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EXECUTIVE SUMMARY

The following report comprises a detailed analysis of the results of two
test programmes aimed at the assessment of viability of extraction of
copper from waste streams generated by the Mount Lyell copper mine in
Tasmania.

The investigation has been based on the use of the Euralba Mining Limited '

Electrowin (EMEW) cell, a technology which has been under development for !
approximately three years. The principal characteristic of the new cell,
proven in a number of test programmes, is its capability to electrowin.

metals from low to very low grade solutions at higher operating and cost
efficiency than conventional systems.

Through extensive mining activity over the past 100 years substantial
guantities of low grade copper bearing 'waste ore’ have been generated at
Mount Lyel?. This waste now represents a continuing source of low grade
copper bearing solutions.

The waste liquors are the result of high local rainfall and degeneration of
minerals in large surface dumps (in excess of 40 million tonnes) and broken
underground ore (mine dewatering). Site personnel estimate that some 800
tonnes of contained copper currently leaves the site per annum.

The study undertaken here envisages the possibility of installation of a
treatment plant sized to a minimum daily production rate of 1.2 tonnes per
day of copper.

Copper concentration in the Mount Lyell waste solutions (between 100 and
150 ppm Cu ~ 0.1 to 0.15 g/1) s approximately 400 times Jlower than that
generally fed to conventional electrowin circuits. Although mechanisms for
upgrading the solution (for example solvent extraction) are available, the
capital cost entailed in installation of a conventional plant (SX/EW) are
particularly prohibitive in the Tight of limited initial copper output.

The two investigations conducted by Euraiba have examined performance of
the new cell on these streams with a view to two potential treatment
options:

a) Direct electrowinning, on a 'one pass’ basis through a series of
cells linked in hydraulic series (DIRECT ELECTROWIN), and

b) Liguor upgrading through a simplified solvent extraction circuit,
followed by electrowinning through the new cell (SX/EMEW).

The Tlatter recognises that there is considerable potential for
simplification of solvent extraction (and therefore reduction in cost)
through use of the cell.

”
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The report attached hereto examines all of the physical and chemical
parameters that would be expected to affect copper recovery performance in
treating the Mt Lyell liguor; and analyses in that context the results of
approximately 50 individual test runs completed to date.

In direct application of the technology to the waste stream, it has been
shown to be capable of stripping copper to less than 1 ppm.

Although achieving significantly higher performance levels than would be
possible using a conventional cell, overal] efficiency (copper recovered
versus theoretical yield for a specified current input) in direct
electrowinning has remained lower than would be achievable on a primary
leach liguor (of, say 1-3 g/1 Cu}.

The testwork has shown that a variety of chemical characteristics of the
target liquor inhibit efficient electrowinning - including the low copper
grade and the presence of competing metals which ’‘waste’ power through
cyclic oxidation and reduction reactions in the cell. The most important
factor has been found to be the ‘unfavourable’ initial valency state of the
high iron 1levels in solution (iron in the form of ferric sulphate being
responsibie for redissolution of electrowon copper).

The operating parameters demonstrated by the testwork to result in improved
process performance have, therefore, been Jlargely those that minimise
dissolution of copper by ferric sulphate (or promote reduction to ferrous
sulphate). Optimum initial performance has been achieved at low solution
flow rate and high (comparative) current density (amps applied per square
metre of cathode).

Due to the progressive changes in chemistry brought about by electrolysis,
the effect of competing metals 1in solution changes continuously through
treatment.. It has been found, however, that the treatment cycle can be
broken into a number of stages during which specific operating conditions
result in optimum performance. Detailed analysis of the results of each
test run have allowed modelling of an optimum circuit for the direct
treatment route,

The model generated entails division of the circuit into two stages,
operating under differing flow and current density conditions. Projected
performance of the circuit would result in:

Copper recovery : 90%
Overall EW power consumption 18.4 mWh/tonne copper

These figures are based on measured current efficiency levels between 13
and 16%. It should be noted, however, that overall current efficiency in
excess of 30% has been achieved 1in liquor that has been ’‘pre-treated’ to
achieve limited iron reduction prior to electrowinning.

Due to high resistivity 1in the target solution direct electrowinning is
only feasible at relatively Tow current density (between 50 and 70 A/m2).
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Financial analysis of the direct electrowin model demonstrates that, albeit
low in efficiency, the treatment route offers significant potential for
commercial viability from an operating cost standpoint.

Due to the relatively low current efficiency projected for this circuit,
coupled with low operating current density, a large number of individual
cells is required for treatment of the Mt Lyell liquor on a single pass
basis. A reqguirement for approximately 8,600 cells, calculated for the
above model, has cbvious impact on projected capital cost.

Studies undertaken 1in conjunction with the direct electrowin testwork have
clearly demonstrated that the application of solvent extraction, prior to
electrowinning, has a number of significant advantages over the direct
treatment route. Inter alia, these include:

% The effect of high iron concentration 1in the Jliquor is almost
entirely cbviated.

* Current efficiency within the range of liquor tenors expected in
the electrowin circuit (50-10 g/1 Cu) has been shown tTo be
maintainable throughout at close to theoretical values.

* Resistivity of the resultant 1liquor will be far Jower than the
original waste, with the result that Jow voltage is maintained
even at very high current density.

* Power consumption in electrowinning is reduced by a factor of at
least six, with minor additional power cost in solvent
extraction.

X The number of cells reguired to achieve projected minimum copper
production (1.2 tonne/day) is reduced by a factor of 40 (to
approximately 225 units).

A preliminary financial analysis of both potential treatment systems has
been undertaken. Although both demonstrably offer potential commercial
viability, the process advantages outlined above and their obvious
financial impact lead to a preference for the SX/EMEW system for a future
site facility.

Capital cost for the direct treatment route has been estimated on the basis
of well established unit cost for the cells, allowing certain reductions
due to the number of units regquired. Ancillary eguipment has been based on
the power requirements and projected liquor flow to the facility.

A projection of capital cost for the solvent extraction stage of the
SX/EMEW system has been formulated, on behalf of Euralba Mining Limited, by
Minproc Engineering (a firm welil experienced 1in the field of conventional
SX/EW technology). The required electrowin circuit has been sized and
costed on the basis of results cbtained during the current programme.
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Operating costs for both electrowin circuits have been estimated on the
basis of information recorded from the current programme, coupled with
modelling and analysis thereof. Reagent and operating costs of the
possibie solvent extraction circuit have been calculated (utilising ’'shake-
out’ information generated by Henkel Corporation)} by Minproc Engineers.

Analysis of projected operating return has assumed conservative figures for
product wvalue from the &two circuits, pending establishment of guality
through continuous production.

The resulis of the studies undertaken (based on initial production of 1.2
tonnes per day of copper) may be sumarised as follows:

Treatment Options

SX/EMEW DIRECT
ELECTROWIN
PROJECTED CAPEX $ 1,584,000 $ 2,587,000
ANNUAL SALES REVENUE 1,456,350 1,379,700
TREATMENT 00STS 555,530 750,075
PROJECTED SURPLUS 900,820 629,625
- AS % OF CAPITAL 56.9% 24.,3%

It 1is suggested that production from a site facility could be readily
expanded, through promotion of copper leaching and sourcing of ligquor from
subsidiary sources. Such expansion could be achieved at relatively low cost
in the SX/EMEW option (the solvent extraction circuit being sized to liguor
throughput rather than copper tenor), but would entail progressive purchase
of larger numbers of cell for the direct electrowin system.

From a point of view of wversatility for future expansion, therefore, the
SX/EMEW process must again be preferred.

No formal analysis of the cost and result of any future expansion has been
carried out here. However, any conclusion based oh the results of this
study must factor in the substantial size of the ramant resource in the
Mount Lyell orebodies (and their low grade halo) as 2 Jlong term source of
leachable copper.

The report appended here strongly recommends immediate implementation of
continued and detailed costing of the SX/EMEW treatment process as a
facility for long term treatment of the Mt Lyel]l waste streams.
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1.0  INTRODUCTION

The following report has been compiled by Euralba Mining Ltd for
presentation to Renison Golfields Consolidated Limited, as a comprehensive
review of testwork conducted on the feasibility of viable extraction of
copper from waste liguor streams at Mt Lyell, in Tasmania (Figure 1).

Mt Lyell mine has been a source of primary copper ore for more than a
century. Its development commenced in the 1880's with selective mining of
a series of high grade orebodies, by a variety of open cut and underground
methods. The establishment of the Mount Lyell Mining and Railway Company
in 1893, to develop the extensive Iron Blow deposit, marked the
commencement. of large scale mining in the area and bulk mining has been
continuous since that time.

Mining and treatment methods employed on the Mount Lyell lease have varied
over the vyears depending on the nature of the orebodies and beneficiation
technologies available. Bulk open cut and underground mining have been
prevalent through most of the mine's history, as has treatment by on-site
smelting. It was only in 1969 that the current ore treatment method,
agrinding and flcatation to produce a copper concentrate, was established.

The mine currently produces approximately 1.5 miilion tonnes of ore per

annum, at an average grade of approximately 1.6% copper. The ore, all of
which is produced by bulk (but selective} underground mining, is treated to
produce a 25%+ concentrate through the site plant. Tailings from the

latter are discharged directly into the Queen River.

Large quantities of waste material have been built up over the years of
development of this mine. The largest of these comprise:

a) In excess of 40 million tonnes of low grade waste rock from the
old West Lyell open cut, and

b) large quantities of broken low grade waste from selective mining,
which have been allowed to cave into the workings beneath the oid
open cut (to a present depth of around 200 metres balow sea
level).

Due to the high rainfall in this area, both of these now represent a long
term source of copper bearing waste liguor. Site personnel have estimated
a total of approximately 800 tonnes copper contained 1in solutions leaving
the site each vear.

The current study has concentrated on extraction of copper from these two
principal sources only, but has been cogniscant of the probability that in
time copper leaching from both can be enhanced and cutput increased.

The programme conducted by Euralba, between December 1991 and May 1992, has
addressed the possibility of viable extraction of this copper, based on the
use of a novel electrowin technology which the company has under
development.
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Physical and operating aspects of the technology have been addressed in
full in previous reports. Its potential viability in the current context
arises through its proven capability to achieve copper recovery from low
grade solutions, at far greater efficiency than conventionally available
systems. The +improvement possible 1is a result of high mass transfer
capabilities of the novel cell design upon which the technology is based.

The study of the Mount Lyell waste streams has followed a methodical staged
programme of :

a) Laboratory treatment of samples of liguor provided, under a wide
variety of electrowin operating conditions.

) Methodical operation of production scale cells on site.

Results from the inijtial study have been reported 1in full under separate
cover ('Euralpa Mining Limited, Mount Lyell Project’ - Preliminary Test
Report, Jan 1992). In addressing the resuits of the experimental work,
this report concluded that the technology offered a potentially viable
route for extraction of copper from the waste streams.

The subsequent site progranme has investigated performance of the system on
larger scale liquor samples, and has been aimed at the closer definition of
potentially optimum operating parameters. The study has examined use of
the new cell as an intearal component of two possible treatment routes for
these liquors:

a) Direct electrowinning through series of cells linked in hydraulic
series, with no preliminary liquor treatment.

b) Initial 1liquor treatment by solvent extracticn, followed by
copper electrowinning utilising the new cell.

