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Abstract.

The sources of wastes and levels radioactive contamination are onsidered in te areas of
uranium ore mining and milling. Assessments of doses to the 0pUlation are made using the
methodology of multiple sources and pathways of exposure, including calculations of
inhalation dose and doses from consumption of contaminated agricultural and natural
products, as well as external exposure from the radioactive cloud and soil. On the local (0- I 0
km) spatiaI scale, the dose from uranium mining and processing is, on average, about 07 man
Sv (GWa) . The most significant pathway of the population exposure is inhalation ofradon.
The impact of uranium ore mining and processing on natural flora and fauna is determined by

'fie characteristics of the production at uranium mning enterprises and has both radiati
speci I I I I I I i ion
and non-radiation components. he estimates of external and nternal exposures to the natural
blota in the vicinity of hydro-metallurgical works and tailing dumps are presented.

1. Introduction

The wastes originating from uranium ore mining and milling operations provide the source of
radioactive contamination of th evironment. At a uranium content of 2 in the ore, for
each ton of the extracted uraniu tere are about 500 t of wastes. Note that during last decade
the world production of uranium was 30-50 thousand tons per year, and it was accompanied
by the formation of about 20 mllion tons per year of wastes. These wastes are retained in the
so-called tailing dumps and provide a long-term source of ionizing rdiation.

Releases of radioactive materials. in uranium mining operations, unlike the other stages ofthe
nuclear fuel cycle, occur from spatially distributed sources rather than at local points of
radionuclide releases. This makes monitoring and quantitative stimation of releases of
radionuclides to the environmen mre difficult. Among the other features of uranium ming
are prolonged releases of radon. Te subject of this paper is the asessments of exposure to
human population and natural bota in the areas of uranium mining and milling

2. Sources of wastes and environmental contamination

Solid wastes from uranium mining nd milling operations are formed in depleted ore durnps
and in tailings from radiation grading and separation of uranium ore. Solid radioactive wastes

'de a long-term source of radioactive contamination of the environment due to dusting,
water leaching and releases of radon. Table I presents some parameters of the radiation
impact of solid wastes [1]. In the aeas of waste ore dumps, the dose rate from exposure to

gamma radiation can be as great as 120-250 pR/h, which is an order of magnitude higher than
the natural background. To reduce te impact of solid radioactive wstes on the environment,
the reclamation of disturbed lands is performed.
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Table 1. Some parameters of the radiation impact of solid wastes from uranium mining
enterprises

Parameter Depleted ore Radiometnc separation Low-grade ore dump
dump tailing dump

Uranium content, % (1-6)xlO--' 0.01-0.02 0.01-0.03
Activity of alpha- (I 4)x 103 (3- 1 O)x 103 (3-13)x 103

emitters, B/ g
Gamma-radiation dose 20-120 40-250 50-200
rate. R�h
Content of 222 Rn. 37-220 300-550 300-1700

Bq k-

Tailing dumps. where about 70 of te initial activity of uranium ore is retained, are
ible for the major por-tion of solid radioactive wastes from hydrometallurgical works.

The specific alpha activity of the tailings is about 10 kBq/kg. The dose rate along the
perimeter of the dike of a hydraulic fill tailing dump is 100-150 tR/h, whereas in the central

part of the tailing dump it amounts to 1000-1500 pR/h 2]. The solid phase of the contents of
slime pits after evaporation and infiltration of their liquid phase can be considered as wastes.
Silica and aluminum oxides account for 80-90 of the solid non-radioactive substances
entering the tailing dumps, whereas calcium carbonates and sulfates, ferric oxides and salts of
K, Mg., Na, V and Mo account for a few percent, and Ni, Be, Se and F are present in smaller
quantities. Increased concentrations of beryllium, selenium, fluorine, vanadium and
molybdenum are toxic to plants and animals.

Liquid wastes from uranium mining and milling operations are formed by mine and waste
waters., as well as by infiltration waters of underground leaching. The specific activity of
226 Ra in mine waters can be as great as 10-50 kBq /M3 [I .

