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EXPLANATORY NOTES

List of abbreviations, symbols and technical units

AOPK CR

API
API degrees

a.s.
bbl

bn
BP
BP SRWE

CFR
CHKO
CHLU
CHOPAV

CIF
CIS

CMMI
Coll.

CSO
CZK

CZ NACE

CBU
CGU

Nature Conservation Agency of the Czech Republic (Agentura ochrany piirody
a krajiny Ceské republiky)

American Petroleum Institute

Degrees of crude oil specific gravity defined by the API (°API)

API gravity formulas:

141.5

.API — m - 1315

141.5
°API+ 1315

SG = specific gravity (t/m?3)

60°F=15.6°C

initials after a Czech company name indicate that it is a joint stock
company (akciova spolecnost)

barrel of crude petroleum, 158.99 dm3; 1 tonne of crude petroleum is approximat-
ely 7 bbl (6.76-7.75 bbl for crude petroleum extracted in the Czech Republic)
billion, 10°

British Petroleum, British multinational oil and petrochemical company
British Petroleum Statistical Review of World Energy, energy yearbook including

SGat60°F =

energy minerals

Cost and Freight (named port of destination)

protected landscape area (Chranéna krajinna oblast)

protected deposit area (Chranéné loziskové uzemi)

Protected area of natural accomodation of water (chranéna oblast pfirozené
akumulace vod) — see PANAW

Cost, Insurance and Freight (named port of destination)

Commonwealth of Independent States, in Russian: CoapyxectBo HezaBucumbix
locynapcTs

Council of Mining and Metallurgical Institutions

Collection of laws (Sbirka zakonti Ceské republiky) of the Czech Republic
Czech Statistical Office

Czech crown (Ceska koruna)

Czech adoption of the General Industrial Classification of Economic Activities
within the European Communities (Nomenclature générale des Activités
¢conomiques dans les Communautés Européennes)

Czech Mining Authority (Cesky bansky uiad)

Czech Geological Office (Cesky geologicky tiad)
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DP
EIA

EU

Czech National Bank (Ceské narodni banka)

Czech National Council (Ceské narodni rada) — former parliament of the Czech
(Socialist) Republic

Czech Republic (Ceska republika)

Czech and Slovak Federal Republic (Ceska a Slovenska Federativni Republika)
Czechoslovak Socialist Republic (Ceskoslovenska socialisticka republika)
Czech Statistical Office (Cesky statisticky uiad)

Deutsche Rohstoffagentur (German Mineral Resources Agency) is a part of
Bundesanstalt fiir Geowissenschaften und Rohstoffe (Federal Institute for
Geosciences and Natural Resources)

mining lease (dobyvaci prostor)

1) Environmental Impact Assessment

2) Energy Information Administration, section of the Department of Energy of
the USA providing energy statistics, data, analysis

European Union

EURATOM Euratom Supply Agency (ESA), European agency for common supply policy

on the principle of regular and equitable supply of nuclear fuels for
European Community users

EUROSTAT Statistical Office of the European Communities, organisational branch of the

FDI
FMPE
FNM
FOB

GDP
GVA

IEA
M
IMF
JORC

European Commission

foreign direct investment

Federal Ministry of Fuels and Power (Federalni ministersvo paliv a energetiky)
National property Fund (Fond narodniho majetku)

Free on Board (port) — seller pays for transportation of the goods to the port of
shipment, plus loading costs

Gross domestic product

Gross value added (GVA) is a widely used indicator of the total economic
performance of each branch. It is an indicator corresponding to the GDP in
the whole national economy. It is calculated by subtraction of the intermediate
consumption (consumption of the raw materials, energy, materials) from the
total value of the production (in terms of accounting, this is the difference
between the sales and other services of companies and their consumption of
materials, energy and services, this is therefore the sum of their book values
added)

International Energy Agency

Industrial Minerals (journal)

International Monetary Fund

Joint Ore Reserves Committee — comprises representatives of each of the three
parent bodies: The Minerals Council of Australia (MCA), The Australasian
Institute of Mining and Metallurgy (The AusIMM), and the Australian Institute
of Geoscientists (AIG); as well as representatives of the Australian Securities
Exchange (ASX), the Financial Services Institute of Australasia (FinSIA) and
the accounting profession, and an observer from Association of Mining and
Exploration Companies (AMEC). The JORC Committee is responsible for the
development and ongoing update of the JORC Code. The JORC Code provides
a mandatory system for the classification of minerals exploration Results, mineral


https://minerals.org.au/
https://ausimm.com/
https://ausimm.com/
https://www.aig.org.au/
https://www.aig.org.au/
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KKZ

KPZ

kt

MB
MCS
MF
MH CR

MHPR

mill

MIT
MoE
MoLSA
MZP CR

NP
NPF
OBU
OPEC
0.p.s.

PANAW

pes
PKU

POPD

pPpm
ROPO

Sb.
SD

S.p-

spol. s r.o.

resources and ore reserves according to the levels of confidence in geological
knowledge and technical and economic considerations in Public Reports.
Commission for Classification of Mineral Reserves (Komise pro klasifikaci
7asob)

Commission for Projects and Final Reports (Komise pro projekty a zavére¢né
Zpravy)

initials after a Czech company name indicate that it is a limited partnership
company (komanditni spole¢nost)

kilotonne, 1,000t

Million of years

Metal Bulletin (journal)

Mineral Commodity Summaries, mineral yearbook of the US Geological Survey
Ministry of Finance

Ministry of Economy of the Czech Republic (Ministerstvo hospodaistvi Ceské
republiky)

Ministry of Economic Policy and Development (Ministerstvo pro hospodaiskou
politiku a rozvoj)

million, 10°

Ministry of Industry and Trade

Ministry of the Environment

Ministry of Labour and Social Affairs (Ministerstvo prace a socialnich véci)
Ministry of the Environment of the Czech Republic (Ministerstvo zivotniho
prostiedi Ceské republiky)

not available or not reliable data

natural park (Narodni park)

National Privatization Fund

Regional Mining Authority (obvodni bansky ufad)

Organization of Petroleum Exporting Countries

initials after a Czech organization name indicate that it is a not profit organization
(obecné prospésna spolecnost)

Protected area of natural accomodation of water (chranéna oblast pfirozené aku-
mulace vod) — see CHOPAV

pieces

Palivovy kombinat Usti, s.p.

plan of mine development work of reserved mineral deposits (plan otvirky,
pripravy a dobyvani vyhradnich lozisek)

parts per million = 0.0001 = g/t

Recognised Overseas Professional Organizations

Collection of Laws (abbreviated as Coll.) of the Czech Republic

Severoceské doly, a.s.

initials after a Czech company name indicate that it is a state public
enterprise (statni podnik)

initials after a Czech company name indicate that it is a limited liability company
(spolecnost s ru¢enim omezenym), ditto initials s. r. o.

initials after a Czech company name indicate that it is a limited liability company
(spolecnost s ru¢enim omezenym), ditto initials spol. s r.o.
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SU
t
tce

ths
UNFC
USGS
V.0.S.

VAT
WBD

WNA
ZCHU

Sokolovska uhelna, pravni nastupce, a.s.

metric tonne, 1,000kg, 1,000,000 g

tonne of coal equivalent, the energy unit representing energy 7 million kcal
(29,3067 GJ) generated by burning one metric ton of coal; Czech steam coal
1tce=1.1-1.6t, cokecoal 1.0 —-1.3t

thousand, 103

United Nations Framework Classification

United States Geological Survey — Geological survey of the USA

initials after a Czech company name indicate that it is an unlimited company
(general partnership) (vefejna obchodni spolecnost)

Value Added Tax

Welt Bergbau Daten (World Mining Data), mineral yearbook of Austrian Federal
Ministry of Agriculture, Regions and Tourism

World Nuclear Association

specially protected area (zvIasté chranéné izemi)
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Exchange and inflation rates of currencies in which minerals are priced

Annual inflation rates (%) in the USA (US), the United Kingdom (UK),
the Euro Area (EUR) and the Czech Republic (CZ)

us UK EUR (074
1991 4.2 7.4 - 56.6
1992 3.0 4.3 - 11.1
1993 3.0 2.5 - 20.8
1994 2.6 21 - 10.0
1995 2.8 2.6 - 9.2
1996 2.9 2.4 - 8.8
1997 2.3 1.8 - 8.4
1998 1.5 1.6 - 10.6
1999 2.2 1.3 1.1 2.3
2000 3.4 0.9 2.1 3.8
2001 2.8 1.2 2.4 4.7
2002 1.6 1.3 2.3 1.8
2003 2.3 1.4 2.1 0.1
2004 2.7 1.3 2.1 2.8
2005 3.4 2.0 2.2 1.8
2006 3.2 2.3 2.2 2.5
2007 2.9 2.3 2.2 2.9
2008 3.8 3.6 3.3 6.3
2009 -0.3 2.2 0.3 1.0
2010 1.6 3.3 1.6 1.5
2011 3.1 4.5 2.7 1.9
2012 2.1 2.8 2.5 3.3
2013 1.5 2.6 1.3 1.4
2014 1.6 1.5 0.4 0.4
2015 0.1 0.0 0.2 0.3
2016 1.3 0.7 0.2 0.7
2017 2.1 2.7 1.5 2.5
2018 2.4 2.5 1.8 2.2
2019 1.8 1.8 1.2 2.9
2020 1.3 0.9 0.3 3.2

Notes:

e source — IMF. World Economic Outlook. October 2021

* inflation rates based on average annual changes of consumer price indices
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Average yearly exchange rates of CZK against EUR, USD and GBP

EUR usD GBP
1991 - 29.5 52.0
1992 - 28.3 49.9
1993 - 29.2 43.8
1994 - 28.8 44.0
1995 - 26.5 41.9
1996 - 271 42.3
1997 - 31.7 51.9
1998 - 32.3 53.5
1999 36.9 34.6 56.0
2000 35.6 38.6 58.4
2001 34.1 38.0 54.8
2002 30.8 32.7 49.0
2003 31.8 28.2 46.0
2004 31.9 25.7 471
2005 29.8 23.9 43.6
2006 28.3 22.6 41.6
2007 27.8 20.3 40.6
2008 24.9 17.0 31.4
2009 26.4 19.1 29.7
2010 25.3 19.1 29.5
2011 24.6 17.7 28.3
2012 25.1 19.6 31.0
2013 26.0 19.6 30.6
2014 27.5 20.7 34.2
2015 27.3 24.6 37.6
2016 27.0 24.4 33.1
2017 26.3 23.4 30.1
2018 25.6 21.7 29.0
2019 25.7 22.9 29.3
2020 26.4 23.2 29.7

Source: Czech National Bank
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Mineral reserve and resource classification in the Czech Republic
and its evolutional comparison with international classifications

Czech classification

After 1948 the reserve classification of the USSR was progressively adopted in Czechoslovakia,
of which the Czech Republic formed part. A Commission for Classification of Mineral Reserves
(Komise pro klasifikaci zasob — KKZ) was established in 1952, as a state agency to review
the categorisation and estimation of reserves of all types of minerals, except radioactive ores.

Initially geological reserves (all reserves in their original state in the deposit without
subtracting losses from mining, beneficiation and processing) were classified into subdivisions
of groups and categories (slightly simplified).

Groups of geological reserves according to industrial utilisation:

nebilané¢ni potentially economic — currently unminable due to a low grade, small deposit
thickness, particularly complicated mining conditions, or due to the unfamiliarity with
economic processing methods for the given mineral type, yet which may be considered as
exploitable in the future

bilan¢ni economic — minable, suitable for industrial utilisation and for the technical mining
conditions for extraction

Categories of geological reserves according to the degree of deposit exploration:

A — explored in detail and delimited by mining works or boreholes, or by a combination
of these. Geological setting, distribution of quality mineral types in the deposit and the
technological properties of the mineral are known to such a degree that allow for the
development of a method for beneficiation and processing of the mineral. Natural and industrial
types of minerals are given. Reserves A include those parts of the deposit, where the geological
setting, hydrogeological conditions and mining conditions are known to such a degree that
a deposit development method can be developed.

B — explored and delimited by mining works or boreholes, or by a combination of these in
a sparser network than in category A. It further includes reserves of deposits adjoining blocks
of category A, verified by exploration works. The manner of geological setting, natural and
industrial types of minerals are determined without knowing their detailed distribution in the
deposit. The quality and technological characteristics of the minerals are given within a range
allowing for a basic choice of a processing method. Hydrogeological conditions and general
principles of deposit development are sufficiently clarified.

C, — determined by a sparse network of boreholes or mining works, or by a combination
of these, as well as reserves which adjoin the reserves of categories A and B, if they are
justified from a geological perspective. They also include the reserves of relatively complex
deposits with a very irregular distribution of the mineral, even though these deposits were
explored in detail. Included here are the deposit reserves partially mined-out with low recovery
methods. The setting conditions, quality, industrial types and processing technology of the
mineral are defined based on analyses or laboratory tests of samples, or based on analogy
with explored deposits of a similar type. The hydrogeological conditions and the principles
of deposit development are defined quite in general.
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C, —are assumed based on geological and geophysical data, confirmed by sampling of the
mineral deposit from outcrops, isolated boreholes or mining works. Also, reserves adjoining
the reserves of A, B, C,categories, where geological conditions for this exist.

It is further defined that project development and investment amounts for the construction
of mining facilities are permitted on the basis of the economic mineral reserves in categories
A+B+C,, which are therefore reserves eligible for industrial utilisation. That is why, in
practice, the economic reserves of categories A, B, C, or their total A+B+C; were designated
by the term industrial reserves.

Further improvement of the classification introduced Order of the CSSR Government
no. 80 in 1988 [7].

In 1963, KKZ established the prognostic reserves (prognozni zdasoby) category in an
amendment of its Principles for the Classification of Solid Minerals (hereinafter Principles)
(Zasady pro klasifikaci zasob pevnych nerostnych surovin). They were defined as unexplored
mineral reserves, assumed on the basis of the formation patterns and the distribution of mineral
deposits, and investigations, dealing with the geological structure and the history of geological
evolution of the evaluated locality. The parameters for the evaluation of prognostic reserves
(strike, length, thickness, average grade and the like) are determined according to geological
assumptions or they are derived. According to the Principles, prognostic reserves are not listed
in the national Register of Reserves (bilance zasob). They serve only as a basis for future
planning of geological exploration.

In 1968, KKZ innovated the definition of prognostic reserves. In the amended Principles
for reserve classification, it established the division of reserves into proved (by exploration or
mining) and assumed, or prognostic. Prognostic geological reserves are unverified reserves,
however they are assumed based on geological, geophysical and other scientific knowledge
and material. They are predominantly the reserves of larger localities and formations, and, in
isolated cases, the reserves of unexplored parts of large structures or deposits.

Due to the establishment of the prognostic reserve category, geological reserves (geologickeé
zasoby) can, with regard to contents, be translated into English as total resources. However up
to 1989, the term resources did not appear in Czech or Czechoslovak classifications. But up
to now, reserves also represent mineral accumulations, which meet the reserves criteria due to
being explored, but which do not meet them due to technical and economic reasons (potentially
economic reserves nebilancni zasoby). They are therefore mineral resources.

In 1981, the Czech Geological Office issued Directive No. 3 [3], where the present
prognostic reserves (prognozni zasoby) were divided into categories Dy, D,, D;. They are
defined as follows:

D, — relate to verified mineral deposit reserves, with which they form one whole deposit.
Determined in delimited areas and quantifiable based on positive detection of an existing
mineral and its basic quality characteristics.

D, — territorially independent. They are determined in a delimited area based on positive
detection of an existing mineral and its basic quality characteristic. Analogies are also used
for their determination.

D; — determined on the basis of regional investigation. So far, mineral existence has not
been proven in such a way, in order to be able to delimit the area of their occurrence and to
quantify the prognosis.

In October 1989, the Czech Geological Office issued Decree No. 121/1989 Coll., which
redefined the prognostic reserve categories, changed their designation, and for the first time
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in the Czech Republic established the term resources. The term prognostic resources has
been used instead of the term prognostic reserves ever since. The categories P;, P,, P; were
as follows:

P, — assumed due to the continuation of an already investigated deposit beyond the reserve
outline of category C, or due to the discovery of new deposit parts (bodies). The basis for this
category are the results of geological mapping, geophysical, geochemical and other work in the
area of possibly occurring prognostic resources: geological extrapolation of data results from the
investigation, or the verification of part of the deposit. In justified cases this category also includes
areas with isolated technical works which do not fulfill the requirements in order to be included
in the reserves category C,. The quantity and quality of the prognostic resources of this category
is estimated according to the given deposit type and its part with detected reserves.

P, — assumed in basins districts and geological regions, where deposits of the same
formation and generation type were detected. It is based on a positive evaluation of deposit
indications and anomalies observed during geological mapping and geophysical, geochemical
and other work, whose prospect is, if necessary, confirmed by a borehole or surface excavation
work. The prognostic resource estimate of assumed deposits and the concept of the shape and
dimensions of the bodies, their composition and quality, are derived by analogy with known
deposits of the same type.

P; — assumed solely on the basis of conclusions concerning the formation possibilities of the
deposit types under consideration with regard to favourable stratigraphic, lithological, tectonic
and paleogeographic conditions detected while evaluating the locality during geological
mapping, and during analysis of geophysical and geochemical data. The quantity and quality of
prognostic resources is estimated according to assumed parameters of the deposit development
by analogy with more closely explored localities, where deposits of the same genetical type
were detected or verified. The prognostic resources of minerals in category P; can only be
displayed by a surface projection.

The amendment of Mining Act no. 541/1991 Coll. divided the classification of reserves
(reserved deposits) according to exploration into the categories of prospected reserves
(vyhledané zasoby) and explored reserves (prozkoumané zasoby), and, according to
exploitability conditions, into economic reserves (zasoby bilancni) and potentially economic
reserves (zdasoby nebilancni) .

Economic — reserves suitable for existing technical and economic conditions in exploiting
a reserved deposit.

Potentially economic reserves — currently unexploitable due to being unsuitable for existing
technical and economic conditions of exploitation, yet assumed to be exploitable in the future
in consideration of expected technical and economic development.

Neither this amendment nor any other regulation defined the content of the terms prospected
and explored reserves. In practice, these categories are identified with the categories of reserve
exploration, as they were in effect before the amendement of Mining Act no. 541/1991 Coll.,
in the following manner: explored reserves = sum of reserve categories A + B + C, (also called
industrial), prospected reserves = reserves of category C,.

International classifications

International systems of classifying reserves and resources developed most rapidly in the
last quarter of the twentieth century. In 2001, the Pan European Reserves and Resources
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Reporting Committee (PERC) published Code for Reporting of Mineral Exploration Results,
Mineral Resources and Mineral Reserves [1]. This corresponds to the reporting standards of
the Australian, Canadian, South African and other organisations grouped in the Combined
Reserves International Reporting Standards Committee (now called Committee for Mineral
Reserves International Reporting Standards) — CRIRSCO which is a subcommittee of CMMI
(Council of Mining and Metallurgical Industries). It is summarized as follows:

Relations between mineral reserves and resources, their definitions
Chart of the relations [1]

MINERAL
EXPLORATION MINERAL
RESULTS RESOURCES RESERVES
v
()
g
s e
338 v
c C
»s 3 INDICATED |¢——> PROBABLE

>
>
Consideration of mining, metallurgical, economic,
marketing, legal, environmental, social and
governmental factors (the 'modifying factors')

The given definitions are in accordance with the definitions of the UNFC (United Nations
Framework Classification) classification of the UN, published by UN-ECE in 1997 [4]. This
classification divides (just as, for example, the classification of the USA [5]) its categories
according to economic feasibility (quantity and quality of the mineral in situ) in one direction
into 3 groups. For the division according to the level of geological knowledge it does not
use one direction, one criterion (verification according to technical work carried out), as is
common, but two directions, two criteria: 1) According to which of the 4 phases of exploration
(from geological to mining) and 2) according to which study (from geological to mining) the
given mineral accumulation was prospected or verified. Thus in the area between the axes
E (economic), F (feasibility) and G (geological), a total of 36 categories can be established
mechanically, out of which about 10 actually exist. The categories are marked with a three-
digit code and a priori do not have designations (although recommended designations exist).

(Notice: In the course of discovery and verification of mineral deposits and their estimations
of mineral resources and reserves two fundamental stages connect at each other: prospecting
and exploration.

Prospecting is a set of geological activities aiming at discovery of a mineral accumulation
(mineral accumulations) which could be a mineral deposit (mineral deposits) and to express
in numbers its (their) mineral resources.

Exploration is to decide if a mineral accumulation (prospective mineral deposit) is a mineral
deposit or not and if it is, to estimate its mineral pgserves.)

An important aspect of the European and similar reporting codes is the concept of the
“competent person”. He/she 1is responsible for the calculation of reserves and its categories,
is a member of an acknowledged professional society (which sees to the expertise and ethics
of its members via sanctions), and has expert and moral qualities. His estimates are accepted
as reliable by banks and securities exchanges. Competent persons are members of Recognized
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Two ways of presenting UNO spatial mineral resource - reserve classification system
(United Nations Framework Classification)[4]

Numeric coding pattern
for each resource and reserve
category of the UNFC

(E takes the values 3, 2, 1,

F takes the values 3, 2, 1,

G takes the values 4, 3, 2, 1)

L
E v
9 %
s <
o
O
w

Overseas Professional Organizations (ROPO). A list of organisations is compiled by the
Australasian Joint Ore Reserves Committee (JORC).

Although some national and international classifications are relatively complicated, the
mining industry frequently still makes do with only the categories of proved and probable
reserves. If it is seeking funds from banks or share issues (initial public offering) on securities
exchanges, it must respect the regulations for reporting its mineral reserves. The securities
exchanges have reporting requirements which are particularly strict or even provided by law.
In general they require adherence to the reporting codes of the international organizations such
as those that cooperate in framing the European Code [1].
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Comparison of the mineral resource classification valid in the USA from 1980 [5]

with the reserve and resource classifications valid in the territory of the Czech

Republic from 1956

IDENTIFIED UNDISCOVERED

DEMONSTRATED

INFERRED HYPOTHETICAL

SPECULATIVE

MEASURED INDICATED

ECONOMIC

ECONOMIC

SUBECONOMIC | MARGINALLY

Reserve Base ————  Inferred Reserve Base

A+B economic reserves,
part of economic explored
reserves

A+B potentially economic
reserves,

part of potentially economic

explored reserves

C, economic reserves,
part of economic explored
reserves

C, potentially economic
reserves,

part of potentially economic
explored reserves

potentially economic
prospected reserves

D, P,

D,, P,

D,, P,

C, economic reserves,
economic prospected
reserves

HISTORY OF RESERVE AND RESOURCE CLASSIFICATION ON THE TERRITORY OF THE CZECH REPUBLIC

C, potentially economic reserves,

RESERVES PROGNOSTIC RESOURCES
EXPLORED PROSPECTED P, P,* P,*
disposable bound disposable bound
POTENTIALLY
ECONOMIC

* effective from 1989

Geological reserves = all reserves in their original state without considering mining losses and dilution

I:I Exploitable reserves = economic reserves reduced by estimated mining losses

reserves of categories A+ B + C (before 1991) = explored reserves (since 1991)

reserves of category C, (before 1991) = prospected reserves (since 1991)

disposable reserves = reserves mining of which is not made impossible by protection of surface
objects and mining workings

bound reserves = reserves in protection pillars of surface objects and mining workings

exploitable reserves = economic geological reserves reduced by amount of prospective mining
losses connecting with selected mining technology or with natural conditions

categories A, B, C, = so-called industrial categories of reserves (before 1991)

reserve of categories A+ B + C, = so-called industrial reserves (before 1991), also - in the limited interpretation -

economic explored disposable reserves
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Comparison of Czech and international systems of classification

The following scheme and table compare the reserve and resource classifications of the Czech
Republic with the international classifications discussed above.

Is to be noted that reserves in the Czech classification still include potentially economic
reserves, i.e. reserves which are currently not recoverable and which are, therefore, potentially
economic resources. The term reserves as used, by contrast, in standard international
classifications represents only the parts of explored resources which are available for
immediate or developed extraction. All other registered parts are resources, not reserves, of
a given mineral. Is to be also mentioned that the standard international classifications indicate

Comparison of UNFC with the reserve and resource classifications of the Council
of Mining and Metallurgical Industries (CMMI) [4] and of the Czech Republic

Pr
Code of ?post_ed Czech Czech Czech Czech
designation CMMI . . . .
the UNFC of the UNFC | cateqor categories categories categories categories
category gory up to 1981 in 1981-1989 in 1989-1991 after 1991
category
economic economic economic part
. Proved .
Proved Mineral . reserves —part | reserves —part | reserves — part of exploitable
111 Mineral . . . n
Reserve of exploitable of exploitable of exploitable part* of explored
Reserve . . . .
part* A+B part* A+B part* A+B economic reserves
Probable Probable economic economic economic part ?f exploitable
; - reserves — part of |reserves — part of | reserves — part of | part* of explored
121 + 122 Mineral Mineral . . . N . . .
Reserve Reserve exploitable part* | exploitable part* | exploitable part economic
of A+ B+ Cy of A+ B+ Cq4 of A+ B+ Cy4 reserves
Inferred . . .
. economic economic economic prospected
123 Mineral h
reserves — C, reserves — C, reserves — C, | economic reserves
Resource
Feasibility Measured potentially potentially potentially part of explored
211 Mineral Mineral economic economic economic potentially
Resource Resource | reserves — A + B | reserves — A + B | reserves — A + B | economic reserves
Prefeasibility Indicated potentially potentially potentially part of explored
221 + 222 Mineral Mineral economic economic economic potentially
Resource Resource reserves — Cq reserves — C4 reserves — C; | economic reserves
Inferred potentially potentially potentially prospected
223 Mineral economic economic economic potentially
Resource reserves — C, reserves — C, reserves — C, | economic reserves
Measured Measured potentially potentially potentially part of explored
331 Mineral Mineral economic economic economic potentially
Resource Resource | reserves — A + B | reserves — A + B | reserves — A + B | economic reserves
Indicated Indicated potentially potentially potentially part of explored
332 Mineral Mineral economic economic economic potentially
Resource Resource reserves — Cq reserves — Cq reserves — Cy | economic reserves
potentlal_ly potentially potentially prospe_cted
Inferred Inferred economic ) ) potentially
) . economic economic )
333 Mineral Mineral reserves — C, + economic
) reserves + reserves +
Resource Resource | part of prognostic reserves +
part of D4 part of P4
reserves part of P,
Reconnaissance not part of Dy + Dt P. 4 Pat P, + Pat
334 Mineral X prognostic 2T s 23 2r's
available part of D4 part of P4 part of P,
Resource reserves

* geological reserves reduced by amount of prospective mining losses
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Comparison of classifications of resources and reserves valid in the Czech
Republic in the years 1989-1991 and after 1991 with classification standards PERC
and JORC taking into account [8] and with classification standards ot Canadian
Institute of Mining, Metallurgy and Petroleum (CIM) used by guideline NI 43-101
for the publication of the economics of mineral projects in Canada (on the Toronto
Stock Exchange — TSX) [9]

Standards Canadian CIM . .
Czech categories Czech categories
HEe standards used | . g4 1991 after 1991
a JORC by NI 43-101
A

Proved reserves

Proven reserves

bilanéni vytézitelné zasoby
(economic exploitable reserves)

B
bilanéni vytézitelné zasoby
(economic exploitable reserves)

Cy

bilanéni vytézitelné zasoby
(economic exploitable
reserves)®)

Bilan¢ni prozkoumané
vytézitelné zasoby
(economic explored
exploitable reserves)

Probable reserves

Probable reserves

Ci
bilanéni vytézitelné zasoby
(economic exploitable reserves)

C,
bilanéni vytézitelné zasoby
(economic exploitable reserves)

Bilan¢ni vyhledané
vytéZitelné zasoby
(economic prospected
exploitable reserves)

A
nebilanéni zasoby (potentially
economic reserves)

B Nebilanéni
Measured Measured S . prozkoumané zasoby
nebilanéni zasoby (potentially . .
resources resources . (potentially economic
economic reserves)
explored reserves)
Ci
nebilanéni zésoby (potentially
economic reserves)*)
Cy
nebilanéni zasoby (potentially Nebilanéni vyhledané
Indicated Indicated economic reserves) zasoby
resources resources (potentially economic

Cz
nebilanéni zasoby (potentially
economic reserves)

prospected reserves)

Inferred resources

Inferred resources

P1
progndézni zdroje (prognostic
resources)

P, prognézni zdroje
(prognostic resources)

*) in the case of deposits with a complex geological structure
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reserves considering mining recovery and dilution. On the other hand the Czech reserves are
mentioned in situ, without influence of recovery and dilution. Therefore Czech economic
recoverable (exploitable) reserves are the nearest to the international standards. However,
even in this case there is no full accord as this reserves consider recovery of reserves but not
their dilution.

Conclusions

If they are to be of practical use national and international classifications have to respect the
information base given by the reserve estimations of mining enterprises. It may be unsuitable
to overly expand the classification requirements or expectations beyond the realistic means of
this base. Combining a classification with a study (project), which classifies given resources or
reserves, or with a prospecting and exploration phase, in which mineral resources and reserves
were estimated, causes problems. For economic (acquiring financial means, taxes, market
position) or political reasons, a prospector or a mining company developer may be led, for
example, to move their exploration phase higher or lower in comparison with its actual position.
In socialist (communist) Czechoslovakia with its completely nationalised industry, commerce
and services, results of geological prospecting and exploration were judged not according to
the mineral reserves prospected or verified by exploration, but according to the fulfillment of
exploration work plans, whether planned investments in exploration were completely spent
on “drilling and digging®, or not. The wage of the employees of exploration and mining
organisations depended on the fullfilment of plans. That is why at all levels, there was also
an interest, that prospecting and exploration constantly continue. Consequently, prospecting
strictly speaking and general exploration were the most frequent type of prospecting, and
verified reserves were possibly never categorised under A. They were commonly only inserted
into categories C; and C,. That enabled their permanent verification. On the other hand, many
mining organisations mined the reserves of category C, which however could have been
ranked factually higher; they were over-explored.

References

[1] Code for reporting of mineral exploration results, mineral resources and mineral reserves
(The Reporting Code). — http://geolsoc.org.uk/webdav/site/GSL/shared/pdfs/Fellowship/
UK Euro%20Reporting%20Code.pdf

[2] * Schejbal, C. (2003): Problematika vypoctu a klasifikace zasob a zdroju pevnych
nerostnych surovin. — Sbornik védeckych praci Vysoké skoly banské — Technické univerzity
Ostrava, ro¢nik XLIX, fada hornicko-geologicka, monografie 9, s. 139-161 (Transactions
of the VSB — Technical University Ostrava, vol. XLIX, Mining and Geological Series,
Monograph 9, pp. 139-161).

[3] ** Smémice ¢. 3/1981 Ceského geologického titadu pro hodnoceni a evidenci geologickych
progndz a prognodznich zasob nerostnych surovin. — Geologicky prizkum, 23, 10:Zpravodaj
CGU, 5:1-2.

[4] United Nations international framework classification for reserves/resources — solid fuels
and mineral commodities. — United Nations Economic and Social Council, Economic
Commission for Europe, Committee on Sustainable Energy, 1997. Geneva.

[5] U. S. Bureau of Mines and U. S. Geological Survey. Principles of a resource/reserve
classification for minerals. — U. S. Geological Survey Circular 831, 1980.



Explanatory notes — Mineral reserve and resource classification in the Czech Republic 24

[6] *** Lhotsky, P. — Moravek, P. (2002): Loziskovy prizkum a hospodafeni se zadsobami
vyhradnich lozisek (navrh k analyze tteti ¢asti horniho zakona). — Uhli, rudy, geologicky
pruzkum, 5: 8-15.

[7] **** Natizeni vlady Ceskoslovenské socialistické republiky ¢.80/1988 Sb., o stanoveni
kondic, klasifikaci zasob vyhradnich lozisek a posuzovani, schvalovani a statni expertize
jejich vypocta.

[8] ***** Pechar T. et al.(2016): Metodika umozilujici srovnani udaji zastaral¢ metodiky
hodnoceni lozisek s nové navrzenymi kritérii hodnoceni dle PERC a JORC.-Certifikovana
metodika ¢.2, projekt ¢. TBO30MPO013, TACR Program Beta, MPO. Praha.

[9] CIM definition standards — For mineral resources and mineral reserves. Prepared by the
CIM Standing Committee on Reserve Definitions. Adopted by CIM Council on May 10,
2014 (https://www.crirsco.com/docs/cim_definition_standards 20142.pdf)

Translations of Czech article (and legislation) titles:
* Problems of evaluation and classification of reserves/resources of solid mineral raw materials
** Directive no. 3/1981 of the Czech Geological Office for evaluation and registration of geological prognoses
and prognostic reserves of minerals
*** Mineral exploration and management of reserved deposit mineral reserves (proposal for analysis of the third
part of the Mining Act)
***% Order of the Czechoslovak Socialistic Republic Government, on setting of standards, classification of reserves
of reserved deposits and on assessing, approval and the State expertise of their estimates
*AAxE Methodology enabling comparison of data of outdated methodology of deposit evaluation with newly proposed
evaluation criteria according to PERC and JORC.-Certified methodology No. 2, project No. TBO30MP013,
TACR Program Beta, Ministry of Industry and Trade. Prague.


https://www.crirsco.com/docs/cim_definition_standards_20142.pdf

25

INTRODUCTION

The yearbook “Mineral commodity summaries of the Czech Republic” is the only publication
that informs the Czech and foreign interested public about the state and use of the domestic
mineral base in the world context and within the legal framework of mineral exploration and
mine production in our country through economics, environmental protection to resources
and mining of mineral commodities in our country in historical development and including
association with geology.

This year, the yearbook Mineral Commodity Summaries of the Czech Republic is being
published for the twenty-eighths times in its history. It was published and distributed on behalf
of the Ministry of Economy until 1996, and on behalf of the Ministry of the Environment from
1997 till present.

After the dissolution of the state-funded organization Czech Geological Survey — Geofond
on 31 December 2011, the semi-budgetary organization Czech Geological Survey was charged
with compiling the publication Mineral Commodity Summaries of the Czech Republic. With
isolated interruption in 2011, the Ministry of the Environment commissions the compilation
and distribution of the publication, by increasing the budget of the Czech Geological Survey,
under which continues to compile the yearbook. This enables the continuation of the unique
research (and its publication) regarding the geological evolution of the area of the Czech
Republic, economic situation of domestic mining companies, relation of mining to nature
protection and regarding the expenses of rectifying negative impacts of mining in the Czech
Republic.

The publication is published and distributed only in electronic form.

The publication continues to provide information for those interested in the research,
exploration and mining of mineral deposits in the Czech Republic and in the environmental
impact of mining in the Czech Republic. It of course continues to cover the most important
minerals of the Czech Republic that are or have recently been of industrial importance, but
also those minerals, whose reserves or (approved and unapproved) resources have not been
mined in the Czech Republic in the past. The listed minerals also include minerals unmined
in the present and past, without existing resources and reserves, which are items of Czech
foreign trade that can be monitored via tariff items. The publication includes basic data on the
status and changes in the mineral reserves of the Czech Republic taken from the Register of
Mineral Deposit Reserves of the Czech Republic (Bilance zasob vyhradnich loZisek nerostii
Ceské republiky) (hereinafter “the Register”), which is published for a limited number of state
administration agencies.

Additional information on domestic prices of minerals, imports and exports, major mining
companies, and the location of mineral deposits is intended to assist in understanding the
mineral potential of the Czech Republic and to stimulate investment in the minerals industry.
This is also aided by the listed prognostic resources, both officially approved by the
Commission for Projects and Final Reports of the Ministry of the Environment (Komise
pro projekty a zavérecné zpravy — KPZ) in categories Py, P,, P; and unapproved by KPZ
(mentioned only in expert reports).
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The mineral reserves presented are geological reserves, also called total reserves, i.e. original
reserves (in situ) within individual deposits, estimated according to the given classification
and technical-economic conditions of their exploitability. The initial data come from mineral
reserve estimates, which were approved or verified in the past by the Commission for
Classification of Mineral Reserves and/or by the Commission for Exploration and Mining
of Reserved Minerals of the former MHPR CR and MH CR, or by former commissions for
management of mineral reserves of individual mining and processing industries. Uranium
reserves and reserve estimates were approved by the Commission for Classification of
Radioactive Mineral Reserves of the former Federal Ministry of Fuels and Energy. Currently,
an approval of a reserve estimation lies within authority of the subject financing the estimation.
If the subject is a private company, the company itself approves its reserve estimation. If the
subject is the state, the KPZ approves the estimation. In accordance with section 14, article
3) of the Mining Act no. 44/1988 Coll. as amended also the private company submits its
reserved mineral reserve estimation to the KPZ via the Ministry of the Environment of the
Czech Republic, so that the KPZ may review if the estimation report contents comply with
the provisions of the Mining Act.

There are reserved and non-reserved minerals and deposits as defined by the Mining Act
no. 44/1988 Coll., as amended. Reserved minerals always form reserved deposits which are
owned by the Czech Republic. Non-reserved deposits are owned by landowners. Non-reserved
minerals (construction minerals) can form both reserved and non-reserved deposits. Until
1991, (important) deposits of non-reserved minerals of sufficient mineral quantity and quality
were proclaimed ,,suitable for the needs and development of the national economy”, hence
reserved as defined by the Mining Act at that time. Since 1991, the newly recognised and
explored deposits of non-reserved minerals always form non-reserved deposits.

In 1993-2001, the Ministry of the Environment along with the Ministry of Industry and
Trade undertook a fundamental economic revaluation of the mineral wealth of the Czech
Republic. In 2003-2006, the task has continued to a smaller extent. Therefore compared to
past years, many considerable changes have occurred in the number of deposits and registered
reserves of many minerals (especially metallic ores).

The Mineral Commodity Summaries of the Czech Republic includes selected minerals
according to whether they are or were mined in the territory of the Czech Republic. Currently
mined minerals also include approved prognostic resources, if existing. Currently unmined
minerals are divided into those that were mined in the past and those that have never been
mined. In both cases, it is distinguished whether their resources and reserves are known or not
and, generally, also whether they are metallic ores or industrial minerals. Separate chapters
are dedicated to each mineral, or mineral grouping common in its deposit. Each chapter is
structured identically — consists of eight parts.

Part 1. — Characteristics and use — provides a basic description of the mineral raw material,
its abundance in nature, important minerals and mineral deposit types, worldwide and European
Union reserves, general use and allocation to the critical raw materials of the European Union.

Part 2. — Mineral resources of the Czech Republic — describes to the extent necessary
major regions of occurrence, characteristics of deposits, ore types, mining and its economic
aspects of the given mineral.

Part 3 — Registered deposits and other resources of the Czech Republic — is based on
the inventory of mineral deposits of the Czech Republic and, for the majority of minerals,
includes a list of deposits and their location. The names of exploited deposits are given in bold.
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As for energy minerals and some industrial minerals, only regions and basins rather than single
deposits are given. As for dimension stone and construction minerals, which are scattered
in hundreds of deposits over the whole territory of the Czech Republic, their groupings are
located in the subdivisions of reserved, non-reserved, exploited and unexploited deposits.

Part 4 — Basic statistical data of the Czech Republic as of December 31 — are extracted
especially from the Register. There are 3 groups of minerals (ores, energy minerals, and
reserved industrial and construction minerals) registered in the Czech Republic. Mine
production of non-reserved deposits has been monitored since 1999. Approved prognostic
resources are stated, too, if proved they exist.

NOTE: The Register presents the reserves data in the categories on exploration (prospected,
explored) and economic use (economic, potentially economic), as stipulated by relevant
statutes starting with the Mining Act. Reserves include potentially economic reserves, i.e.
reserves which are currently not recoverable and which are, therefore, potentially economic
resources. Consequently, total mineral reserves are in reality total mineral resources. The
term reserves as used, by contrast, in standard international classifications represents only the
parts of explored resources which are available for immediate extraction. All other registered
parts are resources, not reserves, of a given mineral. The relationship of domestic and foreign
classifications of mineral reserves and resources is described in the separate chapter of
this yearbook “Mineral reserve and resource classification in the Czech Republic and its
evolutional comparison with international classifications”.

Part 5 — Foreign trade — provides information on import and export, and on average import
and export prices of important tariff items of the given raw material (and cites international
numeric codes of the tariff items). The foreign trade data are the latest (continuously reviewed)
data of the Czech Statistical Office (CSU) — without analyses of their reliability.

Part 6 — Prices of domestic market — provides indicative prices on domestic production,
import and export prices. Domestic prices do not include VAT.

Part 7 — Mining companies in the Czech Republic as of December 31, 2020 — provides
a list of companies mining the given mineral in the territory of the Czech Republic. The
companies are listed according to the production level. Their addresses are available at the
Czech Geological Survey.

Part 8 — World production and world market prices — provides data on mining and
production of commercial products for the last 5 years, and lists significant world producers,
i.e. the top ten countries in world production. Evolution of world prices is mentioned as current
quoted or indicative prices in the last five years.

Numerous domestic and foreign data, used in compiling the present yearbook, came from
journals, expert literature and the latest editions of various international statistical yearbooks.
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MINERAL BASE OF THE CZECH REPUBLIC
AND ITS DEVELOPMENT IN 2020

Petr Uldrych et al.
Ministry of the Environment of the Czech Republic

1. Legal framework for mineral resource use

1.1. Reserved and non-reserved minerals and their deposits

The minerals defined in Act No. 44/1988 Coll., on the Protection and Use of Mineral Resources
(the Mining Act) as amended, are classified as being reserved and non-reserved. Natural
accumulations of reserved minerals form reserved mineral deposits which constitute the
mineral wealth of the country and are owned by the Czech Republic. Deposits of non-reserved
minerals (especially sand and gravel, crushed stone and brick clay) are a constituent part of
the land as stipulated in paragraph 7 of the Mining Act. The possibility to declare significant
non-reserved mineral deposits as reserved deposits, was cancelled by the amendment of the
Mining Act in 1991. Decisions of administrative agencies in this matter, which had been
issued before the amendment went into effect, remain valid based on transitional provisions
(paragraph 43 and 43a of the Mining Act). The deposits specified by these decisions are still
reserved deposits, i.e. owned by the state, separated from the land itself.

1.2. Planning, approval and carrying out of mineral prospecting and exploration
1.2.1. Reserved minerals

Prospecting and exploration for reserved mineral deposits, by virtue of the CNR Act No.
62/1988 Coll., on Geological Work (the Geological Act) as amended, may be conducted by an
individual or organisation, providing that the work is managed and guaranteed by a qualified
and certified person (certified responsible manager for the geological work). An organisation
seeking to prospect for and explore these mineral deposits, to verify their reserves, and to
process geological documents for their exploitation and protection, must make a request to
the Ministry of the Environment to establish an exploration area. The proceedings, subject
to administrative rules, are concluded by the establishment or non-establishment of an
‘exploration area’ (exploration permit). In the former case, the following must be determined:
the survey area, the mineral to be prospected and explored for which the exploration area is
being established, the conditions for the execution of the work, and the period of validity of the
exploration area. The exploration area is not a territorial decision, but provides the entrepreneur
or organisation (hereinafter “entrepreneur”) with the exclusive privilege to prospect for the
mineral in a given exploration area. In the first year, the entrepreneur is obliged by law to
pay a tax of CZK 2,000 per km? or km? piece of exploration area, which increases annually
by CZK 1,000 per km? and its piece (to CZK 3,000 in the second year, to CZK 4,000 in the
third year, etc.). These taxes represent an income for the municipalities, in whose cadastral
areas the exploration area is established. If an exploration area lies on cadastral areas of more
municipalities the income is divided after ratio of exploration areas on cadastral areas of
individual municipalities.
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Within the scope of planning and conducting the prospecting for and exploration of reserved
mineral deposits, the organisation must consider the conditions and interests protected by
special regulations (section 22 of the Act on Geological Work). These primarily refer to the
laws for the protection of landscape and nature, agricultural and forest land; to the Water and
Mining Acts etc. The Ministry of the Environment can cancel the established exploration area,
if the organisation repeatedly or severely violates the obligations set by the Geological Act.

1.2.2. Non-reserved minerals (and their mining)

The above-mentioned enactments apply to prospecting and exploration for non-reserved
mineral deposits, only, if they were previously declared as reserved deposits according to the
transitional provisions of the Mining Act. In other cases, an organisation can prospect and
explore for non-reserved minerals only upon agreement with the landowner. The provision
under section 22 of the Act on Geological Work is also valid in these cases. The mining of
non-reserved deposits, which constitutes a part of the land, an operation conducted according
to the mining methods set by Act No. 61/1988 Coll., on Mining Operations, Explosives and
the State Mining Administration, as amended.

1.3. Permit to mine a prospected and explored deposit

If, during prospecting and exploration, a reserved mineral is found to be of quality and
quantity indicative of its accumulation (supported by a partial deposit reserve estimate given
in the category of prospected reserves), the organisation must report it to the Ministry of the
Environment, which issues a certificate for the reserved deposit owned by the state. At the
same time, this certificate ensures the deposit against actions rendering its mining difficult or
impossible by the establishment of a protected deposit area (CHLU) according to section 17 of
the Mining Act.

The entrepreneur’s right to mine the reserved deposit is provided by the grant of a mining
lease. The submittal of a proposal for the grant of a mining lease must be preceded by an
approval from the Ministry of the Environment, which may depend on the fulfilment of
limiting conditions accounting for the interests of the state mineral policy, and on covering
expenses of geological work already funded by the state. The organisation, on whose behalf the
exploration was carried out, has priority in receiving the approval for the grant of the mining
lease. If it fails to assert its mining lease, precedence is then given to the organisation which
participated financially in the exploration. Somewhat different rules apply to cases concerning
crude oil and natural gas based on a transposed EU directive.

The mining lease is only granted to an entrepreneur possessing a Certificate of Mining
Operations issued by an authorised Regional Mining Office. This grant procedure takes place
in cooperation with relevant administrative agencies, mainly in agreement with environmental,
land use planning and building authorities. The entrepreneur‘s proposal for the grant of
a mining lease must be furnished with documentation as stipulated by law. The procedure
deals with landowner relations and settlement of conflicts of interests, which are protected
by special regulations. The environmental impact assessment (EIA) represents a part of the
documentation, too. The grant of a mining lease represents a mining as well as land use
authorisation.

The entrepreneur, who has been granted a mining lease, may start mining operations only
after obtaining a mining permit from the authorised Regional Mining Office. The issue of
this permit is subject to an administrative procedure assessing the plans of the opening, the
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preparation and the mining of the deposit, and the plans for rehabilitation and reclamation after
termination of the mining. In justified cases, the Regional Mining Authority may combine the
grant of a mining lease and of a mining permit into one administrative procedure.

1.4. Royalties on reserved minerals mined
The entrepreneur is obliged to pay royalties on the mining lease and the extracted reserved
minerals. An annual lease payment of CZK 300 is assessed on every hectare opened within

Royalty tariffs on extracted minerals for individual royalty bases

Mineral, group of minerals Unit Tariff for unit in CZK
Crude oil m3 558.00
Combustible natural gas m3 0.27
Uranium t 5834.13
Cesium kg 16 0782.00
Tin t 22 726.00
Lithium t 10 692.00
Manganese t 2 308.00
Copper t 7 115.00
Rubidium kg 114 103.00
Tungsten t 46 625.00
Golg kg 40 919.00
Gemstones — moldavites kg 1939.59
Gemstones — garnets kg 1 500.00
Gemstones — mass SiO, kg 10.00
Diatomite t 4.95
Glass and foundry sand t 8.24
Bentonite t 3.32
Minerals used to stonework inclusive of fissile slates m3 17.55
Gypsum t 21.84
Graphite t 30.00
Technically utilisable mineral crystals t 15.00
Ceramic and refraktory clays and claystones t 34.74
Kaolin t 30.00
Quartz, quartzite, dolomite, marl, basalt, phonolite, trachyte

if the minerals are suited for technochemical or melting t 4.36
processing.

Feldspar t 13.73
Wollastonite t 5.00
High-purity limestone t 10.55
Other limestones and corrective additives for cement production t 3.25
Bituminous coal t 9.90
Brown coal — opencast mining GJ 1.18
Brown coal — underground mining t 3.88
Crushed stone m3 2.91
Sand and gavel m3 3.39
Brick clays and related minerals m3 1.40
Other minerals t 50.37
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the mining lease area, which is marked off on the surface. If there is permitted a mining
activity in the mining lease consisting in the opening, the preparation and the mining of the
reserved deposit this annual payment amounts CZK 1,000. The Regional Mining Authority
fully transfers this payment to the municipalities, in whose territories the mining lease is
located, according to the lease proportions in each municipal territory.

An annual royalties on minerals extracted in mining leases are given by the Government
Provision no. 98/2016 Coll. from 16.3.2016, paragraph 33k, article 2 of the Mining Act in
the wording of the Act 89/2016 Coll. amending the Mining Act no. 44/1988 Coll. on mineral
protection and use.

The royalty is calculated as the product of royalty base, given by amount of mineral mined
reported as net mine production in the mining lease, and the royalty tariff defined in Annex to
the Government Provision no. 98/2016 Coll. for the mineral in question.

The Regional Mining Authority transfers the yielded royalties partly to the state budget of
the Czech Republic to be purposefully used in remediation of environmental damage caused
by the mining of reserved and non-reserved deposits, for the provision of discharge of the
state geological service connected to protection and registration of mineral wealth and partly
to the budget of the relevant municipalities. Portions of the state budget and the budget of the
relevant municipalities differ for different minerals and are given by the Mining Act.

1.5. Reserves for mining damages and remediation during the mining of reserved
minerals

During the course of mining, the entrepreneur is required to generate sufficient financial

reserves for mining damages and for reclamation of areas affected by the deposit exploitation.

2. Selected statistical data on exploration and mining on the territory
of the Czech Republic

Statistical data/year 2016 2017 2018 2019 2020
registered geological | total 5610 | 6225 | 7718 | 6122 | 6137
works @ economic geological 11 11 18 24 28
protected deposit areas — number 1112 1123 1147 1154 1161
mining leases — total number 967 968 960 960 959
number of exploited reserved deposits 507 506 501 497 491
number of exploited non-reserved deposits 221 203 173 170 178
mine production of reserved deposits, mill t ® 110 109 114 110 100
mine production of non-reserved deposits, mill t ©) 12 12 12 13 14
organizations managing reserved deposits 322 326 333 304 305
organizations mining reserved deposits 184 180 173 172 171
organizations mining non-reserved deposits 166 147 157 192 132

Note: Numbers of data in view are given unless otherwise indicated

a) engineering-geological and hydrogeological works prevail

b) conversions: natural gas 1 mill m* = 1 kt, dimension and crushed stones 1,000 m> = 2.7 kt, sand and gravel and
brick clays and related minerals 1,000 m? = 1.8 kt
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3. Significance of mining in the Czech economy

Ratio/year 2016 2017 2018 2019 2020

Annual GDP * growth 25 5.2 3.2 3.0 -5.8
h f mini ing in GDP,

Share of mining and quarrying in GDP, 07 0.6 0.6 0.6 0.4

% of current prices

Sh.are of mlnlng anc;i quarrying GVA in G.VA o4 o4 o4 01 16
of industrial production**, % of current prices

Source: Czech Statistical Office, own calculations
Notes:
* GDP determined by production approach, volume indices, stable period of previous year = 100
** Industrial production = mining and quarrying + manufacturing + electricity + gas, steam and air conditioning

4

supply

. Trends of reserves of minerals
(economic explored disposable reserves)
Totals in mill t (if not otherwise stated)

Statistical data/year 2016 2017 2018 2019 2020
Metallic ores 2 46 92 92 95 95
Energy minerals 2850 2850 2804 2763 2735
of which: uranium (U) (kt) 1 1 1 1 1
crude oil 21 21 22 22 22

natural gas®) 6 6 6 6 5

Industrial minerals 2 398 2 541 2 466 2 486 2503
Construction minerals © 5140 5174 5154 5153 5161

Note:

@)

in 2015 Au ores (25 642 kt) and Li ores (860 kt), in 2016 Au ores (25 642 kt), Li ores (860 kt) and Sn-W ores
(19 703 kt) ores, in 2017-2018 Au ores (25 642 kt), Li ores (860 kt), Sn-W ores (42 336 kt) and Mn ores
(23 372 kt), in 2019-2020 Au ores (25 642 kt), Li ores (860 kt), Sn-W ores (42 336 kt) and Mn ores (26 495 kt)

b natural gas — conversion into kt: 1 mill m3 = 1 kt

¢ moldavite bearing rock — conversion into kt: 1,000 m3 = 1.8 kt
4 at reserved mineral deposits including dimension stone, conversion into kt — dimension and crushed stones

Generating of the financial reserves is approved by the Regional Mining Authority during the
mining permit procedure regarding the opening and extraction of the deposit. Drawing on the
reserves is permitted by the Regional Mining Authority upon agreement with the Ministry of
he Environment and upon notification by the relevant municipality. In the case of (partially)
state-owned enterprises, the Regional Mining Authority decides in agreement with the Ministry

t

1,000 m? = 2.7 kt, sand and gravel and brick clays and related minerals 1,000 m3 = 1.8 kt

of Industry and Trade.
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5. Summary of exploration licences valid in 2020 and newly issued
in 2020 (listed according to minerals) — prospecting and
exploration works financed by companies
Minerals and underground placement Nun‘fber of Num.ber of Num.ber of St_al:t of
sites valid EA valid EA new issues | validity in
(min. 1) (min. 2) in 2020 2020
Crude oil and natural gas 21 - - -
Sn-W and Li ores 7 - - -
Li ore - 7 - -
Cuore - 2 - -
Graphite - - - -
Gemstones 5 - - -
Kaolin 14 - 1 1
Clays 8 - - -
Bentonite 6 - - -
Feldspar and feldspar substitutes 17 - 5 5
Silica raw materials 4 - 1 1
Corrective additives for cement production - - - -
Dimension stone 2 - 2 2
Crushed stone - - - -
Sand and gravel 9 - 1 1
Underground placement sites, 5 B 1 1
underground reservoirs
Total 98 9 11 11

EA — exploration area

Mineral 1 (min. 1) — in case that the raw material is the major one

Mineral 2 (min. 2) — in case that the raw materials is a by—product

6. State-funded geological projects

6.1. Economic geology projects

The Central Geological Authority of the state administration fulfils the duty involving the
state register of reserved deposits — state property (section 29 of the Mining Act). Accordingly,
it issues the register as one of the main sources for

land use planning

the raw material policy
the energy policy

the environmental policy
the structural policy

the employment policy
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The register lists the latest status of the deposits as documented in the reserves estimate.
The reserves estimate is prepared with respect to the conditions of exploitability expressing
* the state of the market, prices, business economy,

* the mining and technical conditions of exploitation,
* the conflicts of interests arising from the deposit exploitation (primarily environmental
protection and other conflicts)

It is altogether entirely unstable factors reflecting political, economic and social change (in
the largest sense).

In the area of economic geology, the processing of updated data bases of the publication
Mineral commodity summaries of the Czech Republic 2021 was carried out and at the same
time the electronic passportisation of deposits and exploration areas continued (Deposit
Information System LIS). Areas of prognostic resources of moldavites (category Q) were
delimited in the South Bohemian Basins.

Expenditures for state-funded exploration work related to economic geology
(rounded values)

1993 CZK 248.7 mill
1994 CZK 249.8 mill
1995 CZK 242.3 mill
1996 CZK 163.0 mill
1997 CZK 113.2 mill
1998 CZK 114.2 mill
1999 CZK 110.8 mill
2000 CzK 26.3 mill
2001 CzK 21.5mill
2002 CzK 17.0 mill
2003 CzK 7.0 mill
2004 CzK 26.2 mill
2005 CzK 12.0mill
2006 CzK 1.7 mill
2007 CzZK 3.0 mill
2008 CzK 9.9 mill
2009 CzK 10.1 mill
2010 CzK 4.2 mill
2011 CzK 4.0 mill
2012 CzZK 1.0 mill
2013 CzK 1.5 mill
2014 CzK 0.7 mill
2015 CzK 0.7 mill
2016 CzZK 1.7 mill
2017 CzK 0.9 mill
2018 CzK 1.0 mill
2019 CzK 1.0 mill
2020 CzK 0.7 mill
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6.2. Other geological projects

Mainly geological work of a non-economic geology character was funded by the state.
Individual projects were publicly commissioned in order to implement the following partial
programmes:

 geological informatics

 geological mapping

+ geohazards of the environment

* hydrogeology

* engineering geology

» comprehensive geological studies

The following expenditures were spent on these geological projects since 1998:

1998 CzZK 29.6 mill
1999 CzK 39.2 mill
2000 CzK 48.5mill
2001 CzK 72.8 mill
2002 CZK 61.0 mill
2003 CzZK 67.0 mill
2004 CZK 52.1 mill
2005 CZK 60.3 mill
2006 CZK 55.4 mill
2007 CzZK 58.1 mill
2008 CZK 41.0 mill
2009 CzK 42.2mill
2010 CZK 35.0 mill
2011 CzZK 22.8 mill
2012 CZK 12.6 mill
2013 CzK 8.2mill
2014 CzZK 7.5 mill
2015 CzZK 9.2 mill
2016  CZK 9.0 mill
2017 CzZK 8.8 mill
2018 CzZK 8.7 mill
2019 CzK 8.6 mill
2020 CzK 8.9mill

7. Summary of selected legal regulations on mineral prospecting
and exploration in force as of June 30, 2021

7.1. Acts

Act No. 44/1988 Coll., on mineral protection and use (the Mining Act) — as amended by
the Acts No. 541/1991 Coll., No. 10/1993 Coll., No. 168/1993 Coll., No. 132/2000 Coll., No.
258/2000 Coll., No. 366/2000 Coll., No. 315/2001 Coll., No. 61/2002 Coll., No. 320/2002
Coll., No. 150/2003 Coll., 3/2005 Coll., No. 386/2005 Coll., No. 186/2006 Coll., No. 313/2006
Coll., No. 296/2007 Coll., No. 157/2009 Coll., No. 227/2009, Coll., No. 281/2009 Coll.,
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No. 85/2012 Coll. , No. 350/2012 Coll., No. 498/2012 Coll., 257/2013 Coll., No. 89/2016
Coll., No. 264/2016 Coll., No. 183/2017 Coll., No. 225/2017 Coll., No. 403/2020 Coll., No.
609/2020 Coll. and No. 88/2021 Coll.

