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Abstract

The presented paper brings brief information about the history of chemical uranium mining in the area of
Straz pod Ralskem. It further presents the extent of environmental contamination caused by the operations of in-
situ uranium leaching during 32 years. There is more than 370 million m® of affected ground water, in which
almost 5 million contaminating substances are dissolved. In conclusion, descriptions of used and forward-
looking surface technologies of contamination removal involving time and financial assessments of the entire
remediation process are given. It is envisaged that the remediation will take nearly 25 years and the total costs of
its implementation are estimated in the amount of CZK 40 billion.

Abstrakt

Prednaska stru¢n¢ informuje o historii chemické tézby uranu v oblasti Straze pod Ralskem. Dale je
prezentovan soucasny rozsah kontaminace horninového prostiedi zapfi¢inéné provozovanim chemického
vyluhovéni uranu in-situ po dobu 32 let. V podzemi je ovlivnéno vice nez 370 milioni m® vod, ve kterych je
rozpu$téno témef 5 miliont tun kontaminujicich latek. Zavérem jsou charakterizovany pouzivané i do budoucna
planované povrchové technologie pro likvidaci kontaminace s ¢asovym i finanénim ohodnocenim celého
sana¢niho procesu. Piedpoklada se, Ze sanace bude trvat téméf 25 let a celkové naklady na jeji realizaci jsou
odhadnuty na tGrovni 40 miliard K¢&.
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1 HISTORY OF URANIUM MINING

The history of uranium exploitation in the Czech Republic (and in the former Czechoslovakia) dates back
60 years. Over the initial period, from 1946 until the early 1950s, the exploitation was mainly carried out in the
reopened mines of the Jachymov mining area. Rapid development of surveying and extracting works was
reflected in the large growth of exploitation in other areas of Bohemia and Moravia. This concerned the regions
Pribram, Hamr-Straz pod Ralskem and Dolni Rozinka, i.e. southern and western Bohemia. More than 100 000
tons of uranium have been extracted from over 800 trial and production shafts since 1946.

Owing to the diversity of the deposits, the uranium exploitation was carried out with the whole spectrum
of mining methods available, which were selected as appropriate for the host rock in the given locality. In
general terms, there are two basic methods of uranium extraction applied in the Czech Republic:

e conventional underground mine workings, and
e underground in situ leaching.

The deposits in the area of Hamr - Straz were discovered in the 1960s. In 1963, an aerial geophysical
surveying detected high magnetic anomalies into which a borehole, HJ-1 (Hamr na Jezere-1), was drilled.
Following the detection of the anomaly at the well HJ-1, other exploration boreholes were drilled in its vicinity
and all of them confirmed uranium mineralization. The well HJ-1 located at the Hamr pod Ralskem deposit
represented the beginning of an exploration borehole network. Locations of uranium deposits in the area of Hamr
- Straz within the Czech Republic are shown in Figure 1.
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Fig. 1 Locations of uranium deposits in the area of Hamr - Straz within the Czech Republic

Chemical leaching of uranium in the region of Hamr - Straz has been under way since 1967. During this
period, many changes in the application of this method have occurred. This brought about an enormous
development of leaching fields and boosted uranium production.

Unfortunately, this method resulted in detrimental impacts on the environment, mainly the groundwater
of the Cenomanian aquifer. As a consequence, the water of the Turonian aquifer being in close vicinity to high-
quality potable water sources was also jeopardized. For this reason it has been decided to decommission and
remediate the chemical plant.

2 GEOLOGIC AND HYDROGEOLOGIC CONDITIONS

The territory belongs to the Bohemian Cretaceous Basin and, specifically, the Luzice area thereof. The
deposits in Straz pod Ralskem, Hamr pod Ralskem, and Brevniste pod Ralskem are part of a tectonic unit known
as the Straz block, representing Cretaceous stratifications reaching from the Cenomanian up to the Middle
Turonian. The Straz block extending over an area of 194 km? is bounded along its entire periphery by tectonic
lines (Luzice fault to the NE, Straz fault to the NW, the Devil's Walls zone of neovolcanites to the SE, and
Hradcany fault to the SW). At its NW boundary the Straz fault separates the Straz block from another Cretaceous
plate — the Tlustec block, featuring a subsidence of as much as 600 m against the Straz block. The over-all
thickness of the Cretaceous sediments is 140-400 m.

