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Abstract

From the Piibram deposit, which was the largest exploited uranium deposit in the Czech Republic, mine
water has been drained under controlled conditions, treated and discharged into the Kocaba River since the
flooding of the deposit in October 2005. The amount of water drained in this way is determined at any particular
moment by the volume of seepage from precipitation and surface water into the underground mine cavities. The
draining of overbalance mine waters is carried out at two points through the shafts No. 19 and No. 11A, which
have not yet been decommissioned by backfilling. The pumped water is piped to the mine water treatment plants
CDV Piibram I and CDV Pfibram II, where contaminants are removed. The contribution presents ongoing
changes in mine water chemistry after the deposit was flooded.

Abstrakt

Z loziska P¥ibram, které bylo nejvétsim exploatovanym loziskem uranu v Ceské republice, je po jeho
zatopeni od fijna 2005 fizené vyvadéna, Cisténa a vypousténa do vodotece diilni voda. Okamzité mnozstvi takto
vyvadéné vody je urovano objemem prusaku srazkovych a povrchovych vod do dilnich prostor. Vyvadéni
nadbilanénich dilnich vod je provadéno ze dvou mist, zdsypem dosud nelikvidovanych jam ¢.19 a ¢.11A.
Cerpana voda je piivadéna na &istici stanice CDV Piibram I a CDV Ptibram II, kde jsou z ni odstraiovany
kontaminanty. V pftispévku jsou diskutovany zmény chemismu dilnich vod zatopeného loziska, ke kterym
postupné po zatopeni loziska dochazi.
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1 INTRODUCTION

The Piibram deposit still remains the largest uranium deposit that has ever been mined in the Czech
Republic. A total of 50 990 t of uranium has been acquired there, which represents approx. 45% of production in
the Czech Republic in the years 1945-2008. The mining at the deposit was terminated within the phasing out
programme in 1991. With regard to the fact that the uranium mines in P¥ibram were used for the construction of
the underground natural gas storage in Haje, the Pfibram deposit (i.e. the mine spaces) was flooded gradually.
Those parts of the deposit that were not affected by the construction of the underground storage were separated
by dam systems and left to natural flooding which started in 1991. Since 1998, when the underground gas
storage was completed, the natural flooding of the remaining part of the deposit has continued.

In October 2005, the mining waters level reached 419 m above sea level and the treatment of so-called
over-balance mine waters was started. The maximum working level (overflow edge) is at the altitude of 434 m
above s. I. After complete flooding, the influx to the Pfibram deposit was considered, based on qualified studies,
in the volume of 45 to 55 I.s™%; however, the actual pumped volumes are 60 to 100 I.s™.

2 MINE WATER COMPOSITION

The pumped mine water currently (year 2008) contains, at the inlet to the treatment plant near the pit No.
19, an average of 7.42 mg.I" of U, 1 275 mBq.I™ of Ra®*°, 14.10 mg.I" of Ferq, 4.68 mg.I" of Mn?**, 171.26 mg.I
! of CI"and 1 905.92 mg.I™" of SO,*; the total content of dissolved substances is 3 620 mg.I™. These values are
calculated based on daily measurements. All indicators for which binding outlet limits were set by public
authorities are monitored daily at both the inlet and outlet. A complex analysis of all substances contained in the
mine water is carried out at least once a year.
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Fig. 1: Mineral composition of mine waters of the Ptibram deposit

3 COURSE OF MINE FLOODING AND MINE WATER REGIME

In compliance with the concept set when working out the liquidation study in 1991 and its update in 1994,
the regulated flooding of empty voids at the bottom levels of the deposit took place from the beginning of
liquidation simultaneously with the liquidation work and the construction of an underground gas storage. The
mine flooding was performed gradually by controlled closing down the operations at individual pumping stations
or entire pumping systems and two basic aspects were monitored:

» Safety of personnel when performing liquidation works underground and when building the
underground gas storage,

« Minimizing the financial costs for operation and maintenance of pumping capacities.

When the construction of the underground gas storage was completed in the middle of 1998, the flooding
took place by natural water influxes. The final level of the flooding surface was set to 434 m above s.1., which
corresponds to the ground level under the dam of the water reservoir of Drasov — the site of the most probable
outburst of mine waters in a natural way.

