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PRESENT AND FUTURE MINE EFFLUENTS MANAGEMENT AT ZIROVSKI VRH

Z. LOGAR, B. LIKAR, I. GANTAR
Rudnik Zirovski Vrh, Slovenia

Abstract. Zirovski Vrh uranium mine and its facilities are situated on the northeastern slopes of the Zirovski Vrh
ridge (960 m) and on the southern slopes of Crna gora (611 m) respectively. Mine elevation is from 430 m
(bottom of the valley) to 580 m (P-l adit). All effluents from the mine and mill objects flow into the Brebovscica
river (with average yearly flow of 0.74 mVs):

run off mine water,

- mine waste pile Jazbec outflow,

mill tailings Borst outflows,

effluents from mine temporary mine waste piles P-l, P-9, P-36 are of minor significance.

The first three effluents and the recipient surface water flows (the Todrascica brook and the Brebovscica river)
are monitored extensively. The impact of radioactive polluted outflows on named waters is proved, but far under
the maximal permitted limit values. The authorised maximal limits values for mine effluents were obtained in
1996. Detail design will ensure that this values will not be exceeded in the future. The long term planes are to
minimise the uranium concentrations in the run off mine water by target underground drilling. The mine waste
pile and the mill tailings will be covered by engineered cover system to avoid clean water contamination by
weathering and ablution as well. The existing effluents from the mill tailings will diminished after the
remediation and consolidation of the tailing. The Government of Slovenia funds the remediation of the uranium
production site Zirovski Vrh. Estimated needed funds for remediation of the main objects are shown in the table
below. The total investment includes also the costs for effluents control.

Area

Underground mine remediation
Mine waste pile remediation
Mill tailings remediation
Total investment costs

Mio US$

19.00
6.50
2.24

27.74

Above figures do not include operation costs of the Zirovski Vrh Mine, approximately US$ 2.2 Mio per year
nowadays. The last implementation schedule foresights the end of remediation works in year 2005. After that
starts trial monitoring of 5 years to prove the quality of performed work.

1. INTRODUCTION

Zirovski Vrh Uranium Mine is situated 45 km west from Ljubljana the capital of Slovenia.
The ore body in Groeden sandstone was discovered in 1960, the ore production started in
1982, yellowcake production in 1984. The yellowcake production ceased in 1990. The
production site remediation activities are going on since that time. Only 620,000 tons of ore
with 0.7 kg of U per ton was processed and 450 tons of yellowcake was produced.

Zirovski vrh uranium mine and its facilities are situated on the north eastern slopes of the
Zirovski Vrh ridge (960 m). The underground mine elevation is from 430 m (bottom of the
valley) to 580 m (P-l adit). The mill was located in the valley of the river Brebovscica
(415 m) and the mill tailings (530-560 m) on the southern slopes of Crna gora mountain
(611 m). Figures la and lb show location of all important mine objects.
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FIG. la. Location ofZirovski Vrh mine facilities.

FIG. Ib. Zirovski Vrh uranium mine objects, view from the north (by T. Begus).
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The clime is subalpine with snow (1 m) and low temperatures in winter (minimum - 28 C,
average - 0.5C) and hot weather in summer (maximum 37 C, average 17 C). The

0 9

precipitation's are in the range between 1390 mm/m in dry years and 2450 mm/m in wet
years, respectively. Average total annual precipitation is 1800 mm/m'. Ratio between rainfall
and snowfall is 85% of rain and 15% of snow in a year. Evaporation rate is ca. 500 mm/a.

The effluents from the mine and mill objects flow into the Brebovscica river (with average
yearly flow of 2650 m3/h (740 1/s). The impact of radioactive polluted outflows on nearby
surface waters is proved, but far under the maximal permitted limit values. The whole area is
part of the Sava river tributary system.

