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AHHOTAIS.

BOHpOC OLCHKH MCCTOpO}K}]CHHﬁ MOJIC3HBIX HCKOMMACMBIX SABIACTCA OUCHB
AKTYAJIbHBIM. ITocne u3MeHEeHUIT B SJKOHOMHYECKHX CHCTEMAX BO MHOTHX
CBPOINCHCKHX CTPAHAX KPHTCPUH OLCHKH H OLCHKH MECTOPOKICHHH IIO-
JIC3HBIX HCKOTIACMBIX 3HAYATCIBHO H3MCHHIIHCH, M ABTOPHI 3THX «IICPC-
PacyeTOB W PACHUCTOB» HCMONB3YIOT PA3IHYHBIE, YACTO HEMOAXOISLINE
MCTOABI, I'JIAaBHBIM 06])3301\1 NNOTOMY, 4YTO ¥ HHX HC OBLIIO BO3MOKHOCTH
03HAKOMHTBECA C COBPCMCHHBIMH H KOMIIJICKCHBIMA MCTOJAMH OLCHKH
Mecmpomeﬂnﬁ MOJIC3HBIX HCKONMACMBIX.

WHBIME CTOBAMH, HAMH CJICTAHA TIOTHITKA 0000IHTh TCPMHHEI, TIOHSTHS
W OTpeJescHNs, KACAIIHECS OUECHKH MHHEPATBHBIX PECYPCOB, a TAKKE
MPCIOKHTE KIACCH(DHKAIMIO 3aMacoB, HCXOAA H3 HX TEXHOJOTHYECKOH
H 9KOHOMMYECKOH BaskHOCTH. [IpencraBneHna oOmeeBponeiickas cHCTeMa
KIacCH()MKALMH 3anacOoB MHHCPAIbHLIX PECYPCOB, ONMHCAHLI MPHHIMIIBI
OLCHKH Pa3sBCAAHHBIX MHHCPAIbHBIX PECYPCOB.

ﬂaHHa}I CTATbs MOKET OBITH IOJIC3HOH U AJIA MPAKTHKY OIIUX 3KCIICPTOB.
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Introduction

Abstract.

The issue of mineral deposit evaluation is very topical. After the changes to
the economic systems in many European countries the criteria of assessment
and evaluation of mineral deposits have changed significantly, and authors
of these «recomputations and calculations» usc various, often unsuitable
methods, mainly because they have never had an opportunity of becoming
acquainted with modern and comprehensive methods of mineral deposit
evaluation.

In other words, we have attempted to generalize the terms, concepts and
definitions relating to the assessment of mineral resources, and also to pro-
pose a classification of reserves according to their technological and eco-
nomic importance. The European System of International Classification of
Reserves is presented. Principles of Evaluation of Reconnaissance Mineral
Resources are described.

This article might be useful also for experts from practice.

At present mining practice market estimations are used mainly for the purpose of evaluating the
security backing of capital loans and the evaluation of non-monetary deposits invested into the basic
assets of commercial corporations. I. Sitensky (in [1]) lists the following main reasons for mineral de-

posit evaluation:

e The purchase and sale of a company,
e The increase of fixed assets,
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e The entry and exit of partners,

e Inheritance procedures and donations,

e The merger and splitting of companies, changes (establishment of a joint-venture, purchase of
a company by its employees, privatisation),

The taking or increase of a loan, backing the loan,

The identification of the financial status of suppliers or customers,
The conclusion of insurance contracts,

Entry into the stock market,

The detection of excessive indebtedness limits,

The assessment of a company by its management,

Maintenance measures. liquidation,

e Tax purposes (property tax),

e Requirements of state administration bodies (defining economic and raw material policy, solv-

ing various conflicts of interests, statistic data in the arca of national accounts).

However, the above list does not include all the reasons that may exist world-wide [2-6].

With regard to the various understanding of notions - sources of mineral raw materials, deposits
and mineral raw material reserves, mines, quarries, etc.. it is worth defining the basic notions used in
the deposit geology, mining and economy of mineral raw materials, 1.e. in specializations that support
the evaluation of mineral raw material resources.

Earth resources are abiotic resources from the lithosphere, hydrosphere and atmosphere that can
be excavated or obtained by means of existing and available technologies with the aim of meeting the
needs of human beings. Earth resources are also a reflection of the human approach as well as the de-
velopment of civilization and technologies. The development of inventions, technologies, trade, busi-
ness, market requirements, investments, social and political events and institutions that control world
trade as well as social relations within or between states may form a world-wide need that creates a
required carth resource ¢.g. from a raw material that cither has not been used so far at all or has been
used only locally.

A Mineral raw material (primary mineral raw material) is a mineral natural substance, which was,
is or will be (under defined conditions) used in production or consumption processes due to the con-
tent of its industrial components.

A Source of mineral raw material 1s, at present (or under precisely defined conditions), an ex-
tractable part of a retrieved or explored deposit as well as a deposit reasonably anticipated on the basis
of geological conditions. Sources of mineral raw materials also include the earth’s atmosphere. seas,
oceans and mincral water springs.

An Ore is a mineral raw material with a metal being its industrial component.

Other mineral raw materials belong to non-metallic raw materials or fossil kaustobiolites.

A Deposit of mineral raw materials is such an association of mineral bodies in the earth's crust,
which, based on its position, quality and quantity of mineral raw materials, meets the condition of im-
mediate industrial exploitability both from the technical and economic viewpoint. The term "deposit of
mineral raw materials" is also used for each natural occurrence, which was exploited for production
purposes in the past.

Occurrence (prospect) of mineral raw materials 1s a mineral raw material resource which has not
been exploited so far, and the reserves of which could be verified by its further exploration. Thus the
occurrence can become a deposit. This assumption is based on the physical presence of mincral raw
materials verified by geological prospecting (in boreholes or exposures).