The course of changes in water level in the deposit was measured regularly at the shaft No. 11A and by
comparing with the flooding curve calculated in the studies [3] and [5]. In June 2002, the water level reached
approx. 20 m above s.l., which indicates a faster advance of the level than considered in the mentioned studies in
the past. In the space of the shaft No. 19, this level means flooding the area between the 11" and 10™ levels.
According to the diagram of interconnection of mine workings, the water level approached the 9" level which
connects, between the shafts No. 16 and No. 10, the area of Haje wih the area of Bytiz. In this area, there is no
direct connection between shafts on higher levels, but the water communication is possible through rises. The
first larger connection of mining spaces is as far as the 15" level.

At the time of flooding the deposit below the water level of 434 m above s.1., there was a minimal lateral
mixing of waters — water influx to the deposit took place by seepage and through shafts along the “entire area”.
A change in the regime of mine waters took place only after the overflow level was reached (starting the
pumping of mine waters through the shaft No. 19 to the mine water treatment plant of Pfibram I). At that
moment, a new (flow) regime of the deposit started to be set.

The character of mine water flow is affected by selecting the place of overflow, which is the eastern edge
of the deposit.

Considerations on behaviour of the water body in the deposit cannot exclude the effect of temperature and
the possibility of circulation by effect of the temperature gradient. It can be seen from loggings that the
temperature of water remains practically unchanged after stabilizing the top fluctuated layer (the proof of mixing
of waters). According to experts of the branch plant SUL, the temperature gradient of rocks in the deposit is

GeoScience Engineering Volume LVI (2010), No.3 - Special Issue
http://gse.vsb.cz p. 10-18, ISSN 1802-5420



12

defined to 1K for 50 altitude metres and the starting surface temperature is 7.2°C, the mean annual temperature
in the region. At the deposit depth around 1500 m below the surface, the temperature of rock environment of the
bottom part of the deposit corresponds to 36-37°. The temperature of water column currently reaching the
thickness approximately of 1000 m reaches maximally 28°C. It is the temperature of rocks in the depth of 520
m above s.l. (i.e. approx. the 23" level), corresponding to a half of the thickness of the existing water column
(approx. 500 m). At present, water with a temperature of around 20°C is pumped through the shaft No. 11A and
water with a temperature of around 22.3°C through the shaft No. 19.

When assessing the risks of mine water outburst to the surface after flooding the Ptibram deposit, it is
necessary to assess old mine workings, drill wells and tectonic disturbances which get below the water level
during its advance. According to the technical project of the deposit liquidation, the water level in the deposit
after its flooding was set to 434 m above s. |., which determines also the altitude above which mine water
outbursts to the surface can be expected. This area is limited exclusively to the surroundings of the village of
Drasov and to the valley of the Kocaba River. It partly extends to the valley of the Drasovsky stream below the
water reservoir of Drasov. Contamination of the Drasov reservoir water is not probable. The toe of dam is at the
altitude of 439 m above s.1. and the reservoir bottom runs along the valley of the Drasovsky stream and does not
go deep below the monitored level. As a risk area the area of the Cerveny and Prostiedni ponds, or also the
Hladov pond in the valley of the Kocaba River can be considered. Neither drill wells nor other technical works
disturbing the flooding level are recorded in the surrounding of the shaft No. 19; nor in the case of setting a
different flooding level.

The work performed on the Hydrogeological study of the Piibram deposit [8] answered the main
questions connected with this issue. This includes, in particularly, an evaluation of the current course of flooding
of the deposit, an estimate of a further development of flooding, a description of water flowing in the deposit
after flooding and a subsequent evaluation of variants for bringing waters per day. The hydrogeological study of
the area and the course of flooding was the basis for calculations of the overall influx to the deposit after
reaching the flooding level and then for deriving the capacity of the decontamination station.

The flooding level of 434 m above s.l. stated in the project and in the works by Kozak and Pitera and also
later works is not accounted for in any available study. It can be seen from analyses of the lowest parts of the
deposit which limit its upper range that they must not exceed the safe level which would cause uncontrolled
outbursts and seepages. Conversely, any shift of the flooding level to lower altitudes increases the retention
capacity of the deposit in case of flash rains or snow thawing. However, this decrease reduces the possibilities of
locating a treatment plant to the vicinity of the overflow place. But the retention capacity is sufficient also at the
level of 434 to 438 m a.s.l. (according to the calculations of SOM s.r.0. the volume of 100 000 m® represents
approx. a mine water surface change by 2 to 3 m). A shift of the flooding level to an altitude higher than 439 m
a.s.l. increases the risk of uncontrolled outbursts in the area of the Drasovsky stream below the dam of the
Dréasov reservoir (toe of dam 439 m a.s.l.).

