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MINING in general

The primary objective of mining is:

*to supply raw materials to downstream users,

sextracted from ore deposits in the earth's crust,

eusing applicable excavation and ore enrichment processes with:
~economically feasible and

eenvironmentally sound engineering operations.

There are several mainframe ore preparation/ beneficiation methods available
in mining practice based on physical, chemical and smelting processes:

«Concentration: Gravity concentration heavy/dense media, Shaking tables, spiral
separators, jigs), Electrostatic separation, Magnetic separation

'H}’dfame fa/lur'gy-‘ Leaching, Electrolysis, Precipitation (cementation)
'P}’I‘Oﬂ?e fa//urgy: Calcining, Roasting, Smelting, Refining

All of these processes require cr'ushing and/or grinding/ milling of run-
of-mine ores for liberation of mineral particles of interest for efficient
application of appropriate processes of beneficiation.



SCHEMATIC ORE and WASTE MANAGEMENT
in a typical mine operation
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Selection of a mining/beneficiation technology

is based on economic viability which is directly dependent on:
* ore type (namely, oxide or sulphide),
 mineral composition, matrix features of ore
* reserves and average grade (based on the ‘cut-off grade”) of the ore.

Lowering in cut-off grade of ores:
- increases asymptotically the quantity ore to be excavated and treated

* increases energy and chemical usage in pressure/tank leaching technologies,
- generating larger volumes of tailings to be managed:
- decreases pf‘OflTGblllTy, making beneficiation processes uneconomical below certain gr'ades.
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Head Grade (g/t)

Applicable Process Categories
based on leach recovery versus gold ore grade
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LEACHING IN THE NATURE

Leaching is a physico-chemical process where minerals in rock masses go through

dissolution under percolating water and anion/cation exchange reactions to generate
metal salts in solute/colloid phase that migrate and accumulate under hydrological forces.

Depending on the presence of pyrite (FeS) and acidic/alkaline conditions, biological

process of sulphur oxidation by certain natural bacteria may also be enhance the
leaching process.

Lateritic ore deposits, the major resources of aluminum, nickel, platinum, cobalt and even
gold, are clear evidence of ongoing natural leaching process through geological times.

Similarly,

leaching is also a major natural process that occurs at depths in evolution of
hydrothermal-origin ore deposits which are the products of complex chemical
interaction processes involving hydrothermal fluids and gases with the host rocks: namely, a

“natural high temperature and pressure leaching” followed by a cooling process on a
geologic time scale.



Historical Leach Mining

Soaking colored minerals and soils in water and decanting the colored liquid for
clothing/rug fiber dying is likely the oldest practice of leaching process used by humans.

The earliest written records of leaching as a mining technique can be found in V.
Biringuccio's book of "Pirotechnica” published in 1540 and Georgius Agricola’s book of
"De Re Metallica” published in 1557 illustrating a heap leach for saltpeter (caliche-
sodium/potassium nitrate)and alum (aluminium sulfate) recovery, respectively.

In the 16th century, the extraction of copper by dump/heap leaching was known to be
practiced in the Harz mountains area in Germany and in Rio Tinto mines in Spain.

The first uses of pressure leaching of bauxite ores with Na,CO; and Na(OH) were in
France and St. Petersburgh in 1887 by L. LeChatelier and K.J. Bayer for recovery of
Al(OH); and Al,O;. The Bayer process is still used for Bauxite ore beneficiation.
Pressure leaching has been in use since 1890's for recovery of numerous metallic ores
with advances in hydrometallurgy.

The first use of cyanide for leaching of gold and silver ores was in England in 1887 by
J.S. MacArthur. Worldwide application of cyanidation process with heap and vat leaching
and gold recovery processes increased greatly during the 1900-1920 period.

Heap leaching of gold ore started to gain promenence in the late 1960's when it was
applied on a large scale to low grade ores that were uneconomic to procees by
conventional tank leach methods.



LEACHING LIXIVIANTS USED IN MINING

The primary objective of leaching processes applied in mining are:
dissolution of metals of interest in ores,

Segregation of the loaded (pregnant) solution from solids, and
Recovery of available metals either:

in metal compounds or

* in metallic forms

through further hydrometallurgical treatment.

Lixiviants are chemical solutions used in leach mining to enhance dissolution of metals in
ores.

Sulphuric acid and

Cyanide salts

are the most common demonstrated lixiviants used in heap or vat (tank) leaching processes
applied under atmospheric conditions.

Thiourea and thiosulphate are also known lixiviants for copper and gold ores; Aowever,
they are not used in world mining practice for their more complicated chemical management
issues and environmental concerns.

Currently, there is no demonstrated application with success on an industrial scale that can
be considered within the context of Best Available Tecniques (BATSs).



LEACHING TECHNIQUES USED IN MINING

Techniques employed in modern leaching technologies mimic the naturally occuring
leaching processes under optimized operational conditions for improved productivity.

