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Abstract

Resource classification systems used today in different countries make reference to the same principals:
geological variability, commercial importance and level of preparedness for production. However, some countries with
mining industries and established traditions use different classifications that are difficult to harmonize. To assist in
developing a common international classification four issues are proposed for discussion: 1) existence of production
facilities for producing resources; 2) need for low production cost categories compatible with current market prices;
3) specifying the degree of accuracy for various categories of resources and 4) in situ versus recoverable resource
estimates. Based on these concepts revisions are proposed to the IAEA uranium classification system. Examples are
also given of resource classifications for the Streltzovskoe deposit, Krasnokamensk.

The current period can be described as the time of growing international economic integration.
Nuclear power industry is one of vital areas, where such integration is especially needed. The issue
of uranium mineral resources availability is very important for prognostication of nuclear power
production. Uranium is a rare element and its earthy stock more limited then those of other energy
sources. The available produced uranium is in storages and military stockpiles ready for conversion
— the amounts are considerable, but limited.

Different countries of the world apply different classifications of mineral resources, but based
on the same principles. Three principles are used: geological variability, commercial importance and
preparedness of deposits and resources for production. The categories and groups within such
classifications are very close to each other, although differ in their number and denominations. Each
country with a developed mining industry follows well established traditions in studying mineral
deposits accounting their resources and describing them as categories and groups within adopted
classifications. This is a main difficulty in reducing the categories and groups from different
classifications to objective uniform criteria.

However, an experienced geologist, when considering the data for any particular project, can
define with certainty how the resources calculated for any category meet his traditional classification.
They tried more than once to establish a uniform classification of mineral resources. Even by the end
of the 70s IAEA experts offered a draft International Classification. However, there is a little hope of
any country adopting this or any other international document instead of their national classification.

We believe it would be more practical first of all to find some common principles in
classifications. Below there are four points for discussion:

1. Most of the classifications use the principle of two-dimensional matrix with two inputs:
variability (degree of exploration) of the resources and their economic volume. However, it
is advisable to account the third factor as well: the readiness of the resources for production.
Indeed, in marketing forecasts it is necessary to take into account the real possibility of
mineral supplies from a particular source within a specific time, hence it is very important
to know if established production facilities exist at the project site.

Certainly such factors are taken into account in all countries. In Russia, for example, the State
system of resource account provides a breakdown account for deposits with a mine in
operation, deposits, where no mine is built, but all information for technical design is ready
and deposits with geological assessment only, although such subdivisions are not stipulated
by the existing classification. This third factor is necessary for accounting.
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2. All Classifications stipulate economic subdivisions. The criteria could be qualitative
(economic/non-economic) or quantitative, with certain cost limits established. The IAEA Red
Book applies the quantitative approach. In this case, they face an additional matter of number
and specific values of price limits — for instance the adviseability of using price categories
below $80 per kg.

The current uranium market calls for additional categories of cheap resources and quantitative
price categories in general. The Russian classification of mineral resources does not stipulate
price categories. However, economic calculations of probable production costs are obligatory
for deposit estimates and for putting the resources into the State Register. The appropriate data
can be obtained and submitted for the Red Book.

3. None of the current classifications stipulate the degree of accuracy and variability for various
categories of resources. Nevertheless, this is a matter of permanent discussions. It is very
difficult to assess the practical accuracy of resource estimates and limiting values for a specific
body. In any case, it is clear that accuracy and variability is higher for top categories and
lower for low categories. One can assume this accuracy about the same for the top category
in all classifications. We would not recommend to establish a fixed value of this accuracy for
each category as an obligatory parameter of estimated resource.

Experts in Russia are of the opinion that mistakes in fixing ore boundary position are more
important practically than mistakes in number of resources. Experiments with computer models
showed that mistakes in fixing the boundary position are lower than 15% for the B-category,
lower than 30% for the C-l category and more than 30-50% for the C-2 category of Russian
classification.

