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Abstract

For uranium mine and mill at Zirovski vrh, Slovenia, which stopped operating in July 1990,
four remediation options were evaluated. Basically, these options were close-down
alternatives focusing on final disposition of the residues, primarily mill tailings.

A multi-attribute evaluation approach was applied for the comparison between alternatives
and as a decision support. The main considerations were given to the economy of the
alternatives and their environmental and health impacts. Altogether, fifty seven basic
attributes, organized in an evaluation (decision) tree, were applied.

In the paper, results of the first two iterations of the evaluation are presented. The third
iteration, which is presently under execution and involves more thorough long-term
performance and uncertainty assessment associated to mill tailings disposal, are also briefly
discussed.

Summary of Basic Information

Background

Uranium mine and mill at Zirovski vrh (RZV) produced first yellow cake in late 1984 and
stopped mining and milling in 1990. About 600000 tonnes of ore were processed in this
period. The facilities are located 35 km W-NW of Ljubljana in a valley drained by river
Brebovs'eica. The facilities consist of underground mine, mill and several deposits of mine and
hydrometallurgical wastes.

After the stopping of mine activities the mine was left without sufficient maintenance. Due to
this situation zones of instability in the mine have developed and some pit rooms ceiling
collapsed. As a first step towards decommissioning, a part of the then excavated ore (about
5000 tonnes) was taken back to the mine.

During operational period the material was excavated and sorted on the basis of uranium
content (gamma radiation measurements). Ore with higher contents than 300 g U3O8 per tonne
was used for production, while lower grade ores were disposed of at nine waste piles. Today
four such piles exist, one permanent at Jazbec and three temporary.

The RZV mill design capacity was 160000 tonnes of processed ore per year. The ore was
crushed and leached with sulphuric acid. The mill tailings with about 20 % moisture were
transported to the disposal site at Borst, nearly 3 km from the processing plant. These tailings
(altogether 640000 tonnes) are deposited on sloping area. Due to heavy rain in November,
1990 a substantial part of the tailings deposit with nearly 2.5 million cubic metre of the
underlying natural bedding rock began to slide. The investigations indicated that land
movement was due to heavy inflow of ground water. Stability study showed that lowering of
water table by about 20 m would stop the slide. Therefore a drainage tunnel was constructed

169



under the sliding area to collect the seeping ground water. Afterwards, relatively rapid sliding
stopped.

Radiological impact in the present situation

The existing concentrations of radionuclides in air, water, soil, forage and food, when
evaluated in the form of radiological impact of RZV on the population in the vicinity of RZV
show (considering all relevant pathways) that the inhalation of radon and its progeny is
responsible for major part of doses. Farmers in the valley are reported to be the most exposed
group of the population; representative individual receives 0.30 mSv per year. Children are
the most exposed segment of the critical group of population who receive annual effective
dose of 0.44 mSv. Persons from the region working away from the site get an annual effective
dose of 0.24 mSv. Much lower doses are due to ingestion of contaminated agricultural
products and food (in average 0.050 mSv), external radiation (in close proximity to disposals-
0.005 mSv, gamma radiation from Rn and its daughters-0.003 mSv) and fish consumption
(0.005 mSv). Other sources like drinking water can be neglected.

Radiological impact in the future

After the implementation of the RZV basic decommissioning project, which anticipates
complete sealing of the underground mine and covering the above ground tailings with
impermeable layer, it is expected that the airborne releases of radioactivity from the closed
RZV will become of minor importance. Radon shall no longer be the main contributor to the
doses of the exposed population. Consequently, airborne exposure pathways as a whole would
become less important, probably irrelevant, and instead of them events and processes towards
eventual leaching of the mine and mill residues would gain the significance. Especially critical
could be a situation when a drainage tunnel under the sliding area at Borst will not perform
effectively, so at certain conditions all the mill tailings could slide in a valley, i.e. Todraseica
creek, a tribute of the river Brebovseica. This kind of incident can be expected in a case of a
heavy rain period, similar to that in November, 1990.

Bearing in mind such an incident a Board of Directors RZV raised a question of eventual
changing the basic decommissioning plan in terms of relocating the mill tailings from Borst to
Jazbec or into the mine galleries. Three alternatives of this relocation were identified:

• Partial removal of the tailings into the mine galleries. Since the additional purpose
of this relocation is the prevention of further collapsing of the pit rooms ceiling in
the mine, the amount of the relocated tailings depends on this purpose. It was
evaluated that approximately a half of the tailings, i.e. 300000 tons, should be
removed. This alternative was identified as Option A.

• Total removal of the tailings into the mine galleries. This option was identified as
Option B.

• Total removal of the tailings on the site Jazbec where the lower grade ore was
disposed together with the red mud. This alternative was identified as Option C.

Options A and B involve solidification of the tailings in the form of concrete. According to
the associated feasibility study, mixing of the tailings with cement, aggregate and water would
be performed outside the mine immediately prior to pumping the mixture into the mine
galleries.
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The Board of Directors RZV required that all the three options should be compared with the
basic option, i.e. Option Ao, which means the existing situation, i.e. leaving the tailings on the
site Bor§t as they are. The comparison should take into account economical as well as
environmental and human health considerations, including exposure of the workers engaged
in the activities.

Method of Evaluation

A transparent, computer supported multi-attribute evaluation model was developed for
ranking remediation options as a function of site and contamination characteristics
(environmental and health point of view), as well as characteristics of the remediation options
themselves (economy). The main components of the model are presented on Figure 1, while
the tree structure of the attributes that need to be taken into account when evaluating and
deciding upon the best remediation option is illustrated in Figure 2. All together, fifty seven
basic attributes (leaves of the evaluation tree) were included in the evaluation model. The
evaluation approach is described in more detail in [1,2]. Very similar approach is described in
[3].
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Results

Results of the first iteration show that only Option C is feasible. Other options either do not
solve the problem (Options Ao and A) or cause high exposures of the workers (Option B).
Associated with options A and B is a problem of preparing durable, high strength concrete in
the presence of considerable concentrations of sulphate ion in the tailings.

The second iteration was made assuming that the on-going remediation measures at the site
Borst (drainage, stopping the slide) will prove effective for longer period of time, and that
solidification of the tailings - preparation of concrete with desired characteristics - is feasible.
These options were then identified as "optimistic" (Ao optimistic, A optimistic, B optimistic,
C optimistic). The result of ranking is as follows:

• option Ao optimistic;

• option B optimistic;

• option C optimistic (needs certain dewatering and drainage improvements); and

• option A optimistic (still inappropriate, because it does not solve the problem).

Conclusion

Since the evaluation of long-term stabilization of the site Borst as well as associated
environmental impact has not been performed comprehensively in the first two iterations it
was decided to make a thorough risk assessment in the third iteration. The approach for
making this risk assessment is described in [4]. It is expected that final decision about the best
remediation option will be achieved based on the results of the third iteration.
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