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€ Management

From the left: Vit Strupl - Head of the Geofond Division, Dana Capova - Deputy Director for Informatics, OldFich Krejéi - Director of
the Brno Branch, Zdenék Venera - Director of the Czech Geological Survey, Jan Pasava - Deputy Director for Research and Head of the
Geochemical Division and Central Laboratories, Petr Mixa — Deputy Director for Geology, Zdenék Cilc - Deputy Director for Economics.

€ Czech Geological Survey

The Czech Geological Survey is the state organization Mission
that compiles, stores, interprets and provides objective expert
geological information for the state administration, the private
sector and the public.

Geological mapping and regional research within
the territory of the Czech Republic

It is a state-funded body, the resort research institute - Basic and applied research in geological hazards,
of the Ministry of the Environment responsible for providing mineral resources, rock environments and
the state geological survey in the Czech Republic. It is the only environmental protection
institution with the mission to systematically investigate - Administration of the State Geological Survey in
the geological composition of the whole territory of the Czech accordance with Act No. 62/1988 Coll. (on geological work)
Republic.

Gathering, compilation and interpretation of data
on the geological composition, mineral resources
and geohazards on the territory of the CR

The well-established reputation of the Czech Geological
Survey is based on the optimum combination of services
to society with top-ranking research in geological science,
natural resources, geological hazards and environmental
protection. As an internationally respected scientific

Provision of geoscientific information and expert advice
to support decision-making on issues of state and public

institution, it responds to the requirements of society for interest
sustainable development and plays a significant role in - International cooperation and foreign development aid
education and in the popularization of geology. - Education in geosciences and environmental protection
Main fields of activity Vision
Geological research and mapping Through innovative research and the use of the most up-to-date
Rock environments and their protection technology, the Czech Geological Survey will continue to
Mineral resources and the environmental provide the Czech State with the geoscientific information
impact of mining needed to make crucial policy decisions about energy, water
- Geological hazards, prevention and mitigation and other critical resources, natural hazards and sustainable
of their impact development, while working to maintain its position as
- Geoinformation management and delivery aleading research institution in the field of Earth sciences.

www.geology.cz/extranet-eng/about-us



d Director’s Introduction

In 2014, just when you are getting this Annual Report

on hand, the Czech Geological Survey has been celebrating

the 95" anniversary of its establishment. Then, in 1919, it came
into being under the name State Geological Institute of the
Czechoslovak Republic. The importance ascribed to it by its
founders is best revealed by the fact that it originated shortly
after the birth of the Czechoslovak state as one of the first
governmental and scientific bodies. The mission it was entrusted
with is still carried on. It derives from the experience of all civilized
nations that acknowledge the necessity of a systematic study of
geological setting of their territory as well as the need for a state-
founded institution that will publish impartial professional reports
and expert advice assessments related to the environmental
matters and industrial development.

At present, the Czech Geological Survey has been established
following a decree of its superseding agency, which is the Ministry
of the Environment (MoE), and fulfils two fundamental missions:

as one of the MoE’s institutions provides a geological service for
the government and public administration, private sector and
general public. The concurrent mission is geoscientific research,
with a perspective that the synergy of those two spheres warrants
a high level professional support for the state and public sector,
thus distinguishing the state geological survey from the academia.
The CGS provides core geoscientific information for the Czech state,
facilitating decision-making in the matters of natural resources,
geohazards and sustainable development and strives to strengthen
its position as a leading geoscientific research institution of the
Czech Repubilic.

In the course of the 21 century, geosciences have developed
into a real interdisciplinary field taking advantage of cooperating
with other scientific branches including biology, material
science, information and social science. Complex information
processing and an effective advice service in the matters of
geosciences continue to contribute to the solution of crucial
and indeed life-important questions of our society.

After the successful completion of the Operational Programme
MZP0002579801 Geoscience for the 21 century society: From

the regional-based investigations through the geohazards all the

way to the global changes, carried out from 2005 through 2010
(extended to 2011) and in relation to the changing national and
global priorities, the Czech Geological Survey has adapted and
upgraded strategic trends of its development which resulted in
the approval of the Strategic Research Plan for 2012-2015.

The following priority topics are being dealt within this Plan:

1. Complex regional and deep investigation of the lithosphere.
2. Research into global changes in the geological past and the
development of biodiversity.

3. Analysis of vulnerability of the landscape to natural and
anthropogenic processes.

4. Research and evaluation of state of groundwater resources
(@amounts, limits, quality).

5. Research on mineral resources and the influence of mining and
processing on the environment.

6. Research on environmental and geo-energetic technologies.
7.Building of an integrated geoscience information system.

The Czech Geological Survey is increasingly productive in the field
of scientific research. According to the last evaluation conducted
by the Research, Development and Innovation Council, the CGS is
the most successful scientific body among the MoE’s institutions,
and ranks 22"¢ among all the evaluated Czech scientific bodies,
ahead of a number of Academy of Science CR institutes as well as
universities.

In addition to research results, the number of expert reports
produced by staff of the Regional Geological Administration

of the CGS has been growing steadily. They tackle the
requirements of the public and local sector administration for
advice in applied geology. The CGS played an important role

in managing the landslides triggered by torrential rains at the
turn of May—June 2013. The most notable event from this period
was the large landslide at Dobkovicky in the Ceské stiedohofi
Mts that damaged the unfinished D8-Highway connecting
Prague with Germany. The cost of stabilizing the landslide and
rebuilding the damaged highway has been estimated to be
hundreds of millions of CZK. The CGS provided a professional
advice report for the Czech Government on that landslide and
as a result, the Government has issued decree No. 640/2013
entrusting the Czech Geological Survey with an expert
supervision over exploration, monitoring and stabilizing works,
together with the selection of suitable methods and overseeing
of the operation. This example clearly shows that a rational
management of public matters requires decision-making

to be supported at all levels by an impartial and professionally
well-qualified expertise, which the Czech Geological Survey is
able to provide.

Zdenék Venera
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d Geological and Thematic Maps

4 Example of sketch map showing geological

units occurring on nine map sheets.

T el s g i

Geological maps provide comprehensive information on the geological structure of the territory of the
Czech Republic. They are used in environmental protection, assessment of geohazards including the
impacts of floods, mineral deposit exploration, evaluation of groundwater resources and strategic or

land-use planning.

Geological mapping

The year 2013 saw a significant enhancement in the mapping
techniques thanks to an advanced methodology in data processing
and presentation. Mapping has been one of the principal activities
of the CGS since its foundation and the advancement in research
methodology has brought about a significant progress in the
output quality. Considerable improvements have been made in

the storage of rock, soil and water samples as well as in the archiving
of all new data. The information is stored in an upgraded system

of databases that permits their verification and future use. Map
sheets are compiled and published according to a unified and
progressively updated regional legend which enables smooth
harmonization between adjacent map sheets.
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Contribution to the economy and environment
Each map and the accompanying explanatory notes serve as

a primary data source for local and national government bodies
and include a comprehensive chapter dedicated to environmental
geofactors. One of the top priorities is the adjustment of land-use
planning requirements to the conventional and newly identified
geofactors. These include groundwater resources, soil evolution,
influence of bedrock on the chemistry of the environment,
anthropogenic contamination extent and possible conflicts of
interest.

The new geological maps also provide background data for
assessing the potential of the rock environment for CO, storage,
dangerous waste disposal and geothermal energy exploitation.



They are therefore of primary interest to both private and
governmental sector.

Detailed maps at 1:25,000 scale

Detailed geological maps of the Czech Republic at a scale of
1:25,000 are compiled in accordance with a new procedure and
consist of three main parts. The fundamental components are
geological map together with a legend and separate graphic
appendices. They are accompanied by explanatory notes
comprehensively describing the individual items in the legend
and special chapters dedicated to geoscientific aspects.
Linked to these two parts is the third part, which is a database
and relevant thematic maps, both accessible online. During
mapping, information on the rock environment is entered into
the National Geological Mapping Database and the local open
server www.geology.cz is continuously upgraded.

