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Abstract

A national project was initiated to remediate the site of the Hungarian uranium mine closed in 1997.
The radiation levels on the mining and milling area were in the range between the background level
and up to 10 to 100 times the background level. The most important phases of the remediation work
investigated to assess the radiation burden of the workers and of the population living around the
area to be recultivated are: transportation of mill tailings, covering of piles of refuse ores and mill
tailings by soil, dismounting of the ore processing unit.

The environmental radiation protection levels for the remediation processes are the following: radon
flux from the surface of the restored tailings ponds 0.7 Bq.m'2s'J, radon concentration increment in
the open air 20 Bq.m3, external dose rate increment above the restored site 200 nGy.h'1.

Based on the model assessments the exposure route of external dose was identified as the main source
of the radiation dose for the workers and the population as well. The main conclusions concerning the
occupational and environmental radiation protection are: the remediation work should be considered
as a radiation practice, the use of the restored area by the population needs limited restrictions only.

1. INTRODUCTION

Following more than 35 years of operation the uranium mine located next to city Pecs in
South-Hungary was closed down at the end of 1997. The total amount of the waste rocks
disposed near the mine is approx. 1.8T07 tons on the area of 8.3-105 m2 [1]. The mill tailings
have been enclosed in two retention ponds built with a ring dike on an area of 1.5-106 m2 (Fig.
1) [1]. The ponds contain 2.1-107 tons of solid particles and 0.9-107 tons of solution [1]. The
amount of the ore heaps for alkaline leach process is about 7.0-106 tons (Fig. 2) [1]. Major
portion of waste rock piles has already been restored and comprehensive investigations have
been initiated for selection of cover layers of tailings ponds.

2. THE REMEDIATION WORKS •

2.1 Background

The planning and preparation for the close down and remediation works was started in 1991.
A remediation project has been launched in 1993 starting with a general radiological survey of
the affected areas. The radiation levels on the mining and milling area were in the range from
the background level to 10-100 times the background. It should be emphasised that the
background radiation levels of the region are also somewhat higher than the country average
(Table I).
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FIG. 1. The tailing ponds close to the former uranium mine.

FIG. 2. The milling facility and the first heaps leaching area.
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TABLE I. THE BACKGROUND RADIATION LEVELS IN THE SURROUNDINGS OF
THE MINING AND MILLING AREA AND THE COUNTRY AVERAGES [1]

QUANTITY

Indoor/Outdoor dose
rate
Indoor radon
Groundwater/Ra-226
Groundwater/
uranium
Soil/Ra-226
Soil/uranium
no data

UNIT

|iGy/h

Bq/m3

Bq/1
mg/1

Bq/kg
mg/kg

SURROUNDING
REGION
0.25/0.81

100-150
0.02-1.0
0.0001-15

125-180
10-15

COUNTRY

0.13/0.01

130
-
-

25-50
2-4

Data sets on the radiation levels and on the radioactive concentrations of residues collected
under the survey can be seen in Table II.

TABLE II. THE RADIOACTIVITY CONTENT AND RADIATION LEVELS OF THE
RESIDUES [1]

QUANTITY

Uranium
Ra-226
Radon
Dose rate

UNIT

mg/kg
Bq/kg
Bq/m3

|iGy/h

WASTE
ROCKS
20-60
300-1600
5-40
0.4-1.2

HEAPS
LEACHING
55-75
800-2000
5-370
0.4-1.5

TAILINGS
PONDS
60-70
9000-14000
40-1100
1.2-10

2.2 Radiological criteria for the remediation

Until now there are no Hungarian regulations concerning the uranium mining, milling and
remediation tasks. A specific set of radiological criteria, action levels were defined from the
general rules of radiation protection by the negotiations between the operators and the
authority (County Institute of the National Public Health and Medical Officer Service guided
by the National Research Institute for Radiobiology and Radiohygiene).

The main criteria for the use of the restored area are:

(a)unrestricted use of the area is possible only if the radiation levels are around the
background and the protective barriers, e.g. covering layers are stable,

(b)the restricted use of the area is acceptable if the maximum radiation levels do not
exceed2-3 times background.

The restricted use of the area means the establishment of parks, places for open air activities,
etc. on the restored waste rock piles, tailing ponds or the use of the decontaminated buildings
as storehouses, sports hall and factory buildings. The limits set for the restricted use of the
restored area, decontaminated buildings, metallic waste and waters are given in Table III.
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TABLE III. THE LIMITS FOR THE RESTRICTED USE OF THE DIFFERENT
COMPONENTS OF THE MINING AND MILLING FACILITY [2]

Quantity waters

Ground level radon flux
Radon concentration
Gamma dose rate
Soil Ra-226 activity cone.

upper 15 cm layer
deeper layers

Fixed surface alpha
contamination

n.a.
Ra-226 activity cone.
Uranium concentration

Unit

Bq/m2/s
Bq/m3

uGy/h
Bq/kg

Bq/cm2

Bq/1
mg/1

Reactivated
areas

0.74
Bkgb+20
Bkg+0.2

Bkg+180
Bkg+550

n.a.

n.a.
n.a.