Act No. 61/1988 Coll., on mining operations, explosives and the state mining
administration as amended by the Acts No. 425/1990 Coll., No. 542/1991 Coll., No. 169/1993
Coll., No. 128/1999 Coll., No. 71/2000 Coll., No. 124/2000 Coll., No. 315/2001 Coll., No.
206/2002 Coll., No. 320/2002 Coll., No. 226/2004 Coll., No. 3/2005 Coll., No. 386/2005
Coll., No.186/2006 Coll., No. 313/2006 Coll., No. 342/2006 Coll., No. 296/2007 Coll.,
No0.376/2007 Coll., No.124/2008 Coll., No.274/2008 Coll., 223/2009 Coll., No. 227/2009
Coll., No. 281/2009 Coll., No. 155/2010 Coll., No 184/2011 Coll., No. 18/2012 Coll.,
64/2014 Coll., No. 250/2014 Coll., No. 206/2015 Sb., No. 204/2015 Sb., No. 320/2015 Coll.,
No. 91/2016 Coll., No. 243/2016 Coll., No. 451/2016 Coll., No. 183/2017 Coll., 91/2018 Coll.,
No. 403/2020 Coll. and No. 609/2020 Coll.

Act No. 62/1988 Coll., on geological work, as amended by the Acts No. 543/1991 Coll.,
No. 366/2000 Coll., No. 320/2002 Coll., No. 18/2004 Coll., No. 3/2005 Coll., No. 444/2005
Coll., No. 186/2006 Coll., No.124/2008 Coll., No. 223/2009 Coll., No. 227/2009 Coll., No.
281/2009 Coll., No. 85/2012 Coll., 64/2014 Coll., 183/2017 Coll. and 225/2017 Coll.

Act No. 157/2009 Coll., on mining waste treatment and amendment of some acts,
as ammended by the Act No. 168/2013 Coll., No. 183/2017 Coll., No. 225/2017 Coll. and
609/2020 Coll.

Act No. 85/2012 Coll., on carbon dioxide capture into natural rock textures and on
amendment of some acts, as amended by the Acts No. 383/2012 Coll., No. 64/2014 Coll.,
193/2016 Coll., 183/2017 Coll. and No. 609/2020 Coll.

Act No. 158/2000 Sb., on prospecting, exploration and exploitation of sea bottom
mineral resources and on safety of crude oil and natural gas operations in sea, as amended
by the Act No. 296/2007 Coll., No. 124/2008 Coll., No. 227/2009 Coll., No. 281/2009 Coll.,
No. 201/2015 Coll and No. 183/2017 Coll.

7.2. Other legal regulations
7.2.1. Mineral deposits exploitation
Decree of the CBU No. 104/1988 Coll., on efficient use of reserved deposits, on permits
and notification of mining operations and other activities employing mining methods,
as amended by the Decree No. 242/1993 Coll., No. 434/2000 Coll., and No. 299/2005 Coll.

Decree of the CBU No. 415/1991 Coll., on construction, the elaboration of documentation
and the determination of safety pillars, rods and zones for the protection of underground
and surface sites in the wording of the Decree of the CBU No. 340/1992 Coll., and
No. 331/2002 Coll.

Decree of the CBU No. 172/1992 Coll., on mining leases in the wording of the Decree
No. 351/2000 Coll.

Decree of the CBU No. 175/1992 Coll., on the conditions of non-reserved mineral
deposit exploitation in the wording of the Decree No. 298/2005 Coll.

Decree of the MZP CR No. 363/1992 Coll., on the survey and registry of old mine
workings in the wording of the Decree of the MZP No. 368/2004 Coll.

Decree of the MZP CR No. 364/1992 Coll., on protected deposit areas

Decree of the CBU No. 435/1992 Coll., on mine surveying documentation during mining
and during some operations employing mining methods in the wording of the Decree of the
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CBU No. 158/1997 Coll., the Decree No. 298/2005 Coll. and the Decree No. 382/2012 Coll.
Decree of the MHPR CR No. 497/1992 Coll., on the registration of reserves of reserved
mineral deposits
Government Provision No. 98/2016 Coll., on the royalty tariffs (of mined out minerals)
Decree of the MPO No. 29/2017 Coll., on mining technical records

7.2.2. Geological work
Decree of the MZP No. 282/2001 Coll., on the registration of geological work, in the
wording of the Decree of the MZP No. 368/2004 Coll.

Decree of the MZP No. 368/2004 Coll., on geological documentation

Decree of the MZP No. 369/2004 Coll., on the planning, execution and evaluation of
geological work, on announcing geohazards, and on the procedure for estimating reserves
of reserved deposits as amended by the Decree of the MZP No.18/2009 Coll.

7.2.3. Regulations on licensing of mining operations and verification of qualification
Decree of the CBU No. 298/2005 Coll., on the requirements for professional qualification
and competence in mining or operations employing mining methods, and on some legal
regulation changes, in the wording of the Decree No. 240/2006 Coll. and the Decree No.
378/2012 Coll.

Decree of the CBU No. 15/1995 Coll., on the licensing of mining operations and
operations employing mining methods as well as on the development of sites and
installations, which constitute these operations, in the wording of the Decree No. 298/2005
Coll. and the Decree No. 380/2012 Coll.

Decree of the MZP CR No. 206/2001 Coll., on the certificate of qualification for planning,
executing and evaluating geological work
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ECONOMY AND MINERALS

Foreign direct investment in mining in the Czech economy

Foreign direct investment (FDI) is an investment of money or money assessable assets and
rights made by a company or individual in one country in business interests (e.g. agreement
on profit distribution, excercise of effective influence on a company business, minimum stake
10% in a company equity, in a company voting rights) in another country in order to gain
share in the business.

FDI = equity (investment of foreign investor into a company equity also equity of branches,
daughter and associate companies)
+ reinvested profit (= retained profit of past periods + post-tax profit — dividends)
+ other capital (given and taken credits and debt securities among direct investors and
their branches, daughters and associate companies)

Compiled on the basis of the texts:

Foreign Direct Investment — FDI.-()INVESTOPEDIA, www.investopedia.com/terms/fdi.asp

Bolotov 1. (2015): Diskuse na téma primé zahranicni investice a a) jejich obecné dopady
na Ceskou ekonomiku b) jejich dopady na strukturu zapojeni Ceské republiky do mezind-
rodniho obchodu. 2M0301 ,, Mezinarodni obchod “, cviceni ¢.9. — Katedra mezindrodniho
obchodu, Fakulta mezindrodnich vztahii, VSE, Praha.

Following tables are based on CNB data and own calculations.
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Foreign direct investment in the Czech Republic — state on the date December 31

of the given year (ths CZK unless provided otherwise)

In mining and In In Total in
pr?ces_sing of extraction_ In other supp_m:ting qua_l in mi_n!r!g
FDI total bituminous | of crude oil . activity mining activities
andbrown |andnatural| ™9 | in mining | activities as %
coal gas total of FDI total

Equity 1569 048 217 11071231 1636785 3173462 81980| 15963458 1.02

© Reinvested profit | 1310028377 | -10037497| 3706865| 4246086 1460430 -624116| -0.05
< Other capital 245 154 046 1711 341 -1 594 450 777 -80547| 2079977 0.85
Total 3124 230 640 2745075 5342056 7870325| 1461863| 17419319 0.56
Equity 1658 868 518 11065886 | 2000260| 3166623 49746 | 16282515 0.98

~ Reinvested profit | 1412506549 | -13219180| 5203427 | 3558423 355695 —-4101635| -0.29
= Other capital 249 895 999 1617 600 -73241| 608 660 -6314| 2146705 0.86
Total 3321271066 -535694 | 7130446 7333706 399 127 | 14327585 0.43
Equity 1777 308 973 11067039 | 1967942 3120295 19746 | 16175022 0.91

© Reinvested profit | 1538676 507 | -11878808| 5350665| 3653677 311780 -2562686| -0.17
] Other capital 373483090 -16 960 2378| 721514 -3761 703 171 0.19
Total 3689 468 570 -828729| 7320985 7495486 327765| 14315507 0.39
Equity 1895 463 899 11079777 1734419| 3053555 19746 115 021 0.01

> Reinvested profit | 1574898431 | -12661050| 5122983 | 3821021 313014 309 410 0.02
8 Other capital 405 378 216 -16 960 -748| 675286 -3 761 2 821 0.00
Total 3875740546 -1598233| 6856654 | 7549862 328999 427 252 0.01
Equity 1855 120 519 11079777 2358330| 3053555 19746 | 16511408 0.89

5 Reinvested profit | 1700690 103| -12531560| 5316271| 3791958 312275 -3111056| -0.18
S Other capital 465 981 592 -16 960 -5067| 675286 -3 761 649 498 0.14
Total 4021792 214 -1468743| 7669534| 7520799 328260 | 14049 850 0.35

* preliminary data
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Foreign direct investment of the Czech Republic origin abroad — state on the date
December 31 of the given year (ths CZK)

In mining and In In Total in
pr9ces§ing of extractior! In other supppr_ting To_ta_l in mi.n!r!g
FDlI total bituminous | of crude oil . activity mining activities
and brown | and natural mining in mining activities as %
coal gas total of FDI total

Equity 313 266 806 0 0 182 961 0 182 961 0.06
© Reinvested profit | 202 345 248 0 0 199 935 0 199 935 0.10
& Other capital -17 541 072 0 0 -553 0 -553 0.003
Total 498 070 982 0 0 382343 0 382343 0.08
Equity 345 296 757 0 0 191 655 0 191 655 0.06
~ Reinvested profit | 334 332 372 0 0 121519 0 121519 0.04
= Other capital 9433924 0 0 0 0 0 0.00
Total 689 063 053 0 0 313174 0 313174 0.05
Equity 476 945 220 0 0 404 039 0 191 655 0.04
w Reinvested profit | 383 617 076 0 0 322 281 0 112 480 0.03
S Other capital 60618 976 0 0 0 0 0 0.00
Total 921181272 0 0 726 320 0 726 320 0.08
Equity 507 292 707 0 249 795** 0 0 249 795 0.05
o Reinvested profit | 472 888 590 0 154 112** 0 0 154 112 0.03

& Other capital 40 808 577 0 104+ 0 0 104 0.0003
Total 1020 989 874 0 404 011** 0 0 404 011 0.07
Equity 516 239 684 0 249 795** 0 0 249795 0.05
=, | Reinvested profit | 546 529 185 0 140 511" 0 0 154 112 0.03
§ Other capital 31156 826 0 104* 0 0 104 0.00
Total 1093 925 695 0 390 410* 0 0 404 011 0.04

* preliminary data

** FDI in extraction of crude oil and natural gas and in supporting activity in mining total
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Mineral facts: Aggregate deposits in the Czech Republic

Josef Godany

Crushed stone

Crushed stone is along with sand and gravel generally referred as the aggregate. Sufficient
available resources of construction raw materials, in particular CS (crushed stone, i.e. crushed
aggregates) are needed to develop transport infrastructure, including modern railway corridors
and a motorway network, etc. For projects to be ecologically and economically viable it is
desirable that the necessary raw materials of suitable quality are as close as possible to the
sites of transport structures. The environmentally viable use of local deposits is beneficial to
environmental protection as it minimizes the transport of raw materials over long distances.
In connection with the gradual use and extraction of existing CS deposits — i.e. for deposits
already worked by mining activities (MA) as part of the developing, preparing and mining
plan (DPMP) and in the zoning decision according to the activities carried out by mining
method (ACMM) — usually a procedure of several years can be considered from preparing
the project to mining. Although further expansion or continuation of mining is approached
with a reasonable time perspective, until now the Czech Geological Survey (CGS) records
projects that have long been solved/prepared for 7 to 11 years with an unclear result. In no case
is it immediately possible to use other new resources or continue mining on existing deposits
only after the existing deposits are exhausted. For about 30 years, no new stone quarry has
been opened in the Czech Republic. Without further extending the existing mining activities
or providing the authorization for opening a new aggregate deposit it is not possible to ensure
sufficient production of the assortment of adequate quality covering the demand and the need
for CS in individual regions, especially near already completed or planned line structures of
state or regional importance.

Of the total 320 registered reserved deposits of CS only 175 were active in 2020 in the Czech
Republic, i.e. with mining authorization (but only 163 of them were active and reported the
production), and 48 of the total 215 non-reserved mineral deposits had mining authorization
(but only 39 were active and reported production). In total there are 223 active stone
quarries in the Czech Republic (but only 202 active and reporting production) and
their total annual production of CS was 15.71 million m? in 2020. The Czech Republic has
seemingly large amounts of geological reserves of CS but the volumes of reserves that
can be mined are significantly lower (they amount to just over 28% of the total geological
reserves) and the reserves with permitted mining are even lower (they amount to less than
23%). The production and consumption of CS has been growing significantly over the last ten
years. The price of construction aggregates are thus rising significantly (on average by CZK
26-35 per ton over the last year). Moreover production fractions of 0/4, 2/4, 2/5 and 4/8 mm
are insufficient for the small crushed aggregate (SCA) and production fractions 8/11, 11/16,
16/22, 8/16, 16/32 and 32/63 mm are insufficient for the coarse crushed aggregate (CCA),
in particular adequate crushed-run rock for railway beds complying with BO class. In the
medium and long term, the construction and construction material industries have sufficient
reserves of production capacity, but the real availability of stocks of input raw materials


Mineral facts: Aggregate deposits in the Czech Republic

Economy and minerals — Mineral facts: Aggregate deposits in the Czech Republic 42

that are being reduced at a high pace can pose a problem. The consumption of construction
materials is generally proportional to the standard of living, i.e. the economic maturity of the
state. The requirements for quality and volume of output assortments of construction materials
are increasing significantly. The CA (crushed aggregates) production fractions SCA 0/4 mm,
2/4mm, 2/5 mm and 4/8 mm and the CCA production fractions 8/11 mm, 11/16 mm, 16/22 mm,
8/16mm, 16/32 and 32/63 mm, especially prime gravel and grit for track beds and ballast beds
are becoming very expensive and their supplies are critical.

Since 1989 no new CS deposits have been opened, except some initially local sand ponds
for sub-base and backfill materials that were later technologically rebuilt to high-capacity
sand and gravel plants producing prime concrete and mortar gravel and sand. Unlike stone
quarries, where no new deposits were opened, new sand pits were launched. Most of these
deposits have been exploited for a long time, and it is logical that the stocks of raw materials
are gradually being mined out. These deposits were mainly developed within defined mining
claims (MC) according to the possibilities of gradual expansion and deepening to the extent
of the applicable decision until the maximum economical exhaustion of all stocks. Since about
1993 along with mining in reserved deposits of construction raw materials the importance of
mining in non-reserved mineral deposits has been gradually increasing as part of planning
permits that currently produce high amounts of prime concrete sands and ballast annually and
are starting to have a significant share in the total production of construction raw materials
in the Czech Republic. Unfortunately, these resources are being gradually exhausted, and
new resources for planned use are encountering major issues. Overall, according to the latest
statement of the Road And Motorway Directorate of the Czech Republic (RSD) there is clearly
a lack of high-quality CCA for asphalt mixtures, a lack of suitable fraction 0/4, 2/4, 4/8 and
8/16mm for concrete, a combination of many different aggregates in asphalt mix is critical,
the necessary amounts of high-quality aggregate for asphalt mixing plants and concrete mixing
plants are not secured. The number of complaints and the price of work is also increasing
in proportion to the decrease in high-quality natural aggregates. The Road And Motorway
Directorate of the Czech Republic is recording an increasing number of complaints, currently
there are dozens of transport constructions, i.e. their number increased from 20% to 30%
in 2020 compared to previous years. Moreover, according to the RSD statistics the costs
of repairing roads after this winter may be up to twice as high as (before) the last winter —
repairs of category one roads alone will cost almost half a billion CZK while after the
2020/2021 winter they cost about 270 million CZK. One of the main reasons is that high-
quality aggregates are declining. More and more situations are occurring where the supplier
must mix aggregates from two or more resources to meet the required quality parameters
resulting in increasing logistic demands and the resulting costs of work and the final cost of
raw materials significantly. There is an increasingly difficult situation with providing supplies
for construction material production plants (concrete mixing plants, asphalt mixing plants)
with aggregates, especially the increasing lack of aggregates, production capacity of quarries
and sandpits, difficulties with approving asphalt mixture recipes in the RSD CR laboratories in
Prague (namely, “type tests” — hereinafter the TT) and supporting tests of concrete (see Ing. Jiri
Skrabka, Department of Quality Control of Buildings of RSD). Concrete production is facing
a similar situation — formulas involving substituting aggregates from another resource are
more often approved. According to the RSD CR laboratories the lack of aggregates is shown
by a growing number of identical types of approved mixtures for asphalt mixing plants being
presented, differing only with the aggregate (instead of one usual source for both SCA and



Economy and minerals — Mineral facts: Aggregate deposits in the Czech Republic 43

CCA a large asphalt mixing plant must be supplied from two sources for SCA and even from
three quarries for CCA. Moreover all SCA and CCA sources may not even be identical). This
results in approving unnecessary quantities of identical asphalt mixtures with different by the
shortage forced aggregate fraction batches from various quarries (one is the 4/8 fraction from
quarry ‘A’, the other is CCA from quarry ‘B’, or the type test includes CCA from quarries
‘Ato C’...). In proportion to this, the risk of replacing accidentally aggregates or even the risk
of CCA deliberate replacement (in order not to stop production) increases. The situation is
particularly critical with the 8/11mm fraction. Today this mostly involves the SMA 11 asphalt
mixture which usually contains about 46%-55% of this fraction with other fractions proportion
being significantly lower. So far an asphalt mixing plant has been using aggregates from two
to three sources (filler (ground limestone) from one quarry, CCA + SCA from another one,
or, exceptionally, from the third source — little of small sorted aggregate from a sandpit), this
proven supply scheme is changing in many asphalt mixing plants. This leads to price increases
of (not only) aggregates, their permanent shortage, in particular the chronic shortage of certain
fractions, the unequal position between the quarry and its customers, pressures on the highest
possible quarry production that on the other hand is reflected in failing to meet the prescribed
aggregate gradation and complaints about quarries. The grain-size issue includes mainly
the following aspects:

* Current state of development of individual crushed stone deposits in relation to the mining
volume limits on individual mining benches:

— Verified physical-mechanical properties of the rock, e.g. according to the criteria of
complying with the parameters defined by the standard requirements of CSN EN for
individual construction purposes.

— Deposit parts excluded from mining due to their high content of overlying loam, demanding
cleaning and unsuitable technological properties (railway gravels 0-32mm A, 32-63 mm
B1, B0, in particular the rate of absorption, frost resistance, LA abrasion hardness, cube
strength, polished stone value (PSV).

— Selection of deposit parts that only meet the main criteria for the applicability of rock for
the most demanding construction purposes (producing bituminous and concrete mixtures,
mechanically reinforced aggregate (MRA)).

* Variability of technological operations within the entire aggregate treatment procedure and
the plant’s technological facilities plus an option of implementing auxiliary technologies
involving mobile aggregate treatment plants.

The most important for these purposes are:

— Composition and type of production equipment, their disposition for the given production
purpose, determining the number and type of individual sections (e.g. number of stages of
crushing and sorting, also according to the type of rock and its physical-mechanical and
technological parameters)

— Compliance with technological discipline and calculating the treatment plant capacity

— Optimising the technological parameters of the production process

— The peak and average production breakdown characterized by the output grain characteristics
and the percentage of individual granular fractions of aggregate intended for final sorting —
fine production in the range of, for example: 0-22 mm with the following range (0—2 mm,
2-5mm, 5-8mm, 811 mm, 11-16 mm, 16-22 mm). This range allows some variability
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in the production process settings and cannot be changed excessively. At the customer
output, each fraction has a certain percentage ratio in the grain curve.

The differences therefore mainly depend on the technological equipment of the
production line and any variability in the setting of the whole production process. So
the overall possibilities in the production breakdown are limited by the equipment and
the setting of the line. Furthermore by the time use during the current year and available time
for the quarry production (single-shift or dual-shift operation or their combination, adding
Saturdays and Sundays as possible, depending also on prohibitions of production around
municipalities and the relevant decrees! — another important factor: it is not possible to catch
up over the weekend).

* The structure and requirements for the material composition from customers and the timing

of their placing on the construction market where they will be consumed.

And at this point the production possibilities of individual quarries and the requirements of
the construction market over a certain time and the composition of the desired assortment are
in conflict. If a quarry supplies several asphalt mixing plants and concrete mixing plants and
they have concurrent requirements, it usually fails to meet them because of the production
breakdown so it usually cannot be delivered, precisely because of the breakdown of production
through which is “not negotiable”! If one asphalt mixing plant requires 50% of the total annual
demand as 0-2mm or 0-4mm fraction (according to the new recipes) then the quarry cannot
accommodate it if it uses only cone crushers in the production line because they have different
output characteristics (% of the production breakdown) than impact crushers, which are not
installed in the moment!

Asphalt mixing plants cannot fully rely on the supply from one quarry, they must ensure
additional sources but they do not always manage to conclude a contract to supply the
necessary quantity of aggregates, and ensuring supplies over the contracted quantities is
always a problem.

Firms that do not have their own asphalt mixing plants face a problem with securing the
supply of asphalt mixture in some places (the quarry is not able to increase supplies for the
plant so an asphalt mixing plant in areas with high construction activities does not have
any extra capacity). This results in transporting mixtures over longer distances, unnecessary
destruction of roads by heavy vehicles, environmental damage due to the high temperatures
needed to produce asphalt mixtures transported over longer distances, a greater risk of
insufficient compaction of the asphalt mixture cooled during long transport. This unsatisfactory
situation on the aggregates market has a detrimental impact on the national level.

A “primary” extracted and crushed aggregate from sandpits and quarries is usually used
to produce asphalt and concrete mixtures designed for the most heavily loaded upper road
surfaces. To comply with the strict requirements of the relevant CSN EN standards the
extensive existing and planned construction activities carried out on the new road infrastructure
and to repair existing motorways and category one roads (e.g. modernizing D1 highway,
constructing D3, D7, R6, D49, D55, D35 highways and other important road construction
projects) require more and more high-quality extracted and crushed aggregates, of which
however there are more and more shortages on the market. Only the road and rail infrastructure
that was built using high-quality aggregates can be safe, mechanically strong and durable. The
plight of the lack of a high-quality CCA for asphalt mixtures, the lack of a suitable 0/4mm
fraction for concrete, the lack of 8/11mm fraction for asphalt mixtures, the unbearable risk of
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Number and service life of mined and mined out crushed stone deposits in the regions
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a combination of many different aggregates in an asphalt mix, the issue of approving recipes
for asphalt mixtures and concrete mixtures, the issue of ensuring the necessary amount of
aggregates for asphalt mixing plants and concrete mixing plants. This is followed by the
issues involving gradually depleted older deposits, quarries and sandpits, where no further
expansion of the mining space is viable (and opening a new resource is almost like a miracle),
the problems with mayors, cottagers, green initiatives from the other end of the country, state
administration and municipal authorities, legislation, transport of large amounts of aggregate
from the quarry through the village, etc.

The 32/63 mm grain fraction BI class railway ballast aggregate has very specific requirements
and not every quarry can produce it. Some quarries have a certificate for the 0/32 mm fraction,
but do not have a certificate for the BI class 32/63 mm fraction. This is caused mainly because
the crushed 32/63 mm fraction class BI aggregate must meet the very strict criterion in the
impact crushability and crushing resistance test. Moreover, not the entire deposit but only
some parts of it meet these strict criteria. Therefore, each issued certificate always states
precisely specified deposit parts which meet the requirements to guarantee the maximum
possible quality of the aggregate. These very strict quality conditions are laid down by the
relevant regulation — the new General Technical Conditions (GTC), “Aggregates for railway
ballast” which replace the GTC ref. no. 59110/2004-O13 in the wording of Amendment No. 1,
ref. No. 23155/06-OP effective as of August 1%, 2006 — and these are intended to ensure the
long life span of the aggregate in railway constructions. If these parameters were not observed
the aggregate is at risk of degenerating and the safety of the operated tracks is compromised.
In addition this phenomenon can cause fatal consequences including death.

Another aggregate class that will be used in the near future for railway structures is the
BOclass 32/63 mm fraction. It is the aggregate used in high-speed tracks. In the Czech Republic
high-speed construction railway projects with a design speed of 350 km/h are already being
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prepared. The BO class 32/63 mm aggregate fraction will needed for all lines from 200 km/h
to 350 km/h. The currently proposed criteria have not been approved yet, it is a draft. Also the
number of quarries that meet the new requirements for class B0 is not even known. Anyway
the requirements for this aggregate will be enormous since only new crushed aggregate is
acceptable for safe operation at high speeds. Only 8 quarries with an annual production
capacity of 110 thousand tons of high-quality BI class raw material (in the best case BO) meet
the current strict criteria for the use of high-quality crushed aggregates when constructing
railway corridors which will be part of the European railway network in the Czech Republic
(source: Ing. Jan Cihak, SZ, p.: Amendment to GTC Aggregates for railway ballast, estimate
aggregate consumption, 2019). In this context, it should also be noted that this fact represents
the current state of affairs given the mining progress and readiness of quarries to extract these
reserves of stone. Not always when developing individual mining sites does the raw material
outside the already excluded technologically unsuitable parts show the constant physical-
mechanical parameters across the entire mining profile and the extraction course. In this
respect the supply of aggregates for this sector can also be very problematic.

Other factors that will directly affect the actual implementation and delivery of these railway
construction materials can particularly include an excessive transport load at the sites intended
for supplying current and future construction projects concentrated from a small number of
mining sites (sometimes even a single one) for even relatively long distances with significant
loss of these natural resources. Furthermore the availability of loading sites for ballast gravel
and adequate facilities, i.e. branch lines, shuttle transport to railheads, intermediate loading,
bulk storage in one place, complicated operation on secondary lines due to the disconnection of
complete trains, the requirements of railway construction for large amounts of materials over
a short period of time (line closures, expensive handling and working machines for operations
in structural layers of the track bed), the requirements for aggregates from one supplier for the
entire section (variety of aggregates, i.e. basalts, greywackes, granites, etc.) and last but not
least the production technology equipment allowing the production of the 32/63 mm fraction
aggregates for track superstructure, and the 0/32 mm fraction for the track substructure in the
required time. The accessibility of the production process breakdown using at least the required
two-stage crushing is about 40% of the 32/63 mm fraction and 60% of the 0/32 mm fraction.
On average one standard meter of a single-track railway body requires 4 tons of aggregate for
the track superstructure and 4 tons for the track substructure.

Each quarry has a different petrographic character, quality and also technological-processing
facilities, extraction conditions, geological and structural conditions as well as territorial
environmental conditions. Not every quarry produces the same quality of raw material with
the identical petrographic type, therefore their production is different and their use on the
market as well. Each quarry has specific petrographic characteristics and the quality and
technological properties of the raw material and, with respect to the technological possibilities
of processing the given raw material, the resulting possible production applicable on the
market. The physical-mechanical properties of rocks greatly affect the demand factor of
grinding processes when treating mineral resources. The most important physical-mechanical
properties include the crushability and abrasiveness of the material being processed. The Wi
work index and Ai abrasion index are very important criteria in deciding and choosing the
method of crushing. Inappropriate technology can significantly affect the overall processing
costs, in particular energy costs and the cost of exchanging machinery action elements. The
characteristics of aggregates are specified in the relevant CSN EN standards. They involve
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a group of characteristics which are inherent to a rock and whose changes are beyond the real
possibilities of aggregate suppliers both financially and technically. In particular they include
sulphur content, frost resistance, durability, rate of absorption, strength, polished stone value,
Micro-Deval abrasiveness, impact crushability, soft grains, foreign particles of mineralogical
nature and partly also crushing resistance.

Not every petrochemical type of rock from crushed and extracted aggregate can be used for
example in high-strength and construction concretes or in coated asphalt mixtures, etc. For
example crushed limestone is therefore particularly suitable for the underlying films, especially
when it meets the requirements specified in section 5.2 of Article 5 Rough aggregate’s
crushing resistance, Article 5.5 Rate of absorption, and Article 7.3 Resistance to freezing
and defrosting according to CSN EN 13242 + A1 (Aggregates for unbound and hydraulically
bound materials for use in civil engineering work and road construction), and CSN EN 13285
(Unbound mixtures — Specifications). Crushed stone from sedimentary limestone is not used
in construction concrete in the Czech Republic. Crushed limestone is absolutely not allowed
to be used as an aggregate for railway ballast, and in particular for structural concrete because
of the potential content of unwanted rocks and minerals (hornstone and Si0O,), which are
susceptible to ASR (alkali-silica reaction). Aggregates, especially those used in concrete, are
monitored for their resistance to ASR.

The aggregates used in asphalt technologies are monitored for the adhesion of the bonding
agent (asphalt) to the aggregate to determine if additives need to be added to the mixture.
Basic rocks are considered to be the most appropriate types. The adhesion of asphalt to the
aggregate decreases with decreasing alkalinity in approximately the following order: limestone
— dolomites — basalts — gabbro— greywackes — phonolites — diorites — granites —
ryolites — porphyries, and porphyrites.

Currently resources of construction raw material deposits licensed for extraction are getting
smaller and smaller. A large part of the reserved deposits of non-reserved raw materials are
approaching their completion. While the share of recycled products is increasing these are
not suitable for standard applications in the linear infrastructure. The required technological
characteristics cannot be achieved with these recycled products. Recycled products can
be effectively used as an auxiliary material for multiple constructions, but not as the main
material. Increasing the share of recycled materials at construction sites is an important
aspect due to the growing focus on the circular economy. However, the amounts of recyclates
produced from construction and demolition waste are not sufficient. The gradual substitution
of primary mineral raw materials by recyclates has certain limits because many applications in
the construction sector require high-quality aggregate from primary sources (e.g. high-strength
concrete, railway ballast superstructure, etc.). Following recycling the aggregate must meet
the technical requirements for gradation, small particle content, fine particle content, grain
shape, edge rounding, the content of foreign particles as well as the tests for strength, rate
of absorption, resistance to freezing, the proportion of shale grains, the breakdown of basalt.
This is because of the precondition of maintaining the original mechanical-physical properties
which should be constant. Overall, the technological characteristics of recycled materials
in some aspects also cannot meet the requirements for natural materials (e.g. compressive
strength, crushing resistance, rate of absorption, resistance to freezing, etc.) and thus their
use is significantly reduced. Technological treatment and hygienic analysis of construction
and demolition waste (C&D) is extremely demanding and significantly increase the cost of
recycled materials and, as a result, its use on the market is more limited compared to primary
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sources. Another problem with recycling from C&D waste and railway ballast aggregates is
that they are more energy demanding than extracting and treating CS, in particular because
of high water consumption. Especially at this time when water consumption is growing but
its resources are declining rapidly because of the climate change. For recycled C&D waste
material it is essential to check the leachability, to carry out sampling by an independent
entity, and to introduce a mandatory sampling frequency. Moreover, the aggregate obtained
from railway ballast can only be recycled long-term if the actual gradation and the shape
index, crushing resistance, abrasion resistance and strength characteristics comply with the
strict quality and technological requirements and properties of class BO and BI, or BII. More
often however is the process of crushing aggregates to a smaller fraction that can be used as
a track substructure’s structural layer, as an underlying layer of road structures, or as a gravel
pack for sealing landfills or for ground reclamation. In practice, the original “gravel” from the
ballast bed of refurbished railway lines has been used for many years, at best only from about
60-70% and exclusively on the track substructure of the 0/32 mm fraction layer on completely
new construction projects. However the 32/63mm fraction recyclate from the railway ballast
superstructure is not applied retrospectively, this application requires a 100% fresh primary
raw material from the quarry, just like about 30% of the whole new 0/32mm fraction for the
railway ballast substructure. The rest of the 32/63mm and 0/32mm pre-crushed fractions are
used for CCA in road construction or concrete, and — in particular — the waste.

Sand and gravel

The gradual depletion of available sand and gravel resources and the worrying state of affairs
is highlighted by the currently finalized background material of the Ministry of Industry and
Trade (MIT) for the application of the State Raw Material Policy under the title “Study of the
evaluation of the current state and perspective of the use of building raw materials in the Czech
Republic focussing on crushed stone and sand and gravel”, which was produced on the basis of
the conclusions adopted at the 27th meeting of the Government Council for Energy and Raw
Materials Strategy of the Czech Republic on 17 December 2019. The study evaluates the state
and perspectives of the use of deposits and resources of selected construction minerals (crushed
stone and sand and gravel) in the Czech Republic. It focused on the development of the need
and consumption of raw material resources to ensure a sufficient amount of construction raw
materials for building transport infrastructure. It clearly evaluated the lifetime of available
deposits of extracted construction stone and sand and gravel, both reserved and non-reserved
deposits, with particular emphasis on the almost depleted deposits (in time horizons up to
5 years and up to 10 years) and then marginally identified alternative locations and analysed
the feasibility of opening them, or eliminating potential conflicts of interest in their use. An
integral part of this study is also a brief definition of the fundamental problems in the process
of authorizing mining projects for construction minerals and identifying current risk factors
that significantly affect authorization processes.

The final conclusions of the study, which was prepared by the Czech Geological Survey
(CGS) together with other professional bodies (Mining Union; Mining Design And Consulting
Office; GET, s.r.o.; The Association for Road Construction of the Czech Republic, experts
for analysing the quality of construction materials, etc.), shows that in the short term (i.e. 3 to
10 years) individual mined deposits of construction stone and sand and gravel in the Czech
Republic will be affected by the availability of their reserves and therefore at risk of not
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meeting the economic needs of the state. This issue was also discussed at the last meeting of
the Government Council for Energy and Raw Materials Strategy of the Czech Republic in
December 2019 including a presentation by the CGS experts and a subsequent debate.

In connection with the gradual use and extraction of existing sand gavel deposits — i.e. for
deposits already worked by mining activities (MA) as part of the development, preparation and
mining plan (DPMP) and in the panning permit according to the activities carried out by the
mining method (ACMM) — a procedure of several years from the project preparation to mining
must be considered. Although further expansion or continuation of mining is approached with
a reasonable time perspective, until now CGS records sand and gravel extraction projects
that have long been solved/prepared for 4 to 8 years with a very unclear result. In any case
it is not immediately possible to use other new resources or continue mining on existing
deposits until the existing deposits have been completed. Without further extending the
existing mining activities or providing the authorization to open a new sand and gravel deposit
sufficient production of the assortment of adequate quality covering the demand and the
need for sand and gravel in individual regions cannot be guaranteed, especially near already
implemented or planned line structures of state or regional importance.

Of the total 204 registered reserved deposits of sand and gravel only 74 were active in
2020 in the Czech Republic, i.e. with mining authorization (but only 62 of them were active
and reported production), and 109 of the total 339 non-reserved mineral deposits had mining
authorization (but only 93 were active and reported production). In total there are 183 active
stone sandpits in the Czech Republic (but only 156 active and reporting production) and
their total annual production of sand and gravel was 11.3 million m? in 2020. In recent years
the annual amounts of sand and gravel extraction in the Czech Republic have been very stable —
around 6.4 million m3 (reserved deposits) + about 4.9 million m? (non-reserved deposits). Total
aggregate consumption including sand and gravel only in concrete is about 5.5 to 6.7 million
m?/year in the Czech Republic. Sandpits containing deposits of non-reserved mineral make up
the largest share with low resource life. Sand and gravel is the only construction material where
non-reserved extraction is not just a supplementary activity but has recently accounted for
around 45 to 47% of total production (109 used non-reserved and 74 used reserved deposits).
The Czech Republic has seemingly large amounts of geological reserves of sand and
gravel but the amount of reserves that can be mined in deposits of non-reserved mineral
are significantly lower (just over 19% of the total geological reserves) and the reserves with
permitted mining according to DPMP are even lower (slightly more than 6%). This situation
is very worrying with regard to ensuring a continuous supply of sand and gravel.

The production and consumption of sand and gravel has been growing significantly over
the last 8 years. Prices of extracted construction aggregate prices are also rising significantly
(by 15% to 25% per 1 ton on average over the last year), and moreover there is a shortage of
the 4/8, 8/16, 16/32mm gross fractions. In the medium and long term, the construction and
the construction material industries have sufficient reserves of production capacity, but the
real availability of stocks of input raw materials that is being reduced at a high rate can pose
a problem.

The requirements for the quality and amount of the produced construction materials are
getting significantly stricter, and in most regions of the Czech Republic there is a significant
shortage of the 4/8, 8/16, 16/32 mm crude fraction. At the moment, demand for high-quality
sand and gravel with rougher granulometry (4/8, 8/16, 16/32mm) has increased as most of
the currently operated deposits produce a predominant 0/4 mm sand fraction at the expense
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of the coarse fraction. Prices per ton of rougher grain grades increased by at least 15 to 25%
between 2018 and 2019. Some regions are heavily deficient in the natural resources of the
extracted aggregate, e.g. in the Vysoc¢ina Region sand and gravel must be transported from
the remote South Bohemian and South Moravian regions. A large part of the Karlovy Vary
Region, the Pilsen Region, the Moravian-Silesian Region, the Usti nad Labem Region (with
its only source in the district of Litoméfice and partly Louny), the Zlin Region and the whole
southern part of the Central Bohemia Region is starting to have a deficiency of sand and
gravel (this even faster deploys the available reserves from the districts of Mélnik, Nymburk,
Kolin, Praha-vychod and Mlada Boleslav). Insufficient sand and gravel crude 4-8-16-32 mm
fractions are becoming a problem throughout the country, as the sand fraction predominates
over the gravel in most sandpits.

Since about 1993, along with the extraction in reserved deposits of construction minerals
the importance of extraction in non-reserved deposits carried out on the basis of relevant
planning permission has gradually increased. Non-reserved deposits currently produce high
annual amounts of high-quality concrete sand and sand and gravel and are starting to have
a significant share in the total production of construction minerals in the Czech Republic.
Unfortunately, these resources are being gradually exhausted, and new resources for planned
use are encountering major issues.

According to the applicable legislation a new reserved deposit of non-reserved mineral can
no longer be determined although in many cases these are more important deposits in terms of
use and economy than in many reserved deposits. In addition to reserved deposits non-reserved
deposits have been playing an economically more important role recently. These perspective
deposits, especially of construction minerals, are very difficult to implement in the territorial
planning documentation (e.g. in the land development principles) especially when they are
unused/ reserved. In the future, it can be assumed that this contradiction will increase due to
completing almost depleted reserved deposits and shortages in raw material on the market,
as well as progress in the technology of mining and processing mineral resources. After
20 December 1991, i.e. when Act No. 541/1991 Coll., amending and supplementing Act No.
44/1988 Coll., on mineral projection and use (Mining Act) came into force and stipulated
that newly defined deposits of non-reserved minerals — building minerals (sand and gravel,
crushed stone, stone for rough stone-cutting production, raw minerals for bricks) cannot
become reserved deposits and therefore are a part of the land (section 7 of the mining act),
the state authorities have withdrawn from any investment in the search for non-reserved
minerals.

A major problem in the use of non-reserved mineral deposits includes disproportionate
to significantly disadvantaged conditions of payments for the removal of land from the
Agricultural Land Fund (ALF) — especially deposits of construction minerals (sand and
gravel, etc.) compared to identical activities involving the use of reserved deposits of
a non-reserved mineral in the same geological, deposit and environmental conditions. The
inadequacy consists mainly in disproportionately higher one-off payments taking into account
the environmental weight of effects of various environmental factors (in some cases 10 to 15
times higher). Sandpits from the deposits of non-reserved minerals where extraction is not only
a supplementary activity but contribute to the total production by roughly 45-47% of all used
sand and gravel deposits in the Czech Republic have the largest share of low life resources.
The amount of these payments is currently devastating the vast majority of non-reserved
sand and gravel deposits. These are the deposits with extraction from water where neither
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Number and service life of mined and mined out sand and gravel deposits in the regions
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technology nor the legislation allows their reclamation to arable soil. Moreover, “movable
projects” such as warehouses, logistics areas, residential, commercial and storage areas, etc.,
are located on areas with the most valuable land (protection class I and II). Agricultural land
is a valuable resource, but it is taken much more for industrial purposes than for mineral
mining. A greenfield development project involves less complications and, after all, it is
faster than revitalizing brownfields. These greenfield projects have inherent risks involving
mainly the expansion of built-up areas resulting in the loss of agricultural land, a threat to
ecosystem stability, further increase in traffic intensity due to employees commuting and
logistics processes, etc.

While the share of recycled products is increasing these are not suitable for standard
applications in the linear infrastructure. The required technological characteristics cannot be
achieved with these recycled products. Recycled aggregates are typically far worse in quality
and their use in the upper and most heavily loaded layers of roads is technologically highly
restricted or even excluded. Recycled products can be effectively used as an auxiliary material
for multiple constructions, but not as the main material. Increasing the share of recycled
materials at construction sites is an important aspect due to the growing focus on the circular
economy. However, the amounts of recyclates produced from construction and demolition
waste are not sufficient. According to the Association for the Development of Recycling
building materials in the Czech Republic the use of recyclates in the construction industry
is increasing, but its pace is relatively slow. It follows from the data of the Association that,
for example, between 2007 and 2011 the ratio of recyclate production to the production of
crushed stone and sand and gravel was around 4%. In 2017-2019 this was already 13.5-15%,
an increase of three and a half times. The gradual substitution of primary mineral raw materials
by recyclates has certain limits because many applications in the construction sector require
high-quality extracted and crushed aggregate from primary sources (e.g. high-strength
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concrete, railway ballast superstructure, etc.). Following the recycling the aggregate must
meet the technical requirements for gradation, small particle content, fine particle content,
grain shape, edge rounding, the content of foreign particles as well as the tests for strength,
rate of absorption, resistance to freezing, the proportion of shale grains. This is because of
the precondition of maintaining the original mechanical-physical properties which should be
constant. Due to reuse recycled aggregates lose the required quality parameters. Therefore
many construction projects do not even permit the use of recyclates and consistently require
the use of primary raw minerals.

Final remarks

Overall, most of the current resources of sand and gravel and crushed aggregate were opened
before 1989, in the best case some sand and gravel deposits in the nineties of the last century.
Most large gravel resources have a real life span of 7, max. 15 years. This implies that if the
process of “recovery” of some substantial deposit of the extracted aggregate is now started,
it can be assumed that the actual extraction commences at the earliest in 2027-2035, when
many existing deposits will be inactive. Without certain substantial changes in the settings
of all steps — including the legislation — that would allow the use of deposits of the extracted
aggregate, this “critical” situation will undoubtedly occur. The industrial acquisition of mineral
deposits is usually very costly and is associated with a high risk expressed by differences
between evaluated assumptions and financial or other economic results and the consequences
of their use. The results of the economic and financial evaluation must provide potential
investors with evidence of the economic viability of the project, the expected profit level of
investment projects that are offered. Unfortunately, the current setting of approval processes in
the framework of the valid legislation of the Czech Republic does not allow potential investors
to find the necessary degree of certainty and success for the economic return of significant
funds put in investment projects over the long term, i.e. geological surveys, opening and
exploiting new deposits of natural mineral resources for construction and other purposes. The
administrative procedure for obtaining authorization for opening, preparing and exploiting
mineral deposits is very complex and lengthy, and replacing the capacities of already depleted
or almost depleted mineral deposits with new ones is not taking place at an adequate pace.
Therefore, in some localities of the Czech Republic an imbalance arises between the
demand and supply of mainly the raw minerals needed for construction sector. The
factors affecting this situation include, among other things, often hard to solve conflicts of
interest between landowners and mining companies, meeting very strict conservation and
environmental protection requirements and other partial environmental elements (in particular,
protecting the agricultural land resources and groundwater resources), the emergence of
generally negative public experience with mineral extraction. Media campaigns, which often
publish any inadmissibility of mining under any conditions at a particular location during
administrative proceedings without the possibility of confronting and applying compromise
solutions, are also contributing to this undesirable situation.

It must be realized that the largest part of the high-quality sand and gravel and sand in the
Czech Republic comes from the extraction from water and the deposits of sand and gravel
in Olomouc, Zlin, South Bohemia regions are mostly situated in protected areas of natural
water accumulation (CHOPAV). Under the same conditions, i.e. in the CHOPAV and in the
water resources protection zone (OPVZ) classes I and II, a number of projects for extracting
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sand and gravel deposits were or are permitted, without significant conflict and threats to the
quality and yield of groundwater.

Without mineral resources, human society can never get around. It must be understood
that human society is vitally dependant on natural mineral resources. Simply put, mineral
resources cannot be completely abandoned or pushed to the margins of social interest. It is
equally important to make the best and most complete use of the mineral resources obtained,
1.e. using mineral resources in a gentle and economical way, with the aim of gradually reducing
the raw material demands of domestic industry and increasing the added value of the products
produced. With respect to the state, the most reasonable solution seems to be depleting
economically all verified reserves at mining leases (ML) on existing reserved deposits of
construction raw minerals, as well as supporting their expansion in protected deposit
areas (PDA). Attention needs to be focused on the deposits of non-reserved minerals, which
are becoming very important, as well as on other resources (inferred resources of construction
stone and sand and gravel), and last but not least on completely new sites, which must be
verified in advance by geological activities with favourable geological and deposit conditions,
transport connections without passing through villages and cities, and in particular with
solvable conflicts of interest. CGS strongly recommends creating conditions that allow the
resources and locations situated close to the actual point of consumption to be used to the
maximum extent because this will minimize the transport of raw minerals over long distances
and provide environmental protection. It should be understood that the exclusive deposits of
non-reserved minerals do not cover even 2% of the total area of the Czech Republic, and these
deposits and reserves are not “growing”. The economy of their exploitation must be a priority.

In the medium and long term, the construction and the construction material industries have
sufficient reserves of production capacity, but the real availability of reserves that is being
reduced at a high pace can pose a problem. Currently resources at construction raw mineral
deposits licensed for extraction are getting smaller and smaller. Although there is a large
number of resources and amounts of geological reserves of crushed stone and sand and gravel
recorded in the Czech Republic, the real reserves in ML and in planning permissions usable
for business are very low. In the near future possible gradual outages of available resources
of construction minerals can be expected and the end of the operating life of a large part of
existing stone quarries and sandpits at the same time. This worrying situation will result in
the available reserves in the Czech Republic being depleted in a short horizon (i.e. under 10
years) resulting in the risk of not meeting the economic needs of the state.

In connection with the gradual use and depletion of existing sand and gravel deposits
a procedure lasting several years can normally be assumed — from preparing the project
to mining. Although further expansion or continuation of new mining is approached with
a reasonable time perspective, until now there are registered projects that have long been
solved/prepared for 7 to 9 years with an unclear result. In any case, it is not immediately
possible to use other new resources or continue mining on existing deposits until the existing
deposits have been completed. Without the authorization to open a new sand and gravel deposit
sufficient production of the assortment of adequate quality covering the demand and the
need for the extracted aggregate in individual regions or the entire CR cannot be guaranteed,
especially near already implemented or planned line structures of state or regional importance.

For information purposes, CGS States that the sales prices per ton of the 4/8/16/22mm grain
grades have increased by up to 25% since 2016. Compared to the previous years 2019 —2020
(or the last 2 years) sales prices for 1 ton of high-quality treated sand and gravel increased by
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about 15-25%, i.e. on average for all produced fractions of sand and gravel from deposits in
Zlin and partly also the Olomouc regions from 342 CZK/t to 424 CZK/t thus increasing the
average price of all product assortments on the market by about 80 CZK/t. At the same time
the demand has increased for high-quality sand and gravel with rougher granulometry/grading
(above 4/8/16/32mm) which is insufficient in the Zlin, South Moravian and Olomouc regions,
while the majority of currently used deposits (Hulin, Polesovice-Cradle, Tovacov 1, Tovacov
2 and Tovacov 5) produce a predominant 0/4mm sandy fraction.

No decrease in consumption can be assumed, on the contrary the demand for coarse
granulometry sand and gravel (4/8/16/22/63mm fractions) is growing significantly. In fact
coarse fractions of gravel are transported to the Czech Republic from Slovakia (e.g. from
Velké Ul’any, Cakany, Cierny Brod, Dubnica nad Vahom, Kocovce-Nové Mesto nad Vahom
and Udica) annually about 450-550 thousand tons and its final price is around 600-700
CZK/t, that is, it is almost twice the price of the domestic product. Supplies to construction
projects from remote deposits increase the sales unit price, the transport distance also
significantly increases the price per ton of gravel, and there is an enormous long-haul transport
load. The 4/8, 8/16 and 16/22mm fractions from Vel'ké Ulany in Slovakia are transported to
Hulin, Tovacov and Olbramovice plants because these plants do not have sufficient amounts
of coarse fractions.

For example, the total annual production of sand and gravel in the Zlin Region in 2020
was about 471 thousand m3 and in a long-term it is about 400-700 thousand m3. The reduced
annual production of sand and gravel between 2016 and 2019 can be mainly associated with
the lack of raw mineral with the 4/8/16/22mm coarse fraction because sandy fraction volumes
are mainly included in the total production of that time. The coarse fraction is imported from
Slovakia annually of about 450-550 thousand tons (i.e. about 250-300 thousand m?) so the
total real consumption of sand and gravel in the Zlin Region is actually much higher and is
approximately 720 to 750 thousand m3/year.

The need to import raw minerals from distant locations results in an immediate
increase in the price of the raw mineral and therefore also in the entry costs of line
structures. Transporting large amounts on fully loaded lorries has a very negative impact
on transport infrastructure and the environment. The long-haul transport by lorries
is proportionately related to higher fuel consumption and higher carbon footprint in
the production of CO,(according to the carbon footprint formula one litre of diesel
produces about 2.65 kg of CQO,, i.e. each km of transport from the place of consumption
(construction site), and this is 0.8 kg CO,)!

The data on the real life span of existing mineral deposits and their available reserves
were derived from an in-depth analysis of the reserves reported over a long period, from the
documents about changes of reserves, namely the last valid Register of Reserved Mineral
Deposits Reserves of the Czech Republic, the Inventory of Deposits of Non-Reserved
Minerals, the Inventory of Minerals in Mining Leases and Overview of Mineral Reserves in
Mining Areas and Other Mined Deposits of Non-reserved Minerals, and last but not least the
latest statistical reports Geo-V3 and HOR (MPO) 1-01. The credibility of the data should be
very high, based on the legal obligations of the entities concerned to provide this data annually.
The life span of reserves was calculated using so-called industrial reserves (i.e. the category
of examined and free balance reserves) and the reserves that can be actually extracted, and
the reserves specified in the “Development, Preparation and Mining Plan (DPMP) plus the
reserves specified according to the plans for the use of deposits of non-reserved minerals.
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Unfortunately, following a careful and long monitored analysis of reported recoverable
and registered reserves in a number of exploited deposits (including in particular deposits
of construction minerals), and on the basis of a detailed examination of individual
operating plants we are facing a completely different reality indicating that Geo-V3 and
HOR (MPO) 1-01 statistical reports show much higher reserves that can be extracted
and the reserves in DPMP (with the DPMP reserves of some deposits even exceeding
significantly the exploitable reserves) while in fact the amount of actually usable and
available reserves are significantly lower and therefore the life of a plant is much shorter.

The explanation may be that a mining organization does not carry out periodic re-
calculations (revaluations) of reserves during the mining activities and activities carried out
by mining procedures, or operational reserve calculations, considering the reserve latency, the
variable quality of the raw material and the content of commercial and harmful components
leading to a change in the suitability of the raw material for treatment, changes in geological
indicators — geological and structural conditions, unexpected ecological conditions involving
limits and limitations, etc. This implies that mining organizations are not willing to make
their reserves more realistic (moreover when obsolete categories of geological reserves A,
B, C,, G, are still used without ensuring compatibility with the internationally recognized
standards of the Pan European Reserves and Resources Reporting Committee (PERC) and
the Australasian Joint Ore Reserves Committee (JORC). The option of ‘removing reserves’
from the reserves calculated and approved by the Commission for Classification of Mineral
Reserves (KKZ) or by the Commission for Projects and Final Reports (KPZ) based on the
results of final reports from the 20th century. If the process was significantly simplified (often
a simple reserve re-calculation) and the PERC and JORC up-to-date recognised standards
and reporting procedures for reserves applied, then it would also be beneficial for the mining
organization. Another explanation may be that mining organizations mistakenly report total
economic reserves as exploitable reserves.
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Economic situation of mining enterprises

Doc. Ing. Inka Neumaierovad, CSc., Ing. Ivan Neumaier
University of Economics, Prague

Table 1 shows the situation of section CZ-NACE B Mining and quarrying. The data is for the
years 2016-2020.

The evolution of absolute indicators varies between 2016 and 2020. Many organizations are
experiencing moderate growth by 2019 and declined in 2020. There is a constant decline in the
recalculated number of workers. On the other hand, the trend in sales has grown by 2019 and
declined in 2020. The evolution of value added recorded the highest level in 2017 following
the lowest value in 2016. Then there was a decline by 2019 and again growth in 2020.

In relative indicators, sales per worker grew by 2019 and fell in 2020. Labour productivity
followed a similar course of value-added as the number of workers continuously decreased. It
recorded a minimum value in 2016 and a maximum in 2018. The average wage was expected
to grow by 2019 and fell very slightly in 2020. Efficiency measured by gross operating surplus
per worker reached a maximum in 2017 and a minimum in 2019.

Table 1: CZ-NACE Section B Mining and quarrying

[Indicator [Unit | 2016] 2017] 2018] 2019] 2020
Number of enterprises 389 393 404 416 402
Number of employees 27 193 24 886 23 835 22 964 21 862
Sales mill CZK 77524 95 871 130 899 136 524 111363
Value added mill CZK 26 445 29714 28 500 23798 25040
Sales per employee ths CZK/ employee 2 851 3852 5492 5945 5094
Labour produktivity based value added |CZK/ employee 972493| 1194005| 1195721 1036318 1145392
Average salary CZK/ employee 31425 33452 35909 37 258 37 023
(Value added - salaries) per employee |CZK/ employee 467 177 656 096 618 310 437 214 550 063
Indexes 20/16 17116 18/17 19/18 20/19
Number of enterprises 3% 1% 3% 3% -3%
Number of employees -20% -8% -4% -4% -5%
Sales 44% 24% 37% 4% -18%
Value added -5% 12% -4% -16% 5%
Sales per employee 79% 35% 43% 8% -14%
Labour produktivity based value added 18% 23% 0% -13% 11%
Average salary 18% 6% 7% 4% -1%
Gross operating surplus per employee 18% 40% -6% -29% 26%

Source: Data from CSO and MIT, own calculations

These are the results for the CZ-NACE B section in total. However, we need to evaluate the
economic performance of enterprises extracting individual raw materials, so our evaluation
must be based on individual enterprises — individual data. Table 2 summarises the data
obtained for individual enterprises from the CZ-NACE B section. Except for the number of
organisations (we do not have data for small and micro enterprises), the informative value is
rather good.

When looking at individual raw materials, some enterprises extract more than one raw
material; these materials then cannot be distinguished at the enterprise level. Therefore, some
enterprises from the CZ-NACE B section had to be included repeatedly (Table 3). Some
enterprises not only mine the raw materials but often also carry out downstream production.
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E.g. they mine brick clay and produce bricks, and these activities once again cannot be
separated at the enterprise-wide level. These enterprises belong to other CZ-NACE sections
based on their predominant activity (Table 4).

Table 2: Enterprises from CZ-NACE section B

Indicator Unit 2016 2017 2018 2019 2020
Number of enterprises 115 113 110 109 95
Number of employees 26 835 24 492 23 388 22 524 20 641
Sales mill CZK 75762 92 741 126 947 132 499 97 596
Value added mill CZK 26 223 29 384 28 024 23 262 24 476

Source: Data from CSO and MIT, own calculations

Table 3: Enterprises from the CZ-NACE B section that appear repeatedly

Indicator Unit 2016 2017 2018 2019 2020
Number of enterprises 79 71 74 70 66
Number of employees 16 097 15309 15 069 16 104 16 981
Sales mill CZK 39 329 50 001 54 737 45785 46 623
Value added mill CZK 3825 19 855 17 181 15236 21807

Source: Data from CSO and MIT, own calculations

Table 4: Enterprises from other CZ-NACE

Indicator Unit 2016 2017 2018 2019 2020
Number of enterprises 46 48 47 47 45
Number of employees 12 027 13 681 13 256 12735 10671
Sales mill CZK 41073 39468 34 968 44 492 52 206
Value added mill CZK 8 057 16 452 15695 18 288 14 350

Source: Data from CSO and MIT, own calculations

The result is the total file (Table 5 Total extraction) resulting from the sum of data for
individual raw materials. In absolute figures, there are a lower number of organizations and
higher values of sales, value added and number of employees.

Table 5: Total Mining

[Indicator [unit [ 2016] 2017] 2018] 2019] 2020]
Number of enterprises 240 232 231 226 206
Number of employees 54 959 53482 51713 51363 48 293
Sales mill CZK 156 164 182 210 216 652 222776 196 426
Value added mill CZK 38 105 65691 60 900 56 786 60 633
Sales per employee ths CZK/ employee 2 841 3407 4189 4 337 4 067
Labour produktivity based value added [CZK/ employee 693 333| 1228267| 1177653| 1105587 1255525
Average salary CZK/ employee 30815 31228 34 659 35 828 36 007
(Value added - salaries) per employee | CZK/ employee 197 821 726 116 620 331 529 475 676 528
Indexes 20/16 1716 18117 19/18 20/19
Number of enterprises -14% -3% 0% 2% -9%
Number of employees -12% -3% -3% -1% 6%
Sales 26% 17% 19% 3% -12%
Value added 59% 72% 7% 7% 7%
Sales per employee 44% 22% 23% 2% -6%
Labour produktivity based value added 81% 91% -12% -5% 14%
Average salary 17% 1% 11% 3% 1%
Gross operating surplus per employee 84% 95% -13% 5% 14%

Source: Data from CSO and MIT, own calculation
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We compare the individual raw materials to the relative indicators from the Total Mining
file. Therefore, it is important to compare the relative indicators from the Total Mining file
(Table 5) and the CZ-NACE section B file (Table 1). Revenues per worker in the Total Mining
are comparable in 2016, but significantly lower in the following years. Labour productivity
is significantly higher in 2016 and does not differ by more than plus or minus 10% in the
following years. The average wage is comparable in all years and it is always slightly higher
in CZ-NACE B. Efficiency in 2016 is significantly lower than in section B, slightly higher in
2017, comparable in 2018 and higher in 2019 and 2020.