The following report concentrates on the resuits of the site progranme,
integrating those of the preliminary investigation where appropriate.

Detailed discussion 1is provided for chemical and physical parameters which
have been shown to affect the performance of this technology at Mount
Lyell; and of the rationale behind selection of settings regarded as
appropriate for modelling of potential treatment c¢ircuits. A summary of
the general effect that can be expected under differing operating
conditions is followed by detailed analysis of individual parameters.

A preliminary financial analysis of both of the above treatment systems is
provided in this report, along with recommendations for further development
of the project.
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2.0 OPERATING HARDWARE

Four separate test circuits were operated during the Mt Lyell site
progranme:

4" Circuit - 5 x 100mm cells 1in hydraulic series
2" Circuit - 10 x 50mm cells in hydraulic series
'Drum’ Circuit - single 50mm production cell
Laboratory circuit - single 35mm short cell

Cowx

A number of photographs of the site facility are provided in Appendix 1
herewith.

Circuits A and B were utilised for the main productive tests:; Circuit C for
additional data collection. Circuit D was used to perform guantitative
high grade tests, on 1liguor fabricated to duplicate the result of solvent
extraction upgrading of the waste stream.

Tests aimed at defining progressive changes in ligquor chemistry more
closely were also performed in the latter.

To allow direct comparison of performance between test runs, the number of
cells installed in the two major circuits was tailored to achieve
approximately eguivalent total cathode area.

Similarly to the initial laboratory work, all tests were performed on
Tiquor circulated continuously through the circuits from a storage tank.
The erection of a circuit ‘on-line' with the waste stream 1is not be
feasible, unless sufficient cells are installed to achieve depletion to
target copper levels in a single pass. Progressive changes 1in Tiquor
chemistry, throughout treatment, continually affect process performance-
to the degree that installation of a partial circuit on line with the
stream would examine only a minor portion of the treatment cycle.

Detailed analysis of performance at various stages in the test runs allows
valid modelling of projected performance in a full scale treatment system.

The investigation been based totally around the use of the novel electrowin
cell being developed by Euralba Mining Limited. Full details of cell
design and performance to previous testwork are not provided here; the
reader being referred to previous texts for this informaticn.

The following hardware configurations were used in the Mount Lyell site
programme:



4" CIRCUIT

Cells : Number in series
Cathode diameter
Cathode length
Cathode material
Anode diameter

Liguor storage

Pumping

Flow measurement

Flow control

Rectifier

2" CIRCUIT

Cells : Number in series
Cathode diameter
Cathode length
Cathode material
Anode diameter

Liquor storage

Pumping

Flow measurement

Flow control

Rectifier

*DRUM’_ CIRCUIT

Cells : Number in series
Cathode diameter
Cathode length
Cathode material
Ancde diameter

Liguor storage

Pumping

Flow measurement

Flow control

Rectifier

LABORATORY CIRCUIT

Cells : Number 1in series
Cathode diameter
Cathode length
Cathode material
Anode diameter

Ligquor storage

Pumping

Flow measurement

Flow control

Rectifier

284012

5 cells

100 mm (4 inch)

750 mm

Copper

25 mm

3,500 litres

Onga KNA43 chemical pump
Gemu rotameter type 807-50
Valve at end of circuit
BOA/60v, variable voltage

10 cells

54 mm (2 inch)

850 mm

Copper

25 mm

2,650 litres

Grundfoss CRN 2-70, 3-phase
Gemu rotameter type 807-50
Valve at circuit outlet
50A/60v, variable voltage

1 cell

50 nm

850 mm

Copper, stainless steel
25 mm

210 litres

Iwaki, model no. MDTOR/10
Manual

Valve at circuit outiet
50A/60v, variable voltage

1

32.5 mm

200 mm

Copper

9 mm

10 litres

Iwal<i, model no. MD30/RZ
Gemu rotameter, type 807
valve at circuit outlet
15A/12v, variable voltage
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3.0 OPFRATING VARIABLES (General Introduction)

The testwork was undertaken over a relatively wide range of operating
conditions: and was aimed at gdenerating a comprehensive data base from
which a future treatment operation could be designed (and costed).

Differing hardware configurations were operated under a variety of current
and flow conditions. Coupled with variations in liguor chemistry (both
imposed and due to climatic conditions), this work has produced valid data
which would be representative of most potential operating conditions at the
site,

The following notes provide a summary of variations in operating conditions
during the testwork; in addition to their expected effect and the rationale
behind changes imposed.

3.1 CELL DIMENSIONS

The choice of cell dimension will impact on the capital and operating
costs of a treatment plant for Mt Lyell (controlling as it does the
number of units reguired to achieve the target treatment level).

Diameter : a) The productive capacity of the cell is a function
of the surface area of cathode, vs applied current
coupled with operating efficiency.

b) Operating wvoltage of the cell (and therefore
'power cost’) is a function both of liquor
chemistry and electrode spacing (in turn, governed
by respective diameters of cathode and anode).

Length : Being the second factor that governs cathode surface
area in the cell, unit length has direct influence on
productive capacity of individual units.

In the current exercise, respective diameters of the two electrodes is
the more significant feature. The Mt Lyell waste being a relatively
'poor’ electrolyte, the marked effect of electrode spacing on cell
voltage impacts significantly on projected operating costs. Electrode
spacing has further effect in governing to a degree the harvest cycle
of cathodes (electrode spacing vs. 'thickness’ of plate achievable
prior to replacement).

During the site programme only a single anode diameter (25mm) was

available for testing on the production sized cells, Study of the
effects of electrode spacing was achieved through varying cathode
rather than anode diameter. In a production plant, it is envisaged

that this factor will be controlied through the latter,

[y
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Since a large proportion of the capital cost of installing the new
process is in fabrication of individual cells, any opportunity for
reduction in the number required in a treatment facility should be
taken (within process limits).

The geometry of the new cell is such that considerable dimensional
variation is possible, without altering its basic design. Electrode
spacing can be tailored using a variety of electrode diameters, and
cathode length can be reasonably adapted to suit cell productivity
requirements.

The following dimensicns were examined during the ML Lyell site
progranme:

4 inch’ cell

Cathode diameter (I.D. mm) : 99.40
Anode diameter (0.D. mm) : 25.00
Cathode length (mm) : 750.00
Cathode area (m?2) : 0.23

'2 inch’ cell

Cathode diameter (I.D. mm) : 52.00
Anode diameter (0.D. mm) : 25.00
Cathode length (mm) : 850.00
Cathode area (m?) _ : 0.14

Laboratory’ cell

Cathode diameter (I.D. mm) : 33.00
Anocde diameter (O.D. mm) : 9.00
Cathode length (mm) : 200.00
Cathode area (m2) : 0.02

3.2 CURRENT DENSITY

Current density 1is a measure of current applied in an electrical

circuit, expressed as amps per square metre of electrode area. In
conventional technology this value 1is equivalent for both anode and
cathode (electrodes generally being the same size), In the case of

the current cell, where respective electrode area varies considerably,
the measurement. is referred to cathode.

Under ideal conditions, the productive capacity of an electrowin cell
is directly related to applied current - yield being 1.18 grams of
copper per amp hour applied to the cell (Faraday's Constant for a
cupric solution). In practice, competing reactions and inadequate
'supply’ of metal ions to the cathode reduce theoretical yield. The
resulting performance factor (actual vs theoretical yield) is
expressed as 'current efficiency’.
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Manipulating applied current in a cell has several well established
effects, the more significant being:

a) Increasing current results in increased voltage for a given
electroiyte, and thus

b} In a given electrolyte, power efficiency 1is generally
greater at lower current density.

c) The 'quality’ or 'mature’ of plating is affected.

Development work over the past two years has continuously shown that
the new cell 1is significantly 1less affected by b) and c¢) than
conventional systems. This 1is a feature of its high mass transfer
capabilities, which avoids the voltage increase normally suffered via
the steep concentration gradient at the cathode boundary layer when
operating at high current density.

The process doss not however deny established electrochemical
principles. Low conductivity of the target solution contributes to
relatively high cell voltage, which is exacerbated by rise in current
density. Given a specified electrode gap, current density limits for
'viable’ power consumption vs. copper production are readily defined.

In both laboratory and site testing, priority has been given to the
assessment of varying current settings on:

a) cell voltage, at various electrode gap spacings
b} aurrent efficiency
c) product nature and gquality

The following settings were utilised in the Mt Lyell programme:

Cell Electrode Cell Equivalent
diameter (mm) spacing (mm) current (A) current density (A/m2)
100 37.25 10.0 42
16.0 64
50 13.50 5.0 35
7.5 52
10.0 69
15.0 104
35 12.00 1.0 60
2.0 121
4.0 242
6.5 394 )
8.5 515 ) High grade
10.2 618 ) Tiguor only
15.0 309 )
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3.3 LIQUOR FLOW

Characteristically, improved performance in the new cell is a feature
of more effective 'supply’ of copper ions to the cathode surface.
vVariation in flow rate through the system can therefore govern process
performance.

The various cell sizes utilised in this programme were operated at
variable flow rate, as follows:

Circuit Flow (1/hour)

4 Inch 2400
3800
4200

2 Inch 1400
1800
2400
3400

Laboratory 240
480
720
910

Operation of each circuit at all of the indicated flow settings, in
conjunction with each of the other variables imposed, would have been
impracticatl. However sufficient individual tests were undertaken,
where the only variable was flow, to provide sound predictive data.

Initial planning of flow settings for the site programme was based on
scale-up calculations from the Tlaboratory work, Prediction of flow
requirement in a full sized production cell related to calculation of
cathode cross-sectional area. Data collected during the field
progranme now suggest that this comparison is more valid on a cathode
circunference basis (performance of the larger cells matching that of
the smaller units at lower than indicated optimum flow rate).

The initial laboratory work suggested that there were limitations to
practical flow settings, due to rising pumping cost with increasing
flow (due to resultant increase in 'pressure drop' across the cells).
The calculations performed suggested 1800 litres/hour to be an upper
Timit for viable operation of the 2" cells.

The Mt Lyell programme therefore included pressure testing of the two
main cell designs. Inlet and outlet pressure was measured, both on
individual cells and groups 1in hydraulic series; and on specially
modified cells with enlarged inlet and outlet spigots.



3.4 LIQUOR CHEMISTRY

The range of chemical conditions assessed, through the 50 or so tests
completed to date, 1is regarded to be representative of varying
conditions that may be encountered 1in a treatment facility for Mt
Lyell.

The liguor contains a number of contaminants including copper, iron,
aluminijum and manganese. Certain of these have been shown to have
marked effect on process performance. The programme has therefore
concentrated on the assessment of changing concentrations of the
following:

Copper - as the target metal.

Iron ~ as the principal contaminant; and that most likely
to affect the efficiency of copper electrowinning.

pH - as an indicator of conductivity of the solution
and a gauge of changing chemistry under
progressive electrolysis.

Variations in liquor chemistry during this programme have been brought
about.:

a) Through chemical treatment of the 1liquor {for example pH
treatment to remove iron in the laboratory).

b} By climatic variations on site {(dilution of the source material).
c) By sourcing solution from alternate sites.

d) By fabrication to suit tikely Future treatment options
(examination of possible solvent extraction route).