Reserves of mineral raw materials are parts of currently mineable mineral raw material resources,
the quantity and quality of which has been calculated in their original state, “in the earth™.

Calculation of mineral deposit reserves — it 1s a calculation (estimation) of the quantity and quali-
ty of reserves in a deposit or the estimation of quantity and quality of resources (prognosis resources)
serving for the evaluation of mineral raw material deposits.

When calculating reserves it is extremely important to quantify an error (of both quantity and
quality), which affects not only a category of reserves, but mainly the accuracy of subsequent tech-
nical and economic assessments. If output economic and financial information is required to maintain
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+5...10 % accuracy for a detailed feasibility study. also the accuracy of reserve calculation (both
quantity and quality) must meet these requirements.

Another important requirement for the modemn and comprehensive evaluation of mineral deposits
is the implementation of alternative calculations of reserves for several (4-10) cut off grades that cover
the whole range interval of deposit quality parameters. The aim of alternative calculations of reserves
is to define graphical and mathematical dependencies between reserves [Z]. the average quality [x]
and limit value [xo], which subsequently enable alternative technical and economic assessments of re-
serves and an exact definition of optimum cut off grades [xo] for non-balancing [xox]| and balancing
[xoe] reserves, and for the maximum deposit price [Xomax |.

When calculating reserves it is necessary to distinguish between:

— Geological reserves [(Jg], which are the result of alternative calculations of reserves, and make
a basis for the calculation (estimate) of extractable reserves. Out of geological reserves, only
free reserves are considered for the purpose of technical and economic assessment, while
blocked reserves are excluded from this process. The division of geological reserves to bal-
ancing (economic) a non-balancing (sub-economic) only results subsequently from alterna-
tive calculations of deposit reserves. The division of geological reserves into balancing a non-
balancing in accordance with the conditions of the feasibility of reserves set in advance can-
not be considered suitable.

— extractable reserves |(Q,], which consider recovery (v) and contamination (z) and are calculat-
¢d by means of the following formula:

Y
Q= ¥ (n
100 —z
The basis of the price of an industrial mineral is its utility value [7, 8]. However, it is not related
to the costs spent to gain it. A raw material price is given by natural properties. The difference be-
tween the raw material price and a production price is called the differential mining rent - DMR, i.¢.:

DMR = production costs + planned profit,

while this difference caused by natural conditions is a DMR of type ../, and the one caused by tech-
nical equipment of mines and a following processing plant, which is a part of the mining company, is a
DMR marked as DMR /7", After the change in economic rules geologists and economists used to
consider the differential mining rent the mining industry an indicator evaluating the deposit price for
which the deposits of industrial minerals should be rented to private companies. The differential min-
ing rent should be transferred to the government as unearned profit of a mining company conducting
business on a deposit. Then a marginal deposit, i.e. a deposit from which only a planned profit is
gained, has a zero value and the price of other deposits is equal to the differential mining rent.

However the differential mining rent is neither a suitable nor useful tool for such a comprehen-
sive issue such as the evaluation of deposits. The most frequently used methods evaluate deposits by
means of a business project implemented on a deposit [9-14].

The following is an example that documents how an earth resource can be evaluated by a project.
Nobody doubts the existence of solar energy. It is difficult to evaluate this source differently than by
means of a project focusing on the use of this energy. The resource considered in this project is quanti-
fied by solar energy intensity and time of radiation, technologics used, for example, for the production
of hot non-drinking water, distribution of energy, its use by end users, etc. The project also involves
non quantifiable indicators such as the environmental “sense™ of customers, the effort to use ..clean™
and renewable energy resources, etc. Based on the project it determines whether the resource will or
will not be used. This is a very simplified and suitable example of how to proceed with the evaluation
of any earth resource. Thus the price of one and the same deposit of mineral raw materials may vary
depending on the various factors accompanying the extraction, processing and sale of the raw material.
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Classification of mineral reserves
In accordance with their suitability for industrial purposes the reserves can be classified as:
a) Dbalancing reserves,
b) non-balancing reserves.

Balancing reserves are reserves usable at present, which meet the current technical, technological
and economic conditions for the use of a statec owned deposit or its part.

Non-balancing reserves are reserves unusable at present, however in the future their efficiency
can be assumed with regard to expected technical, technological and economic development.

In accordance with the possibilities of extraction conditioned by extracting technologies, safety of
operation and defined protective pillars, the reserves are classified as:

a) blocked reserves,

b) free reserves.

Blocked reserves are reserves in protective pillars of surface and underground structures, facilities
and mining works and in pillars designed to ensure secure operation and preservation of protected in-
terests. Other reserves are fiee.

(1) Conditions for feasibility of reserves are defined for the entire deposit or for its part.

(2) The following indicators of conditions of usability of reserves are used for the classification of
reserves of a state owned deposit or its part into balancing or non-balancing types, in accord-
ance with mineral types and deposit character:

a) geological, , as deposit thickness, quality of the industrial component and its spatial
changes, harmful and non-usable components and their spatial changes, quantity of re-
serves, tectonics, depth of deposit location, properties of an underwall and top wall, hy-
drogeological conditions, collecting properties at a productive level, etc.

b) mining and technical, as stability of a deposit and surrounding rocks, the optimum mining
method, occurrence of gases, treatability and yield, backfilling of mined areas, drainage of
deposit, effects of mining on the environment and ways of dissolving these effects, water
management, mounding, waste use and depositing, efc.

c¢) economic, as mineral raw material prices, mining and processing costs, elc.

(3) During the stage of a scouting exploration of deposits the geological work is carried out in
accordance with the conditions of efficiency of expected reserves in state owned deposits set in
advance. If geologic work is financed from the state budget of the Slovak Republic, it is speci-
fied by the Slovak Geological Office. In other cases it is specified by an organization that co-
vers the costs of the geological work.