Buildings

n.a.
Bkg+30
Bkg+0.2

n.a.
n.a.

0.5

n.a.
n.a.

Waste

n.a.
n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

Waters"

n.a.
n.a.
n.a.

n.a.
n.a.

0.5c

1.1
2.0

a For the release into surface waters.
b Bkg-background.

For metallurgy only (for other use the limit is 0.05 Bq/cm2).

2.3 The main phases of the remediation and the radiation pathways

The most important phases of the remediation tasks are the following [3]:

(a)atransportation of the mill tailings to reduce the area used and to avoid the
contamination of the water basin of city Pecs,

(b)the covering of the piles of refuse ores and mill tailings by soil to decrease the radon
emanation and migration of radioactive materials up to the ground surface,

(c)the dismounting of the ore processing unit.

The works carried out in the different phases of the remediation might result radiation burden
of the workers, contamination of the environment and radiation burden to the population, as
well.

To evaluate the radiological consequences the all important pathways should be investigated
and the radiation dose resulting from all activities should be estimated.

The most important radiological pathways to the workers are [3]:

(a)resuspension of dust particles due to the loading and transportation of the residues
and by-products,

(b)radon emanation on the working area,

(c) external gamma exposure on the working area.
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The main pathways to the radiation burden of the population are [3]:

(a) contamination of surface and drinking waters by the ground water of the mine,

(b)radon emission from the mine pits due to the flooding of the mine,

(c) migration of radionuclides upward the soil layer covering the piles of residues and
by-products,

(d)external exposure from the covered piles of residues and by-products.

2.4 Radiation doses

2.4.1. Doses to the workers

2.4.1.1 Transportation of Tailings Pond II to Tailings Pond I

The average 222Rn concentration in air above the uncovered Tailings Pond II is 117 Bq/m3.
The annual radiation burden due to the Rn-inhalation is 3.4 mSv for the workers assuming the
following working conditions: 2000 working hours/year, 20 dmVmin respiration rate.

The dust contamination in air from the loading and transportation works was estimated as
0.04 Bq/m3 for 234U and 238U, and 0.34 Bq/m3 for 230Th and 226Ra. Assuming the above
working conditions the annual radiation burden due to the contamined dust-inhalation would
be 55 mSv. Consequently, the dust inhalation must be reduced by personal protective tools
and introduction of special countermeasures, which may reduce the annual dose to the dust-
inhalation to 0.8 mSv.

The average external dose rate above the Tailings Pond II is 3500 nGy/h. In case of normal
working circumstances, the annual external dose due to the loading and transportation works
would be 7.0 mSv, while in case of the reduced working time the external dose could be
lowered to 5.3 mSv.

2.4.1.2. Dismounting of the ore processing unit

The maximum permitted dust concentration was estimated from the annual dose limit for
workers (20 mSv/a) as 0.12 Bq/m3 for 238U (equivalent to 8 mg/m3 ore-dust concentration),
corresponding to 8.3 mSv inhalation dose under the dismounting works.

The external dose rate inside the ore processing unit varies between 106-628 nGy/h, so the
external dose to the workers is 0.45 mSv.

2.4.2. Doses to the population

2.4.2.1. Ingestion dose due to the contamination of surface and drinking waters

The two main sources of the contamination of surface waters are the mine ground water and
the precipitation fallen onto the impacted area.

The contamination of the main surface water (stream Pecsi-viz) was estimated by a simple
aquatic dispersion model and supposing the most conservative circumstances, resulting the
ingestion annual doses to the adults as 0.47 mSv from natural U and 0.012 mSv from Ra.
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2.4.2.2.Radon inhalation dose

The two main sources of 222Rn contributing to the inhalation dose of the population are the
radon emission from the mine pits due to the flooding of the mine and diffusion of the radon
through the covering layer of the recultivated piles.

A sector-averaged Gaussian plume model was applied to calculate the atmospheric dispersion
using average meteorological parameters (1.9 m/s wind-speed, 'D' Pasquill stability). Our
results indicated, that the expected increase of the atmospheric concentration of the 222Rn will
be less than the limit by several magnitudes. Therefore, cannot be expected any significant
increase of inhalation dose to the population living in the neighbourhood of the mine.

2.4.2,3. External dose above the recultivated piles

The external dose rate above the recultivated piles varies within the range of 119 and
219 nGy/h. The annual external dose contribution to adults is estimated as 0.015 mSv due to
the restricted use of the recultivated area.

CONCLUSIONS

Although nor significant dose contribution to the population living close to the mine, neither
measurable elevation of the contamination in the environment of the recultivated mining area
can be expected, the restored area could be used by the population only with some restrictions.

As the main phases of the remediation works should be considered as a radiation work,
necessary countermeasures and control should be implemented for the radiation protection of
the workers.
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