Differing chemical conditions have resulted in the following ranges
for significant (deemed for this programme) constituents prior to
commencement of electrowinning:

Cu : 90 -~ 170 ppm
Fe : 230 - 2370 ppm
Al : 400 - 850 ppm
pH : 2.2 - 2.7

'High’ grade tests were performed on a fabricated liguor intended to
be representative of the result of a solvent extraction 'upgrade’ of
the waste stream. Sufficient copper sulphate was added (to a sample
containing fresh water mixed with waste stream, in a ratio of 80:20)
to achieve an initial liquor tenor of 40 g/1 Cu. The resulting
contaminants were of the order that would be expected with this
treatment route.
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All test runs were operated continuously beyond the point of
effectively complete depletion of copper, chemical and physical
conditions being monitored throughout the treatment cycle.

The detailed cross section of data collected, coupled with the results

of previous programmes, allows valid predictions to be made for a
future treatment circuit.

3.5 OTHER

As mentioned above, the method of liquor circulation for these tests

differed from the route that would be chosen for a permanent facility.
Due to the effect that progressive changes in chemistry have on
process performance, 'batch’ sample treatment was utilised, It s
envisaged that a production unit would treat the Tliquor, to
'completion’, in one pass through a bank of cells in hydraulic series.

Progressively larger samples have been used in programme to date, to
allow close definition of changes 1in process performance due to
chemical and operating variations. Although not strictly a process
variable, therefore, note should be made of the differing sample
volumes used for the various circuits:

4 Inch Circuit : 3,500 litres
2 Inch Circuit : 2,650 litres
Drum Circuit : 210 litres
Laboratory Circuit 5 litres
10 litres
20 litres
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4. DATA RECORDING

The following summarises determinations and measurements recorded
throughout. the test programme:

4.1 LIQUOR CHEMISTRY

Due to the extremely Tow grade of the target solution, copper recovery
has been assessed on a continual basis through liquor assaying, rather
than product weighing. Potential inaccuracies 1in recovery and
weighing (of only 300 grams of copper in the main test circuits) were
thereby avoided.

Periodic samples were assayed as follows:

Cu : AAS

Total Fe : AAS

Fe**(as ppm Fe}: Titration

Al : AAS

pH : Portable meter

The Mt Lyell waste stream does contain other contaminants, For the
purpose of this programme, however, the target metal has been copper
and the above elements have the greatest potential effect on process
performance.

Iron has been assayed continuously, being the element in this context
which would be most expected to affect copper electrowin efficiency.
Much of the following discussions of process performance covers the
observed effect of high iron concentration in the waste stream. All
samples were assayed for total dron, by AAS, selected ones for
ferric:ferrous iron ratio,

A standard titration method was utiltised for ferric iron
determination:

1. 10 ml aliguot, diluted by 10 ml mixed Hz2504/H3P04 and
approximately 100 ml1 distilled water.

2. Indicator - 6 drops sodium diphenylamine solution (0.2% in
water).

3. Titration with 0.1N Kz2Cr207 solution

The results of ferric iron determinations differed considerably
between initial laboratory tests on the Gold Coast and the work on
site. Comparative analysis of the data suggests that this has arisen
from slight differences in indicator/solution preparation at the two
sites. Both sets of assays, however, allow qualitative assessment of
the change in iron valency over the period of testing and are valid
for predictive purposes,
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Iron levels in the 1liquor have been further wused to provide an
indication of likely contamination of resulting copper product (any
drop in concentration indicating product contamination).

4.2 OPERATING PARAMETERS

Detailed records have been kept of operating parameters throughout
individual tests - including:

Amps : As an analogue measurement from the DC rectifiers
and checked periodically on individual cells with
current. tongs (the latter being accurate to 1

amp) . :

Volts : Measured and recorded for each individual cell at
each specified sample interval,

Flow : Rotameter reading at specified sample intervals.
4.3 OQTHER

Profiles of volts vs. amps have been recorded for each of the cell
sizes used, at various stages in the test treatment cycle. These data
are of particular use in modelling optimum cell dimensions for a
possible treatment plant - providing as they do quantitative plots of
operating voltage for differing hardware configuration.

A variety of pressure tests have been performed during the programme,
from which detailed readings of cell pressure drop (at varying flow
rate) have been recorded. Data recorded on 'standard’ and modified
cells result 1in later prediction of pumping costs in an overall
treatment circuit.

The nature of copper product has been assessed through physical
examination of cathodes at the end of each test run. A1l powder
product has been collected for future assay and size determinations.
Selected material was assayed for copper on site at Mt Lyell

4.4 DATA PRESENTATION

where appropriate, all of the data collected have been recorded in
computer spreadsheet form - to allow automatic calculation of process
performance  variables, such as current efficiency and power
consumption vs. copper recovery (both periodic and cumlative).
Tables and graphs presented below are generated from this data base.

Information tables relating to the initial laboratory testing are
provided in the initial report for this project. Those relating to
the site investigation are presented here as Appendix 1.
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5.0 DISCUSSION OF RESULTS

The purpose 1in this prograame has been the generation of a treatment
circuit capable of technically and commercially extracting copper from the
Mt Lyell waste streams, utilising Euralba’s novel cell design as an

integral component.

As will be shown, through detailed discussion of results to date, the study
has demonstrated that two separate treatment routes are technically
feasible:

a) By direct electrowinning through a series of banks of cells, or

b) Through an initial upgrading step (utilising a solvent extraction
circuit specially modified for this process) following by
treatment through a reduced number of cells.

Chemical and process characteristics which support these observations are
individually analysed below, both treatment routes being examined in the
context of:

SOLUTION CHEMISTRY Copper concentration
Iron concentration and valency

Acidity

CURRENT EFFICIENCY Effects of changing chemistry

Effects of changing operating conditions

VOLTAGE - Effects chemistry and physical
conditions
POWER CONSIMPTION - Analysis of data and generation of

predicted performance regquirements

PUMPING - Process  performance and predicted
treatment costs

PRODUCT - Expected nature and quality

Each of the relevant sections deals initially with the result of direct
treatment of the waste solution; followed by analysis of performance on
'high grade’ (solvent extraction style) liguor.

A subsequent section of this report provides a preliminary analysis of
project economics, upon which the eventual choice of a treatment route must
be based.

Individual test results are presented as a series of tables in Appendix 1
herewith. Graphic representations of these data are utilised in support of
the text below.
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5.1 _SOLUTION CHEMISTRY

The Mount Lyeil liguor 1is characterised by chemical constituents and
concentrations which  inherently inhibit high copper electrowin
efficiency. The effect of chemical composition has been well defined
in the test programme, as has the effect of the chemical changes that
occur during progressive electrolysis.

Relatively detailed analysis of these changes, particularly with
respect to iron chemistry, 1is required to place observations on
related performance characteristics into context. It has considerable
further relevance to the choice of an optimum treatment route for this
site.

5.1.1 Direct Electrowin

Critical characteristics from the point of view of direct
e]ectrowinning-have been defined to be:

A:  LOW OOPPER CONCENTRATION

Concentration of the target metal in the Mount Lyell waste stream
lies in a range far lower than would be normally contemplated in
an electrowin circuit,

The effect of low tenor is progressively exacerbated as copper is
depleted to the very 1low grades that would be the target of a
treatment programme.

The tests undertaken have successfully achieved their principal
aim - in depleting copper in the waste solution to levels around
a few parts per million.

Liquors tested have assayed between 90 and 170 ppm copper initial
tenor (or approximately 300 times 1less than that in a
conventional SX/EW tankhouse). These grades are in concordance
with the mean value of 130 ppm reported by the operators for the
main waste dump stream (one of the principal targets for an
initial treatment circuit).

Simplistically, efficient copper electrowinning relies on
effective supply of metal ions to the cathode surface - a feature
which is Tlargely governed by concentration of the metal in the
target ligquor. If ’supply’ of .ions is not maintained at a level
required by applied current, power is ’wasted’ in plating other
metals or in hydrolysing water.

Extremely ’inefficient’ recovery would generally be expected for
solutions of these tenors.
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However, previous testing of the new cell on ligquors of similar
grade has in fact demonstrated high achievable current efficiency
-up to 75% on commencement of liquor treatment (down to 20%
between 170 and 18.8 ppm Cu).

The Mt Lyell series of tests, although resulting in a potentially
economic route for direct electrowinning, has showhsignificantly
jower efficiencies than may be expected for such an ideal
solution,

The results suggest therefore that, although reduced copper
concentration 1is a large contributor to Jow current efficiency,
the aeffect is exacerbated by other electrochemical
characteristics of the solution.

The most significant of these 1is considered to be the high
content and unfavorable valency state of iron in the solution.

B: IRON CONCENTRATION AND VALENCY

Concentrations of up to 2.4 g/1 iron have been encountered in the
Mt Lyell liquor — with initial Fe:Cu ratio of up to 14:1.

High iron concentration has a known deleterious effect on the
electrowinning of copper. This is generally accepted to be the
result of a cyclical redox reaction in the cell (oxidation at the
anode followed by reduction at the cathode) which results in
'wastage’ of power.

The current programme has demonstrated that the valency state of
the 1iron has an equally significant effect on process
performance. MNearly all of the jron initially present is in the
form of ferric sulphate, an effective oxidising agent capable of .-
dissoliving metallic copper.

The ’iron effect’ in the Mt Lyell ligquor is therefore twofold -

a) Power is ’'wasted’ through the cyclic redox reaction,
and

b) The capacity of the solution to ’redissolve’ copper
that has already been electrowon has an obvious and
significant effect on apparent process afficiency.

Given certain operating conditions (coupled with higher than
normal iron concentration) the net effect on commencement of
treatment of this liguor can in fact be an increase in copper
concentration.
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Potentially ’negative’ recovery is illustrated by Figure 2, a
graph showing copper recovery from two liquors of significantly
different. iron concentration (Test 2: 1400ppm, Test 3: 2400ppm)
treated under the same operating conditions. The effect s
attributed to copper leaching of the 1initial cathode surface by /
ferric sulphate,

FIGURE 2 : COPPER 'RECOVERY' PROFILES
TEST3 ML 2, ML 3
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A number of formal tests (ML8,9,11F,13F,12) were run without
electrowin power, in an attempt to quantify the ferric iron
effect. These demonstrated that the untreated waste solution
readily dissolves copper:

Cu + Fez2(S04)3 CuS04 + 2FeS04

Ferric Ferrous
sulphate gulphate

The reaction results in the production of ferrous sulphate, which
does not have the oxidising power of ferric sulphate - itself a
progressive beneficial effect.
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Re—oxidation to ferric state does occur in air, but rate of the
reaction in a slightly acid solution is low. As the intention is
to eventually treat the solution on a one-pass basis, the
potential benefit achieved can be regarded as permanent.

Figure 3 traces the copper dissolution effect in this test

series. As it results from contact between the solution and the
copper cathodes, 1its progressive 1influence is assessed in terms
of :

Copper (gms) dissolved,per square metre of cathode per
hour,on a periodic basis through the treatment cycle.

This mode of 1interpretation allows a direct comparison of the
effect for the different circuits used during the programme.

FIGURE 23 COPPER DISSOLUTION

TESTS ML 8,9,11F,13F,12
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This graph clearly shows a significant drop in 'leaching ability’
of the solution with time, which occurs as progressive reduction
of ferric iron is achieved (through the dissolution of copper).