(4) During the stage of a detailed and mining exploration of deposits and in the case of the exca-
vation of state owned deposits, the conditions of the feasibility of reserves are set variably by
an organisation, which either extracts or will extract the deposit, and on their basis calculates
the reserves or has them calculated.

(5) If changes of indicators of the reserve feasibility conditions occur that affect the quantity of
balancing reserves, the organisation sets new conditions for the feasibility of reserves.”

(1) Procedures for calculating reserves during the period of the geological exploration are
specified by a special regulation. A similar course of action is taken also when calculating
reserves during the period of designing and construction of mines and quarries and in case of
the extraction of a state owned deposit.

(2) In the calculation of reserves for the period of designing and construction of mines and quar-
ries and in the case of the extraction of a state owned deposit the organisation also specifies
the extractable reserves, i.e. balancing reserves reduced by the value of assumed mining
losses resulting from the selected mining technology as well as geological, mining and tech-
nical conditions.

(3) The calculation of reserves is approved by a geological office within a specified time period.

(4) The organisation repeatedly submits the calculation of reserves, prepared in accordance with
new conditions of the feasibility of reserves, for the approval to the geological office only in
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cases, when approved balancing reserves which are reduced by extracted reserves change by
more than 15 %.

Geological work stages are divided into:

— geological research (includes the stage of basic geological research and stage of the regional
geology).

— geological exploration (deposit exploration, which is divided into prospecting exploration, de-
tailed exploration and extraction exploration).

A stage of the prospecting deposit exploration includes a set of geological work focusing on the
evaluation of the possible occurrence of deposits during prospecting and exploration of state owned
mineral deposits, definition of approximate tonnage of an identified deposit, calculation of reserves in
the category of expectant reserves at least in a part of the deposit, and stating inferred reserves or re-
connaissance mineral resources in the rest of a deposit. During the prospecting and exploration of
mineral deposits not owned by the state it is necessary to evaluate the territory from the viewpoint of
possible occurrences of mineral deposits, identifying and verifying their approximate tonnage and cal-
culating reserves at least in one part of a deposit.

A stage of the detailed deposit exploration includes a set of geological work with the aim of veri-
fving whether the amount of assumed deposit reserves is sufficient for their excavation. As for state
owned minerals in the category of verified reserves it aims at obtaining and the verifying of data need-
ed for the development of the mine or quarry construction project as well as for the developing, prepa-
ration and extraction of a deposit, considering local conditions and environmental protection.

A stage of the extraction deposit exploration includes a set of geological work aimed at gaining
more detailed knowledge of the quantity and quality of the deposit reserves during the extraction of
the deposit, and on the geological, mining and technical conditions of the extraction with the purpose
of transferring reserves in accordance to actual needs. It can also serve to explain peculiarities in the
deposit development or conditions of its rational exploitation.

Principles of Evaluation of Reconnaissance Mineral Resources:

1. Reconnaissance mineral resources are estimated to the depths accessible to the current or future
mining in accordance with current economic, mining, technical, technological and other conditions,
while considering possible changes of these conditions in the future. The estimation is carried out
in units of mass or tonnage in a limited reconnaissance area.

2. The quantity of reconnaissance mineral resources is defined on the basis of expert estimations with-

in the limits of large regions, basins or parts of deposit units.

. Reconnaissance mineral resources are divided into:

a) Reconnaissance mineral resources P 1, the presence of which, based on the positive evaluation
of deposit indications and anomalies detected during geological mapping and geophysical, geo-
chemical and other work, is assumed in basins, mining propertics or geological regions, where
deposits of identical formation and genetic type are known. The estimation of reconnaissance
mineral resources in assumed deposits and the idea of the shape and size of deposit bodies, their
composition and quality are based on the analogy with these known mineral deposits.

b) Reconnaissance mineral resources P 2, the presence of which, based on favourable stratigraphic,
litologic, tectonic and paleographic assumptions identified in the evaluated area during geologi-
cal mapping and by the analysis of geophysical and geochemical data, is assumed in the evalu-
ated area. The estimation of quantity and quality of reconnaissance mineral resources is based
on analogy with other arcas examined in more detail, in which deposits of the identical genetic
and formation type have been found and verified.

V8]

UN System of International Classification of Reserves

The UN framework classification system is the latest effort to develop a universal and interna-
tionally recognized scheme for the evaluation of solid raw material deposits of minerals under condi-
tions of the market economy. The UN ECE (Economic Committee for Europe) has stated the use of a
variety of classification systems based on different principles that use various notions and definitions,
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which may be harmonised within a supranational system. In the past the alternative of the classifica-
tion system was tested mainly by the UN, namely in 1970. However, definitions used nationally were
rooted so strongly that their replacement by a unified system proved to be impossible.

The main goal of the UN framework classification is to create a tool that would enable to replace
national classifications of reserves and reconnaissance resources of solid mineral raw materials by a
unified international system classification based on market economy criteria. This new classification
system is created to enable the incorporation of existing notions and definitions. Thus it becomes
compatible and enables international communication. Principles of the market economy in the new
system support intemnational trade and cooperation, mainly between market and transforming econo-
mies.

Another goal of the UN framework classification is the creation of a generally understandable and
simple system that can be casily used in various interest spheres. An additional goal is to create a sys-
tem, which will meet all application requirements at national. corporate or institutional level for inter-
national communication and global exploration.

The UN framework classification system provides information on the stages of geological explo-
ration (1), the stages of the feasibility assessment (2) and the categories of economic viability (3). The
principles of the UN framework classification system and the methodology of classification of re-
serves/resources are obvious from the matrix in Table 1.