During the work, six localities (variants) usable as the place of overflow were evaluated. The first
criterion was the possibility of gravity outflow from the overflow level to the treatment plant (excluding the
pumping variant). The second criterion of evaluation of variants was the possibility of off-take of mine waters
from upper flooded levels, which enables, on the condition of stratification of mine waters, to drain less
contaminated water to the treatment plant.

As it resulted from the study of flow in the deposit, the requirement for the off-take of waters from the
upper horizons of the deposit cannot be fulfilled for the area of the entire deposit, but only for its part. The
analysis shows that the interconnection of individual sections of the deposit is very complicated and it takes
place also at deeper levels such as between the shafts No. 16 and No. 10, where the interconnection is outside the
stopes at the 2™ and 5" to the 9™ or even 15" levels. The place of overflow is in the area of the shaft No. 19 in
the altitude range from 430 to 439 m a.s.l.

The deposit flooding has a dual impact on the surrounding watercourses. First, it is a decrease in the flow
rates through the watercourse due to losses underground and, secondly, it is a discharge of treated waters back to
the watercourse. In the first case it applies mainly to the Pi{bramsky stream, whose losses underground are
estimated to 22 1.s™. In the second case, the course of the Kocaba River is supported by treated waters with an
average volume from 60 to 110 I.s™%. The temperature of the discharged treated mine waters is approx. 23°C and
this is the main problem — a thermal contamination of the watercourse occurs.

The following table summarizes the results of an analysis of a mine water sample. Worth mentioning is
the uranium content about 9.5 mg.I"* (compared to the U content in the currently pumped mine water from the
shaft No. 19, which is approx. 6.2 mg.l™).
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Tab. 1 Analysis of a mine water sample as of 25.09.2002, the Ptibram deposit (* NEC .... non-extractable

compound)
Shaft No. 11| Shaft No. 11 Shaft No. 11| Shaft No. 11
Piibram Pribram Pribram Piibram
Quantity Unit depth 10 m| depth 100 m | Quantity Unit depth 10 m| depth 100 m
TOC mg.I™ 9.4 9.6 | HPO,~ mg.I" 0.07 0.02
NO;5 mg.I" <2 <2| ANC,5 mol.I" 0,00973 0,00989
Pb** mg.I™ <0.02 <0.02 [ ANCs 5 mol.I" 0 0
SO~ mg.I™ 2000 2200 | BNCg5 mol.I" 0,00135 0,00208
Temperature °C cu® mg.I™ <0.001 <0.001
pH 7.55 7.11 [ A mg.I"? <0.002 <0.02
Hardness meq.I-1 6,06 6,06 [ BODs mg.I" 2 2
Cr mg.I™* 130 120 | Bi** mg.I™ <0.05 <0.05
Cd* mg.I™? <0.002 <0.002 | CO* mg.I? 0 0
Ra“® Bq.m*® 1100 760 | As** mg.I" 0.08 1.00
Ca® mg.I™ 550 550 | Sr** mg.I? 6.0 6.1
Unat mg.I™* 9.3 9.9 Co® mg.1? 0.0073 0.0065
COD¢, mg.I™* 28 28 | Croor mg.1* <0.002 <0.002
Fero mg.I" 0.32 0.25 | Hg** mg.I" <0.001 <0.001
Mg** mg.I* 89 91 | Ni** mg.I? 0.0046 0.0051
F mg.I™* 0.35 0.35| zn** mg.1* 0.050 0.045
Conductivity mS.m™ 340 360 | Rn**® Bgq.m* 26 38
HCO4 mg.I* 590 600 | B> mg.I? 0.34 0.86

Sulfane and
sulfides mg.I™* <0.01 <0.01 | Shre mg.1? 0.0015 0.0014
Na* mg.I™* 420 430 | NEC * mg.I* 0.49 0.25
Mn?* mg.I" 5.2 5.2 | Ag” mg.I" <0.01 <0.01
Vaporization mg.I* 3400 3600 [ Ba** mg.I? 0.019 0.020
K* mg.I™* 23 24| Be” mg.I* <0.001 <0.001
NH,* mg.I" 0.190 0.190 | CN'r mg.I" <0.005 <0.005

3.1 Changes in the chemical composition of mine waters and their stratification in 2008.

The following knowledge has been obtained from the results of measurements and chemical analyses:
« Sulphurous waters of type Na*- Ca®*- SO,* were detected in the entire profile of the shaft No. 19;

» From the resistivimetry logging, two separate stratified zones were detected, the existence of which

was verified by changes in the chemical composition of mine waters (change in mineralization,
conductivity, redox potential, CI, Na*, HCO5', SO,?).