O B L,
ZARLACI GEOLIYGIGRA B S LT 1S

4 Example of a thematic layer associated with a geological map

(exodynamic map - sheet Turnov).

Mapped areas

In 2013, mapping was carried out in eight areas: Krkonose

Mts, the Sumava Mts National Park and Protected Area, Brno
Region, Moravian Karst Protected Area, Doupovské hory Mts,
Cista-Jesenice Massif, Kiivoklat Protected Area and the Central
Moldanubian Batholith. In addition to geological maps with
explanatory notes and associated data layers, other map types
have been produced. They include maps of mineral deposits,
maps of environmental geofactors and geomorphological maps.
Completed sets of map sheets Horni Plana and Kti$ na Sumave,
Vale¢ and Bochov in the Doupovské hory Mts, or Hejnice and
Jizerka in the Krkonose-Jizera area may serve as examples.

Derived maps

In 2013, the successful project Maps of decorative stones of the
Czech Republic continued with focus on the South Bohemian
section. All the geological maps covering the area of the Czech
Republic at 1:50,000 and 1:200,000 scales have been harmonized
and completed and are now freely available on our map

server at www.geology.cz/extranet/mapy. Maps at 1:50,000 and
1:25,000 scales form part of an integrated geoinformatic system
with special database applications, such as the database of

www.geology.cz/extranet-eng/maps

important geological localities, slope failures, decorative stones
or radon risk maps.

Follow up research and presentation of results
Cooperation with the newly established Zelezné hory National
Geopark has largely contributed to the CGS database extension
and to the increase of scientific potential of the geopark. Based
on the cooperation, a new project for regional geological
mapping of that area has been prepared. New findings have
been published, describing, for instance, hitherto unknown
hyperalkaline granite body on the Klet Ridge in the Blansky les
Massif, contrasting metamorphic development of the mafic and
felsic granulites in the Blansky les, hornfelsed graphitic gneiss

in the KniZeci durbachite pluton domain and occurrence of

a petalite-spodumen pegmatite near Rozmberk nad Vitavou.
New information on the extent and geological structure of

the Zatec part of the Kladno-Rakovnik Basin has been acquired.
New economic geological indications and occurrence of kaolin
clays and bentonite have been discovered shortly before

the end of the field survey in the 11-241 Bochov sheet area.
The Guide to the Geology of the Sumava Mountains, an English
version of the Privodce geologif Sumavy, has been published.
Results of mapping of the Doupovské hory Mts have been
included into the scientific publication of Nature and Landscape
of the Doupovské Hory Mts in press. In 2013, five map sheets with
explanatory notes and exodynamic maps describing the relief
character from the Bohemian Paradise UNESCO Geopark (map
sheets Turnov, Semily, Knézmost, Rovensko pod Troskami and
Lomnice nad Popelkou) were printed within the Geological Base
Map of the Czech Republic edition.
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4 Pusty zdmek, view from the south — remains of eroded caldera
of the main volcano of the Doupovské hory Mts (photo by P. Madéra).

During 2013, geological investigations of the basement of the Bohemian Massif and Western Carpathians
encompassed geotectonics, petrology, geochronology, sedimentology and basin analysis, litho- and
biostratigraphy and volcanology. Attention was given to correlating the evidence for significant global
changes in geological processes during the history of the Earth. Applied geology also formed an important
aspect of regional studies, in particular the mechanics and rheology of the rock environment and their
changes under different regimes of stress and thermal loading. Significant advances in regional research
and in the understanding of the geological evolution of Central Europe have stemmed from the knowledge
obtained through fieldwork, especially by basic and detailed geological mapping.

Metamorphic rocks

Structural mapping in the area of the Sumava Mts and of
medium-sized granitic bodies in the SE part of the Bohemian
Massif involved collection of petrological, geochemical and
geochronological samples in order to date the pre-Variscan and
Variscan events in the geological evolution of the massif using
laser ablation ICP-MS analysis.

A new hyperpotassic granulite body on the Klet Ridge and the
main phases of the metamorphic development of granulites
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in the Blansky les Massif have also recently been described. In
2013, structural investigations aimed at the compilation of an
integrated tectonic map of the Sumava area were carried out
and the English version of the Guide to the Geology of the Sumava
Mountains was published. The petrological and geochronological
factors governing the formation of the Béstvina granulite were
studied. The results were interpreted in terms of a model of
subduction and exhumation of the lower continental crust
between 360 and 340 Ma. A study of detrital zircons from



the metasediments of the Monotonous and Varied units of the
Moldanubian Zone provided new evidence for the pre-collision
evolution of the Bohemian Massif. A petrological study of
granulites enabled evaluation of the influence of rheology on the
final microstructure of the rock. During the investigation of the
upper crustal composition in the area of the Doupovské hory Mts
and East Bohemia, two independent in situ geophysical methods
were applied: field gamma spectrometry and magnetometry.

By this means, the position of the NE boundary of the Maridnské
Lazné Complex was successfully defined and, in addition, new
information about the geological structure of the Zatec part of
the Kladno-Rakovnik Basin was acquired. The results of mapping
in the Doupovské hory Mts were summarized in a popular
scientific book Priroda a krajina Doupovskych hor (Nature and
Landscape of the Doupovské Hory Mts) published jointly by the
Regional Museum in Karlovy Vary and the CGS. During their study
of pyrometamorphic rocks of the Most Basin, Zacek et al. (2013a)
described a new type of Ca-rich graftonite (Fe?*,Mn,Ca);(PO,),
discovered in olivine buchite.

Igneous rocks

In terms of their volume, igneous rocks form an important part
of the geological composition of the Czech Republic. Their
abundance and variability are remarkable in comparison with
most other parts of Europe. An essential theme in investigations
of the geotectonic evolution of large crustal blocks involves
interpretation of the factors governing the emplacement and
structural evolution of magmatic complexes, batholiths and
individual intrusions. During 2013, research was focused on the
Krkonose-Jizera Pluton, the geodynamic evolution of the eastern
part of the Moldanubian Batholith based on detailed AMS and
gravimetric analysis, and on the petrology and geochronology
of the Klenov Pluton. Detailed geological mapping of a number
of bodies of the Fojtka granodiorite in the western part of

the Krkonose-Jizera Massif was completed. A further stage of
structural analysis in selected Variscan granitic bodies of the
Tepla-Barrandian Unit, Brno Massif and Moldanubian Unit

was carried out in order to define orientation and character

of their internal structure, the mechanisms governing their
emplacement and the wider implications of their geodynamic
evolution.

Volcanic rocks

The Czech Geological Survey, in cooperation with the Institute of
Rock Structure and Mechanics of the AS CR, v.vi, and the Highland
University of New Mexico, undertook a study of the mechanism of
ascent of basanite magma into Cenozoic supracrustal volcanic rocks,
particularly under the very shallow conditions in the environment of
a pyroclastic cone. Zebin near Ji¢in was chosen as the model locality.
The geochemical evolution of magmas in the series trachybasalt-
basaltic trachyandesite-trachyandesite-phonolite on the southern
flank of the Doupovské hory Mts was also studied.