The main stages of geological exploration are displaved on the horizontal axis. They define the
categories of reserves/resources in accordance with the geological assurance level. The vertical axis
illustrates the main stages of the feasibility assessment as the rate of classification of re-
serves/resources according to the amount of details that are used to perform the feasibility evaluation.
They reflect the degree of assurance of reserves/resources with respect to their economic viability. The
actual result of the evaluation of the feasibility, i.e.. economic viability of a deposit, is illustrated by
the third dimension. The three dimensional presentation is illustrated in Fig. 1.

Categories of reserves/resources, in accordance with the evaluation level that reflect gradual ex-
ploration stages in general, are subject to standard professional practices in all extraction activities,
thus making the UN framework classification system applicable for all solid fuels and mineral com-
modities. The terms used for these levels are considered well-known to all users, not only to geologists
and exploiters, but also to investors, bankers, share holders and planners dealing with solid fuels and
mineral commodities. Terms and classifications usually usable in all classification systems can easily
be used to refer to the corresponding evaluation stages in the UN framework classification system.

Thus the UN framework classification system creates conditions for the integration of various na-
tional classifications, increases national and international communication and reduces the risk of mis-
interpretation of state reserves/resources derived in various classification systems.

Table 1. The UN framework classification of reserves/resources.

Classification UN Detailed General explora- | Prospecting | Reconnaissance
System exploration tion exploration

National
system

Detailed fea- | IR (111) usual

sibility

study and/or 2o, (222) not relevant

mining report

Preliminary Lo (121 ... *(122)

study Do 221) . * (222)

Initial feasibil- 1-2........ (331) |1-2..... (332) |1-2.... (333) |7, (334)

ity study *)

*) Categories of economic viability: 1 - economic, 2 - Potentially economic, 1-2 - Economic to poten-
tially economic (intrinsically economic),? — not decisive.
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Table 2 represents the UN framework classification system. This table can be suitably used for
the reporting and summarizing of individual deposits.

Table 2. The UN classification of deposits.

Detailed Pre-feasibility study Initial feasibility study
% | feasibility
Q
=Y study
A| and/or
mining
report
Economic | Potentially | Economic |Potentially | Detailed | Preliminary |Prospecting] Recon-
cconomic economic [exploration| exploration naisance
(111) (211) (121) (221) (331) (332) (333) (334)
(122) (222)
)

If necessary, the main UN framework classification categories can be divided according to specif-
ic needs at the national level; thus ensuring the required flexibility of the classification system.

Table 3. Structure of the classification of reserves/resources designed for global research.

Preliminary and detailed feasibil- Initial feasibility study
Country ity study and/or mining report
Economic Potentially eco- Detailed and gen- Prospecting and recon-
nomic eral exploration naissance exploration
(111) (211) (331) (333
(121) (221) (332) (334)
(122) (222)
Sum for
the world

For the purposes of global research, ¢.g. for International Energy Agency and World Energy
Council the UN framework classification system can be reduced, as shown in Table 3 which only dis-
tinguishes between four main groups.

Terms and Definitions of the UN Framework Classification System of Reserves/Resources

A geological study is divided into four gradual classes of geological research and exploration,
which are grouped in the upcoming order, in accordance with the degree of details contained within:
reconnaissance exploration, prospecting, general exploration and detailed exploration. These levels
reflect the increasing degree of the geological assurance.

The feasibility estimation is divided into three stages according to the increased level of details
contained within: initial feasibility study, pre-feasibility study, detailed feasibility study/mining report.
These stages reflect the economic viability. A mining report and a detailed feasibility study have the
highest degree of assurance and form one category; as for the pre-feasibility study, it is usually carried
out before a detailed feasibility study and provides data on the economic viability at a lower level of
assurance. An initial feasibility study does not aim at providing information on the state of economic
implementation.

Economic effectiveness, corresponding to the state of reserves/resources, as it results from the
evaluation of effectiveness. is understood as the third dimension in the UN system of classification.
Two categories of economic effectiveness can be distinguished: economic and potentially economic,
as quoted in the levels of the mining report/detailed feasibility study. If needed, each of these catego-
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ries can be divided into two groups at the national level, called normal and condifioned in the case of
economic categories, and marginal and sub-marginal in the case of categories of potentially economic
resources.

In the initial feasibility study, compared with the detailed feasibility study/mining report and pre-
feasibility study, the economic evaluation is only roughly estimated using estimated data and/or by the
comparison with mining activities in similar deposits. Data estimated this way is quoted in the arca of
economic to potentially economic, and therefore is outside the limits of economic interests.

Due to these reasons forms of “in situ™ reserves/resources are quoted in the geological study,
while the mining report/detailed feasibility study and pre-feasibility study mention two quantities: “in
situ” and “workable”. In all cases it must be stated clearly, whether reserves/resources are “in situ” or
“workable™.

The definitions of the above mentioned terms from the UN framework classification system are
listed in the Definitions of terms, used in the English version of the UN framework classification sys-
tem of reserves/resources. These definitions have been formulated on the basis of all comments raised
at meetings of the working commission.

Terminology of Reserves/resources - Comparison of National Classification Systems with the
proposed UN terminology

The terms “reserves™ and “resources” have many meanings in various national classification sys-
tems throughout the world, and many of them have a long history. Being used for intemational classi-
fication within the UN framework classification system, they are partially redefined. This can happen,
for example, if the term is supported by a corresponding country.

Both terms and definitions submitted by many countries in a questionnaire have been discussed in
detail during a workshop in Hanover. The resulting questionnaires prove that many countries use ei-
ther the former or latter term; however, in some countries resources are not a part of reserves, but their
addition.

The proposal stated below was developed during the workshop in Leoben in May 1996. 7otal
mineral resources are defined as a naturally occurring concentration of mineral raw materials of eco-
nomic interest and with specified geological assurance. Mineral reserves represent the economically
mineable part of total mineral resources according to their feasibility assessment definition. Remaining
mineral resources represent the balance of the total mineral resources that have not been identified as
reserves. Remaining mineral resources are divided into 8 classes, illustrated in Table 4 and defined in
the Definitions the terms of mineral reserves/resources in the UN framework classification system.

