UNITED E
NATIONS

Economic and Social Disr

Council GENERAL
ENERGY/GE.3/2003/3
28 July 2003

Origind: ENGLISH

ECONOMIC COMMISSION FOR EUROPE
COMMITTEE ON SUSTAINABLE ENERGY

Ad Hoc Group of Experts on the Harmonization
of Energy Reserves/Resources Terminology
Third session

Geneva, 30— 31 October 2003

APPLICATION OF THE UNITED NATIONS FRAMEWORK
CLASSIFICATION (UNFC) FOR RESERVESRESOURCES

Case Study: Neves-Corvo Copper-Tin Mine, Portugal®

Introduction

1 In May 2003 a meseting was held at the Neves-Corvo Mine between Mr. Lemos de Sousa
and Mr. Fernando Noronha from the Faculdade de Ciéncias da Universidade do Porto (Department of
Geology) and Mr. Alfredo Ferreiraand Mr. Francisco José da Silva from Somincor, concerning the
application of the United Nations International Framework Classification for Reserves/Resourcesto a
deposit like Neves-Corvo. Asthe outcome of this meeting Mr. Lemos de Sousa proposed formaly to
Somincor astudy about the gpplication of the UN Classfication to our case. Somincor, through its
Managing Director Mr. Correa de S, gave the approvd to the exercise. Next follows the comments
on the results of the application of the UN classfication to the Neves-Corvo minerd deposit.

1 Prepared by Mr. Francisco Silva, SOMIMCOR, Portugal
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Overview of the UN Framework Classfication

2. Somincor has been applying since 1997 the Audtrdasian Code for Reporting of Minera
Resources and Ore Reserves (The JORC Code). Prior to 1997 it applied the United States Bureau of
Mines (USBM) classfication. The choice of the JORC Code, which isin the framework of the
definitions set down by the Council for Mining and Metalurgica Inditutions (CMMI), amed a
homogeneity in the resources/reserves reporting among the mines of the Rio Tinto Group.

3. The JORC code was chosen a so because of its technical qualities such as easy to apply,
maturity, legdly tested in severa court cases and its widespread use by the main international mining
houses and English spesking countries with atradition in the mining industry.

4, The United Nations International Framework Classification (UNFC), ‘is designed to allow the
incorporation of existing termsin order to make them comparable and compatible’ . 1t dso amsto
increase communication, supply a better understanding and a more solid knowledge of the reserves and
resources in such away that investments can be more atractive and safe.

5. The UNFC defines three base components in its classification which are related to the type
and qudity of information, namely Geologica Assessment, Feasibility Assessment and Economic
Viability. The principle of the UNFC reserves/resources classification is based upon a methodology
where each component represents an axis in atridimensiona matrix, which is divided into stages
according to the level of information, knowledge and level of confidence.

Figure 1 shows the UNFC classfication, in athree dimensiond format, where stages of the
three axis can be combined.

Figure 2 presents, in atable format, only the categories most commonly used.

6. Thethree axes correspond to the Economic AxisE, Feashility AxisF and the Geologica AxisG,
with the firgt two divided into three stages each and the third one divided into four sages. Thisdivison
sums atota of 36 individud blocks, each one having a specific definition. The blocks of this matrix are
referenced by anumeric index system whose vauesfollow the order of EFG. Thefirst digit correspondsto
the Economic Axis, the second correspondsto the Feasibility Axisand thethird isrel ated to the Geological
Axis. The vaue of the index is inversely proportiond to the level of knowledge and confidence. For
ingtance, classifying aresource in the category 221 means that the material has economic potentid, hasa
prefeasibility study and was defined by a detailed geologica/exploration study.

Comparison of the Classifications

7. In relation to the Neves-Corvo Mine the Department of Geology only reports minera
resources and not ore reserves. The gpplication of economic, mining, environmenta,
metalurgicd, etc. factors to the resources and the conversion to ore reserves is beyond the
competence of this department. Therefore, the classfication studies carried out here, in the
perspective of the UNFC, are restricted to the categories E; (Intringcally Economic) and E;
(Potentially Economic) of the Economic Axis E, not gpplying in this case the category &
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(Economic) whaose application would inequivocaly mean that the resource is exploitable, that is,
an orereserve.

8. In this study, a close pardld of both classifications (JORC and UNFC) wasfound regarding the
Neves-Corvo data. The comparison was done bearing in mind that ore bodies are classified according to
the levd of geologicd knowledge and sampling characterigics such as qudity, dengity and spatia
digribution. In relation to the measured and indicated resources sensu Somincor, there is the following
correspondence with the UNFC Classification:

JORC (Somincor) UNFC Terms UNFC Class Code

Measured Minerd Resource Feashility Minerd Resource 211

Indicated Minera Resource Prefeasibility Minerd resource 221 and 222

0. Regarding the minera resources of the Neves-Corvo Mine which are classified as messured
and indicated, according to the JORC classfication, they fit into the category E, of the Economic Axis E
of the UNFC, which corresponds to the Potentially Economic category. The minera resources which
fit into that category are covered by a Feasibility Study or a Mining Report or a Prefeasibility Study
(Feasbility AxisF - categories F; and F,) and, interms of geology, compatible with a Genera
Exploration or Detailed Exploration (Geologicd AxisG - categories G, and Gy).