The upper zone shows oxidation properties; this zone lies within the water level and extends to a depth
of approx. 371 m below ground (9" level, 87.5 ma.s.l.).

From the measurement of resistivimetry, the transition between the oxidation and reduction zones can
be found which is not yet sharply defined, it lies between the depth of 371 and 425 m below ground,
i.e. between levels 9 and 12.

As well as from the resistivimetry, the lower reduction zone can be defined (from a depth of approx.
425 m), i.e. above the level 12 where it starts and extends as far as the bottom, to the depth of 1405 m
below ground (- 950.5 m a.s.l.), i.e. below the 28" level.

An exception is the zone around the 28™ level (40 m above the 28" level, - 855.5 m a.s.l.) which,
although lying in the reduction zone, shows oxidation properties. This zone also differs in its chemical
composition compared to its surroundings, see below.

3.2 Oxidation zone (from the water level as far as the 9™ level)

The top oxidation zone can be characterized:
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by higher redox potential (67-71 mV)
by higher conductivity and mineralization (around 4200 mg.I™)
by higher CI" (335 — 445 mg.I™"), Na* and NO5 concentrations than in the deeper reduction zone;
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conversely, compared to the deeper zone, lower concentrations of sulphates and bicarbonates were
detected

« in this oxidation zone there is a significant effect of CI- and Na* on the chemical composition of mine
waters at the expense of Ca?*, SO,* and HCOy

« Na concentration prevails over Ca** and the effect of chlorides takes a significant effect there

« by a higher U concentration (around 7.5 mg.I") and, conversely, a lower Ra?*® concentration
(0.79 Bq.I™") than in the deeper reduction zone.

3.3 Anomalous zone around the 28" level (1310 m below ground, i.e. - 855.5 ma.s.l.)

As indicated above, in this zone there is mine water which, by its composition, does not correspond to the
deep reduction zone. The chemical composition of mine water in this area is similar to the water in the oxidized
zZone:

+ Relatively high redox potential (104 mV)
« Higher conductivity and mineralization (3950 mg.I"") than in the surrounding reduction zone

« CI takes a significant effect (concentration increase in this area to 223 mg.I™) at the expense of SO,*
and HCOj concentrations which decreased in this zone compared to the surrounding reduction zone

« Na concentration (increase to 584 mg.I™) is higher than Ca** concentration in the surrounding reduction
zone.

The U and Ra**® concentrations behave differently in this zone. The U concentration almost does not
change against the surrounding reduction zone unlike the Ra®*® concentration, which dropped in this zone
considerably.

Also the Mn?* and Fery concentrations behave differently in this zone from the surrounding reduction
zone. Owing to the increase of the redox potential and pH values a drop in the concentration of reduced forms of
Mn®* a Fe** was detected in this zone and the concentration of Fe®* increased significantly. One of the
explanations can be the oxidation of Fe®* to Fe**. The concentration of total Mn did not increase in this zone; one
of the explanations can be the fact that the reduced form of manganese is oxidized at higher pH values than
measured in this zone (pH is 7.4).

The As concentrations do not change in this zone. The Zn?" concentrations increased slightly.

3.4 Reduction zone (from the 12" level)
Mn?* and Fe concentrations:
« 98% of manganese occurs in the reduction zone as Mn®* ;

« Fe concentrations in the reduction zone are represented as Fe?* at 70% and the remaining 30% as Fe**:
the total Fe concentration slightly decreases vertically in the reduction zone;

« In the reduction area between the 15" and 20" levels (in the section - 195.5 to 365.5 m a..l.)
a significant effect of NH, and NO3 is shown. With regard to the communication between the 15" and
17" levels and the shaft No. 13, it can be assumed that the effect of fly ashes used for the backfill of the
shaft No. 13 appears here;

« From the time course of concentrations of, for example, sulphates, Ra*®, Mn**, As, Zn**, it can be
observed that within the reduction zone there are partial "contamination clouds” with higher
concentrations of these substances which slowly decrease vertically in time (i.e. from 2004) and move
towards the bottom of the shaft;

« In the reduction zone, in the period from 2004 to 2008, there is a slow reduction in the concentrations
of U, Mn*, SO,%, Ca**, HCOj3’; the concentrations of Ra*?®, Fe and pH values remained unchanged:;

« There was a drop in As, Zn?*, Cd*, AI**, Cu?" in the years 2005-2008.