2. PRESENT WATER MANAGEMENT

There are three main objects of concern as sources of radioactive polluted effluents: the
underground mine, the mine waste pile and the mill tailings. The effluents from these objects
have been monitored in details since the start up of the ore production. Effluents from other
minor sources like smaller mine spoil heaps, adits etc. have been monitored periodically. The
annual effective dose contributed to the members of critical group by water pathway is
negligible (0.015 mSv: U, Ra-226, Pb-210, Th 230). The data are shown for typical year 1998
with yearly rainfall of 1834 mm [US-1998].

Present monitoring of the mayor mine effluents and the Brebovscica river and Todraski brook
is going on since the start of the production in 1982. The flows are measured and sampled
manually on daily basis. Monthly composites are made up of the daily samples and are
analysed on: uranium, radium-226, ammonia, calcium, magnesium, iron, sulphates and
chlorides. Table 1 shows yearly average values for contaminants in the surface waters. The
sediments in the surface water flows are sampled, uranium and radium-226 are determined. Of
course, underground waters are monitored regularly in the whole area even in alluvial
sediments of the Brebovscica river (Fig. 2). Periodically are monitored surface waters above
the mine objects. Organisation of this work is responsibility of the Radiological Safety
Department. Part of the sampling and monitoring is entrusted to the contractors Institute of
Josef Stefan and Institute of Occupational Safety, Ljubljana.

TABLE I. SURFACE RECIPIENTS AVERAGE VALUES FOR YEAR 1998 [Source: JRO-
1999]

Water course

Brebovscica river

Todraz brook

Average flow

m3 /h

3368

367

Uranium

l-Lg/1

15.5

2.5

Radium-226

Bq/m 3

4

13

Uranium

Kg/a

332

33

Radium

MBq/a

101,5

47
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The mine dewaters by gravity through the tunnel P-10 at the lowest point of the mine at
430 m. Average yearly mine water flow is 70-85 m3/h (20-24 1/s) depending on the rainfall.
The water is not chemically contaminated.

The mine water was treated mechanically (coagulation, flocculation, filtering) at the water
treatment plant during the mine exploitation. Normally, water with less than 5 mg/1 solids was
discharged into the Brebovscica river.

2.1.1. Water suppliers in the mine structures

Water suppliers in the mine structure are tectonically fractured sandstone's and
conglomerates. Fractures as consequence of folding, appear in the south western part of the
ore deposit. We observe them in the apex of the folds in the shape of strongly clivaged rocks.

Another type of the water supplier is conglomerate from the third horizon, where carbonates
prevail in the shape of limestone and dolomite pebbles, where a binder is composed of
carbonates. This carbonate horizon is leached of in tectonic fractured faults, small caverns are
created and washed out cracks.

2.1.2. Sources of mine water pollution

Waters that inflows into the open mine rooms, are contaminated with uranium depending to
the type of water supplier. It can happened during the way through the rock. In much more
cases, they get contaminated when percolate over opened ore bodies due to leaching of
uranium and its daughter's products.

Waters that spring contaminated from the rock are bound to the fractured zones, that cut and
crush the ore bodies, drain from folded rock strata in the northeastern part of the ore body.
Bigger number of contaminated mine water sources are exploration boreholes that drain
through ore horizons.

Additional contamination of the mine water is percolation through stopes and tunnels, where
they cut the ore zones. The same mechanism applies to the waters that spring uncontaminated.

2.1.3. Mine water flows and contamination

Different quantities of the mine water inflows into horizons referring the level.

On the highest horizon the mine exploitation started in 1982. We would expect bigger inflows
due to surface proximity. This is not the case, however water inflow strongly depends on
weather conditions. With lower horizons constructions this horizon became dry. The biggest
mine water inflows are at the mine level 430 m that is the lowest and at the level of the
Brebovscica river. Upper horizons grow up drier.