Table 4. Terminology of reserves and resources proposed by the UN.

Classifica- UN Detailed explora- | General explo- | Prospecting | Reconnaissance
tion System tion ration exploration
National 1 2 3 4
system
Detailed fea- 1. proved reserves usually ir-
sibility study (111) relevant
and/or min- 2. prefeasibility
ing report resources (221)
Pre- 1. probable re- probable
feasibility serves (121) reserves (122)
study 2. prefeasibility prefeasibility
sources resources
(221) (222)
Initial feasi- 1-2. measured 1-2. indicated | 1-2. inferred | ?
bility study resources resources resources Reconnaissance
(331) (332) (333 resources (334)
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Along with the classification of reserves/resources there are also the so called mineralogical oc-
currences, which are not a part of the reserves/resources and represent mineralization without specific
geological assurance, or non-economic occurrences - mineral concentrations lacking economic im-
portance. Detailed definitions of these terms are stated in Appendix II. Both terms have been defined
to demonstrate limits within the UN framework classification system and simultancously to clarify
various meanings conveyed by these terms at present.
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Fig. 1. Principles of the UN framework classification of reserves and resources in 3D perspec-
tive.

Codification

The inclusion of existing classifications into the UN framework classification system and their
comparison 1s not simple due to the fact that codification is considered an interface. The codification
has other advantages in providing short, unambiguous identification of the reserve/resource classes
which facilitates computer processing of data and exchange of information. During a workshop in
Hanover the Codification system was developed in detail. At the end of this meeting the numerical
codification of the UN framework classification was approved as the most suitable system.

A geological study involves a preliminary evaluation of the economic viability, which is the first
stage on the axis when evaluating possibilities.

Fig. 1 displays the proposed principles of the UN classification system, while the 3 D categoriza-
tion is represented by axes: E (economic) for economic efficiency, F (feasibility) for stages of the fea-
sibility assessment and G (geological) for stages of the geological study. The digits are quoted in the
order EFG firstly because alphabetical order is easier to remember and secondly, the first digit refers
to economic viability, which is the decisive meaning for mining organisations and investors.

Numbers are used to designate the different classes. The lowest number, in accordance with
the rule that "one" is the best, reflects the highest degree of economic viability on the E axis, and the
highest degrees of assurance on the F and G axes.

Figure 2 represents disintegrated three dimensional layers of Figure 1 displaying the codified
classes which are applicable in practice.

The class coded 111 shown in Fig. 1 and 2 is the most relevant for an investor as it represents
quantities that are economically mineable (number 1 as the first digit), have been proved by a detailed
feasibility study or actual mining (number 1 as the second digit), and are based on detailed geological
exploration (number 1 as the third digit).

Each codified class defines a specific assessment of cconomic viability stages, which are shown
in Table 5. According to this table all types of reserves and resources can be codified, and each class
can be transferred from one system into another.
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Economic axis

Feasibility axis
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Code

economic

economic
economic

potentially economic
potentially economic
potentially economic
economic
economic
economic

economically not de-
fined

economic to potentially
economic to potentially

economic to potentially

detailed feasibility study and min-

ing report
pre-feasibility study
pre-feasibility study

detailed feasibility study and min-

ing report
pre-feasibility study
pre-feasibility study
initial feasibility study
initial feasibility study

initial feasibility study

initial feasibility study

detailed exploration

detailed exploration
general exploration

detailed exploration

detailed exploration
general exploration

detailed exploration
general exploration
prospecting

reconnaissance explora-
tion

111

121
122

211
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Definitions of Terms used in English Version of the United Nations International Framework
Classification for Reserves/Resources - Solid Fuels and Mineral Commodities

Definitions of Stages of Feasibility Assessment

Mining report

A mining report is understood as the current documentation of the state of de-
velopment and exploitation of a deposit during its economic life including current
mining maps. It is generally kept by the mine operator. The study records the
quantity and quality of the minerals extracted during the monitored period of time,
changes in economic conditions resulting from changes in prices of technologies,
changes connected with amended environmental legislation or other regulations
and data on mining. It presents the current status of the deposit, provided in de-
tailed and accurate manner and updates volumes of reserves and the remaining
resources.

Detailed fea-
sibility study

A detailed feasibility study assesses in detail the technical soundness and eco-
nomic Viability of a mining project, and serves as the basis for the investment de-
cision as well as a bank document for a financial project. The study represents an
audit of geological, environmental, legal and economic information accumulated
in the project.

Price data must be reasonably accurate (usually within £ 10 %) in order to pro-
vide a basis for the investment decision without further investigations. The infor-
mation basis associated with this level of accuracy expresses the shape of
a deposit based on the results of detailed exploration, results of technological tests
and quotations of necessary equipment.

A detailed list of the items provided in the detailed feasibility study is given in
List of the most important feasibility items.

Pre-feasibility
study

A pre-feasibility study provides a preliminary assessment of the economic via-
bility of deposits for the justification of further investigations. It usually follows
after a successful exploration campaign, and summarizes geological, environmen-
tal, legal and economic information gained until the date of the project.

In a project that has reached a relatively advantageous stage. the pre-feasibility
study can be made with the error of + 25 %. In less successful projects higher er-
rors can be expected. Various terms are used in a pre-feasibility study to reflect the
reached accuracy level. The data required to achieve this stage of accuracy are
tonnages of reserves/resources based on general and detailed exploration, techno-
logical tests at laboratory scale and price estimates from catalogues, based on
comparable mining operations.

The prefeasibility study deals with items provided by the detailed feasibility
study, although not with so many details.