As it results from measurements, the oxidation and reduction zones started to profile as early as the
flooding of the shaft No. 19, i.e. in 2004, when the first measurements were available. This is best shown from
the courses of concentrations of Ca**, HCO;, SO,*, Na*, CI".

The measurement results and chemical analyses show that any mixing of waters does not probably take
place between individual zones. It could be seen as early as 2004 that each zone is characterized with its specific
composition which it still retains.
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4 DISCUSSION ON THE RESULTS OF DEEP SAMPLING OF MINE WATERS
UNTIL 2009

1. Since the beginning of uranium mining at the Pfibram deposit, there have been available incomplete
data on analyses of mine waters recorded in annual reports. The development of mine water chemical
composition (U and Ra?® in particular) is documented on the results of mine water analyses from
selected uranium deposits in the Czech Republic after the flooding of these deposits. The balancing of
the mine water chemical composition to the level before the deposit mining takes place approximately
after 15 to 20 years. It is, however, the case of output values of chemical composition, mostly of water
flowing out (overflowing) of the deposit disregarding its possible deep stratification.

2. Monitoring of the advance of water level in the mine working and sampling have been carried out for
the shaft No. 11A since 09.12.1998 and for the shaft No. 15 since 09.10.2001.
226

3. From 1998 to 2002, water analyses were monitored in a database to determine the contents of U, Ra“”,
Total dissolved solids (TDS) and Nondissolved solids at the inlets to the treatment plants located at the
shafts No. 19 and No. 11A.

4. Since 2002, water draw-offs have only been carried out from the surface of mine waters in the shaft
No. 11A up to a depth of approx. 500 m below ground (22 m a.s.l.).

5. Since 2002 until now, loggings have been carried out, as well as sampling of waters from certain
depths of main mine workings. A change is apparent in the contents of displayed elements and pH
value in time and with depth. The measurements in the years 2004 and 2005 still show the effect of the
course of flooding the deposit (water level below 434 m a.s.l.) and main fluctuations are observed
“just” below the surface and in the places of main drainage levels. After the beginning of pumping
within its course, the balancing of the quality of mine water takes place in the entire column of the
shaft. The main extremes take effect on the 15" and 22™ levels. As regards the content of U, its
systematic drop is apparent from 9.5 to 6 mg.I™.

6. Apart from the deep stratification, also a lateral difference in the chemical composition of mine waters
takes place in the Piibram deposit, which extends in the NE-SW direction to approx. 27 km at a width
of the face working area up to 2 km. The NE part of the deposit is insulated by water dams from the
rest of the deposit, so the currently drained SW part of the deposit is only approx. 13 km in length.

7. Apart from the preferably monitored elements (main contaminants U and Ra*°), also the contents of
other main elements were measured in the mine waters. Their selection was subordinated to the
previous analyses. Such elements were chosen the quantities of which in water exceeded the sensitivity
limits of measurements.

5 CONCLUSION

Sampling works in the area of the Piibram deposit took place as early as 2002, but their results were used
mainly for the most precise determination of the quality of mine waters at the time of their rise to the final
flooding level, i.e. 434 m above s.1.

After flooding the deposit in 2005, it was necessary to determine the expected development of mine water
quality in order to determine the necessary length of operation of the treatment plants in relation to the pumping
of waters and maintaining an environmentally acceptable level of waters in the deposit.

At the time of a rise in uranium price, an interesting topic is to acquire uranium as a by-product of the
treatment of mine waters. A problem appears to determine the zonal and spatial stratification of mine waters
related to the concentration of uranium.

Already now, after summarizing the current knowledge supplemented by targeted sampling, it is clear that
substantial changes in the chemical composition of mine waters take place in time with an increasing depth and
position in the mine field. The result can be summarized in the following points:

« The uranium content in mine water after 4 years of pumping is around 6 mg.I™.
« The pumped amount of mine waters ranges around 80 1.s™.
» The U yield ranges around 1 t of uranium per month.