Even though the following figures and tables are self-explanatory, a brief commentary is
included.
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Figure 1. Number of enterprises
Source: Data from CSO and MIT, own calculations

Number of enterprises (see Table 5) in 2020: there are 206 enterprises in the Total Mining
sector. Of which 95 enterprises are from the CZ-NACE B Mining and Quarrying section, and
66 are repeated. There are 45 enterprises from other CZ-NACEs. There were 402 enterprises
in section CZ-NACE B (see Table 1) in 2020. The evolution over time was different between
the Total Mining sector and the CZ-NACE B section.

The highest numbers of enterprises (see Figure 1) appear, as expected, for the building stone
and sand and gravel raw materials. In reality this number will probably be significantly higher,
because these mineral industries have many small enterprises, which we have not recorded.
On the contrary, for bituminous and brown coal we recorded all enterprises because there are
only large enterprises in these commodities. The smallest number of enterprises is recorded
for glass sand.

For most raw materials, the number of enterprises decreases during the 2016-2020
period. There are some exceptions, stagnation in kaolin and both sands, while in clay and
bentonite and other raw materials there is an increase in 2019 followed by a decrease in
2020.
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Figure 2. Recalculated number of employees
Source: Data from CSO and MIT, own calculations

Recalculated number of employees (an average recalculated headcount) for Total Mining
(see Table 5) in the period from 2016 to 2020 continuously decreased from 54,959 employees
in 2016 to 48,293 employees in 2020. A similar trend was also apparent in the CZ-NACE B
Mining and quarrying section. In 2020, 20,641 mining workers of the B section were included
in the Total Mining, and 16,981 of them were repeated. There were 10,671 workers from other
CZ-NACEs.

Data for individual raw materials are shown in Figure 2. The largest number of workers
is in bituminous coal, brown coal and lignite, building stone and other raw materials. The
least number of employees was registered in dimension stone and glass sand industries. The
2016-2020 development of the number of employees for specific raw materials was different.
But most of the time, decline or stagnation prevails.

For better clarity of the number of employees information, a chart has been included in
Figure 3, which shows the average recalculated number of employees per enterprise of the
given raw material industry. The largest enterprises extract bituminous coal, brown coal
and lignite. Enterprises producing dimension stone, sand and gravel and crushed stone
are the smallest ones. And we do not have any data for small and micro enterprises as this
would make the size of dimension stone, sand and gravel and crushed stone significantly
smaller.

On average for Total Mining in 2020, there are 234 employees per enterprise. There are
54 employees per enterprise in the CZ-NACE B section — Mining and quarrying. These
figures clearly show that the Total Mining selection includes mainly large and medium-sized
enterprises.

Sales (sales of own goods and sales of own production and services) characterise the total
performance of enterprises mining raw materials. If there are no sales, there are no cash flows
to cover expenses as well.
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Figure 3. Average number of employees per enterprise

Source: Data from CSO and MIT, own calculations
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Figure 4: Sales (CZK million)

Source: Data from CSO and MIT, own calculations

The development of revenues for Total Mining (see Table 5) shows a growing trend in the
20162019 period. In 2020, the value of sales decreased. A similar development was also seen
in the CZ.NACE B section (see Table 1). However, the 2020/2016 index is 126% for Total
Mining and 144% for the CZ-NACE section B.
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Figure 5: Average sales per enterprise (million CZK)
Source: Data from CSO and MIT, own calculations

From 2016 to 2020 (Figure 4), other raw materials performed best, showing more than
twofold growth. Crushed stone also performed well. The highest sales were in the bituminous
and lignite industries in 2016. In the preceding periods bituminous coal and lignite always
reported the highest sales. In 2017, other raw materials reached the top. The third highest sales
are reported by the crushed stone industry. The smallest sales are recorded for glass sands.

Similarly to the number of employees, the development of average values per enterprise is
also provided for sales (Figure 5). The enterprises with highest sales were mostly in the coal
mining industry, as expected. Other raw materials used to come in second place. However, in
2018, sales per enterprise significantly increased in the other raw materials industries.

In 2020, the value of sales per enterprise in the CZ-NACE B Mining and quarrying section
was CZK 277 million. The average sales for Total Mining are CZK 954 million. Once again,
the inclusion of predominantly large and medium-sized enterprises in the Total Mining
selection is confirmed.

There is no added value in the new financial statements, but it can be calculated (= sales —
change in inventories of finished goods and work in progress — capitalisation (production of
the enterprise for own consumption) — production consumption (consumption of materials and
raw materials, energy and services + purchased goods)). Compared to the calculation from the
financial statements up to 2015, the sign before the change in inventories and capitalisation is
reversed in the calculation, due to the reclassification of these items from income to expenses.
The added value calculated this way is comparable to previous years, i.e. before 2015.

There is a relationship between value added and GDP, or more precisely gross value added
(GVA), which is used as a basis for calculating GDP. The advantage of value added compared
to sales is that it does not change as a result of enterprise break-ups and mergers. The share of
individual raw materials in value added in Total Mining corresponds approximately to their
contribution to the GVA creation.
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Figure 6: Value added (CZK million)
Source: Data from CSO and MIT, own calculations

The development of values in the aggregate production and CZ-NACE section B is the
same in the 2016-2020 period with the B section having an added value mostly under half of
the Total Mining.

The view of individual raw materials (see Figure 6) shows that bituminous coal and lignite
had the lowest added value in 2016 being even in the minus region. On the other hand in the
following years 2017-2019 bituminous coal and lignite had the highest added value of all raw
materials. In 2020 the highest added value was achieved by crushed stone.

Labour productivity, calculated as the value added by one employee, shows how much the
enterprise has left for the employee’s wages and insurance, depreciation, financial and other
costs and profit for the enterprise owner. Labour productivity from value added is a relative
indicator that allows for quality comparisons regardless of the absolute size of the value added.
It is the second most important relative indicator.

In 2020, labour productivity in the CZ-NACE section B was CZK 1,145,392 per worker
and CZK 1,255,525 per worker in the Total Mining selection. The difference was due to the
inclusion of enterprises from other CZ-NACEs with labour productivity of CZK 1,344,771
per worker.

The development of total labour productivity in the period from 2016 to 2020 was not
uniform. After a 2016 minimum labour productivity peaked in 2017. The main cause was the
development of the coal mining labour productivity.

Individual raw materials (Figure 7) show large differences in labour productivity both in
development over time and in absolute values. In 2016, coal reached an extremely low value
(even negative) and the maximum value was reported for glass sands. In 2020, the situation was
different, with other raw materials having minimal labour productivity, as in the 2017-2019
period, and brick clays and related minerals had the highest level. They also report the best
dynamics between 2016 and 2020.
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Figure 7: Labour productivity based on value added (CZK/employee)
Source: Data from CSO and MIT, own calculations
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Figure 8: Sales per employee (CZK thousand / employee)
Source: Data from CSO and MIT, own calculations

Sales per employee show a consistently high growth, with the exception of 2020 (see Table 5).
A similar development is also apparent in the CZ-NACE section B Mining and quarrying (see
Table. 1). The value achieved for the group Total mining is lower by 25% than the value in
the CZ-NACE section B.
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Figure 9: Average wage (CZK/employee)

Source: Data from CSO and MIT, own calculations

Figure 8 shows the values of sales per employee for individual raw materials. In 2016, the
values for individual raw materials are similar. In 2017, there was an increase in the value
of other raw materials. In 2018 and 2019, this increase in other raw materials accelerated
significantly. In 2020, there was a decline in the value of other raw materials. There is a large
relevance between the mining activity and financial activities associated with the holding
structure of certain enterprises that we cannot separate at the enterprise level.

Raw materials such as feldspar, limestone, cement raw materials and dolomite, dimension
stone, crushed stone and brick clays and related minerals also manifest favourable dynamism.

The average wage increased in Total Mining over the entire period. For the CZ-NACE
section B, except 2020. The difference between Total Mining and the CZ-NACE section B is
approximately CZK 1,000 in favour of the CZ-NACE section B. The reason was the inclusion
or exclusion of specific enterprises from the processing and also the effect of including
enterprises from other CZ-NACE sections, mostly from CZ-NACE 23 (manufacture of bricks
and cement) and from the agriculture and crushed industry. The average wages in these sectors
are usually lower than in mining and quarrying. On the other hand, including companies of the
CZ-NACE sector 35 which, in addition to the energy production and supplies, also extracts
certain raw materials, increased the average wage.

The 20162020 average wage for Total Mining showed a similar behaviour for most raw
materials; namely, a constant growth (Figure 9). There are exceptions in 2018 for dimension
stone and in 2017 and 2019 for crushed stone. With stones the exceptions were due to a change
in including enterprises for the processing during 2017 to 2019.

The gross operating surplus, i.e. the difference in value added and personnel costs,
shows how much remains for business owners to pay additional costs (depreciation, social
contributions, financial costs, etc.) and to generate a profit. The ratio of gross operating surplus
per worker shows the labour efficiency of an individual worker. The advantage of this indicator
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Figure 10: Gross operating surplus per employee (CZK/employee)
Source: Data from CSO and MIT, own calculations
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Figure 11. (Value added — wage costs) per employee (CZK/employee)
Source: Data from CSO and MIT, own calculations

is that it can be compared across various raw materials. This is the most important indicator
for enterprise owners from this set of indicators. The higher the value, the better.

A negative value indicates very poor efficiency (see Figure 10), which happened with coal
(2016) and other raw materials (2019). In 2020, the best values were achieved by brick clays
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and related minerals followed by crushed and dimension stone. During the 20162020 period
the development of efficiency values for various raw materials ranged from large fluctuations
(dimension and crushed stone and other raw materials) to practically stagnation (glass sands).
Low values for other raw materials do not yet pose a problem because there are enterprises that
have income in the financial area that are not reflected in the gross operational contribution.

A review of individual raw materials follows.

The European decarbonization plan condemns bituminous coal, brown coal and lignite to
disappear, but this is only to be in 2030, although these raw materials are already disappearing
now, as is evident from the development of absolute indicators. In the past, they were the most
important raw material in all absolute indicators. However, they are still most important raw
materials in 2020 in the number of workers, the second in added value and the third in sales.
All the enterprises included in this raw material belonged to the CZ-NACE section B, Mining
and Quarrying of Raw Materials. These are the largest enterprises with respect to the number
of workers and the second largest enterprises in company sales.

In absolute figures, there have been changes where the number of workers in the 2020/2016
period decreased by 28% as well as sales that decreased by 29% mainly due to lower sales
of coal. Following the 2016 catastrophic value and the 2017 growth the added value kept
declining. Also the numbers of workers in Total Mining decreased between 2016 and 2020
(from 31.1% to 25.5%), just as sales (from 34.2% to 13.6%). A special case is the added value,
which changed from -0.7% to 20.1%.

Except average wages, relative indicators were dropping during the 20162020 period. Only
the average wage was above the average of Total Mining over the entire period. Between 2017
and 2019, labour productivity and efficiency were above average. The sales per worker, as
expected when it comes to mining organizations, are far below average.

As for the sales in the kaolin raw material class the share of enterprises of the CZ-NACE
section B, Mining and quarrying of raw materials, was 40% in 2020. The rest of the enterprises

Table 6: Bituminous coal, brown coal, and lignite

[Indicator [Unit [ 2016] 2017] 2018] 2019] 2020]
Number of enterprises 11 10 11 10 10
Number of employees 17 089 14 936 14 138 13 456 12 331
Sales mill CZK 37711 41026 40 805 34112 26 687
Value added mill CZK -271 21680 19 580 15735 12214
Sales per employee ths CZK/ employee 2207 2747 2 886 2535 2164
Mining total = 100% % 78% 79% 68% 58% 53%
Labour produktivity based value added |CZK/employee -15861| 1451559 1384929| 1169311 990 502
Mining total = 100% % -2% 110% 119% 106% 79%
Average salary CZK/ employee 32 294 34 571 37 148 37 959 36 645
Mining total = 100% % 105% 111% 107% 106% 102%
(Value added - salaries) per employee |CZK/employee -535 141 895 656 787 585 558 923 401 255
Mining total = 100% % -7% 110% 120% 106% 59%
Indexes 20/16 17/16 18/17 19/18 20/19
Number of enterprises 9% 9% 10% 9% 0%
Number of employees -28% -13% -5% -5% -8%
Sales -29% 9% 1% -16% -22%
Value added -4606% -8098% -10% -20% -22%
Sales per employee 2% 24% 5% -12% -15%
Labour produktivity based value added -6345% -9252% -5% -16% -15%
Average salary 13% 7% 7% 2% -3%
Gross operating surplus per employee -175% -267% -12% -29% -28%

Source: Own calculations using the MIT and the CZSO data
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Table 7: Kaolin

[Indicator [Unit | 2016] 2017] 2018] 2019] 2020]
Number of enterprises 7 7 7 7 7
Number of employees 2903 2 892 2794 2784 2879
Sales mill CZK 7740 7822 7546 7800 8079
Value added mill CZK 2914 2972 2 660 2772 3710
Sales per employee ths CZK/ employee 2 666 2704 2700 2 801 2 806
Mining total = 100% % 94% 78% 64% 65% 69%
Labour produktivity based value added |CZK/ employee 1003672 1027 356 951987 995449| 1288 756
Mining total = 100% % 145% 78% 82% 90% 103%
Average salary CZK/ employee 28 777 30 146 32 561 34 287 33 953
Mining total = 100% % 93% 97% 94% 96% 94%
(Value added - salaries) per employee [CZK/employee 540 945 542 601 428 408 444 115 742 791
Mining total = 100% % 147% 77% 82% 84% 110%
Indexes 20/16 1716 18/17 19/18 20/19
Number of enterprises 0% 0% 0% 0% 0%
Number of employees -1% 0% -3% 0% 3%
Sales 4% 1% -4% 3% 4%
Value added 27% 2% -10% 4% 34%
Sales per employee 5% 1% 0% 4% 0%
Labour produktivity based value added 28% 2% 7% 5% 29%
Average salary 18% 5% 8% 5% -1%
Gross operating surplus per employee 37% 0% -21% 4% 67%

Source: Data from CSO and MIT, own calculations

come mainly from CZ-NACE 23, especially the production of bricks and ceramics. The
importance of the raw material is evident from the 2020 share in Total Sales, namely in the
number of employees of 5.9%, sales of 4.1% and in the value added of 6.1%. It is a medium-
sized raw material segment.

Until 2019, the number of workers declined, sales alternately increased and decreased, and
the value added declined in 2018 following a slight increase in 2017 and kept rising. 2020 was
a successful year for the raw material sector, as it reached a peak in sales and value added, and
reported an increase in the number of employees.

Except for 2020, the reported level of relative indicators is mostly below average of the Total
Mining for labour productivity and efficiency. Also 2016 is above average in these indicators,
but this is due to the development in the coal sector and its impact on the whole. 2020 was
also successful in absolute indicators as they reached their peaks.

For bentonite, the number of organisations was at the threshold of inclusion for publication.
Therefore, the raw materials clay and bentonite were combined. In 2020 as many as 48% of
the sales in this raw material category were in the CZ-NACE B, Mining and quarrying, and the
rest in the CZ-NACE 23 Manufacture of other non-metallic materials. In terms of the share in
the Total Sales it was classified as a medium-sized raw material category in 2020 with a 6.8%
share in the number of employees, 4.5% in sales, and 5.5% in added value.

The development of the 2019-2020 absolute indicators was first marked by including
one enterprise, followed by excluding four enterprises. Overall, the absolute figures for the
2020/2016 period have improved significantly, except the number of enterprises. The most
successful year was 2019. 2020 could have been even better if four companies had not been
excluded.

The inclusion and exclusion of enterprises resulted in jumps. The level of relative indicators,
except the 2016 labour productivity and efficiency, is well below Total Mining. Sales per
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Table 8: Clays and bentonite

[Indicator [unit | 2016] 2017] 2018] 2019] 2020]
Number of enterprises 12 12 12 13 9
Number of employees 2678 2 600 2 566 4094 3274
Sales mill CZK 6 520 6 580 6510 11097 8802
Value added mill CZK 2468 2595 2377 3949 3315
Sales per employee ths CZK/ employee 2435 2531 2538 2711 2688
Mining total = 100% % 86% 73% 60% 63% 66%
Labour produktivity based value added [CZK/employee 921 569 998 178 926 396 964 736[ 1012315
Mining total = 100% % 133% 75% 80% 87% 81%
Average salary CZK/ employee 27 576 29 180 31538 34 078 34 428
Mining total = 100% % 89% 93% 91% 95% 96%
(Value added - salaries) per employee |CZK/employee 478 142 528 965 419 264 416 758 458 705
Mining total = 100% % 135% 75% 79% 79% 68%
Indexes 20/16 17116 18/17 19/18 20/19
Number of enterprises -25% 0% 0% 8% -31%
Number of employees 22% -3% -1% 60% -20%
Sales 35% 1% -1% 70% -21%
Value added 34% 5% -8% 66% -16%
Sales per employee 10% 4% 0% 7% -1%
Labour produktivity based value added 10% 8% % 4% 5%
Average salary 25% 6% 8% 8% 1%
Gross operating surplus per employee -4% 11% -21% -1% 10%

Source: Own calculations using the MIT and the CZSO data

worker reached their peak in 2019, labour productivity and average wage in 2020 and the
efficiency was the best in 2017.

In terms of sales, 56% of the enterprises dealing with feldspar raw material come from
section 23 Manufacture of other non-metallic mineral products and also from CZ-NACE 42
Civil engineering. The results are more about manufacturing enterprises than just mining. In
view of the importance of the raw material sector, it is a small category with a 5.1% share of
the number of workers, 3.8% in sales and 4.7% in added value of Total Mining.

The development of absolute indicators is marked by the exclusion of one enterprise in 2018
and 2020, which has always been a big jump considering the number of enterprises. Therefore,
it is difficult to evaluate the development of absolute indicators. Only the 2017/2016 and the
2019/2018 indices can be evaluated as they mostly show improvements.

Also, the development of relative indicators was marked by jumps in 2018 and 2020.
The 2017/2016 and 2019/2018 indices also show a significant improvement. Except 2019
and 2016, the level of relative indicators is mostly below average for productivity and
efficiency.

Glass sands are the smallest raw material category in absolute indicators that includes 82%
of enterprises of the CZ-NACE section B, Mining and quarrying. It is the raw material with the
smallest number of organisations, the share in sales and added value and the second smallest
in the number of employees. As for efficiency, i.e. the share of gross operating surplus per
worker, it is the fourth best raw material category.

The status of absolute indicators changed very little during the 2016-2020 period. The
number of employees and the sales peaked in 2017. The added value peaked in 2020.

The growth of relative indicators (sales per employee, labour productivity, average wages
and efficiency (measured by the indicator (Value Added — Wages) per employee) is good;
their increase in the period 2019/2015 ranged from 1 % for sales per employee to 17 % for
the average wage. Values of relative indicators with respect to Mining Total is usually good,
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Table 9: Feldspar
[Indicator [Unit | 2016] 2017] 2018] 2019] 2020]
Number of enterprises 7 7 6 6 5
Number of employees 3145 3126 2942 2787 2481
Sales mill CZK 7786 7861 7 656 8011 7 556
Value added mill CZK 2942 3000 2 846 3184 2876
Sales per employee ths CZK/ employee 2475 2515 2602 2875 3046
Mining total = 100% % 87% 73% 61% 66% 75%
Labour produktivity based value added [CZK/ employee 935 303 959 812 967 350| 1142677 1159371
Mining total = 100% % 135% 73% 83% 103% 92%
Average salary CZK/ employee 29 665 31000 33 266 34 706 34 591
Mining total = 100% % 96% 99% 96% 97% 96%
(Value added - salaries) per employee [CZK/ employee 458 297 461 339 432 440 584 607 603 152
Mining total = 100% % 137% 72% 83% 110% 89%
Indexes 20/16 17116 18/17 19/18 20/19
Number of enterprises -29% 0% -14% 0% -17%
Number of employees 21% -1% 6% 5% -11%
Sales -3% 1% -3% 5% -6%
Value added 2% 2% -5% 12% -10%
Sales per employee 23% 2% 3% 10% 6%
Labour produktivity based value added 24% 3% 1% 18% 1%
Average salary 17% 5% 7% 4% 0%
Gross operating surplus per employee 32% 1% -6% 35% 3%
Source: Data from CSO and MIT, own calculations
Table 10: Glass sand
[Indicator [Unit | 2016] 2017] 2018] 2019] 2020]
Number of enterprises 3 3 3 3 3
Number of employees 958 962 949 945 927
Sales mill CZK 2879 2935 2883 2893 23829
Value added mill CZK 1241 1237 1216 1226 1287
Sales per employee ths CZK/ employee 3004 3049 3037 3061 3053
Mining total = 100% % 106% 88% 71% 71% 75%
Labour produktivity based value added [CZK/employee 1294 543| 1284942| 1281128 1297210 1389620
Mining total = 100% % 187% 97% 110% 117% 111%
Average salary CZK/ employee 31546 32634 33330 35 387 35700
Mining total = 100% % 102% 105% 96% 99% 99%
(Value added - salaries) per employee [CZK/ employee 787 277 760 181 745 183 728 188 815 569
Mining total = 100% % 191% 97% 111% 138% 121%
Indexes 20/16 1716 18/17 19/18 20/19
Number of enterprises 0% 0% 0% 0% 0%
Number of employees -3% 0% -1% 0% 2%
Sales -2% 2% -2% 0% 2%
Value added 4% 0% -2% 1% 5%
Sales per employee 2% 2% 0% 1% 0%
Labour produktivity based value added 7% -1% 0% 1% 7%
Average salary 13% 3% 2% 6% 1%
Gross operating surplus per employee 4% -3% -2% 2% 12%

Source: Data from CSO and MIT, own calculations

when especially the labour productivity and (value added — wages) per worker are above the

average of Mining Total.

Foundry sands are a small raw material category where 62% of the 2020 sales are generated
by enterprises of the CZ-NACE section B, Mining and quarrying. It is a raw material with an
excellent development of relative indicators, where the 2020/2016 change ranged from 4%
for sales per worker to 24% for efficiency.
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The 2020/2016 absolute indicators stagnated except added value that increased by 16%.
The 2020 shares in the Total Mining were 4.3% for the number of employees, 3.0% for sales
and 4.2 % for added value.

Compared to Total Mining the values of relative indicators were mostly below the overall
level, except the 2016 extreme year in Total Mining that was due to coal mining. In 2019,
labour productivity and efficiency indicator slightly exceeded the level of Total Mining. The
average wage reached almost the average value of Total Mining.

Limestone, cement raw materials and dolomite are a small to medium-sized raw material
category. Dolomite was included here because it involves only a few organisations. However,
up to 78% of sales are generated in enterprises from related production, mainly from section
CZ-NACE 23 Manufacture of other non-metallic mineral products (e.g. bricks, cement, etc.).
It is the largest share of enterprises outside the CZ-NACE section B. The problem is not only
the decreasing number of enterprises, but also exchanging mining enterprises for production
enterprises with mining activities which is evident in the 2016 CZ-NACE 23 share of 34%
and its gradual increase. The data for this raw material represents the production of cement
rather than the extraction of this raw material.

Despite changes in the number of enterprises and their exchanges, the development of the
2016-2020 absolute indicators was good, with the number of workers decreasing by 15%, but
sales increasing by 11% and added value increasing by 19%.

The development of absolute indicators, in particular the number of workers, positively
influenced the development of the relative indicators. The average wage increased by 27%,
the sales per worker by 31%, labour productivity by 40% and efficiency by 53%. The level
of relative indicators was mostly above average for Total Mining, except the average wage.

Most of the 2020 sales for the dimension stone raw material category were generated from
the CZ-NACE section B, Mining and quarrying, and amounted to 79%. It is the raw material
category with the third highest number of organizations, the lowest number of workers, the

Table 11: Foundry sand

[Indicator [Unit [ 2016] 2017] 2018] 2019] 2020|
Number of enterprises 10 10 10 10 10
Number of employees 2 166 2111 2082 2115 2090
Sales mill CZK 5837 5798 5853 6132 5859
Value added mill CZK 2223 2 302 2325 2403 2573
Sales per employee ths CZK/ employee 2 695 2747 2811 2899 2803
Mining total = 100% % 95% 79% 66% 67% 69%
Labour produktivity based value added |CZK/employee 1026268| 1090700 1116652 1135879 1230962
Mining total = 100% % 148% 82% 96% 103% 98%
Average salary CZK/ employee 30 068 31181 33 346 35295 34713
Mining total = 100% % 98% 100% 96% 99% 96%
(Value added - salaries) per employee [CZK/ employee 542 781 589 312 580 456 568 339 672783
Mining total = 100% % 151% 82% 96% 107% 99%
Indexes 20/16 1716 18/17 19/18 20/19
Number of enterprises 0% 0% 0% 0% 0%
Number of employees -3% -3% -1% 2% -1%
Sales 0% -1% 1% 5% -4%
Value added 16% 4% 1% 3% 7%
Sales per employee 4% 2% 2% 3% -3%
Labour produktivity based value added 20% 6% 2% 2% 8%
Average salary 15% 4% 7% 6% 2%
Gross operating surplus per employee 24% 9% 2% 2% 18%

Source: Data from CSO and MIT, own calculations
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Table 12: Limestone and corrective sialitic additives for cement production
and dolomite

[Indicator [Unit [ 2016] 2017] 2018] 2019] 2020]
Number of enterprises 20 20 19 18 17
Number of employees 2723 2 583 2473 2302 2314
Sales mill CZK 9325 9793 10 149 9957 10 356
Value added mill CZK 2494 2758 2 665 2722 2976
Sales per employee ths CZK/ employee 3424 4095 4 377 4 325 4475
Mining total = 100% % 121% 118% 103% 100% 110%
Labour produktivity based value added |CZK/employee 915739| 1067524| 1077748| 1182602| 1285972
Mining total = 100% % 132% 86% 98% 107% 102%
Average salary CZK/ employee 27 521 31018 33 002 33833 34 989
Mining total = 100% % 89% 99% 95% 94% 97%
(Value added - salaries) per employee |CZK/ employee 473 202 568 761 547 078 638 570 723 352
Mining total = 100% % 134% 86% 98% 121% 107%
Indexes 20/16 1716 18/17 19/18 20/19
Number of enterprises -15% 0% -4% -5% 7%
Number of employees -15% 5% -4% 7% 1%
Sales 11% 5% 4% -2% 4%
Value added 19% 11% -3% 2% 9%
Sales per employee 31% 20% 7% -1% 3%
Labour produktivity based value added 40% 17% 1% 10% 9%
Average salary 27% 13% 6% 3% 3%
Gross operating surplus per employee 53% 20% -4% 17% 13%

Source: Data from CSO and MIT, own calculations

second lowest share in sales and added value. It follows that enterprises in this raw material
category have the lowest number of employees and generate the lowest sales per enterprise. It
is a raw material category involving the smallest enterprises. The efficiency is excellent (the
third best in 2020) and its development is a feature of this raw material (the highest growth
in 2020/2016).

Excluding enterprises from processing in 2017, 2019 and 2020 resulted in jumps in absolute
indicators. The exclusion of two enterprises in 2017 resulted in a sales decrease, but excluding
another two enterprises in 2019 was offset by the growth in the remaining enterprises. The
overall trend over the given period is characterized by a high decrease in the number of
employees by 24% and an increase in sales by 19% and added value by 33%.

Overall, the relative indicators improved significantly in the 2020/2016 period although two
enterprises were excluded in 2020. The productivity and efficiency development is noteworthy.
The level of their values is significantly above the average of the Total Mining category except
for 2017.

The 2020 sales in the crushed stone raw material category were generated by 93% of the
enterprises from the CZ-NACE section B, Mining and quarrying. It is the raw material with the
largest number of enterprises, and the second highest number of employees and added value.
It is the third most important raw material in sales. There are many very small businesses for
which we have no data. If they were taken into account, the importance of the raw material
would increase even more. It is the second most efficient and third (almost second) most
productive raw material category.

In 2017 all absolute indicators rose compared to 2016. That year they reached their peak.
The problem is the decreasing number of enterprises involved in processing since 2018. This
affects the absolute indicators. However, even so, the 2020/2016 index is very favourable,
with the number of workers decreasing only by 1%, sales increased by 24% and added value
increased by 45%.



Economy and minerals — The economic situation of domestic mining enterprises 72

Table 13: Dimension stone

[Indicator [Unit [ 2016] 2017] 2018] 2019] 2020]
Number of enterprises 24 22 22 20 18
Number of employees 1032 749 886 815 787
Sales mill CZK 3017 2163 3393 3528 3578
Value added mill CZK 1094 661 1240 1303 1460
Sales per employee ths CZK/ employee 2924 2850 5077 4328 4 549
Mining total = 100% % 103% 82% 119% 100% 112%
Labour produktivity based value added |CZK/employee 1060 640 881987 1399344| 1599 329| 1855752
Mining total = 100% % 153% 55% 191% 145% 148%
Average salary CZK/ employee 30419 39939 29910 38 664 41312
Mining total = 100% % 99% 128% 86% 108% 115%
(Value added - salaries) per employee |CZK/ employee 571503 239771 918 388 977 614 1191459
Mining total = 100% % 156% 54% 194% 185% 176%
Indexes 20/16 17/16 18/17 19/18 20/19
Number of enterprises -25% -10% 0% -6% -12%
Number of employees -24% 27% 18% -8% -3%
Sales 19% -28% 57% 4% 1%
Value added 33% -40% 88% 5% 12%
Sales per employee 56% -3% 78% -15% 5%
Labour produktivity based value added 75% -17% 59% 14% 16%
Average salary 36% 31% -25% 29% 7%
Gross operating surplus per employee 108% -58% 283% 6% 22%

Source: Data from CSO and MIT, own calculations

The value of labour productivity and efficiency remained well above the average of the Total
Mining category and peaked in 2020. Overall, the 2020/2016 labour productivity increased
by 46% and efficiency even by 70%.

The 2020 sales for sand and gravel are generated by the enterprises from the CZ-NACE
section B, Mining and quarrying. In 2016, it was 86%. A very important raw material category
that took second place in the number of organizations and fourth place in the number of
employees, added value and revenues in 2020. This raw material category probably includes
many small enterprises that are not identified — they would increase the importance of this raw
material category even further.

Like other raw material categories, there is a problem with the gradual decline in the number
of organizations involved in the processing — no data is available but their number decreased
by 13% in the 2020/2016 period. This was reflected in the development of absolute indicators.
They reached the maximum values in 2016.

Regarding relative indicators, this raw material category excels in the average wages being
constantly above the average Mining Total and in the 2016-2020 they grew by 23%. On the
contrary added value decreased by 17% in this period.

As much as 77% of the 2020 sales generated in the brick raw material category came from
enterprises in the processing industry, mainly from the CZ-NACE 23 sector, in particular the
manufacture of bricks. Manufacturing enterprises usually also mine raw materials; this cannot
be distinguished at the enterprise level. The share of non-mining enterprises is the second
largest of all raw materials.

This medium-sized raw material category in absolute figures featured the best labour
productivity in 2020 with excellent dynamics. The same applies to efficiency, i.e. the best
efficiency with excellent dynamics. The 2020 average wage is the second highest among all
raw material categories. These results probably reflect the production of bricks.



Economy and minerals — The economic situation of domestic mining enterprises 73
Table 14: Crushed stone
lIndicator [Unit | 2016] 2017] 2018] 2019] 2020]
Number of enterprises 74 74 73 71 68
Number of employees 9154 10784 10 190 9620 9094
Sales mill CZK 23170 29981 28782 28 398 28 635
Value added mill CZK 11590 16 868 14 271 13505 16 806
Sales per employee ths CZK/ employee 2502 3054 2870 2 952 3149
Mining total = 100% % 88% 88% 68% 68% 77%
Labour produktivity based value added [CZK/ employee 1266 161| 1564 140] 1400519 1403850| 1847902
Mining total = 100% % 177% 146% 108% 127% 147%
Average salary CZK/ employee 30973 25 868 33314 33 203 33727
Mining total = 100% % 101% 83% 96% 93% 94%
(Value added - salaries) per employee  |CZK/ employee 768 116| 1148182 864 828 869 953| 1305567
Mining total = 100% % 180% 148% 108% 164% 193%
Indexes 20/16 17116 18/17 19/18 20/19
Number of enterprises -8% 0% 2% 2% -5%
Number of employees -1% 18% -6% -6% -5%
Sales 24% 29% 4% -1% 1%
Value added 45% 46% -15% 5% 24%
Sales per employee 26% 22% -6% 3% 7%
Labour produktivity based value added 46% 24% -10% 0% 32%
Average salary 9% -16% 29% 0% 2%
Gross operating surplus per employee 70% 49% -25% 1% 50%
Source: Data from CSO and MIT, own calculations
Table 15: Sand and gravel
[Indicator [Unit | 2016] 2017] 2018] 2019] 2020]
Number of enterprises 48 45 44 43 42
Number of employees 4217 4155 4 041 3884 3941
Sales mill CZK 14 364 14 072 13628 13683 13968
Value added mill CZK 4 868 4 480 3902 3727 4553
Sales per employee ths CZK/ employee 3406 3367 3359 3523 3545
Mining total = 100% % 120% 97% 79% 81% 87%
Labour produktivity based value added |CZK/employee 1154 427| 1078279 965 778 959626 1155313
Mining total = 100% % 167% 76% 75% 87% 92%
Average salary CZK/ employee 30 885 34013 37 041 38 222 37 858
Mining total = 100% % 100% 109% 107% 107% 105%
(Value added - salaries) per employee |CZK/ employee 657 792 531344 370 159 345 025 546 561
Mining total = 100% % 170% 75% 74% 65% 81%
Indexes 20/16 17/16 18/17 19/18 20119
Number of enterprises -13% 7% -2% 2% -2%
Number of employees 7% -1% -3% -4% 1%
Sales -3% 2% -3% 0% 2%
Value added 6% -8% -13% -4% 22%
Sales per employee 4% -1% 0% 5% 1%
Labour produktivity based value added 0% 7% -10% -1% 20%
Average salary 23% 10% 9% 3% -1%
Gross operating surplus per employee -17% -19% -30% 7% 58%

Source: Own calculations using the MIT and the CZSO data

Also, the trend of absolute indicators is excellent in the 2020/2016 period showing a 25%
increase in sales and 77% increase in added value.
The other raw materials package includes raw materials that have a small number of
organisations, which cannot be published separately. It includes production of uranium, crude
oil, natural gas, graphite, gemstones, diatomite, silica minerals and gypsum. To comment on
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Table 16: Brick clays and related minerals
[Indicator [Unit | 2016] 2017] 2018] 2019] 2020]
Number of enterprises 11 10 10 10 10
Number of employees 2130 2173 2 186 2168 2180
Sales mill CZK 7219 7 995 8878 9233 9043
Value added mill CZK 2 606 2936 3565 3774 4610
Sales per employee ths CZK/ employee 3390 3680 4 060 4 259 4148
Mining total = 100% % 120% 106% 96% 98% 102%
Labour produktivity based value added [CZK/ employee 1223691| 1351363 1630385| 1740892 2114447
Mining total = 100% % 177% 102% 140% 157% 168%
Average salary CZK/ employee 31852 33616 36 526 38 922 40313
Mining total = 100% % 103% 108% 105% 109% 112%
(Value added - salaries) per employee [CZK/employee 711504 810812| 1043049| 1115026| 1466220
Mining total = 100% % 180% 102% 142% 211% 217%
Indexes 20/16 17116 18/17 19/18 20/19
Number of enterprises 9% 9% 0% -5% 5%
Number of employees 2% 2% 1% -1% 1%
Sales 25% 11% 11% 4% 2%
Value added 7% 13% 21% 6% 22%
Sales per employee 22% 9% 10% 5% -3%
Labour produktivity based value added 73% 10% 21% 7% 21%
Average salary 27% 6% 9% 7% 4%
Gross operating surplus per employee 106% 14% 29% 7% 31%
Source: Own calculations using the MIT and the CZSO data
Table 17: Other raw materials
[Indicator [Unit | 2016] 2017] 2018] 2019] 2020]
Number of enterprises 13 13 15 15 7
Number of employees 6764 6411 6 467 6 392 5995
Sales mill CZK 30 595 46 187 80 571 87 932 71034
Value added mill CZK 3937 4202 4 254 2485 4 253
Sales per employee ths CZK/ employee 4523 7204 12 459 13 756 11 850
Mining total = 100% % 160% 208% 293% 317% 291%
Labour produktivity based value added |CZK/ employee 582 006 655 460 657 797 388 761 709 481
Mining total = 100% % 84% 50% 57% 35% 57%
Average salary CZK/ employee 30700 32 052 33923 35667 38 004
Mining total = 100% % 100% 103% 98% 100% 106%
(Value added - salaries) per employee |CZK/ employee 88 349 140 070 112 321 -184 763 98 375
Mining total = 100% % 83% 48% 55% -35% 15%
Indexes 20/16 17/16 18/17 19/18 20/19
Number of enterprises -46% 0% 15% 0% -53%
Number of employees -11% -5% 1% -1% -6%
Sales 132% 51% 74% 9% -19%
Value added 8% 7% 1% -42% 71%
Sales per employee 162% 59% 73% 10% -14%
Labour produktivity based value added 22% 13% 0% -41% 82%
Average salary 24% 4% 6% 5% 7%
Gross operating surplus per employee 11% 59% -20% -264% -153%

Source: Data from CSO and MIT, own calculations

such a diverse group is difficult. It contains very efficient mineral industries (crude oil, natural
gas), but also very problematic ones (uranium) due to near-zero or intermittent mining.

In the share of sales in 2020, 89% of organisations belong to the CZ-NACE B Mining and
quarrying section. Regarding sales it was the most important raw material category in that
year. The enterprises report highest values for sales per enterprise and the second highest
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values for the number of employees per enterprise. With respect to relative indicators, it is the
least efficient and least productive raw material category. However, it has the highest sales
per worker.

The development of sales until 2017 mostly corresponded to the sale of raw materials
only. In 2018 the high sales are further boosted by reselling goods from subsidiaries, and this
influence intensified in 2019. In the following year 2020 sales decreased by 19%, mainly due to
a significant reduction in the number of enterprises. The added value peaked in 2018 and 2020,
while it was at a minimum in 2019. The number of employees is continuously decreasing.
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Outline of domestic mine production

2016 | 2017 | 2018 | 2019 | 2020

Energy minerals

Uranium tu . 128 59 34 33 29
Concentrate production, t U () 137 56 29 36 28
Bituminous coal kt 6074 | 4870 | 4110 | 3150 | 1861
Brown coal kt 2) 38646 39310 39187 |37465 |29 505
Crude oil kt 116 107 109 81 91
Natural gas mill m3 169 171 179 146 138
Industrial minerals
Pyrope bearing rock kt 8 34 13 12 1
Moldavite (tectite) bearing ths m3 7 54 61 42 46
rock kt (1 m3=1.8kt) 128 97 110 76 83
Kaolin Raw, kt ® 3540 | 3669 | 3622 | 3446 | 3069
Beneficiated, kt 648 676 653 629 626
Clays kt 538 537 469 441 454
Bentonite (4) kt 374 254 277 357 226
Diatomite kt 26 34 31 43 46
Feldspar kt 454 368 449 460 419
Feldspar substitutes kt 31 34 31 33 29
Silica minerals kt 18 17 16 17 1
Glass sand kt 801 755 743 740 683
Foundry sand kt 521 556 559 514 470
';'drgﬁlsvtg:;sr igfnggt”;rc;g’jcﬁon kt 11412 |10787 11727 |11806 | 11296
Dolomite kt 440 450 451 453 398
Gypsum kt 10 7 8 10 17
Construction minerals
Mine production in reserved deposits, ths m?3 ©) 156 111 116 117 135
) ) Mine production in reserved deposits, kt (1 m3=2.7 kt) © 421 300 313 315 365
Dimension stone ) . .
Mine production in non-reserved deposits, ths m3 () 48 33 18 16 47
Mine production in non-reserved deposits, kt (1 m3=2.7 kt) ®| 130 89 49 42 127
Mine production in reserved deposits, ths m3 ) 12385 | 12776 |14 140 | 14057 |14 247
Mine production in reserved deposits, kt (1 m® = 2.7 kt) ©) 33440 (34495 |38178 |37954 | 38467
Crushed stone - — -
Mine production in non-reserved deposits, ths m® ©) 1408 | 1251 | 1151 | 1449 | 1465
Mine production in non-reserved deposits, kt (1 m3=2.7 kt) ®| 3802 | 3378 | 3108 | 3912 | 3956
Mine production in reserved deposits, ths mé ©) 6143 | 6198 | 6499 | 6204 | 6476
Mine production in reserved deposits, kt (1 m® = 1.8 kt) ©) 11057 (11156 | 11698 | 11167 | 11657
Sand and gravel - — -
Mine production in non-reserved deposits, ths m3 ©) 4045 | 4829 | 4875 | 4897 | 4821
Mine production in non-reserved deposits, kt (1 m3=1.8kt) ®| 7281 | 8692 | 8775 | 8815 | 8678
Mine production in reserved deposits, ths m3 ©) 877 678 825 694 560
Brick clays and related Mine production in reserved deposits, kt (1 m® = 1.8 kt) © 1579 | 1220 | 1485 | 1249 | 1008
minerals Mine production in non-reserved deposits, ths m? (©) 225 251 298 301 404
Mine production in non-reserved deposits, kt (1 m3=1.8kt) @ 405 452 536 542 727

Metallic ores (not mined)

(1) corresponds to sales production (without beneficiation losses)

(2) Czech Statistical Office presents so-called sales mining production which is production of marketable brown coal
and reaches on average about 95 % of given mine production

(3) raw kaolin, total production of all technological grades

(4) including mining of montmorillonite clays overburden of kaolins since 2004

(5) decrease of mineral reserves by mining production

(6) estimate
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Domestic share in the world mine production

2016 2017 2018 2019 2020

Energy minerals

Uranium (U) world: WNA 0.22% 0.10% 0.06% 0.07% 0.06%
Bituminous coal world: [EA, BP 0.09% 0.07% 0.07% 0.04% 0.03%
Brown coal + Lignite world: [EA, BP 4.91% 4.73% 4.68% 5.07% 4.62%
Crude ol world: BP 0.003% | 0.002% | 0.002% | 0.002% | 0.002%
Natural gas world: BP 0.005% | 0.004% | 0.005% | 0.004% | 0.004%
Industrial minerals

rPQ}::rli)pe bearing N N N N N
Gemstones _ .

e et S
Kaolin world: MCS 9.58% 9.92% 9.79% 8.20% 6.98%
Clays N N N N N
Bentonite world: MCS 2.31% 1.34% 1.32% 1.93% 1.41%
Diatomite world: MCS 0.97% 1.13% 1.15% 1.48% 2.09%
Feldspar world: MCS 1.97% 1.56% 1.95% 1.77% 1.82%
Feldspar substitutes N N N N N
Glass + Foundry sand world: MCS 0.74% 0.62% 0.43% 0.38% 0.44%
Limestones world: MCS * 0.22% 0.22% 0.24% 0.23% 0.22%
Dolomite N N N N N
Gypsum world: MCS 0.004% | 0.003% | 0.004% | 0.007% 0.01%

Construction minerals

TN T I I

Metallic ores (not mined)

* calculation based on lime and cement production. 2t of limestone = 1t of lime or 2t of cement
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ENVIRONMENT AND MINERALS

Mining and nature protection

1,507 reserved and 815 non-reserved mineral deposits were registered in the Czech Republic
as of December 31, 2019. The number of exploited deposits was markedly lower — 491
reserved and 178 non-reserved. Only 36 reserved and 8 non-reserved deposits were mined
in the specially nature protected areas, which represents 7.33% and 4.49% of the total
number, respectively.

Act No 114/1992 Sb. on nature and landscape protection in its present wording regulates
activities in specially protected areas (ZCHU) of the Czech Republic (national parks — NP
(Narodni park), protected landscape areas — CHKO (Chranéna krajinna oblast), national nature
reserves, nature reserves, national nature monuments and nature monuments). According to
this Act, all mineral mining (section 16) in national parks (with exception of crushed stone and
sand mining for construction in the territory of the national park), in the first zone of protected
landscape areas (section 26) and in national nature reserves (section 29) is prohibited. Although
the mining of mineral resources is not prohibited by law in other areas (2" to 4™ zones of the
CHKO, nature reserves, national nature monuments and nature monuments), it is very difficult

Specially protected areas (ZCHU) in the Czech Republic

Number/year 2016 2017 2018 2019 2020
Total number 2 665 2630 2639 2 663 2 694
National parks (NP) 4 4 4 4 4
Protected landscape areas (CHKO) 26 26 26 26 26
Others 2635 2600 2609 2633 2 664

Source: AOPK CR (2020)

National parks in the Czech Republic

Proportion on
the territory of the
Czech Republic
78 864 km? (%)

Year National
National park of the NP park
declaration area (km?)

KrkonoSe Mountains National Park 1963 363 0.46 %
Podyji National Park 1991 63 0.08%
Sumava National Park 1991 685 0.87%
National Park Bohemian Switzerland 2000 79 0.10%

Source: AOPK CR (2020)


http://www.npcs.cz/en/national-park-bohemian-switzerland-0
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Structure of ZCHU in 2020

Proportion on the

Category of specially protected areas Number (I;\(::za) é‘;:i:’ge:futt::?c

78 864 km? (%)
LARGE-EXTENT ZCHU
National parks (NP) — mining explicitly prohibited 4 1191 1.51
Protected landscape areas (CHKO) 26 | 11375 14.42
— (in them the 1stzones of CHKO where mining is explicitl
pri)hibited) CHKO g plcEy 26 920 1.17
ZCHU with mining explicitly prohibited by the Act No. o9* 2 066" 2 go*
114/1992 Sb.
SMALL-EXTENT ZCHU
National nature monuments (NPP) 127 78.1 0.1
National nature reserve (NPR) 116 301.3 0.38
Nature monuments (PP) 1590 336.4 0.43
Nature reserves (PR) 831 432.7 0.55
NPP NPR, PP PR 2664 | 11485 1.46
— (from them NPRE NPR, PR PR on the area of NR CHKO) 753 472.0 0.59
LARGE-EXTENT AND SMALL-EXTENT ZCHU - total 5358 | 13720 17,38

*data from 2013, currently without updating
Source: AOPK CR (2020)

to obtain authorization. Legal regulations which mention prohibition of the “permanent damage
of the soil surface” are the main reason — and they practically exclude mineral mining. A further
reason is the civil activity in the field of environmental protection.

Mineral deposits are mined, and were in the past mined, in the CHKO in majority of cases
where the mining claims were already determined before these CHKO were established. Mining
in the CHKO declined after 1989 till 2002, after it rather grows till 2008 and after declines and
stagnates respectively namely of registered deposits, which follows from the data in the table
“Mining of reserved and non-reserved mineral deposits in CHKO” below and also from the
fact that reserved deposits were mined in 19 from 25 CHKO in 2007 and 2008 (see the table
“Mining of reserved and non-reserved mineral deposits in individual CHKO”’) compared to 17
from 25 CHKO in 2006. Deposits were mined only in 16 CHKO in 2009 and 2010, in 14 CHKO
in 2011 till 2014 and in 15 CHKO in 2015 when CHKO Kokotinsko was extended about 140 km?
and now is colled Kokotinsko-Machitiv kraj. In 2016, the number of protected landscape areas
in the Czech Republic increased to 26 (CHKO Brdy was established on 1.1.2016) and this
number is the same also in 2020, in 17 of them were mined raw materials.
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Mining of reserved and non-reserved mineral deposits in CHKO, kt

Reserved deposits Non-reserved deposits

Mineral

2016 | 2017 | 2018 | 2019 | 2020 | 2016 | 2017 | 2018 | 2019 | 2020
Gemstones* 8 34 13 8 1 0 0 0 0 0
Crude oil 0 0 0 0 0 0 0 0 0 0
Natural gas** 2 2 1 1 1 0 0 0 0 0
Quartz sand*** 598 255 195 547 494 0 0 0 0 0
Feldspar 312 315 363 360 352 0 0 0 0 0
Limestone 3512 | 3284 | 3183 | 3228 | 3040 0 0 2 0 0
Dimension stone** 71 77 55 48 85 1 1 1.4 1 0.1
Crushed stone** 3510 | 2945 | 3996 | 4454 | 4340 | 642 19 | 301 30 21
Sand and gravel** 1505 | 1595 | 1087 | 1474 | 1333 29 5 13 20 18
Brick clay** 0 0 0 0 0 0 0 0 0 0
Total 9510 | 8506 | 8758 | 9865 | 9647 | 673 25 | 305 51 39
Index, 1990 = 100 59 53 54 62 61 - - - - -
Index, 2000 = 100 103 92 95 109 108 | 218 12 99 17 13

* pyrope bearing rocks,
*% conversion to kt: natural gas (1,000,000 m> = 1 kt), dimension and crushed stone (1,000 m?> = 2.7 kt), sand and
gravel and brick clays (1,000 m? = 1.8 k1),
**% The increase in the extraction of the quartz sand non-reserved deposits in 2016 is due to an increase in the

mining share of Srni Okresice locality

As far as the impact of mining on the area is concerned. the CHKO Cesky kras (Bohemian
Karst — limestone mining) is especially unfavourably affected. The impact on some other
CHKO. especially CHKO Tieboii region. Poodii. Ceské sttedohoti Mts.. Blansky les is still
rather high (see Tab. “Impact of mining of reserved deposits in CHKO”). The reduction in
mining by 32% occurred in 2017 in the Ceské stiedohoii protected landscape area. The mining
activities in the area of Moravsky kras (Moravian Karst) were terminated in 2014 by abandoning
of mining limestone deposit Ochoz-Skalka. In 2017 two deposits are being mined here
again — the limestone deposit Ochoz u Brna and the deposit of foundry sands Rudice-Se¢. In
2018 were not operated the deposits in the area of Moravsky kras again — neither Ochoz u Brna
nor Rudice-Sec. In 2019 was the other limestones deposit Ochoz u Brna in operation again.
From 2015 when CHKO Kokof#insko was extended about 140 km? (now is called Kokofinsko-
Machuv kraj) is reported quartz sand deposit Srni — OkieSice in this CHKO. In 2016 the
Brdy protected landscape area (CHKO) was established but mining there was not take place.
In 2017. however. a crushed stone in the total amount of 11 kt was already mined on two
localities (Zab&hla-Cerveny lom and Chaloupky-hlina) and this situation was the same in 2018.
However. in 2019 and 2020. mining at the site did not take place.

It is possible to get a clearer picture of mining activities in the Czech Republic from
following map.
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Mining of reserved and non-reserved mineral deposits in individual CHKO, kt

Name of CHKO 2016 2017 2018 2019 2020
Beskydy Mts. 53 35 24 18 43
Bilé Karpaty Mts. 206 222 192 177 197
Blanik 0 0 0 0 0
Blansky les 602 725 718 1 024 806
Brdy ** 0 11 7 0 0
Broumov region 122 144 108 79 153
Ceské stfedohofi Mts. 2145 1657 2300 2122 2053
Cesky kras (Bohemian Karst) 3617 3344 3222 3293 3369
Cesky les Mts. 0 0 0 0 0
Cesky r4j 0 0 0 0 0
Jeseniky Mts. 156 97 130 74 68
Jizerské hory Mts. 3 22 12 0 0
Kokofin region — Machav kraj 604 253 195 547 494
Kfivoklat region 327 298 297 346 301
Labské piskovce (Elbe sandstones) 0 0 0 0 0
Litovelské Pomoravi region 0 0 0 0 0
Luzické hory Mts. 6 0 0 5 0.1
Moravsky kras (Moravian Karst) 0 0 71 90 112
Orlické hory Mts. 0 0 0 0 0
Palava region 0 0 0 0 0
Poodf¥i region 169 136 196 116 200
Slavkovsky les region 168 218 255 279 267
Sumava Mts. 81 86 120 170 76
Trebor region 1540 1555 1235 1186 1165
Zdarské vrchy Mts. 191 174 132 165 141
Zelezné hory Mts. 153 144 30 174 203
Total mine production (rounded) 10 143 10 375 9173 9916 9 686

*in 2014 the CHKO Kokofinsko was extended about 140 km?, now is called Kokofinsko-Machilv kraj
** CHKO Brdy was established on 1. 1. 2016

As well as the Act No. 114/1992 Sb. on nature and landscape protection. Act No. 100/2001
Sb. on environmental impact assessment and the Decree of the MZP No. 17/2011 Sb. (formerly
No. 395/1992 Sb.). by which some provisions of the Act No. 114/1992 Sb. are applied. have
a fundamental influence on permission for exploration and mining.

The Mining Act No. 44/1988 Sb. obliges the mining companies by its section 31 to reclaim
the areas with mining impacts and to create financial means for this reclamation. These are
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Impact of mining of reserved deposits in CHKO, t/km? in a year
(areas of CHKO as of December 31)

area
Name of CHKO km?2 2016 2017 2018 2019 2020
in 2020
Beskydy Mts. 1205 45 29 20 15 35
Bilé Karpaty Mts. 747 288 298 261 240 264
Blanik 40 0 0 0 0 0
Blansky les 220 2840 3 311 3279 4 655 3663
Brdy* 345 0 32 20 0 23
Broumov region 432 290 334 250 183 404
Ceské stfedohofi Mts. 1069 1537 1549 2152 1985 1921
Cesky kras (Bohemian Karst) 132 27 311 25 333 24 409 24 947 25523
Cesky les Mts. 466 0 0 0 0 0
Cesky r4j 182 0 0 0 0 0
Jeseniky Mts. 743 211 131 175 100 91
Jizerské hory Mts. 374 9 59 32 0 0
Kokofin region — Machuv kraj* 410 1459 617 476 1334 829
KFivoklat region 625 514 477 475 554 482
Labské piskovce (Elbe sandstones) 243 0 0 0 0 0
Litovelské Pomoravi 93 0 0 0 0 0
Luzické hory Mts. 271 22 0 0 20 20
Moravsky kras (Moravian Karst) 97 0 0 0 928 1155
Orlické hory Mts. 233 0 0 0 0 0
Palava region 85 0 0 0 0 0
Poodfi region 82 2 061 1 659 2390 1415 2439
Slavkovsky les 611 263 357 418 457 437
Sumava Mts. (CHKO + NP) 1 680 48 51 71 101 45
Treborn region 687 2114 2263 1798 1726 1695
Zdarské vrchy Mts. 709 266 246 186 233 197
Zelezné hory Mts. 285 403 505 105 611 801
.(I;g:tr:ILmining ftotal area) 12 065 857 860 760 822 803

Note: an impact exceeding 10,000 t/km? in a year is regarded as critical
* CHKO Brdy was established on 1.1.2016
*%in 2014 the CHKO Kokoiin region was extended about 140 km?, now is called Kokorin region-Macha's country
(Machiv kraj)
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Mining activities charge of the Czech Repubilic territory

considered as mining costs from the viewpoint of the profi tax. Table “Development of
reclamations after mining” shows that the areas with mining impact decreased and those
reclaimed increased in 2016-2020.

Methods of reclamation used in 2020 are shown in the table “Reclamation after mining of
reserved minerals in 2020”.

Mining influences the environment. changes the character of the landscape. and alters
ecological conditions for flora and fauna. In some areas mining activities can last several human
generations. This way the impact of mining persists and a more permanent new arrangement of
natural conditions and relationships in its area is not quickly evident. The new arrangement can
be equal to or even better than the original one. of course on a different level. Examples include
artificial lakes formed e.g. in south Bohemia by sand and gravel mining. constructions and
sport grounds in former quarries or specially protected nature areas proclaimed paradoxically
in the territory of former quarries. and also 35 hectares of new vineyards planted as agricultural
reclamation of a closed brown coal mine in the north of Bohemia in the Most wine region.
They represent by their area almost 6.5% of the total 550 hectares of productive vineyards of
the Czech wine region.

In Bavaria. Germany. they studied the plant biodiversity in local quarries (S.Gilcher-U.
Triankle (2005): Steinbriiche und Gruben Bayerns und ihre Bedeutung fiir den Arten- und
Biotopschutz.-Bayerischen Industrieverband Steine und Erden e.V.. Miinchen.). Of the 2 533
known plant species (of which 701 are endangered) in Bavaria in quarries whose combined
area amounts to 0.006% of Bavaria’s total area. they counted 1,039 species (41% of the total
count). of which 87 species were endangered (12.4% of all endangered plant species).