Initial feasi-
bility study

An initial feasibility study is an initial evaluation of economic viability. This
is obtained by the application of meaningful cut-off values for grade, thickness,
depth, and costs estimated on the basis of comparisons with other mining opera-
tions.

A category of economic viability generally cannot be defined from the initial fea-
sibility study because of the lack of details necessary for an economic viability
evaluation. The defined resources are indicated as the deposit outside economic
interests, 1.¢. in the range of economic to potentially economic.

An initial feasibility study is generally carried out in the following stages: re-
connaissance, prospecting, general exploration and detailed exploration. The pur-
pose of the initial feasibility study is to identify mineralization, to establish form,
quantity, and quality of a mineral deposit, and define conditions for the deposit
cffective use.
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Definition of Stages of Geological Work on a Deposit

Reconnaissance A reconnaissance serves to identify areas of enhanced mineral content on a

regional scale based mainly on results of regional mapping, airborne and indi-
rect measurements, preliminary field inspection, as well as geological compari-
sons and extrapolation. Its objective is to identify mineralised arecas for further
deposit identification.

Estimates of the quality are possible only if sufficient data are available, and
when an analogy with known deposits of similar geological character is possi-
ble.

Prospecting

General explo- General Exploration involves the initial delineation of an identified deposit.

ration

Prospecting is the systematic process of searching for a mineral deposit of
promising enhanced mineral potential in narrowly limited arcas. The methods
utilized are outcrop identification, geological mapping, and indirect methods
such as geophysical and geochemical studies. Limited trenching, drilling. and
sampling may be used. The objective of prospecting is to identify a deposit as a
target for further exploration. Estimates of quality arc based on geological, geo-
physical and geochemical results.

Methods used include surface mapping, sampling, trenching and drilling for
evaluation of quantity and quality (laboratory tests are also required), and lim-
ited interpolation based on indirect methods of investigation. The objective is to
establish the main geological features of a deposit, and indication of their shape,
size, structure and grade. The degree of accuracy must be sufficient for deciding
whether a prefeasibility study and detailed exploration recommended.

Detailed explo- Detailed exploration involves the three-dimensional delineation of a known

ration

deposit achieved through sampling of trenches, boreholes, shafts and tunnels.
Sampling is made so that size, shape, structure, and other relevant characteris-
tics of the deposit are identified with a high degree of accuracy. Detailed explo-
ration information results in a decision whether a detailed feasibility study is
conducted.

Definitions of Economic Viability Categories

Economic

Reserves expressed in tonnes/volume with a certain grade/quality, demonstrated
by means of a prefeasibility study, detailed feasibility study or mining report, in
order to justify extraction under the technological, economic, environmental and
other relevant conditions, valid at the time of the determination.

The term "economic" comprises two subcategories applicable at a national level
- normal economic and conditional economic.

Normal
economic

Normal economic reserves are reserves that justify extraction under competitive
market conditions. The average value of the mined commodity must be sufficient to
ensure the required return on investment.

Conditional
economic

Conditional economic reserves are reserves which at present are not economic
under competitive market conditions. Their exploitation is possible through gov-
ernment subsidies and/or other supportive measures.

Potentially
economic

Reserves expressed in tonnes/volume with a certain grade/quality, demonstrated
by means of a prefeasibility study. detailed feasibility study or mining report, not
justifying extraction under the technological, economic, environmental and other
relevant conditions, valid at the time of the determination, but with a possibility of
extraction in the future.

The term "potentially economic" comprises terms "marginal" and "sub-
marginal" used at a national level.

Marginal
economic

Marginal economic resources are resources which at the time of determination
are not economic, but on the border of being economic. They may become econom-
ic in the near future as a result of changes in technological, economic, environmen-
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tal and/or other relevant conditions.
Sub- Sub-marginal economic resources are resources that would require a substantially
marginal higher commodity price or a significant cost-reducing advance in technology to re-
economic classify them to economic.
Economic Reserves expressed in tonnes/volume with a certain grade/quality, marked by ini-
to tial feasibility studies as economically interest. Although initial feasibility studies
potentially | include a preliminary evaluation of economic viability, they are not classified as
economic economic and potentially economic. These resources are marked as resources be-
longing to the range of economic to potentially economic.

Definitions of Terms Reserves/Resources in the UN Classification System

Terms and The UN classification system
codes
Proved re- They are economically mineable according to a detailed feasibility study or ac-
serves (111) tual mining activities, and usually in the areas of detailed exploration.
Probable re- They are economically mineable according to a pre-feasibility study, usually in
serves (121 + the areas of general and detailed exploration,
122)
Feasibility re- They are marked as potentially economic according to a detailed feasibility
sources (211) study or activities prior to mining activities, usually in the areas of detailed explo-
ration.
Prefeasibility Marked as potentially economic according to a pre-feasibility study, usually
resources (221 in the areas of general and detailed exploration.
+222)
Measured re- They are economically interesting on the basis of a detailed exploration. All
sources (331) relevant deposit characteristics are defined with a high degree of accuracy.
Indicated re- They are economically interesting. Basic geological deposit characteristics as
sources (332) well as its shape, size and structure are defined on the basis of general exploration.
Inferred re- They are marked as economically interesting and on the basis of prospecting
sources (333) they are objectively marked as a deposit.
Their quantity is assumed on the basis of outcrops, geological mapping, indi-
rect methods and sampling.
Reconnaissance They are based on reconnaissance, having the objective to identify areas of en-
resources hanced mineral potential. Estimates of quantities are made only if sufficient data
(334) are available and when an analogy with deposits of similar geological character is
known.

