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Abstract

Uranium ores have been mined in Bohemian Massif in different mining districts i.e. in West Bohemia,
Pfibram region and Middle Bohemia, RoZna district and in StraZ pod Ralskem district. The latter is represented by
stratiform sandstone type of deposit where acid in-situ leaching has been applied as mining method since 1968. More
than 4 million tons of leaching acids have been injected into the ore bearing sandstones. The district falls in an area
of natural water protection in North Bohemian Cretaceous platform. A complex evaluation of negative impact of
uranium mining and milling in this area has been clearly articulated in Government Decrees Nos.:366/92, 429/93,
244/95 and 170/96. A special declining regime of mining has been ordered for the implementation of which together
with the Government Commission of Experts a remediation programme has been designed and put into operation in
1996.

The uranium producer DIAMO a.s. prepared a Concept of Restoration of the area affected by in-situ leaching
and MEGA as. has prepared the Environmental Impact Assessment (E.I.A.) according to the law No.244/1992. The
Ministry of the Environment issued an Environmental Impact Statement which included evaluation of the condition
of mining and restoration programme because both activities will influence the environment of the district.

1. HISTORICAL REVIEW

The Bohemian Massif is a very important uranium bearing province. Uranium
mineralization has been connected with post-Variscan hydrothermal activity and emplacement
of carbonatic dikes with uranium mineralization. Uranium ores have been mined in Jachymov
(Joachimsthal) since 1840, first for making paints and later when radium and polonium were
discovered by Mme Curie, also for radium production. During the years 1907-1939 a total of 2,5
- 5,5 g of radium per year were produced there.

During the years 1945 - 1960, the period of exploitation of uranium ores for army
purposes began and from uranium ore of Jachymov the first Soviet atom bomb was
manufactured.

After the World War II uranium exploration grew rapidly as a large scale programme in
support of the Czechoslovak uranium production industry. A systematic exploration programme
including geological, geophysical and geochemical surveys and related research, was carried out
to assess the uranium potential of the entire country. Subsequently the following uranium
districts were opened and exploited :

West Bohemian District
Pribram and Central Bohemian District
Rozinka District
North Bohemian Uranium District

Until the year 1994 a total of about 100 000 tons of uranium have been produced from
all mines ( about 20 000 tons from in-situ leaching fields).
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Figure 1 Uranium reserves in Czech Republic (1995)

During the long period of underground mining, especially since the end of World War
II, devastation of the landscape from waste dumps accumulation, tailings and other workings
themselves has been enormous. Subsequently all these activities have had a negative impact on
the environment including surface and ground waters and soils.

In the mining districts of Jachymov, Tachov, Horni Slavkov, Pribram there are heaped
more than 38 large scale waste dumps and many small waste dumps that originated during the
extensive prospecting period all over the Bohemian Massif.

Table 1 Main regions, volume and areas of land affected by waste dump deposition.

Region

West Bohemia
North Bohemia
Pfibram region
Dolni Rozinka
Total

Volume in thousand m

10662
1302

28511
2623

43107

Area in thousand

641
114

1299
406
2460

2. URANIUM MINES IN CZECH REPUBLIC

The majority of uranium deposits in the Bohemian Massif are of vein type but
the deposits of primary interest are of a stratiform, sandstone type and are situated in
North Bohemian Cretaceous basin. Until 1989 a total of 96 000 t of uranium have
been produced in all mines in the Czech Republic (85 000 t from underground mines
and 11 000 t from ISL fields)
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Figure 2 Uranium production and use in the Czech Republic 1989 -2003 in
Kt

The North Bohemian area with its stratiform sandstone type of uranium deposits is the
newest ore producing district in Czech Republic and its exploration started in 1969. Because of
relatively large deposit (about 200 OOOt) the uranium production was meant to cover all the long
term needs of nuclear power programme, including export to former COMECON countries.

This situation has changed dramatically after 1989 with the political and economic
changes in the whole of Europe. The uranium spot prices in the world dropped down rapidly and
uranium mines were not able to meet even the average of uranium prices on the world market.