Sedimentary formations
In order to determine the geometry and stratigraphy of the
volcanosedimentary fill of the Permo-Carboniferous Krkonose

www.geology.cz/extranet-eng/science/|

Piedmont Basin, a 3D model of the basement and of the surface
of the Permo-Carboniferous sequence underlying the Cretaceous
sequence was created using all the available information from
boreholes and geophysical survey. In cooperation with the
Institute of Geophysics of the AS CR, v.v.i, a full investigation

of the reference borehole Bch-1 Béchary in the Bohemian
Cretaceous Basin has been completed. This borehole reached

a depth of 403 m and penetrated the clayey sediments of the
basin. Identification of inoceramid macrofauna and calcareous
nannofossils in the borehole provided stratigraphic markers

for the interpretations of marine deposits in the interval from
the Upper Cenomanian to the Middle Coniacian. The results

of the macro- and micro-palaeontological investigation were
correlated with geophysical data, chemostratigraphy, lithofacies
and biofacies. By means of this multidisciplinary approach, it was
possible to compare the stratigraphy of the Bch-1 borehole with
clastic sequences in the delta system of the Bohemian Paradise
and then with other selected sections of the Turonian-Coniacian
sequence in Europe (e.g. the Salzgitter-Salder stratotype in Lower
Saxony). The unique correlation between macrobiostratigraphy/
event stratigraphy and sequence stratigraphy has been
achieved. It enabled determination of the Turonian-Coniacian
boundary in sand bodies of the delta system and more precise
isotopic dating of events from complete sedimentary sequences
in other sections in Western Europe. Palynological analysis

of the sediments of a former man-made lake situated in the

area of Bochov, Western Bohemia, was completed in 2013.

This enhances stratigraphic interpretation of the Quaternary
cover and contributed to reconstruction of the changes in the
palaeoclimate and landscape since the 17" century.

Modelling of geosystems

Under the terms of the project Research on thermally loaded

rocks — prospects for underground storage of thermal energy
(2011-2014, MPO/FR) for the Ministry of Industry and Trade,

3D structural-geological mapping in the Josef Gallery near Mokrsko
is continuing. In 2013, the Czech Geological Survey, in cooperation
with four other contracted institutions, carried out laboratory
measurements and experiments, geotechnical investigations and
fieldwork at Mokrsko. The fieldwork involved monitoring conditions
at the experimental site, maintenance and minor adjustments of
the instrumentation, research at the surface reference locality, water
pressure tests, measurements of geomechanical, thermodynamic
and hydrodynamic parameters and of the hydrogeological
conditions on the site. The development of a material which would
enable maximum transfer of heat into the rock massif and its
subsequent recovery continued. An application for a patent on the
optimum composition was submitted in 2013. This material consists
of a geopolymer modified by the addition of substances with high
thermal conductivity.

Based on the assessment of a refined network of wells in the
Cenomanian, the basement of the A aquifer in the Décin area was
modelled for the purpose of the Review of Groundwater Resources
project. During gravity measurements in the east Bohemian
Cretaceous, a gravity profile through the SE part of the Bohemian
Cretaceous Basin was interpreted.
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The study of global changes during the geological history is focused mainly on global events
(“bioevents”) that markedly influenced the evolution of the overall biodiversity of the marine

or terrestrial ecosystem. Using palaeontological, sedimentological and geochemical methodes,
the team of scientists from the CGS analyses the changes in selected abiotic characteristics of the
palaeoenvironment and parameters describing the evolution of palaeodiversity before, during
and after global crises. In conclusion, the analysis of evolution of palaeodiversity comprises
time-consuming taxonomical, palaeoecological and palaeobiogeographical research.

In 2013, the team of scientists studying global changes in the
Earth's history consisted of 12 researchers, 7 Ph.D. students and
one technical assistant with the total work capacity of 9 full-time
jobs per year. The team members are as follows: Eva Bfizova, Petr
Budil, Pavel Cap, Jana Drabkovd, Juraj Farkas, Lenka Ferrova, Jiit
Fryda, Tomas Hroch, Ji¥i Kiiz, Richard Lojka, Stépan Manda, Daniel
Nyvlt, Marika Polechové, Zbynék Simtnek, Tomas Stor, Alena Tichd,
Petra Tonarovd, Radek VodraZzka, Stanislava Vodrazkova and Zuzana
Tasaryova.
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Publications

These scientists published a total of 34 papers in journals with
an IF, 6 chapters in foreign scientific books and 4 peer-reviewed
publications without an IF.

Jiit Fryda and Stépan Manda, members of our team, led the
international scientific journal Bulletin of Geosciences in 2013. This
year, 50 papers of 914 pages in total were published in it. In 2013,
the Bulletin of Geosciences was cited 345 times in the Web of Science



database, which ranks this journal with the IF 1.495 as the 16" most
important international journal in its field of expertise (see more in
the chapter Publications Issued by the CGS).

Overview of main results

Marine Palaeozoic

In 2013, study of early Palaeozoic sedimentary sequences

continued with focus on the response of biosphere to global

changes and changes in the structure of associations affected
by a crisis. The following main results of this research have been
published:

- A new model of the basal Chote¢ Event (Vodrazkova et al. 2013).

+ Results of the study of the Lau Event focused on the global
carbon cycle (Fryda & Manda 2013).

A new study on the Devonian-Carboniferous boundary
(Kumpén etal. 2013).

+ A new model of formation of bituminous shale deposits in
North Africa and Arabia based on the study of biological crises
during the Silurian (Loydell et al. 2013).

+ A new sedimentological study on the isotopic Lau Event
(Gocke etal. 2013).

+ A paper on the Middle Ordovician bivalves from the Prague
Basin based on a dissertation focused on Ordovician bivalves
(Polechova 2013). This paper not only brings a systematic
review of bivalves, but also addresses palaeoecology and
palaeobiogeography of Middle Ordovician bivalves.

A chapter in a book on palaeobiogeography of early Palaeozoic
(Ebbestad et al. 2013).

+ A chapterin a book on the class Gastropoda (Fryda et al. 2013).

« A new method of separation of microfossils (Jarochowska
etal 2013).

« Ontogenesis of Devonian conodonts Polygnathus serotinus and
P bultyncki (Klapper & Vodrazkova 2013).

« Areview of the family Palaeozygopleuridae, describing
the influence of Devonian bioevents on its phylogenesis
(Fryda et al. 2013)

+ A study on development of Upper Devonian sediments
in NW China (Suttner et al. 2013).

« A study on the evolution of palaeodiversity of the Lower
Devonian ecosystem of Morocco (Frey et al. 2013).

A new study focused on the ontogenesis of phacopid trilobites
(Budil et al. 2013a).

« A study focused on the oldest dalmanitid trilobite in the Prague
Basin (Budil et al. 2013b).

A new study describing unique finds of digestive system
of trilobites (Fatka et al. 2013a).

« Analysis of the palaeogeographic position of the Prague Basin in
Silurian (Kletetschka et al. 2013).

« A study describing more unique finds of trilobite bowels from
Lower Ordovician (Fatka et al. 2013b, c).

+ A study on the relationship between volcanism and evolution
of Silurian faunas — in press (Tasaryova et al. 2013).

+ A study on Silurian chemostratigraphy —in press
(Loydell etal. 2013).

« A study on integrated stratigraphy of the Silurian - in press
(Slavik et al. 2013).

www.geology.cz/extranet-eng/science/global-changes

+ A study on the evolution of Silurian species palaeoassociations —
in press (Manda & Fryda 2013).

« A review of Silurian carcinosomatid eurypterids — in press
(Budil etal. 2013).

+ A study on the behaviour of harpetid trilobites — in press
(Fatka et al. 2013).

+ Studies on the evolution of biomineralization (Fryda et al. 2013,
Frydova et al. 2013 and Hrabankova et al. 2013).

Terrestrial Permo-Carboniferous

In 2013, attention was given especially to studying the effect of

global changes on the evolution of Permo-Carboniferous flora,

analysis of climate change and palaeobiogeography. The main
achievements are listed below:

« Publishing a study on climatic and biotic changes on the
Carboniferous-Permian boundary (Oplustil et al. 2013).

« Cuticles of the genus Sphenophyllum were acquired from
Ukraine (SimCinek & Bure$ 2013).