Within the Straz block there are two basic groundwater aquifers with porous or porous-fractured
permeability where nearly all groundwater flow and accumulation take place. These aquifers are the Middle
Turonian and Cenomanian sandstones. The aquifers are separated by a Lower Turonian formation (siltstones)
acting as an aquitard.

2.1 The Turonian aquifer

The Turonian aquifer is linked to the Middle Turonian formation represented by sandstones ranging from
fine-grained to coarse-grained. Within the area of interest, the thickness of the Turonian aquifer is about 70 m.
The Turonian aquifer has an unconfined groundwater level throughout the Straz block area. The aquifer is
replenished across the entire area of interest by rainwater recharge. The general groundwater flow within the
Turonian aquifer occurs in the direction from NE to SW. The piezometric groundwater level in the Turonian
aquifer ranges from 445 m above sea level in the NE of the Straz block to 265 m above seal level in the SW of
the Straz block. The hydraulic conductivity of the Turonian aquifer is of the order of 10 to 10° m.s™.

2.2 The Cenomanian aquifer

The Cenomanian aquifer is linked to the Cenomanian sea formations represented by sandstones. Within
the base there are low-permeability sandstones and other sediments of freshwater continental Cenomanian. The
thickness of the Cenomanian aquifer is approximately 70 m. The Lower Turonian aquitard, of a thickness of ca.
60 m, separates the Cenomanian and the Turonian aquifers. The recharge area of the Cenomanian aquifer is
situated at the Luzice fault. The groundwater piezometric level around that location varies from ca. 305 to 320
m above sea level. The remote Labe River valley constitutes a main drainage area. The Cenomanian aquifer has
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a confined groundwater level in the area of interest. Before the uranium mining was launched in the region the
natural direction of groundwater flow within the Cenomanian aquifer had been from NE to SW. Currently the
dominant direction of groundwater flow is towards the center of the depression cone being flooded at the Mine
Hamr I. The piezometric groundwater level of the Cenomanian aquifer in the Chemical Extraction Mine area is
influenced by the implementation of remediation technologies. The hydraulic conductivity of the Cenomanian
aquifer is of the order of 10° to 10° m.s™.

3 GROUND WATER CONTAMINATION

At the deposit there are two overlaying aquifers; Cenomanian and Turonian. They are isolated by the low
Turonian aquitard. The schematic cross-section of the mining/remediation area is shown in Figure 2.
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Fig. 2 Schematic cross-section of the mining/remediation area

Over the period of chemical leaching of uranium (ca. 32 years), a total of more than 4 million tons of
sulphuric acid and other chemicals were injected into the ground. Most of the products (approx. 99,5 %) of the
reactions of the acids with the rocks are located in the Cenomanian aquifer. The contamination of the
Cenomanian aquifer covers the area larger than 27 km?. The influenced volume of groundwater is more than 370
million m? of ground water. The total amount of dissolved SO,* is about 3,6 million tons (4,9 million tons of
total dissolved solids). Approximately 0,5 % of the contamination is located in the Turonian aquifer. The
contamination of the Turonian aquifer has a character of locally isolated plums. The total amount of dissolved
S0,% is about 7 000 tons. The influenced volume of groundwater is 26 700 million m®.

Both aquifers are contaminated mainly by SO,%, NH," and Al. There is no natural 'self-remediation’ of
contaminated groundwater.

4 REMEDIATION

Remediation of the consequences of chemical leaching of uranium in Straz pod Ralskem is a complex
problem, consisting of a variety of partial solutions. The Czech government adopted two separate resolutions
with respect to this matter, namely the Governmental Decree of 20th May 1992 No. 366, determining a
transitory period between 1992 and 1994, including the characteristics of special regime of exploitation, and the
Governmental Decree of 6th March 1996 No. 170, presenting the decision on terminating chemical leaching of
uranium in Straz pod Ralskem.

The assessment of the situation led the Czech government to the decision to terminate chemical leaching
as of 1st April 1996 and to perform active remediation work.