« The Zn*" and Ni?* contents are higher in greater depths and further from the pumping site, i.e. at the
shaft No 15.

» The other elements are represented insignificantly (mostly below the sensitivity limits of analytical
methods).

« The Ra?® content at the outlet (pumping from the shaft No. 19) ranges around 1 Bq.I™. Apart from U
and Fe, this is the main element that must be removed from water before its discharge to the
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watercourse.

Acknowledgement

This study was supported in part by the Czech Science Foundation (GACR) — grant No. 105/09/0808
“Exploration of Raw Material and Energy Use of the Potential of Mine Water in Flooded Uranium
Mines”.

[1]
[2]

[3]

[4]

[5]

[6]
[7]
8]

[9]

[10]

[11]

[12]

[12]

[13]

REFERENCES
PETROS, R. et al.: Hydrogeologie loziska. (Deposit hydrology.) CSUP P¥ibram 1967.

LEPKA, F.: Radiohydrochemickd charakteristika dilnich vod ptibramského uranovéeho loziska. (Radio-
hydro-chemical characteristic of mine waters of the Pribram uranium deposit.) CSUP Piibram, UL Straz
pod Ralsekm 1970).

BRYCHTA, VL. JECH, J.: Zavéreéna zprava loziska Piibram — Cast I1I. Hydrogeologické poméry loziska
a 8irstho okoli. (Final report of the deposit of Pribram — Part |1l Hydrogeological conditions of the
deposit and wide surroundings.) UD Piibram 1995.

KOZAK M.: Likvidace t&ebnich a upravarenskych kapacit loziska P¥ibram, Studie — aktualizace, arch.
Cislo 30649 — zati 1994 (Decommissioning of mining and treatment capacities of the deposit of Pribram,
Study - update, file no. 30649 - September 1994), Technicky projekt likvidace a socialni program —
aktualizace — arch. &islo 31088, Doplnek ¢&islo 1, arch. ¢&islo 050/1998 (Technical project of
decommissioning and social programme — update — file no. 31088, Amendment no. 1, file no. 050/1998),
DIAMOS, Ostrov nad Ohii 1998.

KOZAK, M., PIHERA.. Podzemni zasobnik plynu Haje — Postup zatipéni loziska STUDIE
(Underground gas storage of Hdje — Procedure for the flooding of deposit. STUDY). DIAMOS, Ostrov
nad Ohfti 1998.

TOMASEK et al.: Analyza rizik pii sanaci uranového loziska Piibram, 1-304 (Risk analysis in
redevelopment of the uranium deposit of Pribram) SOM Mnisek pod Brdy.

MATOUSEK et al. (2000): Analyza rizik pii sanaci uranového loziska Piibram (Risk analysis in the
remediation of the uranium deposit of Pribram), SOM, s. r. 0., Mnisek p. Brdy 2000.

ELIAS M., et al.: Hydrogeologicka studie loZiska Piibram. Zavére¢na zprava. (Hydrogeological study of
the deposit of Pribram. Final Report.) Aquatest Praha 2002.

TOMASEK et al.: Technologickd studie. Cisténi dalnich vod piibramského uranového loZiska

(Technological study. Treatment of mine waters of the uranium deposit of Piibram.) SOM, s. r. 0., MniSek
p. Brdy 2003.

HAJEK, A. etal.: Analyza zaplavovani uranovych dolti v Ceské republice. Zavéreéna zprava. Udaje o
vybranych loziscich, zatapéni dolli, dosazeni kone¢né urovné hladiny v zatopeném dole, hydrogeologicka
a hydrochemicka charakteristika. (Analysis of the flooding of uranium deposits in the Czech Republic.
Final Report. Data on selected deposits, flooding of deposits, reaching of the final water level in flooded
deposits, hydrogeological and hydrochemical characteristics.) DIAMO, s. p., Straz pod Ralskem 2003.

KOPRIVA, A., ZEMAN, J.: Vysledky zonalniho monitoringu na lokalité P¥ibram — jama 19. Zavére¢na
zprava. (Results of the zonal monitoring at the locality of Pribram — Pit 19. Final Report.) SEPARA-
EKO, spol. sr.0. Brno, MU Brno 2004.

