
XA9745135
THE STRAZ BLOCK ISL PROJECT — CASE HISTORY

V. BENES, J. SLEZAK
DIAMO s.p.,
Straz pod Ralskem
Czech Republic

Abstract

The ISL project on the Straz deposit, located about 90 km north of Prague, the capital of the Czech
Republic, is the only commercial in situ leaching plant, that has been operated in the Czech Republic. The facility
began its first industrial production at the end of 1969, some 5 years after the discovery of the sandstone-hosted
uranium deposits in the northern part of the Bohemian Cretaceous basin. The orebodies lie 180 to 280 m below the
surface, depending on its configuration. The orebodies are situated in the lower part of Cenomanian sediments — in
brackish sediments, and especially in marine sandstones. At present, the leaching fields have the area of about 650
ha (6.5 km2). Some of these fields were closed, wells decommissioned and surface is being reclaimed. Because of
the technological properties of uranium ores and host rocks, the leaching is very slow. Therefore some leaching fields
have been in production for more than 25 years and they still produce industrial amounts of uranium. The plants were
constructed for the capacity of 30 to 40 mVminute (400 to 650 litres per second). The highest annual production was
more than 800 tonnes. The total amount of produced uranium was 15 000 tonnes between 1968 and 1994.

1 INTRODUCTION

The Straz in situ uranium mine is located in the northbohemian part of the Bohemian
Cretaceous Basin. These uranium ore deposits were discovered in the early 1960s. The exploration
has focussed on the most promising part, the Straz block.

There are eight deposits situated in the Straz block — the Krizany, Brevniste, Hamr, Osecna-
Kotel, Holicky, Straz, Mimon and Hvezdov deposits. The Hamr and Straz deposits are the biggest
in the area with about 50% of all resources.

The exploitation development began in the second half of the 1960s. The newly discovered
deposits were considered the most prospective uranium source in former Czechoslovakia, and they
should have replaced the production from classical deep-mined deposits, such as Pribram, Rozna,
Zadni Chodov etc.

Because of a false strategy in uranium production development (classical deep mine next to
ISL fields) and other external influences, the uranium production is becoming more expensive and
declining in this newest production area in the Czech Republic.

2. GEOLOGY

The Straz block is a geological unit, bordered by faults. The north-eastern border is created
by the Lusatian fault, which separates it from crystalline rocks of the Jested mountains complex of
lower Paleosoic and upper Proterozoic age. The south-eastern border is formed by a belt of Tertiary
volcanic dykes called "Devil's Walls". The Cretaceous sedimentation is changing its facial
development in this direction. The Straz fault creates the north-western border of the Straz block
and separates it from the sunken Tlustec block lying in the north-west. The last, south-western border
is created by complicated south-eastern continuation of the Ceska Lipa fault zone. Geological
conditions of Cretaceous sedimentation do not change into this direction.
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The deposits in the area of the Straz block belong to the sandstone-tabular type uranium
deposits. They are hosted in the basal part of the Upper Cretaceous sedimentary complex. It is
overlying crystalline rocks of Proterozoic and Lower Paleozoic age with some depressions in their
paleorelief filled by Carboniferous and Permian sediments.

This Cretaceous sedimentation began with fluvial, fluvio-lacustrine and other fresh water
sediments of lower Cenomanian. This sedimentation continued in "wash-out" horizon, which lies
between the freshwater and marine sediments. Marine sediments of the upper Cenomanian consists
of two main parts — the lower one is called friable sandstones and the upper one fucoid sandstones.
Ore is associated with freshwater, mostly argillaceous sediments and especially with the lower part
of cenomanian marine sandy sediments. The whole thickness of the orebodies sometimes exceeds
more than 10 metres, however, the average is about 6-8 m. The depth of deposits is given by their
position in the Straz block — from about 130 metres in the north-eastern part to about 250 metres
in the south-western part. The whole area is influenced by saxon tectonics and Tertiary volcanism.

2.1. The Straz deposit

2.1.1. Lithostratigraphy

Proterozoic

The complex of Proterozoic rocks is developed in the nortwestern part of the deposit. It is
formed by grey sericitic phyllites and granitoids.

Paleozoic

Paleozoic rocks on the deposit are formed by sediments of Ordovician, Silurian, Devonian
and Permo-Carboniferous. Ordovician rocks are formed by quartzy phyllites (with content of quartz
higher than 50%) and sericitic quartzites. Silurian rocks are formed by so called "variegated series"
— graphitic phyllites, sericitic-chloritic phyllites, chloritic phyllites, carbonatic phyllites and quartzy
phyllites. Devonian rocks are formed by sericitic phyllites with layers of slightly metamorphosed
limestones. Permo-Carboniferous rocks are formed by red sandy-clayey siltstones, melaphyres and
quartzy porphyries.

Mesozoic

Mesozoic sediments on the deposit are represented by upper Cretaceous.