The objectives of the remedial activities are:

e to restore the rock environment to a condition guaranteeing continuing usability of Turonian water of
the North Bohemian Cretaceous,

e to decommission bore holes and surface installations,
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e to incorporate the surface of leaching fields into the ecosystems taking into account regional systems
of ecological stability and urban plans.

For the remediation an aggressive pump and treat remediation approach is used and a non-aggressive
innovative in-situ immobilization approach is planned to be used. The pump and treat approach is following. The
dissolved uranium is separated on a chemical station from the abstracted Cenomanian solutions. After uranium
sorption the part of the solutions is led to an evaporation station where it is concentrated and during a
crystallization process alum is produced from the concentrate. Alum is reprocessed into aluminium sulphate and
ammonium sulphate which are returned back into the crystallization process. The distillate from evaporation is
discharged into the Ploucnice River. The mother liquor after the crystallization of alum is liquidized in a
neutralization process. Another part of the Cenomanian solution after the uranium sorption is decontaminated on
the neutralization station NDS 6. This station decontaminates not only Cenomanian solutions, but also a part of
Turonian water and water from the inner drainage of tailings pond. The filter cake from the neutralization
process is deposited in the tailings pond. The scheme of the above-mentioned existing surface technologies is
shown in Figure 3.
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Fig. 3 Scheme of the present configuration of surface remediation technologies

The present configuration of surface technologies does not satisfy the demands on the whole remediation
process. So that it is necessary to complete the chain of surface technologies as it is shown in Figure 4. The stage
Il of drilling the remediation wells will be finished at the end of 2010. Another neutralization station NDS 10
will start its operation in 2014.
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Fig. 4 Scheme of the complete configuration of surface remediation technologies

4 CONCLUSION

The entire remediation process is expected to be finished in 2035. During this period more than 3 million
tons of contaminants will be withdrawn from the ground. The total costs on the remediation process are expected
to be higher than CZK 40 billion (EURL.6 billion).

The decommissioning of chemical leaching of uranium is a long lasting and complex process that must be
continuously evaluated and specified. Till the end of the remediation process extensive monitoring, verification
and modelling works will be carried out. Respective Czech authorities continuously approve the process of
remediation and its individual components.
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RESUME

V oblasti Straze pod Ralskem byla od konce 60. let minulého stoleti soub&zné rozvijena tézba uranu
dvéma dobyvacimi metodami. Klasickou hlubinnou té€Zbou a metodou chemického podzemniho louZeni in-situ
(chemicka tézba). Cilem obou metod bylo ziskani uranu z kiidovych sedimentil ve form¢ uranového koncentratu.
Pfi chemické t€zbé se uran louzil roztokem kyseliny sirové pfimo ve vrstvé horniny pomoci sité technologickych
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vrtll. Celkem se za celou dobu tézby v severoCeské oblasti vytézilo cca 27 tis. t uranu, z toho cca 15 tis. t bylo
ziskano chemickou tézbou.

Rozvoj tézby uranu vSak nebyl v dostate¢né mife doprovézen tvorbou opatieni a rozvojem technologii,
které by minimalizovaly dopad t€Zebni ¢innosti na pfirodni a Zivotni prostiedi.

Usneseni vlady CR ¢&. 166 ze dne 15. 5. 1991 formulovalo zasadni stanovisko: , Nerozsifovat dale plochy
vyluhovacich poli dolu chemické té¢zby uranu do doby komplexniho posouzeni stavu a stanoveni ekologickych
podminek dotézeni loziska, zpisobu ukonceni tézby a sanace loziska®.

Pro obdobi 1992 aZ 1994 bylo usnesenim vlady CR ¢&. 366/1992 stanoveno tzv. piechodné obdobi se
zvlastnim rezimem chemické tézby. Béhem tohoto obdobi byly pfipravovany podklady pro rozhodovéni o
budoucnosti chemické tézby uranu na zékladé vyzkumnych a vyvojovych praci ke stanoveni zptisobu sanace
loziska. Z tehdejsSich praci vyplynulo, ze pro dalsi ¢innost DIAMO, s. p. je v kazdém pfipadé nutno vyiesit
likvidaci roztokid kontaminované cenomanské a turonské zvodné, vzniklych v disledku chemické tézby uranu.