Dump Leaching: is a tfechnique used in historical and early modern times; where, generally run-of-
mine sulfidic copper ore dumps are wetted with water and/or sulphuric acid as a lixiviant to leach copper
salts.

Heap Leaching: is a fechnique where crushed (>5 mm) and/or agglomerated ores are stacked over
an engineered impermable pad, wetted with lixiviant (solvent) chemicals under atmospheric conditions
and leachate (metal loaded solutions) are collected for metal reovery processes.

Tank Ieaching: is a fechnique where ground ores are chemically treated in open tanks under
atmospheric pressure conditions to extract metal salts from the ore in an accelerated rate.

Pressure Leaching: is a fechnique where ground ores are chemically treated in reactors (otoclavs)
under high pressure and temperature conditions fo extract metal salts from the ore in an accelerated
rate.

In-Situ Leaching: is a technique used recovery of salt/trona and uranium ores in appropriate
hydrogeological settings.

Primary factors in selection of applicable/ appropriate leaching technique and lixiviant
chemicals are:

smineralogical composition/matrix features of the ore, and

seconomical feasibility based on

*head grade and reserve of the ore deposit,

«forecasted commodity market prices and

*magnitude of capital investment required for the project.



Operational units in a mine utilizing

ORE LEACHING TECHNOLOGIES
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DESIGN COMPONENTS OF A HEAP LEACH UNIT

The objective of “heap leaching process” is to chemically dissolve the metals out of:
« gravel/pebble-size crushed ore

 stacked on an impermeable lined pad
* By applying lixiviant solutions onto the heaped ore

into a solution where metals are recovered through further chemical processing.
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IED Objectives for Mining Operations: - ENVIRONMENTAL PROTECTION
- ACCIDENT MITIGATION BATs
- ECONOMIC BENEFIT

Air Quality

Noise, Vibrations, Dust Water Quality (Surface/Groundwater-ARD)

Soil Quality-Erosion Protection/Prevention

""" ORE DRESSING &
MINERAL PROCESSING

Site Rehabilitation




REGULATORY DEFINITION OF “BEST AVAILABLE TECHNIQUES - BATs”

The Directive 2006/21/EC on Management of Waste from Extractive Industries
(Mining Waste Directive) requires that

emeasures taken to achieve the objective of preventing or reducing environmental impacts are based,
inter alia on,

« Best Available Techniques (BAT), as defined by Directive 96/61/EC

concerning integrated pollution prevention and control, /ater codified by
Directive 2008/1/EC (IPPC Directive)

As per the European Union Directive 2008/1/EC, emission limit values were to be
based on the best available techniques, as described in item #18 stated as:

‘whereas emission limit values, parameters or equivalent technical measures
should be based on:

*the best available technigues,
'without prescribing the use of one specific technigue or technology,

and taking into consideration:

«the technical characteristics of the installation concerned,
*its geographical location and

local environmental conditions,

‘whereas in all cases, the authorization conditions will lay down provisions on:
*minimizing long-distance or transfrontier pollution and
~ensure a high level of protection for the environment as a whole.”




Framework Concept for Evaluation of a Technique in Consideration as a BAT:

is to identify:
eavailable techniques that are developed
* on a scale which allows implementation in the relevant industrial sector

e under economically and technically viable conditions,
 taking into consideration the costs and advantages, in order to:
* to prevent or reduce emissions and

* to prevent or mitigate accidents
in accordance with Section 6.3 of the EU Communication - COM(2000)664.

The Directive 2008/1/EC includes a definition of best available techniques in article 2.12, where:
"Best Available Techniques" mean:

the most effective and advanced stage in the development of activities and their methods of operation which indicate the practical suitability of
particular techniques for providing in principle the basis for emission limit values designed to prevent and, where that is not practicable,

generally fo reduce emissions and the impact on the environment as a whole:

» "Techniques" shall include both the technology used and the way in which the
installation is designed, built, maintained, operated and decommissioned,

« "available techniques” means those developed on a scale which allows
implementation in the relevant industrial sector, under economically and technically
viable conditions, taking into consideration the costs and advantages, whether or not

the techniques are used or produced inside the Member State in question, as /fong
as they are reasonably accessible to the operator,
» "Best" means most effective in achieving a high general level of protection of

the environment as a whole.




EU Directive 2008/1/EC STATES:

.... 'whereas emission limit values, parameters or equivalent technical measure
should be based on:

*the best available technigues,

'without prescribing the use of one specific technigue or technology,

7.1 Annex IV of the Directive 2008/1/EC

Considerations to be taken into account generally or in specific cases when determining best available techniques, as
defined in Article 2(12), bearing in mind the likely costs and benefits of a measure and the principles of precaution and
prevention:

 the use of low-waste technology;

» the use of less hazardous substances;

* the furthering of recovery and recycling of substances generated and used in the process and of
waste, where appropriate;

e comparable processes, facilities or methods of operation which have been tried with success on an
industrial scale;

* technological advances and changes in scientific knowledge and understanding;

» the nature, effects and volume of the emissions concerned;

* the commissioning dates for new or existing installations;

 the length of time needed to introduce the best available technique;

e the consumption and nature of raw materials (including water) used in the process and energy
efficiency;

* the need to prevent or reduce to a minimum the overall impact of the emissions on the
environment and the risks to it;

 the need to prevent accidents and to minimise the consequences for the environment;

* the information published by the Commission pursuant to Article 17(2), second subparagraph, or
by international organisations.