Figure 3 depicts the declining trend in the mining production in the Czech Republic
during 1989 to 1994, which originated after the collapse of former Soviet Union when a world
wide nuclear disarmament programme started.

Government Decrees have been issued to close down majority of uranium mines and the
subsequent assessment of negative impact of uranium mining on the environment has shown the
necessity to implement remediation measures in all areas where the uranium mines had operated.

3. COEXISTENCE OF UNDERGROUND MINING AND IN-SITU LEACHING OF
URANIUM IN NORTH BOHEMIA

The main problem for uranium exploitation in this area is the coexistence of two large
production complexes - classical deep mining on the Hamr deposit and ISL on the Straz deposit.
These deposits are situated near each other and they have negative influence on the geological
environment of the whole area.
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Figure 3 The uranium mining production in the Czech Republic 1989 - 1994

3.1. Geological setting

Uranium concentration in Northern Bohemia occurs within sediments of the Upper
Cretaceous platform unit of Bohemian Massif which are tectonically heavily affected and
forming tectonic blocks. The most important concentration of uranium ores were found in the
s.c. Straz block.

Cretaceous sediments have been deposited on a metamorphosed basement consisting of
low grade metamorphosed rocks and acid granitoids. Their sedimentary sequence range from
Cenomanian to Turonian and represent from the hydrogeological point of view important
aquifers of drinking water.

The average thickness of the whole Cretaceous complex in Straz block is about 220 m.
The basalt volcanics of Terciary age are penetrating the Cretaceous beds.

The stratiform uranium mineralization is confined to the lowest part of Cenomanian beds
(washout sediments) and has an unusual association of elements: U-Zr-P-Ti (uraninite UC«2+X)

ningyoite (CaU(PO4)2.nH2O), and hydrozircon (Zi(Sii_xO4 4x(OH)4x).nH2O).

3.2. Methods of extraction of ore

Two methods of extraction have been applied within the Straz block since the late 1960s:

a) Classical underground mining in Hamr mine and Brevniste. The panel and fill (room and
pillar) method is used in the Hamr mine and a stable depresion of the water table in
Cenomanian aquifer has been achieved due to long term water extraction at the mine. The
depression is kept up by pumping out mine waters at a rate of about 50 m3 / min.

b) The ISL has been in operation for about 25 years and so far 32 ISL claims have been
commissioned covering a total area of about 6 000 000 m2.
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4. NEGATIVE IMPACT ON THE ENVIRONMENT

After 1989 the political and economic situation in Europe has changed and finally
attention has been paid to the evaluation of negative impacts of the extensive mining activities
of the past 50 years on the environment of the Czech Republic.

In the Bohemian Massif the main impact of mining is in North Bohemian brown coal
basins, then in North Moravian Ostrava pit coal basin and last but not the least in the areas of
uranium underground mining and in-situ leaching. Therefore the Czech Government has paid
serious attention to the restoration programme of uranium locations followed by remediation of
the areas affected by the uranium mining and milling.

The environmental issues connected with uranium mining can be listed as follows:

- old uranium mine and mill sites and their assessment
- old uranium mines waste dumps
- waste dumps left after uranium prospecting
- tailing impoundments

Government Decrees have been issued to close down all uranium underground mines
except the Rozinka Mine (Czech-Moravian Highland) and the subsequent assessment of negative
impacts of uranium mining and milling on the environment has shown the necessity to start with
a wide remediation programme of all environmental issues connected with uranium mining as
listed above.

The uranium mines in Hamr and Straz pod Ralskem were chosen as the first heavily
affected areas for the restoration programme because in-situ leaching and underground mining
were operating together there in one geological unit i.e. Cretaceous Cenomanian sandstones. The
mining activities, especially in-situ leaching are influencing ground water regime and the
pollution is enormous.

A quantity of 3.8 million tons of H2SO4 , 270 000 tons of HNO3 and 103 000 tons of
NH4 have been injected into the leaching fields of the Straz deposit in the last 25 years (Figs. 4,
5). This has affected a total of 188 million m3 of Cenomanian water over an area of 28 km2.

Leach solutions from ISL fields have dispersed horizontally and vertically not only to the
Cenomanian horizon but along the extraction boreholes and tectonic lines to the Turanian
drinking water aquifer.