« Cuticles (especially the upper cuticle) of aphlebias (cyclopterids)
from the pteridosperm Laveineopteris bohemica from
Westphalian C of Central Bohemia were obtained. They differ
from cyklopterids of other species of laveineopterids. Unlike
other species, their upper cuticle does not have stomata
(SimCinek & Cleal 2013).

- Dispersive cuticles of Cordaites from the Polish part of Upper
Silesian Basin were described (SimCinek & Florjan 2013).

Marine Cretaceous

Taxonomic, taphonomic, biostratigraphic and palaeogeographic
assessment of the Cretaceous and Eocene of the James Ross
Island continued in 2013. As a result, a study on polychaetes
from the Bohemian Cretaceous Basin was published

(Zitt & Vodrazka 2013).

Quaternary

Research that continued in 2013 was focused on the human

influence on the evolution of Quaternary flora, analysis of isotopic

composition of magnesium in sedimentary carbonates and

theoretical modelling of global magnesium (Mg) and calcium (Ca)

cycle during the geological evolution of the Earth. The following

main results of this research have been published:

A chapterin a book on the behaviour of Ca and Mg isotopes in
sediments (Farkas$ et al. 2013).

A chapter in a book on the chemism of marine water and
sediments (Kump et al. 2013).

+ A chapter in a book on the landscape evolution in the James
Ross Island (Davies et al. 2013).

A study on freshwater lakes in the James Ross Island
(Nedbalova et al. 2013).

+ A study on freshwater diatoms from the James Ross Island
(Kopalova etal. 2013).

+ A study on Gravettian of Moravia (Vlaciky et al. 2013).
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d Landscape Vulnerability Analysis

4 Peat-core sampling for isotope study of nitrogen deposition from
Blatenskd slat highmoor in'the Bohemian Forest (photo by M. Stépdnovd)
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The long-term, sometimes scarcely discernible effects of anthropogenic activities on the landscape
ecosystem can ultimately turn with unexpected speed against the chief perpetrator — man. Our research
therefore concentrates on the processes controlling the flowpaths of environmentally critical elements
in the ecosystem. Comprehensive, interdisciplinary studies are designed to identify and quantify the
risks to forests, soil, surface waters and groundwaters. The investigation of environmental vulnerability
also involves monitoring of geohazards (landslides, radon risk), and the compilation of registers and
map applications to assist decision-making by government authorities and to raise public awareness of
important environmental issues.

Zinc concentrations in atmospheric deposition soluble fraction, whereas the percentage of zinc bound in
During 2013, an analysis of the isotopic composition of zinc silt-size particles was surprisingly small. The concentration of
deposited from the atmosphere on the peaks of six mountains Zn in atmospheric icing was roughly 4 times higher than that
in the Czech Republic was completed. Zinc deposition was in snow itself. The Zn isotope composition showed contrasting
the highest in the Beskydy Mts and lowest in the Bohemian trends in the western and eastern halves of the Czech territory.
Forest. Up to 95% of Zn deposited was found to be in the In the west, the isotopic composition of the zinc in the
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ice was heavier than that in the snow. In the east, the trend
was the opposite. Our objective is to use the pattern of Zn
isotope distribution to determine the provenance of the
pollution.

GEOMON

The hydrological year 2013 marked the compilation of the globally
unigue twentieth anniversary dataset on the nutrient cycle and
the balance of ecologically important compounds in a network of
fourteen small forest basins GEOMON, coordinated by the Czech
Geological Survey. The dataset contains analyses of precipitation,
throughfall and outflow, including the results of hydrological
measurements. These are collected using standardized

sampling and analytical procedures so that they can be used for
hydrological and biogeochemical modelling.

Geochemical modelling - SoilTrEC

Since 2010, three spruce-dominated catchments with different
bedrock — Lysina (on granite), Pluh@v bor (on serpentinite) and
Na Zeleném (on amphibolite) — have formed the Slavkovsky les
critical zone observatory belonging to the European SoilTrEC
project. This is one of the four major areas of Europe selected for
a long-term investigation of changes in the soil and for testing
newly developed geochemical models. The results are published
in a series of papers in high IF journals .

Carbon and nitrogen cycles

The influence of forest soil acidification and eutrophication on
the carbon and nitrogen cycles was studied using long-term
monitoring, experimental trials and biogeochemical modelling.
Last year, an investigation was carried out into the synergistic
effects of acidification and the natural disturbance of forest
ecosystems on the major element cycle in the glacial lake
catchments of the Protected Landscape Area Cesky les ("Bohemian
Forest"). This work has only been possible because of the
continuous monitoring of conditions in these ecosystems since
1984. A controlled experimental acidification-fertilisation trial test
was carried out in the Nacetin area (FP7 project — SLAVONIC). The
results were used to create optimum biogeochemical models for
simulating the evolution of the chemical composition of soils and
surface waters. All this work was conducted in close cooperation
with foreign partners.

Critical load evaluation

In 2013, the ForSoil project involved critical load evaluation of
eight forest areas subject to ll-level monitoring. This evaluation is
based almost exclusively on the data collected in the experiment
trial areas. Critical loads of sulphur CLmax(S) show a wide range
of values from 186 eq ha 'year™' (V3ete¢) to 2,524 eq ha 'year™'
(Lazy). From 2005 to 2010, the atmospheric sulphur deposition
exceeded the critical loads in four areas (Misecky, Vsete¢, Lasenice
and Luisino udoli). In addition, nitrogen has also contributed to
environmental acidification in the Misecky and Lasenice areas.
The largest excess in nutrition nitrogen values was detected in the
Luisino udoli area.

www.geology.cz/extranet-eng/science/landscape-vulnerability

Slope failures

A comprehensive Register of Slope Failures in the Czech Republic
(RSN CR) has been prepared and is accessible online

to professionals and the general public through the portal
(www.geology.cz/svahovenestability). The entries summarize
information on individual slope failures and include maps with
descriptions of those failures, relevant photos and archive
materials. The Register enables processing and updating of new
data on failures including details of their location that can be used
immediately by the Slope Failure Response Centre of the Ministry
of the Environment, and by other government agencies, the
legislature and environmental protection agencies. The Register

is systematically updated by field surveys, detailed mapping

and expert technical reports. Field observations and documents
relating to the landslides that occurred during the extreme flood
events in 2006 through 2010 together with a synoptic review of all
landslides in Moravia were compiled on regional basis.

Radon risk

An interactive map application of the Geological Survey and

the National Office for Nuclear Safety Comprehensive radon-risk
information for national administrative units has been prepared and
placed on the map server of the CGS. The application summarizes
in a user-friendly manner all available data on radon in the
bedrock, in buildings and on dose rates affecting communities
and their neighbourhoods. A special detector that can measure
the vertical radon distribution in areas of extremely thin soil

cover has been constructed and field tests have been completed.
Special procedures have been developed for radon index
determination in this type of geological setting.

Environmental mapping

Surveys of the geofactors, soil geochemistry, mapping of the
engineering geology stability conditions and of exodynamic
phenomena at scales of 1:25,000 and 1:10,000 in selected regions
have provided up-to-date information on landscape vulnerability.
This work has been underpinned by field and laboratory
investigations. The results are intended for use by government
authorities in decision-making as well as for public information.
In total, 19 map sets were completed in 2013.
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4 ' Groundwater sampling and field measurements
in the Josef underground laboratory at Mokrsko.

-

During 2013, attention was given to collecting more precise data on the spatial distribution of aquifers
and aquitards in the Bohemian Cretaceous Basin and on the assessment of groundwater residence time in
the basin. An applied groundwater science programme was specifically concerned with hydrogeological
problems related to the disposal of hazardous waste and energy storage in the rock environment.

