclear tests at three locations called 'technical areas'
within the polygon over a period of 40 years (1949-1989) for military and peaceful purposes.

The earliest tests were above ground (atmospheric and surface) and were carried out in the northern
technical area, otherwise called Ground Zero. There were 118 of these explosions in 1949-1962. Of
particular concern were the 30 explosions carried out on the surface, especially five which were
unsuccessful and resulted in the dispersion rather than the fissioning of the plutonium in the devices. The
other 346 test explosions were underground, in the widely separate technical areas in the south (223 between
1961 and 1989) and east (123 from 1968 to 1989). In addition, an explosion designed to build a dam across
the small Tchagan River, close to the eastern technical area, was miscalculated and resulted in a lake, about
0.5 km in diameter and about 100 m deep with above ground cliffs up to 100 m high called Lake Balapan
(Fig. 1).

r'"'

Fig. 1: Lake Balapan, Kazakhstan.
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The only habitations within the polygon during the 40 years were the custom built town of Kurchatov (code
named Semipalatinsk-21) north of Ground Zero, dedicated to servicing the test site, and the small settlement
of Akzhar on its northern edge. Neither was radiologically affected by the tests. Recently, semi-nomadic
farmers and herders have formed small scattered 'settlements' near two test areas, notably a farm about 12
km south of Ground Zero and another some 10 km east of Lake Balapan. There are some 15 and about 100
people using the two areas respectively, but as yet not throughout the year. The principal settlements of
concern to the Government and the project are outside but close to the test site boundary, along its southern
and eastern borders. They lie in the path of the radioactive plumes caused by the above ground explosions.
Russian records show that the plumes travelled south from the northern technical areas, beyond the
southern border, then veered sharply east and again sharply north before dispersing beyond the Irtysh.

The project estimated that 30 000 to 40 000 people now live along the plume path, though only some of the
settlements were visited to assess the current hazards from living in the area. The assessments were made
by measuring external dose rates, making measurements of radionuclide concentrations in many materials
and assessing the usage that people make of the environment. From data of this type the doses to people
can be assessed and the corresponding risk estimated. The precise objectives were to corroborate the levels
of environmental contamination arrived at by recent Russian and Kazakh studies and to make a preliminary
radiological assessment of the situation in the settlements and in the area.

The corroboration of environmental contamination levels obtained by independent equipment and
measurements of the team was generally good, the best being with recent Russian and Kazakh data using
gamma dose rate measurements. Acceptable corroboration was observed for gamma emitting radionuclides
in food and environmental samples. The preliminary results on plutonium levels in soil samples from
contaminated sites in the polygon showed values comparable with the data reported by Russian scientists.

The major sites selected for field work by the team were the settlements around the polygon of Kainar
(population of about 10 000) in the south, Sharzhal (2000) and Karaul (5000) in the east, and Dolon (2000)
just north of the Irtysh. Akzhar, within the polygon just south of the river, was used as a reference site.
Inside the polygon the efforts were concentrated in the Lake Balapan area including the semipermanent farm
around Ground Zero, and a selection of sampling sites along the plume paths of atmospheric and above
ground explosions.

Nuclide

Sr-90

Cs-137

Pu-238

Pu-239

Pu-240

Am-241

Soil activity concentration (Bq/kg)

Settlement

40

40

0.5

1.0

1.0

0.2

Lake
Balapun

25 000

35 000

6 000

14 000

14 000

2 300

Ground
Zero

20 000

30 000

5 000

10 000

10 000

2 000

Sr-90 in milk from the settlements: < 0.5 Bq/1
Sr-90 in drinking water: < 0.2 Bq/1
Sr-90 in Lake Balapan water: 10 Bq/1
Cs-137 in meat: < 1 Bq/kg

Table 1: Contamination Levels Assumed in Dose Assessment.
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The operations carried out in the field included: gamma dose rate measurements; in situ gamma
spectrometry; and the collection of samples of grass, meat, milk, offal, vegetables and soil, as well as
biological indicators such as animal bones, mushrooms and moss.

The levels of contamination in the soil at the locations specified are shown in Table 1. The contamination
by '"Sr in milk, drinking water and the lake water was also measured, together with results for 137Cs in
meat. The external gamma dose rates in settlements and in the polygon, excluding the Lake Balapan and
Ground Zero areas, were around 0.1 uGy per hour, against rates of up to 40 uGy per hour around Lake
Balapan and Ground Zero. The dose assessment included consideration of all relevant pathways, of which
the most important were external gamma exposure from material on or in the ground, inhalation of material
resuspended from the ground and consumption of contaminated foods.

These pathways were taken into account in assessing the doses to people in the identified settlements and
the other areas. For the assessment of current doses it was assumed that people lived all year round in the
settlements, that those in the vicinity of Lake Balapan spent one hour per day close to the lake and that those
in the vicinity of Ground Zero spent one hour per day at the location. It was also assumed that meat, offal
and milk are consumed from animals that take 10% of their total feed from the lake area or Ground Zero
area. The results of this assessment of annual doses are shown in Table 2.

The preliminary conclusions are:

No more detailed assessment of the radiological situation is required, because the doses today to local
populations in the settlements are very low;

Access to land with high dose rates within the polygon, namely Lake Balapan and Ground Zero,
should be restricted in order to prevent reoccupation;

Further specific and systematic studies are needed on the plutonium levels in the soil around Lake
Balapan and Ground Zero, and on the levels of radionuclides in drinking water sources of the
settlements outside the polygon.

Exposure
pathway

External
gamma

Inhalation

Ingestion

Total dose

Estimated annual adult dose (mSv)

Settlement

0.009

0.001

0.043

0.053

Lake Italapan

10.95

0.79

2.19

13.9

Ground Zero

10.95

0.59

1.84

13.4

Table 2: Estimated Annual Doses to Local Population.

The second of these studies is recommended because, though the expert team was told that the explosion
which created Lake Balapan was set off on hard rock, which would make it unlikely that radioactive
nuclides would leach into the ground-water sources of the settlements, this drinking water issue is not yet
solved. Similarly, the measurements and data gathered in the project were inadequate to establish the risks
of plutonium from the five failed above ground tests being resuspended and inhaled. Actinide were also
released by nuclear tests conducted below the ground, and the directions and deposition patterns of their
plume paths have not been identified. Plutonium doses to individuals today depend on their habits and
particularly on the time they spend in contaminated areas. So the levels of radiation and radioactivity
concentrations which would correspond to an intervention level of 5 mSv in a year using a 100 % occupancy
factor are of interest.
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While the project obtained a reasonable understanding of the gamma dose rate situation, only limited
information on actinide is available. An intervention level of 5 mSv a year corresponds to a dose rate of
0.5 uSv per hour, assuming 100% occupancy. Restriction to land with higher dose rates should be relatively
straightforward, and could apply to Ground Zero and Lake Balapan. An appropriate criterion for limiting
exposure to plutonium might be to restrict access to land contaminated above a few becquerels per gram.
More restrictive standards are likely to result in unnecessary expenditure and possibly cause unnecessary
anxiety among the local populations. The recommendation is that a systematic study be made of plutonium
(and other actinide) in the soil outside a I km radius of the site of the above ground tests.
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