Definition of Occurrence (The term “occurrence™ is used below in two different stated mean-

ings)

Non-economic Non-economic occurrence is an occurrence of a certain quantity of miner-

occurrence al, which is too low in grade or for other reasons is not considered potential-
lyv economic. Therefore non-economic occurrence is not a part of mineral
resources, however their quality and quantity are worth reporting. It must be
borne in mind that non-economic occurrence cannot be exploited without
major technological and/or economic changes, which are not currently pre-

dictable.
Mineral occur- Mineral occurrence is an indicator of mineralization that is worth further
rence investigating. The term “mineral occurrence™ does not imply any measure

of tons or volumes, and therefore it is not a part of mineral resources.
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Definition of a Competent Person

The studies involved in the UN framework classification must be undertaken by
a competent person. A competent person is defined as one who is qualified for the
position by training and who has relevant experience in calculating resources and
reserves of the corresponding type of deposit. The qualifications and experience
required vary between countries. In some countries licensing may be required for
a competent person.

Theoretical and Methodological Issues of the Classification of Reserves

The estimation of quantity and quality of reconnaissance resources is based on an analogy with
other similar arcas explored in detail, in which deposits of the identical genetic and formation type
have been verified.

The new classification of reserves and resources (ECE - UN) proposes to divide the degree of ex-
ploration depending on the stage of deposit geological work to:

1. detailed exploration,
2. general exploration,
3. prospecting,

4. reconnaissance.

The new system proposes to list the degree of exploration to the last, third place, after classifica-
tion of the economic viability category and classification stage evaluation feasibility.

Deposits of various origin, different geological structure and varnability require different density
of the exploration network for a certain degree of exploration. The exploration network density is con-
ditioned by:

1. the required accuracy of exploration (required category of reserves),
2. the character of the explored deposit.

In accordance with [15] the exploration network density is understood as a deposit area which

belongs to one exploration corridor:

S
So=— (2)

where S - is the area of the ore body (deposit),
n - is a number of exploration works that intersect the ore body (deposit).

In exploration practice the exploration network density is expressed either by the size of the area
S or by the distance between exploration works.

The main factor, which determines the exploration network density is the degree of variability of
individual deposit parameters. The more variable the deposit, the higher the density of the exploration
network required.

The classification of exploration stages in accordance with the relative accuracy [p] of calculated
reserves and their quality has been proposed as follows:

L. p<10% (for detailed exploration),
2. p10-25% (for general exploration ),
3.p25-80% (for prospecting),

4. p>80% (for reconnaissance).

Classification of Reserves in accordance with their Economic Importance

The definition of dependencies between reserves of the deposit [Z]. average grade [x] and cut off
grade [x.] is of crucial importance for the optimum classification of proved reserves to balancing (cco-
nomic) reserves and non-balancing (potentially economic) reserves. As a rule, the dependencies be-
tween Z, x and X, are obtained by means of alternative calculations of reserves at various cut off
grades [Xo|. In the majority of mineral deposits the quantity of geological reserves [Z] and their aver-
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age grade [x]| depend on the accepted cut off grade [x.| value. When the cut off grade [x,] values are
low, the estimation (calculation) of reserves results in a large quantity of geological reserves [Z] with a
low average grade [x]. With the increase of the cut off grade [x.] the quantity of geological reserves
[Z] decreases and the average grade [x] increases.

Depending on the variability of mineralization and industrial component distribution type
(lognormal. normal, left asymmetric, right asymmetric, bimodal, complex, etc.) the curve of reserve
dependency [Z] on the cut off grade [x.] also changes (Fig. 3).
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Fig. 3. Dependency between maximum deposit price (C) and geological deposit parameters Z, x, xo at
changed prices of mineral commodities (SC).

From the above stated it results, that each mineral deposit, being a unique natural object, has its
specific properties, which it is possible to express by means of dependencies Z, x a X, which can be
graphically and mathematically described on the basis of alternative cstimations (calculations) of re-
serves with various cut off grades of industrial components at each studied deposit.

The suitability of this procedure which defines dependencies between Z, x and x, results from the
need to define contours of balancing and non-balancing reserves and also from the possibility to use
this method for the definition of optimum Z, x and x., which correspond to the maximum deposit price
at variable economic, technical and technological parameters (price, production costs, contamination,
recovery, yield, etc.).

The relationship between the deposit price and “static” geological-deposit parameters (Z, X, Xo) 18
illustrated in Fig. 4.
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Fig. 4. Methodology of defining balancing and non-balancing reserves for state owned deposits.

From Fig. 3 it results that with the growth of global prices of mineral commodities (SC, = SC; =
SCs) and constant production costs, technical and technological parameters, not only the increase of
deposit prices (C; = C; = G5), but simultaneously the change of optimum geological-deposit parame-
ters Z, x a X, corresponding to the maximum deposit prices occur:

— At the world price SC, reserves of the deposit Z, with the average grade x; above the cut off grade
Xo1 correspond to the maximum deposit price C;.

— At the world price SC; reserves of the deposit Z, with the average grade x2 above the cut off grade
Xo2 correspond to the maximum deposit price C.

—  After further drops in the global price to the level SCs, reserves of the deposit Z; with the average
grade x3 above the cut off grade x.; corresponding to the maximum deposit price Cs.
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— A further drop in the global prices of the given commodity would result in a negative value of the
deposit price, i.e., no reserves would be listed as economic, and all deposit reserves would be clas-
sified only as potentially economic .

Similar dependencies between the deposit price and “static” geological-deposit characteristics (Z,
X, Xo) also apply in cases of more significant changes in production costs and technical and technolog-
ical parameters. From the above it can be assumed that the deposit price [C] (economic value of its
proved reserves) depends not only on the price of raw materials [¢], production costs [n] and technical
and technological parameters [tp], but also on geological-deposit parameters (Z, x, X,), which princi-
pally affect “dynamic™ economic and technical and technological parameter.