BREF on Management of Tailings and Waste-Rock in Mining
Activitj
The IPPC Bureau, established under Eurogctaan oemsmission's Joint Research Centre (JRC),

produces reference documents on Best Available Techniques (BATS), called BREFs which

are the main reference documents used by competent authorities in Member States when

issuing operating permits for the installations that represent a significant pollution
potential in Europe.

According to article 4 par. 3 of the Mining Waste Directive,

"emission limit values, parameters or equivalent technical measures
should be based on BAT

‘without prescribing the use of one specific technigue or technology’.

THEREFORE, the Mining Waste Directive and the BATs do not impose or
ban any available technology.




BREF on Management of Tailings and Waste-Rock in Mining
Activities

EU Directive 2008/1/EC also states that, if there is a BAT described in the applicable
BREF and the project or operation decides not to adopt it for technological reasons,

then the project or operation will have to justify why the proposed choice of
technology is BAT.

A revised BREF document on “Management of Tailings and Waste-Rock in Mining Activities”
adopted in January 2009 provides information on mining techniques and mineral processing
relevant to tailings and waste rock management including BATs for tank leaching techniques.

Heap leaching techniques were not explicitly covered in this version of the
BREF document.

HOWEVER; if the Operational Activities of Heap Leaching are evaluated in terms of:
prevention or reduction of emissions and

sprevention or mitigation of accidents

use of Heap Leaching Technology also fulfills the general intent of a BAT as
summarized in the following BREF criteria.



Framework BAT Criteria for Mining Operations in the Current IPPC-BREF
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Specific Issues in Framework BAT Criteria (as also Applicable to Heap Leach Mining)
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In Summary

Heap leaching technology has been successfully applied to very low grade base metal
(copper, zinc, nickel and cobalt) and precious metal (gold and silver) ores since 1969.

Techniques developed in the world and in EU Member States during the last several

decades demonstrated that heap leaching is a viable process that can be applied
in a manner:

*to address all of the regulatory issues identified in the BREF on “Management of
Tailings and Waste-Rock in Mining Activities” and

*to ensure a high level of protection for the environment as a whole
within the context of Best Available Techniques (BAT) identified in the EU Acquies.

Kisladag and Copler gold mines in Turkey are current examples of

environmentally sound,
operational heap leach mining facilities in Europe.



KISLADAG Gold Mine, Turkey

(Ref: Utkucu, H.N. and Sakiyan-Ates, J., 2011, Proc. WMC-2011, Vol. II, 771-777)
(In operation since 2006)

Crushing
Screening|
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Alacer Gold - COPLER Mine, Turkey

(http://www.anatoliaminerals.com/downloads/presentations/asr_p20110815.pdf/)
(In operation since 2010)




CONCLUSIONS

Currently, there are many copper, nickel and precious metal heap leach mining
projects in design and permitting phase in Europe suffer from the fact that
Heap Leaching Techniques were not explicitly described by the 2009
version of the BREF document on Management of Tailings and Waste-
Rock in Mining Activities.

Therefore,

Inclusion of the Heap Leach Mining Process as a BAT in the next
revision of the BREF document on "Management of Tailings and Waste-Rock in
Mining Activities” would increase the consistency of the regulatory

framework and ease the permitting of the current and upcoming EU mining
projects planning to use the heap leach technology.




Reference document is available at:

Zanbak, C. (2012). Heap Leaching Technique in Mining, Euromines, November, 33p.
http://euromines.org/ sites/default/ files/content/files/mining-techniques/
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Heap leaching technique in mining within the context of best available

techniques (BATs)
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ABSTRACT

The objective of the Directive 2006/21/EC on
the management of waste from extractive
industries is to prevent or reduce as far as
possible any adverse effects on the environment
or on human health brought about as a result of
the management of waste from the extractive
industnies. It requires that measures taken to
achieve its objective are based inver alia on Best
Available Techniques (BAT), as defined by
Dircctive  94/61/EC  conccming  integrated

lution ntion and control, later codified
by Dirccuve 2008/1/EC. Directive 2008/1/EC

will be aked in January 2014 by Directive
2001075/EU  which provides for a similar
definition of BAT.