Plots of all of these tests lie within a relatively well defined
'corridor', with dissolution commencing at high rate (between 60
and 180 ams/m2/hour), falling rapidly and 'settling' at a rate
between 25 and 10 gm/m2/hour.,
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Insufficient data are available to exactly gquantify the
relationship between rate of dissolution and progressively
changing ferrous iron concentration.

Calculation of theoretical values (stochiometrically against the
above equation) for the individual tests suggests, however, that
dissolution rates of below 40 gn/m2/hour are reached after
conversion of only 20% of the contained ferric iron to ferrous
sulphate (200-300 ppm as Fet++ as opposed to total Fe content of
1500-1700 ppm).

This suggests that the beneficial effect arising from the valency
change can become significant, from a process point of view, even
after only limited conversion.

Figure 4 illustrates the effect of differing initial ferrous iron
concentration on copper dissolution rate (no other operating
parameters being changed). Test 13F utilised 'fresh’' 1ligquor from
the waste stream, Test 12 ’'previously electrowon’ liquor (i.e in
which a significant 1initial ferrous iron concentration was
present).

FIGURE 4 : COMPARISON COPPER DIS9OLUTION RATES
DIFFERING XINITIAL FE++ COKNC. ML12,13F
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The plot clearly demonstrates reduction in copper leaching which
with progressive increase in ferrous iron concentration. As will
be discussed in more detail below, subsequent electrowinning from
the solution from Test 12 achieved initial current efficiencies
more than double that of most of the tests on fresh solution.

Iron valency has been found to have significant effect in testing
of liquors from elsewhere, investigations at even higher
concentration resuiting in current efficiency in the region of
50% (at copper tenor similar to that at Mt Lyell).

Certain operating parameters integral to the new process have
been established by this programme to affect the physical rate of
dissolution of copper (in addition to their effect on the rate of
chemical conversion of 1iron).

Figure 5 illustrates the effect of flow rate on this factor.
Tests 8 and 11F, both on the same circuit, utilised 1liquor of
similar chemical composition. Flow rate for the former was 1430
1/hour, the latter 1800 1/hour. Test 9 operated on a smaller
sample volume (Drum Circuit) at even greater flow rate (3130
1/hour) (Tests 8, 9 and 11F).

FIGURE 5 H COMPARISON COPPER DISSOLUTION RATES
DIFFERING FLOW REGIME - ML8,9,11F
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The plots for Tests 8 and 11FA illustrate a marked difference:;
reduction in flow by 20% resulting in a threefold reduction in
copper dissolution rate.

The profile exhibited for Test 9 is a reflection of combining
high flow rate (causing high 1initial dissolution) and limited
sample volume. Faster circulation of the sample as a whole
results in more rapid achievement of the levels of ferrous iron
required to minimise copper dissolution - thus the more rapid
drop-off than Test 1t.

Electrowin tests on samples of similar chemistry (Fig 6) suggest
that, under operating conditions, increasing current density does
not result in an increased copper dissolution rate. Significant
difference between the copper profiles for tests 2 and 24 (as all
other conditions raemained constant) reflects a marked decrease in
the ratio of copper dissolved to that electrowon (i.e an increase
in the latter, with constant or even decrease in the former).

FIGURE & H COPFER RECOVERY PROFILES
DIFFERING CURRENKT DENSITY - ML2,24
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Test 24, at similar grade to 2 and 3, resulted in positive copper
recovery from commencement of treatment, in response to a 50%
increase 1in current density. In effect, the higher current in
Test 24 simply results 1in a ’net’ balance between electrowcn
copper and that leached by ferric sulphate.
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There are obvious potential operating benefits therefore in the
initial treatment of this Tliquor at low flow. Relatively high
current density at the ‘front end’ of a circuit will allow
benefit to be taken of a further iron reduction mechanism,
without a penalty in the form of increased copper dissolution.

In addition to the conversion achieved through oxidation and
solution of copper, electrowinning of a Cu/Fe sulphate solution
itself has a net reducing effect on the iron.

whether this 'electro—reduction’ is controlled by mass transfer
of ions to the electrode surfaces, or is influenced by electrode
current density, is not known at this stage. In either case, it
is possible that the morphology of the new cell (with differing
electrode area) will promote the effect.

Insufficient data have been collected here to quantify the
respective proportions of iron reduction achieved (copper
dissolution and/or electrolysis) under actual treatment
conditions. Some genera) observations are, however, possible.

Being an electrochemical phenomenon, it can be reasonably assumed
that T1ifting applied current will increase the rate of
electrolytic iron reduction.

Figure 7 1is a plot over time for two laborateory tests (Note:
prefixed MDL) performed on the same Jiguor. It clearly
demonstrates increase in ferrous iron formation in response to
higher initial current density (Test 21: 70 A/m2, Test 15: 140
A/m2), As it is unlikely that copper dissolution rate has lifted
(as suggested above) the increase 1is attributed directly to
electrolytic reduction.

In the Mt Lyell context, current density can therefore be used to
enhance process performance, through increasing the rate of
ferric 1iron reduction (consequently reducing the 'leaching
ability' of the circulating solution).

There is same evidence to suggest that size and configuration of
the cells may have an effect on iron chemistry. Figures 8 and 9
plot the production of ferrous iron over time for selected tests
on differing circuits. They examine production in terms of
'grams per amp hour’ (in response to the electrolytic reduction
effect) and grams per square metre of cathode per hour (the
chosen method for copper leaching analysis).
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Both of the latter graphs show a higher conversion rate for the
larger diameter cells, suggesting that this unit should be chosen
for the initial section of a model treatment circuit. The tests
in question were, however, conducted at differing flow rate,
which {(in affecting copper leaching rate) may be the cause of the
variaticns recorded.

The results obtained clearly show process improvement when
appreciable 'conversion' of ferric to ferrous sulphate has
occurred (e.g. Test ML13). The above discussion has shown
potential for enhancement of this through operating parameter
changes, as a result of:

a) The effect that flow has on copper dissolution rates and
consequent apparent electrowin efficiency.

b) The effect that the ratio of ferrous to ferric iron has on
the ability of the circulating solution to dissolve copper.

c) The effect that operating current density has on overall
reduction of iron.

d) The possibility that sizing of celis can be utilised to
increase initial iron conversion.

4031
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There are several recognised mechanisms, outside of those
operating in the circuit, through which iron valency conversion
can also be promoted. Most entail contacting the solution with a
reducing agent, such as:

Iron : Fez{S04)a + Fe = 3FeS0O4
This route is not feasible as a further reaction
will result 1in 'cementation’ of copper from the
Tiguor:
CuSO4 + Fe = Cu + FeS04

Sulphide : Contact with sulphide minerals e.g:
Feaz(S04)3 + FeSz + 30z + 2H20 = 2H2804 + 3FeS0a
Although sulphide concentrates are available to
achieve this reaction 1in the short term, the
addition of iron and acid to the solution may not

be acceptable from an environmental point of view.

It is worth noting that similar reactions to this
result in the original dissolution of copper from

the waste ore. The ferrous ijron so produced is,
however, oxidised during its travel through the
heaps.

Hydrogen : In the presence of a catalyst, gaseous

hydrogen will reduce ferric iron:
2Fe3t + Hz = 2Fe2t + 2H*

It is conceivable that hydrogen produced during
electrolysis could be utilised to perform this
reduction. The results of 1limited testing on
site, using a platinum basket, were inconciusive.
The route may however deserve future
consideration,

Other methods such as agitation with carbon could be considered.
A1l however would result in costly additions to a treatment

circuit at Mt Lyell, or even addition of further contaminants to
the drainage.
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It is Tlikely that the benefits of iron reduction can only be
considered in context of the reactions inherent to the electrowin
process. Maximum advantage should be taken of those reactions,
through manipulation of operating parameters where possible.

The influence of iron in the Mt lyell waste stream can therefore
be summarised as follows:

a) Cyclic redox reactions 1in the Tliguor result 1in power
'wastage' and low apparent copper electrowinning efficiency.

b) Ferric sulphate in the waste stream redissolves previously
electrowon copper. This effect is progressively reduced
during treatment as ferrous sulphate 1is produced by
reduction of the ferric iron.

c) Both a) and b) above result in progressive cohversion of
ferric sulphate to ferrous sulphate.

d) A 'net’ reducing effect 1is suggested in the cyclic iron
redox reaction during electrolysis, whose rate is related to
applied current density.

Although the adverse effects of iron 1in the 1liquor cannot be
obviated without its complete removal, the circuit can be
designed to make maximum benefit of the features described above.
As the changes 1in chemistry are progressive, 'tailoring’ in
hardware and operating parameters will be more effective at the
'front end’ of the treatment system.

The initial stages of a model circuit for Mt Lyell would
therefore include:

* Large diameter cells
% Low Tlow conditions
* Higher than 'normal’ initial current density

Finally, the use of stainless steel rather than copper cathodes
on the comencement of treatment will reduce the 'availability'
of copper for immediate dissolution, and prevent any 1likelihood
of damage to the cathode 'wall’.
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C: 'ACIDITY’

pH of the Mt Lyell waste stream is relatively high, but reduces
progressively - as ferric iron is converted to ferrous and 'free’
acid is liberated through the electrowinning of copper.

'Acidity’ of the solution governs its resistance and is a
contributor, through its effect on cell voltage, to overall power
cost of copper production. The work conducted has shown that
relatively Jow current densities must be maintained in the
process, to bring cell voltage into a viable range.

™anipulation' of pH in this context is not possible, beyonhd the
selection of operating parameters that may maximise conversion of
ferric to ferrous iron. The effect of high resistivity may
however, as will be discussed below, be somewhat obviated through
changing electrode gap in the cells.

5.1.2 Liguor Upgrade Option

The adverse effect of the liquor’s adverse chemical features would be
obviated, if a ligquor ‘'upgrading’ step were 1incorporated into the
treatment circuit.

Samples of the waste liquor were submitted to Henkel Australia, in
Melbourne, to determine the technical feasibility of achieving this
upgrade through a simplified solvent extraction circuit.

Appendix 2 herewith, provides the isotherm point calculations derived
from this study. In effect, the work concludes that the upgrading
step is feasible, utilising established methods and reagents. It
would result in a Tliguor of the following characteristics:

Copper grade : 50 g/1
Fe concentration : less than 100 ppm
Acid concentration 180 g/1 (in spent electrolyte)

Expected recovery, for a 2 extraction/1 strip circuit, is projected at
greater than 90%.

A series of tests (Tests ML4,5,10,15,22) were conducted during the
site programme, on a liquor approaching this composition. In
fabricating the solution, samples were purposely contaminated with
other metals in the Mt Lyell waste (through addition of a proportion
of untreated waste solution).

Although details of process enhancement achieved will be discussed
further below, the potential advantage in this treatment step can be
generalised as follows:
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a) Current efficiency in copper electrowinning will approach
100% within the range of copper values to be treated (50-1

g/1 Cu)

b) ¢Cell wvoltage will be significantly 1less, which in
conjunction with a) above will result in significant
reduction in copper production cost.

c) The combination of a) above, and a consequent reduction in
liguor volume, will result in a smaller, simplified and
significantly cheaper electrowin circuit.

It has further become apparent., through testing of the technology on
'high’ grade ligquors and through discussions with proponents of the
process, that performance of solvent extraction itself could be
significantly improved, when operated 1in conjunction with the new
cell.