We get only 1.4 1/s water from all sources at the horizon 580 m. This water outflows through
the drain boreholes and blind shafts to the lower horizon. Water contains only 26 (J,gU/l in
average. Horizon 555 is small intermediate horizon that is practically diy. We can observe
only small springs in faulted zones and trickled out pore water. This level contributes only
0.2 1/s with 769 LigU/1.
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FIG. 3. Long term observation of the run off mine water.
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FIG. 4. Water flow and concentration ofU3Os in borehole VH-28.
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TABLE II. MINE AND WASTE PILE EFFLUENTS, AVERAGES FOR THE YEAR 1998 [Source:
JRO-1999]

Effluent Average
flow

m3/h

Uranium

ji.g/1

Radium-226

Bq/m3

Ammonia

mg/1

Ca2+

mg/1

Mg2+

mg/1

cr

mg/1

SO4"

mg/1

Run off mine
water

Mine waste
pile Jazbec

83

34

246

309

46

21

0.2 22 2.9 3.9 20

0.8 81 29 7.2 246

FIG. 5. Long term observation of the mine waste pile effluent Jazbec.

• 600

At the level 530, which is situated in the middle of the ore body, the waters from horizon 555
are collected and partially from horizon 530. These waters are joined by substantial quantities
of seepage waters from this horizon. The contribution from this horizon is 2.9 1/s. They are not
so contaminated, contain only 129 |J,gU/l.

Waters inflow to the horizon 480 is from drainage boreholes and from blind shafts at horizon
580 and spring waters. Contribution from this horizon is only 1.3 1/s and contains 129 |a.gU/l.

Horizon 430 m is the lowest in the mine and presents drainage area for the whole mine. Here
are numerous springs from fractured zones, from stopes and inflows from boreholes. The
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contribution is 16,9 1/s in average. The water quality differs considerably. Contaminated water
comes from water suppliers that cut ore bodies e.g. exploration boreholes that cut more ore
bodies are the worst. Additional problems represent flooded stopes where the contaminants
concentrations exceed 6,000 (igU/1. The dilution at this horizon is big enough so the average
concentration is 209 jLigU/1. See Table 2 and the Figs. 3 and 4 for details.

2.2. Mine waste pile Jazbec effluents

Mine waste pile is situated in narrow ravine, where two background water flows from two
smaller ravines confluence in the brook called Jazbec. The Jazbec culvert was built under the
spoil heap on the bottom of the small ravine, to drain surface water from background area
before the start of construction. There is approximately 1.5 Mio ton of mine waste including
50,000 ton of neutralised red mud from mill process and 15,000 ton of debris from
demolished mill buildings.

All waters coming into the mine waste heap due to rainfall and from background (surface,
surrounding underground) outflow through Jazbec culvert. Flow has torrential nature and
varies from 1 to 25 m3/h. The background surface water dilutes the seepage from the pile.
Average concentration of uranium is 310 jlgU/1 and varies up to 575 (IgU/1. See table 2 for
details.

The minor part of contaminated water outflows as underground water that is not collected in
the culvert. Maximal contamination of underground water in alluvial sediments is 15 p.gU/1.
Carstic nature of the pile ground complicates the situation with priority carstic water
pathways. Figure 5 shows the contaminants average yearly concentration in the mine waste
pile effluent since the start of monitoring.

TABLE III. MILL TAILINGS EFFLUENTS, AVERAGES FOR THE YEAR 1998
[Source: JRO-1999]

Effluent

SDIJ

Surface outflow
from control pond

Seepage outflow
from drainage pond

Underground
drainage tunnel

Average
flow

m3/h

0.9

5.1

0.2

5.1

Uranium

590

600

544

3.4

Radium-
226

Bq/m3

223

1461

423

12

Ammonia

mg/1

56

13

4

0.2

Ca2+

mg/1

354

206

217

23

Mg2+

mg/1

68

25

26

5.8

cr

mg/1

344

87

87

59

SO4"

mg/1

1163

569

528

37

2.3. Mill tailings Borst effluents

The mill tailings contains 620,000 ton of mill waste and 70,000 ton of mine waste. The
surface is covered temporary by thin soil layer. Rainfall and some underground water together
flow through the mill tailings and dissolve the contaminants. The effluent flows are mill



and in minor degree the underground drainage tunnel. The flow of the mill tailings
underground water flow (SDIJ) decreased considerably after the construction of the drainage
tunnel. The concentration of the contaminants rose by five times due to lack of dilution by the
underground water.