A revised Reference Document (BREF) on the
“Management of Tailings and Waste-Rock in
Mining Activitics”, published in January 2009,
provides information on mining technigues and
mineral processing relevant to tailings and
waste rock management including BAT for tank
leaching techniques. Heap leaching techniques
are bricfly addressed in this revised BREF
document but not sufficiently described.
Heap leaching process has been successfully
apphicd o very low grade basc metal (copper.
zinc, nickel and coball) and precious metal
_(Fold and silver) oms since late 1960s.
echniques developed during the last decades
demonstrated that it is a viable process which
can be applied in a manner to address all the
regulatory issues idemtified in the above-
mentioned BREF and 10 ensure a high level of
environmental protection,

The objective of this paper is to provide the
relevant information to consider heap leaching
in the context of BAT as defined under the
regulatory framework of the European Union,

I. LOW-GRADE ORE BENEFICIATION
METHODS IN MINING

Selection of an ore beneficiation technology is
based on ¢conomic viability which is directly
dependent on:
* om type (namely, oxide or sulphide),
+ mincral composition, matnix features of ore
* reserves and average prade (based on the
“cut-off grade ") of the ore,
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Figure 1. Relationship Betwoen Excavation (Quantity
and Average Grade of Mined O as a function of
“cut-ofl grade™ (modified from McNab, 2006)

It should be bome in mind that lowering in cul-
off grade of ores:

* Increases asymptotically the quantity ore to
be excavated and treated (Fig. 1),

* increases energy and chemical usage in
pressurcftank  leaching generating  larger
volumes of tailings to be managed,

» decreases profitability, making beneficiation
process uncconomical below certain grades,
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In mesponse to global increases in metal
commodily prices, the low grade base metal and
ious metal ores (<! % copper, <lghon gold,
<0.5%  nickel)  previously  considered
uncconomical,  became  feasibke  with
introduction of heap leaching technologics
(Marsden, 2009). ) ‘
A generalized diagram showing applicable ore
beneficiation technologics for oxide/sulphide
ores versus one grade is given in Figure.2.

I OXIDE ORXS I SULFIIDE ORER I SULFRIDE OREN

Figure 2 Applicable Ore Beneficiation Tochnologics
as a Function of One Grade for Oxide and Sulphide
Ores {Modified from Robertson et al, 2005).

A chan showing identified applicable process
categories for gold ore recovery, based on a
preliminary analysis of 2,832 bulk leach
extractable gold (BLEG) mesults for shear-
hosted Archean metasediment ores in Western
Australia, is given in Figure 3 (McNab, 2006),
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-F'I:m 3 Process categorics baxed on leach mcovery
versus gold ore grade (MeNab, 2006)

2, LEACHING IN THE NATURE

Leaching is a physico-chemical process where
minerals in rock masses go through dissolution
under percolating water and anion/cation
exchange reactions lo generate metal salts in
solutefcolloid  phase  that migrate  and
accumulate under hydrological forces.
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Depending on the presence of pyrite (FeS) and
acidic/alkaline conditions, biological process of
sulphur oxidation by cemain natural bacteria
may also be coupled in the leaching process.
Lateritic ore deposits, the major resources of
aluminum, nickel, platinum, cobalt and even
gold, are clear evidence of ongoing natural
leaching process. Leaching is the second
fundamental step following physical alteration
in the rock-to-soil weathering cycke taking place
in nature under atmospheric pressure conditions.
Similarly, leaching is also a natural process that
occurs at depths in evolution of hydrothermal-
origin ore deposits which are the products of
complex chemical interactions  involving
hydrothermal fluids and gases with the host
rocks: namely, a “natural high temperature and
pressure leaching™ followed by a cooling
process on a geologic time scale.

3, LEACH LIXIVIANTS IN MINING

The primary objective of leaching processes
applied in mining is the dissolution of metals of
interest in ores, segregate the loaded solution
from solids and recover available metals either
in metal compounds or in metallic forms
through further hydrometallurgical treatment
Lixiviants are chemical solutions used in leach
mining to enhance dissolution of metals in ores,
Sulphuric acid and cyanide salts are the most
common demonstrated lixiviants used in heap or
vat (tank) leaching processes applicd under
atmosphenc conditions.

Thiourea and thiosulphate are also known
lixiviants for copper and gold ores; however,
they ane mot used in world mining practice for
their more complicated chemical management
issues and environmental concemns.

4. BASIC EFFICIENCY FACTORS IN HEAP
LEACH PROCESS

Recovery rate of metals (in percentage of the
ore grade) is an indicator of leaching
effectivencss. In practice, recovery rake is
characterised by the dissolution kinctics of
metals, namely: percentage of metal of interest
in ore transferred into the leach solution, and
time required for metal dissolution,
Dissolutioning of metals in heap leaching
process is controlled mainly by:



a Degree of mineral liberation — crushed ore
particle size: Ore is crushed to cerain
panticle sizc prior to stacking. Cenain
portions of a "run-of-minc™ ore malterial can
be placed directly on the leach pad

b, Lixiviant conmtact with mineral grains:
Percolation rate of the fluids should be slow
cnough to provide good contact of the
lixiviant to dissolve the metals. Therefore,
achieving a uniform heap permeability is
required for optimal flow of leach fuids, In
caes where fine particles are present,
agglomeration techniques are used for
optimization of heap permeability.