C —>f(Z,x xo,n,c,tp)

From mutual dependencies between the so called “static” (geological-deposit) and “dynamic™
(technical, technological and economic) parameter mineral deposits it results that:

1. Only an accurately specified quantity of reserves, defined by means of the cut off grade [x,]
value, average grade [x] value and geological reserves [Z] correspond to the maximum deposit
price at a constant price of raw materials, constant production costs and technical and techno-
logical parameters. Significant changes in raw material prices, production costs and technical
and technological parameters result in changes of cut off grades [x.], average grades [x] and ge-
ological reserves [Z] that define the maximum deposit price.

2. With a certain ratio between raw material prices and production costs (n [| ¢) the balancing
(economic) reserves are “lost” (Zg = 0), and only non-balancing reserves (potentially economic
resources ), the quantity (Zy) and average grade (xx) of which correspond to reserves above the
contour of the cut off grade for non-balancing reserves (X.n). remain in the deposit.

Despite the fact that mineral deposits have different origins, age, morphology. composition, etc.,
the use of the above stated methodology for the economic viability evaluation of reserves and re-
sources (balancing - non-balancing) is likely to become generally applicable for the majority of miner-
al deposits, with certain modifications for various morphological and geological-technological types.

Problems Connected with the Definition of Economic and Potentially Economic (Balancing and
Non-balancing) Reserves and Resources

In accordance with our valid legal standards balancing reserves are reserves that are usable at
present, and meet current technical, technological and economic conditions of the use of the state
owned deposit or its part. Non-balancing reserves are reserves unusable at present, however, with re-
gard to the technical, technological and economic development, their use in the future is assumed.

Internationally, balancing reserves are reserves that ensure profitable extraction at defined in-
vestment assumptions with a reasonable degree of assurance. From this definition it results that these
arc reserves that must ensure profitable extraction. The issue that arises is the definition of the opti-
mum profit-cost ratio (profitability), at which contours of balancing reserves are defined. The previous
chapter implies that in some deposits with a high average grade (with a high value of differential min-
ing rent), it is possible to also define contours of reserves with a value lower than Xgm.« that meet the
standards of balancing reserves along with contours of reserves defining the maximum deposit price
(cut off grade Xomax.). For example. it is possible to define contours with the following cut off grade:

—  Xo1. which ensures profitability R = 10 %,

—  Xo2, which ensures profitability R =20 %,

—  Xo3, which ensures profitability R = 30 %.

Conclusions. Critical analysis of the notion “conditions for feasibility of state owned deposit re-
serves”

Current understanding of “conditions for feasibility of reserves”™ (CFR) (conditions), along with
the requirement to direct geological work during the prospecting stage in accordance with conditions
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for feasibility of expected reserves in a state owned deposit set in advance, leads to disputable meth-
odological procedures, which in some cases may have a negative impact on the deposit evaluation.

First of all, each deposit is understood as a unique object with a natural accumulation of industri-
ally usable minerals, for which it is neither possible nor reasonable to define the CFR, which serves
for the division of reserves to balancing and non-balancing, in advance. In advance, ¢.g. before starting
the prospecting stage it is only possible to state generally that the goal is to search for and verify the
biggest and highest grade deposit, ¢.g. of gold, or other minerals. Parameters (like reserves. quality,
etc.) of a deposit, which is verified after completing work at the given stage, ¢.g. prospecting stages
are not known in advance, and it is possible to start the economic evaluation of the deposit only subse-
quently, when its “static” geological-deposit parameter [Z, x, X,] as well as other mining, technical,
technological, environmental and other parameters are defined in alternative calculations.

The philosophy of the CFR set in advance does not consider the existence of dependencies be-
tween deposit price and “static” geological-deposit parameters, hence it does not allow the definition
of the optimum contour of balancing reserves [Xg, Xpmax |. as stated above.

The second significant drawback in the methodology of defining the CFR for ore and selected
non-metallic raw materials is the defining of one value of the “marginal sample™ (cut off grade x.) for
balancing and non-balancing reserves of the deposit (as a rule in accordance with a 50 % value of
treatment costs). This approach results in the increase of the reserve quantity in many ore deposits,
however their average grade decreases. Naturally this fact has a negative impact on the deposit price
and the ratio between balancing and non-balancing reserves. As reasoned in the previous chapters, and
as also results from the definition of balancing and non-balancing reserves, cut off grades should be
defined individually for balancing non-balancing reserves [Xop. Xon].

The third drawback of methodologies of defining the CFR for ore and some non-metallic deposits
that are frequently used nowadays consists in the possibility of assigning “low grade blocks of re-
serves” to higher grade blocks of reserves up to the value of the defined minimal average grade for
balancing reserves of the entire deposit. This can eventually reduce the deposit price by reducing the
average grade of balancing reserves [xg].

In case of some non-metallic raw materials, the balancing of which is evaluated in accordance
with general conditions of non-metallic minerals in the prospecting stage, it is worth emphasising that
in the case of absence of economic (cost and price) CFR parameters, the objective definition of bal-
ancing and non-balancing reserves is purely illusory.

Also the requirements of these conditions with regard to the minimum quantity of balancing and
non-balancing reserves can be considered economically proofless. As in the case of many non-metallic
raw materials the changes of technological requirements have also been made, we consider further
application of these conditions for the evaluation of the balancing and non-balancing of proved re-
serves unsuitable.

The evaluation of the balancing and non-balancing state of proved reserves of brown coal and
lignite having completed the stage of prospecting is problematic, similarly to the group of non-metallic
raw materials. Doubts on the objectiveness of evaluating the coal deposit reserves balancing is caused
by the absence of economic parameters (price, production costs) in the conditions.

Also in the case of non-metallic raw material and coal deposits it is possible to consider the CFR
(conditions) only as a set of geological-deposit, technological and technical requirements, which when
lacking economic requirements and the optimum methodological approach documented in the previ-
ous chapters, enable neither the objective classification of proved reserves to balancing and non-
balancing nor the quantification of the deposit price.
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