10. It is worth noting that relative to the Indicated Minera Resources of Somincor there are two
equivaent categories in the UNFC, namely classes 221 and 222, whose difference lies in the leve of
geologica knowledge. Infact, a the Neves-Corvo Minethere aretwo indicated types. Oneresultsfrom
information from the wg evauation drilling campaigns and the other from the number of samplesusedinthe
estimating process of each block grade. Both indicated types are constantly being updated according to
new geologica interpretation/data

11. Itisimportant to highlight thet there exists one difficulty in classfying the Measured and Indicated
Minera Resouces of Somincor in the category E; of the Economic Axis E (Potentidly Economic). Thisis
related to the definition attached to this category where it states that such resources do not justify

exploitation under the conditions which exigt a the moment of the evauaion but it is possiblein thefuture,
In practice, the biggest proportion of the resources of the mine (Indicated + Measured) judtifies their
extraction which therefore placesthem in this respect nearer to the category E; (Economic) of the Economic
Axis E, which is destined for Ore Reserves.

12. Although the UNFC definition does not entirely agree with the Somincor’ s minerdization context,
the characterization of these resourcesinto the category E, (Potentialy Economic) of the Economic AXisE
representsabetter fit than to link them to the category E; (Economic), whichisdestined for orereserves, or
to associate them with the category B (Intringcaly Economic), whose required level of information is
ggnificantly lower then thet currently held at Neves-Corvo.
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13. There are some difficulties in the correlation between the Inferred Resources, sensu Somincor,
with the UNFC similar categories due to some differences. A comparison tableisasfollows:

JORC (Somincor) UNFC Terms UN-FC Class Code
Measured Minerd Resource 331
Inferred Mineral Resource Indicated Mineral Resource 332
Inferred Mineral Resource 333
Resource not available Reconnaissance Min. Res. 334

14. Theterm Inferred Mineral Resouce applied by Somincor could apparently berdatedwiththeterm
Inferred Mineral Resource of the UNFC holding the classcode 333. Thematerid related to thiscodehasa
vaue of Intringcaly Economic (E; — Economic AxisE), aGeologicd Study (F; — Feasibility AxisF) anda
geologica knowledge compatible with the level of Prospecting (G; — Geologica Axis G).

15. Somincor could defineitsInferred Minerad ResourcesasIntrinsicaly Economic (Es — Economic
Axis E) with a Geologicd Study (Fs - Feashility AxisF). But in reaion to the Geologicd AxisG it is
recognized that these resourceswould be better classified in the category G, — Generd Exploration, whose
definition pointsto ainitid delimitation of adepost dready identified. In generd terms, without going into
detail, we can relate the Inferred Minera Resources of Somincor’ sterminology with the Indicated Minerd
Resource (class code 332) of the UNFC.

Mineral Resour ces of the Neves-Corvo

16. Regarding the points aready raised the table below gives the total resources of Somincor,
reference date 31 December 1999, presented according to both reserves/resources classifications:

JORC Code
Description Tonnage and Grade Resour ce Classification
Area Ore Code KTon | %Cu i %Zn: %Sn: Measure | Indicated | Inferred
d
MC/RC/FC 32249 517 : 092 : 0.20: 22,890 740 8,919
Total : MSIMT/RT/FT | 1,856 | 954 195 2.36 1,709 109 38
Complex 50,353 0.50 : 599 : 0.07 - 26,183 24,170

UN Framework Classification

Description Tonnage and Grade Resour ce Classification

Area Ore Code KTon : %Cu : %Zn | %Sn 211 221 & 222 332

MC/RC/FC : 32,249 : 517 : 0.92 : 0.20 : 22,890 740 8,919
Total | MSMT/RT/FT | 1,856 : 954 : 195 : 236 : 1,709 109 38
Complex 50,353 : 0.50 : 599 : 0.07 - 26,183 : 24,170
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Conclusions

17. The United Nations Classification for Reserves/Resources can be applied to theore bodies and
minerdizations of the Neves-Corvo Mine.

18. This document does not consider in detail the complex subject of reserves/resources
classification due to the multiple technica aspects such as geologicd diversity, type of minerdization and
different sampling strategies in use at Neves-Corvo. Neverthdess, it isimportant to highlight thet the
triaxial methodology of the UNFC alows a vast spectrum of situations to be covered, if not dl, including
those which exigt in the Neves-Corvo mine.

19. Certain difficulties were reveded, however, in comparing the two classfications (JORC and
UNFC) regarding the measured and indicated resources (sensu Somincor) in the class E (Potentidly
Economic) of the Economic Axis E, due to the definitions which characterize this stage.

20. In relation to the resources defined asinferred (sensu Somincor) thereisabetter correation with
the indicated resource category of class code 332 of the UNFC. Thisis mainly due to the fact that the
exigting geologica knowledge of thistype of resourcesis superior to the level of Prospecting (Geologica
AXisG —class G;).