Simplified water flows and the contaminants concentrations from the tailings are shown in
Table 3.

2.4. Other effluents

Other effluents, periodically monitored are:

— Tunnel P-9 run off mine water
— P-36 mine waste backfill weathering seepage water
— P-l temporary mine waste heap weathering seepage water.

Their impact is negligible due to small flows and/or low contaminants concentrations.

3. PROPOSED SOLUTIONS

The limits for concentrations of the contaminants have been given by authorised limits or are
stated in the existing regulative. These objectives are presented in Table 4, and have been
taken into consideration for the design of the remediation actions. During the remediation
works in the mine the water treatment plant will operate to minimise the emission of the
solids into the Brebovscica river.

TABLE IV. COMPARISON OF MAXIMAL PERMITTED CONCENTRATIONS OF
CONTAMINANTS FOR MINE EFFLUENTS AND SURFACE WATERS

Expected effluent flow
remediation

General

Run off mine water

Mine waste disposal

Mill tailings SDIJ

Surface outflow from
control pond

Seepage outflow from
drainage pond

Mill tailings drainage
tunnel

Todrascica brook

Brebovscica river

after

Average
flow

m3/h

60-100

34

5

367*

3368s

MPC for potable water

Uranium Radium-226

ug/1 Bq/m3

50 1000

-

-

-

-

-

-

-

-

Authorised limits

Uranium

ug/1

-

250

510

No flow

No flow

No flow

<50

<50

<50

Radium-
226

Bq/m3

-

60

40

No flow

No flow

No flow

< 1000

60

40

Authorised limits
quantity/annum

Uranium

Kg/a

-

170

85

No flow

No flow

No flow

-

-

-

Radium-
226

MBq/a

-

50

25

No flow

No flow

No flow

-

50

-

These are average hourly flows for the water courses in the year 1998.
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General request is the site monitoring period of 5 years after finishing of implementation
which has been given by the Authorities.

Objectives to minimise generation of the contaminants in the run off mine water will be
achieved by engineered works:

— Caption boreholes for dewatering of the critical mine stopes and
tunnels, to avoid water contacts with ore bodies.

— Isolation of flooded stopes at the lowest level, where is impossible to
use and implement the boreholes.

— Implementation of drainage boreholes from level 430 m upwards
opposite to the direction of decline of the strata and foulted zones. The
test boreholes have proved this idea. Contaminated water flow from
exploration boreholes decreased or ceased in total. As a case see Fig.

The plan is to minimise concentration of uranium in mine water from 20-30% with
implementation of designed scope of work.

Objectives to minimise generation of the contaminants water outflow respectively will be
achieved by engineered works:

— Repair of a part the PEHD pipelines under the mine waste pile to
minimise water inflow into the waste body. Leaching of the
contaminants will be prevented partially this way.

— With engineered multi layers cover weathering will be prevented and
side waters inflow will be prevented as well.

— With surface diversion of the Jazbec brook the flood waters will not
endanger the pile.

With implementation of these measures the concentration of the contaminants will remain
lower as it is prescribed in authorised limits.

The designer of the mill tailings long-term remediation declared that there will be no seepage
effluents from the tailings after consolidation of the tailing materials. This is the reason why
authorised limits have not been given by the authorities.

Relocation of all temporary waste piles into the central mine waste pile Jazbec has been
planned. The areas will be cleaned and adequately recultivated.
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4. CONCLUSIONS

We believe, the impact by the water pathway on the environment will be minimal, if not
negligible, after the implementation of the listed measures, and much lower than requested by
authorities.

Funding of the planned activities is rather slow and the last plan foresees the conclusion of the
field works in the year 2005.
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