Chemicka tézba uranu na lozisku Straz pod Ralskem byla ukon&ena rozhodnutim vlady CR ¢. 170 z 6. 3.
1996 k datu 1. 4. 1996.

Bé&hem celého obdobi chemické t€Zzby uranu na lozisku Straz pod Ralskem bylo do podzemi vtla¢eno vice
nez 4 miliony tun kyseliny sirové a dalSich chemikalii. Kontaminace cenomanské zvodné se rozsifila na oblast
pokryvajici plochu zhruba 27 km? Chemickou t&bou bylo celkem ovlivnéno vice nez 370 miliond m?
podzemnich vod. V soucasné dobé se v podzemi nachazi kontaminace v mnozstvi odpovidajicim 4,9 milionti tun
viech rozpuiténych latek (RL). Nejvyznamngjsi slozkou kontaminace je SO4%, ktera je v podzemi obsazena
VvV mnozstvi cca 3,6 milionu tun.

Za hlavni cile sanace nasledkd po chemické tézb¢ uranu lze povazovat:

e uvést horninové prosttedi do stavu, ktery zajisti trvalé vyuzivani turonskych zasob pitnych vod v
severoCeské kiide,

e zlikvidovat vrty a povrchova zafizeni,

e zaclenit povrch vyluhovacich poli do ekosystémti s ohledem na regiondlni systémy ekologické
stability a plany regionalniho rozvoje.

V probihajicim sanacnim procesu je jako zakladni pfistup pouzita metoda vyvedeni kontaminantt
Z podzemi a jejich nasledné ptfepracovani na hospodaisky vyuzitelné produkty ¢i jejich ekologické ulozeni na
povrchu. Konkrétné se jedna o nasledujici postup:

Zbytkové technologické roztoky jsou z podzemi Cerpany na chemickou stanici, kde je z nich separovan
rozpustény uran. Poté je Cast roztokli vedena do komplexu SLKR I, ktery tvofi odpafovaci stanice a krystalizace
kamence. V odpafovaci stanici je roztok koncentrovan a z koncentratu je krystalizaénim procesem ziskan
kamenec. Cast kamence je poté expedovana pro vyrobu hnojiv a ¢ast je prepracovana na siran hlinity a siran
amonny. Cisty kondenzat z odparky je vypoustén do feky Plou¢nice. Mate¢ny louh (ML) — zbytek po
krystalizaci kamence je likvidovan neutraliza¢nim procesem v technologii NDS ML. Dalsi ¢ast vy¢erpanych
zbytkovych technologickych roztoki je po sorpci uranu vedena do neutralizaéni stanice NDS 6, kde je vy¢i§téna
a nasledn¢ vypousténa do feky Ploucnice. Neutraliza¢ni kaly jsou ukladany na odkalisti.

V roce 2014 zah4ji provoz neutraliza¢ni technologie NDS 10 pro zpracovani zbytkovych technologickych
roztokll o niz8i koncentraci. Sliv z NDS 10 bude zpétn¢ vtlacen do horninového prostiedi v oblasti byvalého
Dolu Hamr I.

Predpoklada se, ze cely proces sanace bude trvat témét 25 let. B€hem tohoto obdobi bude vyvedeno vice
neZ 3 mil. tun kontaminujicich latek z podzemi. Celkové naklady na realizaci sanace jsou odhadnuty na trovni
40 miliard K¢.

Sanace nasledkl po chemické tézbé uranu v oblasti StrdZze pod Ralskem je dlouhodoby a komplexni
proces, ktery musi byt prubézné sledovan, hodnocen a kvalifikované fizen. V prub&hu celého sana¢niho procesu
budou provadény monitorovaci, vyzkumné, vyvojové a ovéfovaci prace zahrnujici i modelové prognozy
mozného vyvoje sanace. Cely proces sanace i jeho jednotlivé kroky jsou a budou pribézné vyhodnocovany a
schvalovany dozorovymi organy statni spravy.

APPENDIX: Presentation “Mining and Remediation at The Straz Pod Ralskem Uranium
Deposit” - October 2009, Konigstein, Germany
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