The advantages that arise are in general the conseguence of:

a) The wide range of copper values over which the cell
maintains high efficiency.

b) The ability for the cell to operate at higher than
conventional current densities.

c) The fact that the electrowin circuit is essential a 'closed’
system.

5.2 CURRENT EFFICIENCY

Cost of copper production in any electrowin system is a function of:
a) Applied current
b) Cell voitage

c) Percentage copper recovery against theoretical yield for the
applied current

As already noted, achievable efficiency 1is largely governed by
solution chemistry. The relationship between ‘supply’ (liquor tenor)
and 'demand’ (current density) for copper; and the concentration of
competing metals (such as iron) are the most important factors.

The cell under investigation favourably promotes the former, allowing
high efficiency down to very low grades; but remains significantly
affected by the latter (although same improvements over conventional
cells are mooted).
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Direct electrowinning of copper from the Mt Lyell Tiquor has been
shown to result in significantly lower current efficiencies than would
be possible on a normal 'tankhouse' liquor. However, it has also been
demonstrated that:

a) Achievable efficiencies are significantly greater than would
be possible in a conventional cell,

b) Efficiency, although 1low, could support a viable direct
treatment route (power cost being the single largest cost to
such an operation).

The programme has further demonstrated that an alternative treatment
route (through solvent extraction followed by electrowinning in the
new cell) would result far higher current efficiency (95%+). The
potential viability of such an approach 1is supported by one of the
major characteristics of the new system - its significantly lower
capital cost than conventional systems.

The following discussion provides an analysis of achievable current
efficiency, over a relatively wide range of chemical and operating
conditions.

The data have been compiled to allow rapid visual comparison between

tests. Simple plots of copper depletion over time serve, in most
cases, to illustrate changes in current efficiency under differing
conditions - copper recovery and progressive depletion being directly

related to that factor.

5.2,1 Direct Electrowin

Initial Tlaboratory testing, on small samp les, suggested that
cumulative efficiency, in winning copper down to a level of around
10ppm (original approximately 150ppm), would T1ie in the region of 7-
9% .

Short intervals during which efficiency exceeded 20% suggested that,
given optimum operating conditions, greater efficiency is possible.

The site programme has provided clearer definition of the capabilities
of the process; and the degree to which hardware and operating
conditions will govern current efficiency.

Detailed records of current efficiency achieved throughout the test
runs, both for specified sample periods and on a cumulative basis, are
provided in the individual test records supplied as Appendix 3 here.
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Measurements of periodic and cumulative current efficiency are both
important., Cumulative current efficiency to a target grade (10-20ppm
Cu) is obviously an indicator of 1likely operating costs in a
commercial treatment plant.

Periodic measurements, however, provide a clearer definition of the
progressive effects of changing chemical conditions and operating
parameters. The latter are used more specifically for modelling an
idealised circuit for treatment of the liquor.

Table 1 below provides a summary of the current efficiencies achieved
during testwork on the wvarious circuits - under differing operating
and chemical conditions:

TABLE 1 : Summary of Current Efficiency Measurements
Mount Lyell Field Programme

Test Start End Current effic. Flow Currant
Cui{ppm) Cu mn 1/hour g[mz

Highesat Cumul,
periodic

ML 6 91 16 15 10 1400 as
ML11 30 14 17 7 1400 52
ML18 130 18 17 8 1800 52
MLZO 148 14 32 10 1800 69
MLZS 1358 15 12 2 2400 69
ML29 92 a 7 T 2400 104
ML33 118 9 13 B 3400 104

4" Circuit

ML 1 94 18 13 13 3800 42
ML 2 150 - 23 - 3800 42
ML 3 150 - 19 - 3aoo0 42
ML7 155 - 24 - 4200 42
ML 13 23z ie 48 37 4380 42
ML 19 128 15 16 12 4280 63
MLZ4 125 9 12 8 3800 g3

‘*Drum’ Gircuit

ML17 144 18 13 B 1700 52
ML 21 138 16 12 7 1700 52
ML28 130 20 9 5 BOO 70
ML28 a8 12 6 4 800 70
Note Where no result indicated = test where {initial dissolution

effect resulted in initial negative recovery.
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Although these results are covered 1in more detail below, several
'trends’ are immediately apparent:

* In general, the 4 inch circuit was the best performer, current
efficiency being approximately 30% improved over that of the 2
inch circuit under similar conditions.

This is attributed to differing flow dynamics and possibly the
higher flow rate used for the larger cells.

* At higher iron concentration (paralilelling copper tenor in Table
1) Jow current density results in initially severe copper
dissolution effects.

* FolTlowing reduction in copper redissolution, higher efficiency is
generally a feature of lower current density.

* Discounting its effect on copper dissolution at the commencement
of treatment, increased flow results in raised overall
efficiency.

* Motably high current efficiency (up to 48%) can be achieved once
a reasonable amount of contained iron is reduced (Test 13).

A complex relationship exists between the effects of separate
operating conditions (both those imposed through liquer chemistry and
those controllable in the process) on current density. It is only
through detailed analysis of these effects that a model circuit for
treatment of the Mt Lyell Tiquor can be generated.

The progressive effect of continually changing chemistry during
treatment is an cbvious feature of all of the testwork. The results
demonstrate that copper recovery can be generalised into three stages
with respect to recorded current efficiency levels:

Stage 1

Characterised by : High Fe+++, potentially high copper
solution rate.

Examination of copper concentration profiles shows 'negative’
recovery for the 1initial stages of a number of tests (i.e
negative current efficiency), characteristically a response to
high iron concentration and rapid flow, 1in conjunction with Tow
current, density.

This phenomenon results from an imbalance between copper
dissolution and electrowinning. It can be inmediately overcome
through increasing current density (an operating parameter that
has been shown to have little effect on the rate of copper
leaching), but it naturally bhas a significant effect on overall
current efficiency.
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Stage 2

Characterised by Moderate Fe conversion has slowed copper

dissolution rate.

An apparent second stage of recovery occurs when a certain
proportion of iron has been reduced to ferrous sulphate. General
analysis of the testwork suggests that, almost regardless of
initial grade, this ’trigger' point occurs at around 25%
conversion.

Copper recovery becomes a balance between:

a) reduction in current efficiency as copper tenor falls
off, and

b} the continued lessening of the leaching power of the
solution.

The effect in general is that, whereas progressively lower
performance can be expected as copper tenor drops, relatively
consistent current efficiency is maintained to very low copper
grades ~ i.e straight 1line recovery (indicative of consistent
current efficiency).

FIGURE 10 MT LYELL ELECTROWIN CYCLE
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Stage 3
Characterised by : Minimal Cu tenor

Stage 3 occurs at copper grades between 10 and 20 ppm, where the
apparent benefit of the above can no longer be maintained.
Current efficiency drops off rapidly to very low levels.,

Copper recovery helow 10 to 20 ppm would most likely not be
contemplated in treatment of this liquor.

Although, changes in chemistry and the effects thereof are continuous
this division 1is useful 1in determining optimum operating parameters
for a practical treatment plant.

The impact of individual parameters on current efficiency has been
examined in some detail. The detaiied compilation of data undertaken
allows the following observations to be made.

a) Effect of iron concentration and valency

The effects of the high iron concentration in this liquor have been
discussed 1in some detail above. Its direct impact on calculated
current efficiency lies in:

a) The ’loss’' of copper to leaching, which obviocusly leads to a
higher apparent power consumption per unit actually
recovered.

b) The ’wastage’ of power that occurs through the cyclic redox
reaction.

Tts specific impact on current efficiency has been examined over a
range of Tliquor concentrations, as 1i1llustrated by the following
examples.

Figure 11 demonstrates the effect of increasing iron concentration in
the initial stages of treatment. It is a plot of progressive copper
concentration in  liguor, for principally two tests operated under
identical conditions (4" circuit). Solution for the two runs was of
similar copper grade (90 ppm) but differing iron concentration (Test
2: 1410 ppm, Test 3: 2370 ppm).

Following a period of net dissolution of copper, Tests 2 and 3
achieved similar current efficiency levels to periodic electrowinning
{of 22 and 19% respectively), indicating the performance levels
possible once a proportion of the contained iron is reduced.

The period of negative recovery is prolonged by the increased iron
concentration.
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FIGURE 11 : FE ¥3 CU FROFILE
VARYING FE CONCENTRATION - ML2,3,24
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The graph included in Figure 11 for Test 24 illustrates the immediate
effect of increasing current density on a similar liguor to Test 2,
Test 24 achieved net copper recovery after only a very short interval,
at current efficiency of 10-12% (as opposed to Test 2 which maintained
negative copper balance for a considerable period of time).

Test 19, a similar run on the same circuit, again shows that negative
recovery 1in stage 1 can be simply obviated - by 1lifting current
density (changing the respective proportions of copper dissolved and
electrowon). The result 1in this case was relatively consistent
current density (8-16%) in depletion of copper from 126 ppm to 15ppm.

The ability of current density to obviate the negative recovery effect
in stage 1 electrowinning will cbviously be related to initial iron
concentration. A caomparison between tests 1 and 7 (Figure 13 : again
same physical operating congitions but significantly different iron
concentration (1430 as opposed to 730)) shows that for a given iron
concentration a certain current density 1is required to maintain
positive copper recovery from the commencement of treatment.
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"FE V8 CU PROFILE
VARYING CURRENT DENSITY - ML2,18
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Although further data should be collected, it becomes possible to make
predictions of the current density (and flow settings) required to
maintain positive copper recovery for a given iron concentration.

Analysis of the results of the examples provided above, coupled with
established copper leaching rates (section 5.1 above), can also
provide an indication of the efficiency that could be achieved in
Stage 1 electrowinning, without the ferric sulphate dissolution
effect.:

e.g. : Tests 2 and 24 after 5-6 hours treatment of same volume of
similar chemistry liquor. Copper dissolution rates
established in Test 13F, operated without electrowin on
equivalent liquor volume.

Copper dissolved

Test 13F, 5-6 hrs

378 grams

Copper recovered

Test 2, 5-6 hours = -78 grams
Test 24, 5-6 hours = +42 grams

Indicated 'Electrowon’' copper

Test 2 = 300 grams
Test 24 = 420 grams

With five cells operating at the current density settings
selected, a calculation on this basis would indicate
achievable current efficiencies in excess of 90% for both
tests on commencament of 1iquor treatment.

The calculation is obviously academic, but it does serve to
substantiate the observation that changing current density does not
increase copper dissolution rate; and to explain the marked difference
in current efficiency achieved in Test 13 (a liquor which had
undergone some iron conversion prior to electrowinning).

The effect of ferric to ferrous iron ratio is further emphasised by
the results of a short series of tests run sequentially on a common
liguor sample. Figures 14,15 and 16 here provide plots of two
electrowin tests performed under the same operating conditions - on
the same sample, but subjected to various ’'treatment campaigns’:

1. Preliminary electrowin test to assess operating performance
under given conditions (Test 7)

2. Same Jiquor circulated through circuit without electrowin
power — to assess copper dissolution rate given the iron
reduction that occurred during first run (flush test 12).
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3. Same liquor, retreated under same operating conditions as
Test 7 - to assess current efficiencies achievable with some
conversion of iron before treatment (Test 13).