¢. Dissolwion potential of the meralmineral

composition — Leach Kinerics: The major
factors affecting the dissolution mle of
metals of inlerest are lixiviant concentration,
wemperature, pH, dissolved oxygen, presence
of other metals and ions in the solution.
Leach mcovery rates generally increase
under  higher [lixiviant concentrations,
temperature and dissolved oxygen and higher
pH 9) for cyanide leach and lower pH (<2)
for acid leach conditions .
A comparative leach kinetics (dissolution
rate) of oxide, secondary and primary copper
sulphide ores and oxide, transitional and
sulphide gold ores in heap leaching is
presented in Figure 4 (Robertson et al. 2005)
and Figure 5, respectively.

d. Bacterigl Activity on metal sulphides - Leach
Kineties:  Presence of metal  sulphides
(mostly, pyrite) in the ore heaps initiate
bacterial activity, especially for copper,
nickel and zinc sulphide mincrals, Bacterial
activily can be ulilised to catalyse the
oxidation of iron in sulfides (fermo to ferric
stale) which improve the leach kinetics.

Figure 4, Comparative beach kinetics of oxide, socondary
and prnmary copper sulphide ores in heap
kaching ( Robermon et al, 2005),
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Figure §. Comparative lkach kinetics of transitional,
oxide and sulphide gold ores in heap leaching
{ Tuprag Gold Ca,, Kisladag Mine, Turkey)

In all ore leaching processes the gangue
{undesired) metals consume lixiviants along
with the metals of interest; copper. zinc, iron in
gold ore leaching: iron, manganese, calcium and
potassium in copper and nickel ore keaching. to
name a few. Also, pre-precipitation products of
some of these gangue minerals (gypsuam,
Jarosite, silica) have potential negative effects
on leach permeability by plugping up of the
pores in the heaps.

5. LEACHING TECHNIQUES IN MINING

Comprchension  of  the  natural  leaching
mechanism has led the way to developments in
the hydrometallurgy techniques for low-grade
ores. Techniques employed in modern leaching
technologies mimic the naturally occuring
kaching processes under optimized operational
conditions for improved productivity, namely:

* Dump leaching: is a technique used in
historical and early modem times; where,
generally run-of-mine sulfidic copper ore
dumps with no composite pad liner arc welted
with water and/or sulphuric acid as a lixiviant
to kach copper salts. Currently, the use of
this technigue is limited to a few sites due to
environmental concerns and inefficiencies in
copper solution recovery.

* Heap Leaching: is a technique where crushed

(>5 mm) and/or agglomerated oms arc
stacked over an impermable pad, wetted with
lixiviant chemicals under  atmospheric
conditions and leachate (metal loaded
solutions) are collected for metal recovery.
Because solutioning process is realized under
atmospheric conditions by percolation of the
lixiviant solution, completion of metal
recovery requires longer time periods (wecks

e In-Sitw Leaching:

to months) for cach pad loading sequence
compared to tank leaching (hours to days).
Upon completion of heap leaching. the barren
ore sltack is decommissioned in place;
therefore, this technique does not require use
of a tailings disposal facility,

* Tank Leaching: is a technique where ground

ores are chemically treated in open tanks
under atmospheric pressure conditions to
extract metal salts from the ore in an
accelerated rate. This technique, requires
handling and grinding of all run.of-mine ores
and disposal of treated matenals in tailings
ponds/dams.

s Pressure Leaching: is a technique wher

ground ores are chemically treated in reactors
(otoclavs) under high pressure  and
temperature conditions 1o extract metal salts
from the ore in an accelerated rate. This
technigue also requires grinding of all run-of-
minc ores and disposal of treated materials
(tailings) in tailings ponds/dams.
is a lchniqgue uscd
recovery of salVtrona and uranium omes in
appropnate hydrogeological settings.
Primary factors in selection of applicable/
appropriale leaching technigue and lixiviant
chemicals arc:
- mineralogical composition/'matrix features
of the ore, and
- economical feasibility based on head grade
and reserve of the ore deposil, forecasted
commodity market prices and magnitude of
capital investment required for the project.

5.1 Hisiorical Leach Mining

The carliest written records of leaching as a
technique can be found in V. Biringuccio’s
book of “Pirotechnica™ published in 1540
describing leaching of saltpeter from decayed
nitrificd organic matter and in G. Agricola’s
“De Re Metallica™ published in 1557 illustrating
a heap keach to recover alum (aluminium sulfare
(Habashi, 2005, Kappes, 2002).

In the 16th century, the extraction of copper by
dump'heap kaching was known to be practiced
in the Harz mountains arca in Germany and in
Rio Tinto mines in Spain.