Environment and minerals — Mining and nature protection

84

Area affected by mining by region, 2020

Region Area _af_fected by mining in Ar_ea afft_ec_ted by mining
mining leases (km?) outside mining leases (km?)
Capital City of Prague 1.20 0.04
Central Bohemia 17.58 1.30
South Bohemia 10.43 0.85
Plzen 84.19 0.71
Karlovy Vary 47.46 27.55
Usti nad Labem 127.87 10.68
Liberecj 13.48 4.72
Hradec Kréalové 3.98 0.17
Pardubice 6.85 0.63
Vysoc€ina 4.27 1.60
South Moravia 18.69 1.06
Olomouc 12.32 2.17
Zlin 7.86 0.20
Moravia and Silesia 76.44 4.77
Czech Republic 432.64 56.45
Development of reclamations after mining
km?2 2016 | 2017 | 2018 | 2019 | 2020
Area with manifestation of mining, not yet reclaimed 523 459 493 426 414
§ £ | Reclamations in process 71 70 63 60 63
% g' Reclamations finished since the start of mining 254 245 252 255 271
Reclamations finished in the given year 3 5 5 4 12
- Area with manifestation of mining, not yet reclaimed 15 16 15 16 17
% % Reclamations in process 4 4 4 5 4
g E‘, Reclamations finished since the start of mining 3 4 3 3 4
§ Reclamations finished in the given year 0.4 0.8 0.3 0.2 0.9

In Baden-Wiirttemberg. Germany. (Schelkingen quarries — raw material for cement) an
original research project was developed (Brodkom E.-Benett P-Jans D. (editors)(2001): Good
environmental practice in the European extractive industry. A reference guide.-Environnement.
hors-série no 1. p. 35. Société de I’industrie minérale.Paris.). “This consisted of using cut
grass to encourage vegetation growth by spreading it over the floor of a closed-down quarry. In
order to protect germination. the grass counteracts high soil temperatures. The moisture of the
soil is retained much longer. and the air humidity under the grass is higher. ... Corresponding
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Reclamation after mining of reserved minerals in 2020

Reclamations in process Reclamations finished

agricultural |  forest water other | agricultural| forest water other

Region
in [out| in |out| in |out| in [ out| in [out | in | out | in | out | in | out
DP (DP (DP DP | DP DP | DP | DP | DP | DP | DP | DP | DP | DP | DP | DP

South Bohemia 8 0] 49 5/ 10 0| 10 0| 57| 69| 88| 30| 306 3| 42 1

South Moravia | 165 3| 38 0 2| 0] 23 0| 498 33| 193, 21 8 0] 32 8

Karlovy Vary 37| 61| 225| 431 1 0| 16| 404 388|1170|1353|2443| 563| 32| 146, 40

Hradec Kralové | 25 0 7 0 41 0] 13 0| 48 6| 100 4] 30 0| 15 4

Liberec 19 0| 72| 25 0/ 0| 16 0| 92| 51| 345, 19 5 0| 23 7
Moravia and

o 91 2| 357| 58| 65| O 161 3| 892 74| 868, 70| 395 1] 491 9
Silesia
Olomouc 13 2 37 17| 209 1 4 0 14| 121 24 52 59 4 9 11
Pardubice 12 0 1 1 3| 0 4 0| 22 0| 14| 14| 234 0| 25 2
Plzen 29 0| 79 3 2 0 0 0 7| 24| 55| 48 5 0| 28| 12
Prague 0 0 0 0 0 O 9 0 2 5 0 1 0 0 5 2

Central Bohemia | 190 0] 157 5/ 42| 0| 35 6| 438| 115 103| 10| 162 1) 112, 19

Usti nad Labem | 389 | 113|1231| 320| 36| 8| 783| 104 2278|2427 2606|3002 569 | 22512321549

Vysocina 0 0 0 0 0] 0 5 3 0 0] 28 5 0 0 8| 16

Zlin 29| 52 0 0 0] 0 3 0| 103| 54| 49 0| 355 5| 36 0

Czech Republic

intotal 1008 | 2332252 866| 374 10 (1080 | 521|4839|4149 5826 5717 2690 2722202 |1680

[ranked according to regions and way of reclamation; DP = mining lease (in = within, out = outside), areas in
hectares (1 km? = 100 ha)]

tests on the following substrates were carried out at the quarry: raw soil substrate (unchanged
quarry site). mixed substrate (screen residue and excavated material). excavated material. ...
With regard to effectiveness. it can be stated that 50 to 60% of the species established on the
areas from which the cut grass was taken were introduced and naturalised in an single mowing
process. The costs incurred by such the process range between a minimum of 0.43-0.61 EUR/ m?
(without site preparation) and a maximum of 1.36-1.87 EUR/m? (including distribution of
substrate and further measures). In contrast to that. the costs occuring for recultivation for
agricultural or forestry purposes. amount to between 1.02-3.07 EUR/m?2.”

In 2009. participants in the workshop Obnova tizemi narusenych tézbou nerostnych surovin
(“Restoration of Mining-Impacted Land”) organized by the citizens association Calla-
Association for Preservation of the Environment and by the Department of Botany of the
Faculty of Science at the University of South Bohemia set down principles of eco-friendly
restoration of mining-impacted land (J. Rehounek (2010): Piirodovédci formulovali zasady
ekologické obnovy po tézbé. /Naturalists formulated principles of post-mining ecological
restoration.-Mineralni suroviny/Surowce mineralne (magazine). 1:32-33. Mining Union of
the Czech Republic. Brno:
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MINERAL DEPOSITS IN LARGE-EXTENT SPECIALLY PROTECTED AREAS OF THE CZECH REPUBLIC NATURE
(IN PROTECTED LANDSCAPE AREAS - "CHKO" AND NATIONAL PARKS)
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1. Prior to commencing mining. a qualified biological assessment not only of the mining area.
but also of its surroundings is essential. It would be beneficial if the actual mining were to
be managed. if possible. in such a way so as to preserve (possibly maintain and expand) as
many (semi) natural habitats in the immediate vicinity of the mine site or dumping ground.
Aroughly 100-metre zone in an area that can be accessed by most of the species is key for
the subsequent colonization of the mining-impacted land during spontaneous succession.

2. Environmental impact assessments. biological assessments and reclamation plans. which
concern the restoration of mining-impacted land and dumping grounds. should be prepared
by experts. who are not only familiar with the current state of knowledge in the field of
ecological restoration. but also with realistic possibilities and limits of mining technology.
These problems should henceforth be included in the examinations for persons authorized to
prepare environmental impact assessments pursuant to Act No. 100/2001 Coll. (ETA) and for
persons certified in preparing biological assessments pursuant to § 67 of Act No. 114/1992
Coll. and in preparing assessments evaluating impacts on bird areas and on Special Areas of
Conservation (SAC) pursuant to § 451 of said Act. Ongoing training in ecological restoration
should be mandatory for these persons.

3. Abasic restoration plan (e.g. in the form of a remediation and reclamation summary) should
already be known when a mining lease (in the case of reserved deposits) is granted. or when
a planning permit that designates the area for mining (in the case of non-reserved deposits) is
granted. and should take into account the potential possibilities of the area. Room must be left
to make any possible changes according to current conditions during the mine planning phase
(plan of mine development work /POPD/ including detailed rehabilitation and reclamation
plans. mining permits. etc.) and during the actual mining and completion phases.

4. Tt is essential to conduct another continuous assessment of the locality (a scheduled
monitoring programme) already during the course of mining and after its termination. which
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10.

I1.

12.

13.

may discover the presence of rare and endangered species and communities. as well as
important geological and geomorphological phenomena. The restoration plan will have to be
modified with respect to this assessment. which should be provided by the mining company
via or under supervision of a qualified person.
Prior to. during and after mining. it is necessary to monitor invasive species at the mine site
and in its surroundings. If their presence may possibly jeopardize the intended restoration
method. then they must be removed by sanitation methods.
The great majority of mining-impacted land can restore itself spontaneously — via spontaneous
succession. which may in some cases also be guided (directed. blocked or reversed). As
arule. at least 20% of a large mine site’s total area should be left to spontaneous succession
in the most bilogically valuable areas. Smaller mining sites and dumping grounds can
usually be integrated into the landscape without problem. thus ecological succession may
be implemented in their entire area.
If endangered and specially protected species and communities are highly dependent on
the mine site environment. then their population and biotypes will have to be managed
appropriately. This should be covered by mandatory funds generated by the mining company
for reclamation. after its completion by public funds designated for landscape programmes.
The most valuable mine sites and dumping grounds should be declared specially protected
areas (most often classified specifically as a nature monument) and managed accordingly.
or declared temporary protected areas if only temporary protection is needed. Less valuable
mine sites and dumping grounds left to eco-friendly restoration should almost always at
least be registered as important landscape elements. Special attention should be paid to mine
sites that may be incorporated into the territorial system of ecological stability.
Restoration of a mine site or dumping ground should primarily increase the observable
landscape diversity. It is necessary to break up straight lines and surfaces (peripheries. shore
lines. etc.) with uneven areas. at the very latest after termination of (or preferably during
the course of) mining. Shallow shore areas are necessary at flooded mine sites.
Unsuitable pieces of equipment and waste should removed after mining is terminated. if
the aim is to integrate a mine site or dumping ground into the environment.
The nutrient-rich top soil sections must be permanently removed from those parts of
the mine site that are designated for eco-friendly restoration in the least amount of time.
This already needs to be taken into account during the reclamation planning phase. As
overburden is returned. so are excess nutrients. which mostly support the evolution of a few
less abundant. agressive species. including invasive ones. Once mining commences it is
therefore necessary to verify. in collaboration with protection of agricultural land resources
authorities (hereinafter OZPF). if the overburden is being carefully and completely removed
from areas designated for eco-friendly restoration. Otherwise it is necessary to modify the
implementation of the reclamation plan. again however in collaboration with OZPF and
mining authorities.
From an environmental protection perspective. phased mining and restoration works best
at larger mine sites. specifically when spread out over a longer period so that abandoned
areas of the mining area are gradually left to restoration. This procedure helps create more
varied and higher-quality communities with regard to age and extent in restored areas.
It is beneficial to place permanent study areas designated for scientific research. testing of
eco-friendly interventions and monitoring in all types of mining areas. These areas should
be respected by the mining companies.
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Conclusion of the workshop: Eco-friendly restoration of mining-impacted land is certainly

not the only option of how to deal with the integration of these areas into the landscape. Our

laws should however allow for this restoration method. which is common in many countries.
to become an equivalent alternative to the thus far predominant forest and agricultural
reclamations.

In 2011 a final report on project VaV SP/2d1/141/07 “Rekultivace a management nepiirodnich
biotopti v Ceské republice” (“Reclamation and Management of Non-Natural Biotypes in the
Czech Republic”) was published for the entire duration of the project in 2007-2011 carried
out by the Institute for Environmental Policy (Public Benefit Corporation). by the Institute
of Geology of the Academy of Sciences of the Czech Republic (Public Research Institution)
and by the Czech University of Life Sciences Prague. Its conclusions and recommendations state
among other things:

“Areas impacted by mining and by some other human activities such as quarries. sand pits.
mining sites of kaolin and brick clays. waste piles/dumps and large waste depots. are by far not
really devastated. dead “lunar landscapes®. On the contrary. it is being demonstrated that. in
terms of the protection of diverse biotypes. they are a very important refuge. where mushrooms
and wild plants and animals are finding optimum living conditions. which they entirely lack in
urbanized and industrial areas. and on land used intensively by agriculture...

It is absolutely vital that the relevant state administration authorities respond appropriately
to the new scientific findings. In the next legislative session. they should in collaboration with
experts prepare and put into practice appropriate changes to laws and executive regulations.
which regulate mining and other related human activities. primarily remediation and
reclamation. The following legal regulations must be amended:

* Act No. 44/1988 Coll., on mineral protection and use (the Mining Act) — subsequently

* amended;

« Regulation of the CBU No. 172/1992 Coll., on mining leases in the wording of the Regulation

* No. 351/2000 Coll.;

« Regulation of the CBU No. 104/1988 Coll., on efficient use of reserved deposits. on permits
and notific ation of mining operations and other activities employing mining methods —
subsequently amended;

* Act No. 61/1988 Coll., on mining operations. explosives and the state mining — subsequently

e amended;

* Act No. 334/1992 Coll., on protection of agricultural land resources — subsequently amended

« Regulation of the MZP CR No. 13/1994 Coll., governing some details of agricultural land
resources protection — subsequently amended;

« Regulation of the CBU No. 13/1994 Coll., on efficient use of reserved deposits. on permits
and notification of mining operations and other activities employing mining methods —
subsequently amended;

* Act No. 289/1995 Coll., on forests. modifying and amending certain acts (the Forest Act);

* Regulation of the Ministry of Agriculture of the Czech Republic No. 77/1996 Coll., on
necessary elements of applications for dispossession or curtailment of rights. and on details
of protection of lands devoted to forest function performance — subsequently amended;

* Act No. 114/1992 Coll., on nature and landscape protection — subsequently amended.

These unavoidable changes should eliminate evident discrepancies and deficiences in the
legislation concerning the areas in question and harmonize legal regulations. so that ecological
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Share of specially Protected Areas of the Czech Republic nature
(zvlasté chranéna uzemi pFirody Ceské republiky (ZCHUs)) established
in localities with former mining (“after mining”) in all the ZCHUs
(compiled after data of the Nature Conservation Agency of the Czech Republic —
AOPK CR in 2021)
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data data data data data 2013*/ data 2013*/
2020 2020 2013* 2013* data 2020 data 2020
Central Bohemia 308 16 966 41 817.99 4.82% 13.31%
Prague 93 2429 36 714.04 29.40% 38.71%
Karlovy Vary 94 5182 6 33.03 0.64% 6.38%
Olomouc 165 7 628 20 195.88 2.57% 12.12%
South Moravia 343 11 478 23 343.00 2.99% 6.71%
Pardubice 109 6197 5 116.84 1.89% 4.59%
Plzen 194 6733 17 148.09 2.20% 8.76 %
Zlin 215 2583 6 23.72 0.92% 2.79%
Moravia and Silesia 167 8728 17 264.81 3.03% 10.12%
Liberec 126 5903 6 244.38 4.14% 4.76%
Vysogina 203 5910 4 29.25 0.49% 1.97%
Usti nad Labem 182 9 951 12 327.79 3.29% 6.59%
Hradec Krélové 137 8 829 6 17.10 0.19% 4.38%
South Bohemia 328 16 328 18 247.24 1.51% 5.49%
Czech Republic
s 2664 114 846 217 3523.16 3.07% 8.15%

total

*data from 2013. onwards are not available
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and economic highly effective nature-friendly methods of restoration based on natural or
directed ecological succession may be used to a greater extent...”

The conclusions and recommendations expressed in the final report of the project ,,Reclamation
and Management of Non-Natural Habitats in the Czech Republic* were overwhelmingly
fulfilled from the legislative point of view and most of the laws and decrees were recently
amended. We state the status of amendments to this legislation in 2020:

* Act No. 44/1988 Coll., on mineral protection and use (the Mining Act) — novelization is the
Act No. 88/2021Coll. with effect from 16. 3. 2021;

« Regulation of the CBU No. 351/2000 Coll., on mining leases in the wording — without

change

Regulation of the CBU No. 104/1988 Coll., on efficient use of reserved deposits. on permits

and notification of mining operations and other activities employing mining methods —

novelization is the Act No. 403/2020 Coll. and the Act No. 609/2020 Coll. with effect from

1. 1.2021;

Act No. 61/1988 Coll., on mining operations. explosives and the state mining — novelization

is the Act No. 91/2018 Coll. with effect from 15. 6. 2018;

Act No. 334/1992 Coll., on protection of agricultural land resources — novelization is the

Act No. 82/2017 Coll., with effect from 1. 1. 2018;

Regulation of the MZP CR No. 13/1994 Coll., governing some details of agricultural land

resources protection — novelization is the Regulation of the MZP No. 153/2016 Coll. with

effect from 1. 6. 2016;

Act No. 289/1995 Coll., on forests. modifying and amending certain acts (the Forest Act) —

novelization is the Act No. 225/2017 Coll. with effect from 1. 1. 2018;

Regulation of the Ministry of Agriculture of the Czech Republic No. 77/1996 Coll. on

necessary elements of applications for dispossession or curtailment of rights. and on details

of protection of lands devoted to forest function performance — without change

* Act No. 114/1992 Coll. on nature and landscape protection — novelization is the Act No.
225/2017 Coll. with effect from 1. 1. 2018.

Publication Rehounek J.. Rehounkovd K.. Prach K. (editorifeds]) (2010): Ekologickd obnova tizemi
narusenych tézbou nerostnych surovin a priimyslovymi deponiemi. — Calla. Ceské Budéjovice.
[Ecological reclamation of regions disturbed by minerals mining and industrial stockpiles.] keeps
to the conclusions of the workshop.
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Eliminating negative consequences of mining in the Czech Republic -
major methods and financial resources

Ing. Vit Kastovsky, Ph.D., Katerina Trnkova, Ing. Marcela Hrizova
Ministry of Industry and Trade of the Czech Republic

Introduction

The process of restructuring coal and ore mining, and of eliminating negative environmental

consequences of mining in the landscape and erasing these consequences in affected arecas

of the Czech Republic, is executed in several ways and with various financial resources. It

specifically involves:

1. Use of funds from a financial reserve generated by mining companies for remediation,
reclamation, and mining damages

2. Use of funds from annual royalties paid by mining companies on mining leases and on
extracted reserved minerals pursuant to the Mining Act

3. Phase-out programme of mining activities and erasing consequences of coal, ore and
uranium mining funded by the national sources via the Ministry of Industry and Trade

4. Use of proceeds from privatisation of state assets in eliminating old ecological burdens
caused by mining, existing prior to privatisation of mining companies

5. A programme which deals with ecological damage caused prior to privatisation of brown
coal mining companies in the Usti nad Labem Region and Karlovy Vary Region, with
ecological revitalisation upon termination of mining operations in the Moravia and Silesia
Region, with eliminating ecological burdens caused by the exploration for and extraction
of crude oil and natural gas in designated areas of the South Moravian Region, and with
reducing the impacts caused by the termination of coal mining in the Kladno Region based
on Government resolutions in 2002. Funds are provided by proceeds from privatisation of
national assets.

1. Use of funds from a financial reserve generated by mining companies
for remediation, reclamation, and mining damages

Financial reserve for remediation and reclamation

The most important source for funding the elimination of the consequences of mining
operations in the Czech Republic is the financial reserve for remediation and reclamation,
generated by mining companies during the exploitation of reserved mineral deposits.

The amendment to Mining Act No. 541/1991 Coll., under Article 31 Section 6, imposes on the
mining company to generate a financial reserve in order to meet the obligation established under
Article 31 Section 5 of the Mining Act, thus guaranteeing the remediation and reclamation
of all plots of land affected by mining (hereinafter referred to as “reserves”). The reserves
are part of the company’s expenses. Pursuant to article 32 section 2 of the Mining Act, the
determination of anticipated expenses for remediation and reclamation is part of the plan for
opening, preparation and exploitation of reserved deposits (hereinafter referred to as “POPD”),
and the POPD must also contain a proposal regarding the amount of, and the method for,
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generating the required financial reserve. However, the anticipated amount of financial costs
for remediation and reclamation must for be already included the first time, pursuant to the
provision under Article 2, Section 4, Par. k) Point 4 of Decree No. 172/1992 Coll., as amended,
in the application for the grant of a mining lease. An interim provision of Act No. 541/1991
Coll. established that the required reserve amount should be provided in 10 years (i.e. by
20 December 2001) in the case of existing mines. In the subsequent amendment of the Mining
Act by Act No. 168/1993 Coll., the time period for generating the reserve was changed to last
for the duration of the economic life of the mine, quarry or their sections. However, that did
not apply to companies with an announced or approved phase-out programme (ores, coal).

According to the provision under article 37a section 2 of the Mining Act, creation of reserves
is subject to approval by Regional Mining Authorities (RMA). Upon the request of a company,
these also permit the drawing on funds from the generated reserve upon agreement with the
Ministry of the Environment and upon approval of the relevant municipality. In the case of
public enterprises, the RMA makes a decision regarding the drawing on the reserve upon
agreement with the Ministry of Industry and Trade.

The issues mentioned are further regulated by FMF (Federal Ministry of Finance) Measure
No. ref. V/20 100/1992 Coll. (published in the Collection of Laws, part 106/1992), on the chart
of accounts and on accounting procedures, which lays down the rules regarding the generating
and use of financial reserves by companies with permitted mining operations. At the end of each
accounting period, companies execute closings of books and carry out document inventories,
which verify the balancing of books (Act No. 593/1992 Coll. and No. 563/1991 Coll.).

Legal regulation of reserves for rehabilitation, reclamation as well as mining damage was
updated after the effect of Act No. 223/2006 Coll. (amendment of the Reserves Act) and No.
313/2006 Coll. (amendment of the Mining Act) came into effect.

Financial reserve for mining damages

Pursuant to article 37a section 1 of the Mining Act, a mining company is obliged to generate
a financial reserve to ensure settlement of mining damages. The reserve amount generated and
charged to expenses must correspond to the needs for settling mining damages in the course
of time depending on their creation, or prior to their creation.

Generating of reserves is subject to approval by the relevant Regional Mining Authority,
which also approves the drawing on these reserves upon agreement with the Ministry of the
Environment. Prior to making a decision on the drawing on these reserves, the Regional
Mining Authority requests a statement from the relevant municipality. In the case of public
enterprises, the RMA decides in agreement with the Ministry of Industry and Trade.

A company’s request to draw on the financial reserve for mining damages must be furnished
with a list of mining damages, an expense estimate for their elimination and a time table of
resource expenses for the elimination of mining damages.

2. Use of funds from annual royalties paid by mining companies
on mining leases and on extracted reserved minerals pursuant
to the Mining Act

Reimbursements on mining leases
Since 1 January 2017, the payments and rates of reimbursements from mining leases are
regulated by Act No. 89/2016 Coll., which amends Act No. 44/1988 Coll., on the Protection
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Generated and drawn reserves for remediation and reclamation (in CZK thousand)

Bituminous Brown Crude oil and Ores In(_iustrial Rad_ioactive Total
Year coal coal natural gas minerals minerals
g:tr; : drawn g:tr; : drawn ?:t'; ‘: drawn ?:; ‘: drawn ?:t'; ed- drawn g:tr; : drawn ?:tr;ed- drawn

1993 [118 500 01341769 65615| 12722 0 0 0| 97438| 8236 0 0[1570429 | 73851
1994 1123750 | 18600 | 573242 | 259929 | 6836 0 0 0] 255155 | 30335 0 0| 958983 | 308864
1995 | 85895 |136 064 |3845935| 265856 | 22414 370 0 0] 276724 | 24230 0 014230968 | 426520
1996 | 143500 | 97993 |1436957 | 831817 | 25811 113 0 0] 270432 | 31829 0 0(1876700| 961752
1997 | 108 000 | 42108 |1302 735 1087 993 | 62618 | 5569 0 0| 484420 | 53262 0 011957773 1188932
1998 | 51594 | 480331226036 | 994133 | 22112 | 9541 0 0] 466649 | 59913 0 011766391 1111620
1999 | 132143 | 56236 (1199633 | 704199 | 26181 | 7473 0 0] 318852 |141 530 0 01676809 | 909 438
2000 | 42747 | 52029 |[1119474| 683179 | 23 487 600 0 0| 307 433 |140 225 0 01493141 | 876033
2001 |876 194 | 77458 |1267 431 | 678515| 23184 | 2750 | 390 0] 215379 | 53893 0 01]2382578 | 812616
2002 |887 250 |129 600 |1 007 561 | 653 557 100 250 0 0] 157721 | 50 604 0 0]2052632| 834011
2003 | 1800 498 15199919 (4844371 | 11782 | 1050 0 0] 179763 | 57848 0 015393264 |4 903 767
2004 | 65002 | 54162 |1031828| 720168 | 4770 0 0 0] 160102 | 73177 0 011261702 | 847507
2005 | 66504 | 54204 | 964222 | 547883 | 17524 | 9409 0 0] 228713 113743 0 01276963 | 725239
2006 | 74178113691 | 845008 | 663055 | 17893 | 3300 0 0] 144665 | 92489 0 01081744 | 872535
2007 | 32696 | 88462 | 718820| 240060 | 25417 |17 259 0 0| 127413 | 82329 0 0| 904346 | 428110
2008 | 17660 | 66941 | 626649 | 330397 | 24828 16372 0 0] 233615| 99610 0 01008637 | 513320
2009 | 21780 | 69711 | 650696 | 394528 | 15454 | 1324 0 0] 177681 | 77290 0 0| 955897 | 542853
2010 | 22800 (147848 | 298205| 133171 | 16302 461 0 0| 96207 | 94517 0 0| 433515| 375997
2011 | 22500170958 | 625011 | 491068 | 22336 986 0 0| 82252 | 87681 0 0] 752099 | 750693
2012 | 22500 |141432 | 632601 | 364264 | 9871 | 1693 0 0] 96263 | 91721 0 0] 761235| 599110
2013 | 15000240951 | 648019 | 325791 | 13530 | 2044 0 0| 86121 | 57478 0 0| 762670 | 626254
2014 | 15000 |204 020 | 612459 | 470297 | 11566 | 1341 0 0| 84084 | 40704 0 0| 723109| 716362
2015 | 15000 |108 188 | 577398 | 518197 | 12131 809 0 0| 98192 | 70309 0 0| 702721 | 697503
2016 | 13000 (163255 | 602096 | 381520| 12676 1562 0 0| 83754 | 62752 0 0| 711526 | 609 089
2017 | 90000 (131195| 612635 465305| 11879 550 0 0| 76948 | 49832 0 0| 791462 | 637882
2018 | 150 000 (128 142 | 408 487 | 449587 | 11680 408 0 0| 87395 | 65824 0 0| 657562 | 643981
2019 | 75000* | 82418 | 348379 | 383474 | 11190 658 0 0| 90726 | 40302 0 0| 525285 | 506852
2020 0| 37688 | 468404 | 418926 | 44307 |66 178 0 0| 86415| 43973 0 0| 599126 | 566 765

* Approved generating of a financial reserve that will be deposited into a special escrow account before

December 31, 2020

Source: Czech Mining Authority

and Use of Mineral Resources, as amended (the Mining Act). The holders of mining areas
have the obligation to pay an annual payment from the mining area to the account of the
relevant district mining office. The rate of the reimbursement from the mining lease is CZK
300 per hectare or CZK 1,000 per hectare if the mining activity in the mining lease is allowed,
consisting in the preparation, opening and extraction of the reserved deposit. A calendar year
is the payment period.
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Generated and drawn reserves for mining damages (in CZK thousand)
Bituminous coal Brown coal S DEIEL Ores In(.lustrial Rad.ioactive Total
Year natural gas minerals minerals
g:; Z' drawn g:; Z' drawn ?:tl 3 drawn ?::! Z' drawn ?:t'; Z' drawn gr’:tr:a ?;I- drawn ?:t'l: drawn

1993 |400721| 4093 | 150548 | 42957 0 0 0 0| 28462 0 0 0| 579731 | 47050
1994 1105650 | 38813 | 50000| 32223 0 0 0 0| 9328| 28852 0 0| 164978 | 99888
1995 |204 785 | 86001 | 209207 | 37748 0 0 0 0| 10673 9394 0 0| 424665| 133143
1996 151643 | 74952 | 259779 | 84258 0 0 0 0| 13100| 3407 0 0| 424522| 162617
1997 | 77900 |142512 | 318981 | 127715 0 0 0 0/ 5733| 683 0 0| 402614 | 270910
1998 (185723 [174640 | 252920 | 112852 0 0 0 0| 16043| 3638 0 0| 457686 | 291130
1999 | 111588 |174640 | 212722 | 40448 0 0 0 0| 10803| 6844 0 0| 335113 | 221932
2000 (110088 |107 852 | 240655| 188685 0 0 0 0| 11414 1020 0 0| 362157 | 297557
2001 (145750 |188073 | 105513 | 217306| 192 0| 100 0| 35877| 6628 0 0| 287432 412007
2002 (102750 |168531 | 102700| 510200 0 0 0 0| 2327| 2338 0 0| 207777 | 681069
2003 0 0| 816197 | 999271 0 0 0 0| 12576| 2263 0 0| 828863 |1001534
2004 (187700 |139714 | 164700| 315321 0 0 0 0| 3007| 4560 0 0| 355407 | 459595
2005 (191700 (143974 | 97433 | 279955 0 0 0 0| 6597| 4273 0 0| 295730 | 428202
2006 | 285780 |251 941 | 522908 1334 150 0 0 0| 4517| 6846 0 0| 813355 | 260 121
2007 (260850 |190982 | 193147 | 932392 30 0 0 0| 4298| 3831 0 0| 4583251127205
2008 304 700 |308 593 | 64601| 155924 0 0 0 0| 3739 2788 0 0| 373040 | 467305
2009 (317625 (282928 | 30200| 25800 0 0 0 0| 3447| 1216 0 0| 351272 309944
2010 283008 |173686 | 25034| 15730| 100 0 0 0| 2644| 1514 0 0| 310786 | 190930
2011 468508 |196012| 25663 | 25248| 100 0 0 0| 2695 2595 0 0| 496966 | 223855
2012 (811202 741987 | 30000| 5818| 100 0 0 0| 6157| 3325 0 0| 847459 | 751130
2013 (145000 (131963 | 30000 0 0 0 0 0| 3378| 2724 0 0| 178378 | 134686
2014 | 75000 (183517 | 57391| 60201 50 0 0 0| 15495 3330 0 0| 145833 | 245339
2015 | 75000 148989 | 35000| 67096 50 0 0 0| 5076| 13212 0 0| 115126 | 229297
2016 | 30000 (106673 | 15161| 36307 50 0 0 0| 3437| 3250 0 0| 48648| 146230
2017 120 000 | 109 000 1666| 99798 | 247 0 0 0| 1244| 2613 0 0| 123157 | 211763
2018 150 000 |210 155 | 430000 | 361029 0 0 0 0| 3493| 1832 0 0| 583493 | 573016
2019 (150 000180256 | 210000 | 996 547 0 0 0 0| 2570| 1598 0 0| 362570 |1178 401
2020 01105299 | 80003 | 326767 0 0 0 0] 2419| 1232 0 0| 82423| 433298

* Approved generating of a financial reserve that will be deposited into a special escrow account before

December 31, 2020
Source: Czech Mining Authority

The ultimate recipient of the mining lease royalties are the municipalities in whose territory
the mining lease is located. These resources are used, in large measure, as compensation for

negative impacts of mining on the municipalities in question.

As shown in the following table, approx. CZK 727.9 million was paid out to municipalities
since the inception of royalties payments on mining leases in 1993 till 2019.
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Reimbursements from mining lease areas paid out to municipalities pursuant
to Article 32a) Sec. 1 of the Mining Act (in CZK thousand) CZK

Year Number of municipalities Total
1993 1,327 25,929
1994 1,194 22,752
1995 1,168 24114
1996 1,225 24,032
1997 1,191 23,446
1998 1,269 22,885
1999 1,208 23,629
2000 1,178 23,780
2001 1,171 23,728
2002 1,168 22,899
2003 1,158 21,740
2004 1,161 21,511
2005 1,138 21,077
2006 1,127 16,178
2007 1,118 15,512
2008 1,305 15,127
2009 1,239 14,925
2010 938 14,032
2011 885 13,888
2012 939 13,809
2013 918 13,800
2014 918 13,800
2015 919 13,800
2016 917 13,688
2017 935 96,304
2018 901 88,117
2019 894 83,384
2020 898 83 297
Total 811,216

Source: Czech Mining Authority

Royalties on extracted reserved minerals

Since 1 January 2017, the payments and royalty tariffs from extracted minerals are regulated
by Act No. 89/2016 Coll., which amends Act No. 44/1988 Coll., on Mineral protection and
use, as amended and by Government Provision No. 98/2016 Coll., on the royalty tariffs.

The royalty tariffs from extracted minerals for individual sub-bases of reimbursement
stipulated in the Government Regulation amounts at most to 10% of the market price per unit
of quantity for each species of extracted minerals. A calendar year is the payment period.

The royalty tariffs may be increased on the basis of market prices development, in the time
limits of at least five years.
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Distribution of royalties on extracted reserved minerals pursuant to Article 32a)
Sec. 4 of the Mining Act (in CZK thousand)

Year SRR .59% - Total
budget) Municipalities
1993 230,400 230,526 460,926
1994 245,762 245,276 491,038
1995 221,909 221,566 443,475
1996 229,703 229,703 459,406
1997 228,874 228,874 457,748
1998 220,885 220,886 441,771
1999 219,938 219,938 439,876
2000 227,778 227,859 455,637
Total 1,825,249 1,824,628 3,649,877
12.5% MIT 12.5% MoE .7.5%..
Municipalities
2001 153,166 12,500 302,221 467,887
2002 55,000 59,500 356,724 471,224
2003 61,713 61,800 371,827 495,340
2004 70,000 69,500 393,695 533,195
2005 76,398 76,700 449,135 602,233
2006 76,305 76,400 455,947 608,652
2007 82,716 82,300 494,737 659,753
2008 84,367 84,250 505,782 674,399
2009 80,720 80,720 484,556 645,996
2010 73,023 73,023 435,103 581,149
2011 80,714 80,714 484,284 645,712
2012 78,711 78,711 472,266 629,688
2013 74,554 74,554 447,323 596,430
2014 73,146 73,146 438,875 585,167
2015 64,699 64,699 388,193 517,591
2016 54,290 54,290 325,740 434,319
State budget
ez LA Municipalities
Authority 28% MIT 12% MoE
60 %
2017 325,725 152,003 65,148 385,613 928,489
2018 330,012 154,006 66,002 387,013 937,033
2019 309,822 144,584 61,964 346,839 863,209
2020 260,679 121,650 52,136 301,062 735,527
Total
1993-2020 16,262,870

Source: Czech Mining Authority
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Part of the yield of the royalty from the extracted minerals in the amount of

a) a partial royalty of quarried brown coal —

1. 33% is allocated to the budget of the municipality in whose territory brown coal quarrying
was carried out, and

2. 67% is allocated to the state budget,

b) partial royalties from extracted brown coal or black coal —

1. 75% is allocated to the budget of the municipality in whose territory the mining of black
coal or brown coal was carried out, and

2.25% is allocated to the state budget

¢) partial royalty from radioactive minerals —

1.75% is allocated to the budget of the municipality in whose territory the mining of
radioactive minerals was carried out, and

2.25 % is allocated to the state budget,

d) partial royalties from oil or from flammable natural gas —

1. 75% is allocated to the budget of the municipality in whose territory the extraction of oil
or natural gas was carried out.

2.25% is allocated to the state budget or

e) other partial royalties —

1. 38 % is allocated to the budget of the municipality in whose territory mining of other minerals
was carried out, and

2. 62% is allocated to the state budget.

3. Phase-out programme of mining activities and erasing
consequences of coal, ore and uranium mining funded
by the national sources

The restructuring of industry in the Czech Republic, specifically of metallurgy and engineering,
initiated after 1989, had an immediate impact on the mining sector. Uneconomic ore, coal
and uranium mining, and a lower raw material demand were the decisive reasons for the
restructuring and subsequent privatisation of mining companies. Part of the restructuring of
the mining industry was the announcement of a phase-out of mining activities in uneconomic
underground mines and quarries.

The essential method of funding the restructuring of the mining sector is provided by
subsidies from the state budget, in accordance with relevant Government resolutions, for the
phase-out and to erase the consequences of mining operations.

In the initial phase, the phase-out in individual branches of mining occurred independently,
mainly because mining companies reported to various departments.

The phase-out of uranium mining was already decided upon in 1989, as based on documents
processed by the Federal Ministry of Fuel and Energy, which was approved by CSSR
(Czechoslovak Socialist Republic) Government Resolution No. 94/1989 on the concept of
lowering the unprofitability of uranium mining in the CSSR in 1990, in the 9th and 10th
five-year plans by phasing it out. This Government resolution from 1990 was subsequently
amended by the Government of the CSFR (Czechoslovak Federal Republic) with new
Government Resolution No. 894/1990 regarding the modification of the phase-out concept
for uranium mining in the CSFR.

In 1990, ore mining was integrated into the Federal Ministry of Metallurgy, Engineering and
Electric Engineering which, for the purpose of dealing with ore mining and the announcement



Environment and minerals — Eliminating negative consequences of mining 98
Use of national sources subsidies for the phase-out of mining and to erase
consequences of mining and mandatory social health expenses (in CZK million)
. Mining in total Coal mining Ore mining Uranium mining

TPO | MSHE | total TPO | MSHE | total | TPO | MSHE | total TPO | MSHE | total
1992 | 1,100.3 0 1,100.3 | 555.7 0 555.7 | 248.0 0 248.0 | 296.6 0 296.6
1993 | 2,555.1 | 1,436.3 | 3,991.4 | 1,816.1 | 949.7 | 2,765.8 | 432 | 189.0 | 2322 | 6958 | 2976 | 993.4
1994 | 3,940.1 | 1,528.0 | 5,468.1 | 2,333.4 | 1,011.7 | 3,345.1 | 35.1 | 179.6 | 2147 | 1,571.5 | 336.7 | 1,908.2
1995 | 3,861.1 | 1,678.1 | 5,539.2 | 1,956.8 | 1,329.9 | 3,286.7 | 198.8 | 364 | 2352 | 1,759.3 | 3464 | 2,105.7
1996 | 3,755.5 | 1,823.2 | 5578.7 | 2,168.3 | 1,422.7 | 3.591.0 | 126.7 | 33.0 | 159.7 | 1,486.9 | 367.0 | 1,853.9
1997 | 2,305.9 | 1,811.1 | 4,117.0 | 1,364.6 | 1,362.8 | 2,727.4 | 100.1 | 349 | 1350 | 836.6 | 4134 | 1,250.0
1998 | 2,571.7 | 1,862.9 | 4,434.6 | 1,690.2 | 1,403.7 | 3,093.9 | 948 | 302 | 125.0 | 979.7 | 4229 | 1,402.6
1999 | 2,073.5 | 1,955.8 | 4,029.3 | 1,206.1 | 1,475.9 | 2,682.0 | 79.2 | 376 | 1168 | 7879 | 4422 | 1,230.1
2000 | 2,064.2 | 1,986.1 | 4,050.3 | 1,193.8 | 1,475.2 | 2,669.0 | 158.0 | 30.2 188.2 712.3 4749 | 1,187.2
2001 | 2,296.2 | 1,955.6 | 4,251.8 | 1,118.4 | 1,451.0 | 2,569.4 1,1746 | 5004 | 1,675.0
2002 | 17209 | 1,913.8 | 36437 | 5749 | 13592 | 19341 parto::;ﬂ“éam“m 11548 | 5533 | 1,708.1
2003 | 2,148.5 | 1,751.1 | 3,899.6 | 654.4 | 1,294.2 | 1,948.6 1,4941 | 4555 | 1,949.6
2004 | 2,576.1 | 1,713.2 | 4,289.3
2005 | 2,110.3 | 1,669.1 | 3,779.4
2006 | 2,069.8 | 1609.3 | 3,679.1
2007 | 1,917.9 | 1,574.1 | 3,492.0
2008 | 1,971.9 | 1,465.7 | 3,437.6
2009 | 2,027.4 | 1,383.5 | 3,410.9
2010 | 2,281.0 | 1,257.6 | 3,538.6 With the merger of s. p. Rudné doly Pfibram with s. p. DIAMO

and the takeover of phased out areas of OKD, a. s.,

2011 | 2,557.1 | 1,149.6 | 3,706.7 monitoring on an industry-by-industry basis was terminated.
2012 | 2,717.8 | 979.4 | 3,697.2
2013 | 2,428.0 | 8559 | 3,283.9
2014 | 2,768.8 | 7445 | 3,513.3
2015 | 2,672.0 | 641.6 | 3,313.6
2016 | 2,515.1 | 551.9 | 3,067.0
2017 | 3,121.6 | 5,432.2 | 3,664.8
2018 | 3,275.8 | 4944 | 3,770.2
2019 | 2,716.3 | 4089 | 3,125.1
2020 | 3,336.8 | 289.7 | 3,626.5
Total |73,465.7 | 37,033.6 |110,499.3 16,632.7 | 14,536.0 | 31,168.7 |1,083.9| 570.9 | 1,654.8 | 12,950.1 | 4,610.3 | 17,560.4
Source: MIT

TPO — technical work related to phase-out and erasing consequences of mining operations

MSHE — mandatory social health expenses
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of a phase-out programme for the ore mining industry as of 1 July 1990, processed documents
for Government proceedings and Government Resolution No. 440/1990 was adopted.

The phase-out of coal mining was announced at the end of 1992 based on Government
Resolution No. 691/1992 concerning the programme for restructuring the coal industry, and
documents for Government proceedings were processed by the Ministry of Industry and Trade.

Even though the phase-out of ore mining was not completed, a merger of Rudné doly
Ptibram state enterprise with DIAMO state enterprise occurred as of 1 January 2001, thereby
ending the industry-by-industry monitoring of the phase-out, i.e. ore and uranium mining.

Another modification of the reporting method concerning the drawing on state budget funds
occurred in 2003, when, in addition to the proposed state participation in the completion of the
restructuring of coal mining, Government Resolution No. 395/2003 authorised the transfer of
the Barbora locality from OKD, a. s. company to DIAMO state enterprise, and the localities
of Lezaky, Kohinoor and of Kladenské doly to Palivovy kombinat Usti state enterprise.

Since the initiation of the phase-out of mining in 1992, a total of app. CZK 110,499.3
million was released from the state budget for the phase-out of mining and to erase the
consequences of mining. As shown in the table above, app. CZK 73,465.7 million were spent
on technical works related to the phase-out of mining and on erasing the consequences of
mining operations, and app. CZK 37,033.6 million on social health benefits for miners.

Overview of entities with which “ecological contracts” were entered into,
including guaranteed financial volumes and their actual drawn amount
(in CZK) — as of 05/31/2021

Name of mining Amount Drawn from Amount available
company of guarantee guarantee for drawing
DIAMO, statni podnik 4,200,000,000 3,382,677,101.82 817,322,898.18

On December 1, 2014 an
DIAMO, statni podnik 3,797,000,000 3,787,286,690.79 environmental contract

terminated by fulfillment

On 31 December 2018
DIAMO, statni podnik 32,000,000,000 9,330,192,380.03 environmental contract

was executed, funding
transferred to the MIT

OKK Koksovny, a.s. 27,800,000,000 2,721,994,963.23 25,078,005,036.77
kolovskéa uhelna

So, © ?VS, & unheina, 214,000,000 204,515,578.39 9,484,421.61

pravni nastupce, a.s.

Severoceskeé doly, a.s. 172,265,000 6,302,405.10 165,962,594.90

*) Government Resolution No. 483/2010, point I1. 2. approved the Government to finance the rehabilitation
of the former uranium chemical mining mine in Straz pod Ralskem, up to CZK 32 billion, from the so-called
Privatization Fund. Pursuant to this Government Resolution, the Ministry of Finance concluded a contract
No. 5541-2012-452-S-0254/12/01 with the state enterprise DIAMO on the reimbursement of costs and expenses
related to the management of the consequences of chemical uranium mining and related activities in the Strdaz pod
Ralskem for the period from 2012 to 2042 with financial performance of up to CZK 32 billion, of which a total
of CZK 9 330 million, including supervision activities, has been used so far. The Environmental Contract
No. 5541-2012-452-5-0254/12/01 was terminated as of 31 December 2018, and as of 1 January 2019, according
to Government Resolution No. 610 of 4 September 2017, the action will be paid from the state budget chapter
No. 322 — Ministry of Industry and Trade.
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4. Exploitation of proceeds from the sale of privatised property
and profit from state participation in companies to remove old
ecological burdens incurred prior to the privatisation of mining
companies

Based on a decision by the Czech Republic Government, the former National Property Fund of

the Czech Republic (as of 1 January 2006 the Ministry of Finance, based on Act No. 178/2005

Coll. and Act No. 179/2005 Coll.) pledged, by virtue of “ecological contracts” entered into

with particular individual assignees of assets from privatisation, to eliminate old ecological

burdens created prior to privatisation by the use of its privatisation proceeds.

The procedures and process principles for implementing measures leading to remediation
of old ecological burdens created prior to privatisation are established in accordance with
Government Resolution No. 51 dated 10 January 2001.

The process adheres primarily to the following Acts and Resolutions of the Czech Republic
Government:

a) Act No. 92/1991 Coll., on the terms and conditions regarding the transfer of state assets to
other persons, as amended;

b) Act. No. 178/2005 Coll., on the National Property Fund of the Czech Republic liquidation
and on on the responsibility of Ministry of Finance during privatisation Czech Republic
assets (Act on the National Property Fund liquidation), as amended;

c¢) Act No. 308/2018 amending Act No. 178/2005 Coll., on the abolition of the National
Property Fund of the Czech Republic and on the competence of the Ministry of Finance
in the privatization of the Czech Republic’s assets (Act on the abolition of the National
Property Fund), as amended; some other related laws

d) Act No. 179/2005 Coll., which amends some laws in connection with adopting the Act on
the National Property Fund liquidation, as amended;

e) Government Resolution No. 51 from 10 January 2001, which contains the appendix entitled
Principles for Settlement of Ecological Obligations Arising during Privatisation (hereinafter
Principles), as amended,;

f) Government Resolution No. 565/2006 on Principles during completion of privatisation
pursuant Act No. 92/1991 Coll., on the terms and conditions regarding the transfer of state
assets to other persons and Act No. 178/2005 Coll., on the National Property Fund of the
Czech Republic liquidation and on on the responsibility of Ministry of Finance during
privatisation Czech Republic assets, as amended;

g) Act No. 134/2016 Coll., on Awarding Public Contracts, as amended.

The processing of the programme is always provided by the Ministry of Finance. The
Ministry of the Environment provides a guaranteed expertise in the process, it issues binding
opinions to the individual procedural steps of implementation in accordance with ,,MF
and MoE Directive No. 4/2017 on preparation and implementation of contracts addressing
environmental obligations in privatisation“. Mutual collaboration of both authorities in the
implementation process is regulated by the “Rules for Mutual Collaboration of the Ministry
of the Environment and the Ministry of Finance in the Awarding of ‘Ecological Contracts’ to
Eliminate Old Ecological Damage”.

Elimination of old ecological damage created prior to privatisation proceeds for the most
part according to priorities established by the MoE (Ministry of the Environment) with regard
to the state of preparedness of their documents for the tender procedure.



Environment and minerals — Eliminating negative consequences of mining 101

5. A programme dealing with ecological damage caused prior to
privatisation of brown coal mining companies in the Usti nad
Labem Region and the Karlovy Vary Region, with ecological
revitalisation upon termination of mining in the Moravia and
Silesia Region, with eliminating ecological burdens caused by
the exploration for and extraction of crude oil and natural gas in
designated areas of the South Moravian Region, and with reducing
impacts caused by the termination of coal mining in the Kladno
Region based on Government resolutions in 2002 and 2008. The
source of funding includes the proceeds from the sale of privatised
assets and the profit from state participation in companies.

After the privatisation of mining companies, the financial settlement of related ecological

damage was not resolved in an appropriate manner, within the scope of privatisation projects.

However, within the scope of privatisation, companies took over not only mining localities

but also extensive areas from the state, which were designated for revitalisation and for which

a required financial reserve was not generated in the past.

Mining companies are only obliged to generate a financial reserve for remediation and
reclamation of areas affected by mining since 1994, and that on the basis of Amendment (No.
168/1993 Coll.) of the Mining Act.

In 2002, the Czech Republic Government being aware of this fact began to intervene
financially in the ecological and partially economic revitalisation of regions with active or
terminated mining operations. The aim was to remedy the environmental damage caused by
mining operations prior to implemented legal regulation. For this purpose it earmarked:

* CZK 15 billion from the proceeds from sale of assets designated for privatisation and from
the profits of public enterprises to deal with ecological damage created prior to privatisation
of brown coal mining companies in the Usti nad Labem Region and Karlovy Vary Region —
Government Resolution No. 625/2017 increased the limit for drawing to CZK 18 billion.,

* CZK 20 billion to deal with ecological damage caused by mineral mining, primarily
underground mining of bituminous coal in the Moravia and Silesia Region, CZK 1 billion
to eliminate ecological burdens caused by the exploration for and extraction of crude oil and
natural gas in the South Moravian Region — Government Resolution No. 777/2019 lowers
the limit from CZK 21 billion to CZK 20.970 billion, and

* CZK 1.177 billion to deal with reducing the impacts caused by the termination of coal mining
in the Kladno Region — amended by Government Resolution No. 1467/2006 up to CZK
1,427 million and further by Government Resolution No. 688/2008 up to CZK 1,727 million.
In 2010, the Government approved the use of CZK 1 billion of the funds released for the

revitalisation of the Moravia and Silesia Region for the financing of environmental actions

by the state enterprise, DIAMO. In 2017, the Government approved the amount of CZK

250 million from the same funds for the implementation of measures to prevent the spread of

pollution from the old ecological burdens caused by the previous metallurgical activity on the

premises of Poldi Kladno Steelworks in mine waters. Thus the programme of revitalisation
of the Moravia and Silesia Region and the liquidation of oil-gas wells in the South Moravian

Region is not allocated with CZK 21 billion, but only CZK 19.750 billion.

The funds from the proceeds from privatisation are released in accordance with Government
decisions to cover the expenses of eliminating environmental damage caused by present
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operations of mining companies, to cover the expenses of and support investment and non-
investment activities connected with the remediation of environmental damage caused by
mineral mining and to revitalise affected areas, and for financial support of development
projects in areas designated for industrial use approved by the Government.

Dealing with ecological damage created prior to privatisation of brown coal
mining companies in the Usti nad Labem Region and the Karlovy Vary Region

For more than 150 years, the character of the landscape was affected significantly by intensive
opencast and underground mining of brown coal in the KruSné Hory Mts. piedmont area of
Northwest Bohemia. Underground mining primarily affected the territory with the deepest
seams (up to 450 m below the surface) in the central, Most-Bilina area of the basin as well as
the Teplice area of the North Bohemian Basin. Opencast mining occurred primarily in areas of
coal seam outcrops southwest of Chomutov, west and east of the City of Most, north of the City
of Bilina, northwest of the City of Teplice, southwest and north of the City of Usti nad Labem.

In 2002, the then National Property Fund of the Czech Republic was bound by resolutions
of the Czech Republic Government to eliminate ecological damage caused by the activities
of coal mining companies in the Usti nad Labem Region and the Karlovy Vary Region, and
to revitalise affected areas. The process was initiated that same year.

In accordance with a relevant resolution of the Czech Republic Government, the process
dealing with ecological damage arisen prior to privatisation of brown coal mining companies
in the Usti nad Labem Region and the Karlovy Vary Region includes both of the Krusné
hory Mts. Basin situated in the territory of the Districts of Sokolov, Chomutov, Most, Teplice
and of Usti nad Labem, i.e. the Sokolov Basin and the North Bohemian Basin or the mining
premises of Sokolovska uhelna, a.s., Severoceské doly, a.s., Mostecka uhelna spolecnost, a.s.
(currently mining companies Severni energeticka, a.s. and VrSanska uhelna, a.s.), Kohinoor,
a.s., and Palivovy kombinat Usti, s.p.

The programme mentioned specifies a group of projects aimed primarily at creating and
renewing:
forest stands,

— agricultural land,

— bodies of water,

landscape vegetation,

biocorridors and biocentres,

areas for recreation,

areas designated for ecology and natural science,
— building sites.

As of 31/12/2020, the funds actually spent on 2585 finished projects amounted to CZK 12.541
billion and CZK 0.943 billion on 18 projects under implementation. The remaining amount
required to secure additional money for the projects in progress amounts to CZK 0.213 billion.

List of companies included in the programme plan:

Sokolovska uhelna, pravni nastupce, a.s. (SU)

Severoceské doly a.s. (SD)

Mostecka uhelna spolecnost, a.s. (MUS) currently mining companies Severni energeticka, a.s.
and Vrsanska uhelna, a.s.

Palivovy kombinat Usti, s.p. (PKU) with the registered office in Hrbovice
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List of regions (projects of cities and municipalities) included in the programme plan:
Karlovy Vary Region — KK
Usti nad Labem Region — UK

Finished and ongoing projects (in CZK million)

Finished projects Ongoing projects
Coal
Companies Number Project Number of Project Amount drawn
of projects costs projects prices as of 12/31/2020
SuU 26 3,194.7 4 38.3 31.3
SD 31 2,218.6 1 12.9 7.8
MUS 58 1,330.1 6 766.0 747.2
PKU 45 3,134.0 0 0 0
Total 1 160 9,877.4 11 817.2 786.3
Finished projects Ongoing projects
Municipalities | Number Project Number of Project Amount drawn
of projects costs projects prices as of 12/31/2020
KK 41 1,268.5 3 109.5 39.3
UK 54 1,395.8 4 229.7 118.2
Total 2 95 2,664.3 7 339.2 157.5
Total 1-2 255 12,541.7 18 1156.4 943.8

Revitalisation of the Moravian-Silesian and South Moravian Region
Currently, the revitalisation of the Moravia and Silesia Region is aimed primarily at eliminating
the consequences of ecological burden caused by bituminous coal mining and, in the South
Bohemian Region, at eliminating ecological burdens caused by the exploration for and
extraction of crude oil and natural gas.

As of 31/12/2020, the funds actually spent on 186 finished projects amount to about CZK
11.564 billion and on 25 on-going projects the funds amount to about CZK 0.751 billion as
of the specified date.

Categories of priority projects, approved by the Government, which deal with

eliminating environmental damage caused by mineral mining in the Moravian-Silesian

and South Moravian Region

. Reclamation work

. Reducing thermal activity

. Comprehensive site development

. Comprehensive reduction of uncontrolled methane emissions

. Eliminating old ecological burdens in OKD, a.s.

