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Abstract

MOPE proposes a shift in focus looking the significant losses of
competitiveness of the mining of gold, which are, among others: decreased
content and volume of reserves; spread of small deposits; high energy costs;
lack of water; Logistical problems; environmental restrictions and lower
commodity prices. The option in these last 40 years has been by the
gigantism, favoring large equipment manufacturers and harming the
environment with excess waste..

In this presentation is discussed and also questioned the gold ore
concentration strategy (the part relating to the mechanical processing) that has
been followed over the past 40 years, including examples of Chile and Brazil.
Are exposed the current problems and MOPE proposed a new technical
solution. The diagnosis and the possible solution here indicated, in general, is
applicable to various types of ore, not just gold.




The Problem

Trough a insufficient characterization, supported by very theoretical and
unrepresentative criteria (such as Wi, T10, P80, head content and others) has
been lost the ability to understand the ore (and his gangue) who lives in the
deposit and of what this ore expressed when properly fragmented. Along with
that, has been lost touch between the geological reality of deposit and the unit
operations that are used in their treatment.

Frequentlythe ores are not treated at the

way they needs There is a misconception
when we think that any rock that is removed
from the mine should be obligatory sending
to the Concentratiornplant.

The problems identified herein are for
almost all types of ore, and not only gold,
(i K | siiff@ringreduction in metallic content
andpossiblyincreasinghe hardness




Some Consequences

Although with a highest market price, the mining
of gold has a much more serious problems that
mining of copper, looking to the rising costs, the
fall of gold content, the rising price of energy and
the environmental problems. In copper, the plant
kills an elephant for to take from this a flea (the
elephant's body goes to the dam). But, the gold
ore, should get a bacterium that lives in the flea
and must kill both: the elephant and the flea, and
sending both bodies to the dam in the form of
ultrathin waste with cyanide remains.

The fall in gold content has been very serious than in the case of copper in
various operations known. Only the best price of gold in the market is that it has
allowed confront this challenge by increasing the rate of treatment and costs,
but there comes a time that is not more possible. Some mines are sacrificing
their cut-off content to maintain high levels of head, and be loosing its bookings.
Some major projects have been stalled by environmental restrictions.



Fragmentation of the Ore

There are several ways to apply energy to break an ore and, when it is
relatively heterogeneous, the best force to be applied is the impact. In
laboratory scale is used hammer mill and, at industrial projects, it is
recommended the VSI crusher type, Barmac (Metso) or similar. The grinding
step that follows receive a more friable ore, suitable for less intensive forces of
comminution, consuming less energy.

Many would be surprised if they knew the
potential that the ore offers when it is well
fragmentedand also how are simplesand quick
the tests that prove so After a good
fragmentation there are huge chancesto pre-
concentratingthe ore, at "dry", thus raisingthe
gold content before proceedingto the plant.
Unfortunatelythis practiceis not very common

MOPE established experimental proceduresin
agreementswith laboratories in Chile and in
Brazil
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Wrong comminution

The SAG mill technology is showing its historical errors, both by the
misguided strategy of using an expensive grinding equipment to run a
simple crushing - with 4 or 5 times less energy, such as by the fact - also
wrong - of want to drive all the ore to a certain size, without questioning
their heterogeneity. This applies to the entire universe of the Mining.

Product Tails and slimes




Wrong comminution (cont.)

To try to mitigate the mistake to have deployed a SAG mill, some plants
iIncludes secondary crushers in the SAG feeding or put crushers for the recycled
pebbles, also some try to use more explosives in the mine to maximize
fragmentation. That is, they has done everything to defend a wrong decision,
even spending more money. Some new projects have observed this, and then
extirpated the SAG mill from its original design (there are several cases in Brazil
for various types of ore), but there are some projects who, without
understanding the concept of selectivity in comminution, have changed the SAG
by other also inadequate equipment such as HPGR, which is suitable for
homogeneous ore, where there is no selectivity in fragmentation.

The history of the ore processing in these last 40 years, has followed global
waves that led to mining for construction projects of increasing size, with higher
CAPEX and OPEX, supported only by the good market prices. This phase
finished!.



SELECTIVE GRINDING
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The significant reduction of gold content

As with any mineral type, over time, the tendency is to reduce the size of
deposits and, if nothing is done, also is reduced the ore content that feeding
the concentrating plants. This reduction also affects the reserves, while
maintaining high "cut-off* grade to mitigate the effect of reduction of the ore
content in plant, and also, trough the expansion of production facilities to treat
more mass to produce the same amount of metallic gold. That is, going to
rising the cost and with lower productivity, even with a great deal of capital to
afford the expansion of concentrating units.
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The significant reduction of gold content (cont.)

The level of gold content reduction in Brazilian deposits has not been as
dramatic as in the Chilean case, although the trend for the near future is
inevitable. In the case of the plant 02, there is much similarity between the cut-
off grade with the gold content that feeds the plant. The mine 03 operates with
one of the lowest gold content in the world, and so far has managed to be

competitive thanks to the

huge scale of production..
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The significant reduction of gold content (cont.)

A recent study performed by MOPE showed a sharp drop in the gold content
of the feed of a concentrating plant in Minas Gerais, only during these first
months of 2016. Obviously, the metallurgical recovery of gold in flotation also
fell significantly.