The first uses of pressure leaching of bauxiw
ores were in France and St. Petersburgh in 1887
by L. leChatelier and K.J. Bayer for recovery
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of alumina. The Bayer process is still used for
Bauxite ore beneficiation (Habashi, 2005),

The first use of cyanide for leaching of gold and
silver ores was in England by J.5. MacAnhur in
1887. Worldwide application of cyanidation
process with heap and vat leaching increased
greatly during the 1900-1920 period Heap
keaching of gold ore started to gain promenence
in the late 1960°s when it was applied on a large
scale to low grade ores that were uneconomic to
procecs by conventional tank keach methods.

5.2 Modern Day Leach Mining

In mining operation flowsheets, leaching
s follows ore crushing. where:
= ore is dircctly stacked on leach pads - Heap
Leaching,
* orc is further ground/milled and treated in
vessels - Pressure/Tank Leaching (Fig. 6).

Figure 6. Leaching Processes in Mining Operatiom

There are two tank leaching processes where
activaled carbon is used for adsorbtion of
cyanidized pold: namely, carbon in pulp (CIP)
and carbon in leach (CIL) Another process,
carbon in column (CIC). is wsed In gold
recovery from heap leach solutions. Currently,
60-65% of world production of mined gold is
realized using keaching techniques.

A special heap leaching technigue is used on
certain types of sulphidic copper ores where
copper sulphides are convernted into sulphates in
a two-step leaching process with the help of
natural iron oxidising bacleria with sulphurc
acid(bio-heapkaching). Since 2000, application
of the heap leaching technique, using sulphuric
acid as the lixiviant, gained wide acceptance for
recovery of nickelcobalt from very low grade
(< 0.5%) lateritic ores, where pressure leaching
has not been feasible,



6. DESIGN COMPONENTS OF A HEAP
LEACH UNIT

The objective of “heap leaching process™ is to
chemically dissolve the metals out of
gravelpebble-size crushed ore, stacked on an
impermeable lined pad, into a solution whene
metals are recovered through further chemical
processing (Fig. 7).

Figure 7. Generalired Flowshoet of a Heap Leach Unit

Basic components of a heap leaching unit are
¢ Leach pad and liner system,

Heaped ore,

Ponds,

Lixiviant solution application
6.1 Leach Pads

leach pad is a gencral term for the overall
foundation of the heap (ore stack). Design
objectives of a leach pad are to provide:

« Stabk foundation for the ore heap,

+ Collection of leachate (pregnant solution),

+ Environmental  Protection  (soil  and

groundwater quality)

Depending on land availability, the pads are
constructed cither on large, relatively flat
surfaces or in topographical valleys (Fig. 8).

Aatbed Heap LeachPad
Figure 8 Heap Leach Pad Types

Wallwy <y pe Heap- Leach Pad

Typical components of a leach pad ame
contoured natural ground surface and overlying
liner system (Fig. 9).

b 3 }t.r_\cn PAD
Contoured Natural bulld Surface
Figure 9. Genetic kach pad components

Design objective of the leach pad liner is to
contain and prevent the loss of solutions
generated in the overlying ore that will be
subject to leaching process for both economic
and environmental reasons. In the current heap
keach practice, the most prefered leach
liner is the composite liner system. Composite
liners are made up of a sequence of (starting
[from bottom):

- compacted low permeability  subgrade
soilfclay liner (CCL) or a geosynthetic clay
liner (GCL) over contoured ground surface,

- leak-detection/collection system,

- geomembrane liner (with geotextile)

- drain cover fill (gravel and drain pipes)
Geosynthetic clay liners (GCL) are also used in
feach pad construction, in licu of low
permeability subgrade soil/clay liners (CCL),

6.3 Ponds

Ponds are inlegral pant of a heap leaching
technology 1o collect and contain the leaching
solutions. Ponds arc sized to have sufficient
capacities to optimize processing of pregnant
solution and safely manage the liguids in cases
of power outages and major rainstorm events.
Common design practice is to have the
following ponds, located downslope of the heap:

+ Pregnant solution pond (for heap leachare),

« Barren solution pond (for containment of
processed pregnant solutions),

« Intermediate solution pond (for recycling of
leachates from the older heaps to the newer
heaps to build up the solwion mesal grade).

« Overflow/Stormwater  Pond  (standby for
emergencies).

Considering that the pregnant solution is the-a
valuable asset of the mine operation, current
design practice for the process liquid ponds is to
install double layer composite lincr system
fitted with leak detection pipes and pumps.
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6.4 Ore Heap

Crushed and/or agglomerated ore can be stacked
on the heap leach pad by cither truck dumping
or via telescopic/ r conveyor bells
with travelling bridges in sequential lifts.
Segregation of fines from coarse material duning
ore stacking is a common problem observed in
heaps creating excessive concentration of fines
in the center causing different pockets of
ility. Therefore, special care is needed
for even distribution of crushedfapgglomeried
ore in order to obtain uniform permeability in
leach heaps.
Conveyor stacking, especially for agglomerated
ore cases are commonly used for handling of
crushed material for its ease/mobility, more
homogencous grain distribution in the heaps and
its favorable economics (Kappes 2002).
Onr: Stacking may proceed in the up or
downslope direction provided the advacing face
is stable. It is more usual to stack in upslope
direction for increased slope stability (rop skerch
in Fig. 10).