. Land development upon termination of mining

. Eliminating ecological burdens caused by the exploration for and extraction of crude oil
and natural gas

~N N LB W N~
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Finished projects (in CZK) — as of 12/31/2020

Project title

Project costs

1. Reclamation work

7/02 Reclamation of the Rudna area, Construction No. 5, (along the street Polanecka) 5,213,707
7/03 Reclamation of reservoirs and lands below the Stachanov reservoirs 40,634,358
7/03 Reclamation of reservoirs and lands below the Stachanov reservoirs — additional

construction works 8,824,451
7/04 Reclamation of the Zofie waste dump 1,950,601
7/05 Drainage of waterlogged land near S&ugi 7,345,430
7/06 Drainage of lands south of Kubori Pond — site A and B 2,377,507
7/10 Remediation of the Vaclav waste dump — external review AR 36,000
7/10 Remediation of the Vaclav waste dump 18,816,781
7/10 Remediation of Salma 7,105,772
7/14 Reclamation of the Oskar waste dump 6,091,629
7/15 Development along the Orlovska Stream 6,275,508
7/16 Development along the SuSanky Stream 6,796,317
7/16 Development along the SuSanky Stream — phase |1 2,026,032
7/16 Development along the SuSanky Stream — updated estimate of project documentation 17,850
7/17 Remediation of the Urx slide area 6,934,739
Final assessment of the “Reclamation of reservoirs and lands below the Stachanov reservoirs”

project — additional construction work 42,000
7/20 Drainage of waterlogged land near Paskov 6,974,421
7/21 Erosion-control measures 821,087
7/18 Capacity increase of the relief channel Séuéi — project documentation 2,134,440
7/23 Reclamation of Lipina area, area A 5,826,744
Total 1 136,245,375
2. Reducing thermal activity

8/01 Survey and monitoring of thermal activity in the Hefmanice waste dump 4,962,696
8/02 Survey and monitoring of thermal activity in the Hedvika waste dump 6,506,627
8/04 Survey and monitoring of thermal activity in the Hefmanice waste dump — site Il 4,224,505
8/05 Survey and monitoring of thermal activity in the Ema waste dump 1,487,696
8/10 Comprehensive rehabilitation of the contaminated area in Trojice — stage I: review of risk

analyses of the contaminated area 2,337,570
Exe}mineris report: Comprehensive rghabilitation of the contaminated area in Trojice — stage 1: 46.800
review of risk analyses of the contaminated area ’
8/08 Long term monitoring of thermal activity in the Hedvika waste dump 3,270,345
Total 2 22,836,239
3. Comprehensive site development

9/01 Height measurement in areas with phased out mining operations managed by DIAMO

(ODRA) — execution 5,626,650
9/02 Monitoring (incl. measurements) and evaluation of the territory of Slezskoostravsky and

Bartovicky zlom 533,520
Height measurement in areas with phased out mining operations 1,094,800
Examiner” s report: Height measurement in areas with phased out mining operations 44,140
Extinguishing of local fire on the Ludvik waste dump in the cadastral area of Radvanice — project 513,600
Total 3 7,812,710
4. Comprehensive reduction of uncontrolled methane emissions

Comprehensive analysis of the methane problem in connection with old mine workings — study 7,602,000
Examiner’ s report on the conceptual solution of the methane problem 35,000
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Measures for removal of accidental methane emissions in Orlova 62,873,211
Reducing verified methane emissions in the City of Orlova — Project Orlova 2 — additional

f 6,933,219
construction work
35/1 Security provision of liquidated shaft Jan Maria and remediation of mine area 32,103,924
35/2 Elimination of uncontrolled natural gas emissions from deep exploration boreholes in the 19.980.000
area of Trojanovice — survey T
35/A Preparing individual methodical procedures of basic activities 1,856,400
Survey of mine gas emissions in areas with phased out coal mining and related health
- ) 2,344,300
and environmental risks
Reducing verified methane emissions in the City of Orlova — Project Orlova 2 34,503,154
Expert assessment 35/AKT updated project no. 35 — Comprehensive analyses of the methane 178.500
problem in connection with old mine workings ’
35/L1 “Economics of filling underground spaces” 2,261,000
35/L2 Geophysical and borehole survey 1,707,650
35/L3 “Scientific-research support for important safety improvements regarding uncontrolled mine
gas emissions from old workings, as a result of dealing with residual coal gas capacity and gas 2,261,000
bearing capacity of phased out and abandoned mine sections”
Reducing verified methane emissions in the City of Orlova from 1 February to 31 May 2010 — 2397 600
provision of essential safety measures B
Reducing verified methane emissions in the City of Orlova from 1 June to 30 September 2010 — 2397 600
provision of essential safety measures Y
Reduction of verified methane emissions in Orlova from 1 October 2010 to 31 January 2011 — 2397 600
provision of essential safety measures Y
Reducing verified methane emissions in the City of Orlova from 1 February 2011 to 31 May
L . 2,397,600
2011 — provision of essential safety measures
Reducing verified methane emissions in the City of Orlova from 1 June 2011 to 30 September
L : 2,397,600
2011 — provision of essential safety measures
Methane emissions in locations of plugged shallow boreholes in the cadastral area 780.000
of Trojanovice — project ’
35/5 Elimination of uncontrolled natural gas emissions from deep exploration boreholes in the 48 295 233
area of Trojanovice — boreholes NP 546 and NP 805 B
35/6 Elimination of uncontrolled natural gas emissions from deep exploration boreholes in the
. . e - . . o . ) 46,607,352
area of Vaclavovice, SobéSovice, — Dolni Domaslavice, FryCovice — PFibor vychod — exploration
35/D3 monitoring and maintenance of SDD throughout project implementation, control 21 645 499
metascreening T
35/B OKR area categorisation map 2,264,500
35/D3 Monitoring and maintenance of SDD with continuous data transfers (4 SDD) — project 2,192,121
35/J Reconstruction of the existing Electronic Monitoring System — project 37,815,164
Re-liquidation of SDD Michalkovicka jama 9,389,164
35/7 Liquidation of the oil and natural gas deep exploratory borehole Lm 1 Dolni Lomna 15,471,008
35/4 35/4 — Humanisation of sealed or liquidated old mine works and degassing boreholes
. 192,675,399
in the urban area of Ostrava
35/2 Removal of uncontrolled natural gas outflows from deep exploration wells in the Trojanovice area 105,914,779

Updated project No. 35 — Complex solution of methane problems in connection with old mining
works in the Moravia and Silesia Region

1,277,912,021

Total 4

1,947,589,598

5. Eliminating old ecological burdens in OKD, a. s.

Processing the “Remediation and reclamation of the KaSparkovice lands” project 809,200
Processing the “Remediation of the Solca tailing ponds” project 1,224,510
Proce_ssing the “Development of lands including Karvinsky Creek in the area of Spluchov — phase 1.860.565
3” project B

Remediation and reclamation of the Kfemenec area 113,929,281
Expert assessment of the legitimacy of OKD, a.s. request for approval of Method Changes 39,668

No. 3 — Kfemenec




Environment and minerals — Eliminating negative consequences of mining 106
Reclamation of waste dump D — reclamation of waste dump D1 and D2 57,387,914
Dolina I land decontamination and reclamation 21,295,875
Louky land reclamation — structure no. 8 60,525,001
Land development within the scope of revitalising the FrantiSek locality 379,154,077
FrantiSek locality — additional construction work 63,260,118
Remediation of Solec hill, structure 2 — additional construction work 4,389,633
Remediation of Darkov area, stage |, site C2 386,637,496
Remediation of the former surface mine Paskov 14,020,975
Reclamation of the Lazy waste dump 98,637,394
Remediation of Zdenék Nejedly park — phase 1, reclamation of the area southward Karvinsky
Creek 41,661,196
Remediation at former OKD Doprava, area A — construction work 4,041,581
Remediation of Solec hill, structure 2 10,191,540
Modification of the Stonavka river in kms 0.00 — 2.90, phase A - additional construction work 30,957,408
Reclamation of the D1 waste dump — slope modification 11,432,245
Forensic verification of correctness of the state/OKD ratio (proportion) in financing of submitted 0
sub-projects
Reclamation and remediation of the Lazy Mine Sludge Reservoirs I. and Il. phase 34,491,794
Modification of the Stonavka river in kms 0.00 — 2.90, phase A 170,899,080

Total 5

1,506,854,595

6. Land development upon termination of mining

Demolition KOBLOV 6,914,610
Demolition HRUSOV 6,845,432
Project documentation regarding land development within the scope of eliminating environmental
S i . . 1,543,500
damage upon termination of mining — executed in areas no. 1 and 3 of project no. 45
45/01 FrantiSek premises, phase 1 13,917,808
45/02 FrantiSek premises, phase 2 — demolition 1,229,793
Ostravice Dam — Hrabova km 12.05, st. no. 237 63,580,471
Remediation of the damaged Ostravice dam body — additional construction work 12,184,996
45/07 Pfivoz premises, demolition 10,835,872
45/08 Pokrok premises, demolition 25,498,110
Slide area stabilisation and drainage modification in the area of Bu€insky les in the cadastral area
. ) . 1,591,030
of Radvanice and Bartovice — project
Slide area stabilisation and drainage modification in the area of Bu€insky les in the cadastral area
. ; ) ) . 235,620
of Radvanice and Bartovice — supplemental engineering-geological survey
45/09 Farma VKK 1 Rychvald premises 19,276,732
VKK Rychvald premises — additional construction work 3,321,357
45/11 Comprehensive development of the water channel and canal network on the premises
. ) ) 1,920,000
of the Petr Bezru¢ mine — project documentation
45/12 Land development upon the termination of mining by DIAMO, s. p., 0. z. ODRA — Hlubina 7057921
premises Y
45/14 Land development upon the termination of mining by DIAMO, s. p., 0. z. ODRA — Barbora
. 2,268,698
premises, 2nd stage
Huminisation of the town centre of Orlova Lutyné — study 2,257,430
Construction of the recreation area “Stfibrné jezero” — project 3,468,000
Reclamation of lands of the former FrantiS§ek — Horni Sucha mine — additional construction work 17,729,490
Preparation of a biological assessment according to Act No. 114/1992 Coll., as amended, as part
- . o 237,600
of the land development upon termination of sand and gravel mining — Hlu¢in
Realization of Mir Gardens in Svinov — project documentation 201,600
45/15 Petr Bezru¢ mine premises, phase 2 3,519,308
Reclamation of former mining land in the cadastral area of Mala tahle for leisure and tourism 2 208.000

purposes — project documentation
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Documentation according to article 6, Act No. 100/2001, on environmental impact assessment,
} . : ’ Lo . 228,000
noise and dispersion study to the project Huminisation of the town centre of Orlova
Huminisation of the town centre of Orlova Lutyné — project documentation 4,447,000
Reclamation of the waterbody in the historic Bozena Némcova Park, affected by mining, for
. o . . - . : 2,352,000
leisure activities of residents of the City of Karvina — project documentation
Revitalization of former mining land in the area of the cemetery in Ostrava — Nova Ves 3,591,601
Reclamation of the former sand quarry and forest land in the cadastral area of SedInice for
) o ) ; 2,338,350
leisure activities — project documentation
Revitalisation of former mining land in the cadastral area of Horni BeneSov — project
. 2,358,440
documentation
Remediation, reclamation, and revitalization of former gravel-sand-mining areas near Hlu¢in —
; ) 31,669,450
project documentation
Reclamation of the centre of the city district Svinov near Bilovecka primary school — project 270,810
Revitalisation of the former mining land in the cadastral area of Bruntal — locality ,Za mlékarnou*
) 496,100
— EIA documentation
Bemefilatlon and reconstruction of the sewerage system due to residual effects of coal mining 356,308,426
in Petfvald
Rehabilitation and reconstruction of the sewerage system due to residual effects of coal mining
. N o ) 13,661,058
in Petfvald — additional construction work
Reconstruction of the bridge in Albrechtice — project 1,438,830
Land development upon termination of mining — multifunctional premises of the former Dukla Mine 250,685,969
Revitalization and rehabilitation of areas affected by mining activities in Horni mésto — village
o L - ) 22,741,061
centre revitalization after termination of mining — securing of old stopes
Revitalization and rehabilitation of areas affected by mining activities in Horni mésto — village
o L L ) 1,977,021
centre revitalization after termination of mining — securing of old stopes
Preparation of project documentation and engineering services for the Remediation, reclamation
and revitalization of areas near Hlu€in upon termination of sand and gravel mining — additional 3,567,212
services
Remediation of environmental damage caused by undermining — liquidation of slit tanks — project 1.415.700
documentation 19
Repair of the road along the water conduit to Zermanice dam 2,699,264
Remediation of Slezské Ostrava Castle in connection with damage control of former mining
L - } - 5,838,272
activity and land preparation for leisure activities — DSP
45/20 Potable water conveyance to and from the Alexander premises — project documentation 368,200
Remediation of Mir gardens in Svinov 2,416,799
Revitalization of former mining land in the cadastral area of Bruntal — Locality “Uhlifsky vrch” —
. . 145,200
Stage | - project documentation
Ostravice river, check dam in the river kilometrage 0.0-3.0 construction No. 5659 — project 2,328,040
Land stabilisation and drainage modification in the area of the Sporovnice locality in the cadastral 1.779.600
area of Radvanice — project o
45/19 Comprehensive development of the supply of drinking water and its sewage removal
) . ; 2,110,700
on the premises of Koblov — project documentation
Revitalisation of the territory negatively influenced by the construction of water reservoirs for
mines and iron works — Revitalisation of the Zermanice dam territory — right bank protection — 70,387,257
phase | and Il — implementation
Revitalisation and social rehabilitation of lands affected by the mining activity in Horni Mésto —
. B : ) 1,172,490
Skaly near Rymarov — project documentation
Revitalisation and social rehabilitation of lands affected by the mining activity in Horni Mésto — 965.580
ResSov Cycle Track — ReSovské vodopady (Resov waterfalls) — project documentation ’
Reclamation of former mining land and rehabilitation of damage arisen by the mining activity in
. . 70,808,037
the area of the Hranec¢nik terminal
Remediation of the slope at the Volny Pond in Radvanice 5,626,624
Revitalisation of the territory negatively influenced by the construction of water reservoirs for
mines and iron works — Revitalisation of the Zermanice dam — right bank protection — 6,819,611
phase | and Il — additional construction work
Reclamation of unpaved areas 5,759,645
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Re(_:qr_lstructlon of a sports complex in Karvina — Raj — removal of negative impacts of mining 60,345,372
activities
Reconstruction of a sports complex in Karvina — Raj — removal of negative impacts of mining

oo " . 1,496,165
activities — additional construction work
45/24 Liquidation of the major mine works “Obranct miru” and “Uklonné jamy” — additional 886.930
construction work ’
Revitalisation of the centre of the Svinov Municipal District at primary school Bilovicka 1 in order
L ) o L ) : 5,223,969
to eliminate the negative effects of mining activities from the past — implementation
Reconstruction of the bridge in Albrechtice — implementation 12,418,242
Revitalisation of the area negatively affected by the construction of water reservoirs for the supply
of mines and steelworks — Protection of the Térlicka Dam against sewage and reconstruction and 8,318,795
extension of water management infrastructure in Tranovice — 1st construction — water supply
Revitalization of the Volny Pond and forest land area in the cadastral area Radvanice for leisure 4798.929
time use U
Revitalization of the area after mining activities in the cadastral area Horni BeneSov — Cycle
) 2,157,330
paths — project
Revitalization of the area after mining activities in the cadastral area Horni BeneSov 9,420,228
Repair of sewer system Heritesova Street (Sewerage Ostrava) 1,192,958
MituSova Street repair of sewer system (Sewerage Ostrava) 2,821,904
Revitalization (remediation) of the Ostravice river in connection with damage control of former
L L 171,487,772
mining activity
Damage control of former mining activity and subsidence of ground — flood control Zabnik in
; 58,537,837
Ostrava — Koblova
45/23 Liquidation of mine work “Nova jama, ZH-jih” — implementation 9,808,875
45/24 Liquidation of the main mine workings “Obranct miru” and “Uklonné jamy” — realisation 43,415,284
45/25 Liquidation of the main mine working “Nova jama Josef” — realisation 61,707,449
Humanisation of the town centre of Orlova Lutyné — implementation 41,026,416
Odra — remediation of mining impacts — Ostrava Zabfeh, Dubi construction work no. 5039 28,315,097
Elimination of environmental damage caused by undermining — liquidation of slit tanks —
N 11,387,528
realization
Sklarova Street sewer system reconstruction 2,418,660
Harantova Street sewer system reconstruction 4,016,997
Vilova Street sewer system reconstruction 1,213,437
Reconstruction of the road in the center of Karvina as a replacement of the cancelled road in the
. 84,417,975
undermined part of the town
Revitalization of the area after mining activities in the cadastral area Bruntal — Locality ,,Uhlifsky
« N 2,270,479
vrch® — stage | - realization
Olbrachtova Street sewer system reconstruction 3,233,054
Regeneration of the former FrantiS§ek — Horni Sucha mine 93,765,102
Revitalization of the area after mining activities in the cadastral district Horni BeneSov —
. ) . 1,010,566
Restoration of the traffic road — project
Revitalization of the area after mining activities in cadastral area Bruntal — Locality ,Za mlékarnou® 1.149 500
— project documentation B
Revitalization of the area after mining activities in cadastral area Bruntal — Locality ,Laguny” — 1.176.000
project documentation S
Revitalization (rehabilitation) of the surroundings of the Silesian-Ostrava Castle in connection
with the removal of the consequences of mining activities from the past and the preparation 32,341,810
of the area for leisure activities
Revitalization and resocialization of the area affected by mining activities in Horni Mésto —
. ) ) . g 520,300
Preparation of the industrial zone — project documentation
Revitalization after mining activities in the cadastral district Horni BeneSov — Technical
. . S & 11,961,423
infrastructure in the locality Sibenik
PD Establishment of canal. order in locality Doubrava — border and eng. networks in the locality
« 1,226,550
»U starostky
PD Sewerage Hefmanice, catchment area Vrbicka — Zablatska 23,716
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Revitalization of the area after mining activities in the cadastre of Mala Stahle to a locality

) - ) . ’ 20,373,236
for leisure activities and tourism — implementation stage
Extension of the Bruzovice — Za Lipinou water supply system 3,138,065
Revitalization of the center of the village Doubrava — square — project 120,000
Reconstruction of the Manesova street sewer 4,049,087
Elimination of ecological damage due to mined areas — modification of paved areas in the 4,286,769

Municipality of Albrechtice

Total 6 1,894,095,529
Total 1 - 6 5,515,434,046
7. Eliminating ecological burdens caused by the exploration for and extraction of crude oil

and natural gas

Remediation of old environmental burdens — insufficiently liquidated probes after the extraction 238 144.159
of oil and gas — Remediation of the emergency-state probe HR 43 o
Remediation of old environmental burdens — insufficiently liquidated probes after the extraction 6.580.424
of oil and gas — Remediation of the emergency-state probe HR 44 — additional construction work T
Remediation of old environmental burdens — insufficiently liquidated probes after the extraction

of oil and gas in sector | in the Morava Quaternary Protected Area of Natural Accumulation of 750,927,090
Water (PANAW)

Remediation of old environmental burdens — insufficiently liquidated probes after the extraction 639187 165
of oil and gas in sector Il in the Morava Quaternary PANAW N
Remediation of old environmental burdens — insufficiently liquidated probes after the extraction 461.068.789
of oil and gas in sector Ill in the Morava Quaternary PANAW T
Remediation of old ecological burdens — insufficiently liquidated wells after the extraction 365.577 345
of oil and gas in sector V in the Morava Quaternary PANAV e
Remediation of old environmental burdens — insufficiently liquidated probes after the extraction 563,317,393

of oil and gas in sector IV in the Morava Quaternary PANAW

Remediation of old environmental burdens — insufficiently liquidated probes after the extraction

of oil and gas in sector VI in the Morava Quaternary PANAW

2,754,045,015

Total 7

6,048,829,951

Total1-7

11,564,263,997

Ongoing projects (in CZK)

Project title P;:i::t Prc:j;‘e :; ;:;sts
1. Reclamation work

7/09 Reclamation of NP 1 lands 117,400,280 93,707,214
7/12 Land reclamation of Urx dump 4,557,717 2,861,129
Reclamation of Plavici jama no. 5/2 area 12,096,935 10,612,672
7/30 Regulation of Zyf brook 3,877,287 3,338,813
Total 1 137,932,219 110,519,828
2. Reducing thermal activity 0 0
3. Comprehensive site development 0 0
4. Comprehensive reduction of uncontrolled methane emissions

%ﬁg};ﬂtlegrg\?;h;ne drainage from underground areas in the City of Orlova 111,299,603 95,534,330
Total 4 111,299,603 95,534,330
5. Eliminating old ecological burdens in OKD, a. s.

Decontamination and reclamation of sludge tanks — phase I, IV and V 264,301,317 247,956,039
Total 5 264,301,317 247,956,039
6. Land development upon termination of mining
e
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Luéina, revitalization of waterway after mining activity, river kilometrage
0.000-3.262, construction no. 5657 — project documentation 2,747,305 882,450
Remediation of mine damages at Bohuminska Struzka, Rychvaldy weir — Czech 2318360 0
Railways track, kms 4.595-10.530, construction no. 5660 — project documentation B
Revitalization and resocialization of lands affected by mining activity in Horni 851.840 851 840
Mésto — Cycle track Dobrecov — Ferdinandov — project documentation ’ ’
Revitalisation of territory affected by construction of water reservoirs for mine
and iron works — Revitalisation of the Térlice dam territory — cycle track, phase | — 1,438,830 1,438,830
project documentation
Liquidation of the main mine work No. 735 — descending gallery Zaluzné 2
and sealing of the main mine work No. 733 — Jama Zaluzné in the cadastral area 332,750 296,450
of Nové Téchanovice — project documentation
Reconstruction and extension of sewer B into Radvanice (Ostrava canalization) 67,651,404 57,380,410
Protection of the left bank of the Zermanice Dam 39,485,712 36,222,430
Construction of utilities in Stonava 30,341,752 24,215,455
45/19 Complex solution of drinking water supply and sewerage — realization 41,839,776 41,657,062
Refl&llbllltc.'itlon, reclamatlon and revitalization of the area after gravel mining near 694,937,665 30,607,649
Hlu€in — implementation
Sewer repair Budecéska Street 4 371 881 0
Reconstruction of sewerage at HruSovska and U Parku streets 47 958 591 0
Sewer repair on Hradni Street 5609 052 0
Sewerage Hefmanice, catchment area Vrbicka — Zablatska 51927 273 13 816 209
Sewerage of Svinov southern part 30 377 040 3922 561
Bewtahzahon pf the Terllcka dam ant_ﬂ reconstruction of yvater management 119 462 841 21135 718
infrastructure in the village of Tranovice — 2nd construction — sewage system
Silver Lake Recreation Area — Stage 1 — Implementation 115 603 876 4992 033
Humanization and revitalization of the Orlova — Lutyné center 242 386 591 57 104 193
Total 6 1502 713 760 297 095 821
7. Eliminating ecological burdens caused by the exploration for and 0 0
extraction of crude oil and natural gas
Total 1 -7 2016 687 838 751106 018

Reducing impacts caused by the termination of coal mining in the Kladno Region
In the middle of 2002, the Czech Republic Government decided to phase out underground
mining of bituminous coal in the Kladno Region due to the economic ineffectiveness of
mining. This hasty closure of mines in this region brought about, similarly as in the preceding
coal districts, the need to deal with eliminating environmental damage caused by past mining
operations in a special way.

In consideration of the situation which developed in the Kladno Region, the Czech Republic
Government noted the need to reduce the impacts caused by the termination of coal mining in
the Kladno Region, by issuing Resolution No. 552 on 4 June 2003, dealing with the reduction
of impacts caused by the termination of coal mining in the Kladno Region. It agreed with
the idea of gradually releasing, according to the means of the National Property Fund of
the Czech Republic, an amount of up to CZK 1.177 billion from FNM resources starting
in 2004 in order to deal with ecological impacts caused by coal mining in the past and with
land reclamation. Considering the shortage of funds in order to carry out the “Reclamation of
the Tuchlovice Mine Waste Dump* contract, the Czech Republic Government modified the
above-mentioned resolution with Resolution No. 1467 on 20 December 2006, and agreed with
the idea of gradually releasing, according to the means of the MF, funds in the amount of up
to CZK 1.427 billion starting in 2004 from a special account managed by the MF pursuant
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to article 4 of Act No. 178/2005 Coll., on the termination of the National Property Fund, in
order to deal with ecological burdens caused in the past and with land reclamation. From that
time the sum was increased to CZK 1.727 billion pursuant Government Resolution No. 688
dated 9 June 2008.

The Government of the Czech Republic, by its resolution of 19 April 2017 No. 296, agreed
to implement measures to prevent the spread of pollution from the old ecological burdens due
to the previous metallurgical activity in the premises of the former steelworks Poldi Kladno
into the mine waters, with the approval and inspection processes being implemented within the
framework of the programme for mitigating the effects of coal mining in the Kladno Region,
which was approved by the Government by Government Resolution No. 552 of 4 June 2003.
At the same time, the Government approved the increase of the allocated amount by CZK
250 million from the funds allocated to the revitalisation programme of the Moravia and
Silesia Region. Government Resolution No. 777 of 4 November 2019 repealed Government
Resolution No. 296 of 19 April 2017, which again increased the limit to CZK 21 billion, but
at the same time reduced the limit from CZK 21 billion to CZK 20.970 billion CZK.

The funds will be used to implement technical solutions to prevent the spread of the old
ecological burdens pollution caused by the previous metallurgical activities at the Poldi Kladno
premises in mine waters and the possible construction of a mine water treatment plant.

The following projects are considered essential:
e climinating the dangerous conditions at the V Némcich Schoeller mine waste dump,
e reclamation of the Tuchlovice mine waste dump.
As of 31/12/2020, the funds actually spent on 7 finished projects amounted to CZK 1.713
billion.

Finished projects (in CZK)

Project title Project costs
V Némcich Schoeller mine waste dump — eliminating dangerous conditions 234,429,193
Eliminating th iti t the V Némcich Schoell i t

iminating the dangerous COI’.ldI ions at the émcich Schoeller mine waste 106,862,466
dump — stage 2, western section
Eliminating the dangerous conditions at the V Némcich Schoeller mine waste 46.608.677
dump — additional construction work T
Recl ti f Tuchlovice d — Suppl t no. 1 of the Project

ec gma ion of Tuchlovice dump — Supplement no. 1 of the Projec 20,018,953
Erosion-control measures
Reclamation of the Tuchlovice mine waste dump 1,024,249,827
Reclamation of the Schoeller mine waste dump in Libusin 271,192,891
Recl ti f th hoell i t in Libusin — itional

ecl amallon of the Schoeller mine waste dump in LibuSin — additiona 9,625,428
construction work
Total 1,712,987,435
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GEOLOGY AND MINERALS

Geological evolution of the area of the Czech Republic

Arnost Dudek

The Czech Republic is located in the very centre of Europe at the limit between the Hercynian
Meso-Europe and the Neo-Europe (Fig. 1). There is hardly any country with such a variegated
geological structure in such a small area and with such a complex geological evolution.
Practically all known rocks and the majority of geological formations and known types of ores
and industrial minerals occur on the state territory. Even though most ore deposits are interesting
mainly from a scientific and mineral collectors’ point of view, a number were of European
importance during the Middle Ages and the beginning of modern time. The interesting and
complex history of this area attracted attention of researchers already in early times and it
strongly influenced the evolution of the mining and geological sciences. It was on this territory
where one of the oldest mining laws, the Jihlava Mining Law (1260), and slightly later the
mining law of the King Wenceslas II “Ius regale montanorum” (1300), which became basis of
many mining laws in other states of the world especially in South America, came into being.
The origin of the world-known works of Georgius Agricola, especially his book “Bermannus
sive de re metallica dialogus™ (1530), is also linked to the territory of the Bohemian Massif.

Three main structural complexes form the geological structure of Czech territory. The oldest
one, consolidated already during the Precambrian orogenies, is Brunia (Brunovistulicum),
taking basically the area of Moravia. This segment of the Earth’s crust probably represents an
extremity of the East European platform, even though some researchers consider it as a part
of the African plate. The influence of the younger — Paleozoic and Alpine — orogenies was
only minor and it served as a foreland of the nappe structures which were thrust over it. The
Hercynian-consolidated Bohemian Massif, overlapping to the area of the neighbouring
Austria, Germany and Poland in the south, west and north, forms the major part of the
state territory. Bohemian Massif belongs to the Paleo-Europe. The Hercynian orogeny in
the end of the Carboniferous put the finishing touches on it, even though it also contains
older building elements. It already behaved as a consolidated block after the Hercynian
orogeny, only sometimes flooded by epi-continental sea and affected only by fault tectonics.
As a crustal block rising from young sedimentary formations, it broke up only during the
younger mountain-building processes, morphologically only in the end of the Neogene and in
the Quaternary. Geological continuation of the Hercynides towards the west is indicated by
other crustal blocks which were created later — Schwarzwald, Vosges Mountains, the French
Massif Central and Iberian Meseta, in the northern branch then the Armorican Massif and
massifs in southern England and Ireland. The eastern margin of the Bohemian Massif was
thrust over the Cadomian unit of the Brunovistulicum during the Hercynian orogeny. The
boundary between the hercynian Mesoeurope and alpine Neoeurope crosses the eastern part
of the Czech Republic. The Alpides are represented there by the West Carpathians. They are
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built by an inner unit — Central West Carpathians, Outer Flysh Carpathians and the Carpathian
Foredeep. The Central West Carpathians are formed by pre-Mesozoic volcanosedimentary
complexes, mostly metamorphosed and penetrated by late-Hercynian granitoid plutons, and
their sedimentary cover (Trias to Lower Cretaceous). At the beginning of Upper Cretaceous
the Central Carpathians were intensively folded and in places also metamorphosed. A tectonic
zone of first order — the Klippen Belt, built mostly by Mesozoic sedimentary rocks separates
the Central Carpathians from the external Flysh Carpathians. The Quter Flysh Carpathians
are formed (besides rare uppermost Jurassic sediments and local Cretaceous volcanics)
predominantly by sedimentary complexes of Cretaceous and Paleogene age. These complexes
were as horizontal nappes thrust over the Brunovistulian basement and its sedimentary cover
over a distance of tens of kilometres partly even over the Neogene Carpathian Foredeep.

As in the study of the history of mankind, there is little information on the oldest periods of
the evolution of the Earth we live on, and our findings are accompanied by a large number of
uncertainties. This of course applies also for the Czech territory, even though it belongs to the
areas where systematic geological research was in progress since the beginning of the 19™ century.

Complexes of the Brunia (Brunovistulicum) crop out on the surface only in the western
Moravia, butthey reach farto the east below the overthrust nappes of the Outer Flysh Carpathians.
They are formed by metamorphic rocks —mainly monotonous biotite paragneisses — which were
altered during the Proterozoic orogenies, and intruded by huge massifs of abyssal magmatic
rocks of about 550 Ma age at the boundary between the Proterozoic and Paleozoic. The Brno
and Dyje Massifs represent the exposures of these rocks. Granitoid plutons covering large
areas as well as smaller basic massifs of gabbros and norites compacted this unit and prevented
its later reworking by younger mountain-building processes, which formed the Bohemian
Massif. Western parts of the Brunovistulicum are built by variegated volcano-sedimentary
complexes (involving limestones, graphitic rocks, quartzites, amphibolites and orthogneisses).
These parts were strongly affected by the Hercynian tectonometamorphic processes. They
crop out from beneath of the overthrust Hercynian complexes of the Moldanubicum and
Lugicum in tectonic windows of the Dyje and Svratka Domes of the Moravicum and Desna
Dome of the Silesicum. Their appurtenance to the Brunia (Brunovistulicum) has not been
commonly accepted yet and these units are by some authors ranked to the Lower Paleozoic and
to the Hercynian Bohemian Massif. Platform sediments — the Cambrian conglomerates and
sandstones in limited areas, marine Silurian shales sporadically and extensive and important
sediments of the Devonian, Mississippian (Lower Carboniferous) and continental sediments
of the coal-bearing Pennsylvanian (Upper Carboniferous) — are deposited on the Cadomian
basement. The younger platform cover is represented by sediments of the Jurassic, Cretaceous,
Paleogene and the Neogene of the Carpathian Foredeep. This consolidated basement was
overthrust by nappes of the Outer Flysh Carpathians from the east (Fig. 2).

The lower level (basement) of the Bohemian Massif — the epi-Variscan platform — is built by
metamorphic rocks intruded by numerous and very large granitoids massifs, and by only weakly
metamorphosed or unmetamorphosed but Hercynian-folded Lower Paleozoic. Regionally it is
divided (Fig. 3) into the core, formed by the highly metamorphosed Moldanubicum and mostly
only weakly metamorphosed Bohemicum (Tepla-Barrandian domain). This core is rimmed
by the Saxothuringicum (Kru$né hory Mts.) on the NW, Lugicum (KrkonoSe Mts., Orlické
hory Mts., Kralicky Snéznik) on the north and Moravo-Silesicum (Jeseniky Mts., eastern
part of the Ceskomoravskéa vrchovina Highlands) on the east (see Fig. 3). These marginal
complexes are metamorphosed mostly less intensively than the central Moldanubicum.
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The Moldanubicum is formed by rocks metamorphosed mainly in the amphibolite facies —
sillimanite and cordierite gneisses and migmatites with intercalations of orthogneisses,
marbles, quartzites, graphitic rocks and amphibolites. Bodies of high-temperature and high-
pressure metamorphic rocks — granulites and garnet peridotites with eclogites — are numerous,
too. Their occurrences mark the course of old tectonic zones, along which these rocks were
exhumed from depth. They are exposed mainly in southern Bohemia (Blansky les, Prachatice,
Kiistanov and LiSov granulite massifs) and western Moravia (Bory and Namést' granulite
massifs). The age of the protolith of Moldanubian complexes is probably Upper Proterozoic;
their metamorphism under the amphibolite, granulite and eclogite facies conditions is linked
to the Hercynian orogeny. Pre-Paleozoic, Cadomian metamorphism of regional extent, mostly
overprinted by the Hercynian processes, is nevertheless documented. Minor bodies of old
orthogneisses exhumed along deep-reaching faults in the southern Bohemia, the radiometric
age of which is even 2.1 Ga, represent a single exception. They document the existence of the
Lower Proterozoic in the deeper crustal structure of the Bohemian Massif. Some Moldanubian
rocks, especially gneisses, granulites and amphibolites, represent common resources of
building stone.

The metamorphic rock complexes of the central Bohemian Bohemicum (Tepla-Barrandian
domain) as well as the marginal complexes of the Saxothuringicum, Lugicum and Moravo-
Silesicum developed by regional metamorphism of mainly Upper Proterozoic protoliths
(1,000-545 Ma). During this period, the area of today’s Bohemian Massif was covered by
a deep sea, in which sandy and clayey rocks were deposited. Surrounding continents, probably
rather distant in the mainland formed by very old rocks, represented the source area of the
deposited material. Some clastic minerals from metamorphic rocks of the southern Bohemia
(up to 2.7 Ga old, in the neighbouring Bavaria even 3.8 Ga) were at least in part derived
from the Archaic of the African shield. They were of course deposited much later. The
sedimentation was accompanied by submarine volcanism of tholeiitic basalts, which formed
linear structures tens of kilometres long, maybe in some cases standing out above the sea
level (island arcs) as well as much less extensive acid volcanism. The volcanic activity was
accompanied by deposition of black shales with abundant pyrite and of siliceous sediments —
lydites. Finely banded structures resembling organogenic stromatolites, which would belong
to the oldest organic remnants on the Czech territory, were found rarely in the latter. A set of
these sediments and volcanic rocks was intensively folded and mostly also metamorphosed
in the end of the Proterozoic. Very weakly metamorphosed Proterozoic rocks are nowadays
exposed only in central Bohemia between Prague and Plzen (in the so-called Barrandian). The
intensity of their alteration increases towards the marginal mountains. A continuous succession
of thin metamorphic zones of Barrovian type up to gneisses with kyanite and sillimanite
developed especially towards the W and SW. Proterozoic rocks are altered into gneisses and
amphibolites also in the Krusné hory Mts., Krkonose Mts., Orlické hory Mts. and Hruby
Jesenik Mts. These complexes were intruded by numerous massifs of granites (especially
Stod, Cista-Jesenice and LuZice massifs) and gabbros (Kdyné& and Pobé&Zovice massifs) in the
end of the tectonometamorphic processes especially in the western and northern Bohemia. The
Pre-Paleozoic Cadomian orogeny represents one of the most important magmatogennic and
tectonometamorphic processes in the evolution of the Bohemian Massif.

The Earth’s crust in Czech territory was not completely solid after the Cadomian orogeny
and it gradually broke into a number of smaller blocks, which moved away from each other and
were partly flooded by sea again during the Lower Paleozoic [Cambrian, Ordovician, Silurian,
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Devonian to Mississippian (Lower Carboniferous)]. Unaltered sediments were preserved
especially in central Bohemia, in the area between Prague and Plzen (Pilsen), named Barrandian,
to a lesser extent also in other parts of the Bohemian Massif. In its marginal parts (excluding
Brunovistulicum), Paleozoic complexes experienced strong metamorphism and therefore their
identification and dating is commonly very difficult. In the Barrandian, sedimentation started
already in the Lower Cambrian, represented by a formation of conglomerates and sandstones
up to several hundred to thousand meters thick. Sporadic occurrences of shales of fresh-water
or brackish origin, in which the oldest fossils of arthropods in Bohemia were found, are known
here. Sea penetrated to central Bohemia in the Middle Cambrian and deposited sandstones and
especially shales, which are world-known for their occurrences of trilobite fauna. The evolution
of the Cambrian was terminated by extensive rhyolites and andesite terrestrial volcanism.

The Ordovician started by the sea again transgressing in central Bohemia and by the
formation of the so-called Prague Basin, the evolution of which continued until the Middle
Devonian. The Ordovician rocks are represented mainly by clastic sediments, mostly various
types of shales with thick quartzite intercalations), the deposition of which was accompanied
by intensive basaltic volcanism. Deposits of sedimentary iron ores (e.g. Nucice, Ejpovice etc.)
which were of a high importance in the 19" and beginning of the 20t century originated in
relation to the volcanic activity. The Bohemian Massif was located close to the southern polar
circle in the Ordovician and sedimentation of rocks as well as volcanic activity proceeded in
the sub-polar climate. This crustal segment moved rather rapidly to the north, into warmer
waters of the tropic of Capricorn in the end of the Ordovician.

The change of the climate and by this also conditions of development of organisms and
sedimentation during the Silurian resulted in formation of fine-grained black shales with
abundant graptolite fauna, accompanied also by intensive volcanic activity and intrusions of
numerous diabase sills. Mass development of organisms with carbonate shells occurred in its
upper parts with regard to the increasing temperature and massive limestone formations were
formed.

Continuous carbonate sedimentation in the Prague Basin lasted until the Devonian, whereas
in the surrounding parts of Europe as well as more distant areas the rock deposition was
interrupted by the Caledonian orogeny. Gradual unaffected evolution of both the sediments and
organisms and their long-lasting detailed study by several generations of Czech paleontologists
was a prerequisite for the determination of the first, globally valid stratotype between two
systems (Silurian and Devonian) in Klonk u Suchomast SW of Prague. The limestone
sedimentation in the Prague Basin terminated in the Middle Devonian and sandstones with
terrestrial flora ended the Devonian sedimentation in this area.

Sedimentation of the Devonian rocks continued in the Upper Devonian only in the area of
the KrkonoSe Mts. (on Jestéd Mt.) and especially in Moravia in the Jeseniky Mts. and in the
Moravian Karst. Evolution of the Devonian in Moravia differed from that on the Bohemian
territory. Transgressive complex of the siliciclastic and volcanic rocks with stratiform deposits
of Fe, Cu, Au, Zn and Pb overlie the old Brunovistulian basement in its western, more mobile
part. This clastic sedimentation continues also in the Mississippian (Lower Carboniferous).
The Devonian rocks on the more stable Brunovistulian basement in the south and east begin by
clastic rocks, which in places reach over 1,000 m in thickness. Limestones appear only in the
Upper Devonian and their evolution continues until the Mississippian (Lower Carboniferous).
There is therefore no manifestation that the sedimentation was interrupted by the Hercynian
orogeny in Moravia. Sedimentation spaces just moved to the east to Ostrava region and to
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today’s Carpathian basement. Limestones of the Upper Devonian form important deposits
especially in central Moravia (e.g. Mokra, Lisen, Hranice etc.).

A change in the character of the sedimentation in the end of the Devonian is an expression
of the Hercynian orogeny, which affected (about 340-310 Ma ago) the majority of the Czech
lands with a high intensity and expressed itself by the development of the nappe structure and
a very strong metamorphism of large areas. Even the crystalline complexes formed during the
Cadomian orogeny were metamorphosed again. Vast massifs of granitoid magmatic rocks of
several thousand km? extent, not yet completely uncovered by denudation, formed practically
simultaneously. Their intrusions were accompanied also by extensive surface volcanic
activity and the development of very numerous deposits of variable genetic types (e.g. Krusné
Hory Mts. massifs and Sn, W, Li, Ag, U, Co, Ni mineralization in the Saxothuringicum or
Central Bohemian and Moldanubian Plutons in the Moldanubicum and Au, Sb, Ag, Pb, Zn,
U mineralization). Granitoid massifs represent an important resource of building and dimension
stone as well as feldspar raw materials. Weathered crusts of granitoids (e.g. Krusné hory Mts.
massifs, Dyje Massif) are an important source of kaolin, too.

There are two different types of the Carboniferous and its rocks in the Bohemian Massif as
a result of the Hercynian orogeny. The Mississippian (Lower Carboniferous) is represented in
Bohemia only by restricted relics of marine sediments found by drillings under the Bohemian
Cretaceous Basin E of Hradec Kralové, and by weakly metamorphosed slates in the Jestéd Ridge
SW of Liberec. The sedimentation of the continental type begins in the intra-mountain basins
only in the Pennsylvanian (Upper Carboniferous, Westphalian) and continues in the Permian.
Basins with partly individual evolution extend in the Plzen (Pilsen) surroundings towards the
North and Northeast as far as the Broumov area in the NE tip of the Bohemian part of the
Czech Republic (Fig. 4), where their stratigraphic extent is the largest and the sedimentation
finishes as late as the Lower Triasic. They are to a large extent overlain by sediments of the
Bohemian Cretaceous Basin. River and lake deposits — conglomerates, arkoses and shales
with layers of tuffs, tuffites and lavas — are in many places accompanied also by formation of
coal seams, which were and still are of a high economic importance. Some seams show an
elevated U content making them even potential deposits. The Carboniferous arkoses in the
Plzen (Pilsen) and Podbotany regions gave rise to important deposits of kaolin. Carboniferous
mainly refractory clay and claystone are important, too. The Bohemian Massif reached the
equator on its way to the north and coal formation reflects the dominating tropical climate.

In Moravosilesian area, which was just weakly influenced by the Hercynian orogeny thanks
to the solid Brunovistulian basement, the Devonian sedimentation was continuous until the
Mississippian (Lower Carboniferous), when the formation of limestones terminated. It was
followed by flyshoid sedimentation of conglomerates, greywackes and shales in multiple
alternation of individual layers (Culm development). The greywackes represent a resource of
a high-quality building stone. The depositional environment gradually changed from marine
to fresh-water during the latest Mississippian and the Pennsylvanian (Upper Carboniferous)
and important deposits of bituminous coal (paralic basins of the Ostrava, and limnic basins of
the Karvina region) formed in the coastal marshes. The Czech part of the Upper Silesian Basin
represents the most important bituminous coal mining district in the Czech Republic. The
Carboniferous system in the Czech Republic was, and remains, not only an important energy
base of the state but also a world-known classical area of Carboniferous flora and fauna.

The Hercynian mountains were rapidly lowered by erosion and denudation in the Permian,
and thick formations of red-brown conglomerates, sandstones, arkoses and shales formed.
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Fig. 4: Carboniferous and Permian in the Bohemian Massif and in the basement
of the Western Carpathians on the territory of the Czech Republic

Sedimentation was accompanied also by basaltoid, andesitoid up to rhyolitic volcanism of
the intra-plate type and sedimentation of clastic rocks with elevated Cu content. A substantial
change of climate, caused by the shift of the lithospheric plate with the Bohemian Massif
further north, into the belt between the equator and tropic of Cancer, resulted in the formation of
deserts, which covered most of Europe. These sediments are today preserved in the Bohemian
Massif only in relics. They reach the highest thickness — up to 3km — in tectonic troughs of
roughly N-S direction, so-called grabens (Boskovice and Blanice grabens). Coal seams (today
already mined out) of Upper Stephanian age occur locally on the basis of the Permian in these
grabens, and higher horizons contain restricted lake and river calcareous sediments. These are
commonly overfilled by relics of Stegocephalians and especially of the Permian insects, which
made the Boskovice Graben famous.

The Bohemian Massif was slowly uplifted as a compact block after the Hercynian
consolidation and it remained mainly land almost until the end of Mesozoic. White lake
sandstones of the Triassic are represented only to minor extent in NE Bohemia in the Krkonose
Mts. Piedmont and Intra-Sudetic Basins. Sea penetrated from the Carpathian area to northern
Germany by a narrow channel across northern Bohemia (roughly between Brno and Dresden)
in the uppermost Jurassic. This channel linked the deep Tethys on the SE with the shallow
shelf sea to the north from the Bohemian Massif. Limestones (Oxfordian—Kimmeridgian) are
exposed only in small islands along the Luzice Fault. In the consolidated Bohemian Massif
was the Alpine orogeny represented mainly by origin of faults or rejuvenation of older fault
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Fig. 5: Upper Cretaceous in the Bohemian Massif on the territory of the Czech
Republic

systems. Transgression of the Upper Cretaceous sea, which flooded all the northern and partly
also the central part of the Bohemian Massif, was of much higher importance. Several hundreds
meters thick strata of the Upper Cretaceous claystones, marlites, sandy marlites and sandstones
(the Bohemian Cretaceous Basin — Fig. 5) developed there. The Bohemian Cretaceous Basin is
divided into facies areas (developments) shown in Fig. 5 based on character of sedimentation
in particular parts of the Basin. Rock complexes of the Basin represent the most important
underground water reservoir in the Czech Republic and also an important raw material resource
(ceramic and refractory clay, glass, foundry and mortar sand, cement raw materials, building
and sculpture stone but also uranium). A small occurrence of Upper Cretaceous sediments near
Osoblaha is an extremity of the Polish Opole Cretaceous Basin. Smaller, but fresh-water Upper
Cretaceous basins formed also in southern Bohemia. It is the Ceské Budé&jovice Basin localized
more westward and the Tfebon Basin localized more eastward.

The evolution in Moravia was different. The Triassic is not represented at all, whereas in
the Jurassic the sea penetrated from the Mediterranean area far to the NW and flooded the
eastern margin of the Bohemian Massif. Jurassic sediments are nowadays to a large extent
covered by rocks of the Neogene or the Outer Flysh Carpathian nappes. Tectonic blocks of
the Jurassic limestones, exhumed from depth in front of the Carpathian nappes and forming
isolated klippen by Stramberk and in the Pavlovské vrchy Hills, represent an important land-
forming element and also an important resource of very pure carbonate raw material.

The character of the sedimentation in the Outer Carpathians markedly changed in the
Cretaceous. Sediments formed in deeper sea from submarine slides and turbidite currents,
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Fig. 6: Tertiary in the Bohemian Massif and Western Carpathians on the territory
of the Czech Republic

transporting clastic material far from the land. They are characterized by multiple alternations
of sandy and clayey layers of a low thickness (dm to m) and infrequently also sandstone
benches, which are collectively called flysh. The sediments reach even many thousand meters
in thickness. The flysh sedimentation continued in this area also in the Paleogene (Fig. 6).
The Bohemian Massif remained land which was only occasionally flooded in the east by
shallow epicontinental sea from the Carpathian area. Nevertheless, several depressions with
intensive freshwater sedimentation were formed as a result of strong tectonic movements in
the Alpine and Carpathian space in the end of the Paleogene and in the Neogene. This is
the area of the South Bohemian basins (the Ceské Bud&jovice Basin and the Tfebon Basin)
with lignite, clay and diatomite deposits and also a marked tectonic trough of the SSW-NNE
direction (Ohfe Rift) in north-western Bohemia, where the Krusné Hory Piedmont basins
(Cheb, Sokolov, North Bohemian and Zittau) formed — see Fig. 6. Sandstones and especially
clays and claystones with thick (exceptionally and locally up to 60m) brown coal seams
sedimented in these basins. Brown coal deposits in the North Bohemian and Sokolov basins
represent the most important brown coal deposits in the Czech Republic. Important deposits
of Neogene clays then occur in the Cheb Basin. Formation of basins was accompanied by
very intensive volcanic activity and a large accumulation of lavas and pyroclastics (the
Doupovské hory Mts. Volcanic Complex, Ceské stiedohoif). The rocks are mainly various
types of olivine basalts and alkaline basaltic rocks, to lesser extent also more acid phonolites.
Volcanic conduits and necks give today’s landscape a beautiful character. The main volcanic
activity took place 35—-17 Ma ago, a younger phase 8 Ma ago and the last minor volcanoes are
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just several thousand years old (Komorni and Zelezna hiirka). The area represents a classical
example of alkaline volcanism and it played an important role in the evolution of geosciences.
The rocks are important not only as a building stone but also as a raw material for manufacture
of molten basalt products. Deposits of the Bohemian garnets at the southern margin of Ceské
stiedohoft are related to the volcanic activity, too (pyropes were carried up by volcanic necks
from the ultrabasic rocks in the crystalline basement). Weathering and decomposition of tuffs
of the Doupovské hory and Ceské stiedohoii Mts. resulted in the formation of important
bentonite deposits.

The flysh complexes of the Carpathian area were folded and thrust in the form of nappes
(verified by exploration) over a distance of several tens of kilometres towards the west and
southwest over the Bohemian Massif in the end of the Paleogene. The Carpathian Foredeep,
partly still covered by the arriving nappes, formed in front of the thrust nappes in the Neogene
(Miocene). The sediments of the Vienna Basin (of up to 5km in thickness) were subsequently
hardly folded. These are represented mainly by marine clay, marl and sand, just partially
diagenetically consolidated, which contain smaller deposits of oil and gas. The depositional
setting of the younger formations became progressively fresh-water. The youngest ones
contain deposits of lignite.

Important tectonic processes expressing themselves by marked vertical movements of
individual crustal segments operated in the Bohemian Massif in the end of the Tertiary and
beginning of the Quaternary. In this way, the marginal mountains — Sumava Mts., Cesky les
Mts., Krusné hory Mts., Krkonose Mts., Orlické hory Mts. as well as Hruby Jesenik Mts. —were
uplifted by up to 1,000 m and the Bohemian basin was formed. This is sometimes considered

[ JA- Quaternary of the denudation areas, [ IB1- Quaternary areas of the continental glaciation: a - North Bohemian Area,

b - North Moravian Area, [ B2 - Quaternary of the extra glacial areas: a - Labe (Elbe) a., b - Kruné hory (Erzgebirge) piedmont basins,

¢ - Ceské stedohofi Mts., d - Praha Plain, e - Plzefi Basin, f - Moravian dales.

Fig. 7: Quaternary division on the territory of the Czech Republic
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as being formed by the impact of a large meteorite, but this is a nonsense resulting from the
interpretation of satellite images without knowledge of the real structure of the massif. The
Bohemian Massif was influenced by several phases of continental and mountain glaciations
during the Quaternary. A periglacial climate dominated here, which resulted in the formation
of massive stony debris and block-seas, terrace system of the rivers (Fig. 7) as well as really
extensive loesses. Terrace sediments of rivers especially form important deposits of sand and
gravel and feldspar raw materials, and loesses of brick clays. The continental ice sheet reached
as far as the northern margin of the massif and left sediments of frontal moraines in the Ostrava
region, on the northern piedmont of the Hruby Jesenik Mts. and in the Sluknov and Frydlant
extremities. Mountain glaciers modified morphology of the marginal mountains, especially
the Krkono$e Mts., to a lesser extent also the Jeseniky Mts. and Sumava Mts., where even
minor glacier lakes formed.

Figures in this chapter were adapted by the author from

Dudek, A., Svoboda, J. (1968): Geological position of Czechoslovakia in Europe. — IGC Praha;

Geologie Ceské republiky, postcard — CGU [Geology of the Czech Republic, postcard. — Czech
Geological Institute.];

Misat, Z., Dudek, A., Havlena, V., Weiss, J. (1983): Geologie CSSR. I. Cesky masiv. — SPN Praha
[Geology of the Czechoslovak Socialist Republic. I. Bohemian Massif. — State Pedagogic
Publishing House];

Zprava Ceskoslovenské stratigrafické komise (1992): Regiondlné geologické déleni Ceského
masivu na Gzemi Ceské republiky. — Casopis min. geol., 37, 257-276, Praha [Report of the
Czech Stratigraphic Commission (1992): Areal geological division of the Bohemian Massif on
the territory of the Czech Republic. — Journal for Mineralogy and geology, No. 37, pp. 257-276,
Praha]
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Regional geological units and minerals associated with them

(that minerals are indicated whose deposits belong to the units; digits of figures and units are related to
the previous chapter “Geological evolution of the area of the Czech Republic”)

Arnost Dudek

Bites orthogneiss — mostly muscovite orthogneiss of the Cadomian age, characteristic of the
Moravicum of the Dyje and Svratka domes between Krems in Austria and Svojanov in the
Czech Republic (opal, kaolin, crushed stone) — Fig. 3 — unit 5a

Blanice Graben — fault system of the NNE-SSW direction in central and southern Bohemia,
marked also by downthrown islands of the uppermost Carboniferous and Permian with hard
coal and anthracite seams. It continues as Rodel line in Austria (Au-Ag-ores) — Fig. 4 —
unit 4b

Bohemian Cretaceous Basin — sediments of the Upper Cretaceous (Cenomanian to Santonian),
overlying mainly crystalline complexes and Upper Paleozoic rocks in the northern part of
the Bohemian Massif. Based on the lithological character, it has been regionally classified
into facial developments as follows:

— Luzice (U-Zr-ores, glass and foundry sand) — Fig. 5 —unit la

— Jizera (glass and foundry sand, dimension stone) — Fig. 5 — unit 1b

— Orlice-Zdar (foundry sand) and its east Bohemian (clays) and Moravian parts (clay)
Fig. 5 —unit 1d

— Ohre (Eger) — the Most, Teplice (quartzite, corrective additives for cement production) and
Louny part (clay) Fig. 5 —unit le

— Vltava-Beroun including Prague surroundings (clay, dimension stone) Fig. 5 — unit 1f

Boskovice Graben — tectonic trench of the NNE-SSW direction in western Moravia filled with
sediments of the uppermost Carboniferous and Permian (hard coal) Fig. 4 — unit 4a
western Moravia (feldspar, crushed stone) — Fig. 4 — unit 4a

Brno Massif — a large massif in western Moravia built by a variable series of both acid and
basic plutonic rocks of the Cadomian age (feldspar, crushed stone) — Fig. 2 —unit 10

Carpathian Flysh — a part of the Outer Carpathians in eastern Moravia built by clayey and
sandy Cretaceous and Paleogene sediments, with a marked nappe structure of the pre-
Miocene age. It composes the Chtiby Mts. and the Zdanice Forest and mountain ranges on
the border with Slovakia — the Beskydy, Javorniky and Bilé Karpaty Mts. (natural gas) —
Fig. 6 — unit 4c

Carpathian Foredeep — the external part of the Carpathian mountain chain in eastern Moravia,
which was formed in front of the Outer Carpathian nappes and overlies the south-eastern
slope of the Bohemian Massif. It is filled with the Miocene sediments of the Egerian to
Badenian (oil, natural gas, clay, bentonite, gypsum in the Opava Basin) — Fig. 6 —unit 4a

Central Bohemian Pluton — an extensive Hercynian granitoids pluton on the border between
Bohemicum and Moldanubicum, more basic than the massifs of the Kru$né hory Mts. and
in Ceskomoravska vrchovina Highlands (granodiorites, tonalite, diorite). Important deposits
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in the exocontact (U, Au, Ag-Pb-Zn-ores, feldspar, quartz, dimension and building stone) —
Fig. 2 — unit 6

Cheb Basin — the westernmost of the Tertiary basins, at the crossing of the Ohfe rift and the
Tachov Graben. Sedimentation continued from Eocene until Pliocene (brown coal, kaolin,
clay, diatomite, glass and foundry sand — numerous conflicts of interest) — Fig. 6 — unit la

Ceské Budéjovice Basin — a smaller, western basin of South Bohemian basins, filled with fresh-
water sediments of the Upper Cretaceous and to a minor extent Neogene and Quaternary.
Episodic ingressions of the sea from the Alpine foredeep (lignite, tectites, diatomite, sand
and gravel) — Fig. 6 — unit 3a

Ceské stiedohoii Mts. — a classical area of the Tertiary alkaline volcanic rocks (olivine basalts
to phonolites) exposed in the Ohie (Eger) rift between Chomutov and Novy Bor, with the
main volcanic centre in Roztoky nad Labem (pyrope, diatomite, feldspar substitutes, crushed
stone) — Fig. 6 —unit 2b

Cisti-Jesenice Massif — a minor granitoid massif in western Bohemia composed of both
Cadomian and Hercynian bodies. It is covered from a large part by Carboniferous and
Permian sediments (feldspar, dimension and building stone) — Fig. 2 — unit 4

DomaZlice Crystalline Complex — south-western part of the upper Proterozoic of the
Bohemicum in the Sumava piedmont, metamorphosed during both Cadomian and Hercynian
orogeny, with minor massifs of granitoids and gabbroic rocks and abundant pegmatites
(feldspar) — Fig. 2 — unit 17

Doupovské Hory Mts. — a volcanic complex of the Tertiary age at the crossing of the Ohfte
rift with the Jachymov fault, between Karlovy Vary and Kadan. Alkaline volcanic rocks are
represented mainly by olivine basalt, “leucitic” tephrite and abundant tufts. Phonolites are
missing (bentonite, crushed stone) — Fig. 6 — unit 2a

Dyje Massif — a massif of the Cadomian granitoids in the Dyje Dome of the Moravicum in SW
Moravia, extending from the northern vicinity of Znojmo almost to Danube. It was affected
by a strong tropical weathering in the Jurassic and Neogene and from a large part covered
by sediments of the Carpathian foredeep (kaolin, feldspar, building stone) — Fig. 2 —unit 11

Hroznétin Basin — the northern extremity of the Sokolov Basin N of Karlovy Vary
(bentonite) — Fig. 6 —unit 1b

Intra-Sudetic Basin — southern extremity of the Lower Silesian Basin in the NE tip of Bohemia,
with sedimentary fill from the Mississippian (Lower Carboniferous) to Upper Cretaceous
about 3,000 meters in thicknes, and Pennsylvanian and Permian volcanites. (hard coal) —
Fig. 4 — unit 3a

Islet zone of the Central Bohemian Pluton — a number of both large and minor blocks of
the contact metamorphosed Proterozoic and Lower Paleozoic rocks from the mantle of the
pluton, downthrown into granitoids (Au, building stone, barite, limestone) — Fig. 2 — unit 6

Jilové Belt — a belt of the Upper Proterozoic volcanic (basalt, andesite, boninite and rhyolites),
subvolcanic and acid plutonic rocks extending over 120km in NNE-SSW direction south of
Prague, from a major part enclosed in granitoids of the Central Bohemian Pluton (Au-ores,
building stone) — Fig. 2 — unit 6

Kdyné Massif — a complex of metabasic, gabbroic and dioritic rocks in the Domazlice
Crystalline Complex on the border of Sumava and Bohemian Forest (dimension and building
stone) — Fig. 2 —unit 12

Kladno-Rakovnik Basin — one of the basins of the Central Bohemian limnic Carboniferous,
partly covered by Cretaceous sediments (hard coal, kaolin, claystone) — Fig. 2 — unit 12
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KrkonoSe-Jizera Crystalline Complex — western part of the Luzice area built by metamorphic
rocks of the Proterozoic and Lower Paleozoic age (limestone, dolomite) and intruded by
plutons of the Cadomian (Luzice) and Hercynian (KrkonoSe-Jizera) age (feldspar, dimension
and building stone). Fe-bearing skarns, Sn and W-ores, fluorite and barite occur in the
exocontact of the plutons — Fig. 2 — unit 14

KrkonoSe-Jizera Massif — Hercynian granitoid massif building the border range with Poland
(excellent dimension stone, feldspar) — Fig. 2 — unit 2

Krkonose Mts. piedmont basin — one of the Sudetic (Lugian) Upper Paleozoic basins partially
covered with Cretaceous sediments. Formations encompass Westphalian C, Stephanian,
whole Permian and extend up to the lowermost Triasic (Cu-ores, Au paleoplacers, bituminous
coal, pyrope) — Fig. 4 — unit 3¢

Kru$né hory Mts. Piedmont basins — a group of limnic Tertiary basins associated with the Ohte
Rift SE of the Krusné hory Mts. From WSW to ESE, these are: Cheb, Sokolov and North
Bohemian basins. — Fig. 6 — unit 1

Kru$né hory Mts. Pluton — a large Hercynian granitoid pluton underlying metamorphic rocks
of the Krusné Hory and Smr¢iny Mts., exposed by erosion only in numerous partial massifs
(Sn-W-ores, Li-Rb-Cs ores, kaolin, feldspar, quartz, building stone) — Fig. 2 — unit 3

Krusné hory Mts. Crystalline Complex — a part of the Saxothuringicum built by metamorphic
complexes mostly of the Proterozoic, subordinately also of the Lower Paleozoic age
(U, Ag, Bi, Co, As-ores, Cu-ores, Sn-skarns, fluorite, barite, kaolin) and intruded by
Hercynian granitoids. — Fig. 3 —unit 3 (Fig. 2 — unit 15)

LuZice Massif — an extensive Cadomian granitoids massif predominantly on the German
territory, extending into the Jizera Mts. (quartz, dimension and building stone) — Fig. 2 —
unit 1

Moldanubian Pluton — the largest Hercynian granitoids complex in the Bohemian Massif in
Ceskomoravska vrchovina Highlands, Sumava and Waldviertel (dimension and building
stone; Au-W and U-ores and Ag-Pb-Zn-ores in the exocontact) — Fig. 2 — unit 8

Moldanubicum — basement of the southern part of the Bohemian Massif built by high-grade
metamorphic complexes of Proterozoic and probably also Lower Paleozoic age. The
cadomian tectonometamorphic processes were followed by hercynian high temperature
and low pressure metamorphism and the whole complex was penetrated by numerous late-
Hercynian granitoid plutons. — Fig. 3 —unit 1

Moravian-Silesian Devonian — weakly metamorphosed volcano-sedimentary unites in the
Jeseniky Mts. — Vrbno Strata, Sternberk-Benesov Belt (Fe-ores, Cu-ores, Pb-Zn-ores, barite,
quartzite, dolomite) — Fig. 2 — unit 19

Moravian-Silesian Carboniferous — marine flyshoid Mississippian (Lower Carboniferous)
of the Nizky Jesenik Mts. and Drahany Highlands (slate, quartz) and productive paralic
Mississippian to limnic Pennsylvanian (Upper Carboniferous) of the Ostrava region (Upper
Silesian Basin — hard coal, natural gas) — Fig. 4 —unit 1, 2

MsSeno-Roudnice Basin — one of the Central Bohemian Carboniferous to Permian basins,
completely overlain by the Bohemian Cretaceous Basin (hard coal) — Fig. 4 — unit 3g

Nasavrky Massif — a minor however very complex Hercynian granitoid body exposed in
the Zelezné hory Mts. (pyrite, dimension and building stone; fluorite and barite in the
exocontact) — Fig. 2 — unit 7

North Bohemian Basin — the largest Tertiary basin of the Ohte Rift between the Doupov Mts.
and Ceské stiedohoti Mts. (brown coal, clay, bentonite, diatomite, quartzite) — Fig. 6 —unit Ic
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Ohfie rift — a prominent fault structure in the south-eastern piedmont of the Krusné hory Mts.
delimited by the Krusné hory and Litoméfice faults and their directional continuations.
Tertiary alkaline volcanites, coal-bearing basins and mineral as well as thermal waters are
associated with the rift — Fig. 3 — unit 3a

Orlické hory Mts.-Klodzko Crystalline Complex — metamorphic complexes of probably
Proterozoic age in the eastern part of the Luzice area in the Orlické hory and Rychleby Mts.
and in Ktodzko — Fig. 2 — unit 18

Outer klippen zone of the Western Carpathians — extensive fragments of Jurassic and
Cretaceous sediments brought up from depth in front of the flysh nappes — Stramberk,
Pavlovské vrchy (limestone) — Fig. 2 and 6 — unit 4¢

Plzeit Basin — an independent basin at the SW margin of the West Bohemian Carboniferous
(hard coal, kaolin, clay) — Fig. 4 — unit 3a

Quaternary alluvia — alluvia and terraces of majority of larger water courses (feldspar, sand
and gravel, in south Bohemia and SW Moravia also tectites) — Fig. 7 — units B2a, B2b, B2f

Quaternary placers — in piedmont of the Sumava and Jeseniky Mts. (Au), Krusné Hory Mts.
(Sn), southern piedmont of the Ceské stiedohoii Mts. (pyrope)

Sokolov Basin — the smallest Tertiary basin of the Ohte Rift WSW of the Doupovské hory Mts.
with important deposits of energy minerals (brown coal, U, clay, bentonite) — Fig. 6 —unit 1b

South Bohemian Basins — freshwater sedimentation space of the Upper Cretaceous and
Tertiary age, where the Rudolfov horst separates the smaller Ceské Bud&jovice Basin in the
west from the larger Tfeboil Basin in the east — Fig. 6 — unit 3

Svratka Dome of the Moravicum — the northern of the domes built by metamorphic rocks of
the Moravicum W of Brno (graphite, feldspar, limestone, building stone) — Fig. 3 — unit 5a

Syrovice-Ivaii terrace — a higher located Quaternary terrace between the Jihlava and Svratka
rivers S of Brno (feldspar) — Fig. 7 — unit B2f

Tepla Crystalline Complex — the NW part of the Proterozoic of the Central Bohemian area
(Bohemicum) with a rapid succession of metamorphic zones from SE to NW into the Slavkov
Forest (feldspar) — Fig. 2 —unit 16

Tertiary relics of the Plzeri region — relics of the formerly more extensive Tertiary sediments on
the site of a river paleostream discharging into the North Bohemian Basin (clay, bentonite) —
not shown on scale of the maps

Tiebi¢ Massif — an extensive massif of the Hercynian melanocratic granitoids and syenitoids
(durbachites) in the Ceskomoravska vrchovina Highlands (amethyst, morion, feldspar,
dimension stone) — Fig. 2 — unit 9

Trebori Basin — a larger, eastern basin of South Bohemian basins with continental Cretaceous
and Tertiary sediments (kaolin, clay, bentonite, diatomite) — Fig. 6 — unit 3b

Upper Silesian Basin — a Carboniferous basin formed by sediments of Upper Mississippian
and Pennsylvanian situated predominantly in Poland and extending to the Czech Republic
only by its SW part. It is formed by volcanoclastic sediments with numerous hard coal seams.
On the Czech territory, it is further subdivided into i) western, more mobile paralic Ostrava
part, ii) eastern, platform limnic Karvina part and iii) southern Beskydy part (hard coal,
natural gas) — Fig. 4 — unit 2

Variegated Group of the Moldanubicum — metamorphic complexes of paragneisses and
migmatites with numerous intercalations of amphibolites, marbles, quartzites, graphitic rocks
and skarns (Fe-skarns, graphite, feldspar, limestone, dolomite, fluorite, building stone) — part
of the Modanubian unit 1, in Fig. 3
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Vienna Basin — an extensive Tertiary Neogene basin with marine sedimentary fill gradually
becoming freshwater of more than 5,000 m in thickness (lignite, oil, natural gas) — Fig. 6 —
unit 4b

Zelezné hory Mts. area — part of Bohemicum built by weakly metamorphosed volcano-
sedimentary series of the Upper Proterozoic and sediments of the Lower Paleozoic
(Mn-Fe-carbonates, pyrite, fluorite, barite, limestone) and the Hercynian granitoid Nasavrky
Massif — Fig. 2 —unit 20

Zittau Basin — a Tertiary basin in the continuation of the Ohte Rift, extending only by
a negligible south-eastern extremity into the Czech territory (brown coal, lignite, clay) —
Fig. 6 —unit 1d

Zulovd Massif — a minor Hercynian granitoid massif in the northern tip of the Moravian-
Silesian area (kaolin, quartz, dimension and building stone) — Fig. 2 — unit 5
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Geodynamics of the origin of the Bohemian Massif covering the territory
of the Czech Republic

Karel Schulmann, Vojtéch Janousek, Ondrej Lexa

The Bohemian Massif represents one of the largest exposure of the European Variscan belt
located at its eastern extremity (Figure 1). The Variscan architecture of the Bohemian Massif
can be defined by four major tectonic units: 1) The Saxothuringian Neoproterozoic continental
basement with its Palacozoic cover, 2) The Tepla-Barrandian (Bohemicum) Neoproterozoic
basement and its Early Palacozoic cover of the Prague Basin (the Bohemia Terrane of South
Armorica), 3) The Moldanubian high- to medium-grade metamorphic unit intruded by nu-
merous Carboniferous granitic plutons, altogether forming the high-grade core of the orogen,
4) The easterly Brunia Neo-Proterozoic basement with Early to Late Palaeozoic cover.