Groundwater research in the Bohemian
Cretaceous Basin

The major research activities carried out in the Bohemian
Cretaceous Basin formed a part of the project Review of
Groundwater Resources. The main objective of this project is the
quantitative assessment of the natural groundwater resources
within 56 selected hydrogeological zones and the determination
of usable resources. The research has been carried out in the
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Cretaceous, Tertiary and Quaternary hydrogeological structures,
which contain around 80% of the overall groundwater supply in
the Czech Republic.

In 2013, the groundwater science programme was concerned
with the creation of conceptual models of Cretaceous
groundwater-bearing structures. Detailed characterization

of the physical properties of aquifers was extended to the
northwestern and eastern parts of the Bohemian Cretaceous



www.geology.cz/extranet-eng/science/ground-waters

KK | Cretaceous
zm-qmard J‘_"J_K_P sandstones - aquifer

www.geology.cz/rebilance/english
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750

sandstones - aquifer

4 Hydrogeological model of groundwater flow at the south-eastern closure of the Dlouhd mez Cretaceous structure.

Basin. Studies have been carried out on the aquifers A, AB,

B, BC, C, C1, C2 and on the D aquifer hosted by the Teplice,
Bfezno and Merboltice formations. Creating models of the
geological structure of the aquifers also involved identification
of significant tectonic zones and volcanic dykes that have

a marked influence on the regional flow of groundwater.

At the same time, transmissivity evaluation was also carried out
for all the aquifers mentioned above.

The geological and conceptual hydrogeological models that
have been created incorporate the results of surface geophysical
measurements using electrical, gravity and seismic techniques, as
well as gamma-spectrometry. Chemical analyses of groundwater
and the assessment of groundwater residence times based

on natural tracers also formed an important part of this study.
The re-interpretation of hydrogeological well logs and information
from the borehole archive have provided valuable constraints on
the final models.

Dating of groundwater using modern isotopic methods has been
carried out simultaneously. This dating involves the measurement
of °H, *He, “He, ®Kr, *°*Ar and "C isotopes. The age of groundwater
in the Cenomanian aquifer has been found to increase from
several hundred years in the north to up to 20,000 years in the
south. Measurements using '“C and *°Ar isotopes date the age of
its recharge to the last Ice Age. In contrast, the groundwater in
the Turonian aquifer is a much younger mixture. Groundwater
older than 50 years has mingled with that infiltrated from

the surface. The full results of these investigations have been
published in the Applied Geochemistry journal.

Hydrogeological mapping

Hydrogeological mapping at a scale of 1:25,000 was carried

out in selected areas of the Czech Republic. This mapping has
provided a new insight into the quantity, quality and flow regime
of groundwater in various types of rock environment. Compilation
of the data required for sustainable planning of groundwater
development, management and environmental protection was
an intrinsic part of the mapping.

Applied hydrogeology

Surveying rock environments suitable for disposal of hazardous
waste and for the use as repositories of raw materials and energy
has continued. The investigations were focused on the evaluation
of various parameters of the rock environment that govern its
permeability. The properties and permeability of fracture networks
developed on the macroscopic scale (the bulk rock) and on the
microscopic scale (rock matrix) have been studied systematically.
It has been found that these networks show features that are
specific for each locality and type of rock.

The experience gained over a long period of field-based studies
of the hydraulic properties of low permeability rocks carried

out by the Czech Geological Survey has been summarized in

a publication focused on the methods used for testing.

Variation of natural flow regime and the chemical composition

of the groundwater is being investigated within the frame of

the project dealing with the stability of bentonite in a rock
environment at the temperature of 95 °C and another project
focused on the potential for underground thermal energy storage.
Applied research also involved development of equipment for
sampling deep groundwater from small diameter boreholes. This
equipment has been awarded a utility model certificate by the
Industrial Property Office of the Czech Republic.

Work has also started on the introduction of innovative farming
systems on Quaternary sediments in water resource protection
zones. These developments are being carried out in cooperation
with the Research Institute for Agriculture. Medical geography
conducted by the Czech Geological Survey is focused on the
relationship between the geological setting, drinking water
quality, nuclear radiation and other environmental factors and the
function of the thyroid gland in children. Geographic Information
System (GIS) techniques were used for integration and spatial
analysis of data and their subsequent visualization.
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4 Extraction of sand and gravel from water at the non-reserved
depo

sit in Dolany near Pardubice (photo by P. Rambousek).
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Research on mineral resources in the Czech Republic continued in the work of previous years by more active
pursue for knowledge of the national natural resource base and by monitoring the latest technical and
economic trends in usage of natural resources both in the Czech Republic and abroad. To support decision-
making processes and land-use planning, background materials on natural resources have been acquired
and updated. Experts from the CGS have actively participated in development of the European Raw
Materials Initiative by preparing the supporting research projects and legislative recommendations.

As a wider spectrum of basic and applied research of natural resources needs to be carried out in

the national as well as European context, a new department within the organizational structure of

the CGS has been established: the Department of Mineral Resources Research and Policy.

The Czech Geological Survey also continuously provides the state geological survey, as required by the

Law, which has involved numerous activities to ensure collection, processing and providing information on
mineral resources and their protection and usage.

Special attention has been given to mineralogical and geochemical assessment of mineral resources and the
research of possibilities of the usage of mining waste. Assessment of the impact of mining on the environment
and the study of history of mining in the area of the Czech Republic should be pointed out as well.

Exploration geologists have joined many European and overseas projects focused on the study of mineral
potential of the countries and on the assessment of the environmental impact of mining.
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Extending the knowledge of possibilities of
usage of the mineral resource base of the Czech
Republic

The talk Mineral resources in the CR and in the context of the European
Union was given for the Committee on Economic Affairs of the
Chamber of Deputies of the Parliament of the Czech Republic under
the terms of seminars given by the AS CR Scientific information — base
for a better, competitive society. This talk outlined the resource potential
of the CR with special regard to critical resources and possibilities of
their usage based on up-to-date scientific knowledge.

As a part of a consortium led by the TU-VSB Ostrava, the CGS joined

a long-term project of the Competence Centre for Effective and
Ecological Mining of Mineral Resources (CEEMIR), funded by the
Technology Agency of the CR. The project aims to assess the potential
of usage of selected critical raw materials in the Czech Republic.
Preparation of the work for the Road and Motorway Directorate
of the CR, entitled Technical and economical inspection of natural
construction aggregate quarries, was initiated. The contract is

due to be signed in 2014, with the intended duration until

2015. A total of 115 key quarries and sand pits, which supply

the construction of road structures in the Czech Republic, will

be thoroughly investigated. Currently exploited and processed
mineral products will be inventoried, including their technological
quality certificates for the particular construction purpose. All
possibly present pollutants shall be declared and the state of the
art of mining and processing will be reported.

Compilation of maps of mineral resources

A part of our research is also compiling maps of mineral deposits
and maps of environmental geofactors of the Czech Republic at the
scale of 1:25,000. In 2013, maps of mineral deposits for the following
12 map sheets were completed: Jedovnice, Slapanice, Horni Pland,
Ktis, Rokytnice nad Jizerou, Jesenice, Bochov, Vale¢, Strdz nad Ohff,
Kadan, Kyselka, and Nepomysl. Experts in natural resources were
directly involved in compiling maps of environmental geofactors at
the scale of 1:25,000 for 8 completed map sheets.