Rather than investing in the expansion of plants to treat increasingly ore
(although poorer) we recommend working in selective fragmentation and pre-
concentration of ore to raise the head content, adapting the same existing
facilities in the plant for an Selective Concentration route.
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Reducing in productivity in gold ore beneficiation

To deal with the fall on gold content, the policy pursued over the past few years
has been the expansion of concentrating units to treat more ore, just to keep
the production of metallic gold at the end of each year.

In the figure below, from data in the annual company reports, where comes
down the plant's historical performance 01 (Chile), it is observed that the
expansion from 2012 led to a slight reduction of the cost of production, but only
up to a certain point wherein the gold content falls further, going up the cost
and also slightly reducing the production of metallic gold.

HISTORICO DE PRODUCCION Usina 01, Chile

x 1000| g/t Au | *REUP-

tusina| Ley Producciéon| OPEX,
onzasx1000| USS/oz

2007 74 528 | 817 10,7
2008 | 472 | 453 | 84,2 64,6
2009 | 723 | 421 | 823 91,9
2010 | 778 | 4,41 | 837 105,6
2011 | 9204 35 84 102,7
2012 | 9028 3,34 | 811 103,83
2013 | 1755 | 245 | 761 118,6
2014 | 1730 | 2,23 | 8038 1196
2015 | 1857 | 2,32 | 81,1 112,6
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Reducing in productivity in gold ore beneficiation

In plant 02, after two consecutive expansion projects, now falls the production
of metallic gold and it can notes the trend of rising production costs. What
would be the next step, invest in a new expansion? They will have to grind
more gangue ?. The plant faced the production cost and was sustained the
production of metallic gold almost solely based on physical expansion of the
plant, to treat more ore. Until recently, the mining strategy was based only on
the expansion of the mills. We believe that this paradigm may change.

HISTORICO DE PRODUCCION USINA 02, Chile

tusina| Ley Produccién| OPEX,
Ao x 1000 g/t Au . onzasx1000| US$/oz
2007 | 999 | 764 | 94,2 235 265
2008 | 1125 6,73 | 919 225 308
2009 | 1272 579 | 913 216 353
2010 | 1522 | 574 | 911 257 428
2011 | 1452 | 705 | 93 306 400
2012 | 1415 | 7,47 | 935 318 440
2013 | 1422 | 794 | 93 338 485
2014 | 1476 | 6,36 | 933 283 488
2015 | 1418 | 532 | 936 227 621
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Reducing in productivity in gold ore beneficiation

In Brazilian plants the problem is similar, as illustrated below

HISTORICO DE PRODUGAO USINA 01, Brasil 3000 : : |
AR tusina| Lley o Produccion| OPEX, | .s00 Usina 01, Brasil . :
% 1y 1000 g/t Au EEUP-| onzasx1000 Us§foz | '
2010 | 1600 | 7,21 | 831 338 a7 _ -- —+1000 ongas Au/ano
Custo Base, Us5/onca
2011 | 1700 | 743 | 81,0 361 525
! ' 1000 ~Taxa, 1000 t/ano
2012 | 2200 | 6,07 | 824 388 696
2013 | 2300 | 57 | 846 391 A I
2014 | 2500 | 565 | 809 403 644 0 |
2015 | 2600 | 563 | 815 421 518 Ano
HISTORICO DE PRODUCAQ USINA 02, Brasil 1400 T—— _
: - Usina 02, Brasil
1 tusina| Ley - Produccion| OPEX, | 2
no ecLp.
x 10002/t Au Pl onzasx1000 USS oz | 10w :
2010 | o00 | 405 | 898 i7 481 800 /T' -
2011 | 600 | 359 | 882 67 767 800 7 —+1000 ongasAu/ano
2012 | 900 | 336 | 919 o8 816 400 - Clisto Base; US$/pnca
Taxa, 1000
2013 | 1300 | 342 | 880 | 138 | 19 | = Toa, 1000 tano
2014 | 1300 | 3,28 | 898 135 748 0
2008 2010 2011 2012 2013 2014 2015 2016
2015 | 1300 | 327 | 880 132 635




The Selective Concentration

In Chile, unfortunately, metallurgical consultants and laboratories are directed
to comminution studies considering homogeneous minerals, which mistakenly
assumes that any fragment has the same composition as the original rock.
MOPE has established agreements with laboratories and pilot plants in Chile
and Brazil to study the application of this new approach for any type of ore.
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Selective Fragmentation

Crushing operations can be more or less selective depending on the force
used. The HPGR applies high pressure to the whole ore, "looking for a specific
F80", ignoring the selectivity in fragmentation. In jaw crushers and cone
crushers, force is applied more randomly (without localized pressure), only "to
reduce size".

On the other hand, an impact crusher is
extremely selective in their comminution
action, which is applied depending on the
particular characteristics (grain size,
relative density and hardness) of each of
the various components of rock, in order
to "liberate" the ore of interest.

The action of the impact is how to extract the peanut kernels without

breaking them unnecessarily. The selective fragmentation properly
liberates the mineral from its gangue, with the maximum P80 as possible.