The Gondwana faunas of Lower Palaeozoic (Cambrian and Ordovician) sediments of
the Saxothuringian and Tepla-Barrandian domains and numerous isotopic and U-Pb zircon
data imply affinity to northern Gondwana margin. Schulmann et al. (2009) suggested that
the Variscan structure of the Bohemian Massif resulted from Andean type convergence and
formed as a typical upper plate orogen located above a long lasting Devonian-Carboniferous
subduction system. These authors shown that all the current criteria defining an Andean
type of convergent margin are present and surprisingly well preserved. In particular it is:
1) the development of blueschist facies metamorphism along the Saxothuringian margin,
2) calc-alkaline to potassium rich (shoshonitic) arc type magmatism in distance 150-200 km
from the suture zone (Zak et al., 2005), 3) back-arc basin developed on continental upper plate
crust later replaced by thick continental root (Schulmann et al., 2005), 4) deep granulite facies
metamorphism associated with supposed underplating of the crust by mafic magmas at the
bottom of the root and 5) continental lithosphere underthrust underneath the thickened root
system. Based on these criteria, the architecture of the eastern Variscan belt is interpreted as
the result of a large-scale and long-lasting subduction process associated with crustal tecton-
ics, metamorphism, magmatic and sedimentary additions that developed over the width of at
least 500 km, in present coordinates, and time scale of ~80 Ma.

Present day architecture of the Bohemian Massif and location
of Palaeozoic sutures

Saxothuringian is represented by Neoproterozoic par-autochthon represented by migmatites
and paragneisses dated at ~580-550 Ma. These rocks are intruded by Cambro-Ordovician
calc-alkaline porphyritic granodiorites converted to augen orthogneiss during the Variscan
orogeny. The basement is unconformably covered by Cambrian and Ordovician sequences
overlain by Late Ordovician to Famennian pelagic sediments and Famennian to Visean flysh.
The par-autochthon is thrust by allochthonous units containing deep water equivalents of the
Ordovician to Devonian rocks of the para-autochthon and proximal flysh sediments.

The allochthonous are represented by pile of thrust sheets marked by decreasing pressure and
metamorphic age from the top to the bottom (Franke, 2000; Konopasek and Schulmann, 2005).
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Figure 1. Plate tectonic map of the Bohemian Massif

In the highest structural position occur thrust sheets with metabasites of Ordovician protolith
age eclogitized during Devonian (~395 Ma). Structurally deeper occur sheets associated with
middle pressure assemblages and Late Devonian zircon and Hbl cooling ages (~365 Ma).
This rock pile represents Late Ordovician to Devonian passive margin imbricated during
Devonian convergence. In the Sudetic part (Figure 1, Figure 2a-c) of the Bohemian Massif,
the Ordovician rift sequences are characterized by the presence of deep marine sediments
and MORB type volcanics followed by Silurian and Devonian sedimentary sequences. The
Ordovician oceanic rocks are metamorphosed at blueschist-facies conditions probably at Late
Devonian.

The oceanic subduction stage was followed by Carboniferous continental subduction of
the Saxothuringian continental rocks underneath easterly Tepla-Barrandian block which was
responsible for the eclogitization of continental crust at ~350-340 Ma (Schmaédicke et al.,
1995). This event is responsible for the global reworking of the Saxothuringian at high pressure
conditions, thrusting of subducted continental crust and exhumation of deep rocks.
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The Saxothuringian — Tepla-Barrandian boundary is characterized by presence of units
with high proportions of ultramafic and mafic high pressure rocks (Figure 1). Represented
by serpentinites at the bottom and thick body of amphibolites, eclogites and metagabbros
(Medaris et al., 1995). The protolith of gabbros and eclogites was dated as Cambrian and
Ordovician while the Devonian metamorphic and cooling ages range between 410 and
370 Ma. The metamorphic evolution started with eclogite-facies metamorphism and terminated
by granulite and amphibolite-facies retrogression. These rocks are interpreted as the oceanic
fragment at suture position.

Tepla-Barrandian (the Bohemicum) consists of Neoproterozoic basement with the
lower arc-related volcano-sedimentary sequence, followed by siliceous black shales and
a flyshoid sequence (shales, greywackes and conglomerates. The Neoproterozoic basement is
unconformably overlain by a thick sequence (1500-2000 m) of Lower Cambrian conglomerates,
graywackes, and sandstones and Upper Cambrian volcanics. The Lower Palacozoic Prague
Basin is characterized by Early Ordovician (Tremadocian) transgression followed by mid-
Ordovician rift related volcanics. Sedimentation of Silurian graptolite shales was associated
with important volcanic activity accompanied by basaltic and ultramafic intrusions. The
sedimentation continued from Upper Silurian to Devonian by carbonate dominated sequence
and terminated at mid-Devonian with Givetian calc turbidites.
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The whole sedimentary package is folded by steep folds presumably of Late Devonian age as
indicated by Culm facies sediments unconformably deposited on folded Early Paleozoic strata.
The deformation affected also the underlying Neoproterozoic basement, with the intensity and
age increasing progressively to the west (Zulauf, 2001). In the same direction rises also the
metamorphic degree, reaching amphibolite-facies conditions close to the Tepla-Barrandian/
Saxothuringian boundary. In this area is developed a typical Barrovian metamorphic zonation
ranging from biotite zone in the east up to kyanite zone in the west dated at middle Devonian
by “°Ar/3?Ar method (Dallmeyer and Urban, 1988).

The Tepla-Barrandian and Moldanubian domain boundary is masked by the Central Bohemian
Plutonic Complex. Its activity started with intrusions of calc-alkaline Devonian (~370 Ma)
tonalites to granodiorites transformed into orthogneisses. The first unmetamorphosed plutonic
rocks were Late Devonian (~354 Ma) calc-alkaline tonalites, granodiorites, trondhjemites,
quartz diorites and gabbros. The source of the basic magmas was a slightly depleted mantle
above a subduction zone. Further south/southeast occur Early Carboniferous (~349-346 Ma)
high-K calc-alkaline plutonic bodies (mainly granodiorites with minor quartz monzonite
and monzogabbro bodies). The intermediate rock types resulted from mixing of slightly
enriched mantle-derived and crustal magmas. Finally, further east occur syn-deformational
bodies or post-tectonic elliptical intrusions of magnesio-potassic rocks of mid-Carboniferous
(~343-337 Ma) ages. The plutonic bodies contain numerous xenoliths, screens of the
Barrandian-like Palacozoic and Neo-Proterozoic rocks.The Central Bohemian Plutonic
Complex is interpreted as a relatively shallow section (< 10km) through the Devonian-
Carboniferous magmatic arc, which widened and expanded to the east with time.

The Moldanubian is subdivided into two tectonic units: The Drosendorf Unit composed
of the “Monotonous Group” represented by Proterozoic metasediments, with numerous Late
Proterozoic to Early Palaeozoic orthogneisses, quartzites and amphibolites and the “Varied
Group” composed of plagioclase-bearing paragneiss quartzites and marbles intercalated with
amphibolites and leptynites (Tollmann et al., 1982). The protoliths of varied metasediments
are supposed to be at least partly Early Palacozoic in age with predominance of Ordovician
zircons. Structurally highest is the “Gfohl Unit” composed of orthogneiss with Ordovician
protolith ages, amphibolitized eclogites, granulites, garnet- and spinel-bearing peridotites
surrounded by felsic migmatites.

Two NW-SE trending belts of high-pressure rocks (granulites, eclogites and peridotites) are
distinguished: the western belt located close to the Barrandian-Moldanubian boundary, and
the eastern belt rimming the eastern margin of the Bohemian Massif (Medaris et al., 1995).
These two belts alternate with NW-SE trending wide belts represented by the Varied and
Monotonous groups.

The amphibolite-facies metamorphism developed on the regional scale in the Drosenforf
Unit and reflects maximal pressures of 10 kbar at temperatures of 650700 °C. However,
higher grade (eclogitic) boudins have been identified, generally at the boundary between both
groups. Metamorphism of the Gfohl unit is characterized by early eclogite facies followed
with granulite-facies and amphibolite-facies retrogression (O’Brien and Roétzler, 2003). The
age of early high-pressure metamorphism was probably Late Devonian and the granulite-facies
overprint is of Viséan age as shown by a number of zircon ages.

The deformation history in the Moldanubian Zone reveals early vertical NNE-SSW trending
fabrics, associated with crystallization of high-pressure mineral assemblages. These steep
foliations are reworked by flat deformation fabrics that are associated with medium- to low-
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pressure and high-temperature mineral assemblages. The sub horizontal foliations bear intense
NE-SW trending mineral lineation that is commonly associated with generalized ductile flow
towards NE. The early sub-vertical fabrics is dated at 350 to 340 Ma, while the ages for the
sub-horizontal vary around 335 Ma. In the SW part of the Moldanubian domain, younger set
of steep NW-SE metamorphic fabrics reworks the flat foliation, having been associated with
low-pressure metamorphic conditions at around 325-315 Ma (Schulmann et al., 2005).

The Moldanubian metamorphic units are commonly intruded by numerous Variscan plutons
including magnesio-potassic syenites to melagranites (durbachites), and S-type granitoids. The
magnesio-potassic syenites to melagranites are spatially, structurally and temporally associated
with high-pressure granulites (Janousek and Holub, 2007). These rocks have isotopic signatures
indicating a metasomatized lithospheric mantle source, presumably contaminated by subducted
mature crustal material.

The Moldanubian — Brunia continental transition zone was defined as a zone of medium
grade metamorphism called the Moravo-Silesian Zone (Suess, 1926). This zone of intense
deformation resulted from thrusting of the Moldanubian over Brunia continent to the east. The
contact between these units is marked by a particular unit, the Moravian “micaschist zone”,
which is composed of kyanite-bearing micaschists. This first order tectonic boundary contains
boudins of eclogites, high-pressure granulites and peridotites embedded in the metapelites of
both Moravian and Moldanubian parentage order tectonic boundary.

The underlying Moravo-Silesian Zone is characterized by two nappes composed of
orthogneiss at the bottom and metapelite sequence at the top. This nappe sequence is overlying
Neoproterozoic basement which is often imbricated with Pragian to Givetian cover. The
orthogneisses of the Moravian Zone are derived from the underlying Brunia continent. This
zone of intense deformation, 50 km wide and 300 km long, is marked by a tectonically inverted
metamorphic sequence ranging from chlorite to kyanite-sillimanite zones. The metamorphism
is interpreted as a result of continental underthrusting associated with intense top to the NNE
oriented shearing. The subsequent deformation is connected with recumbent folding and
imbrication of Neoproterozoic gneisses with Devonian cover. The age of this later phase is
constrained at 340-325 Ma 40Ar/3Ar ages (Fritz et al., 1996).

The Brunia continent originally called the Brunovistulicum by Dudek (1980) consists of
Neoproterozoic migmatites and schists dated at ~680 Ma and intruded by 550 Ma old granites.
This basement is unconformably overlain by Cambrian and Ordovician strata followed by
Lower Devonian quartzites and conglomerates and Givetian carbonate platform sedimentation.
Since Early to Late Carboniferous (~350-300 Ma), foreland sedimentary environment
developed resulting in deposition of 7.5km thick Variscan flysch (Culm facies). Low-grade
source rocks gradually pass to high-grade metamorphic source material marked by pyrope-
rich mineral fraction and granulite pebbles dated at 340-330 Ma (Hartley and Otava, 2001,
Kotkova et al., 2007). Since 310 Ma deformation started of the flysch basin characterized by
metamorphism and intense deformation in the west. The deformation terminated by folding
of molasse sediments at ~300 Ma.

Geodynamic evolution of the Bohemian Massif

The succession of tectonic events (Figure 3) can be interpreted in terms of south-eastward
(in the present-day coordinates) oceanic subduction of large Saxohuringian ocean underneath
an active continental margin, obduction of the passive margin units, formation of a fore-arc
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Figure 3. Chronological chart of tectonic events forming Bohemian Massif

region, growth of a magmatic arc and development of a large-scale back-arc system on the
continental lithosphere. The early Saxothuringian oceanic subduction event was followed by
a continental underthrusting of Saxothuringian continent leading to gradual flattening of the
subduction zone marked by eastward migration of arc depocenters and subsequent crustal
thickening. The latter event was responsible for the development of a thick continental root
at the expense of the upper plate composed of the Tepla-Barrandian and Moldanubian units.
The final evolution is marked by the continental indentation of easterly Brunia continent,
exhumation of the Moldanubian lower crust, collapse of the Tepla-Barrandian and Moldanubian
thrusting over Brunia platform.

Early Devonian oceanic subduction underneath the continental margin (Figure 4) is marked
by relics of Ordovician to Lower Devonian passive margin metamorphosed under blueschist—
eclogite facies conditions indicating a Mid-Devonian oceanic subduction. These units are
obducted above a continuously underthrust continental Saxothuringian plate. The Barrovian
metamorphic zonation and related deformation in the overriding Tepla-Barrandian continental
margin are interpreted as ductile part of the Barrandian crust extruded during early stage of
upper plate Late Devonian shortening. The steep folding of central part of anchimetamorphic
Barrandian Neoproterozoic sequences is interpreted as a same deformation event but occurring
in more shallow crustal levels. The subduction of a Saxothuringian oceanic crust underneath the
Tepla-Barrandian crust is responsible for the origin of a magmatic arc represented by Devonian
calc-alkaline orthogneisses and tonalities of the Central Bohemian Magmatic Complex and by
isolated granodiorite stocks intruding Neoproterozoic sediments. At this stage the Barrandian
basin operated as fore-arc domain as it is indicated by Devonian zircons in the sediments of
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the same age in the Prague basin. It is difficult to evaluate the original depositional origin
of Moldanubian metasediments, metabasites and other high grade rocks due to severe and
polyphase reworking.

Amphibolites derived from Siluro-Devonian tholeiitic basalts associated with carbonates,
widespread in Lower Austria and south Bohemia, are interpreted as volcanic products of
a large-scale back-arc system. In addition, the felsic metavolcanics and amphibolite layers in
the Varied Group are regarded as continuity of back-arc bimodal volcanism till Givetian. The
back-arc hypothesis corroborates with impressive amount of marbles with high Sr isotopic
ratios that indicate shallow marine environment during Palaeozoic. A back-arc environment
is further supported by bimodal volcanic activity in narrow Devonian basins developed on the
north-eastern margin of the Brunia continent suggesting only minor thinning of continental
crust at the easternmost termination of the back-arc system. In this concept the rest of Brunia
represents a stable continental domain not affected by the back-arc spreading.

The Barrandian became a for-arc region, while the future Moldanubian continued to
evolve as a crustal back-arc system. The position of high-pressure rocks, existence of the
Marianské Lazn¢ Complex at suture position and location of calc-alkaline magmatic rocks
confirm a polarity of the oceanic subduction underneath the easterly fore-arc and magmatic
arc system during Late Devonian. The distance of the arc from the trench area represented by
the suture indicates that the dip of subduction zone was probably moderate (3040 degrees).
The migration of magmatic centres to the east associated with temporal evolution of magma
geochemistry from calc-alkaline to more potassic/shoshonitic affinities (from 370 to 336 Ma)
are compatible with flattening of the subduction zone during Early Carboniferous.

The Carboniferous crustal thickening is recognized in all units except the Tepla-Barrandian.
The Saxothuringian domain is characterized by the arrival of the continental crust and its
subduction underneath the easterly Tepla-Barrandian-Moldanubian. The main thrust boundary
migrated further west, so that the continent was thrust underneath the fossil Devonian suture
and former fore-arc region. At the same time the deformation regime changed in the far field
back-arc region, which recorded progressive thickening of the whole previously thinned and
thermally softened domain. Recent structural studies have shown that the earliest preserved
fabrics have been sub-horizontal, which may indicate that the lower crustal material was
flowing horizontally from the area of subduction channel towards region of easterly back stop.

Indeed, the influx of lower crustal material transported by east dipping Saxothuringian
continental subduction zone underneath the fore arc (Tepla-Barrandian) and subsequently
towards the former back-arc domain is regarded to be at the origin of the future “Gfohl Unit”.
This hypothesis is in line with the whole-rock geochemical and Sr-Nd isotopic composition
as well as the zircon inheritance patterns in the Moldanubian HP-HT granulites. Importantly,
the crustal material involved in the subduction and extruded over the sub-arc and sub-back
arc mantle lithosphere may have developed voluminous high-pressure granulites known from
many regions of the Bohemian Massif. Alternatively, the back-arc domain with inherited
high thermal budget from Devonian stretching may have been thickened and the partially
molten lower crust may have been transported downwards and transformed to high-pressure
granulites.

The onset of thickening of the root is not recorded in the Tepld domain, which behaved as
a supra-structural domain at this time, but it is shown by deformation in the Barrandian domain.
Here, the steep fabric is well dated by adjacent syntectonic calc-alkaline plutons at about
355-345 Ma. In contrast to the west, the eastern sector records onset of loading of the Brunia
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Figure 4. Geodynamics of the Bohemian Massif

platform at Tournaisian manifested by sedimentation of coarse basal clastics and destruction
of the Givetian carbonate platform.

Late Visean exhumation of orogenic lower crust of the upper plate during Early Carboniferous
is exemplified by the two NE-SW trending belts of granulites, eclogites and peridotites
intimately associated with the magnesio-potassic plutons. The first belt, recognized west of
the magmatic arc, was exhumed along huge west dipping detachment zone, which was also
responsible for collapse of the upper part of the magmatic arc system and downthrow of the
whole Barrandian section. Such a huge vertical material transfer could have been responsible
for vertical exchange of lower crustal and upper crustal material in a range of 50 km with final
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throw of 15km. The cooling ages from the lower crustal domain show that the granulites passed
the 300 °C isotherm during Carboniferous, suggesting that the lower crustal bulge reached
very shallow position in the upper plate.

The second lower crustal belt rims the eastern margin of the Bohemian Massif, i.e. the
boundary with the Brunia continent. Here the fabric of granulites is also vertical and is
interpreted in terms of massive vertical exchanges with orogenic middle crust. The zone of
lower crustal bulge is interpreted as enormous anticline extrusion surrounded by middle crust
coevally transported downwards in form of huge crustal scale synforms. The model of vertical
extrusion is based on the concept of buckling of lower and mid-crustal interface followed by
growth of crustal scale antiforms. This process is thought to be triggered by rheological and
thermal instabilities in the arc region, while to the east it is forced by rigid back-stop, preserved
only locally.

However, the most important feature of the eastern Variscan front is the development of
horizontal fabrics in the Moldanubian root zone, parallel to the Brunia continental margin.
The intense deformation of the Brunia leading to the formation of Moravo-Silesian imbricated
nappe system, the origin of crustal mélange forming the Moravian micaschist zone and mixed
high-pressure rocks and migmatites in the overlying Moldanubian nappe have been recently
interpreted in terms of indentation of the Brunia continent into the hot and thick continental
root. This lower crustal indentation and flow of hot lower crustal rocks in supracrustal levels
are consistent with the model of continental channel flow driven by arrival of crustal plunger,
a model which is advocated for two decades for the deformation of the Eastern Cordillera in
the Andes. Finally, the load of Brunia platform related to deep indentation process, leads to
the development and easterly propagation of the foreland basin associated with progressive
involvement of the early clastic basin infill into the channel flow process. In our model
(Schulmann et al., 2008) as the hot Moldanubian rocks advances over the Brunia platform,
the imbricate footwall nappe system of the Moravian zone is generated and thrust over the
foreland basin rocks.
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Paleogeographic evolution of the Bohemian Massif

Over the last 25 years of the 20th century, geology has collected and continues to collect
so much information from global tectonics, paleontology, geophysics and geochemistry that
it is possible to synthesise the paleogeographic evolution of our planet for over 1 billion
years.

Paleogeographic reconstructions in the form of paleocontinent and paleoocean maps are
usually available only from the Upper Proterozoic, or Neoproterozoic, namely the Ediacaran
(= Vendian), i.e. from around 600 Ma. Their detail varies. They differ in the contours of
the continents, the enumeration of the mentioned micro-continents, oceans and seas, rifts,
subduction zones. By default, island arcs are not mentioned. But these played an important
role in orogenesis and sometimes in the migration of organisms, so they are important for
paleogeography. Reconstructions also partially differ in dates of certain configurations of the
paleogeographic situation.

These facts create conditions and circumstances of the paleogeographic reconstruction of
the Bohemian Massif.

= Strike-slip
)\"\—"Mud-ooean rift
;'.D)’Subducmn

GONDWANA
Supercontinent
LAURUSSIA
Supercontinent
HUMN
Superterrane
CIMMERIA
Superterrane

v

Figure 1. Paleogeography of Upper Cambrian (before 500 Ma).
Ruban, D.A. — Al-Husseini, M.l. — lwasaki, Y. (2007).
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The oldest rocks of today‘s Bohemian Massif originated in the range of 1000-545 Ma in
the Neoproterozoic (see the previous chapter “Geological evolution of the area of the Czech
Republic” in this publication). At that time (Scotese Ch. R. (2001, 2014)), they were part of
the supercontinent Rodinia at first. Its disintegration into two halves — continents — separated
by the Panthalassic and Pan-African Oceans before 750 Ma was followed by the separation
of the Congo Craton — the third continent — from the northern one of the two. It probably
included rocks of the Bohemian Massif (Brunia) and was located in the equatorial zone. The
oceans between the three continents were completely subduced and formed the Pannotia
supercontinent (650-500 Ma) in the southern hemisphere (a collision known as Cadomian
and Pan-African orogenesis). But Pannotia began to disintegrate soon after its formation
and disintegrated (before 560 Ma) to form the lapetus Ocean and the Tornquist Sea into the
continents of Laurentia, Siberia, Baltica and Gondwana. The rocks of the Bohemian Massif
together with other African rocks were part of Gondwana near the South Pole. Under unknown
circumstances, some of them were separated from Gondwana and, in a form of a larger
island (microcontinent), moved northward in the upper Cambrian from the area between the
South Pole and the South Polar Circle. It was accompanied and followed by a set of similar
separated islands — microcontinents — collectively called the Hun Superterrane (Ruban, D.A. —
Al-Husseini, M.I. — Iwasaki, Y. (2007)). From this peri-Gondwanan position, the larger
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(but westward) neighbouring Avalonia followed them in the Lower Ordovician. Avalonia
was separated from Gondwana by the emerging rift of the future Rheic Ocean and from the
Baltica by the rift of the Tornquist Sea (or Ocean). (Cocks, L.R.M. — Torsvik, T.H. (2006),
Fatka, O. — Mergl, M. (2009)).

Wandering island — the seed of today‘s Bohemian Massif — was called the microcontinent
Perunica by Havli¢ek V. et al. (Havlicek, V. — Van¢k, J. — Fatka, O. (1994)). During its
pilgrimage to the north, it was part of a long-term subduction process of considerable
magnitude (see the previous chapter “Geodynamics of the origin of the Bohemian Massif
covering the territory of the Czech Republic” in this publication), that developed over at least
500km in current coordinates in the time period from Silurian to Carboniferous.

About 450 Ma, at the turn of Ordovician and Silurian, Avalonia reached Baltica by the
Tropic of Capricorn and collided with Laurentia. The collision created a Caledonian Orogeny
on the continent called Laurussia and also Euramerica. At the same time, the Iapetus Ocean
between Laurentia and Avalonia and the Tornquist Sea between Laurentia and the Baltica
enclosed, and the opening of the Rheic, Ran and Themis Oceans continued.

Perunica crossed the south polar circle at the turn of the Upper Cambrian and Lower
Ordovician (about 490 Ma). In the Lower Devonian (400 Ma), it was located by the Tropic
of Capricorn. In the Upper Devonian to the Lower Carboniferous (370-340 Ma), it moved in
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the tropical zone south of the equator. A collision with Laurussia happened to it in this zone at
the end of the Carboniferous. The collision was part of the formation of the Variscan Orogen.
The Variscan Orogen results from numerous other collisions of the microcontinent of the
Hun superterrane with Laurussia, including Armorica (a set of Armorican lithological units —
Armorican Terrane Assemblage), Adria and Hellenic lithological unit (Hellenic Terrane), and
from Laurussia‘s direct collision with Gondwana. In European Variscides emerging from
Middle Devonian to Upper Carboniferous (390-310 Ma), Armorica is the basis of their
western part, Perunica of their eastern part.

After the incorporation of Perunica into the variscides of Laurussia, Perunica shared the fate
of Laurussia. That included: the closure of the Rheic Ocean and opening of the Paleo-Tethys
Ocean and the Panthalassic Ocean, and the collision of Laurussia with Gondwana that formed
the Pangea supercontinent in the Upper Carboniferous (before 330 Ma), the disintegration
of Pangea in the Jurassic (before 150 Ma) that formed Laurasia and the division of Laurasia
by the Atlantic Ocean into North America and Eurasia in Cretaceous (before 90 Ma).
Eurasia represents the last anchorage of the Bohemian Massif within its paleogeographic
evolution.
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MINERALS CURRENTLY MINED
IN THE CZECH REPUBLIC

ENERGY MINERALS

Significant geological reserves of energy minerals on the territory of the Czech Republic can
be found only in uranium ores, bituminous coal and brown coal. Geological reserves of these
raw materials take a share of rounded 1 per cent in the world reserves. Brown coal deposits
are concentrated in the Krusné Hory Mts. Piedmont Basins. About over one third of domestic
electric energy and nearly half of heat (heating plant) production is covered by coal from
these basins. All the bituminous coal mining is at present concentrated in the Czech part of the
Upper Silesian Basin. Uranium mining has been abandoned. Coal production started to thrive
on the Czech territory in the 19th century in the beginning of the industrial revolution. After
the World War II, uranium ore mining developed. Production of energy minerals as a whole
reached its peak in the second half of the 1980" and after that a recession came connected with
the decline of U-ore and all kinds of coal mining.

Uranium is an important Czech energy mineral with a share of 37% in total domestic
production of electricity. The Czech Republic was one of the world‘s most important uranium
producers and historically with a total production of over 113 kt of uranium in the years 1946
to 2018 in the form of sorted ores (from the beginning of mining until 1975) and chemical
concentrate (since 1953) is on 12th rank in the world. The closure of the last mined deposit for
economic reasons in 2016 probably ended (if not definitively) uranium mining in the Czech
Republic for a long time. The total amount of mine output in the Czech Republic and its share
in world mining has been constantly declining. While in 1990 it reached more than 4%, between
1994 and 2003 it was around 2%, after 2005 it has already fallen below 1% and currently (2020)
our republic with uranium production below 30t per year is far behind 10th rank in the world
with less than 0.1% share in the world mining. At present, uranium is obtained as a side effect
of groundwater treatment as part of disposal operations after in situ leaching of uranium ores.

Crude oil was one of the few minerals in the Czech Republic, the extraction of which
was constantly growing until 2003. After that, it remained stable for two years and has
been declining since 2006. The main reason for the decline in the last three years, there has
been a decline in world prices, but also high royalty tariff on extracted mineral. Exports are
negligible and are around 0.4% relative to domestic mining. However, the total share of
extracted oil in the Czech Republic in domestic consumption has long been only between 1.5
and 2%. The deposits are located in the Carpathian foredeep and the Vienna Basin.

The share of domestic natural gas production in recent years covers domestic annual
consumption of about 2%. The average annual production volume has long been maintained
at the level of 120-150 million m3, from 2010 to 2015 it stabilized at values of around
200 million m? per year. After that, it ranged from less than 170-180 million m? and in 2019
it fell to 146 million m3 and the decline continued to 138 million m3 in 2020. The reason for
the decline in extraction was mainly the worldwide decline in prices. The most significant
accumulations of natural gas in South Moravia are tied to the Carpathian foredeep region and
South-East slopes of the Bohemian Massif. These deposits are often associated with crude oil.
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In northern Moravia, Carboniferous natural gas deposits (coal mine methane — CMM) mined
from closed underground bituminous coal mines in the Czech part of the Upper Silesian Basin
(so-called degassing of coal seams) are of the greatest importance.

Bituminous coal is an important Czech energy and metallurgical raw material. Although its
share is constantly declining slightly, it still produces around 6% of domestic electricity and
13.5% of heat. Gross annual bituminous coal mining in the Czech Republic has been a long time
(from 1973 to 1990) relatively stable and ranged between 33 and 38 million tons, with a record
in 1975, when 38.6 million tons of bituminous coal were mined. In this period, disposable (and
similarly saleable) mine production was around 28 million tons per year, and in the case of the
Upper Silesian Basin it accounted for between 75 and 80% of gross extraction. Bituminous coal
mining in the Czech Republic has had a declining trend since 1990. From 2013, the consequences
of the decline in world prices of steam coal began to manifest themselves, and mining
gradually fell to almost 2 million tons in 2020. Saleable output is always somewhat different
from the decline in coal reserves. Higher saleable output is related to the processing and sale
of coal from dumping grounds, washery plants, etc., on the contrary, lower sales production
reflected a decrease in interest in bituminous coal on the market and thus a part of mined raw
material was deposited in dumping grounds. Roughly half (over 46%) of the coal mined in
the Czech part of the Upper Silesian Basin is coking coal, and slightly less is steam coal. The
remaining 7% is PCI (pulverized coal injection) coal, which is mainly used in iron processing.
Btuminous coal is currently mined only in the Czech part of the Upper Silesian Basin.

Brown coal is the most important Czech energy mineral. It produces about 43% of domestic
electricity and 44% of heat. Mining takes place only in the North Bohemian and Sokolov
basins. The peak of lignite mining in the Czech Republic was in the 1980s, when gross annual
mine output ranged from 91 to almost 97 million tons per year (the highest 96.9 million tons
in 1984). Both disposable and saleable extraction almost copied gross output and differed
minimally in individual years. Since 1988, when mining last exceeded 91 million tons, it has
been gradually declining. In 2019, mining decreased slightly to 37.5 million tonnes and the
decline continued in 2020 to 29.5 million tonnes. In absolute numbers both basins contributed
roughly equally. Brown coal is currently mined only in the North Bohemian Basin and the
eastern part of the Sokolov Basin. The share of deposits in the North Bohemian Basin was
about 80% of the total brown coal production in the Czech Republic in the whole monitored
period, the highest (84%) was in 2011, 2019 and 2020. In 2019 the share of total brown coal
mining in the Sokolovské Basin decreased to about 16%, otherwise was mostly less than 20%.
Relatively large reserves of brown coal in northern Bohemia (North Bohemian coal basins)
are blocked on the basis of the announcement of the so-called territorial limits of lignite
mining in northern Bohemia. These were determined by Resolutions of the Government of the
Czech Republic No. 444 of 1991, 1176/2008 and 827/2015. The government resolution defines
mining areas and areas that should remain unmined. The main reason for their determination
was the protection of the environment and the landscape in the area of northern Bohemia.

Lignite is mostly classified as brown coal in the world, but in the Czech Republic it is
reported separately. While in 1988 the annual production was 2.2 million tons, over the next
five years it gradually decreased by almost 1 million tons. At that time, lignite was still mined
in three deposits in the Vienna Basin. In 1992, the mining of the Kyjov seam in Sardice ended.
Less than two years later, mining at the Dubnany deposit was terminated, and from the second
half of 1994, lignite in the Czech Republic was mined in only one Hodonin deposit until
mining was terminated (0.5 million tons per year, 0.3 million tons 2009) in 2009.
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Bituminous coal

1. Characteristics and use

Coal is a flammable sedimentary rock (coal caustobiolite) formed by coalified organic matter
(originating from peat) and mineral admixtures originating from plant bodies or from sediments
coming into the coal-forming environment or from the coalification process. Coalification
determines the gross combustion value, the reflectivity of vitrinite, the hydrogen content in
the H combustible. Mineral admixtures (carbominerites in bituminous coal and minerites in
brown coal) form the M ashes.

The internationally recognised boundary between bituminous and brown coal is not
clearly defined, but it is accepted that bituminous coal has the Q™2 (combustion heat on the
anhydrous ash-free basis) equal to or greater than 24 MJ/kg at a light reflectance of vitrinite
R, > 0,6 %. Anthracites include all coals with a vitrinite reflectance R, > 2 %. The limit value
between meta-anthracite (most coalified anthracite) and semi-graphite is the hydrogen content
in the combustible (H") 0.8%.

Reserves
2020 2020
Country tonrfrl::es % Country to“rl:ri::as % world % EU
USA 218 938 29.1 EU 25539 3.4 100.0
China 135 069 17.9 Poland 22 530 3.0 88.2
India 105 979 141 Czechia 1081 0.1 4.23
Australia 73719 9.8 Spain 868 0.12 3.40
Russia 71719 9.5 Hungary 276 0.04 1.08
Ukraine 32 039 4.3 Bulgaria 192 0.03 0.80
Kazakhstan 25 605 3.4 Romania 11 0.001 0.04
Indonesia 23 141 3.1
Poland 22 530 3.0
Columbia 4 554 0.6
World 753 639 100.0

Source: BP Statistical Review of World Energy 2021

Uses

Production of electricity and heat, metallurgy, chemistry. Coking coal is defined as bituminous
coal with a quality that enables the production of coke for blast furnace production of pig iron
or for heating purposes. Other types of bituminous coal are referred to as steam coal, which
are used mainly to generate electricity.
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Classification as critical raw materials for the European Union
Coking coal 2011 —no, 2014 — yes, 2017 — yes, 2020 — yes
Steam coal 2011 —no, 2014 — no, 2017 —no, 2020 — no

2. Mineral resources of the Czech Republic

There are deposits of coking and steam bituminous coal in the Czech Republic. The Czech

part of the Upper Silesian Basin with an area of approximately 1,550 km? (approximately

30% of coal reserves are in the Czech Republic and 70% in Poland), operationally called the

Ostrava-Karvina coalfield (OKR), is decisive, and there is also a significant share of coking

coal. At present, this is the only area of bituminous coal mining in the Czech Republic and the

company OKD, a.s., Ostrava mines here.

» The Bludovice fault divides the basin into two parts: the northern Ostrava-Karvina and the
southern Podbeskydy. The significant tectonic fault (the Orlova Fault) divides the Ostrava-
Karvina part of the basin into a western, geologically older and tectonically intensively
affected Ostrava part of the basin with a paralic development of sediments', and the eastern,
less complex Karvind part with not only paralic but also limnic? sediment development. The
western part contains several dozen relatively low-thickness (on average approx. 0.7 m)
layers of high-quality coking coal, while in the eastern part there are medium-thickness
layers (on average approx. 1.8 m) with mixed coking or steam coal predominant in the
recoverable depths. At present, the entire production of the basin is provided by 2 mining
plants with 5 deposits (mining leases Darkov, Doubrava, Karvina-Doly I and II, Louky)
in the Karvina part of the basin (in 2016 mining was terminated in mining lease Stonava
and at the end of 2019 also in mining lease Lazy). The calorific value Q;' of the mined
coal is usually between 23-30 MJ/kg, the ash content Ad between 10 and 30%. Due to
long-term intensive mining, mining in the Ostrava part of the basin was getting deeper and
deeper (even over 1,000 m), which, together with difficult mining and geological conditions,
enormously increased the mining costs. Therefore, the mines in Ostrava became unprofitable
and were gradually closed and liquidated. Most of the mines in the eastern part had sufficient
reserves with a simpler geological structure, which can be mined at significantly lower costs.
However, the value of this coal is reduced by its lower quality due to its coking properties.

* In the northern area of the Podbeskydy part of the basin, 1 deposit (mining lease Stafi¢) of
predominantly coking coal in the Ostrava Formation was mined by one mine until 31 March
2017. The calorific value Q;' of the mined coal ranged on average between 28-29 MJ/kg, the
ash content A4 between 11-19%. Relatively large coal reserves have been evaluated further
south, especially in the vicinity of Frenstat pod Radhostém, where the coal-bearing carbon
is covered with Miocene and the Beskydy nappes. Coal would be mined here under difficult
geological conditions from depths of 800—1,300 metres. In addition, the deposit partially
extends into the Beskydy Protected Landscape Area, and therefore its use is not yet planned.

* Until the final cessation of mining in the last 3 mining areas (Kacice, Srby, Tuchlovice) in
mid-2002, the second most important area with bituminous coal reserves was the Kladno-
Rakovnik Basin located in Central Bohemia west of Prague. However, most of the reserves
of the original Kladno-Rakovnik Basin with steam coal have already been mined and the

1 alternation of marine and continental sediments
2 only lake sediments
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remaining ones have lost their economic significance. The calorific value Q;' of the mined
coal ranged on average between 18-20 MJ/kg, the ash content A4 between 20-35%. In the
north-eastern continuation of the Kladno part of the basin, a deposit of relatively high-quality
and partially coking coal near Slany was identified and examined in the 1950s and 1960s,
with geological (potentially economic) reserves of approximately 364 million tonnes, but
lying at depths of 700—1,300m and with complex hydrogeological and gas conditions. The
average calorific value Q;" is between 18-22 MJ/kg, the ash content A4 between 20-40%.
The opening of this deposit was stopped after the excavation of two main pits in the early
1990s, and the two pits excavated so far have been backfilled.

* Northeast of Prague, the Mseno part of the MSeno-Roudnice Basin with geological reserves
of steam coal of over 1.1 billion tonnes was identified and preliminarily explored. The
average calorific value Q" is between 16-20 MJ/kg, the ash content A4 between 24-40%.
However, the use of these reserves is currently unrealistic (economic aspects and conflict
of interest — drinking water for the Central Bohemian region in the overlying Cretaceous
sandstones). At present, the Roudnice part of this basin and the Mnichovo Hradisté Basin
lying east of the MSeno-Roudnice Basin appear to be completely unpromising.

* A low-perspective deposit of low-quality steam bituminous coal is evaluated in the KrkonoSe
Piedmont Basin.

* Deep mining of mainly steam coal in the Czech part of the Intra-Sudetian Basin definitively
ended in the early 1990s. From 1998 to 2007, very little surface mining took place at the
Zacléf deposit.

* Mining of bituminous coal in the Pilsen region (Pilsen and Radnice Basins) was also
definitively terminated in the first half of the 1990s, and the remaining reserves were
removed from the Register in 2002. Slight mining efforts in the adjacent Manétin and Zihel
Basins and in isolated carbon relics near MiroSov, Merklin, Tlusticka, Malé Ptilepy, etc.
were of a rather local significance.

* The mining of steam bituminous coal in the Boskovice furrow (Rosice-Oslavany mining
district) west of Brno definitively ended at the beginning of 1992.

» Small isolated relics of bituminous coal to anthracite in the Blanice furrow were mined
locally in the past, for example near Lhotice northeast of Ceské Bud&jovice, west of Vlagim
and in the Cesky Brod region.

* The slight mining of anthracite in the carbon relic near Brandov in the Ore Mountains has
never been of significant important.
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3. Registered deposits and other resources of the Czech Republic

7 (]
Usti nad Labem'

Hradec Kralové
LJ

Pardubice
[ ]

Ceské Bu.déjovice

B reserved registered deposits - exhausted deposits and other resources

Coal basins
(Names of basins with mined deposits are indicated in bold type)

—_

Czech part of the Upper-Silesian Basin

Czech part of the Intra-Sudetic Basin

Krkono$e Mts. Piedmont Basin

Central Bohemian Basins (namely Kladno-Rakovnik Basin)
M8&eno Part of MSeno-Roudnice Basin

Plzen Basin and Radnice Basin

Boskovice Graben

Roudnice Part of M§eno-Roudnice Basin
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Mnichovo Hradisté Basin
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4. Basic statistical data of the Czech Republic as of December 31
Number of deposits; reserves; mine production
Year 2016 2017 2018 2019 2020
Deposits — total number 62 62 62 62 62
exploited 8 7 6 6 5
Total mineral *reserves, kt 16 285 605 |16 283 583 | 15217550 |16 275710 |16 272 828
economic explored reserves 1465793 | 1460044 | 1450481 | 1441494 | 1439817
economic prospected reserves 5991317 | 5991133 | 5830315 | 5989227 | 5989 111
potentially economic reserves 8828495 | 8832406 | 8836754 | 8844989 | 8843900
exploitable (recoverable) reserves 25199 22513 29 192 15970 3243
Mine production, kt 6 074 4870 4110 3150 1 861

* See NOTE in the chapter Introduction above on a terminological difference between Czech official application

of the term reserves and standard international application of the term. The relationship of domestic and foreign

classifications of mineral reserves and resources is described in the separate chapter Mineral reserve and resource

classification in the Czech Republic of this yearbook

Approved prognostic resources Py, Py, P53

Year 2016 2017 2018 2019 2020
Ps, kt 590 300 590 300 590 300 590 300 590 300
P, - - - - -

P, - - - - -

5. Foreign trade

2701 — Bituminous coal, briquettes and similar solid fuels made of bituminous coal

2016 2017 2018 2019 2020
Import kt 3163 3729 3475 3577 3426
Export kt 3438 2321 1911 1414 767

2701 — Bituminous coal, briquettes and similar solid fuels made of bituminous coal

2016 2017 2018 2019 2020
Average import prices CZKnt 1763 2 959 3390 3409 2417
Average export prices CZK/t 2 059 3335 3325 3333 2608
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2704 - Coke and semi-coke from bituminous coal, brown coal or peat, agglomerated

retort coal
2016 2017 2018 2019 2020
Import kt 487 228 220 221 220
Export kt 583 744 634 589 536

2704 — Coke and semi-coke from bituminous coal, brown coal or peat, agglomerated

retort coal
2016 2017 2018 2019 2020
Average import prices CZKni 4 166 5160 5501 5376 4712
Average export prices CZKh 5844 6 906 7 655 7 888 6 260
6. Prices of domestic market
OKD, a.s. bituminous coal sales
Coal type/year 2016 2017 2018 2019 2020
sales* tonnes | 3479663 5296 946 2 286 902 1892812 1 059 838
g th
> revenue C;K 7515000 | 10 645 000 8 715 000 6 953 000 3458 019
._(;:;
© average czK 2160 2010 3811 3673 3263
price tonne
sales* tonnes 3 866 140 1 936 842 2 006 803 1396 572 841 188
§ ths
; revenue | 5238 000 2 790 000 4 144 000 3104 000 2453174
©
(0]
@ | average | CZK/ 1355 1 441 2065 2223 2916
price tonne

* saleable output

Sources: (OKD Annual Reports)
For 2016 — OKD vyrocni zprava 2016, OKD, a.s., pp. 10, 14, 15.
For 2017 — OKD vyrocni zprava 2017, OKD, a.s.
For 2018 — OKD vyrocni zprava 2018, OKD, a.s.
For 2019 — OKD vyrocni zprava 2019, OKD, a.s.
For 2020 — OKD vyroc¢ni zprava 2020, OKD, a.s.

, pp- 15, 64.
,pp- 10, 11.

,pp- 5, 9.
,pp- 11, 12.
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7. Mining companies in the Czech Republic as of December 31, 2020
OKD, a.s., Ostrava

8. World production and world market prices

World mine production

During 2016 and 2020, world production of bituminous coal developed as follows:

2016 2017 2018 2019 2020
Steam coal (WBD), mill t 5248.3 5539.7 5832.3 5960.4 N
Coking coal (WBD), mill t 1 048.1 1 020.6 989.3 1025.6 N
Bituminous coal total (WBD), mill t 6296.4 6 560.3 6821.6 6 986.0 N

After Coal Information IEA 2020 production of bituminous coal reached these numbers (mill t):

2016 2017 2018 2019 2020
Steam coal 5458.0 5726.0 6 025.0 6175.0 5707.0
Coking coal 1033.0 1 000.0 978.0 1 007.0 1015.9
Bituminous coal total 6 491.0 6726.0 7 003.0 7182.0 6722.9
Main producers according to WBD
2019 2019
Steam coal Coking coal
Country mill % Country mill %
tonnes tonnes

China 2967 49.8 China 503 49.0
India 678 11.4 Australia 188 18.4
Indonesia 610 10.3 Russia 94 9.2
USA 522 8.8 USA 64 6.3
Australia 272 4.6 India 53 5.2
Russia 267 45 Canada 34 3.3
South Africa 250 4.2 Mongolia 31 3.0
Kazakhstan 99 1.7 Poland 12 1.2
Columbia 75 1.3 Kazakhstan 10 1.0
Poland 50 0.8 Ukraine 6 0.6
World 5960 100.0 World 1026 100.0
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Main producers according to Coal Information, IEA
2019¢ 2019¢
Steam coal Coking coal
Country mill % Country mill %
tonnes tonnes
China 3 050 49.4 China 540 53.6
India 700 11.3 Australia 175 17.4
USA 530 8.6 Russia 85 8.4
Indonesia 520 8.4 USA 60 6.0
Australia 280 4.5 India 60 6.0
South Africa 250 4.0 Mongolia 25 25
Russia 235 3.8 Canada 25 25
Kazakhstan 100 1.6 Poland 20 2.0
Columbia 90 1.5 Kazakhstan 12 1.2
Poland 40 0.6 Indonesia 5 0.5
World 6 175 100.0 World 1007 100.0

e — preliminary values

EURACOAL regularly publishes data on the extent of maritime trade in bituminous coal.

broken down into steam and coking coal in its Market Report

Steam coal (mill tonnes)

Exporter 2016 2017 2018 2019 2020
Indonesia 318 324 343 375 341
Australia 199 200 208 212 199
Russia 149 166 172 179 169
Colombia 76 83 80 76 52
South Africa 75 83 81 78 75
USA 16 37 48 36 24
others 19 7 8 20 16
Total 852 900 940 976 876
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Coking coal (mill tonnes)

Exporter 2016 2017 2018 2019 2020
Australia 189 177 179 183 172
Canada 28 28 30 31 31
USA 34 46 52 46 35
Russia 22 23 26 26 29
Total World 291 280 291 290 270

The world's largest importers of bituminous coal (according to China Coal
Economic Research Association) (for 2016 and 2017) and according to IEA
(for 2018, 2019 and 2020)

Bituminous coal total (millions of tonnes)

Country 2016 2017 2018 2019 2020
China 256 271 281 298 309
India 200 200 223 247 211
Japan 189 194 184 185 183
South Korea 134 148 136 130 123
Taiwan 66 69 67 67 63
Germany N 37 45 41 30
Turkey N 33 38 38 40
Philippines N 24 N N N
Thailand N 22 N N N
Vietnam N 14 23 44 53
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World market prices
World prices of bituminous coal both contractual and spot. are traditionally determined
mainly by prices of American and Australian coal.

EURACOAL (Market Report 2016 to 2020) provided an overview of the development of
monthly prices of steam coal in USD/tce and EUR/tce CIF South-West Europe in terms of
7,000 kcal/kg:

Month/year 01 02 03 04 05 06 07 08 09 10 11 12

2015 USD | 77.90 | 68.76 | 7328 | 69.72 | 70.39 | 66.86 | 69.41 | 67.25 | 64.40 | 60.55 | 63.12 | 58.00
2015 EUR | 67.03 | 60.58 | 67.89 | 64.23 | 63.13 | 59.63 | 63.12 | 60.37 | 57.39 | 57.90 | 58.79 | 53.32
2016 USD | 56.19 | 52.34 | 53.00 | 52.61 | 54.48 | 59.31 | 62.94 | 7119 | 7112 | 88.52 | 100.2 | 100.4
2016 EUR | 51.74 | 4718 | 47.75 | 46.40 | 4817 | 52.82 | 56.86 | 63.49 | 63.43 | 80.28 | 92.83 | 95.24
2017 USD | 101.1 | 97.64 | 91.16 | 90.50 | 85.93 | 90.25 | 97.81 | 97.79 | 103.1 | 107.3 | 110.8 | 107.2
2017 EUR | 9530 | 91.75 | 85.33 | 84.41 | 77.72 | 80.38 | 84.98 | 82.83 | 86.50 | 91.30 | 94.36 | 90.61
2018 USD | 112.23 | 105.54 | 94.21 | 9345 | 99.75 | 110.58 |116.55 |110.28 | 117.41 |118.35 | 113.97 |100.42
2018 EUR | 92.01 | 85.47 | 76.37 | 76.13 | 84.45 | 94.69 | 99.80 | 95.50 |100.71 |103.06 |100.27 | 88.20
2019 USD | 98.40 | 92.17 | 87.38 | 63.71 | 67.78 | 59.05 | 62.43 | 6850 | 66.22 | 68.81 | 65.52 | 64.86
2019 EUR | 86.19 | 8120 | 77.32 | 56.69 | 60.61 | 52.28 | 55.65 | 61.56 | 60.18 | 63.17 | 59.29 | 58.36
2020 USD | 60.76 | 56.91 | 55.14 | 56.14 | 44.64 | 53.63 | 59.16 | 60.06 | 60.40 | 66.90 | 59.97 | 72.35
2020 EUR | 54.74 | 52.19 | 49.85 | 51.69 | 40.95 | 47.65 | 51.62 | 50.78 | 51.22 | 56.81 | 50.66 | 59.45

BP Statistical Review of World Energy (BP) and the World Bank — The Pink Sheet (WB)
report average prices of some types of coal (USD/t — BP. resp. USD/mt — WB):

Year 2016 2017 2018 2019 2020
Market price in NW Europe (BP) 59.87 84.51 91.83 60.86 50.28
Spot prices of the US Central 51.45 63.83 72.84 57.16 42.77
Appalachian coal (BP)
The spot price of Japanese 114.41 93.85 N N N
imports (BP)
Coking coal CIF (BP) 71.66 95.57 112.73 77.63 69.77
Spot price of coal. China.

71.35 94.72 99.45 85.89 83.10
Qinhangdao (BP)
Australian steam coal. 6.300kcal

66.12 88.52 107.02 77.89 60.79
CIF Neawcastle (WB)
Colombian coal (WB) 67.6 77.8 N N N
South African coal (WB) 63.95 85.15 97.64 71.94 65.66
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Brown coal

1. Characteristics and use

Brown coal (lignite, subbituminous coal) is a phytogenic kaustobiolite coalified less than
bituminous coal. The boundary between brown and bituminous coal is not internationally
exactly defined, but its definition given by the value of combustion heat on an anhydrous
ashless basis (Q (™f) < 24 MJ/kg and light reflectance of vitrinite R, < 0.6% is generally
accepted. The most coalified brown coal (in Czech terminology brown coal metatype) is called
subbituminous coal in foreign literature.

The international boundary between brown coal and lignite has not been established, but
lignite is usually considered to be a raw material with a carbon content in combustibles below
about 65% and a calorific value <17 MJ/kg. The terminology of coal is not uniform around
the world, often the English term “lignite” is used to denote both the quality of our (Central
European) brown coal and of lignite (brown coal hemitype), which is reported separately in
the Czech Republic.

Reserves
2020 2020

Country to'\r:l::es % world Country to“rlmlri::as % world % EU
Russia 90 447 28.2 EU 53 051 16.6 100.0
Australia 76 508 23.9 Germany 35 900 11.2 67.7
Germany 35900 11.2 Poland 5865 1.8 111

USA 30 003 9.4 Greece 2876 0.9 5.4
Indonesia 11 728 3.7 Hungary 2633 0.8 5.0
Turkey 10 975 3.4 Bulgaria 2174 0.7 41

China 8128 25 Czechia 1081 0.3 2.0
Serbia 7112 2.2 Spain 319 0.1 0.6
New Zealand 6 750 2.1 Romania 280 0.09 0.5
Poland 5 865 1.8

World 320 469 100.0

Source: BP Statistical Review of World Energy 2021

Uses
The use of brown coal is mainly in the energy industry (electricity and heat production), to
a lesser extent in the chemical industry.

Classification as critical raw materials for the European Union
2011 —no, 2014 — no, 2017 — no, 2020 — no
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2. Mineral resources of the Czech Republic

Brown coal is still the main source of energy in the Czech Republic. The largest Czech

brown coal basins originated in a tectonic trough and follow the direction parallel to the Ore

Mountains and the northwestern border of the Czech Republic. The total area of coal-bearing

sedimentation is 1,900 km?. The underlying sediments are classified into the Eocene, the seams

and overlying sediments (up to 400 m thick) belong to the Lower Miocene, and in the Cheb

Basin, the sedimentation ends as far as in the Pliocene. In the area of the basins at the foothills

of the Ore Mountains (Podkru$nohorska basins), the following main separate basins are mostly

defined (from NE to SW): North Bohemian, Sokolov and Cheb. The largest North Bohemian

Basin is further divided into 3 parts. The North Bohemian Basin accounts for about 80% of

the total brown coal production in the Czech Republic, the remaining 20% comes from the

Sokolov Basin. Mining is practically exclusively surface.

* In the Chomutov part of the North Bohemian Basin, the brown coal seam is divided into
3 benches. Towards the NW of the basin, these layers are joined or converged and are
surface mined together. This coal has less calorific energy and lower to medium degree
of coalification. It is used mainly for combustion in power plants, the desulphurisation of
which has eliminated the problem of increased sulphur content (S9 around 2.8%) in this
coal. The ash content generally rises from NW to SE, where it can reach up to 50% (on
average it is around 35-40%). The average thickness of the mined seam is about 23 m and
the calorific value of coal Q;" is about 10 MJ/kg. Coal from this part of the basin is mined
by one large quarry TuSimice-Libous (mining lease TuSimice).