LUSK, K. et.al.: Potizeni a pruzkum specialnich dat a iformaci o aktualnim zatapéni ¢eského uranového
dolu Piibram. Zavére¢na zprava. (Acquisition and research of special data and information on the current
flooding of the Czech uranium deposit of Pribram. Final Report.) DIAMO, s. p., Straz pod Ralskem 2005.

STARY, V.: Zprava o karotaznich pracich pro akci ,,Podrobné vzorkovani diilnich vod“ jamy J11A, J15,
J16, J19. (Report of logging works for the project “Detailed sampling of mine waters” shafts J114, J15,
J16, J19.) — Pfibram — April/May 2005. GEOTREND, s.r.o0., Slany 2007.

HAJEK, A. etal.: Analyza zaplavovani uranovych dola v Ceské republice. Zavéreéna zprava II — stav
k 30.6.2006. Udaje o vybranych loziscich, zatapéni dolti, dosazeni kone¢né trovné hladiny v zatopeném
dole, hydrogeologicka a hydrochemicka charakteristika. (Analysis of the flooding of uranium deposits in
the Czech Republic. Final Report Il — state as to 30.06.2006. Data on selected deposits, flooding of
deposits, reaching of the final water level in flooded deposits, hydrogeological and hydrochemical
characteristics.) DIAMO, s. p., Straz pod Ralskem 2006.

GeoScience Engineering Volume LVI (2010), No.3 - Special Issue
http://gse.vsb.cz p. 10-18, ISSN 1802-5420



17

[14] STARY, V.: Zprava o karotaznich pracich pro akci ,,Podrobné vzorkovani diilnich vod* jamy J11A, J15,
J16, J19. (Report of logging works for the project “Detailed sampling of mine waters” shafts J114, J15,
J16, J19) — Ptibram — May 2006. GEOTREND, s.r.0., Slany 2006.

[15] STARY, V.: Zprava o karotaznich pracich pro akci ,,Podrobné vzorkovani dtilnich vod* jamy J11A, J15,
J16, J19. (Report of logging works for the project “Detailed sampling of mine waters” shafts J114, J15,
J16, J19) — Ptibram — May 2007. GEOTREND, s.r.0., Slany 2007.

[16] SUPIKOVA, I.: Zprava o hloubkovém vzorkovani diilnich vod na jamé &. 19 v Pibrami. (Report of depth
sampling of mine waters in shaft no. 19 in Pribram.) Aquatest Praha 2008.

RESUME

Lozisko Pfibram stale zistava nejvétSim loZiskem uranu, které bylo na uzemi CR dobyvano. Celkem
zde bylo ziskano 50990 t uranu, coz piedstavuje cca 45% produkce z uzemi Ceské republiky v letech
1945-2008. Tézba na lozisku byla ukon¢ena v ramei Gtlumového programu v roce 1991. Vzhledem k tomu, ze
uranové doly v Piibrami byly vyuzity k vystavbé podzemniho zasobniku zemniho plynu Haje (vyuzitelny objem
560 000 m3v, to je cca 70 mil. m® uskladn&ného plynu) bylo lozisko Pfibram (respektive dillni prostory) zatapéno
postupné. Casti loziska, které nebyly dotCeny vystavbou podzemniho zasobniku, byly oddéleny hrazovymi
systémy a byly ponechany pfirozenému zatopeni, které bylo zahajeno v roce 1991. Od roku 1998, kdy byl
podzemni zasobnik plynu dostavén, pokraovalo pfirozené zatapéni i zbyvajici ¢asti loziska.

V fijnu roku 2005 dosahla tGroven hladiny dulnich vod kétu 419 m nad mofem a bylo zahajeno ¢isténi
tzv. nadbilanénich dulnich vod. Maximalni provozni hladina (tzv. pfelivna hrana) je v nadmotské vysce 434 m n.
m. Po plném zatopeni se pfitok do loziska Piibram predpokladal na zakladé kvalifikovanych studii v objemu
45-55 1.5 skute¢nost je viak v &erpanych objemech okolo 60 — 100 I.s™.

V soucasné dobé (rok 2008) obsahuje ¢erpana dilni voda na vstupu do dekontaminaéni ¢istici stanice na
jamé &. 19 v praméru 7,42 mg.1™ U; 1 275 mBq.I™* Ra?®; 14,10 mg.I" Fe; 4,68 mg.I* Mn?*; 171,26 mg.I"* CI';
1 905,92 mg.I* SO,%; celkovy obsah rozpusténych latek je 3 620 mg.I™. Tyto hodnoty jsou vypodteny na
zékladé dennich stanoveni. Denné jsou na vstupu i vystupu sledovany vsSechny ukazatele, pro které byly
stanoveny spravnimi organy zavazné vystupni limity. Minimalné 1x ro¢né je provadén komplexni rozbor vsech
latek, které jsou v diillni vodé obsazeny.