Upper Cretaceous

Upper Cretaceous sediments belong to the Lusatian facial area and are formed by sediments
of Cenomanian and Turonian. Their thickness varies between 150 m in the north-east and 270 m in
the south. The whole complex of proterozoic, paleozoic and mesozoic sediments is penetrated by
ultrabasic rock dykes of Tertiary age.

2.1.2. Tectonics

Platform sediments in the area are penetrated by many fissures and faults. They create four
main systems: NE-SW, NW-SE, submeridional (N-S) and subequatorial (W-E).
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2.1.3. The shape of orebodies

Orebodies were formed in the shape of lentils and flat flags. The shape is influenced by
lithological homogeneity of rock environment:

volume and character of reduction agent dispersion,
thickness of horizon,
intensity of layer oxidation and the form of redox barrier.

3. HYDROGEOLOGY

Hydrogeological relations are very complicated in the Straz block. Two aquifers are
developed in the upper cretaceous sedimentary complex. The lower cenomanian aquifer has an
artesian water level and the upper Turonian aquifer has a free surface water level. Separation of these
both aquifers can be defined as semiconfining bed — the aquiclude.

3.1. Cenomanian confined aquifer

This aquifer is formed by semipervious freshwater sandy siltstones and silty sandstones of
lower Cenomanian and marine sandstones (friable sandstones) and silty sandstones with fucoidal
texture (fucoid sandstones) of upper Cenomanian.

3.2. Middle Turonian aquifer

This aquifer is separated by lower Turonian aquiclude, which is formed by marlstones, muddy
limestones and marly siltstones. It is formed by middle and upper Turonian marine sandy-marly
silstones, marly sandstones and sandstones.

4. THE HISTORY OF URANIUM PRODUCTION

The Straz block deposits were discovered by structural borehole HT-I in 1963. The Straz
deposit proper was discovered by geological — exploration borehole profile XXX063 in 1967. The
history of uranium production began immediately after its discovery.

In 1967, the first leaching test field (VP-1) started its operation. It was situated on the Hamr
deposit. The alcaline lixiviant (sodium carbonate) was applied during the test and it did not give
sufficient results At present, we can mention, that it could not have been successful because of:

very primitive conditions given to this test,
low experience with this leaching technology and
orientation on sulfuric acid leaching technology used in the Soviet Union.

Leaching test field VP-2 was drilled near the new shaft of the Hamr mine and before it started
it had practically no groundwater level for its operation because of the drainage of the sunken shaft.
Afterwards the decision to remove the future leaching test fields farther from the deep mine area was
made.

Leaching test field VP-3 was the first one situated in the middle of the Straz deposit. It was
drilled in the form of two hexagonal cells with 16 m long side and one well in the centre. It was the
first leaching test, which gave the first real uranium production from ISL technology. The first tank
of concentrate was sent for its processing to the MAPE Mydlovary uranium mill on December 13,
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1967. It was the real beginning of semi-commercial uranium production using of ISL. Afterwards this
leaching test field was extended to 9 ha under a new name VP-4.

Leaching test field VP-5 was situated on the Hamr deposit again. It should have ensured the
possibility of leaching in the freshwater low permeable sediment in the lowest part of the Cenomanian
sediments. The test with strong sulfuric acid (over 200 g/1) was also executed.

The last leaching test field was also performed on the Hamr deposit and it was named VP-6.
It has the area over 30 ha. Because this field was situated in the close neighbourhood of the Hamr
deep mine there ware many problems in its production and it also influenced the deep mining area
by acidic solutions. Many corrective actions were done but they were not sufficient enough.

In 1971, after the government's decision about future uranium production in the nortbohemian
area, the fast development of ISL fields and production started in the industrial scale. The area of
leaching fields increased very fast, especially after the flooding of the Hamr mine in 1972. The area
increased as follows:

1970 -
1975 -
1980 —
1985 -
1990 -
1993 -

9 ha
208 ha
305 ha
440 ha
600 ha
650 ha

Cumulative production was as follows:

1970 -
1975 -
1980 -
1985 -
1990 -
1995 -

50 t
2400 t
6300 t
9900 t

13300t
15200t

Unfortunately this development was done without any consideration to the environment, which
will influence the future restoration procedure.

7. SPECIAL TECHNOLOGICAL REGIME APPLIED DURING 1992-1994

After the government's decision in 1992, the special technological regime for ISL plants was
applied. Solution circulation was decreased to the minimum to protect ISL area surroundings. It also
allowed for time for the evaluation of the present situation in consideration to the future production
or remediation beginning. During this period the acidity of solutions was kept on the necessary level
to avoid the back precipitation of dissolved solids in the layer (orebody). During that time extensive
research work was carried out and its results were summarized in the detailed report called "Analysis
o f lSL-m" .

8. RESTORATION PROJECT

Over the years the acid solutions and leaching products has spread into a large volume of
underground water and it is necessary to clean this contaminated water in the case of the end of
uranium production.

196



The main task of the Straz deposit restoration is to solve the ISL technology environmental
impacts on the cretaceous aquifers.