Figuee 10. Ore Stacking Directons
From geotechnical point of view, stability
mechanics of ore heaps am  analogous to
crushed rock piles stacked in lifts resting on a

branc layer. Circular or Block Failure
stability analyses for soil slopes, availabke in
geotechnical  engineenng  practice,  am
applicable 1o the heap slopes where the

mbrane layer is a well-defined basal
discontinuity with no cohesion and having a
friction angle between 14-18° Liguefaction
potential  should also be  taken  into
consideration, especially in canthquake-prone
regions (Thiel and Smith, 2003),

6.5 Lixiviart Solution Application and Pregnant
Solurion Collection

The objective of lixiviant application is to

achieve uniform and complete wetting of ore
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through continuous percolation of  liquids
between the ore panticles. Lixiviant solutions are
applied on the top surface of the heaps using
either imigational spraying or drip irrigation
techniques. Selection of spraying or drip
imigation is gencrally based on the climatic
conditions of the site taking into account the
cvaporation rale and freczing  potential.
Currently, drip irrigation is more commonly
lied wechnigue in mining practice.
<§P ide (generally NaCN) and sulphuric acid
are the most commonly used lixiviant chemicals
in gold/silver and copper/nickel leach mining.
respectively, Lixiviant chemical concentrations
in the leach solution and feed application rates
on the heaps are dependent on site-specific
factors of:
« permeability of the heap,
» chemical  depletion me  (chemical
consumption by all metals in the heap) and,
= climatic conditions {evaporation, rain)
which nceds to be determined by bench/pilot.
scale testworks on representative heap samples
and optimized during the heap leach operations,
The pregnant solution is drained into the
pregnant ponds for chemically stripping of
dissolved metal salts in the pregnant solution,
where resultant water is sent to barren pond and
pumped to the lixiviant solution dosing unil for
reuse in the leaching cycle.
6.6 Heap Rinsing and Pad Closure
Al the end of heap leaching eycle, the heap
malerial is subjected to rinsing of lixiviant
chemical with water circulation. During closure
of pads, the solution management of heaps is
conducted in three phases:
= mesidual metal recovery - where melal
rccovery conlinues  via  mecirculation  of
solutions without the addition of lixiviants;
» inventory disposal - drained solution is
evaporated and/or treated and disc 4
» draindown - where draindown of residual
solutions continucs passively.
Decisions for completion of heap rinsing
process is based on depletion of free lixiviant
chemical draining from the heap as
demonstrated with conlinous monitoring of the
retum water. Excessive rinsing with water is to
be avoided to prevent generation of acid mine
drainage in the sulphidic ore heaps.
Upon application of a cover layer on the heap to
slop potential for entry of min water, the heap



material is left for gravitational draindown of
residual water. Any water drained from the heap
is trealed with active or passive treatment
methods prior to release into the receiving
media Protocols for monitoring and treating of
drainage from closed heap pads ame to be
developed on a case-by-case basis for cach pad.

7. REGULATORY DEFINITION OF “BEST
AVAILABLE TECHNIQUES - BATs"

The Directive 2006/21/EC on the management
of waste from extractive industrics (Mining
Waste Direcrive) requires that measures taken to
achieve the above-mentioned objective of
preventing or reducing environmental impacts
are based imrer alia on Best Available
Techniques (BAT), as defined by Dincctive
96/6JEC concerning inlegrated  pollution
prevention and control, later codified by
Directive 2008/ 1/EC. The Directive 2008/1/EC
will be repealed in January 2014 by Directive
201(/75/EU providing for a similar definition of
BAT, which reads as follows:
‘BAT  “means the most effective and
advanced stage in the development of
activities and their methods of operation
which indicates the pracrical suitabiliry of
particular technigues for providing the basis
Jor emission limit values and other permir
conditions designed to prevent and, where
that is not practicable, to reduce emissions
and the impact on the environmen as a
whole™,

“Techniques™ “includes both the technology
used and the way in which the insallation is
designed, buil, maintained, operated and
decommissioned™

‘Available  Techniques® “means those
developed on a scale which allows
implemensation in the relevant indusmial
sector, under economically and technically
viable condirions, raking into considerarion
the cosis and advantages, whether or not the
rechnigues are used or produced inside the
Member State in question, as long as they are
reasonably accessible 1o the operator™

‘Best” “means most effective in achieving a
high general level of protection of the
environment as a whole”,