Each of the steps preceding Test 13 resulted in progressive iron
reduction, either due to copper dissolution (7 and 12) and/or
electrolytic reduction (7).

As a result of the ’flush’ 1in test 12 copper tenor in the Tiquor
commenced at 230ppm as opposed to the original 156 ppm concentration
for Test 7. As will discussed later initially higher copper tenor
generally will result in an overall improvement in current efficiency,
but Test 13 provides an ideal example of the efficiency that can be
achieved on 1imited conversion of ferric to ferrous iron.

Figure 14 profiles copper concentration in the liquor over the period
of both electrowin tests. Figures 15 and 16 detail the periodic
current efficiency achieved by both over time and against
progressively lower copper grade.

FIGURE 14 . COPPER RECOVERY PROFILE
TESTS 13,7
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COPPER PROFILE TEST 13
CU DEPLETION V8 PERIODIC EFFICIENCY
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Test 13 recording efficiency of 40+% in the copper range 240 to 70
ppm. Cumulative current efficiency was calculated at 37% down to a
copper concentration of 18ppm.

On reaching of the 1iron ’trigger point’ test 7 achieved current
efficiency between 9 and 24% (dismissing onhe sample period at 3%
efficiency as being the result of a rectifier trip) over a similar
range of grade.

Assays  conducted on site indicate an initial ferrous iron
concentration for test 13 egquivalent to approximately 15% of total
iron.

b) Effect of copper grade on current efficiency

The true effect that copper grade has on current efficiency, within
the relatively narrow range that will be encountered at Mt Lyell (90-
160ppm) is somewhat masked, especially at the onset of electrowinning,
by the effects outlined above.

Generally, it must be expected that progressively reducing grade will
result in progressively lower current efficiency. It follows,
therefore, that higher grade at commencement of treatment will result
in a rise in overall cunulative current efficiency (as a result of
'averaging’).

Grade related reduction 1in efficiency would be expected to be
progressive, resulting in a gradually flattening slope for the
recovery profiles plotted. As mentioned above, however, the lessening
of other effects over time has the tendency to straighten these
profiles during Stage 2 electrolysis (indicating consistent current
efficiency}.

In other words, once copper dissolution by iron dis reduced consistent
efficiency can be expected in treating the liguor down to target
grade.

Figure 17 plots cumulative current efficiency for two tests undertaken
under similar operating conditions, but at different initial copper
grade (Test 11: 90 ppm, Test 18: 130 ppm). On Stage 1 copper solution
effects being overcome, the plots parallel each other, indicating
similar current efficiency profiles. An increase of 1.5% cumulative
efficiency is indicated for the higher grade sample.

During the period of time plotted, both tests achieved copper
depletion down to Jess than 20 ppm.

The ’cross over’ between plots for these tests should be noted. It is
attributable to Jncreased copper dissolution at the commencement of
Test 18, the result of higher iron concentration (with no 1increase in
applied current density).
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FIGURE 17 : TESTS 11,18 (2 INCH CIRCUIT)
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Copper tenor has been shown to effect current efficiency on a periodic
basis - lower grade generally resulting 1in lower efficiency. Higher
initial copper grade in this case, however, is generally accompanied
by higher iron concentration — which 1in turn can result in lower
efficiency in stage 1 electrowinning. The net result is that, given a
certain set of operating conditions, the effect of initial copper
grade {within the range that may be expected at Mt Lyell) becomes a
relatively minor factor.

c) Effect of changes in current density

Changing current density in treating this Tliquor has two opposing
effects:

a) In general it has been shown that raising current density reduces
current, efficiency on a periodic basis.

a) High initial current density can however result in a net benefit
to the process - through increasing copper recovery and
minimising the overall effect of copper dissolution with high
iron concentration.
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It is likely, therefore, that a treatment system for this waste stream
would entail progressive changes in current density through the
circuit, matched to the perceived recovery stages outlined above.

The potential benefits of high initial current density have been
discussed above. Analysis of individual test results suggests that
initial current density settings be governed (along with flow) in
relation to iron concentration in the total waste stream.

If sufficient data were available, the required current setting for
given iron concentration and flow could be mathematically calculated.
For practical purposes, however, the present test progranme suggests
that the following settings should be used:

Fe_(ppm) Current
density (A/m2)
2" Circuit <1,000 >30
»1,000 >70
4" Circuit <1,000 >40
>1,000 >60

Figure 18 compares performance between tests 25, 29 and 33; in terms
of cumulative current efficiency over time.

FIGURE 18 ; CUM CURRENT EFFICIENCY V8 CURRENT DENSITY
TESTS ML 25,29,33

15
o
12 - \
_'__,_,,-EI
11 /IT
194 o
g ——~0n

# 3 T~ o
i ™~
ﬁ a - <|--—--—-----;>\ (]
i_';. T - + i \D
Ef +/ s \""-\D
nd 5 - ~
|3 * °
ﬂ 5 - \\\\‘\\
!
=] +
(13 i - \\+

x4 \“1'

7 —

‘_

4} T T T a# T

0 a9 +0

ELARPZED TIME
o 2k + M o ]



294049

41

Although operating conditions differed slightly 1in these tests the
plots provide a general view of the effect of increased current
density (tests 25 vs 33) and copper grade (Test 29 vs 25).

The change 1in current efficiency with varying current 1is wore
precisely defined when analysed against copper grade rather than time.
Figures 19 and 20 examine both cumulative and periocdic efficiency at
varying copper concentration, in a series of tests conducted with the
2" circuit.

FIGURE 18 : EFFICIENCY V3 CU GRADE
2 INCH CIRCUIT LOW CU
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Tests 6 and 11 were conducted at relatively low copper +tenor (90ppm).
Their plots demonstrate both of the effects summarised above.
Increased current density (from 35 A/m2 in Test 6 to 52 A/m2  in Test
11):
a) initially resulted 1in higher efficiency (approximately 15%)
but,

b} yielded lower efficiency at lower grade.

Thus, again, the cross over between the plots.
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On a cunmulative basis, the higher current test resulted in Tower

overall current efficiency.

This would not have been the case if the

tests had been operated at higher iron concentration.

FIGURE 20 EFFICIENCY VS CU GRADE
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At higher copper grade (accompanied by higher iron concentration), the
initial dissolution effects complicate the graphic representation for

tests 18 and 19.

Figure 20 demonstrates that at higher grade, the lower current density
test achieved a lower cumulative current efficiency. Examination of
the values given for periodic current efficiency show, however, that
the Tower current does generally result in higher efficiency at
specific copper grade; and that the lower overall reading is a result
of the significantly higher apparent efficiency achieved through high
initial current density on the higher iron content sample.

The data collected show that it
to optimise current efficiency through

copper/iron concentraticn,

is possible, given specific

changes in current density during progressive ligquor treatment.

Although actual levels will

be determined by iron content in the

Tiquor, the range of solutions tested suggest the following base:
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Stage 1 : 680-80 A/m2
Stage 2 : 40-60 A/m2

The establishment of operating guidelines would, however, have to take
into closer account the relationship between initial and progressively
changing chemical conhditions. If current is reduced too early in the
treatment cycle (i.e prior to the perceived iron reduction 'trigger
point’) the effect can be comencement at positive recovery and
reversion to net loss if the change is too early (see previous report
on Mt Lyell Tab work : MDL test 14).

d) Flow effects on current efficiency

The rate of solution flow through the circuit has significant
demonstrated impact on apparent current efficiency. Again, the test
work has established two opposing inf luences:

a) Increased flow in the first stages of treatment result in an
increase 1in copper leaching and, therefore, reduction in
apparent current efficiency

b) In later stages of treatment increasing flow through the
cells should enhance supply of copper 1ions to the cathode
surface; bringing about an improvement in current efficiency
at lower grades.

The former, as has been demonstrated +in previous discussion, has a
marked impact on overall performance in terms of cumulative current
efficiency.

The marked initial difference in current efficiency recorded for tests
20 and 25 (Figure 21) is directly attributable to this effect. Both
were operated in the 2 inch circuit, under similar chemical conditions
but at varying flow rate (Test 20: 1800 1/hr; Test 25: 2400 1/hr).

A different presentation of the data from these two tests (Fig 22-
cunylative efficiency vs copper grade} suggests that improvements
possible through increased flow 1in later stages of treatment may be
minimal. Following a period of high apparent efficiency in response
to low flow (test 20) cumulative current efficiency curves against
copper concentration are virtually identical
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e) Effect of cell size on current efficiency

An  examination of the comparative results presented in Table 1
suggests that cell size may have a significant effect on process
performance. If this is the case, the governing factor must relate to
differing flow patterns in the cells in guestion.

In designing the field test programme cross—-sectional area calculation
was utilised as a basis of ‘'scale up’ from laboratory to production
sized cells. Allowance was made for differing anode diameter; and
pumps were selected accordingly.

The following factors were utilised to project 'scale up’ operating
parameters, from the small cell on which most of the laboratory
testing was based:

Cell diameter X-sectional Scale up
area (net of factor (vs
anode) mm2 1ab cell

32mm 766
54mm 1800 X 2.4
100mm 7366 X 9.6

On the basis of these calculations, a flow rate of 7,200 litres per
hour for the 4 inch cells would be equivalent to 1,800 Titres per hour
for the 2 inch circuit.

Results from the field programme, however, clearly show that
performance in the 4 inch circuit has matched (or exceeded) that of
the 2 inch circuit at significantly lower than this theoretical rate.

Clearly relative circumferences of the cells would appear to yield a
more valid comparison, Even so, the larger cell retains the
possibility of inherent  process improvement , Operating at
approximately double the flow of the 2" circuit, the 4 inch cells have
achieved between 25 and 35% improvement 1in overall performance, for

example:

Test 25 (2 inch circuit) : At flow rate 2400 1/hour, cumnulative
current efficiency to 15 ppm Cu of 9%

Test 19 (4 inch circuit) : At flow rate 4280 I1/hour, cumuilative
current efficiency to 15 ppm Cu of 12%

Figure 23 examines the progressive relationship between copper grade
and current. efficiency in these two tests. The graph shows a clear
separation of performance capabilities in the two cells during the
alectrowin cycle.
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FIGURE 23 : CUMULATIVE EFFICIENCY VS CU GRADE
VARIED GELL SIZES
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The smaller cell displays higher cumulative current efficiency at the
commencement of treatment. This is attributed in this analysis to the
effect of lower overall flow rate on copper dissolution.

Following apparent poor initial performance, due to exacerbated copper
dissolution at high flow, the large cell displays progressively higher
periodic current efficiency and therefore improved overall performance
(at progressively reducing copper grade).

A comparison between Tests 1 (4 inch circuit) and 6 (2 inch circuit),
operated under similar chemical and operating settings, supports the
enhanced performance capability of the larger cell - the former
achieving cumulative efficiency of 13% to 18ppm Cu, the latter 10% to
a similar level.

Compar ison between the Tlatter tests shows, however, improvement in the
larger cell throughout the test. This difference is attributed to the
initial relatively low iron content in these tests. It is suggested
that to maintain the enhanced performance at higher levels, the 4"
cell reguires operation at current density settings governed by iron
concentration in the 1liquor.