4. By and large, there are two approaches to the resource account: resources in situ or
recoverable resources, i.e. minus expected production losses. We believe that all resources
must be estimated in situ. Firstly, the amount of losses in a standard mining cycle, at least for
uranium, is comparatively low, because there are different methods of decreasing them:
radiometric sorting, heap leaching and block leaching. Secondly, as Russian experience shows,
the actual deposit resources often rise during production size mineworks reveal additional ore
bodies. This increment covers not only the production losses, but, sometimes, surpasses the
production as well. For instance, after the initial 15 years of operation, the Streltzovsky cluster
deposits showed the remaining resources practically equal to the initial estimate. Systematic
deduction of expected losses in global estimates will result in underrated actual resources of
uranium.

In attempts to solve the problem of Uranium International Resources Classification, it is
necessary, first of all, to outline distinctly the general goal of such a classification. Apparently, such
classification should provide the information of known resources on global scale to prognosticate the
availability of raw materials for nuclear power industry. Then, we must accept, that a uniform
international system for the resources accounting, functioning both as a national and international
system is unrealistic for the near future.

To collect information from individual countries the IAEA has one instrument — a
questionnaire. Of course, the questionnaire, must follow a uniform classification, adopted by the IAEA.
However, this classification should not necessarily coincide with national classifications. Only the
national expert, in charge of the questionnaire programme, can adequately translate the information
from the national classification into the terms of the uniform classification, since only this expert
possesses a specific knowledge of the deposits estimated. At the same time, the authors have to check
the submitted data, even if they establish a uniform right approach for comparison of the
classifications.
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FIG. 1. Modified IAEA uranium resource classification showing options for making different
forecasts.
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FIG. 2. Cross Section 112 of Streltzovskoe deposit in the pre-feasibility stage: the category of
resources is C2.
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FIG. 3. Cross section 112 of Streltzovskoe deposit in the feasibility stage: the category of resources
is Cl.
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FIG. 4. Cross section 112 (Streltzovskoe deposit) shown in Figs 2 and 3, in the mining stage: the
resource category is B (see Figs 2 and 3 for legend).

In this connection it hardly makes sense to try further to set up a uniform comparison chart
for currently used classifications. It is more important to improve a global system of uranium resources
accounting on the basis of the Red Book classification. We believe it is necessary and sufficient to
retain only three subdivisions (by variability): RAR, EAR-I and EAR-II (or SR). Then, accounting the
speculative resources for expected deposits (unknown) is at this stage unfeasible.
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It is necessary to account separately the resources of deposits with mines functioning,
conserved or absent. We believe that it is necessary to account separately the resources available for
mining and in situ leaching using wells, since for the latter the new enterprises or the development of
existing facilities comes much faster and cheaper.

Figure 1 shows the diagram of dependence between uranium content and cost of production.
The great different between the lines stipulates the primary significant of in situ leaching deposits for
their low costs.

Apparently, modifications in economic categories of resources are unavoidable: new categories
of $25 and $50 (or near) must be introduced. The category of $50-$80 shall be retained, but the $80-
$130 should be cancelled.

The data on ore reserves average metal content seam to be redundant, because in the same
countries the production is based on in situ leaching, where metal content is much lower the term "ore"
makes no sense, but the feasibility factor of production is extremely high.

All possible classification is shown in Figure 1. In this scheme we tried to show the possibility
of using different resource categories for different forecasts. So, the dark shade means resources for
short term prognostication, while the market price is invariable. The lighter shading is for resources
for long term prognostication, if the market price is higher etc.

We suggest as a possible way for further improvement of international system of uranium
resources account a unified method for expert decisions, when certifying the resources of specific
deposits as a category in various classifications. We believe, that to this end it would be useful to have
an international reference album, compiled by the International Experts Group as a part of IAEA
research programme.

The album shall illustrate the cases when resources of the same deposit fit several categories
in different classifications most frequently applied. Typical deposits in Russia, Canada, Australia and
other countries could be used for examples.

Some pictures from Streltzovskoe deposit, showing the ore bodies, exploring as C-2, C-l and
B-category are in Figs. 2 to 4. From one of them you can see the effect of increasing of resources by
C-2 to C-l category.
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