7.1 BREF on Management of Tailings and
Waste-Rock in Mining Activities

The European IPPC Bureau, one of the
scientific  institutes  of the  European
Commission’s Joint Research Centre (JRC),
produces meference  documents on  Best
Available Techniques, called BREFs. These
reference documents are used by competent
authonities in Member States Lo issue operating
permits for the relevant industrial installations,
It is important o note that, according to artick: 4
par. 3 of the Mining Waste Directive, “emission
limir values, parameters or equivalent 1echnical
measures showld be based on BAT withow
prescribing the use of one specific technigue or
technology”. Therefore, the Mining Waste
Dircetive docs not impose or ban the use of any
available technology. As a consequence, if a
project or operation decides not to adopt — for
various reasons linked to  technical
characteristics or geographical location - a
technology that is considered as BAT under the
BREF document on “Management of Tailings
and Wasic-Rock in Mining Activities”, it will
have 1o jusify why the proposed technological
choice is the mon suitable technique 10 be
implemented. A revised BREF document on
“*Management of Tailings and Waste-Rock in
Mining Activities™ adopted in January 2009
provides information on mining techniques and
mineral processing relevant to tailings and
waste rock management including BAT for tank
leaching techniques. Heap leaching techniques
are briefly addressed in this revised BREF
document but not sufficiently described.

7.1 Framework Concept for Evaluation of a
Technique in Considerarion as a BAT

Framework concepl of a BAT is to identify
available techniques that are developed on a
scale which allows implementation in the
relevant industrial sector. under economically
and technically viable conditions, taking into
consideration the costs and advantages in order
to prevent or reduce as far as possible any
adverse effects on the environmew and human
health brought abowt as a result of the
managemeni of extractive waste, as expressly
provided by the Mining Waste Directive.

Heap Leaching is a worldwide demonstrated

technique that RlBOMN] EHBES-MMIRAT Brc csociataaabkppiantby

Chapter 4 of the Mining Waste BREF and the
relevant environmental management issues as
reviewed in a recent document supponied by
Euromines, which is available on Euromines®
website (Zanbak, 2012).

8. CONCLUSIONS

In response to ever increasing prices of base
metals, “heap leaching™ has bocome a major
beneficiation technique used for low grade ones
which cannot be cconomically processed
through tank leaching or any other available
techniques.

Heap leaching process has boen successfully
applied 1o very low grade base metal (copper,
zinc, nickel and cobalt) and precious metal
(gold and silver) ores since 1969. Techniques
developed in the world and in EU Member
States during the last several decades
demonstrated that heap leaching is a viable
process that can be applied in a manner:

* (0 address all of the regulatory issues
identified in the BREF on “Management of
Tailings and Waste-Rock in  Mining
Activities™ and

* 1o ensure a high level of demonstrated
protection for the environment as a whole.

Currently, there are numerous copper, nickel
and precious metal heap leach mining projects
in operation in the world and in Europe.
However, there are many projects in design and
permitting phase in Europe that suffer from the
fact that hecap leaching techniques were not
sufficiently described by the 2009 version of
the BREF on Management of Tailings and
Waste-Rock in Mining Activities. Therefore, it
is the opinion of the author that inclusion of the
heap leach mining process as a BAT in the next
revision of the BREF document would increase
the consistency of the regulatory framework and
case the permitting of current and upcoming
EU responsible mining projects planning o use
modem heap keach technology.
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YEAR 2005 - EU Commission's Response to an inquiry about
“the use of Cyanide Leaching Technique in 6old Mining and Processing in the EU"
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YEAR 2010 - EU Commission's Response to a Parliamentary Question on
“"Complete ban on the use of cyanide mining technologies in the EU"

Parliamentary Question - 14 May 2010
WRITTEN QUESTION by Csaba Sandor Tabajdi (S&D) to the Commission

Subject: Complete ban on the use of cyanide mining technologies in the European Union

Answer given by Mr Poto€nik on behalf of the Commission, 23 june 2010, p-3589/2010

The resolution of the Parliament calling for a general ban on the use of cyanide mining technologies in the European Union
has received the full attention of the Commission.

After an in depth analysis of the issue, the Commission considers that a general ban of cyanide

in mining activities is not justified from environmental and health point of views. Existing
legislation notably on the management of extractive waste (Directive 2006/21/EC!1)) includes
precise and strict requirements ensuring an appropriate safety level of the mining waste

facilities. The limit values for cyanide storage as defined in the directive are the most stringent possible and implies in
practice a destruction step of cyanide used before its storage.

Due to the lack of better (in the sense of causing less impact on the environment) alternative technologies, a general ban on
cyanide use would imply the closure of existing mines operating in safe conditions. This would be detrimental to
employment without additional environmental and health added value.

The Commission intends to continue to closely follow the possible technological developments
in this sector in order to ensure that ‘best available techniques’ are applied in practice as

required by the directive.

In addition, the Commission considers that the priority should be set on ensuring full application of the directive by the
Member States. As guardian of the Treaty, the Commission intends to take all necessary measures within its remit to ensure
that the directive is fully and correctly applied in practice.

_1) 0OJL102,11.4.2006

Reference: http://www.europarl.europa.eu/sides/qetAllAnswers.do Preference=P-2010-3589&lanquage=EN
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