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1. Introduction CZ9928556

In recent years considerable efforts including international projects have been devoted to developing
procedures in close-out of uranium mines and restoration of the waste sites [1, 2, 3]. The site specific
plannings of the environmental restorations are based mainly on the radiological impact to humans and
the principles of intervention recommended by the ICRP can be applied [4]. In most cases the man-
agement of the remediation work is very complex and in addition to the radioactive contamination
chemical hazards are to be included in the studies.

Hungary has one uranium mine site located in the south part of the country. According to the govern-
mental decision the uranium ore mining and milling in the mountains "Mecsek" is to be closed by the
end of 1997 following more than 40 years mining operation. The main activity of the Mining and
Milling Company is to be turned to the close-out procedures and the environmental restoration of the
contaminated sites. The isolation of the uranium waste-stockpiles is in progress since 1992 and the
largest stockpile has already been restored [5].

Due to the still lasting mining activity the recultivation of the two almost 1 million m2 large tailing
ponds has not been started yet. The final decision on the treating of the 20 million tons accumulated
radioactive waste has not been made, therefore there is a need to analyse the procedures and compare
various alternatives.

Our investigations have focused on the impacts from the radioactive contamination of the tailing ponds
and the optimisation analysis based on the costs of the restoration work and the averted collective dose.

2. Environmental features of the tailing ponds

The uranium mining and milling sites are located on the southern slope of the mountains "Mecsek"
near the city of Pecs. In the respect of radiation protection it is of great importance that there are some
small villages with some thousands of inhabitants in the close environment of the tailing ponds. These
people are strongly exposed to radiation dose caused by radon exhalation and y-radiation when visiting
the area.

Besides the underground water as a radiation pathway is a very important factor, too. Though the dis-
tance between the subsoil layer and the surface is quite long, by this time communication has devel-
oped between them. One of the reasons is that the tailing ponds rise from their environment and there-
fore strongly effect the hydropressure conditions. The other reason is that the wells in a distance of 1-2
kilometres result in a great depression in the area. These wells have an important role in the water sup-
ply of Pecs, a neighbouring town of more than 200.000 people.

The radiation state around the tailing ponds can be described as follows:

Concentration of Rn-222 at 1 m
Exhalation rate of Rn-222
y-radiation

Present

800 Bq/m3

4 Bq/m2/s
2500-3500 nGy/h

Recommended after recultivation [6]

40 Bq/mJ

0.7 Bq/m2/s
300-350 nGy/h
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According to the above mentioned features it can be stated that the main radiation pathways are the
followings:

• drinking of contaminated water (226Ra)
• inhalation of 222Rn gas
• y-radiation from the surface of the tailing ponds

3. Choosing the process of recultivation

According to international experiences in the case of acid ore dressing the thickness and content of the
applied layer is determined by the rate of 222Rn exhalation. Therefore choosing the appropriate method
the modelling of the migration of 226Ra - the parent element of 222Rn - is of great importance.

The dissolved quantity of radium spreads in the subsurface water by convection and diffusion. The
process can be described by Fick's II. law:

dc/dt = - pKd dc/ct -X(c- pbKj c) - div (vc - D grad c)

where: c: concentration of 226Ra (Bq kg"1)
/: time (s)
p: density of porous media (kg m'3)
Kj. distribution coefficient (m3 kg"1)
X: decay constant of 226Ra (s"1)
v: Darcy-velocity (m3 m"2 s"1)
D: diffusion constant of 226Ra (m2 s"1)

The differential equation was solved using 3DFEMWATER/3DLEWASTE2 software developed by
United States Environmental Protection Agency. We modelled the migration in the following
1000 years in sandy, sandy-clayey and clayey media.

The simulation showed an increasing concentration of radium in the lower -20 centimetres of the
clayey layer. Within -10 centimetres the activity-concentration was 10 times larger than the original
value. The time dependent change of the activity-concentration of radium on the border of the clay
cover and the tailing ponds can be seen in the figure on the next page.

4. The chosen process of recultivation
In order to protect the water-base from the effect of rainwater it is necessary to form a drainage-layer.
This can only be solved if the morphology of the tailing ponds is transformed to hills with -3° slopes.

As the size of the two ponds is similar and the pond I. contains three-quarter of the total waste it seems
economical to carry the waste of pond II. over the other. It results in a significant reduction in costs,
because the layer of revegetation on pond II. can be much thinner.

According to this consideration we found the following combination optimal for the pond I. containing
20 million tons waste after the carrying over:

1st layer: 30 cm/lying ashes from power stations
2nd layer: 20 cm clay
3rd layer: 20 cm drainage
4th layer: 30 cm soil and grass-seed

After the carrying over it is not necessary on the pond II. to create a clay and drainage layer, and a
10 cm soil layer is satisfactory for the grass. On this pond it is possible to combine the grass with some
islands of alder and willow trees in depressions.

2'Three-dimensional Finite Element Model of WATER Flow through Saturated-Unsaturated Media, and Hybrid Three-
Dimensional Lagrangian-Eulerian Finite Element Model of WASTE Transport through Saturated-Unsaturated Media

Session 4 471



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

Bq/kg

14000

12000

1000
800

600

years

5. Cost-benefit analysis

The economic analysis of the recultivation can only be performed with uncertainty and neglecting
some of the factors. The attempt to calculate the value of landscape is in vain, because of the numerous
subjective parameters. The estimation of noise and air pollution damages caused by the restoration
works is rather difficult, too. However it can be useful to define the return on investment, it can help
making decisions.

Among the expenditures we took into consideration the cost-price of the applied cover-materials and
plants, the operational costs, the cost of pumping water from the still operating pond I. and the labour
costs. On the other side stands the benefit coming from the averted collective dose. As there is a need
of an enormous quantity of covering materials and plants we supposed that the organisation responsible
for the recultivation ("Mecsek" Uranium Ore Company) is in the position of obtaining these materials
much cheaper than the trade prices.

The total costs of the investment: 21.900.000 USD

To estimate the cost of the averted collective dose per unit we used the recommendation of the Inter-
national Commission for Radiation Protection. This recommendation makes a significant distinction
between developing, developed and rich-developed countries when defining the value of human health.
On the basis of the continually increasing value of the averted dose in our calculations we optimisti-
cally took Hungary into account as a rich-developed country.

The total benefit coming from the averted dose per year: 160.000 USD

Obviously the value of the averted dose will increase faster than the inflation rate in the future, there-
fore we should calculate the present value of benefits using an uncertain and different factor for each
year. As we tried to consider this effect in the estimation of the value of averted dose, the return on in-
vestment can be derived simply as the quotient of the investment costs and the benefits:

Return of investment & 135 years
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As can be seen this period of time is not in the same magnitude as a return on an ordinary profitable
investment. But without the restoration works this dangerous situation would remain for hundreds of
years so the need of covering the tailing ponds is unquestionable.

5. Summary

In our presentation we surveyed the possibilities of the recultivation of the tailing ponds in Mecsek
uranium mining and milling area endangering the environment. We found a combination of 30 cm
flying ashes, 20 cm clay, 20 cm drainage and 30 cm soil with grass-seed cover optimal for the pond I.
containing 20 million tons waste after the carrying over:

After the carrying over it is not necessary on the pond II. to create a clay and drainage layer, and a
10 cm soil layer is satisfactory for the grass. On this pond it is possible to combine the grass with some
islands of alder and willow trees in depressions.
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