Assessment of the possibility of gas extraction
from coal seams and bituminous shales

As requested by the Czech Government Decree No. 115 issued

on the 20" of February 2013, which addressed the matter of shale
gas, a study named Potential impacts of exploration and production
of unconventional resources of natural gas (combustible natural gas
extracted from gas-bearing shales, SG — ‘Shale Gas’ and combustible
natural gas obtained by underground coal gasification ‘UCG)) based on
experience from abroad was published. The report summarized the
wide spectrum of available scientific, technological and legislative
material and experience with risk assessment and the real or
potential impact of exploration and exploitation of unconventional
gas on the environment in the USA, countries of the European
Union, especially Poland and the UK, and some other countries.
Another project, funded by the Department of Geology of the
Ministry of the Environment (DG MoE), was devoted to comparing
and contrasting geological and geochemical parameters of
Devonian and Carboniferous mudstones in the Appalachian
Basin, Pennsylvania, USA, and in the units of the eastern margin

4 Sampling of dark grey to green-grey biotite-amphibolic
gneisses and amphibolites on the second level of the non-reserved
deposit of building stone in Polnicka (photo by J. Goddny).

of the Bohemian Massif. The project continues until 2014 with
comparing the gas source potential of selected units in the CR
and the USA. Partial results and some information obtained during
a study visit overseas were presented for the scientific community
in the CGS in Prague at a seminar Technology of exploration

and production of gas from shales and state supervision over its
environmental impacts — experience from Pennsylvania, USA.

In addition, a project was prepared for the DG MoE: Methods for
assessment of unconventional hydrocarbon resources under the
conditions of the geological structure and legislation of the Czech
Republic. The project shall propose the development of procedures for
assessment of environmental impact of hydraulic fracking of shales
used abroad, such as the effects on hydrogeology — mainly on the
quality of drinking water resources. Other methodological proposals
for risk assessment include evaluation of geological conditions that
can act as hazardous factors in the areas where exploration and
production could potentially take place in the future.

Mineralogical and geochemical research of
mineral deposits

Research on the "five element formation” (Ag-Co-Ni-Bi-As) in

the Krusné hory Mts was carried out on a number of locations:
Médénec, Médnik, Orpus, "Jan v pousti” ("John in a desert”) Mine
in Nové Zvolani, Pfise¢nice, Vykmanov, Hora Svaté Katefiny,
Mikulov-Hrob.

Preliminary results of the study of isotopic composition '*0/'°O
and "C/"C of the carbonate veins on these localities reflect mixing
of waters of deep and meteoric origin during the formation of
the mineralization. Vertical zonality of hydrothermal veins was
discovered in the Médénec deposit, where Co-Ni mineralization
is predominant in the upper parts and Ag mineralization is typical
for lower parts of the ore bodies. Ore-forming fluids from the
Médénec deposit and the Médnik skarn body probably originate
from the same deep source. Detailed mineralogical study of the
Hora Svaté Katefiny locality with a detected Ti-rich cassiterite and
galena proves transitional type of ore mineralization between
greisenization and other hydrothermal mineralization. A new
detailed mineralogical research at the Mikulov-Hrob locality

has shown typologically identical overlay of the "five-element
formation” as in the western part of the Krusné hory Mts.
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4 Conference of the ArchaeoMontan project in Dippoldiswalde (photo by P. Bohddilek).

Methodologically important geochronological research of the
Re/Os mafic and ultramafic rocks and segregation type of the
Cu-Ni ores from the Jezirka deposit in the Ransko Massif has
shown their Variscan age - 341.5 + 7.9 Ma.

Research on the isotope composition of Cr of mantle chromites
representing different types of deposits of different age and
geotectonics position revealed that its composition remains
steady during the geological history (6°/%*Cr = -0.08 + 0.10%o).
Analyses of flotation sands from Horni BeneSov and Kutna Hora
made during the research of the content and forms of distribution
of industrially interesting elements in flotation waste after
modification of polymetallic ores has shown interesting residual
content of Ag (0.3-20 g/t). An analysis of archived preserved
samples of concentrates from the Karik Mine confirmed increased
content of In (346 and 439 ppm), Cd (1443 and 1650 ppm) in
correlation with increased contents of Zn; correlations with
increased contents of Cu, Pb and Ag are also positive.

Research in the field of historical mining and
metallurgy study

Czech-Saxon cooperation on the ArchaeoMontan project, which
is focused on the Krusné hory Mts, has brought a number of new
results. Marked geomagnetic anomalies at the Kremsiger locality
indicated the presence of historic ore processing plants with
increased content of magnetite in the soil horizon on the floor of
these objects. Intensively limonitized skarns were detected and
technolites — small fragments of fayalite cinder with no chemical
admixture of base and precious metals — were found sporadically.
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A findings of ceramics with a crust with a high content of Pb and
low content of Ag is greatly valued. The first finds in residential
objects gives evidence of test smelting, which indicates that there
was interest in prospection for Ag ores at the Kremsiger locality.
On the Cerny potok Hill, it was discovered that the spread of
skarn lentils and their mining had been much more extensive
than originally anticipated. Some new veins and metasomatic
structures with fluorite and sulphides (sphalerite, galena) have
been found and presence of scheelite has been detected locally.
Very important findings were three microns large grains of pure
silver and argentite (acanthite) in form of a powder in limonite
with aggregates of hisingerite, psilomelane and phases of Cu-Si,
Cu-U-P, which can be interpreted as fragments of a vein system
with Ag ore mineralization.

Research of anthropogenic geochemical footprint in the
environment after mining and smelting of Ag, Cu and Fe ores in
the wider environs of Pfise¢nice and Vejprty has also been initiated
under the terms of the ArchaeoMontan project. Preliminary results
indicate that there were at least three, or more likely even four
historical periods when the local deposits were exploited, these
periods reaching to the Middle Ages.

Besides the Krusné hory Mts area, a unique conservation
archaeological research was supervised in Sucha Rudna (Hruby
Jesenfk), which excavated medieval relics after mining and
panning of gold dated between years 1225 and 1232. The results
were presented at conferences in Kutnd Hora, Kadar and Jihlava.
Securing and stabilizing of old mine workings in Horni Mésto were
monitored.



4 Research at the historic mine working in Dippoldiswalde,
Saxony (photo by P. Bohddlek).

An excursion and a presentation Historic mineral resources in the
area of Zelezné hory were organized for the Protected Landscape
Area Zelezné hory Administration and the Boii civic society. The
focus was given to the possible historic usage of the previous
Celtic settlement. Limonite iron ores from LitoSice and Nasavrky
have been provided for experimental archaeological melting.
The talk Zlaté hory ore mining district — its past and presence was
given at the Faculty of Science of the Charles University in Prague
to students of economic geology.

International cooperation and foreign expertises
In the consortium of European geological surveys —
EuroGeoSurveys (EGS), the CGS continued in the mutual

projects preparing the European resource-efficient initiative.

The consortium, led by the British Geological Survey (BGS),
initiated its work on the Minlnventory project aiming to catalogue
information systems on mineral resources in European countries.
The CGS began to work on the compilation of a European
Minerals Yearbook, unified information system and prognosis
studies within the large-scale Minerals4EU coordination project,
financed from the EU funds for science and research and the

7" Framework Programme in the consortium led by the Finish
Geological Survey (GTK).

Scientists from the CGS worked in the expert groups of the

EGS on raw materials, energy resources, geochemistry and
international cooperation. Completion of the European atlas
GEMAS — Geochemical Atlas of Agricultural Soils and continuation in
the geochemical study of hazardous elements in suburbs of cities
(Urban Geochemistry) were a great success. The analytical methods
that were developed are also significant for refining the methods
of geochemical prospecting.

The greatest volume of international activities regarding mineral
resources and impacts of mining was targeted on African
countries. The research in West Africa carried out under the terms
of the AMIRA-WAXI project that is focused on the processes of
distribution of gold and accompanying elements in soils and
laterites. As a result, criteria were set for mineral prospection in
regions affected by various stages of tropical weathering.