Wide laboratory research, geological and geophysical exploration were carried out in the
frame of this solving. New mathematical models have been developed for the evaluation of hydraulic
and hydrochemical situation of the deposit and for the restoration process economical evaluation, too.
This work led to the determination of starting conditions for the restoration project:

a) The contamination of the cenomanian aquifer

Volume of contaminated water: 186 mil. m\ area 24 km2

Main contaminants: SO4
2: 3 792 000 t, (out of which 948 000 t free H2SO4)

NH4
+: 91 400 t

Al: 413 000 t
U: lOOOt

Total amount of TDS: 4 800 000 t

b) The contamination of the turonian aquifer

Volume of contaminated water: ca. 80 mil.m3, area 7.5 km2.
Main contaminants: SO42: 22 0001

NH4
+: 1300t

Total amount of TDS: ca. 25 000 t

c) risk of the dispersion of contamination to the larger area and to the higher volume of
underground water,

d) risk of the next contamination of the turonian aquifer, that is the source of drinking water.

The targets of the deposit restoration are as follows:

to decrease the contents of dissolved solids in cenomanian water gradually to the
environmental limit. The research results show that the safe concentration of TDS should be
about 3 g.l1;

to decrease the contents of dissolved solids in turonian water gradually to the quality given
by the Czech water standards. It means practically to the pre-operational baseline.

8.1. The cenomanian aquifer restoration

is planned in two steps. The first one is to achieve the hydraulic underbalance in very short
time and to obtain full control on underground contaminated solution. During this step it is necessary:

to control the ISL process not to achieve the precipitation of solids in orebody,
to prepare the well pattern for new system of pumping and injection,
to remove uranium from solutions all the time,
to start the evaporation station operation (first stage of desalination plant),
to inject the concentrate from evaporators back to the central part of deposit.

The second step is to start with the removal of solids from the underground. This period will
include:

the construction of the second stage of desalination plant (for the treatment of the Stage I
products),
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the controlled pumping of solution in order to use the full capacity of treatment plant for 7-
10 years,

checking and control of changes in underground solution composition — the construction of
membrane technology units and their operation.

8.2. The restoration of turonian aquifer

will be performed by combining three methods:

a) Injection of contaminated water to the hydraulic barrier;

b) Pumping of the most contaminated water to the membrane technology plant. The projected
start of operation is in 1996 and capacity 2 m3/min.

c) Discharge of low contaminated water to the river. This method will be used only during the
final phase of restoration.

8.3. Desalination Plant Stage 1

In February 1994, DIAMO awarded RCCI contract to clean up the acidic solutions and to
produce a pure salt product using a system of evaporators, crystallizers and recrystallizers. The
system will treat 6.5 mVmin of acid solution, recovering 5.5 nrVmin of clean water for discharge to
nearby river and 1.0 m3/min of concentrated solutions. The start of operation is assumed in April
1996. This technology will produce two main products after crystallization and recrystallization of
salts from the concentrate:

1. The crystals of ammonia alum, NH4A1(SO4)2.12 H2O. The assumed production will be about
250 0001 per year for the first 8-10 years of operation, it will be until 2008. The production
will decline (3-5% per year) after that year.

2. The crystallization filtrate of alum (the so-called mother liquor). The assumed production will
be about 250 000 m3 per year. The composition of this solution will change very slightly in
the first 10 years of operation. A moderate fall down of individual components concentration
is expected during following years. Most of components from the original solution and
practically all of radionuclides will be concentrated in this mother liquor.

8.4. Desalination Plant Stage II

The products of the Stage I are practically wastes if it is not further treated and it is necessary
to solve their treatment into commercial products or into products, which can be safely deposited in
the environment.

The large research programme for solving the problem connected with the underground water
desalination is realized in DIAMO at present. The first results show the possible ways for the Stage I
products treatment

There are three technologies (or their combination) for decomposition of ammonia alum:

1. The calcination of ammonium aluminum sulfate to A12O3 in one or two steps, to produce
A12(SO4)3 at first and A12O3 afterwards.
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2. Hydrolytic decomposition of ammonium aluminum sulfate to ammonium alunit
NH4A13(OH)6(SO4)2 and the calcination of ammonium alunit to A12O3.

3. The decomposition of ammonium aluminum sulfate by means of ammonia under atmospheric
conditions with production of A1(OH)3 and calcination to AI2O3 afterwards.

The possible commercial products of these technologies are:

A12O3, about 30 000 t per year, or
A12(SO4)3, about 100 000 t per year, and
H2SO4 (produced from pyrolytic gases), 100-150 000 t per year.

The treatment of concentrate has to have the main goal to minimize the amount of solid wastes
for their deposition. The possible solving is in 3 or 4 stages thickening with crystallization and
separation of solids. The solid wastes will be solidified or vitrified before deposition. The liquid rest
will be dried and solids will be calcinated afterwards. Gases from thermal processes can be used for
sulfuric acid production.

The projected start for Desalination Plant Stage II operation will be in 2000.
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