* Coal with a lower ash content (15-40%) and a higher degree of coalification is mined in
the Most part of the North Bohemian Basin. Coal is used in the energy sector, and sorted
types are also produced for small consumers. It has locally significantly increased contents
of sulphur (S9 usually between 1 and 1.5%) and arsenic. The average thickness of the
mined seam is between 20-30m, the calorific value between Q;" 10—-17 MJ/kg. The depth
of surface mining is gradually increasing, currently reaching up to 150 m in some places.
Mining in this part of the basin is provided by 5 large quarries: Bilina-Velkolom Bilina,
Ervénice-Velkolom CSA, Holesice, Komotany and Vr$any (mining leases Bilina, Ervénice,
Holesice, Komotany, VrSany). In the last underground mine Dolni Jifetin-Centrum (mining
lease Dolni Jifetin u Mostu), mining was finished in the first quarter of 2016. Since the same
year, a small amount of coal has been underground mined by single entry room and pillar
method from the closing slopes of the quarry (Komorany, Ervénice).

* In the Teplice part of the North Bohemian Basin, mining ended in 1997 with the closure of
the Chabarovice quarry. The remaining reserves of medium-coalified, high-quality coal with
a low sulphur content below the municipality of Chabatovice will not be possible to extract
due to conflicts of interest and complex hydrogeological conditions. Similar conflicts will
probably prevent the extraction of other reserves of quality coal in other sections of this
part of the basin. Small isolated occurrences of brown coal seams in the Central Bohemian
Uplands were largely mined in the past.

* The Sokolov Basin west of Karlovy Vary has two main seam formations (Antonin and
Josef). The largest reserves are contained in the thickets and highest seam Antonin, in the
western part divided into 2 to 3 benches. It is a weakly to moderately coalified steam coal
with a lower sulphur content (S4 around 1%) and a higher water content compared to the
coal of the North Bohemian Basin. Since 2001, mining has been taking place only in the
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east of the central part of the basin. A seam with an average mined thickness of 26-38 m
is surface mined in the Alberov-Velkolom Jifi large quarry (Alberov mining lease). Since
2015, only overburden works have been carried out in the Nové Sedlo-Druzba quarry
(mining lease Nové Sedlo) and no coal has been mined. Smaller coal mining took place
until 2017 in the Krélovské Pofi¢i-Marie quarry (mining lease Kralovské Pofici). Since
2012, the coal of potentially economic reserves has been mined and recovered to a small
extent during remediation work in the western part of the basin in the northern part of
the Svatava-Medard quarry (Svatava mining lease). The calorific value Q;' is between 12
and 14 MJ/kg and the ash content Ad is between 20 and 24%. Coal is used mainly in the
energy industry (sorted fuels, combustion in power plants and production of energy gas
and briquettes), but also in the production of some carbochemical products. The coal of the
lower Josef seam, which had a higher degree of coalification, but also increased contents of
ash, Ge, sulphur and other pollutants (As, Be), is no longer used. In the past, it was mined
in smaller quantities in isolated relics south of Karlovy Vary.

* The Cheb Basin has over 1.7 billion tonnes of geological reserves of weakly coalified
brown coal (calorific value Q;" around 10 MJ/kg). The coal has an increased content of
water, ash (20-40%), sulphur (2-4%) and other pollutants. Due to the locally high content
of liptodetrites, it could also be suitable for chemical processing. In the past, it was mined
for a short time, especially in the Pochlovice part of the basin to the East. However, re-
mining of coal in this basin is still impossible, the vast majority of reserves are tied to the
protection of mineral water resources FrantiSkovy Lazn¢.

* From Germany and especially Poland, a small part of the Zittau Basin extends into the
Czech Republic. The upper seam has already been mined on the surface, the deep mining
of the remaining two seam horizons is hindered not only by economic but also technical
problems with the amount of waterlogged sands in the overburden.

* In the past, small occurrences of low-quality brown coal in the Czech Cretaceous basin were
occasionally mined in small quantities as an accompanying raw material in the mining of
refractory clays, e.g. near Moravska Tiebova or Svitavy.
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3. Registered deposits and other resources of the Czech Republic

Ceské Budéjovice
[ ]

B reserved registered deposits - exhausted deposits and other resources

area of ecological territorial limits for mining
(Government Resolution no. 444/1991)

Coal basin
(Names of basins with mined deposits are indicated in bold type)

1 Cheb Basin 3 North—-Bohemian Basin

2 Sokolov Basin 4 Czech part of the Zittau (Zitava) Basin

Territorial ecological mining limits
Josef Godany

The relatively large reserves of brown coal in Northern Bohemia (North Bohemian coal basin)
are blocked by “Regional environmental limits” for brown coal mining in Northern Bohemia
(today this relates only to the North Bohemian coal basin). The limits were set by Czech
Government Resolutions Nos. 166, 443, and 490 of 1991 (for the Sokolov coal basin) and
Resolution No. 444 of the same year (for the North Bohemian coal basin). The Government
Resolutions define mining areas which should remain unexcavated. The main reason for
setting the limits was environmental and landscape protection of Northern Bohemia. However,
territorial limits for the Sokolov coal basin were removed relatively soon — by Government
Decree No. 511 of 1993.
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With diminishing reserves of brown coal in mined areas there is an escalating pressure to
reconsider or amend the original decision of 1991, i.e. the preserved Government Resolution
No. 444/1991. There was a minor change to the territorial environmental limits in the
foreground of the large opencast mine Bilina (deposit in Bilina) by Government Resolution
No. 1176/2008 and the subsequent Government Resolution No. 827/2015 which repealed
Government Resolution No. 1176/2008 and significantly moved the environmental limit
boundary — to the distance of 500 m from the urban area of Maridnské Radcice. This shifted
the anticipated end of mining in the mine from 2038 to 2055. The mining company has been
ordered to primarily use the mined coal to meet the needs of the heating industry. Government
Resolution No. 444/1991 still applies to the remaining deposit area, including the large
opencast mine CSA (deposit in Ervénice — CSA mine). The question of breaking the territorial
environmental limits in the CSA opencast mine will remain conditionally open until 2020 (if
the current territorial environmental limits are preserved, the mining is expected to end in
2024). The coal reserves behind the territorial environmental limits in the CSA opencast mine
are of the highest quality (the calorific value of coal from this deposit area is at least 17 MJ/kg).

Overall, the environmental territorial limits block about 954 million tonnes of coal reserves.
The truth is that brown coal and nuclear power are still the only relevant sources for our energy
sector. Brown coal is also the most important raw material for the Czech heating industry. The
main product of the brown coal industry is a dusty brown coal for power stations and heating
plants. In the long term, approximately 93 % of brown coal produced is consumed by these
facilities. Graded coal production for households accounts for the remaining 7 %.

Branany

Soucasny rozsah tézby

) i Hranice povolené téZzby stanovena tézebnimi
rezervni lomova —|imity dle usneseni viady &. 444/1991

lokalita Bylany
- - Plany tézby po prolomeni téZebnich limita,
\163 mil. t v&. rezervnich lokalit

© VUHU Most 2003 (upraveno)
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4. Basic statistical data of the Czech Republic as of December 31

Number of deposits; reserves; mine production

Year 2016 2017 2018 2019 2020

Deposits — total number 51 52 52 52 52
exploited 10 10 10 10 10

Total mineral* reserves, kt 8729236 | 8673268 | 8633149 | 8595438 | 8 565 403
economic explored reserves 2203911 | 2210477 | 2173864 | 2138948 2111604

economic prospected reserves 2059859 | 2059859 | 2059859 | 2059 859 2059854

potentially economic reserves 4465466 | 4402932 | 4399426 | 4396631 | 4393945

exploitable (recoverable) reserves 714 356 681 540 646 528 612 729 586 457

Mine production, kt 38 646 39 310 39187 37 465 29 505

Notes:

* See NOTE in the chapter Introduction above on a terminological difference between Czech official application
of the term reserves and standard international application of the term. The relationship of domestic and foreign
classifications of mineral reserves and resources is described in the separate chapter Mineral reserve and resource
classification in the Czech Republic of this yearbook

5. Foreign trade

2702 - Brown coal, also agglomerated, except jet

2016 2017 2018 2019 2020
Import kt 210 331 340 246 183

Export kt 921 987 918 728 549

2702 - Brown coal, also agglomerated, except jet

2016 2017 2018 2019 2020
Average import prices CZKh 2136 1938 1 844 2170 2 346

Average export prices CZK/t 1680 1621 1694 1764 1864

Note: Jet is a compact black variety of brown coal used in (mourning) jewelry
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6. Prices of domestic market
Domestic brown coal prices*
Product specification 2016 2017 2018 2019 2020
graded; cube coal II; 17.6 MJ/
. i 2190 2 200 2250 2475 2475
kg; Severoceské doly
graded; nuit coal I; 17.6 MJ/kg; 1970 2020 2125 2340 2360
Severoceské doly
graded;vnut (’:oal I1; 17.6 MJ/kg; 2020 2070 2 090 9990 2340
Severoceské doly
coarse coal dust |, II;
Severoceskeé doly; 16.9 MJ/kg N N N N N
industrial mixture; 10.5—-
15.6 MJ/kg; Severoceské doly N N N N N

* Prices given without taxes on solid fuels.

Sokolovska uhelnd Company has not been producing graded coal since 2009. Mostecka
uhelna Company has been selling the coal in auctions, price lists will no longer be issued.

7. Mining companies in the Czech Republic as of December 31, 2020

Severoceské doly, a.s., Chomutov

VrS$anska uhelna a.s., Most

Sokolovska uhelna, pravni nastupce, a.s., Sokolov

Severni energeticka a.s., Most

8. World production and world market prices

World mine production

In the five-year period 2016-2020, world production of brown coal developed as follows:

2016 2017 2018 2019 2020¢
Brown coal and lignite (WBD), mill t 814.3 822.1 802.1 739.6 N
Brown coal and lignite (IEA), mill t 820.7 826.0 801.0 739.0 638.5

e — preliminary values
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Mine producers according to Coal

information, IEA

2020¢
Country mill %
tonnes
Germany 131 17.8
Turkey 87 11.8
Russia 81 10.9
Poland 53 7.2
USA 48 6.5
Australia 43 5.9
India 42 5.7
Serbia 39 5.3
Czech Republic 37 5.1
Bulgaria 29 4.0
World 740 100.0

e — preliminary values

Market and prices

Brown coal is subject to world trade to a limited extent only. Compared to the trade with
bituminous coal, brown coal does not pay off when being transported over long distances.
Therefore, trade mainly takes place between neighbouring countries on the basis of contract

prices that are not available in the published statistics.
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Crude oil

1. Characteristics and use

Crude oil is a natural mixture of liquid, solid and gaseous compounds, mainly hydrocarbons.
Its specific gravity varies between 0.75 and 1 t/m>, the average carbon content between
80 and 87.5%, the hydrogen content between 10 and 15% and the calorific value between
38 and 42 MJ/kg. The source of hydrocarbons is organic matter formed by subaquatic
biochemical decomposition of dead biomass. Oil formation occurs at temperatures
of 60—140 °C, at depths of 1,300-5,000 m in pelitic oil-bearing sediments. From there it migrates
and accumulates in permeable, porous or cracked collector rocks. Extracted oil is referred to as
crude oil and has highly variable properties such as colour, viscosity, molecular weight and specific
gravity.

Crude oil is classified as light, medium or heavy according to its specific gravity measured
on the API gravity scale. At 60° F (15.6 °C), light oil has a specific gravity below 31.1 °API,
medium-heavy oil has a specific gravity between 22.3-31.1 °API, heavy below 22.3 °API.

According to the chemical composition, there are 4 basic types — paraffinic, naphthenic,
aromatic and asphaltic oil.

Crude oil is also referred to as sweet or sour according to the sulphur content (sweet below
0.5 wt.% S, acidic above this limit).

Industrially important deposit types
Until the 1990s, oil extraction, with one exception, was carried out by drilling from deposits
of its secondary accumulation. The exception were tar or bituminous sands which were mined.
Since the 1990s, the USA has developed the extraction of shale oil (and shale gas) from
primary deposits by drilling using hydraulic fracturing — fracking of oil-bearing parent rocks.
Bituminous sands are a promising source. The world’s largest deposits and resources are
located in Venezuela (Orinoco slate sands) and Canada (Athabasca slate sands). Due to the
economic and technical complexity of extraction, they are currently mined in large quantities
only in Canada by surface mining. The bitumen content (8—14 °API) in sands is usually
between 10—-12%. The extracted bitumen is processed into synthetic crude oil or directly into
petroleum products in specialised refineries

Uses

Crude oil is usually treated by distillation (refining) to separate its individual fractions: gasoline,
petrol, kerosene, diesel, lubricating oil, asphalt. Higher hydrocarbons (long hydrocarbon
chains) are treated (shortened) in the cracking process. The use of oil is versatile, new
possibilities are constantly emerging. The largest volume of consumption is used for energy
in transport systems, the energy industry in general, and in the petrochemical (supplying
transport) and chemical industries.

Classification as critical raw materials for the European Union
2011 —no, 2014 — no, 2017 — no, 2020 — no
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Reserves
2020 2020
Country to::es % world Country tos:es % world % EU
Venezuela 48.0 19.6 EU 0.3 0.12 100.0
Saudi Arabia 40.9 16.7 Romania 0.1 0.04 33.3
Canada 27.1 11.1 Denmark 0.1 0.04 33.3
Iran 21.7 8.9 ltaly 0.1 0.04 33.3
Iraq 19.6 8.0
Russia 14.8 6.1
Kuwait 14.0 5.7
nited Ar
LEJmirea(:es ® 13.0 53
World 244.4 100.0

Source: BP Statistical Review of World Energy 2021

The USA has a share of world reserves mere 3%. About 40% of this 3% is shale oil (U.S.
Crude oil and natural gas proved reserves, year-end 2018. — U.S. Geological Survey fact sheet
2009-2028).

2. Mineral resources of the Czech Republic

Unlike coal, the Czech Republic does not have sufficient resources for oil or natural gas.

Industrially significant oil accumulations occur mainly in southern Moravia and are linked to

the geological units of the Western Carpathians and the SE slopes of the Bohemian Massif.

Although domestic oil production grew until 2003 and has been relatively stable in recent

years, it covers only about 2-3% of domestic needs.

* In the area of the Vienna Basin (Moravian part), the deposits are scattered into many sub-
structures and productive horizons, lying mainly at depths from 450 to 2,000 metres. The
most productive are the sandstones of the middle and upper Baden. The largest in this area
is the Hrusky deposit, most of which has already been extracted. However, research in
the area is still ongoing. New oil fields with a gas cap have been discovered and are being
extracted in the Postorna, Poddvorov and Prusanky areas.

* The area of the Carpathian foredeep and SE slopes of the Bohemian Massif. The deposits
found so far are among the largest oil deposits in the Czech Republic. The most significant
accumulations are mainly related to collectors in the Miocene, Jurassic and to cracked and
weathered parts of the crystalline complex. Dambotice currently remain the largest and most
important oil deposit. Other important deposits Borkovany, Zarosice, Uhfice and Zdanice
were discovered in the vicinity of this deposit by a systematic survey conducted on the basis
of interpretation of 3D seismic data. Oil is accumulated here in Jurassic sediments — at the
Zarogice deposit in the Vranovice carbonates and at the Uhfice-jih deposit in the sandstones
of the Gresten Formation. At present, these deposits are intensively extracted — they account
for about 70% of the total oil production in the Czech Republic and almost 80% of the
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recoverable reserves. In order to achieve the highest possible yield, the technology of
horizontal wells is also used in extraction. In the case of the Uhfice-jih and Dambofice
deposits, gas is additionally injected into the top parts of the deposits in order to maintain
the deposit pressure. At the Zarogice deposit, a significant source of pressure is present in
the form of the gas cap and the active bedding water, and therefore the use of this method
is not yet necessary.

Oil and gas deposits are genetically linked. In the Vienna Basin, oil deposits occur in Baden
and Lower Miocene sediments, while in the Sarmatian, only gas deposits are found. Crude
oil in the Czech Republic is mostly light, sulphur-free, paraffinic to paraffinic-naphthenic. In
2009, 3 types of crude oil were mined in the Czech Republic — light, medium and heavy, with
specific weights from 812 to 930 kg/m3 at 20 °C, which corresponds to 20 to 43°API, sulphur
contents in the crude oil ranged from 0.08 to 0.32% of weight.

3. Registered deposits and other resources of the Czech Republic

i [ J
Usti nad Labem

Hradec Kralgvé
L

" Pardubice
[ ]

Ceské Budéjovice
@

B reserved registered deposits - exhausted deposits and other resources

Principal areas of deposits presence

(names of areas with exploited deposits are indicated in bold type)

‘ 1 Vienna Basin ‘ 2 West—Carpathian Foredeep
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4. Basic statistical data of the Czech Republic as of December 31
Number of deposits; reserves; mine production
Year 2016 2017 2018 2019 2020
Deposits — total number 39 39 39 39 39
exploited 33 33 33 33 34
Total mineral *reserves, kt 28 959 30 546 31 562 31482 31 391
economic explored reserves 21 428 21 386 21720 21648 21565
economic prospected reserves 3355 3345 4027 4020 3963
potentially economic reserves 5816 5815 5815 5814 5863
exploitable (recoverable) reserves 1504 1401 1575 1439 1 361
Mine production, kt 116 107 109 81 91

* See NOTE in the chapter Introduction above on a terminological difference between Czech official application
of the term reserves and standard international application of the term. The relationship of domestic and foreign
classifications of mineral reserves and resources is described in the separate chapter Mineral reserve and resource
classification in the Czech Republic of this yearbook

5. Foreign trade

2709 — Petroleum oils and oils obtained from bituminous minerals, crude

2016 2017 2018 2019 2020
Import kt w 5325 7814 7 439 7738
Export kt 28 28 24 22 0,2
2709 — Petroleum oils and oils obtained from bituminous minerals, crude
2016 2017 2018 2019 2020
Average import prices CZKH 7 781 9498 11 644 11 094 7 970
Average export prices CZK/t 7 280 8 870 10 594 9833 468 835
271011 - Petrol (Gasoline)
2016 2017 2018 2019 2020
Import kt N N N N N
Export kt N N N N N
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271011 - Petrol (Gasoline)
2016 2017 2018 2019 2020
Average import prices CZK/t N N N N
Average export prices CZK/t N N N N
Czech Republic crude oil import by country and import costs
2016 2017 2018 2019 2020
Country kt CZK/it|, kt |CzZKiA| kt |CZK/it| kt |CZK/t| kt |CZK/it
Russia 3424 | 7773 | 4100 | 9156 | 4003 |11143 | 382110585 | 3013 | 7337
Azerbaijan 1489 | 7816 | 2425 | 9789 | 2183 12241 | 2194 (11662 | 1426 | 8968
USA - - - - - - 277 |11 395 728 | 7990
Kazakhstan 305 | 7653 986 | 9949 986 | 12 468 990 | 11 827 567 | 10 041
United
- - - -~ - - - - 128 7811
Kingdom
Saudi Arabia 79 | 8084 178 | 10 391 98 | 11 075 104 | 10612 104 | 3515
Norway - - - - - - - - 89| 7034
Nigeria - - - - - - 178 | 11 228 59| 6424
Niger - - - - - - - - 35| 6622
Algeria - - 76 | 9991 82 10773 82| 9816 26 | 7967
Total 5313 | 7781 | 7812 | 9498 | 7439 11644 | 7738 |11093| 6175 | 11940

Note: Only countries with imports exceeding 10 tonnes of crude oil in a given year are included

Source: CSU

6. Prices of domestic market

Prices of domestic producers are not open to public.

7. Mining companies in the Czech Republic as of December 31, 2020

MND a.s., Hodonin
LAMA GAS & OIL s.r.o., Hodonin
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8. World production and world market prices
World production
World crude oil production reached these amounts in recent years:
2016 2017 2018 2019 2020
World crude oil production (WBD), mill t 4 339.5 4 346.9 44416 4437.2 N
World crude oil production (BP), mill t 43751 4 385.9 4484.2 4 478.0 4165.1

Note: BP — BP Statistical Review of World Energy. 2021

Main producers according to BP

2020

Country tolr111rllles %

USA 713 171
Russia 524 12.6
Saudi Arabia 520 12.5
Canada 252 6.1
Iraq 202 4.9
China 195 4.7
United Arab Emirates 166 4.0
Brazil 159 3.8
Iran 143 3.4
Kuwait 130 3.1
World 4165 100

World market prices
The price development of the OPEC basket oil according to EURACOAL (Market Report):

:,"e‘::thl o1 | 02 | 03 | 04 | 05 |06 | 07 | 08 | 09 | 10 | 11 | 12

2016 2650 | 2872 | 3465 | 3786 | 4321 | 45.84 | 4268 | 4310 | 4280 | 47.87 | 4322 | 5167
2017 5240 | 5337 | 5032 | 5137 | 4920 | 4521 | 46.93 | 49.60 | 5344 | 5490 | 60.74 | 62.06
2018 6685 | 63.48 | 6376 | 6843 | 7411 | 7322 | 7327 | 726 | 7718 | 79.39 | 6533 | 56.94
2019 5874 | 63.83 | 66.37 | 7078 | 6997 | 6292 | 6471 | 5062 | 6236 | 59.91 | 6294 | 6648
2020 6510 | 5553 | 33.92 | 1766 | 25.17 | 37.05 | 4342 | 4519 | 4154 | 4008 | 4261 | 4917
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The average price quotations of crude oil purchases according to the IEA and BP

, . onversion
Commodity/Year Units c 2016 2017 2018 2019 2020
factor

Brent Grude, IF USD/bbl . 4373 | 5419 | 7131 | 6421 | 4184
Rotterdam USDH 330.60 | 409.68 | 539.10 | 485.43 | 316.31
Dubai Grude, GIF | USD/bD B 4102 | 5302 | 7015 | 6371 | 42.41
Rotterdam USDt 31159 | 40274 | 532.86 @ 483.94 | 322.15
West Texas USD/bbl 43.34 50.79 65.20 57.03 39.25
Intermediate (WTI), 1t =7.400 bbl

CIF Rotterdam USDA 20010 | 37585 | 48248 | 422.02 | 290.45
Nigerian Forcados USD/bbl 4454 | 54.31 7247 | 6495 | 4231
Crude, CIF 1t =7.500 bbl

Rotterdam USD/ 334.05 | 407.33 | 54353 | 487.13 | 317.33
OPEG basket, GIF | USD/bbI . 4065 | 5240 6890 | 6318 | 4217
Rotterdam USDA 32114 | 37152 | 48850 | 447.95 | 298.99

Note: bbl = abbreviation of term barrel
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Natural gas

1. Characteristics and use

Natural gas is a mixture of gaseous hydrocarbons, especially methane (CH,), and other
gases (hydrogen, nitrogen, carbon dioxide, hydrogen sulphide and inert gases). Methane
predominates — more than 50% of the mixture. Raw gas has a certain admixture of oil, water
and sand. In the Czech Republic, there are 3 basic types of natural gas: dry gas (with CHy,
content 98-99%), moist gas (85-95% CH, and hydrocarbon admixture) and gas with an
increased proportion of inert components (50-65% CHy, over 10% N, and over 20% CO,).

There are two types of natural gas: conventional, more or less oil related, and unconventional.
Unconventional types of natural gas differ by their sources and they include tight gas. i.e. gas
retained in impermeable or only partially permeable sandstones (tight gas, tight sandstones),
shale gas, i.e. gas retained in shale, gas hydrate in sediments of seabeds or permanently frozen
polar soil (permafrost), coal bed methane (CBM). Coal bed methane is unconventional only
where it is extracted from seams by drilling and artificial cracking of coal. Methane obtained
from degassing wells or shafts in connection with coal mining is referred to as coal mine
methane (CMM) and it is not considered an unconventional type of natural gas.

Industrially important deposit types

Until the 1990s, natural gas was extracted from conventional deposits. Since the 1990s, the
USA has developed the extraction from unconventional deposits — deposits of shale oil (and
shale gas) — by drilling using hydraulic fracturing — fracking of oil-bearing and gas-bearing
parent rocks.

Reserves
2020 2020
Countr Trillion % Countr Trillion % %
y m?3 world y m3 world EU
Russia 37.4 19.9 EU 0.3 0.16 100.0
Iran 32.1 171 Netherlands 0.1 0.05 33.3
Quatar 24.7 13.1 Poland 0.1 0.05 33.3
Turkmenistan 13.6 7.2 Romania 0.1 0.05 33.3
USA 12.6 6.7 )
Source: BP Statistical Review of World Energy 2021

China 8.4 4.5
Venezuela 6.3 3.3
Saudi Arabia 6 3.2

ited A
Unl_ted rab 59 31
Emirates
World 188.1 100.0
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Uses
Natural gas, along with oil and coal, is one of the world’s major natural fuels. It is a versatile
source of energy — it is most often used for heating and electricity generation.

Classification as critical raw materials for the European Union:
2011 —no, 2014 —no, 2017 — no, 2020 — no

2. Mineral resources of the Czech Republic

As in the case of oil, the Czech Republic does not have sufficient sources of natural gas.

Deposits and resources are concentrated in southern and northern Moravia. They are connected

to the geological units of the Western Carpathians and the south-eastern slopes of the Bohemian

Massif, where they are mostly connected with oil. In northern Moravia, they are also bound

to the coal seams of the Upper Silesian Basin. Natural gas production in the Czech Republic

has been relatively stable for a long time and covers about 1 to 2% of domestic consumption.

* Natural gas deposits, genetically linked to the formation of oil, are found in the Moravian
part of the Vienna Basin. Oil deposits are concentrated mainly in the central part of the
basin, gas deposits predominate in the peripheral areas. They are deposited in Baden
sediments together with oil deposits either as separate natural gas deposits or as gas caps
of oil deposits or as gas dissolved in oil. The overlying Sarmatian sediments contain almost
exclusively natural gas deposits. The extracted gas contains from 87.2 to 98.8% of CH,
by volume, it has a calorific value of 35.6 to 37.7 MJ/m? (dry gas at 0°C), specific gravity
0.72 to 0.85 kg/m? (at 0°C) and H,S content below 1 mg/m3. New sources of natural
gas were prospected especially in the area of Bieclav, Postorna, Charvatska Nova Ves,
Prusanky, Josefov, Lednice, Poddvorov, Dolni Bojanovice and Podivin, mostly using 3D
seismic technology. Further research after these positive results will focus on analogous
types of deposit structures. The largest exhausted natural gas deposits from the HruSky and
Poddvorov mining fields were used as underground gas storage facilities in Tvrdonice and
Dolni Bojanovice.

* The area of the Carpathian foredeep and SE slopes of the Bohemian Massif is considered
to be a promising area, where the most significant accumulations of natural gas are
currently available. The largest deposits found so far include Dambotice, Zdanice, Dolni
Dunajovice, Uhtice and Horni Zukov (gas deposits after extraction mostly converged
to underground reservoirs) and Lubna-Kostelany (almost exhausted today). The most
important accumulations are mainly related to trap rocks in the Miocene, Jurassic and in
cracked and weathered parts of the crystalline complex. Natural gas (and gas condensate)
was extracted from a depth of over 3,900 m from the deepest used Karlin deposit. These
gas deposits have a very variable composition. Methane represents 98% of the Dolni
Dunajovice deposit, while in the Kostelany-zapad deposit, it is only 70% methane with
industrially usable concentrations of He and Ar. Significant reserves are tied up in the
gas caps of the Zdanice-miocén and Klobou¢ky heavy oil deposits. An intensive search
for a new extraction technology is currently underway, which would make it possible to
economically extract not only part of the reserves of heavy oil, but also natural gas bound
in gas caps. A survey (especially using 3D seismic technology) discovered new resources
of natural gas, especially in the PoStorna area. Based on these positive results, further
research will focus on analogous types of deposit structures. The Dolni Dunajovice and
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Uhfice natural gas deposits are secondarily used as underground gas storage facilities. In
northern Moravia, between P¥ibor and Cesky T&3in, there are gas deposits bound mostly to
weathered and tectonically disturbed carbon relief, or to directly adjacent Miocene clasts.
The origin of the gas of these deposits, formed at the peaks of morphological elevations of
carbon, has not yet been clearly clarified (whether it is gas formed during coalification of
coal seams or gas associated with the formation of oil). These are especially the Bruzovice
and Piibor deposits. Part of the Piibor deposit or the already mined-out Zukov deposit serve
as an underground gas storage.

* Demonstrably Carboniferous gas is obtained by degasification (mining from already closed
deep mines) of coal seams of the Czech part of the Upper Silesian coal basin. During this
process, the mine gases are diluted by air suction and the resulting concentration of the
gases thus obtained is around 50-55% CHy; O,, N,, CO and CO, are also present. Its
quality depends on the methods and technical possibilities of this degasification and it is
therefore very volatile. CH4 content of the undiluted carbon dioxide is 94 to 95%. Gas
from individual locations is supplied for consumption to local customers (e.g. Mittal Steel)
through a network of more than 100 km long pipelines. Natural gas sorbed on coal seams
accounts for about 22-25% of the current total production and recoverable reserves in the
Czech Republic. Natural gas from the Rychvald deposit is transported by a 22 km long gas
pipeline to the Nova Hut’ steelworks in Ostrava.

* Numerous occurrences of natural hydrocarbons both on the surface and in the boreholes
were found in the area of the Carpathian flysch mantles. In the past, there was limited
mining from several deposits (e.g. Hluk).
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3. Registered deposits and other resources of the Czech Republic

Hradec Kralové
L]

Pardubice
[ ]

Ceské Budgjovice
]

reserved registered deposits of natural gas

exhausted deposits and other resources of natural gas

reserved registered deposits of natural gas adsorbed on coal seams
other resources of natural gas adsorbed on coal seams

underground gas reservoirs

Principal areas of deposits and underground gas reservoirs
(Names of regions with mined deposits are indicated in bold type)

‘ 1 South-Moravian region ‘ 2 North-Moravian region ‘ 3 underground gas reservoir Haje
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4. Basic statistical data of the Czech Republic as of December 31
Number of deposits; reserves; mine production
Year 2016 2017 2018 2019 2020
Deposits — total number 96 96 96 97 97
exploited 64 64 63 64 67
Total mineral *reserves, mill m3 30 839 30 546 30 594 30 339 30 203
economic explored reserves 7 381 7 236 7116 6 994 6 799
economic prospected reserves 2977 2 951 2852 2807 2725
potentially economic reserves 20 481 20479 20 626 20538 20 679
exploitable (recoverable) reserves 4918 4 801 4 623 9829 10105
Mine production, mill m3 169 171 179 146 138

* See NOTE in the chapter Introduction above on a terminological difference between Czech official application
of the term reserves and standard international application of the term. The relationship of domestic and foreign
classifications of mineral reserves and resources is described in the separate chapter Mineral reserve and resource
classification in the Czech Republic of this yearbook

Approved prognostic resources P4, P,, P3

Year 2016 2017 2018 2019 2020
Py, mill m3 16 767 16 767 16 767 16 767 16 767
Py - - - - -
Ps - - - - -
5. Foreign trade
271121 — Natural gas
2016 2017 2018 2019 2020
Import ths m3 N 6662572 | 5926963 | 7481881 | 6 210123
Export ths m3 N 472 544 415513 645 242 782138
271121 — Natural gas
2016 2017 2018 2019 2020
Average import prices CZK/ths m3 N 6 996 8 281 5906 3962
Average export prices CZK/ths m3 N 6943 9185 6 132 4 381
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Natural gas import to the Czech Republic

2016 2017 2018 2019 2020
Country thsm? | ths CZK t:sz:;la thsm? | ths CZK t:sz:;la thsm? | ths CZK t:sz:'n/i‘ thsm?® | ths CZK t:sZ:C‘
Austria w 6 187 N 6 235 N 5 172 N 1 433 N
Germany W | 218993 | 1537 205 7019 | 265397 | 2313219 8716 | 746572 | 4519729 6054 | 1696 475 | 5982 503 3526
Denmark w 32507 | 237228 7298 2586 7334 2836 3694 6322 1711 - - -
France w 190 1172 6166 3887 26 548 6831 295 1998 6782 - - -
Switzerland w 1151 17179 14930 535 1710 3198 1808 3937 2178
Luxemburg w 451 3735 8274 - - - - - - - - -
Norway w w w - - - - w w - - - -
Poland w <1 3 N - - - - - - - - -
Countries and
teritoriesnot | W | 786329 (5636653 | 7168 85178 | 632071| 7421| - - - - - -
mentioned
Countries and
g\;g‘r’éﬁzy”"t w 2 6| 200 - - - - - - - 3746| 4631
intra — EU trade
Russia W | 5620935 | 39166 064 6968 | 5565633 | 46295240 8318 | 6174659 | 37127 850 6013 | 4512596 | 18616058 4125
Slovakia w 1992 13832 6944 4248 39 143 9214 | 14835 57 856 3900 <1 21 N
USA w <1 4 N - - - <1 117 N - - -
Italy w - - - - - - 250 1729 6904 242 1649 6813

Note: W — witheld to avoid private companies confidential data
Source: CZSO

6. Prices of domestic market

Prices of domestic producers are open to public incompletely.

Unigeo a.s. shows data in its Annual Reports for 2015-2019 which allow to deduct
approximate average prices of natural gas supply to local gas distribution system (GasNet
S.1.0.):

2016 2017 2018 2019 2020
Unigeo a.s. price — CZK/m3 <57 <48 <47 6 3
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Trading on the Energy Exchange of the Czech Moravian Commodity Exchange
Kladno (CMKBK) with the SSDP (composite natural gas supply services of gas
products (commodity)) — price quotation*) averages weighted by realized quantity

2016 | 2017 | 2018 | 2019 | 2020
To 630 MWh/delivery point CZK/MWh **) 442 455 616 533 406
(630 MWh = 59 684 m) CZK/thsm3**) | 4660 | 4803 | 6499 | 5629 | 4291
Over 630 MWh/delivery point | CZK/MWh ™) 440 460 613 526 382
(630 MWh = 59 684 m?) CZK fths m3***) | 4640 | 4858 | 6470 | 5557 | 4037

Source: Czech Moravian Commodity Exchange Kladno

Explanations:

SSDP (sdruzené sluZby dodavky zemniho plynu) = composite natural gas supply services of gas products
(commodity) = natural gas physically delivered into the customers offtake point on the territory of the Czech Republic
with obligation of the customer to take delivery of the gas from the distribution network (gas grid) and responsibility
of the holder of the natural gas trading licence (supplier) for any deviations in line with relevant legal regulations
according to the Energy Act and the relevant implementing and related regulations in force including distribution

of natural gas and the system services.

*) Prices are quoted in CZK without VAT, gas tax or any other indirect tax or similar payment and do not include
distribution of natural gas and related services
**) Original format of quoted prices
*%%) Recalculated quoted prices with using of calorific value I MWh = 94.74 m? of natural gas

7. Mining companies in the Czech Republic as of December 31, 2020

MND a.s., Hodonin

Green Gas DPB, a.s., Paskov
LAMA GAS & OIL s.r.o., Hodonin
Unigeo a.s., Ostrava — Hrabova
UNIMASTER spol. s r.0., Praha

8. World production and world market prices

World mine production
The volumes of world natural gas production in recent years were as follows

2016 2017 2018 2019 2020

World natural gas production (WBD), mill m3 3603 3778 3952 4070 N

World natural gas production (BP), mill m® 3 552 3676 3853 3976 3854

Note: BP — BP Statistical Review of World Energy 2021.
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Main producers according to BP

2020

Country mill m3 %

USA 915 23.7
Russia 639 16.6
Iran 251 6.5
China 194 5.0
Qatar 171 4.4
Canada 165 4.3
Australia 143 3.7
Norway 112 29
Saudi Arabia 112 2.9
Algeria 82 2.1
World 3854 100.0

Natural gas prices in various countries according to the BP Statistical Review

of World Energy 2021 ( USD/mill Btu converted to USD/m3 and USD/MWHh)

Country/year 2016 2017 2018 2019 2020
USD/mill Btu 4.93 5.62 6.66 5.03 4.06
Germany, average USD/MWh 16.83 19.18 22.71 17.16 13.84
import price
USD/m3 0.18 0.20 0.24 0.19 0.15
USD/mill Btu 4.69 5.80 8.06 4.47 3.42
United Kingdom,
Horon NBP Indes USD/MWh 16.01 19.79 27.51 15.24 11.66
USD/m3 0.17 0.25 0.29 0.17 0.12
USD/mill Btu 245 2.96 3.12 251 1.99
A, Henry H
USA, Henry Hub, USD/MWh 8.36 10.10 10.64 8.56 6.79
spot price
USD/m3 0.09 0.11 0.11 0.09 0.08
USD/mill Btu 1.55 1.58 1.18 1.27 1.58
Canada (Alberta) USD/MWh 5.29 5.39 4.02 4.33 5.39
USD/m3 0.06 0.06 0.04 0.05 0.06

Note:

1) The price conversion from USD/mill Btu to USD/m? was performed by the use of the following ratios:
1 f8 (cubic foot) of natural gas = 1,050 Btu (British thermal unit); 1 m? = 35.31 f3; 1 m?> = 37,075.5 Btu

2) 3,412,969 Btu = 1 MWh
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Uranium

1

. Characteristics and use

Average U content (and its extent) in the earth’s crust (ppm)

2.

5(0,003-4.8) U

Industrially important minerals

Uraninite K(Th,TR,UO,).mPbO (up to 92% U), nasturane KUO,.mPbO (up to 90% U),
uranium black UO; 79,93 (up to 60% U), coffinite U[SiO4(OHy),4] (up to 67% U), carnotite
(K»(U0O,)»(V,Ug).3H,0 (up to 64% U), autunite Ca(UO,)(PO4),.6H20

Industrially important deposit types

1.

Infiltration in sandstones: basin Chu-Sarysu and Syr Darya (Kazakhstan), Kyzylkum
(Uzbekistan), Wyoming (USA), Tim Mersoi (Niger), Konigstein (Germany), Hamr, Straz
(Czech Republic)

2. Discordant — ,,unconformity*: Athabasca District (Canada), Ranger (Australia)

3. Felsic intrusions: Rdssing, Husab (Namibia), Dalongshan (China)

4. Magmatic-hydrothermal: Olympic Dam (Australia)

5. Fossil river placers: Witwatersrand (South Africa), Elliot Lake (Canada)

6. Volcanic: Streltsovsk (Russia), Fushou, Benxi (China), Dornod (Mongolia), Kuriskova-

Jahodna (Slovakia)
7. Metasomatic: Ingulskoye, Smolinskoye (Ukraine), Caetité¢/Lagoa Real (Brazil)
8. Vein: Beaverlodge (Canada), Jaduguda, Turamdih (India), Chongyi, Lantian (China), Aue-
Schlema (Germany), Pfibram, Rozna (Czech Republic)
Reserves
2019 2019

Country tonnes % world Country tonnes %
Australia 1692 700 27.5 Mongolia 143 500 2.3
Kazakhstan 906 800 14.7 Uzbekistan 132 300 2.2
Canada 564 900 9.2 Ukraine 108 700 1.8
Russia 486 000 7.9 Botswana 87 200 1.4
Namibia 448 300 7.3 Tanzania 58 200 0.9
South Africa 320 900 5.2 Jordan 52 500 0.9
Brazil 276 800 4.5 USA 47 900 0.8
Niger 276 400 45 Other 295 800 4.8
China 248 900 4.0 World 6 147 800 100.0

Source: Uranium 2020: Resources, Production and Demand ("Red Book")
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2019
Country tonnes | % world % EU
EU 64 645 1.1 100.0
Spain 34 350 0.6 53.1
Slovenia 12 200 0.2 18.9
Sweden 9 595 0.2 14.8
Portugal 7 000 0.1 10.8
Finland 1500 0.0 2.3
Czech Republic 866 0.0 1.3

Resources calculated at the level of recoverable identified recources (reasonably assured
resources plus inferred resources) at uranium prices below USD 130/kg.

In addition to the above classification (condition of resource evaluation) and the inventory of
resources of the EU, reserves of 17,956 tonnes of uranium in Hungary are reported in the EU.

Uses
Energy industry, military (nuclear ammunition, anti-tank ammunition from depleted uranium),
radioisotopes (medicine, defectoscopy), glassmaking, ceramics

Classification as critical raw materials for the European Union
2011 —no, 2014 —no, 2017 — no, 2020 — no

2. Mineral resources of the Czech Republic

The Czech Republic was one of the world’s most important uranium producers. Historically,
with a total production of about 112 thousand t of uranium in the years 1946 to 2019 in the
form of sorted ores (from the beginning of mining until 1975) and chemical concentrate (since
1953), the Czech Republic ranks 12th in the world. The peak of uranium ore mining in the
Czech Republic took place from the end of the 1940s to the beginning of the 1990s, when
it was terminated due to high production losses in all vein deposits mined until then (except
Roznd). In 1995, mining at the Hamr deposit ended for the same reason, and a year later, for
mainly ecological reasons, at the Straz deposit, mining at the sandstone-type deposits was
terminated. From then until the end of 2016 (in 2017, the mined ore was obtained as part of
the processing of residual structures in uranium ores during the clearing of stopes before their
abandonment and the implementation of preparatory liquidation work) in the Czech Republic
only the Rozna vein deposit. The closure of the Rozna deposit probably ended the uranium
mining in the Czech Republic for a long time (if not definitively). During the peak of mining
(1955-1990), the annual production of uranium ranged between 2,000 and 2,900 tonnes (max.
slightly over 3,000t in the years 1959 to 1960 and 1962 to 1964). Then, within three years,
it dropped to about 600 and remained around this value until 1999. Since 2000, the mined
amount has been declining slowly but steadily to 128t in 2016, when the mining of U ores
was terminated. Since then, uranium has been obtained from the remediation of closed mines
in the amount of 3040t U per year. While in 1990 share in world mining reached more than
4%, between 1994 and 2003 it was around 2%, after 2005 it has already fallen below 1% and
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currently (2018) our republic with a production of around 35 tonnes per year ranks 14th in the
world with less than 0.1% share in worldwide mined amount.

Usable uranium accumulations were found both in the crystalline complex bedrock and in the
overlying formations of the Bohemian Massif. There are two main stages in the formation of
uranium ores — late Variscan and Alpine.

Depending on the geological environment, according to the IAEA classification, there were
practically only two types of deposits in the Czech Republic — vein and sandstone. From the
point of view of metal production, hydrothermal vein deposits (veins in metamorphites, zone
deposits in metamorphites and along large faults in granitoids) were of the greatest importance.
The total production of U metal from these types of deposits was almost 84 kt. The second
place in terms of production (a total of 29.5 kt U) is occupied by deposits of uranium—bearing
sandstones of the Czech Cretaceous basin. The remaining less than 0.9 kt U is then accounted
for by deposits in permocarbon and tertiary sediments (according to the IAEA classification,
mainly of the coal or lignite type). The vast majority of the uranium mined — almost 86% —
was mined by traditional underground mining. About 400t of uranium were mined by surface
quarries, which represents about 0.3% of the total amount. The remaining part of uranium
(about 14%) was obtained mainly by underground leaching from wells (in situ leaching).

Vein deposits in the Czech Republic were divided into 3 subtypes:

* Veins and venous systems of hydrothermal origin in metamorphic rocks. The ore
mineralisation with the predominant uraninite is very uneven, contrasting and it is spatially
and genetically related to the massifs of the Variscan granitoids. Mostly steeply inclined
ore bodies (veins) have a thickness of a few cm to 1 m, rarely more. The U contents in
these deposits mostly ranged from 0.1 to several tenths of a percent, exceptionally up to
about 1%. This type included the largest Czech and one of the world’s largest hydrothermal
vein deposits Pribram, formerly important deposits Jachymov, Horni Slavkov, and some
smaller deposits, such as Licoméfice-Biezinka, Zalesi u Javornika, Pfedbotice, Chotéboft,
Slavkovice, Lazn¢ Kynzvart-Kladska, Plana u Marianskych Lazni-Svata Anna, etc.

* Blurred graphitised and chloritized or only chloritized ore-bearing crushed zones in
metamorphic rocks, mostly with steep dip. The ore mineralisation is uneven, mostly
disseminated with the main minerals uraninite, coffinite and brannerite. The ore bodies
have a plate-like shape with thicknesses of several meters to 10 m and the U contents in
the deposits ranged from around 0.09 to 0.3%. This includes, for example, the last mined
Rozna deposit, Zadni Chodov, Olsi, Okrouhla Radoun, Dylen, Jasenice-Pucov, etc.

* Ore mineralisation bound to chloritized tectonic zones in Variscan granitoids mainly with
uraninite-coffinite-brannerite mineralisation. The ore mineralisation is relatively uniform
and forms columnar or lenticular bodies, mostly steeply inclined. The U contents in the
deposits mostly ranged between 0.07 and 0.13%. The most important deposit of this type
was Vitkov 2, other examples are Naho$in and Lhota u Tachova.

Deposits in uranium-bearing sandstones

* Predominantly stratiform ore mineralisation in waterbearing Cenomanian silty sandstones
of the Lusatian development of the Czech Cretaceous basin, formed mainly by uraninite and
U-blacks, in some places also by hydrozirconium. The ore bodies are placed horizontally or
sub-horizontally and have a layered, plate-shaped and less lenticular shape with thicknesses
between a few decimetres and a few metres. The ore mineralisation is part of the matrix
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and is relatively evenly distributed. The U grades in deposits range on average from 0.03 to
0.14%. The deposits in the vicinity of Straz pod Ralskem were of decisive importance, where
both traditional deep mining (Hamr, Bfevnist¢, Kfizany) and leaching of ore from boreholes
(Straz) took place. Other proven deposits (Osecna-Kotel) and prognostic resources (Hvézdov,
Mimon, Hefmanky, etc.) have not yet been mined. More than 98% of registered reserves in
the Czech Republic (mostly potentially economic = irrecoverable resources) are tied to this
type of deposits. Uranium reserves would be economically recoverable mainly by in situ
leaching (ISL) (= in situ recovery (ISR)), which is currently not ecologically acceptable.

Other deposits

+ Stratiform mineralisation in the sediments of the Late Paleozoic, formed by uranium-bearing
coal seams and surrounding rocks in the Pennsylvanian (= Upper Carboniferous) and Lower
Permian in the Intra Sudetic Basin (e.g. Radvanice, Rybnicek, Svatonovice) and in the
Kladno-Rakovnik Basin (Jedomélice, Rynholec). The ore mineralisation, consisting mainly
of uraninite, had the shape of small slightly inclined irregular lenses, or plates at most
several decimetres thick. The average U content in the deposits ranged from 0.1 to 0.3%.

+ Stratiform ore mineralisation in the eastern part of the Sokolov Basin (e.g. Meziroli, Podlesi)
and its Hroznétin part (e.g. Hajek, Ruprechtov, Hroznétin). Irregular ore mineralisation in
sediments enriched with organic material (including coal), consisting mainly of uranium
blacks, was mostly in the form of smaller plates and lenses with thicknesses from decimetres
to at most several metres. U grades averaged between 0.1 and 0.2%.

Economically important and especially intensively used deposits in the past were
concentrated in five areas. In the following overview, the areas with the type of ore and the
most important deposits are listed according to the importance given by the amount of uranium
mined. The percentage share of the area in the total extraction is added in brackets.

* Central Bohemian — vein ore mineralisation: e.g. Pfibram, Pfedbofice (almost 40% of total
metal mined)

* North Bohemian — ore mineralisation in Cretaceous sediments: e.g. Straz pod Ralskem,
Hamr pod Ralskem, Bievnisté pod Ralskem (around 24%)

* Moravian — zone and vein ore mineralisation: Rozna, OI$i (about 21%)

* West Bohemian — zone and vein ore mineralisation: e.g. Zadni Chodov, Vitkov 2, Horni
Slavkov, Dylen (less than 10%)

* Krusné hory — vein deposits and ore mineralisation in Tertiary sediments: e.g. Jichymov,
Hajek (less than 7%)

Other small deposits and occurrences scattered over the remaining territory of the Bohemian
Massif, e.g. in Zelezné Hory, Rychlebské Hory, Krkonose and at the Okrouhl4 Radoui deposit,
contributed the remaining 2% to the total amount of approx. 112 thousand tonnes U mined
after World War II.

All extracted raw material was chemically treated and the final product was a chemical
uranium concentrate sold abroad (in 20162019 to Canada and Russia, in 2020 to Canada,
Russia and Serbia). In the last 25 years, the energy company CEZ a.s. (CEZ) has been the
almost exclusive customer of uranium concentrate. Uranium consumption purchased fuel
elements at the Dukovany and Temelin nuclear power plants has ranged from 650 to 700
tonnes per year in recent years.

The setting pit in Straz pod Ralskem, where leachate waste from the deposit containing
0.030 to 0.063% of rare earths (lanthanum to gadolinium) has accumulated for 30 years, but



Minerals currently mined — Energy minerals — Uranium 185

also scandium, yttria, niobium, zirconium and hafnium is a potential resource of these metals.
Apart from Zr, the reserves of these metals have not yet been evaluated.

3. Registered deposits and other resources of the Czech Republic

. Liberec

30
ghe

Usti i

[ ]
nad Labem Q

Hradec Kralové o
LJ

Pardubice
[ ]

Ceské Budéjovice
[ )

I reserved registered deposits - exhausted deposits and other resources

Reserved registered deposits
(Names of mined deposits are indicated in bold type)

1 Rozna 3 Brevnisté pod Ralskem 5 Jasenice-Pucov 7 Straz pod Ralskem*

2 Brzkov 4 Hamr pod Ralskem 6 Osecna-Kotel

* uranium is recovered only as a byproduct from the treatment of groundwater and technological solutions during
mine liquidation and reclamation work upon termination of in-situ leaching (ISL), otherwise in situ recovery (ISR),
of uranium ores

Exhausted deposits and other resources

8 Pfibram 13 Okrouhla Radoun 18 Predbofice

9 Jachymov 14 Dylen 19 Hajek + Ruprechtov

10 Zadni Chodov + Vitkov 2 15 Javornik 20 Chotébof

11 OIsi 16 Licoméfice-Brezinka 21 Slavkovice

12 Horni Slavkov 17 Radvanice + Rybnicek + 22 Mecichov-Nahosin
Svatorovice
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4. Basic statistical data of the Czech Republic as of December 31
Number of deposits; reserves; mine production
Year 2016 2017 2018 2019 2020
Deposits — total number 7 7 7 7 7
exploited 1 1 1 0 0
Total mineral * reserves, t U 135015 134 948 134 948 134 862 134 833
economic explored reserves 1337 1300 1300 1300 1300
economic prospected reserves 19 448 19 448 19 448 19 448 19 448
potentially economic reserves 114 230 114 200 114 166 114 114 114 085
exploitable (recoverable) reserves 313 276 276 276 276
Mine production, t U 128 56 34 33 29
Production of concentrate, t U ** 137 59 29 33 28

* See NOTE in the chapter Introduction above on a terminological difference between Czech official application

of the term reserves and standard international application of the term. The relationship of domestic and foreign

classifications of mineral reserves and resources is described in the separate chapter Mineral reserve and

resource classification in the Czech Republic of this yearbook

** sales production (without ore milling losses)

Approved prognostic resources P4, Py, P3

Year 2016 2017 2018 2019 2020
Ps, tu 19 025 214 253 214 253 214 253 233 769
P,, tu 2181 12319 12319 12319 17 736
Ps - - - - -
Other* prognostic resources P4, P,, P;

Year 2016 2017 2018 2019 2020
P, - - - - -
P, -~ - - - -~
Ps - - - - -

* Prognostic resources of uranium-bearing sandstones type in the Bohemian Cretaceous Basin, unexploitable at the

present time
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5. Foreign trade
28441030 — Natural uranium — wrought
2016 2017 2018 2019 2020
Import tu 0 <1 0 0 0
Export tu 287 811 170 588 0 0 0
28441030 — Natural uranium — wrought
2016 2017 2018 2019 2020
Average import prices CZK/kg U - > 207 000 - - -
Average export prices CZK/kg U 2270 2155 - - -

6. Prices of domestic market

Mined uranium is exported.

7. Mining companies in the Czech Republic as of December 31, 2020

DIAMO, s.p., Straz pod Ralskem

8. World production and world market prices

World mine production

In recent years, the volume of world production of uranium expressed in terms of the U;0g
content of concentrates was as follows:

2016 2017 2018 2019 2020
Uranium production, U3Og (according to WBD) 74 638 70 402 64 083 64 418 N
Uranium production, t U (according to WNA*) 63 207 60 514 54 154 54 742 47 731

Note:

1) * Uranium mining production. World Nuclear Association. September 2021.

According to the Uranium Investing News.com (INN), primary U production has been in
recent years identical to World Nuclear Association (WNA) data:

Year

2016

2017

2018

2019

2020

Tonnes U

63 207

60514

54 154

54 742

47 731
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Main producers according to WNA

2020
tu

Country tonnes %

Kazakhstan 19 477 40.8
Australia 6 203 13.0
Namibia 5413 11.3
Canada 3885 8.1
Uzbekistan® 3 500 7.3
Niger 2 991 6.3
Russia 2 846 6.0
China® 1885 3.9
Ukraine 400 0.8
India® 400 0.8
World 47 731 100.0

e — estimate

In 2020, according to the WNA, about 56% of world production was obtained from the
following 10 largest deposits, which are located in 4 countries:

Deposit Country Mining company Mine type | Tonnes U
Cigar Lake Canada Cameco / Orano underground 3885
Husab Namibia Swakop Uranium Surface 3302
Olympic Dam Australia BHP Billiton underground 3062
Inkai (sites 1-3) Kazakhstan Kazatomprom / Cameco ISL 2693
Krakatau (Budenskoe 2) | Kazakhstan | Uranium One / Kazatomprom ISL 2 460
Réssing Namibia Rio Tinto surface 2111
Somair Niger Orano surface 1879
Four Mile Australia Quasar ISL 1 806
South Inkai Kazakhstan Uranium One / Kazatomprom ISL 1509
Kharasan 1 Kazakhstan Kazatomprom / Uranium One ISL 1455
TOP 10 Total 24 162

ISL = in situ leaching (more than half of uranium is extracted worldwide with this technology)
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ESA average annual prices of natural uranium
(EUR/kg U) according to EU Nuclear Observatory
2016 2017 2018 2019 2020
Long-term price 86.62 80.55 73.74 80.55 71.37
Spot price 88.56 55.16 44.34 58.00 N*

Note: SA — Euratom Supply Agency, the European Agency for the common supply policy based on the principle

of fair and equitable supplies of nuclear fuels to European users

*In 2020, there were not enough trades to represent the average price of European trades
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INDUSTRIAL MINERALS

Industrial minerals are mineral raw materials that are used in industry both treated and un-
treated; non-metals or their compounds are also obtained from them. After construction and
energy minerals, they represent another main group of minerals in the Czech Republic. Ceramic
and glass raw materials are traditionally important both in terms of geological reserves and
mining. The most important are kaolins from the Pilsen and Karlovy Vary areas, but also
from the areas around Kadan and Podbotany. Furthermore, glass sands from Strele¢ and the
surroundings of Provodin, feldspars from Halamky, Krasno and LuZenicky, clays from the
Cheb Basin and Central Bohemia and bentonites from areas around Most, Kadan and in
the last 15 years also Karlovy Vary. Deposits of limestone and cement raw materials also hold
considerable geological reserves, and their mining also reaches high volumes.

Kaolin, quartz sands, feldspar, clays, bentonites and limestones are also important export
commodities in the minerals sector.

On the contrary, the once important era of mining of graphite, pyrite, fluorite, barite, but
also some other industrial minerals has probably definitely ended.
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Bentonite

1. Characteristics and use

Bentonite is a soft, very fine-grained, inhomogeneous, differently coloured rock composed
essentially of the clay mineral montmorillonite (xM*(Al, ,Mg,)Si4;O,7(OH),), which was
formed mostly by subaquatic or subaerial weathering of volcanic products (especially
glassy felsic ashes). Montmorillonite is a carrier of characteristic properties of bentonite —
considerable sorption capacity characterised by high value of base exchange (ability to accept
certain cations from solutions and release Mg from its molecule instead them, sometimes
Ca and alkalis), internal swelling in contact with water (some bentonites do not swell, but
they have high absorbency like bleaching clays (especially when activated), high plasticity
and cohesion. Bentonite also contains other clay minerals (kaolinite, illite, beidellite), Fe
compounds, quartz, feldspar, volcanic glass, etc., which are pollutants and are removed by
treatment if possible.

Reserves
They are extensive worldwide.

Uses

It is versatile and depends on its mineralogical composition and technological properties. It
is mostly used as a binder in foundry, in the pelletisation of iron ores (4-10kg per a tonne of
pellets), it is also used as a sorbent (decolourisation, catalysts, refining, filtration, desiccants,
wastewater treatment, pesticide carriers), in drilling fluids, as fillers (paints, varnishes,
pharmaceuticals, cosmetics) and suspensions (lubricating oils), in construction (sealing
material), agriculture, etc. Recently, the consumption of bentonite as a sorbent of domestic
animal excrements (cat litter) and as a binder in granulated feed has increased significantly.

Classification as critical raw materials for the European Union
2011 —no, 2014 —no, 2017 — no, 2020 — no

2. Mineral resources of the Czech Republic

All bentonite deposits in the Czech Republic were formed by argillization of volcanic rocks.
The vast majority of bentonite deposits and reserves in the Czech Republic are concentrated
in the area of the Doupov Mountains and the Central Bohemian Uplands. A significant part
of the raw material from bentonite deposits in these areas consists of the highest quality raw
material suitable primarily for foundry purposes (binder of foundry sands in moulding) — both
activated (replacement of Ca?" a Mg?* ions by Na' ions) and non-activated bentonite. The
development of mining, processing and use of bentonites in the Czech Republic occurred at
end of the 1950s, especially in connection with its use in foundry. Mining culminated first in
the early and late 1980s (207 kt in 1987); there was a decline in mining in the first half of the
1990s in connection with the decline in demand from the foundry industry (54 kt in 1995).
In 19962000, mining increased significantly once again, mainly due to increased demand
for differently applied raw materials (litter, feed, sealing materials, etc.), then it stabilised for
several years and culminated in 2007 after another increase.
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* The most important deposit area is the eastern edge of the Doupov Mountains at the junction
with the North Bohemian Basin. Most of the reserves and the largest bentonite deposits
in the Czech Republic are concentrated in the vicinity of Kadan and Podbotany. The most
important currently mined deposit in this area is the Rokle u Kadan¢. Bentonites from the
Nepomysl deposit near Podbotany are occasionally used, but still to only a small extent.