The environmental impacts of ore mining and processing was
studied under the terms of a project funded by the Czech Science
Foundation (GACR) in Zambia and Namibia. The Czech Geological
Survey is the leader of the UNESCO-IGCP-SIDA 594 project named
Environmental and health impacts of mining in Africa. The results

of this project were presented at the international congress Earth
sciences: Solution to African development and challenges (CAG24),
which took place in Addis Ababa, Ethiopia, in January 2013.The
final workshop of this project is going to be held in Prague in
May 2014. Iron ores were studied in Brazil at the Carajas deposit,
Amantaytau gold deposit was studied in Uzbekistan, and a Ni-Mo-
PGE ore deposit in black shales was studied in South China.
Under the terms of the International Development Assistance
programme, extensive mapping at the scale of 1:50,000
supplemented by mineralogical and geochemical exploration
were carried out in the West Altay, Mongolia.

Providing the state geological survey

The departments of mineral resources compiled a number of
expert reports as requested by the Ministry of the Environment
for decision-making support according to the Geological Law

No. 62/1988 Coll. with all amendments. The most important of
these reports were expert studies on the new development areas
stated in the land-use plans, especially on the construction works
in marginal parts of the North Bohemian Lignite Basin with some
remaining reserves of lignite in the Mineral Resource Protection
Areas, and analyses for the determination of exploration leases

in the surroundings of Kasperské Hory. A detailed expertise was
compiled for the Ministry of Industry and Trade on the update of
the National Resource Policy and the National Energy Concept
regarding the potentially utilizable coal deposits.

To support the operation of the state geological survey, the
project named Specification of the registry and the state-of-the-art
of usage of non-reserved minerals in the Czech Republic in relation

to the statement on statistical mining, technical and operational
information from the Hor (MPO) 1-01 in order to update the Mineral
Information System (SurlS) was run in cooperation with the Czech
Mining Office and the relevant regional mining offices and

was supported by the Ministry of the Environment. Entries in

this registry and their positioning in the map cover the South
Bohemian, Central Bohemian, Hradec Kralové, Olomouc, Pardubice
and Liberec regions and specify the registry in the SurlS to comply
with § 13 of the Law No. 2/1988 Coll. The outputs of this project
are needed for compilation of land-use planning documentation,
for state and regional administration bodies and especially for
compilation of background information for regional analysis.

In 2013, 185 deposits of unreserved minerals were examined

and supplemented with written and graphical documentation.
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4 Exposure of mine waste on the west slope of the

Emanuel Mine spoil heap at Milesov (Pfibram district).

Under the authority of the Ministry of the Environment, the Czech Geological Survey maintains the Mine
Workings Impacts Database and the Inventory of Hazardous Waste Facilities. These activities are based on

the Mining Act and on the Mining Waste Treatment Act.

Mine Workings Impacts Database

As part of its statutory duties in the Czech Republic, and under
the authority of the Ministry of the Environment, the Czech
Geological Survey carries out field assessment of sites where
occurrence of old mine workings and their impact is reported.
According to the Mining Act, the term "old mine working” refers
to an abandoned underground mine, the original operator of
which, or its legal successor, does not exist or is unknown. Since
2002, the open pits abandoned after the extraction of reserved
minerals have also been placed in that category. Most frequently,
the mine workings are indicated at the surface by subsided
ground, collapsed soil or simply by open adits and shafts. Should
they be found, the law entails the duty of reporting and keeping
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records of such phenomena. During the site assessment, expert
teams photograph, locate and describe the old workings. These
technical data are used to compile expert reports for the Ministry
of the Environment. Other important sources of information for
expert reviews are published and unpublished reports, various
editions of maps and other databases of the CGS Information
System. They encompass, for instance, abandoned nine lands
database (as of the 31 December, 2013, this contained data

on 5,603 sites), inventory of underground mines (as of the

31t December, 2013, this contained data on 26,360 sites and
22,845 digital photographs) and a database of mining maps which,
by the 31 December, 2013, contained 12,604 maps and their
photographic scans. The Mine Workings Impacts Database



www.geology.cz/extranet-eng/sgs/mine-workings
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4 Detail of a mining map showing the position of the World War Adit (Weltkriegsstollen, Barbora). Roudny-Laby, Benesov district, author
unknown, 1942, CGS — Geofond Kutnd Hora.

contains records of each of the reported cases accompanied
by all related documentation. The information compiled in this
inventory is stored in the Mine Workings Impacts Database.

By the 31* December, 2013, the Database of Mine Workings
Impacts contained 2,658 case reports from a total of 2,199
sites. Information on the present condition and location of the
reported old mine workings is permanently accessible to the
public through the map GISViewer applications on the CGS
website.

Inventory of Hazardous Waste Facilities
The environmental impacts caused by mining are still observable . ; e :
in the landscape: spoil heaps, tailling ponds, overburden 4 Outflow of ferriferous water from collapsed entrance of

and abandoned placers. In some cases, they have become the World War Adit driven underneath the Roudny Gold Mine
significant features of the landscape marked by the occurrence (Benesov district).

of unique flora and fauna, but elsewhere they may pose a serious

environmental hazard or endanger human health. The tailings was launched on the 5" May, 2012 as an independent public
and waste remaining after mining and processing of ores web application and it exists in Czech and English versions. In
contain a wide spectrum of toxic elements which, when released addition to giving details of the exact location, it also provides
through weathering processes, contaminate the surrounding soil essential information on the type and ranking of risk for

and the surface and groundwaters. In some waste facility sites, each site.

there are unstable slopes and local landslides can occur here.
In 2001, the Czech Geological Survey established the database
of dumps, expanding it significantly in 2006 by the addition of
data acquired from the government-owned DIAMO company.
The Mining Waste Treatment Act came into force in 2009 and
stipulates the creation of a new inventory of mine waste sites
in the Czech Republic. Under the terms of the Operational
Programme Environment, the CGS has carried out the project
Identification and classification of closed and abandoned mining
waste facilities posing serious environmental or health hazards,
which was completed in 2012. The result was the creation of

a new Inventory of Waste Facilities that now forms a part of the
CGS Information System. It contains more than 7,000 objects
and it is updated on a daily basis. Analyses of samples collected
from 300 selected sites have led to 11 of these being filed

in the Inventory of Hazardous Waste Facilities. The Inventory
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Vit Hladik

Coordinator for research into environmental
and geo-energy technologies

dEnvironmental Technologies

4 Research on thermally loaded rocks - in situ experiment in the Josef Gallery. Graphically
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illustrated temperature values measured by individual temperature sensors in the rock massif

near the heating borehole. Length of the wide-diameter borehole in the rock face is 2.20 m.

In 2013, the environmental and geo-energy technology-related research focused on the issues of energy
storage in the rock environment, on radioactive waste repositories, on geothermal energy and on
geological storage of CO,. Another activity is the engagement in the social dialogue about the role of
science and research in transition to a low-carbon future.

Energy storage in the rock environment

Energy storage in the rock environment is a major research topic
in the Czech Geological Survey, which gains in importance in the
context of the development of intermittent renewable energy

sources such as wind farms and solar power stations. Energy storage

is one of the principal methods of curbing negative impacts of
energy-supply fluctuations from these sources on network stability
and general security of energy supply to the users in future.

In 2013, work on the project Research on thermally loaded rocks —
prospects for underground storage of thermal energy continued.
Akey part of this project consists of an in situ experiment in the
Josef Gallery near Mokrsko, in the environment of granitic rocks
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at the depth of approximately 120m. The research is focused
on a detailed analysis of influence of cyclic heating on the rock
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environment and the reversal of the flow of thermal energy, aiming

at industrial use of the subsurface for the purposes of energy
storage.

Within the project Reversible storage of energy in the rock massif,
the CGS participates in experiments aimed at identifying rock
types with parameters that would potentially enable building

underground thermal energy reservoirs in the Czech Republic.

In 2013, laboratory testing of rock samples was completed and
based on the previous research results, a functional model of
a thermal reservoir with 0.5 m? in volume was set up.