Aqueous media of milling, reduction, leaching and other operations provide a source of liquid
wastes. The chemical composition of the liquid phase of ore pulp sent to tailing dumps
depends on the raw ore processing technology and varies over wide limits. The concentrations
of radionuclides in surface waters at different distances from the tailing dump are presented in
Table 2 2].

Table 2 Concentrations of radionuclides in the surface waters at different distances from the
tal 1ng dump 2]

Sampling site 238U 226 Ra 2 'Po

Sediments of the tailing storage pond 4 3.2 0.7
Discharges from the settling pond 3.5 2.3 0.8
T e roo at 4 km rom the dike 6 1.3 0.4
The lake at 7 km from the dike 3 0.4 < 03
Natural background 0.03 0.002
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Sol] contamination in the vicinity of tailing dumps is caused primarily by wind transport of
fine particles from the surface of taling dumps. Long-term dusting. around tailing dumps has
resulted in the formation of soil contamination circles 300-800 m in length. adioactive
contamination of soils is caused primarily by the isotopes of radlurn, thorlum, polonium, lead

,2 
and uranium. The presence of gamma-emitting radionuclides in soils (predominantly, Ra)
determines an increased level ofgamma radiation of soils in the vicinity of tailing dumps up
to a few hundred ltR_/h, which is two orders of magnitude hgher thin the natural background.
The observed levels of external exposure are not serious radiological hazards to most plants
because of their relatively high radloresistance, nor are they to oving animals, birds and
insects owing to a small area of localized contamination.

3. Assessment of doses

Assessments of doses to the population from uranium ore mining and milling were ade
using the methodology of multiple sources and pathways of exposure, Including calculations
of inhalation dose and doses from consumption of contaminated agricultural and natural
products, as well as external exposure from the radioactive cloud ad soil, with consideration
for 34]. As initial information, we used the assessments of radioactive releases and
discharges from typical mines, hydro-metallurgical works and tailing-dumps, as well as the
observed and calculated concentrations of radionuclides in environmental objects 25-7].
Table 3 presents generalized assessments of the expected collective dose from uranium ore
mining and milling. The dose assessments were made on the local (0-100 I
On the whole, the dose from uranium mining and milling is, on average, about 07 mai Sv
(GWa)-'. The most significant pathway of the population exposure is inhalation of' radon.
Individual doses to the population living within 2 km of the industrial site are estimated to be
0.6 mSv/year. On te whole, the contribution of the uranium isotopes to the collective dose is
relatively modest.

Table 3 The estimated collective dse from uranium ore mining an�_ milling, man Sv (GWa)_1

Scale Inhalation Ingestion External exposure Total

Local 0.7 WO -4 2xI 0-2 0.7
(0 I 00 km)

Table 4 The estimated exposures to atural bota in the areas around uranium ore mining and
milling enterprises, mGy/year

Objects of biota External exposure Internal exposure

Terrestrial organisms
Plants 2-10 0.1-0.4
Amma s (mice) 2-20 5-40
Aquatic organisms
Fish 0.1-1 0.6-1.5
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The impact of uranium ore mining and milling on natural flora and fauna is determined by
I 1 i ion

speci ic characteristics of the production at uranium mining enterprises and has both radiat'
and non-radiation components. The radiation mpact in the vicinity of mines, open pits,
hydro-metallurgical works and tailing dumps is due to the increased content of natural
radionuclides in the soil, water and surface air. The chemical impact is associated with the
toxic properties of natural uranium which is a heavy chemical element, the toxicity of
impurities contained in uranium ores and their processing products, as well as the toxicity of
chemical agents used in the uranium ore processing and dressing.

The estimates of external and nternal exposures to the organisms in the vicinity of hydro-
metallurgical orks and tailing dumps are presented in Table 4 7 The estimated external
exposures are 210 mGy/year to the terrestrial organisms, and 0.1-1 mGy/year to fish. The
estimated nternal exposures to terrestrial animals are distinctly higher and can be as high as
5-40 mGy/year to mice. A major contribution to the nternal exposure of the organisms is due
to alpha-emitters.

4. Conclusion

Sources of radioactive wastes as well as dose estimates to human population and natural biota
'dered in the areas around uranium mining and mlling enterprises. On the whole, the

levels of exposure to human and bota are relatively low, and do not represent any significant
radiation risk.
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