* In the area of the western edge of the Doupov Mountains, in contact with the Hroznétin
Basin, bentonite deposits are concentrated mainly in the vicinity of Hroznétin. Due to
economic reasons, mining and processing activities were terminated in 1993 at the
Hroznétin-Velky Rybnik deposit. Relatively large reserves in several deposits were verified
in the late 1990s. However, most of these deposits (except for the VSeborovice deposit) have
unfavourable overburden conditions, are less explored and sometimes have a worse quality
composition of the raw material than deposits in the Podbotany, Kadan and Most regions.
Bentonites in the Sokolov Basin are of growing importance, where a suitable raw material
(montmorillonite clay) from kaolin overburden has been processed for litter production
since 2004, first mainly from the BoZzi¢any-Osmosa-jih deposit and gradually also from
some other deposits in the area (Mirova, Podlesi, Ruprechtov, Otovice).

* Deposits in the Most region at the junction of the south-eastern edge of the North Bohemian
Basin and the Central Bohemian Uplands were in the past the most important bentonite
areas in the Czech Republic. The most important deposits in the area include Braiany-
Cerny vrch deposit that is currently at the end of its capacity and its northern surroundings
(Branany 1); the Strance and Stfimice deposits, for example, are already abandoned today.

* Until recently, the Tertiary basins of the Plzen region (DneSice) and the South Bohemian
Basin (MarSov, Rybova Lhota) were of minor importance. The raw material (mostly
montmorillonite clays) is usually of poorer quality and can be used mainly in agriculture
or as a sealing material, but currently mainly for the production of litters — this is the case
of the MarsSov deposit, the production of which has increased significantly in recent years.

* In 2014, overlying suitable montmorillonite clays, mined as part of opening works at the
Plesna-Velky Luh kaolin deposit in the Cheb Basin, also began to be used for the production
of litters.

e Montmorillonite clays predominate in the Miocene sediments of the Carpathian Neogene
in southern Moravia. With a few exceptions (Ivanc¢ice-Réna), this is a lower quality raw
material, suitable primarily for agriculture or as a sealing material. Two small, now unused
deposits (Ivancice-Réna, Postorna) are evaluated here.

Since 2006, bentonite has been kept in the Register as one raw material type — foundry
bentonite and its other types have been merged.
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3. Registered deposits and other resources of the Czech Republic
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4. Basic statistical data of the Czech Republic as of December 31
Number of deposits; reserves; mine production
Year 2016 2017 2018 2019 2020
Deposits — total number 38 38 38 39 38
exploited 7 9 10 10 9
Total mineral *reserves, kt 306 911 310 367 310 355 309 801 309 599
economic explored reserves 74 648 78 103 78103 77 571 77 369
economic prospected reserves 126 877 126 877 126 880 126 877 126 877
potentially economic reserves 105 386 105 387 105 372 105 353 105 353
exploitable (recoverable) reserves 28 671 30 396 32 276 31994 32182
Mine production, kt** 374 254 277 357 226

* See NOQTE in the chapter Introduction above on a terminological difference between Czech official application

of the term reserves and standard international application of the term. The relationship of domestic and foreign

classifications of mineral reserves and resources is described in the separate chapter Mineral reserve and resource

classification in the Czech Republic of this yearbook

** Including montmorillonite clays from kaolin deposits overburden

Approved prognostic resources P4, P, P;

Year 2016 2017 2018 2019 2020
Py, kt 27 017 27 017 27 017 27 017 27 017
P, kt 36 361 36 361 36 361 36 361 36 361
Ps - - - - —
5. Foreign trade
250810 — Bentonite
2016 2017 2018 2019 2020
Import kt 63 70 68 75 62
Export kt 165 170 163 166 170
250810 — Bentonite
2016 2017 2018 2019 2020
Average import prices CZK/ 2 061 1934 1985 2 453 3007
Average export prices CZKni 3114 3112 3094 3 251 3530
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250820 — Decolourizing earths and fuller’s earth
2016 2017 2018 2019 2020
Import kt 0 0 0 0 0
Export kt 0 0 0 0 0
250820 — Decolourizing earths and fuller’s earth
2016 2017 2018 2019 2020
Average import prices CZK/t - - - - -
Average export prices CZK/t - - - - -

6. Prices of domestic market

Bentonite prices are not quoted.

7. Mining companies in the Czech Republic as of December 31, 2020

Sedlecky kaolin a.s., Bozicany
KERAMOST, a.s., Most

8. World production and world market prices

World mine production

2016 2017 2018 2019 2020¢
World mine production (according to MCS), kt 19 000 20 600 21 000 16 300 16 000
World mine production (according to WBD), kt 19 564 21 070 21 462 21 890 N

e — preliminary values
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Main producers according to MCS Main producers according to WBD
2020¢ 2019

Country kt % Country kt %
USA 4 300 26.9 China 5600 25.6
China 2000 12.5 USA 4 490 20.5
India 1700 10.6 India 3600 16.5
Turkey 1300 8.1 Turkey 1534 7.0
Greece 1300 8.1 Greece 1394 6.4
Brazil 610 3.8 Iran 761 3.5
Germany 390 2.4 Russia 720 3.3
Iran 360 2.3 Brazil 600 2.7
Czech Republic 360 23 Germany 366 1.7
Mexico 250 1.6 Czech Republic 357 1.6
World 16 000 100.0 World 21 890 100.0

e — preliminary values

Prices of traded commodities
Commodity/year 2016 2017 2018 2019 2020
Bentonite, U.S. market price, ex works, USD/st 99 99 98 98 98
average (MCS)
Slovakian bentonite, yearly average price EUR/ 59.20 5556 53.93 4971 53.64
of exports to the Czech Republic (CZSO) ' ' ' ' '
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Clays

1. Characteristics and use

Clays are sedimentary or residual unconsolidated rocks composed of more than 50% clay in
the sense of grain size fraction (grain size below 0.002 mm) and containing as an essential
component clay minerals, especially kaolinite groups, as well as hydro-micas (illite) and
montmorillonite (see bentonite). According to the composition of clay minerals, clays are
divided into monomineral (e.g. kaolinite, illite, etc.) and polymineral (composed of several clay
minerals). The clays also contain various impurities, such as quartz, micas, carbonates, organic
matter, oxides and hydroxides of Fe and others. The colours vary based on the admixtures —
white, grey, yellow, brown, purple and usually green and more. Secondary, they can be
consolidated — claystones, or in addition non-metamorphically recrystallized — clay shales.

In terms of deposits and technology, this category includes a wide range of rocks with a high
content of clay minerals. In the world, clays often include bentonites and brick raw materials,
but also kaolins. Clays occur in virtually all sedimentary formations around the world.
Reserves:

Reserves
They are extremely large worldwide.

Uses
They are mostly used in ceramic production, as refractory materials, fillers, sealants, in the
paper industry, for oil filtration, etc.

Classification as critical raw materials for the European Union
2011 —no, 2014 — no, 2017 —no, 2020 — no

2. Mineral resources of the Czech Republic

According to technological properties and usability, clays are divided in the Czech Republic

as follows:

* Porous — raw material for ceramic production with white or light baking paint, sintering at
temperatures above 1,200 °C. Kaolinite predominates among clay minerals, the contents
of clastic particles are low.

* Refractory for grog — the raw material after burning out provides a material suitable as grog
for the production of fireclay products. The highest possible content of Al,O3, the lowest
possible content of Fe,03, high heat resistance and the lowest possible absorbency after
burning out are required for the raw material. The main clay mineral is again kaolinite (or
dickite).

* Refractory others — raw material usable as a binding (plastic) component in the production
of mainly refractory products. In addition to high bond strength, the lowest possible content
of Fe,05 and clasts is required.

* Non-refractory ceramic — a raw material with wide technological properties and uses (e.g.
stoneware, tiles, additives, etc.).

* Aluminium subsoil — kaolinitic clays in the subsoil of coal seams of the Most part of the
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North Bohemian Basin, containing about 40% Al,Os, in some places 3—7% TiO, and mostly
a considerable amount of siderite. In the past, they were considered as a possible source of
Al. Today, they are no longer important due to the energy intensity of production and, in
addition, they are mostly covered with coal mine dumps.

Deposits and clay resources in the Czech Republic are concentrated in the following main

deposit areas:

Kladno-Rakovnik Permo-Carboniferous — mainly highly refractory claystones (schistous
clays), which are used for the production of refractory grogs. Red-burning tile clays and
grey non-refractory claystones are also less represented. The most important deposit of
highly refractory claystones is the mined large deposit Rynholec-Hotkovec 2. Until recently,
a smaller deposit Lubna-Marta was mined both in the depths (until 2017) and on the surface
(until 2018).

Moravian and East Bohemian Cretaceous — this is the area with the largest reserves of
refractory raw material with the same use as in the previous area (with a slightly worse
quality of composition). At present, only one deposit is surface mined — Bfezinka.

Louny Cretaceous — clays are suitable for similar uses like the porous and refractory
others, but mainly like ceramic. At present, only the medium-sized Listany deposit of
non-refractory clays is used.

Cretaceous around Prague — clays are suitable as highly refractory clays for grog, refractory
binding and as porous. The most important are the used deposits of refractory clays for grog
at VySehotovice and Brnik.

South Bohemian basins — clays are highly to moderately refractory, especially suitable
as binding (other refractory), as well as porous and non-refractory. The main deposits of
binding clays are Borovany-Ledenice (where diatomite is also mined), mining also takes
place to a lesser extent at the Zah4ji-Blana and Jehnédno deposits.

Pilsen Basin and Tertiary relics of Central and Western Bohemia — moderately refractory
clays predominate, which are evaluated as binding and ceramic for the production of tiles,
as well as stoneware. The most important is the long-mined large deposit Kysice-Ejpovice.
Smaller mining also takes place at the Vizina deposit of binding clays.

Cheb and Sokolov Basin — the Cheb Basin is much more important, where there are
significant binding clays, porous and refractory ones, stoneware, etc. The critical mined
deposit of binding clays not only in the area, but the whole Czech Republic today is Nova
Ves u Kfizovatky 2. Smaller mining also takes place at other deposits Vackov (binding
clays) and Nova Ves and Sucha (porous and binding clays).

North Bohemian and Zittau basins — in addition to the above-mentioned aluminium base
clays, there are also overlying ceramic (stoneware) clays. At present, only the medium-sized
deposit of ceramic clays TvrSice in the North Bohemian Basin is mined to a small extent.

Tertiary and Quaternary in Moravia — there are ceramic (especially stoneware and tile)
clays. Smaller mining was renewed here for a short time in 2008-2016 (PoStorna).

The most important areas today are the Cheb and South Bohemian basins, the Cretaceous

in the vicinity of Prague, the Rakovnik Permo-Carboniferous and less and less the Moravian
and East Bohemian Cretaceous. Clays and claystones are now only surface mined in the
Czech Republic.
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3. Registered deposits and other resources of the Czech Republic
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1 Kladno-Rakovnik Carboniferous 7 Tertiary relicts of Central Bohemia
2 Moravian and East Bohemian Cretaceous 8 Tertiary relicts of West Bohemia

3 Cretaceous around Prague 9 Cheb Basin and Sokolov Basin

4 Louny Cretaceous 10 North Bohemian Basin

5 South Bohemian Basins 11 Zittau Basin

6 Plzen Basin 12 Tertiary and Quaternary in Moravia
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4. Basic statistical data of the Czech Republic as of December 31
Number of deposits; reserves; mine production
Year 2016 2017 2018 2019 2020
Deposits — total number 108 108 108 108 108
exploited 19 19 19 13 13
Total mineral *reserves, kt 920 056 915914 915 639 911 289 910 937
economic explored reserves 173 407 164 828 164 596 161 859 160 363
economic prospected reserves 397 403 391 585 391 449 390 864 390 826
potentially economic reserves 349 246 359 501 359 594 358 566 359 748
exploitable (recoverable) reserves 42 916 45 096 39 284 39 997 38 747
Mine production, kt 538 537 469 441 454

* See NOTE in the chapter Introduction above on a terminological difference between Czech official application

of the term reserves and standard international application of the term. The relationship of domestic and foreign

classifications of mineral reserves and resources is described in the separate chapter Mineral reserve and resource

classification in the Czech Republic of this yearbook

Approved prognostic resources P4, P,, P53

Year 2016 2017 2018 2019 2020

Py, kt 331988 | 331988 | 331988 | 331988 | 331988
Pa, kt 38196 38 196 38 196 38196 38 196
Ps - - - - -

5. Foreign trade

2508 — Other clays (not including expanded clays of heading 6806), andalusite,
kyanite and sillimanite, whether or not calcined; mullite; chamotte or dinas

earth
2016 2017 2018 2019 2020
Import t 94 504 102 122 100 711 103 748 93 676
Export t 282328 | 281636 291 306 304803 | 299105
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2508 — Other clays (not including expanded clays of heading 6806), andalusite,
kyanite and sillimanite, whether or not calcined; mullite; chamotte
or dinas earth

2016 2017 2018 2019 2020
Average import prices CZK/t 3 256 3141 3275 3389 4382

Average export prices CZKh 2813 2 951 2 860 2883 3153

250830 — Refractory (fire) clay

2016 2017 2018 2019 2020

Import t 9 004 7418 7 952 8 111 7 439

Export t 18 206 17 926 19107 18 243 6173

250830 — Refractory (fire) clay

2016 2017 2018 2019 2020

Average import prices CZK/t 3237 3660 3552 3139 3168

Average export prices CZK/ 1543 1755 1822 1714 3555

250840 — Other clays

2016 2017 2018 2019 2020

Import t 11 556 14 796 14 489 11 590 7 439

Export t 57 504 47 233 52 005 61 052 64 147

250840 — Other clays

2016 2017 2018 2019 2020

Average import prices CZK/ 4090 4229 3959 3476 3168

Average export prices CZKh 984 1060 973 905 932

250870 — Chamotte or dinas earth

2016 2017 2018 2019 2020

Import t 4946 4 552 2 895 2138 8 046

Export t 41 623 46 924 57 124 59 555 58 600
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250870 — Chamotte or dinas earth
2016 2017 2018 2019 2020
Average import prices CZK/t 7 298 7 907 7 364 7 148 7 527
Average export prices CZK/t 4752 4717 4169 4 236 4 443

6. Prices of domestic market

Various qualities of clay have different market prices. Prices are made public in the limited
extent only (some producers do not publish them at all). In 2020 they fluctuated generally

between CZK 125-5 000 per tonne.

7. Mining companies in the Czech Republic as of December 31, 2020

Whiteware clays
KERACLAY, a.s., Brnik

Refractory clays for grog

KERACLAY, a.s., Brnik

Ceské lupkové zavody, a.s., Nové StraSeci
P-D Refractories CZ a.s, Velké Opatovice

Other refractory clays (ball clays)
LB MINERALS, s.r.o., Horni Bfiza

Non-refractory ceramic clays

LB MINERALS, s.r.0., Horni Bfiza

8. World production and world market prices

World mine production

There are no recognised figures of world production and world trade with clays (referred to as
other refractory clays in our terminology) because of difficulties in classifying these clays on
a uniform basis and the questionability of their direct comparability based on quality and use.
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World fuller’s earth production (MCS)
MCS statistics contains worldwide values of fuller‘s earth production:
2016 2017 2018 2019 2020¢
World production, kt 3290 3480 3220 3180 3300

World production of fuller’s earth (MCS)

2020¢

Country kt %

USA 2000 60.6
Spain 620 18.8
Senegal 120 3.6
Mexico 110 3.3
Greece 37 1.1
World 3300 100.0

e — preliminary values

In the statistics, the group of clays also includes raw materials consisting of minerals and
rocks used for non-clay refractory material production: kyanite, sillimanite, shales, siliceous

sandstone (quartzite) — dinas.

World clay resources are extremely extensive.

World market prices

Clay prices are generally not provided. In the reporting period of 2015-2019, Industrial
Minerals quoted indicative prices of minerals belonging to the sillimanite group, until 2018

in a wider range:

Commodity/year 2016 2017 2018 2019 2020
Ball clay, USA market (MCS),

39 49 6 3
USD/t %5 ° °
Common clay, USA market

14 15 16 16 16
(MCS), USD/t
Fire clay, USA market (MCS),

13 13 12 14 14
USD/t
Fuller’s earth, USA market

89 93 88 86 82
(MCS), USD/t
Fire clay, chamotte, Polish,
average import price into

. . A7 49.61 40.4

the Czech Republic (CZSO), 60.08 65.80 %9 96 0.48
EUR/
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Diatomite

1. Characteristics and use

Diatomite is a sedimentary rock composed mainly of microscopic shells of freshwater or
marine diatoms. This rock appears in varying degrees of consolidation — it is either loose
(diatomaceous earth, infusorial earth) or consolidated (diatomaceous schist, or even
hornstone). The loose rock has the form of a very fine-grained sediment. During diagenesis,
the shells are partially dissolved and the sediment is impregnated with loose opal, solidified
and it undergoes a schist-forming process. According to the degree of porosity, polishing and
absorbent schists are distinguished, sometimes even opal hornstone. The chemical composition
is completely dominated by SiO,, the content of which should be as high as possible. From
the technological point of view, the porosity, resistance to acids and temperatures, thermal
and electrical conductivity, bulk density of the raw material, humidity, chemical composition,
etc. are monitored. Pollutant appear in the form of an admixture of clasts, clayey and organic
parts (sponges) and increased contents of Al,O3, Fe,O3 and CaO. Deposits are formed in
water basins with a low CaCOj; content with suspended aluminosilicate substances. The most
favourable conditions are in cold waters near volcanic areas.

Reserves
They are extensive worldwide.

Uses

The raw material is used for filtration purposes (purest types), for the production of fillers
(rubber, paper, cosmetics), for abrasive purposes, in the production of catalyst carriers and in
the construction industry for the production of thermal and sound insulation materials.

Classification as critical raw materials for the European Union
2011 —no, 2014 — no, 2017 — no, 2020 — no

2. Mineral resources of the Czech Republic

Accumulations of diatomite (diatomaceous earth) in the Czech Republic are related to the areas
of occurrence of Tertiary and Quaternary lake sediments, especially to Tertiary sediments of the
South Bohemian basins, where our only diatomite deposit is located today. Other occurrences
are related to occurrence of volcanites in the Ceské stfedohoii Mts. and there are also smaller
occurrences in other places of the Bohemian Massif and in the Neogene of the Carpathian
foredeep and flysch.
 The largest accumulations of diatomite in Bohemia are found in the South Bohemian basins.
Spongodiatomites and diatomite clays (low-quality building diatomites) occur together with
lignites in the Bud¢jovice Basin. The Borovany-Ledenice deposit, located in the Tiebon
Basin, is the only registered and at the same time used deposit in the Czech Republic.
Tertiary sediments were deposited in a tectonic confined space on the Moldanubian bedrock.
The deposit position of diatomites, diatomaceous clays and spongodiatomites is classified
as the upper part of the Mydlovary Formation. The diatomites are whitish grey to ochre,
unconsolidated and are positioned almost horizontally. The average thickness of the raw
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material is about 8.5 metres (maximum 15 m). In addition to diatomites, overlying stiffs are
also mined at the deposit. Especially pure diatomites are used after treatment for filtration
purposes or as fillers in the food, chemical, pharmaceutical and other industries. Diatomites
of the highest quality are used in the filtration of wines, liqueurs, beer, edible oils or fats.
The others are mostly suitable only for the production of building and insulating materials,
or a litter for pets. Other sources and occurrences (e.g. Malovice, Dobftejovice, Zliv, Zaboii)
in the Budé&jovice Basin contain diatomite of lower quality with transitions to clays.

« Many outcrops of diatomite are known in the Ceské stfedohoii Mts., which were occasionally
mined in the first half of the 19th century as a raw material for the production of abrasives
and polishing materials. The most important former Kuclin deposit was exhausted in 1966.
At present, they are no longer important in terms of deposits.

* Lenticular occurrences of diatomites were examined in the Carpathian flysch south of Brno
(Pouzdfany), but they were negative in terms of deposits.

* Quaternary diatomites are known from the vicinity of Most (together with organogenic lake
mud) and FrantiSkovy Lazn¢ (former Héjek deposit — formerly mined together with peat,
now it is the Soos nature reserve), today they are no longer significant as deposits.

3. Registered deposits and other resources of the Czech Republic

7 [J
Usti nad Labem'
°

Hradec Kralové
LJ

§ Pardubice
[ ]

Ceské Bu.‘déjovice
1e

[l reserved registered deposits [ exhausted deposits and other resources

Exploited deposit:

1 Borovany-Ledenice
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4. Basic statistical data of the Czech Republic as of December 31
Number of deposits; reserves; mine production
Year 2016 2017 2018 2019 2020
Deposits — total number 1 1 1 1 1
exploited 1 1 1 1 1
Total mineral *reserves, kt 2434 2 397 2 363 2316 2 266
economic explored reserves 1728 1693 1661 1616 1568
economic prospected reserves 0 0 0 0 0
potentially economic reserves 706 704 702 700 698
exploitable (recoverable) reserves 1549 1515 2363 1441 1395
Mine production, kt 26 34 31 43 46

* See NOTE in the chapter Introduction above on a terminological difference between Czech official application
of the term reserves and standard international application of the term. The relationship of domestic and foreign

classifications of mineral reserves and resources is described in the separate chapter Mineral reserve and resource
classification in the Czech Republic of this yearbook

5. Foreign trade

2512 — Siliceous fossil meal*, siliceous earth

2016 2017 2018 2019 2020
Import t 10 484 11 146 12 274 14 148 12 711
Export t 16 127 16 675 13 063 9403 4 847
2512 — Siliceous fossil meal*, siliceous earth
2016 2017 2018 2019 2020
Average import prices CZK/ 5939 5663 5 521 5 371 5 605
Average export prices CZKnit 4 658 3 846 4 350 4 681 6 930

Note: * diatomite

6901 — Bricks, blocks, tiles and other ceramic goods of siliceous fossil meals

2016 2017 2018 2019 2020
Import t 27 302 23423 40 244 29 534 43 053
Export t 185 90 100 589 742
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6901 - Bricks, blocks, tiles and other ceramic goods of siliceous fossil meals
2016 2017 2018 2019 2020
Average import prices CZK/t 1573 1236 1215 1406 1279
Average export prices CzKnt 1984 23 643 23 681 2415 2 357

6. Prices of domestic market

Diatomite was sold domestically in 2020 for CZK 12 000-20 400 per tonne.

7. Mining companies in the Czech Republic as of December 31, 2020

LB MINERALS, s.r.o., Horni Bfiza

8. World production and world market prices

World mine production

World production of diatomite in the past five years was as follows:

2016 2017 2018 2019 2020¢
World mine production (according to MCS), kt 2950 2460 2 840 2190 2200
World mine production (according to WBD), kt 1821 2120 2197 2169 N
W . . .
.orld mine proquctlon (according to World 5100 5 400 5500 2 600 N
Mineral Production), kt

e — preliminary values
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Main producers according to MCS
2020¢

Country kt %

USA 770 35.0

Denmark 370 16.8

Turkey 170 7.7

China 150 6.8

Peru 110 5.0

Mexico 96 4.4

France 75 3.4

Argentina 70 3.2

Germany 52 2.4

Russia 51 2.4

World 2200 100.0
e — preliminary values
Prices of traded commodities (USD/t) according to IM

Commodity/yeark 2016 2017 2018 2019 2020

diatomite, pri , FOB
US diatomite, prices average, FO 280 360 330 340 340

works, according to MCS
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Dolomite

1. Characteristics and use

Carbonate rocks with MgCO; contents above 27.5% and MgCO; + CaCO; above 80% are
classified as dolomites in the Czech Republic.

Dolomites can be formed directly by precipitation from seawater, but more often they are
the result of alteration of limestones by Mg — metasomatosis (dolomitisation) during their
diagenesis or by Mg-brines after it. The transformation is often incomplete and subsequent
recalcification also occurs, so that sufficiently Mg-rich and homogeneous large bodies of
dolomite occur less often compared to Mg-limestone.

Reserves
They are extensive worldwide.

Uses

Pure dolomite is an important raw material for the glass, ceramic and chemical industries.
Dolomite rocks are also used for the production of dolomitic limes and hydrates, magnesium
cements, refractories in metallurgy, for the desulphurisation of thermal power plant flue gases,
for decorative purposes, for the production of fertilizers and fillers, as correctives for acid soils
and as industrial fillers. They are also often used for the production of crushed aggregates and
for other construction purposes.

Classification as critical raw materials for the European Union
2011 —no, 2014 — no, 2017 — no, 2020 — no

2. Raw material resources of the Czech Republic

Deposits, resources and occurrences of dolomites and calcareous dolomites in the Czech

Republic are concentrated in the following main areas:

* Krkonose-Jizera crystalline complex with deposits of crystalline calcareous dolomites to
dolomites, forming lenses in the surrounding rocks. This area is the most important in the
Czech Republic in terms of the number of deposits and the volume of reserves. In Lanov,
the largest and most important deposit of dolomites in the Czech Republic, raw material is
mined with average contents of MgO almost 19% and CaO around 32%.

« Sumava Mts. and Bohemian Moldanubian with several smaller deposits of pure dolomites
(mined Bohdane¢ deposit, abandoned Jaroskov deposit) and calcareous dolomites (e.g.
Podmokly, Krty).

* The Ore Mountains crystalline complex with several small deposits in the vicinity of
Kovaiska and PriseCnice (e.g. the exhausted deposit of pure dolomite Vykmanov).

* The Moravian branch of the Moldanubicum with small occurrences of often high-quality
dolomite (the exhausted Dolni Rozinka deposit) and little-explored projected reserves
(Lukov u Moravskych Budgjovic, Cichov, etc.).

* Devonian of Barrandien, with the already exhausted classical deposit of pure dolomites
Velka Chuchle.
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* Orlické hory Mts. — Klodzko crystalline complex and the Silesian Block (Velké Vrbno
dome) with several smaller deposits of dolomites (Bila Voda).

« Moravian (Celechovice-Perov) Devonian SW from Olomouc with two larger deposits
(Hnévotin, Bystro€ice) of Lazanky limestone dolomites, which appear here together with
Vilémovice limestones. The average Mg contents in both deposits are around 17%. Further
SW there is a medium-sized deposit of Lazanky limestone dolomites Celechovice of similar
composition (reserves bound by the protective zone of the spa).

The most important are the areas of the KrkonosSe-Jizera crystalline complex and the
Moravian Devonian, where dolomites (Lanov, Hnévotin) partially occur in some deposits, but
they are mostly calcareous dolomites. The Sumava Moldanubian deposits are mostly smaller
or are formed by low-purity calcareous dolomites. In other areas, dolomites form only smaller
lenses and are often insufficiently explored (especially in western Moravia).

3. Registered deposits and other resources of the Czech Republic

Liberge
.o

9;11 6o

'8.7' 100 oo

Hradec Kralové
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¢ Pardubice
[ ]

Olomouc
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40°%3;5

Ceské Budéjovice
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B reserved registered deposits - exhausted deposits and other resources

Principal areas of deposits presence
(Names of exploited deposits are in bold type)

1 Bohdaneé 5 Hnévotin 9 Krystofovo Udoli

2 Lanov 6 Horni Rokytnice 10 Kfizlice

3 Bystrocice 7 Jesenny-Skalka 11 Machnin-Karlov pod Jestédem
4 Celechovice na Hané 8 Koberovy 12 Podmokly
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4. Basic statistical data of the Czech Republic as of December 31
Number of deposits; reserves; mine production
Year 2016 2017 2018 2019 2020
Deposits — total number 12 12 12 12 12
exploited 2 2 2 2 2
Total mineral *reserves, kt 524 464 525 046 524 595 524 142 522 028
economic explored reserves 83 872 83 536 83 087 82 643 80 529
economic prospected reserves 348 288 348 288 348 286 337 297 337 297
potentially economic reserves 93 222 93 222 93 222 104 202 104 202
exploitable (recoverable) reserves 10 879 10 429 9979 9 526 7 526
Mine production, kt 440 450 451 453 398

* See NOTE in the chapter Introduction above on a terminological difference between Czech official application
of the term reserves and standard international application of the term. The relationship of domestic and foreign

classifications of mineral reserves and resources is described in the separate chapter Mineral reserve and resource
classification in the Czech Republic of this yearbook

Approved prognostic resources Py, Py, P53

Year

2016 2017 2018 2019 2020
Py, kt 23 946 23 946 23 946 23 946 23 946
P, - - - - -
Ps - - - - -
5. Foreign trade
2518 — Dolomite calcined, roughly trimmed or cut; agglomerated
2016 2017 2018 2019 2020
Import t 390592 | 452305 | 526570 | 443075 | 485996
Export t 176 133 131 58 73
2518 — Dolomite calcined, roughly trimmed or cut; agglomerated
2016 2017 2018 2019 2020
Average import prices CZKni 251 252 232 227 235
Average export prices CZK/t 5972 5747 3282 5472 9651
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6. Prices of domestic market

Average domestic prices of traded commodities

Product specification 2016 2017 2018 2019 2020

Dolomite aggregates, CZK/t 265-435 406—-499 300-470 318-376 325-387

Ground calcitic dolomite,

bulk, CZK/x 674-723 729 729 770-830 780-850
Icitic dolomite,

Grround calcitic dolomite 1625 | 16751800 | 1800 | 1900-2060 | 1950-2 100

bagged, CZK/t

7. Mining companies in the Czech Republic as of December 31, 2020

Krkonosské vapenky Kunéice, a.s.

8. World production and world market prices

World mine production

World dolomite production is not listed in the statistics. Even though dolomite is considered
to be a main potential source of magnesium in the lithosphere, it is currently not used for the
production of magnesium. Otherwise, calcined dolomite with a minimum magnesium content
of 8% is suitable for this purpose.

World dolomite prices are not included in international overviews.
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Feldspar

1. Characteristics and use

Feldspar raw materials are rocks whose characteristic component is one of the minerals
from the feldspar group or a mixture thereof in such a form, quantity and quality that it
can be extracted industrially. Feldspars are a group of monoclinic (orthoclase KAISi;Og,
sanidine) and triclinic (microcline KAISi;Og and plagioclase) potassium and sodium-
calcium aluminosilicates. Together with quartz, they are the most widespread rock-forming
minerals, which together make up 60% of the earth’s crust. Potassium (K) feldspars are of
industrial importance — orthoclase, microcline and acidic (with a predominance of Na over Ca)
members of the plagioclase family (albite NaAlSi;Og, oligoclase, andesine). Alkaline (with
a predominance of Ca over Na) members of the plagioclase series (labradorite, bytownite,
anorthite CaAl,Si,0g) are of marginal importance. Vein rocks (pegmatites, aplites), igneous
rocks (leucocratic granitoids) and sediments (feldspar sands and gravels) are mainly used as
feldspar raw materials, as well as residues of incompletely kaolinised rocks and metamorphites.
The main pollutants are a high proportion of iron in the feldspar lattice (untreatable) and
impurities (treatable).

Reserves
2020 2020
Country kt % world Country kt % world % EU
Egypt 1 000 000 35.1 EU 154 000 5.4 100.0
Iran 630 000 221 Czech
Rzecu,* 87 000 3.1 56.5
India 320 000 11.2 epublic
Thailand 240 000 8.4 Romania 22 000 0.8 14.3
Turkey 240 000 8.4 Slovakia 22 000 0.8 14.3
Spain 17 000 0.6 11.0
h
Sout 180 000 6.3
Korea Poland 5000 0.2 3.2
Brazil 150 000 5.3 ltaly 1 000 0.04 0.6
Czech
Republic* 87 000 3.1 Source: European Minerals Yearbook — version 2021
*— Bilance zasob k 1.1.2021 (national Register of Reserves as
World 2 847 000 100.0 .
of 1.1.2021)

Source: MCS 2021
* Bilance zasob k 1.1.2021 (national Register of
Reserves as of 1.1.2021)

Uses

Due to their low melting point, feldspars are used as a flux in ceramic mixtures, glass stem,
glazes, enamels and in recent years also as casting powders in metallurgy. Almost 90% of
feldspars are consumed by the glass and ceramic industries. A small amount is also used as
a filler, especially in paints and plastics. Feldspar substitutes are also used in glassmaking. In
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addition to feldspar raw materials, rocks that have an alkali content bound to another mineral
(mostly nepheline Na;K(Al4Si,0,4 — anhydrous sodium-potassium aluminosilicate) are used
as their substitutes. In the world, nepheline syenites are mainly used, and to a lesser extent
also nepheline phonolites.

Classification as critical raw materials for the European Union
2011 —no, 2014 — no, 2017 — no, 2020 — no

2. Mineral resources of the Czech Republic

In the Czech Republic, deposits of feldspar raw materials are connected to primary sources,
consisting mainly of leucocratic granitoids and pegmatite bodies. Secondary sources are
represented by feldspar gravels and sands.

* An important source of feldspar raw materials are currently the deposits of fluvial
Quaternary feldspar placers, which make up 36% of geological reserves. They were formed
by the deposition of desintegrated granite rocks with mostly high content of porphyric
phenocrysts, mostly potassium feldspars. The following two areas are the most important:

1) The upper course of the Luznice River with deposits Halamky, Krabonos, Tust’, Dvory nad
Luznici, Majdalena, among which the mined deposit Halamky is decisive, the remaining
deposits are not mined. The Halamky deposit mined from water is one of the most important
sources of quality feldspars in the Czech Republic and the most important representative
of the secondary type of deposits — feldspar gravel sands. A large part of the reserves of
these deposits is linked to conflicts of interest with nature protection, especially with the
Ttebonisko Protected Landscape Area. The Luznice gravel sands account for less than 19%
of the total geological reserves of feldspar raw materials.

2) The area south of Brno with deposits of the Jihlava River — the Syrovice-Ivan terrace
with deposits Bratcice, Zab&ice-Smolin, HruSovany, Ledce, etc. has a slightly worse
feldspar quality — higher Fe contents. However, the vast majority of the local raw material
is currently used only as construction gravel, only a part has been deposited in dumpings
since 2000 for later use as feldspar raw material. Similar deposits of feldspar accumulations
of the Jihlava River are in the vicinity of Ivancice southwest of Brno. Together, they make
up about 17% of the geological reserves of feldspar raw materials.

The raw material of fluvial deposits are feldspar gravels with a predominance of potassium
feldspars over plagioclase, suitable for the production of utility porcelain, medical ceramics,
glass, etc. and, to a limited extent, for the production of glazes.

* The importance of fine to medium-grained leucocratic granitoids (granites and granite
aplites, quartz diorites) is constantly growing, currently accounting for almost 50% of
all domestic geological reserves of feldspar raw materials. Due to the dimensions of the
granitoid bodies, the deposits are often medium to larger in size and the raw material
is usually of relatively high quality. They are developed, for example, in the Krusné
hory pluton in western Bohemia, where the most important and largest domestic deposit
Krasno is quarried (albitic aplitic granite), the Mracnice massif (Mracnice: quartz diorite-
and Vycapy: tourmaline granite). They were also explored in other massifs, such as
Brno (Moravsky Krumlov), Dyje (Pfimétice), Chvaletice, Blanice, Babylon, Kladruby
(Benesovice), partial massifs of the Central Bohemian pluton, etc. The raw material consists
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mostly of sodium-potassium feldspars and is used in the production of sanitary ceramics,
stained glass, porcelain, grinding wheels, etc.

» Coarse-grained to porphyric leucocratic granitoids could represent a significant source of
feldspar raw material in the future, currently accounting for about 6.5% of total reserves.
Deposits and sources form relatively large bodies, but often with a lower quality of raw
material (increased Fe contents). They are known in the massifs of Ri¢any (Stihlice), Cistec-
Jesenice, Bor, KrkonoSe-Jizera pluton (Liberec granite), Lestkov (Hanov), etc. The raw
material consists mostly of sodium-potassium feldspars and to reduce the Fe content it is
usually necessary to treat it with high-intensity magnetic separation.

* In the past, the pegmatite deposits known from several areas were the only source of raw
material used mainly for ceramics. The deposits are mostly smaller, which is caused by
the limited range of pegmatite bodies and they account for only 8% of the total reserves.
The most important is the PobéZovice-Domazlice area with the mined Luzenic¢ky deposit
and other, currently unmined deposits and resources (e.g. Meclov, Muténin, Ohnistovice,
Otov, Bozdis) with pegmatites of medium to worse quality with an admixture of dark
minerals, which have a balanced ratio of sodium and potassium. feldspars. However, there
are also deposits of quality sodium and sodium-calcium feldspars for glazes and clear
glass (Zdanov). In other areas, potassium feldspars predominate in pegmatites. In the Tepla
region in western Bohemia, there are relatively abundant occurrences of relatively high-
quality feldspars with low contents of pollutants (Beroun, Kiepkovice, Zhotec). Recently,
the relatively little explored area of Pisek is perhaps promising. Some smaller occurrences
and deposits are known from the vicinity of Humpolec, Tabor, Rozvadov (Ceska Ves), from
western Moravia (Smrcek), etc. Due to the irregularity of the deposit bodies, small and
largely extracted reserves, but also conflicts of interest, feldspars from pegmatites are no
longer a very promising source. A large part of the highest quality raw material of pegmatite
deposits (mainly in the Pobézovice-Domazlice and Pisek areas) is considerably depleted
by mining, especially in the more easily accessible subsurface areas. This also applies to
the area of the Bory granulite massif with a small Bory-OIsi deposit, following the classic
exhausted Dolni Bory deposit.

* Recently, deposits of feldspar raw materials forming lenses in metamorphic rocks have
been newly investigated. The orthoclasite to microclinite deposit Markvartice near Tiebic is
situated in the western branch of the variegated group of the Moravian Moldanubicum. The
Mala Tresna albitite deposit lies on the NW edge of the Svratka dome of the Moravicum
at the junction of the micaschist zone and the Olesnice group. The Chvalsina deposit of
anorthosite to gabbro is deposited in the amphibolites of the Cesky Krumlov variegated
group of the Sumava Moldanubicum.

* Another potentially promising source of feldspar raw material may be the kaolinised
feldspar rocks with undecomposed or imperfectly decomposed feldspars. These are mainly
arkoses in the Plzen and Podborany areas, gneisses and granitoids in the Znojmo area (see
the chapter Kaolin — feldspar kaolin).

« Tertiary volcanics — nepheline phonolites — of the Ceské stiedohoti Mts. are used as feldspar
substitutes in the Czech Republic (Zelenice deposit). Due to the high contents of colouring
oxides, they can be used in the glass and ceramic industry only as a flux for coloured
materials. The high alkali content (10-10.5% Na,O and 3.5-5% K,0) makes it possible to
reduce melting temperatures and shorten the burning time.
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3. Registered deposits and other resources of the Czech Republic

Hradec Kralové
LJ

Pardubice
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Ceské Budéjovice
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[ reserved registered deposits
I exhausted deposits and other resources
. feldspar mineral substitutes (reserved registered exploited deposit and and other resources)

The main deposit areas of feldspar raw material
(Names of exploited deposits are in bold type)

1 Sediments of the Luznice River region 4 Pegmatites
2 Sediments of the Jihlava River (the Pobézovice-Domazlice region)
(the Syrovice-lvan Terrace) 5 Pegmatites (the Tepla region)
3 Sediments of the Jihlava River) 6 Pegmatites (the western Moravia region)
(the Ivangice region) 7 Granitoids
8 Others

Feldspar mineral substitutes (nepheline phonolites):

9 Zelenice 10 TaSov-Rovny 11 Valkefice-Zajeci vrch
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4. Basic statistical data of the Czech Republic as of December 31

Feldspar
Number of deposits; reserves; mine production

Year 2016 2017 2018 2019 2020
Deposits — total number 39 39 40 41 42
exploited 9 9 9 10 10
Total mineral *reserves, kt 76 476 76 063 91 722 101 487 102 853
economic explored reserves 24 593 24 415 28 709 29 742 29 334
economic prospected reserves 36 185 36 162 47 157 55 889 57 663
potentially economic reserves 15698 15 698 15 856 15 856 15 856
exploitable (recoverable) reserves | 22 981 22 872 22 596 22 126 21 599
Mine production, kt 454 368 449 460 419

* See NOTE in the chapter Introduction above on a terminological difference between Czech official application
of the term reserves and standard international application of the term. The relationship of domestic and foreign
classifications of mineral reserves and resources is described in the separate chapter Mineral reserve and resource
classification in the Czech Republic of this yearbook

Approved prognostic resources Py, Py, P53

Year 2016 2017 2018 2019 2020
P,, kt 48 530 48 530 48 530 48 530 48 530
P, _ _ _ _ _
Ps - - - - -
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Number of deposits; reserves; mine production
Feldspar substitutes (nepheline phonolites)

Year 2016 2017 2018 2019 2020
Deposits — total number 3 3 3 3 3
exploited 1 1 1 1 1
Total mineral *reserves, kt 199 807 199 773 199 773 199 709 199 709
economic explored reserves 0 0 0 0 0
economic prospected reserves 199 838 199 773 199 742 199 709 199 680
potentially economic reserves 0 0 0 0 0
exploitable (recoverable) reserves 24 237 24 203 24173 24 140 24111
Mine production, kt 31 34 31 33 29

* See NOTE in the chapter Introduction above on a terminological difference between Czech official application

of the term reserves and standard international application of the term. The relationship of domestic and foreign

classifications of mineral reserves and resources is described in the separate chapter Mineral reserve and resource

classification in the Czech Republic of this yearbook

Approved prognostic resources Py, Py, P53

Year 2016 2017 2018 2019 2020
P1 - - - - -
P, kt 30 300 30 300 30 300 30 300 30 300
Ps - - - - -
5. Foreign trade
252910 - Feldspar
2016 2017 2018 2019 2020
Import t 6 341 9373 10 831 7 225 5607
Export t 208 227 223 768 252 956 271 561 224 780
252910 - Feldspar
2016 2017 2018 2019 2020
Average import prices CZK/ 3537 2 506 2713 3632 3619
Average export prices CZKht 1186 1044 1023 834 859




Minerals currently mined — Industrial minerals — Feldspar 219

252930 - Leucite, nepheline and nepheline syenite

2016 2017 2018 2019 2020
Import t 2986 3 421 3777 4524 4207

Export t 5 2 3 482 543

252930 — Leucite, nepheline and nepheline syenite

2016 2017 2018 2019 2020
Average import prices CZK/t 6 654 6 315 6 264 6 488 6 680

Average export prices CZK/t 10 977 9114 9017 10 866 11 071

6. Prices of domestic market

Feldspars were sold domestically for CZK 1 3005 300 per tonne in 2020 depending on their
chemism and usage.

7. Mining companies in the Czech Republic as of December 31, 2020

Feldspar

KMK GRANIT, a.s., Krasno

LB MINERALS, s.r.o., Horni Bfiza
Druzstvo DRUMAPO, Némcicky
Moravia Tech, a.s., Brno

Feldspar substitutes
KERAMOST, a.s., Most

8. World production and world market prices

World mine production

The data on world feldspar production and on the production of countries from various sources
differ considerably. Estimates of Chinese feldspar production differ the most. The lowest
total data are given in the Mineral Commodity Summary (MCS), which, for example, does
not mention Germany at all among the world’s leading feldspar producers. Higher global
mining is reported by the yearbook World Mineral Production (WMP), published by the British
Geological Survey. Probably the most accurate figures, which range between MCS and WPM
estimates, are given in the Austrian yearbook Welt Bergbau Daten (WBD).
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Year 2016 2017 2018 2019 2020¢
World mlne production of feldspar 23 600 24 700 25 600 23 000 23 000
(according to MCS), kt
World mine production of feldspar

12 11 29 794 N
(according to WBD), kt 30865 81259 81190 979
World mine production of feldspar
34 882 32 348 30815 N N
(according to WMP), kt
e — preliminary values
Main producers according to MCS
2020¢
Country kt %
Turkey 5000 21.7
Italy 4 000 17.4
India 4 000 17.4
China 2000 8.7
Iran 1300 5.7
Thailand 1200 5.2
Spain 800 3.5
Czech Republic 460 2.0
USA 420 1.8
South Korea 400 1.7
World 23 000 100.0

e — preliminary values

Prices of traded commodities (according to IM)

Commodity/year 2016 2017 2018 2019 2020
Feldspar, marketable production,
US market, average price, USD/t 69 64 97 107 110
according to MCS
Nepheli i
Nepheline syenite, average US USD/ 128 61 76 156 160
import price, according to MCS
Feldspar for the ceramic and glass
industry, average export price from

EUR/ 42.54 37.96 38.24 27.99 26.77
the Czech Republic to Poland
(CZS0)
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Gemstones

1. Characteristics and use

Gemstones (gems) are natural materials that are suitable for use in jewellery. They can be
minerals, rocks, natural glass and organic materials (e.g. pearls, amber, jet (a compact black
variety of brown coal used to make (mourning) jewellery) or ivory). Their main properties
are beauty (mainly interesting colour, type of cutting, etc.), durability (hardness, toughness)
and rarity. Gems used to be sorted by hardness (diamond, corundum, chrysoberyl, beryl,
spinel, topaz,...), because the hardness of 7 or more is ideal for use in jewellery. Today,
a mineralogical system is used according to its chemical composition — the most important
gems are elements (diamond), oxides (corundum, spinel, chrysoberyl, quartz, etc.) and silicates
(beryl, tourmaline, topaz, etc.). In terms of origin and geological environment, gems are found
in volcanites (diamond, corundum, olivine, amethyst in geodes), pegmatites (beryl, tourmaline,
topaz, chrysoberyl, rose quartz), hydrothermal veins (emerald, quartz), metamorphites
(corundum, spinel, emerald) and sediments (almost all the listed ones after erosion of the
original parent rocks).

Gemstones are a raw material that is completely different from the others listed in this
yearbook. This is due to the extreme range of their price depending on the quality. The old
division into precious and semi-precious stones is also no longer used in modern literature,
because, for example, high-quality amethyst can be more expensive than low-quality ruby or
emerald. Rather, the division into gemstones (used cut in jewellery) and decorative stones (e.g.
agate, malachite, etc., usually used only polished). Waste after gem processing can in some
cases (mainly garnets and corundum) be used as an abrasive.

Technically, it is necessary to divide the stones in the jewellery into the following four
categories:

1. natural stones, completely untreated

2. natural stones modified by men (e.g. high-temperature firing, radioactive irradiation, filling
of cracks with a foreign substance, artificial colouring and many others are used)

3. synthetic stones (same properties as natural stones)

4. imitations (e.g. glass, different properties than natural stones)

The problem is that only an experienced expert with very good instrumentation can correctly
identify a gemstone and place it in these categories, and new treatment procedures appear
every year. The differences in price are huge.

There are treatments that significantly improve the appearance of the stone, and which
logically must have a lower price than the same natural stones. Synthetic cut diamonds are also
common on the market today (so far mainly coloured, colourless are much harder to produce)
and their share will increase rapidly in the future. It is necessary to emphasise that these are
stones that may seem very similar to a layman.

Reserves
There are not listed.

Classification as critical raw materials for the European Union
2011 —no, 2014 — no, 2017 — no, 2020 — no
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2. Mineral resources of the Czech Republic

Although the Czech Republic is geologically very complex and therefore rich in various
types of deposits, it is very poor in gemstones. Only deposits of pyrope (Czech garnet) and
moldavites are of international importance; the occurrences of some decorative quartz (crystals
of KrkonoSe Mts., amethyst and jasper in the Ore Mountains, porcelainite (originally clay
minerals burned in contact with basalt) in southern Moravia, opals in the vicinity of Kiemze
in southern Bohemia, etc. are economically insignificant.

Pyrope is a mineral from the group of garnet with a composition of Mg;Al,[Si0,4]O5, but
always with an admixture of Fe and dyed with Cr. The world’s most famous blood-red pyrope
gemstone is the Czech garnet, mined for several centuries in Quaternary gravels at the foot of
the Ceské stiedohoii Mts. Their parent rock are the ultrabasic xenoliths (enclosures) in Tertiary
volcanites. At present, the Podsedice deposit is being mined and the small Vestiev deposit in
Podkrkonosi is already exhausted. The content of pyropes over 2mm in the raw material is
fluctuating and usually ranges between 20 and 100 g per 1 ton of rock. Real Czech garnets are
always small; raw stones with a diameter of over 5 mm are infrequent and those over 7mm
are rare. Therefore, in jewellery, much larger and more abundant almandine garnets imported
from abroad are used as central stones, but they have a brownish or purple hue.

A completely unique Czech gem is the moldavite, which belongs to the tektites. Tektites
are natural glasses that occur in several places around the world. Their formation has always
been a mystery, but at present the prevailing opinion is that they are terrestrial rocks that were
remelted during the fall of a large meteorite and the melt sprayed over a long distance. For
most of the world’s tektites, we have also been able to identify the crater where the meteorite
landed. The moldavites originate from the Ries crater near the German city of Nordlingen in
Bavaria and were formed about 15 million years ago. They are located in southern Bohemia in
Tertiary and Quaternary alluviums, mainly south of Ceské Budg&jovice. They are characterised
by a green colour and an uneven surface with many grooves, which were created by natural
etching. Moldavites are usually 1 to 3 cm in size, larger ones are rare. They are used in
jewellery either in their natural state or cut. There are smaller occurrences of moldavites in
southern Moravia around Tiebic, but there they have an unattractive brown-green colour and
are unusable as gems. Several small deposits were and are mined in southern Bohemia. The
content of moldavites in deposits is very variable and usually ranges between 8 to 15g per
1 m3 (5 to 8 g per 1 ton) of rock.
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3. Registered deposits and other resources of the Czech Republic

s [ ]
Usti nad Labe

2,
2;3:4

Hradec Kralové
L]

Pardubice
L

Olomouc
®

Jihlava
[

Ceské
8@ Budéjovice
& []
13
9;10m@12
11

. reserved registered deposits of pyrope-bearing rock
exhausted deposits and other resources of pyrope-bearing rock
B reserved registered deposits of moldavite-bearing rock
exhausted deposits and other resources of moldavite-bearing rock
reserved registered deposits of other gemstones
exhausted deposits and other resources of other gemstones

Pyrope-bearing rock: Moldavite-bearing rock: Other gemstones:
1 Podsedice-Dfemcice 8 Hrbov u Lhenic 14 Bochovice *

2 Vestrev 9 Chlum nad MalSi-vychod 15 RasSov **

3 Dolni Olesnice 10 Locenice-Chlum 16 Velka Kras ***

4 Horni Olesnice 1 11 Besednice

5 Horni OleSnice 2 12 Slavée-sever

6 Linhorka-Staré 13 Vrab¢e-Nova Hospoda

7 Trebivlice

* amethyst,
** opal,

**% gem varieties of quartz

(Names of mined deposits are indicated in bold type)



Minerals currently mined - Industrial minerals - Gemstones 224

4. Basic statistical data of the Czech Republic as of December 31

Number of deposits; reserves; mine production

Year 2016 2017 2018 2019 2020
Deposits — total number 2 16 13 12 15 15
exploited ©) 4 4 3 4 4
Total mineral *reserves, kt @ 19 400 19 366 19 353 19 359 19 357
economic explored reserves 3217 3183 3170 3162 3161
economic prospected reserves 13 002 13 002 13 002 13016 13016
potentially economic reserves 3181 3181 3181 3181 3180
exploitable (recoverable) reserves 2982 1415 29 562 29 551 29 549
Total mineral *reserves, m3 ¢ 510977 | 434592 | 373202 1466041 |1415330
economic explored reserves 95 605 43 025 36 352 26 352 21 352
economic prospected reserves 415372 | 388468 | 333751 |1434478 |1393978
potentially economic reserves 3099 3099 3099 5211 5211
exploitable (recoverable) reserves 464 274 | 291406 | 167235 | 281317 | 235817
Total mineral *reserves, kt (1 m3=1.8t) © 925 782 671 1465 2 556
economic explored reserves 96 77 65 47 38
economic prospected reserves 415 388 601 1434 2509
potentially economic reserves 6 6 6 9 9
exploitable (recoverable) reserves 835 692 323 506 236
Mine production, kt @ 8 34 13 12 1
Mine production, ths m3 © 71 54 61 42 46
Mine production, kt © (1 m3=1.81) 128 97 110 76 83

* See NOTE in the chapter Introduction above on a terminological difference between Czech official application
of the term reserves and standard international application of the term. The relationship of domestic and foreign
classifications of mineral reserves and resources is described in the separate chapter Mineral reserve and resource
classification in the Czech Republic of this yearbook
a) pyrope-bearing rock
b) in 2016-2017 one deposit of pyrope and three deposits of moldavite, in 2018 one deposit of pyrope and two
deposits of moldavite, in 2019-2020 two deposits of pyrope and two deposits of moldavite

¢) moldavite-bearing rock
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Approved prognostic resources P,, Py, P3

Year 2016 2017 2018 2019 2020
P1, b) kt 749 749 749 749 749
P1, ©) ths m3 66 66 66 66 66
P1, ° kt 118 118 118 118 118
P2, a) t 100 100 100 100 100
P3 - - - - -
Notes: ¥ jasper, P pyrope-bearing rock, © moldavite-bearing rock
5. Foreign trade
7102 — Diamonds, whether or not worked, but not mounted or set
2016 2017 2018 2019 2020
Import kg 248 9157 15 341 30 097 18
Export kg 61 155 109 5 39
7102 — Diamonds, whether or not worked, but not mounted or set
2016 2017 2018 2019 2020
Average import prices CZK/kg | 904 798 25234 15163 7393 |16 246 944
Average export prices CZK/kg | 965 033 329 884 419 761 3003200 | 2570462
7103 — Precious (other than diamond) and semi-precious stones,
whether or not worked or graded but not strung, mounted or set
2016 2017 2018 2019 2020
Import kg 399 913 151 617 343 708 374 073 115 537
Export kg 66 371 71 058 87 394 45 644 78 985
7103 — Precious (other than diamond) and semi-precious stones,
whether or not worked or graded but not strung, mounted or set
2016 2017 2018 2019 2020
Average import prices CZK/kg 283 354 232 928 266
Average export prices CZK/kg 965 729 613 1575 1021
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251320 — Emery, natural corundum, natural garnet and other natural abrasives

2016 2017 2018 2019 2020
Import t 4 559 4 336 3 808 4017 12 711
Export t 133 213 182 276 147

251320 — Emery, natural corundum, natural garnet and other natural abrasives

2016 2017 2018 2019 2020
Average import prices CZK/t 6 889 7 266 7 944 7 810 8 367
Average export prices CZK/t 84 203 53 849 47 414 10 350 12 860

6. Prices of domestic market

The international gemstone trade is currently so globalized that no substantial price differences
exist anywhere in the world including the Czech Republic. The only difference is that rather
lower-quality gemstones are imported due to lower purchasing power as well as to less
experienced jewellers and customers; high-quality gemstones in the Czech market are rare.

Company Grandt, cooperative of art manufacturing in Turnov, purchased Czech garnets
(pyropes) under following conditions in 2020:

Purchase prices of raw Czech garnets by size classes

Class Screen size (mm) Minimum thickness (mm) Price CZK/g
IV. 2.6-2.9mm 2.6mm 10 CZK /g
M. 3.0-3.9mm 2.6mm 20CZK /g
Il 4.0-4.9mm 3.0mm 50 CZK /g
. 5.0-5.9mm 3.5mm 120 CZK /g
and i(i)gger frc;n d6r;100:r;m 4.5mm from 250 CZK /g

In the year 2020 Company Granat bought for the jewelery processing also moldavites (solid, intact
stones) weighing from 1g to 10g and bought also the moldavite raw material (broken stones and
fragments) for the cutting in a weight of 1g above and a minimum material thickness of 5 mm.

The actual purchase price of moldavites, depending on the size and quality of the stones,
ranges from 32 to 55 CZK per gram.
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Internet wholesale NATURSHOP.cz offered moldavites in the following size—shape-number-
price relations (each moldavite was packaged separately in a plastic box with its description):

Mine locality Weight (g) Nl:;i‘::ee':f Price (CZK)
1.10-1.33 1 520-630
1.5-1.72 1 775-950
1.77-1.81 1 700-810
1.81-2.09 1 820-940
2.72 -2.80 1 1230-1 290
Besednice *
3.14-3.27 1 1420-1 470
3.57-3.68 1 1 590-1 655
3.9-4.79 1 1850-2 155
5.19-71 1 8 590-11 900
10.33-13.91 1 33 190-42 900
2.59-2.82 1 620-680
3.5-3.79 1 840-890
3.47-3.72 1 830-890
Chlum 3.87-4.09 1 930-980
4.23-4.97 1 1020 -1 140
5.51-5.90 1 1 380-1 580
6.18-8.16 1 1820-2 040

Note: * moldavites from this locality are visually regarded as the best

7. Mining companies in the Czech Republic as of December 31, 2020

Pyrope-bearing rock
Granat, druzstvo umélecké vyroby, Turnov

Moldavite-bearing rock

MAWE CK s.r.0., Cesky Krumlov
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8. World production and world market prices

World production

Statistical data on gem-quality garnet production are not available. MCS overviews provide
the following data on global production of industrial garnets whose world’s largest producers
include Australia, China, South Africa, India and the USA in recent years:

2020¢
1100 000

2016
1 540 000

2017
974 000

2018
1250 000

2019
1120 000

World production, t

e — preliminary value

World statistics include principally diamond mining, both gem-grade and industrial ones.

World gem-grade diamond production was as follows
(in ths ct (ct = carat; 1 ct = 0.2 g):

2016 2017 2018 2019 2020¢
World mine production (according to WBD) 70 469 79 652 80 870 77 888 N
World mine production (according to MCS) 73 400 88 100 89 000 82 400 74 000
e — preliminary values
Main producers according to MCS
2020¢ 2020¢
Gem-quality diamonds Industrial diamonds
Country ths carats % Country ths carats %
Russia 24 000 32.4 Russia 19 000 35.2
Canada 17 000 23.0 Australia 12 000 22.2
Botswana 13 000 17.6 Congo (Kinshasa) 12 000 22.2
Angola 8 000 10.8 Botswana 5000 9.3
South Africa 4 000 5.4 South Africa 3000 5.6
Congo (Kinshasa) 3000 4.1 Zimbabwe 2000 3.7
Namibia 1900 2.6 others 1000 1.9
Lesotho 1 000 1.4 World 54 000 100.0
Sierra Leone 550 0.7
Tanzania 300 0.4
World 74 000 100.0

e — preliminary values
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