To solve the negative influence of coexistence of Hamr mine and ISL Straz mine a
protective hydraulic barrier has been built between these two deposits.

According to hydrogeological investigation and hydrological modelling of water and acid
solutions the first steps have been already executed. Circulation water from Hamr mine is
pumped out at a rate of about 50m3/ min and forced into the Straz hydraulic barrier. This will
make a steady overpressure in the SW part of the Straz block behind the hydrological barrier.
Solving the hydrogeological situation, to suppress the above mentioned negative impact of ISL
on the environment the construction of a desalination plant with a capacity of 5m3/ min has been
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proposed. These technologies started to operate in 1996 and the first positive results have already
been achieved.
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Figure 4 Total quantity of chemicals injected to ISL fields in Straz pod Ralskem
1969-1992
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Figure 5 The amount of H2S)4 input to the leaching fields in Straz pod Ralskem
uranium deposit (1989-1995)

5. ENVIRONMENTAL REMEDIATION PROGRAMME

The assessment of different environmental issues connected with in-situ
leaching in North Bohemia has been submitted to the government. Taking this into
consideration the Czech Government has issued Decrees on which the environmental
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restoration programme was started in 1992 with declining uranium mining programme.
The following Government Decrees have been issued on this issue:

No.366/1992 - Complex evaluation of chemical mining in North Bohemian area. A
programme for closing ISL and remediation of uranium mines.
No.429/1993 - Concept of the recession programme of underground mine Hamr and
its "dry" conservation.

A Government Commission with Interministerial Experts has been established
to help the uranium producer DIAMO a.s. to analyse the problem, to design the
methods of restoration of ISL, to supervise the process and to control the execution of
the programme stated in the Government Decrees.

The final analysis of problems (Analyza CHT - III) connected with the
evaluation of the environmental impact of uranium mining has provided a complex set
of data dealing with this issue. The main contractor of the project is the uranium
mining company DIAMO a.s. together with co-operating institutions (e.g. MEGA as.,
Aquatest a.s., Universities). The financing of restoration programme is covered by the
state budget with support from international sources (EC, PHARE, Dutch Government,
Danish Government, IAEA). The analysed problem is unique in the whole of Europe
in its size and timescale.

No. 244/1995 - Realization of restriction of uranium mining and milling in the
Czech Republic. It stipulates that by the end of October 1995 the Final Report should
be submitted based on the above mentioned Government Decrees and on analysing the
problems and prepare a clear conceptual design of the future restoration programme
to be financed from the state budget.

The latest Government Decree No. 179/1996 - issued to the Final Report about
the remediation of the chemical extraction of uranium in Straz pod Ralskem. It
announced the end of the chemical extraction of uranium from 1 April 1996 and
assigned responsibilities for the Ministries involved to submit yearly progress reports
about the remediation programme.

5. ANALYSIS OF PROBLEMS (ANALYZA CHT - HI)

The analysis of uranium mining and milling in North Bohemian cretaceous
platform prepared by DIAMO a.s. et al has two parts:

I. Geological environment and underground physical and chemical processes

This part deals with following problems:

geological, hydrogeological and geophysical research covering the mines and

wider environment
evaluation of ground water contamination caused by ISL
assessment of long term hazards for Cretaceous aquifers arising from the
existence of large volumes of contaminated ground water
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hydraulic and hydrodynamic models for establishing a suitable "algorythm" for
the quantification of long term risks
quality limits of ground water after finishing the restoration of the site
optimal regime of ISL, underground mine and remediation programme

II. Technologies recommended for the restoration of the environment

The technology of volume reduction by evaporation followed by processing of
the concentrate was chosen for decontamination of the strongly saline Cenomanian
waters. It is expected that a volume of 5 m3/ min. will have to be pumped from the
aquifer. For the decontamination of slightly polluted water from the Turanian aquifer
a volume of about 2 - 3 m3/ min. is subjected to cleaning using membrane processes.
An evaporation station has been built by RCC (USA) and started operation in 1996.

