
IAEA-SM-362/18

RADIOACTIVITY OF URANIUM CYCLE FACILITIES IN THE CZECH
REPUBLIC COMPARED TO THE NATURAL ENVIRONMENT

M. MATOLIN XA0055914
Charles University Prague, Faculty of Science, Prague
Czech Republic

1. INTRODUCTION

Natural and man-made sources of radiation contribute to absorbed doses by population. Protection
against ionizing radiation, defined by ALARA conception, is based on monitoring, knowledge and
assessment of the environmental radiation. Uranium mining and processing activities can significantly
affect the local radiation environment. Radioactivity of these anthropogenic objects in the Czech
Republic was measured and compared to the natural radiation environment.

2. MONITORING OF THE ENVIRONMENTAL RADIATION

Airborne, carborne and hand portable instruments, for the detection of gamma rays, are used for
regional and local studies of the environmental radioactivity, which can be expressed in gamma dose
rate (nGy/h). Comparison tests of various field instruments showed their mutual deviations to be up to
20 nGy/h [1] and proved their capability to easily distinguish the environmental radiation sources at
this level.

3. NATURAL RADIATION IN THE CZECH REPUBLIC

The territory of the Czech Republic (78863 km2) is formed by magmatic, sedimentary and
metamorphic rocks differing in their regional radioactivity. The range of terrestrial gamma dose rate
6-245 nGy/h in the Czech Republic, with a mean 65.6 nGy/h, indicates the regional radioactivity to be
above the global average. Variscan granitoids in the Bohemian Massif exhibit enhanced radioactivity
and are considered to be a potential source of U mineralization. Cosmic radiation, dependent on the
altitude of the terrain above sea level, corresponds to 32-38 nGy/h in the region.

4. URANIUM MINING AND THE RADIOACTIVITY OF ANTHROPOGENIC OBJECTS

Forty-five years (1945-1990) of intensive uranium exploration and exploitation in the Czech Republic
led to the discovery of thousands of radiometric anomalies, 16846 U occurrences, out of which 164 U
mineralizations underwent a detailed investigation, and 64 U deposits were mined. Exploration and
mining activities left about 1700 waste rock heaps with 350 bigger dumps, 874 exploratory and
mining shafts and adits, 16 open pits and 16 tailings impoundments [2]. Uranium mining rock
material, deposited on the earth surface, has been the subject of various radiometric measurements.
Numerous waste rock dumps of the Pribram uranium deposit area (central Bohemia) indicate the dose
rate 100-1000 nGy/h and the U concentration in the range 20-160 ppm eU. Extremely high
radioactivity 3000-4200 nGy/h and more than 1000 Bq/kg of 226Ra, was detected at extensive U
processing plant tailings impoundments at Straz (N Bohemia) and at Mydlovary (S Bohemia) prior to
their partial recultivation, after which the soil covered areas exhibit dose rate X00 nGy/h, and prevent
the environment pollution by highly radioactive tailings dust particles, showing a specific activity of
X000 Bq/kg of 226Ra. The waste rock dumps in the Jachymov area (NW Bohemia), abandoned in the
1960s, showed the surface dose rate 120-330 nGy/h and the concentration 15-50 ppm eU.
Recultivated waste rock dumps of the Rozna deposit area (central Moravia) give a dose rate 80-150
nGy/h and a concentration 6-18 ppm eU, while ongoing mining activities handle highly radioactive U
ore. Uranium mining waste rock dumps in the Zelezne hory U Zone (E Bohemia) exhibit a dose rate
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of 100-600 nGy/h and a concentration of 10-100 ppm cU, with local maximum 6000 nGy/h and 1000
ppm eU, corresponding to U ore, while numerous small exploration heaps are at the level of regional
radioactivity 50-100 nGy/h.

The waste rock heap material from U deep mining, used locally for road constructions in the fifties,
can be traced by airborne and ground radiometric measurements. In the Pribram area (central
Bohemia), sections of roads expose surface dose rate 70-1200 nGy/h, with a mean 290 nGy/h, leading
to an estimated annual effective dose to population of 0.17 mSv[3j. Enhanced radioactivity was
observed at river banks and sediments of river flows from the U mining areas. The rivers Rolava and
Ohre (NW Bohemia), transporting rock material and wastes from the former U processing plant
Nejdek in the Jachymov mining region (NW Bohemia), enriched the bank sediments to 10 ppm U.
The river Polucnice contamination resulted from the long term mining activities at Straz-Hamr U
deposits (N Bohemia) in the sixties and seventies. A Relatively narrow, 20 km long, zone along the
Polucnice river, exposes a variable dose rate of 200-600 nGy/h with local maxima 600-1000 nGy/h
caused by increased concentration of U, Ra and other elements. A profound study of contaminated
zones recommended their exclusion from agricultural use.

The quoted radiation data on the U cycle facilities can be compared to other industrial-based
geological materials and other radiation data. The accumulation of natural radionuclides, especially of
U, in coal beds and coal burning products, results in enhanced radioactivity. Coal mining heaps and
slags in the Trutnov-Hronov area (NE Bohemia) showed the dose rate 200-600 nGy/h with a
maximum 840 nGy/h, caused by the U enriched coal, containing currently 10-20 ppm U, and up to
200 ppm U or more in individual samples. The average indoor radon activity concentration of 140
Bq/m' in the Czech Republic results in an annual effective dose 2.5 mSv. An identical effective dose
would be generated by a year-long stay in an area with a 408 nGy/h dose rate. Natural sediments of
the river Luznice (S Bohemia), showing an enhanced concentration of Th rich heavy minerals
monazite and zircon, transported from adjacent crystalline rocks, exhibit a gamma dose rate of 150
nGy/h. Laboratory analyses of sediments indicated 2.6% K. 6.5 ppm U and 33 ppm Th.

5. RECULTIVATION AND IMPACT ASSESSMENT

The medium and highly radioactive anthropogenic objects of the uranium cycle in the Czech Republic-
are periodically monitored under various programmes, supported by state fundings, and gradually
recultivated. The locally enhanced external radiation of isolated facilities, generally outside urban
areas, has lower environmental impact than the possible escape of contaminated seepage water from
tailings ponds and certain heaps. The recommended annual effective dose limit of 1 mSv for
population may be considered a standard for relative assessment of radiation sources and absorbed
doses. Prioritization for the reclamation of LI cycle objects may be realized in accordance with
estimated annual effective doses, corresponding to the levels of measured radioactivity, its nature and
exposure time.
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