394054
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The data suggest that the larger cell be used in a direct electrowin
treatment route for Mt Lyell - flow and current density settings being
tailored to minimise copper dissolution at the front end of the
circuit.

f) Summary of Current efficiency Factors

The data collected damonstrate that current efficiency in direct
treatiment of the Mt Lyell Tliguor will be generally low. This is
exacerbated by the fact that apparent recovery reflects a net
relationship between copper electrowon and that dissolved (or
redissolved) by ferric sulphate.

The study has shown that copper dissolution can be minimised and
current efficiency can be enhanced through:

a) Changing flow rate through the electrowin cycle:

i) Low initial flow to minimise the rate of copper
dissolution, followed by

ii) Higher flow rate in Tlater treatment, to promote more
rapid supply of copper ions to the cathode.

b) Changing current density, to:

1) Maintain initial positive copper recovery by increasing
the ratio of electrowon to dissolved copper - i.e
increased initial current; and

ii) Lower current density inh later stages, to enhance the
supply and demand requirements of this Tlow grade
Tiguor.

c) Selection of cell size
The data collected suggest that the following operating parameters

(matched to the electrowin stages outlined above) will result in
optimum current efficiency in treating the Mount Lyell Tiquor:

Stage 1

Cu range : 150+ to 100 ppm

Cell size : 4 inch

Flow rate : 1800 1/hour

Current. density : 70 A/m?

Projected efficiency: 16%

(cumulative)

Test examples : Test 20 (extrapolated to 4" cell)
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Stage 2

€U range : 100 to 15 ppm

Cell size : 4 inch

Flow rate : 4000 1/hour

Current density : 50 A/m2

Projected efficiency: 13%

(cumulative)

Test examples : Tests 19,1

These settings will be utilised later in erecting a model circuit and
calculating projected operating performance for costing and
feasibility purposes.

5.2.2 Liguor Upgrade Option

The tests conducted at Mt Lyell on 'high’ grade liquor, as would be
expected, achieved much higher current efficiency. It is particularly
notable that the new cell maintained efficiency in excess of 90% 1in
stripping copper down to very low tenor (from 40 g/1 down to less than
1g9/1).

gSignificant enhancement of performance, over a conventional cell, is
the major reason that the use of solvent extraction in this context is
possible. Significant capital cost savings are possible in both
solvent extraction and electrowin circuits; and the proven versatility
of the new cell allows maintenance of high performance over a wide
range of chemical conditions.

Tests 4,5,10,15 and 22 were performed utilising the laboratory circuit
on liquor made up as follows:

Test 4/58/10

Water - 9.5 litres
Mt Lyell creek tiquor - 0.5 litres
Laboratory grade CuSO4 - 1.6 kg
Test_15

As for 4/5/10

Test 22

'Stripped’ liguor from Run 15 - 10 litres
Laboratory grade CuSO4 - 1.6 kg

Sufficient copper sulphate was added to achieve an initial liquor
grade of 40 g/7, a teror that would be achieved through solvent
extraction on the Mt Lyell waste stream (as tested by Henkel
Corporation in Melbourne).
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In the initial two runs, approximately 5% of the sample comprised
liquor from the Mt Lyell waste stream, intended to introduce
'contaminants' to the target solution, equal to or greater than that
which would result from solvent extraction.

The final test utilised 'spent’ liquor from run 15 as a base solution,
made up to approximately 40 g/1 Cu through adding copper sulphate.
The purpose was to determine cell voltage levels, at free acid
concentrations that would more closely approach those of a solvent
extraction eluate (liquor 'pre~treatment’ having resulted in
generation of ’free’ sulphuric acid).

Table 2 below sumarises efficiency levels achieved at differing
current density settings.

TABLE 2 - Current Efficiency Measurements, High Grade Liguor

Test No Current Cu range Current Effic.
density  {(ppm) {(cunulative %)
(A/m?)
From To
4 515 37,920 24,360 a8
5 394 24,200 1,000 100
10 121 980 158 81
15 618 40,800 524 100
22 900 39,800 8,900 98
Note : Current efficiency calculations are subject to
1imits of accuracy 1in copper assays and ligquor
volume measurements - efficiency of 98-100%

therefore represents a performance envelope within
which current inefficiency is not quantifiable.

Detailed records of periodic efficiency against depleting copper grade
and time are presented in Appendix 3 herewith.
Two main facts are immediately apparent from the above table:

* Close to theoretical current efficiency 1is achieved in
treating high grade ligquor with minimal iron contamination.

* The high efficiency achieved was at much higher current
density than is appropriate for direct electrowinning.
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Both observations have significant economic impact 1in the current
context., High efficiency results 1in a reduction in power cost in
copper electrowinning, by a factor of at least 8 (in comparison with
the direct electrowin above).

Maintenance of high efficienciaes at very high current density and down
to very low copper dgrades greatly reduces the size of electrowin plant
required for a specified production lavel.

Figures 24 and 25 here provide an example of the result of testing in
the middle range of operating parameters used (Test 15, current
density 600+ A/m?). The graph of copper depletion in Yiquor over time
(Figure 25) shows almost straight line recovery between 40g/1 and 0.24
g/1 Cu. Figure 24 examines the relatijonship between copper recovered,
in grams per amp hour of applied current, against theoretical yield.

FIGURE 24 : HIGH GRADE TEST 15
ACTUAL V3 THEORETICAL GM CU/AMP HR

400
A
350 .-"Tr.-F'

300 e

250 .

200 - J#’f/
150 - /,ﬁ

100

TU REL (GMS)
\lﬁ

50 o g
+

F{ ED 108 140 188 220 160 300 349

AWF HOURS
a Astuol + Thaartlcol

Plots of the other tests show the same close relationship between
actual and theoretical recovery, even at a current density in excess
of 900 A/m2 (approximately 4 times that at which a conventional EW
tankhouse operates).
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HIGH GRADE TEST 15
COPPER RECQVERY PROFILE
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Current efficiency of 76% recorded for the last sample interval of
Test 10 (460 to 158 ppm Cu) demonstrates the performance that can be
expected from this process, on a relatively 'clean’ liquor of similar
grade to the main waste stream.

The data

presented ably

demonstrate the

unigue performance

capabilities of the new cell, on a liguor of a camposition that would
be expected from solvent extraction treatment of the waste stream.
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5.3 VOLTAGE
The cost of metal recovery in electrowinning is a function of:

a) Applied current
b} Current efficiency
c) Cell or circuit voltage

Although nature of electrodes and liguor circulation play their part,
cell voltage is in turn governed principaily by:

a) Applied current
b) Liguor chemistry, and
c) Spacing between the cell electrodes

Recorded wvoltage measurements, 1in testing both the untreated waste
stream and the high grade fabricated ligquors at Mt Lyell, dbviously
reflect the differing liquor chemistries. Both sample series are
discussed below.

5.3.1 Direct Electrowin

The test programme has shown that changing initial copper and iron
grade in the 1liquor, over the range tested, causes only limited
variation in voltage for a given circuit configuration (Figure 26).
Progressive chemical changes during electrowinning do, however, have a
more marked effect.

For predictive purposes, therefore, it is assumed (within reasonable
1imits) that chemical composition of the untreated waste stream will
have 1ittle impact on operating voltages.

In treating the Mount Lyell waste 1liguor by direct electrowinning,
changes 1in cuwrrent density and electrode spacing are the major
contributors to variation in cell voltage,

Figure 27 illustrates the direct effects of current density, electrode
spacing and progressive chemical change on cell voltage — being
graphic representations of recorded measurements at the begimning and
end of two separate test runs (Test 24 : 4 inch cell; Test 26 : 2 inch
cell).
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FIGURE 26 CURRENT DENSITY VS CELL VOLTAGE
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The graphs supplied in Figure 27 clear 1y demonstrate:

a) A straight Tline re1at10nsh1p between current density and
operating voltage for a given cell,

b} Comparison between cell voltage profiles 1in the 2 inch
(electrode gap 13.5mm) and 4 inch (electrode gap 37.25wm)

c) The reduction 1in voltage that occurs between start and
completion of liquor treatment, in response to the pH change
occurring through reduction of 1dron and plating of copper
{consequent release of free acid).

Even at Jow current density (30 A/m2), operating voltage for the
larger cell exceeds twice that of the narrower unit. Within the range
of settings selected as appropriate to the project (50-75 A/m2 - see
Current Efficiency above), the narrower electrode gap results in a
threefold decrease in operating voitage.

Although the range of cells tested is not large enough to perform
quantitative calculation, the relationship between voltage and
electrode gap would appear to be Tinear (Fig 28).

FIGURE 28 CELL VOLTAGE V5 ELECTRODE GAP
VARYING CURRENT DENSITY (ML24,25)
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The Tack of an intermediate measurement between electrode gaps of 13.5
and 37.25mm may be the cause of the apparent Tinearity of this
relationship. If it were to hold true, the effect of increasing
electrode gap could be guantified at varying current densities:

A/m2 Increase per 10mm
electrode gap
Cammence treatment 100 + 3.2 volis
75 + 2.5 volis
50 + 1.6 volts
End treatment 100 + 2.1 volts
- 75 + 1.5 volts
50 + 1,0 volts

The data available damonstrate that the increase in wvoltage with
widening electrode gap 1is exacerbated at high current density; but
also that progressive liquor treatment and Jowering current density
reduce the effect.

Electrode gap 1in the cell under development is governed by the
respective diameters of anode and cathode.

The advantage in use of a larger cell at Mt tyell is clear - in
reducing the number of cells required for a given production rate.
Use of the larger cell from the field testing at high current density,
would be prohibited due to high power cost. There are, however, no
major constraints against altering anode diameter.

The narrower electrode gap used (13.5 mm) resulted 1in 'acceptable’
voitages in the 2 1inch circuit, over the range of current densities
selected above. Even further narrowing of the gap (through further
reducing diameter of the cathode due to plating) would have a
continued beneficial effect on voltage; but could result in flow
constriction and consequent increase in pumping costs.

A factor which will affect practical variation in electrode gap will
be the nature of copper product chosen. Progressive plating of copper
on the cathode automatically narrows the electrode gap. There is a
resulting benefit, in reducing voltage, but the available space in the
cell for plating before harvesting is restricted.

As will be detailed below, the conditions under which the Mt Lyell
waste stream would be treated (with respect to both chemistry and
projected operating mode) are such that formation of copper powder
rather than plate is promoted. As this product will automatically
Flush’ from the cell the constraints with respect to electrode gap
are removed,

Sizing of the ideal cell for direct treatment of the Mt Lyell stream,
therefore, becomes a balance between a number of factors:
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a) The minimum practical electrode gap - to reduce operating
voltage as low as possible without adversely affecting
product harvesting conditions.

b) Preferred product nature and harvesting method.

c) Optimum current density settings and the balance between
this factor and optimum cell production rate (a function of
the area of the cathode and current efficiency)

The choice of cell dimensions for a model treatment circuit will be
discussed in further detail below. However, 1in the context of
operating voltage, use of a large diameter cell (4 inch or 100mm} fis
recommended; fitted with a larger anode sized to achieve an electrode
spacing of between 12 and 15mm.