Technological decontamination of polluted waters is divided into two basic
stages:

Stage I - Evaporation with separation of uranium concentrate and injecting the
concentrated solution back into the Cenomanian aquifer with the aim of reducing the
spacial dispersion of salinated liquids in the geological environment. This stage is
expected to operate till the year 2000.

Stage II - Separation of precipitated salts from the concentrated solution and
processing of separated salts focusing on the commercial application of final products
or their stabilization. The technological unit attached to the evaporation station will
have provision for multigrade crystallization and final processing of products. These
are mainly aluminium-ammonium sulphate and remaining constituents, the latter
supposedly transformed by calcination into unsoluble waste for safe storage.

6. ENVIRONMENTAL IMPACT ASSESSMENT

As an independent part of the Final Report prepared for the Czech Government
the E.I. A. which evaluated not only the negative impact of uranium mining and milling
on the environment but also the activities proposed by DIAMO as. as designed
restoration programme has been concluded.

Both the reports i.e. Analysis of Problems (Analyza CHT - III) - DIAMO as.
and Environmental Impact Assessment (MEGA as.) have been reviewed by the
Government Commission of Experts and passed the public hearing.

The Ministry of Environment, as per law No.244/1992 issued a statement on
the conclusions with comments which were included in the Final Report for the Czech
Government regarding the future Restoration Programme of the areas affected by
uranium mining and milling under consideration.

7. THE STATEMENT OF THE MINISTRY OF ENVIRONMENT

The Ministry of Environment taking into consideration the reports on the
restoration programme of the area affected by in-situ uranium leaching in Straz pod
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Ralskem agreed with the concept of remediation programme and E.I. A. submitted to
the Ministry of Environment within the following conditions:

The first stage of the remediation programme will start on 1st January 1996 and will
be followed by the operation of the evaporation station to stabilize and control
the leach liquors in the Cretaceous aquifers. This stage represents the beginning
of the complex programme of restoration of the environment in the whole area.
Uranium extraction from the leaching fields will continue as subordinate
process of restoration programme.

At the same time the monitoring system will be modified according to the results
gained to assure the system will register the effectiveness and progress of the
restoration process.

The restoration steps will be coordinated with the liquidation of the Hamr underground
mine and tailing impoundments in the Straz region. Simultaneously the
geochemical contamination of the surface sediments and waters along the river
Ploucnice will be solved.

The recultivation of the surface will be coordinated with the technological regime of
rehabilitation and parts of natural reservation (Ralsko, Velky a Maly Jeleni
vrch, Lipka) will be preserved for ecological stability.

DIAMO a.s. will arrange a complex socio-ecological study which will consider the
programme of revitalization of the area.

Taking into consideration the difficult nature of the problem the Ministry of the
Environment requires from DIAMO a.s. further to accomplish:

A complex analysis of the critical parts and risks of proposed concept of the
remediation programme with special attention to the contamination of the
Turonian aquifer.
A report on the possibility of immobilization of the contaminants underground
in the Cenomanian aquifer as an alternative programme in the last stages of
decontamination.
Define and prepare a follow-up project dealing with the products of the
evaporation station extracted from underground and particularly dealing with
the remaining constituents (incl. radioactive wastes).
Simultaneously conduct processes to produce materials which will be suitable
for further technological use or for sale.
Safe storage of products - minerals potentially feasible for reuse.
Prepare a study regarding the minor elements content which have been
enriched during the circulation of salinated liquids underground (REE, AI, Be,
Ni etc.) as future non-traditional mineral resources.
Evaluate the content of radioactivity and radionuclides in the liquors and
evaporation station products especially in final calcinate.
Prepare a broad research programme and follow up studies with the aim to
finalize the technological programme and verification of executed steps.

8. SUMMARY

According to the international statistics the Czech Republic belongs to the area
with the strongest potential for extraction of minerals both in the European as well as
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the world scale. Czech Republic ranks among the states having high intensity of
mining per square km. The situation in the country is complicated by high density of
population with an average of 130 persons per square km. This critical situation has
gradually arisen over the past 50 years through extensive and in many places haphazard
exploitation of minerals and industrial activities. The ecological stability in many
regions of the Czech Republic has been completely destroyed.