Radioactive waste disposal

During 2013, the Czech Geological Survey continued in
cooperation on a project focused on bentonite — a material
suitable for seal barriers at deep radioactive waste repositories.
Bentonite stability under in situ conditions at temperatures of up
to 95 °C and its interaction with the surrounding rock enviroment
and ground water are investigated. The main in situ experiment

is situated in the Josef Gallery near Mokrsko; the primary purpose
of the project is to develop methodologies and best practices
usable for building a deep radioactive waste repository

in the future.

Research on alternative ways of the geological storage of the
spent nuclear fuel in 5km deep boreholes is under preparation,
in cooperation with American specialists.

The monograph Far Field of Geological Repository in the Bohemian
Massif was published. It summarizes the results of a three-year
research on a far-field rock environment of a storage of spent nuclear
fuel and high-level radioactive waste in an abandoned mine in
granites at the depth of 500 m. The monograph highlights possible
long-term risks related to this way of hazardous waste storage.

Geothermal energy

The sudden boom of various types of revewable-energy sources

and the rising social requirements for development of low-carbon
energy sources have increased expectations of further developments
in harvesting of the Earth's internal heat within energy production
and the related demand for applied research in this area. A new
research team has been set up in the Czech Geological Survey to
deal systematically with the geothermal-energy issues. Creation

of a database with geothermal data from the Czech territory,

a legislation survey of issues related to geothermal resources and
engagement of the Czech Geological Survey in international research
activities represent the first steps in this direction.

Geological storage of carbon dioxide and

the CO, Capture and Storage (CCS) technology
In 2013, the Czech Geological Survey completed its activities
within the CGS Europe European coordination initiative, which
had an objective to create a stable pan-European expert

body in the area of geological storage of CO,. That objective

has been reached in the form of enlargement of the existing
West-European CO,GeoNet Network of Excellence by new
members. The Czech Geological Survey has been one of these
new members since September 2013. Activities of the Czech
Geological Survey in the CGS Europe project involved work in
the Management Board, with the rensponsibility for knowledge
dissemination, coorganizing of international workshops in Espoo
(Finland) and in Sofia (Bulgaria) as well as carrying out a series of
lecturing and publishing activities and for presenting the CCS
achievements in the media.

The year 2013 saw completing of the cooperation with

UJV Rez on the project Research and development of methods
and technologies for capture of CO, from fossil-fuelled power plants
and CO, storage in geological formations in the Czech Republic.
The project focused on the methodology of permeability
measurements on rock samples for super-critical CO,,

4 Participants of the workshop on CO, geological storage

in Espoo (Finland). The event was held within the European
CGS Europe project and the Czech Geological Survey was its
coorganizer.

which will be used in assessment and licensing of future

CO, storage sites.

Another CCS-related project involving the CGS is titled
Development and optimization of methodologies for research on
safety barriers for CO, storage as one of the key ways for decreasing
the GHG content in the atmosphere. The project investigates
potential CO, leakage pathways from the storage sites. Particular
attention is given to a possible leakage along boreholes and
through the sealing caprock of the storage.

Social dialogue on the role of science and
research in transition to the low-carbon future
The Czech Geological Survey participates in the European
R&Dialogue project aimed at stirring up and organizing a dialogue
between the Research and Development Organizations on one
side and Civil Society Organizations on the other on the topic

of transition to low-carbon society, including the development
of renewable energy resources, CO, capture and storage

and other technologies. In 2013, forty-one methodologically
consistent interviews were made with the representatives of
the main stakeholders — institutions, companies and NGOs.
Analysis of these interviews will help identify activities leading
to the improvement of social dialogue and related knowledge
sharing. The National Low-Carbon Council has been established,
composed of representatives of invited institutions and
organizations, to coordinate the individual activities of the
national dialogue, which will start in 2014.
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Head of Regional
Geological Administration

4 On 7" June 2013 landslide at Dobkovicky village buried
the half-built D8-Highway leading from Prague to Dresden.

In addition to carrying out research, publishing maps and scientific papers, promoting geological
education, and other related activities, the Czech Geological Survey provides a geological service for

the state, in accordance with its legal framework. The regional geologists and specialists in mineral
deposits, hydrogeology and engineering geology from the CGS provide professional assessments of
geological matters across the whole Czech Republic and compile reports that enable the state and local
administration to take appropriate decisions in the public interest. This statutory duty of the Czech
Geological Survey is embodied in the Law on Geological Work. The organization and procedures used to
carry out this service are the responsibility of the Regional Geological Administration within the CGS.

Report writing

The most frequent task carried out by the regional geologists at
the CGS is the compilation of professional reports. These reports
are concerned with a wide range of topics including hazardous
geofactors, conflicts of interest, land-use planning, impacts of
construction and technology on the environment, management
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of construction sites, remediation of old ecological burdens,
proposals for nature conservation etc.

Continuous acquisition, storage and processing of scientific data
on the geological composition and structure of the country, on
the protection and use of natural resources and on geological
hazards and necessary preventive measures guarantee that the



www.geology.cz/extranet-eng/'

¢ Landslide-disrupted regional railway track No. 097 (Lovosice—

Teplice) at the section between railway stations Dobkovicky and
Radejcin.

information essential for making political, economic, judicial and
ecological decisions affecting land use is available.

Activities undertaken, contracting authorities and
working teams

In 2013, a team of three members of the Regional Geological
Administration coordinated 717 tasks carried out for state and
local administrative bodies, courts, universities, museums,
non-profit making and non-governmental organizations

and other customers. Partial teams of specialists were also
subcontracted to carry out these activities. Specialists were
chosen from a total of 38 regional geologists, 14 regional
specialists in mineral deposits and 6 specialists in hydrogeology,
cooperating as required with 3-5 engineering geologists
working across the whole Czech Republic. Within the frame

of the "Floods 2013" action, the teams of regional specialists
compiled 121 expert assessments for the needs of flood
emergency committees. The main problem caused by the floods,
being solved by the CGS specialist in engineering geology, is

a large landslide in D8-Highway near Dobkovicky.

Expert opinions on projects submitted to the
Operational Programme the Environment (OPE)
In accordance with the Consolidated version of the Directive of the
Ministry of the Environment No. 3/2011, under the terms of Appendix 1,
on submitting an application for financial support for projects

from the Operational Programme the Environment, including
co-finance from the State Environmental Fund of the Czech Republic
and from the state budget of the Czech Republic — chapter 315 (the
environment), regional specialists from the CGS compiled 3 expert
assessments concerning individual projects within the OPE,
Priority axis 6 — Improving the state of nature and the landscape,
Area of Intervention 6.6 — The prevention of landslides and rock
avalanches, the monitoring of geofactors and the impacts of mining
and extractive activities, and the assessment of non-renewable natural
resources, including groundwater resources.

¢ Material damage was also recorded in a quarry higher up.
Buildings and equipment situated on landslide edge in quarry
rear were also damaged, including weighing machine and

aggregate dump.

€ TheJune landslide has blocked the half-built motorway from
Prague to Dresden, including the drainage network and channels.
The firemen repumped gradually the dammed water pond above
the landslide body down to the “V Je¢kdch” stream valley.
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Collection of data created by activities of the Czech Geological Survey, their administration and their
provision is one of the key factors influencing the function of the state geological survey in the Czech
Republic. Building of the geological information system is essential for securing information for the
administrative bodies, wider scientific community and corporate organizations. The concept of the
system is compatible with the Czech and EU legislation governing access to information. The use of
international standards secures interoperability of data sources and integration into the national and
European spatial data infrastructure, which is currently being formed.

INSPIRE and the interoperability of geodata environment. The CGS has been tasked with providing current
The INSPIRE Directive issued by the European Commission (EC) information on data (metadata