Z vysledkii méfeni a chemickych analyz byly zjistény tyto poznatky:

« v celém profilu jamy &. 19 byly zjistény siranové vody typu Na*-Ca?*-SO,*

* z karotazniho méfeni rezistivimetrie byly zjistény dvé oddé€lené stratifikované zony, jejichZ existence
byla ovéfena zménami chemického slozeni dulnich vod (zména mineralizace, vodivosti, redox potencialu, CI,
Na*, HCO3, SO,”)

* horni zona vykazuje oxidac¢ni vlastnosti, tato zona lezi mezi hladinou a saha az do hloubky cca 371 m
pod terénem (9. patro, 87,5 m n.m.)

* z méfeni rezistivimetrie je mozné zjistit piechod mezi oxida¢ni a redukéni zénou, ktery neni jesté ostie
vymezen, lezi mezi hloubkami 371 - 425 m pod terénem, tedy mezi patry 9 a 12

* stejné tak z rezistivimetrie je mozné vymezit spodni redukéni zonu (cca od hloubky 425 m) tedy nad
12 patrem kde zac¢ina a saha az ke dnu, do hloubky 1405 m pod terénem (- 950,5 m n.m.), tedy pod 28 patro

* vyjimkou je zoéna okolo 28. patra (40 m nad 28 patrem, -855,5 m n.m.) ktera pfestoze lezi v reduk¢ni
zon¢ tak vykazuje oxidaéni vlastnosti. Tato zona se také lisi svym chemismem oproti svému okoli.

Jak vyplyva z méfeni, oxidacni a redukéni zony se zacaly profilovat jesté v priabéhu zatézpéni jamy ¢. 19,
tedy od r. 2004 kdy jsou k dispozici prvni m&feni. Nejlépe je to patrné z pribéhi koncentraci Ca**, HCO5, SO,%,
Na", CI".

Z vysledkti méfeni a chemickych analyz vyplyva, Ze pravdépodobné nedochazi k miseni vod mezi
jednotlivymi zénami. Jiz od r. 2004 je patrné, Ze kazda zona se vyznacuje svym specifickym slozenim, které si
prozatim uchovava.

JiZ nyni, po shrnuti dosavadnich poznatkii doplnénych o cilené vzorkovani je jasné, ze dochazi
k zasadnim zménam chemismu dalnich vod v Case s rostouci hloubkou a pozici v dolovém poli. Vysledek lze
shrnout do nésledujicich bodu:

+ obsah uranu v dilni vodé po 4 letech &erpani je okolo 6 mg.1-1.

 Cerpané mnozstvi se pohybuje okolo 80 I.s-1.

 vytéznost U se pohybuje okolo 1 t uranu za mésic

« obsah Zn?* a Ni** je vétsi ve vétsich hloubkach a dale od Gerpaciho mista, tedy na jamé &. 15
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* ostatni prvky jsou zastoupeny nevyznamné (vétSinou pod mezi citlivosti analytickych metod)

« obsah Ra*®® na vystupu (Serpani z jamy ¢&. 19) se pohybuje okolo 1 Bq.I™. Toto je vedle U a Fe hlavni

prvek, ktery je nutné z vody odstranit pied jejim vypusténim do vodotece.

Vzorkovaci prace V oblasti loziska Pfibram probihaly jiz od roku 2002, le¢ jejich vysledky byly
pouzivany predevsim k co nejpfesnéjSimu urceni kvality diilnich vod v okamziku jejich nastoupani na kone¢nou
zatopovou uroven, tedy 434 m n.m.

Po zatopeni loziska v roce 2005 bylo nutné urcit predpokladany vyvoj kvality dalnich vod za ucelem

stanoveni nutné délky provozu d&istici dekontaminadni stanice v souvislosti s ¢erpanim vod a udrzovanim
ekologicky pfijatelné trovné hladiny vod v lozisku.

APPENDIX: Presentation “Mine Waters of The Flooded P¥ibram Uranium Deposit” - October 2009,
Konigstein, Germany
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