The Ministry of Environment has become particularly conscious of the need for
competent environmental management in view of the past unsustainable mineral
exploitation practice. In 1992 a map was produced entitled Impact of Mining on the
Environment of the Czech Republic. This was probably one of the first attempts to
determine sustainability indicators, and the environmental hazards associated with
mining and processing of various minerals which are listed and classified.

One of the very negative impacts of the past and recent mining of minerals,
among many other environmental issues, is in-situ uranium leaching in Straz pod
Ralskem. This mine is situated in Cretaceous sandstones creating a platform over the
northern Bohemia and represents a reservoir of drinking water for the Czech Republic.

A quantity of about 4 million tons of acids and other chemicals were injected
into the leaching fields of Straz pod Ralskem deposit in the past 25 years which
affected a total of 188 million m3 of ground water in an area of 28 square km.
Technological solutions from in-situ leaching fields dispersed horizontally and
vertically not only within the cenomanian horizon where the uranium mineralization
is present but also along the inadequately sealed extraction boreholes and tectonic lines
up to the turonian aquifer of drinking water.

The broad remediation programmeme is recently executed by the Ministry of
Industry and Trade and by the uranium producer DIAMO s.p. The Ministry of
Environment has stipulated conditions regarding the environmental issues.

The Czech Government has issued Decrees on which is based and supported
environmental restoration programme which was started in 1992 with declining
uranium mining programme. The following Government Decrees have been issued
regarding this problem:

No.366/1992 - Complex evaluation of chemical mining in North Bohemian area. A
programme for closing ISL and remediation of uranium mines.
No.429/1993 - Concept of the recession programme of underground mine Hamr and
its "dry" conservation

A Government Commission of Interministerial Experts has been established to
help the uranium producer DIAMO a.s. to analyse the problem, to design the methods
of restoration of ISL, to supervise the process and to control the execution of the
programme stated in the Government Decrees.

The final analysis of problems (Analyza CHT - III) connected with the
evaluation of the environmental impact of uranium mining has provided a complex set
of data dealing with this issue. The main contractor of the project was the uranium
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mining company DIAMO as. together with co-operating institutions (e.g. MEGA as.,
Aquatest a.s., Universities). The financing of restoration programme was covered by
the state budget with support from international sources (EC, PHARE, Dutch
Government, Danish Government, IAEA). The analysed problem is unique in the
whole of Europe in its size and timescale.

No. 244/1995 - Realisation of restriction of uranium mining and milling in the Czech
Republic. It stipulates that by the end of October 1995 the Final Report should be
submitted based on the above mentioned Government Decrees and on analysing the
problems and prepare a clear conceptual design of the future restoration programme
to be financed from the state budget.

The latest Government Decree No. 179/1996 - issued to the Final Report about
the remediation of the chemical extraction of uranium in Straz pod Ralskem. It
announced the end of the chemical extraction of uranium from 1 April 1996 and
assigned responsibilities for the Ministries involved to submit each year progress
reports about the remediation programme.

In this year the 3-column evaporation station started to operate with following
aims:

to prepare the hydrological depression in Cenomanian aquifer
to stabilize the concentrated saline liqueurs in Cenomanian aquifer and prevent
their spreading in southwest and southern directions
to extract uranium as by-product.

During the 72 hours trial runs all the parameters guaranteed by the contractor
of technologies (RCCI) have been tested and proved. The test has shown even better
results than those assured in the guarantee conditions, e.g. 3.2% more distillate was
produced and for the evaporation of lm3 of produced distillate only 85.5 - 92.9 % of
electric energy was consumed.

The results obtained during the test of evaporation station will now be
evaluated and summarized in a Progress Report.

The remediation programme which has started in Straz pod Ralskem in 1992
represents an excellent example of the cooperation between the uranium producer
DIAMO s.p. and state administrative bodies. This cooperation is even more valuable
knowing that the problem of uranium ISL and the necessity of its remediation was
recognized as a very serious environmental problem in the European context. The help
of IAEA experts during the preparation of the analysis of the problems is also highly
appreciated.
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