5.3.3 Liguor Upgrade Option

Voltage in the high grade liguor tests was significantly lower than
for direct treatment of the waste, due to higher sulphate
concentration and significant free sulphuric acid tenor following
electrowinning. ’

The following table details operating voltage and relevant chemical
conditions at the conmencement of each of Tests 4,5,10,15 and 22:

Test No. Cu_ H2804 pH Current, Cell
{(a/1) {(g/1) density volts
(A/m2)
4 40 0 2.4 515 5.2
5 24 27 0.8 394 2.7
10 1 58 0.4 121 2.3
15 40 ¥) 2.7 618 6.0
22 40 60 0.6 909 3.0

Voltage in all dropped rapidly during copper depletion, due to the
progressive liberation of free acid; and to 'closure’ of the electrode
gap through copper plating. As recorded 1in the tabular results
provided here (Appendix 3), even at the extremely high current
densities tested, the resulting calculation of power cost for copper
production are acceptable.

Figure 29 here plots the progressive Tlowering of cell voltage over
time 1in Test 15 (which commenced at a pH of 2.6 and O free acid
concentration).
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FIGURE 29 CELL VOLTAGE VS TIME
TEST 15
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ELAPEED TIME

With a reasonable initial free acid concentration of 6% (80 g/1),
operation as high as 900 A/m2 current density recorded a relatively
low voltage (Test 22 : start voltage 3.0).

All of the high grade testwork was conducted 1in a 1laboratory cell,
with an 1initial electrode gap of 12mm. As no tests were conducted on
the larger cell, a profile of projected voltage against electrode gap
cannot be formulated.

It is notable that operation on this liguor at 900 A/m? recorded a
cell voltage similar to operation of the larger cells directly on the
waste stream - but at a current density 18 times higher {direct
electrowin in 2" tube at 50 A/m2 = 3 volts).

Utilising sotvent extraction for ‘'upgrading' the Mount Lyell liguor
would result 1in a treatment stream containing higher concentration of
acid than used here. This will result 1in Jower resistivity in the
Tiquor and consequent lower operating voltage at a given electrode gap
and current density. A lesser increase in voltage with cell size can
therefore be expected. :
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Previous testwork supports the projection of cell potential of less
than 3 volts, for a 100mm cell with 37 mm electrode spacing, used for
Tater financial analysis of this treatment route. This assessment is
based on operation at current density between 400 and 600 A/mZ.

5.4 E/W POWER CONSUMPTION

Being the dominant operating cost component, electrowin power
consumption per unit of copper product will cbviously be the final
arbiter 1in economic analysis of the direct electrowinning route.

Tnrough the detailed information recorded, this is obviously
calculated onh the basis of the following formula:

wh
-—— = Power consumption (wh/gm Cu)
gm Cu

Note: Being 2 simple metric conversion the calculation
can be expressed also as kwh/kg or mwh/tonne Cu

wWatt hours = circuit volts x amps x elapsed time
Gm copper = calculated recovery (in this case based on liquor assays)

Electrowin costs differ considerably between direct electrowinning and
treatment of fabricated high grade liguor. The results of both test
series are outlined below.

5.4.1 Direct Electrowin

The site testwork was aimed at assessing performance of the cell under
a wide variety of conditions in a short period of time. Although
early results indicated that changing conditions during treatment. were
required to achieve optimum performance, methedical approach dictated
that settings be kept constant through individual test runs.

The detailed data recorded and discussed above, however, allows
confident evaluation of performance during specific stages in the
electrowin cycle,

Calculations of both periodic and cumulative performance have been
recorded for all tests. Although the cumulative data are useful for
analysis and interpretation of trends, detailed analysis of periodic
performance data is required for potential treatment plant modelling.

The testwork entailed continual recycling of soclution through a small
number of cells. The analysis of periodic data undertaken, however,
allows valid performance projections for a complete treatment cycle
(based on continuous, 'single pass’ liquor treatment).
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Power consumption recorded through the test runs reflects the
interrelationship of the performance factors discussed above.

Power consumption in the 4 inch circuit tests is obviously weighted by
high operating voltages, due to wide electrode spacing (a factor that
can be reduced through mechanical change to the cell).

On a cumulative basis direct 'cost’ of copper production ranged from
10 mwh/tonne (Test 13, 4" circuit) to more than 60 mwh/tonne {for
tests at high current density and wide electrode gap). The most
promising runs on the two inch c¢ircuit recorded overall power cost of
25.8 and 29.0 mwh/tonne in depleting copper to less than 20 ppm (Tests
6 and 18),

Power consumption for short test intervals ranged from as low as 7.2
to 1n excess of 80 mwh/tonne.

Modelling of a potential on-line treatment system requires correlation
of performance from different stages of specific tests, during which
optimum conditions (of flow, current density and current efficiency as
outlined above) were operating.

Table 3 sumarises pertinent data from the tests utilised for this
mode111ing.

Test 13 1is included 1in the tabie as an exampie of the performance
achievable from the process on partial reduction of ferric sulphate.
In winning copper at current efficiencies in excess of 40%, the test
recorded power consumption of around 7.5 mwh/tonne copper. This
result is not used for modelling at this stage.

Detailed power consumption calculations appear 1in the tabulated
results appended herewith (Appendix 3). It should be noted that the
values recorded do not reflect 'optimised’ operation for entire test
Funs. For example Test 18, which recorded relatively high current
efficiency of 13% in stage 2 electrowinning (between 110 and 15 ppm
Cu), resulted in relatively high cumilative power cost (approx. 40
mvh/t Cu), This was entirely due to high voltage (as a result of wide
electrode gap in the 4 inch cells) and reduced initial recovery (the
result of high flow rate).

Test 20 resulted 1in an overall power consumption of 39 mwh/tonne,
higher than would be expected under 1ideal conditions due to low
efficiency 1levels during stage 2 electrowinning {(low flow and
relatively higher current density).
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TABLE 3 : Summary of Operating Data
Tests Selected for Modelling Purposes
TEST N0 D HL20 TEST WO TN19
CIRCUIT : 2 Inch CIRCUIT ;4 Inch
CURRENT : 69 A/m2 CURRENT . B4 &/
FLOW 2 1800 1/hour FLOW © 4280 Y/nour
Elapsed Curec  Cell  Cell Curr off. Flapsed Curec  Cell  Cell Curr eff.
Time operiod Volts  Amps period Time period VYolts  Amps period
(gms) (gs)
0.70 26.5 3.5 10,0 32 2.03 0.0 1.3 15.8 B
4,55 50.3 35 10.0 13 3.90 13.8 1.4 16.0 10
10,42 96,3 5 10.0 10 8.7 40.8 §9 16,0 14
16.00 76.9 3.0 8.7 12 12.12 .8 6.5 4.0 11
22.05  86.3 3.0 10.0 9 15.35 408 6.6 154 13
28.12 5.1 2.4 10.0 b 20.03 4.2 8.5 15.5 14
32.03 18.6 2.8 10.0 4 23,95 51.0 6.0 15.2 16

L1 B 5.4 155 1
T 408 5.8 155 12
b8 4.2 5.6 185 §
0.7 204 5.8 155 2

TEST NO D HL3 TEST W2 UL

CIRCUIT 4 Inch CIRCUIT . 4 Inch

CURRENT D4 A/m CURRENT s 42 Afm

FLOW : 4380 1/hour FLOW . 3800 1/hour

Elapsed furec  Cell Cell Curr eff. Flapsed Curec  Call Cell Curr eff,
Time period  Volts Amps  period Time period Volts  Amps period

(ges) {gns)

4,52 1320 4.2 10,5 48 2.67 29,2 §.8 10.0 14
.21 99.0 3.9 4.2 45 4,62 15.% b.4 10.0 1
12.85  118.8 4.2 16,9 5 6.50 13.3 5.9 10.0 12
16,10 66.0 4,2 it.0 k7] .33 13.3 5.9 10.0 i?
20,50 1155 1.9 1.0 4 12,92 U5 5.7 10.¢ 13
460 1.6 1.4 10.8 a 16.55  29.2 5.5 10.0 14
27.85 2.4 3.8 10.0 22 0.1 29,2 5.1 10.0 12
i2.28 R 3.7 9.4 23 24,50 2.2 5.3 10.0 19
35.30 23,1 4,2 11,0 10 26,73 15.9 51 10.0 12

41,30 8.5 1.8 3.5 5

Detailed analysis of the data recorded allows the design of an on line
treatment system that would approach optimum performance for this
lTiquor; and for which projected power consumption levels can be
calculated. Different operating conditicns would be applied to
separate stages of the circuit, in accordance with the variations in
the electrowin cycle defined above (see CURRENT EFFICIENCY — Direct
Electrowin):
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Stage 1
Cu concentration
Rahge {ppm) - from 150

- to 100

Applied operating settings
Flow (1/hour) 1800—2000
Current density (A/m2) 70
Cell diameter (mm) 100
Electrode gap (ram) 15
Resulting performance factors
Projected voltage 3.7
Projected current efficiency (%) 186
Cu production/projected power consumption
Gm Cu per m?2 cathode/per hour 13.22
Watts per m? cathode per hour 259
kwh/kg (mwh/tonne) Cu 19.6
Circuit power consumption
% of copper produced in circuit 42.5

Overall power use (kwh/kg or mwh/t)

NOTES: 1.

294069

100
15

3600-4000
50
100
15

2.7

7.67
135

17.6

57.5

Cu concentration range is that expected from the test

programme and through analysis of company records for

the waste stream.

If copper grade proves lower, higher efficiency can be
expected due to accompanying lower iron grade. Higher
grade would be expected also to result in higher

overall efficiency.

2. Applied operating settings are as defined in preceding

sections of this report.

3. Voltage assumptions are

based

on the profiles

established for the respective current densities
proposed, extrapolated to an electrode gap of 15mm.

4, Current efficiencies assumed match those from the
relevant stages of the tests outlined.
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5. Gn Cu/hour = current x 1.18 x efficiency
6. Watts = current x voltage
7. Overall power usage 1is calculated from the copper
ranges specified for Stage 1 and 2 electrowinning.

Percentage production 1is utilised to calculate
'waighted’' combined power consumption.

5.4.2 Liquor Upgrade Option

Similarly to the direct electrowin tests, variation in power ’'cost’ in
the high grade tests 1is governed by solution chemistry and current
density. A1l of the tests were conducted with constant electrode gap
in the laboratory cell.

The tables provided (Appendix 3) detail calculated power usage on both
periodic and cumulative bases. In stripping copper between 40 g/1 and
0.5 g/1, the latter ranged from 1.9 - 3.6 kwh/kg.

Periodic power consumption reflected differing initial solution
chemistry (low vs moderate acid concentration) and the progressive
lowering of pH through formation of free acid by electrowinning.
Measurements as low as 1.33 kwh/kg were recorded, for appreciable
periods even at relatively high current density (e.g. Test 5: 17.6 g/1
to 5.8 g/1 Cu, at current density +/- 400 A/mZ).

The test operated at highest current density {Test 22, 900+ A/m2)
achieved overall copper recovery, between 39.8 g/1 to 9.9 g/1, at 2.35
kwh/kg. As acid concentration remained below that which would be
utilised for organic stripping in a solvent extraction step, this
vaiue can be regarded as a maximum for modelling purposes.

In providing a series of plots of voltage vs calculated acid
concentration, at varying current density, Figure 30 can be used to
predict operating voltage in this treatment route.

Projected operating voltage for the laboratory cell at varying current
density and 12% free acid are either recorded or can be projected at:

A/m2 Voltage
400 <1.7
600 1.7
900 2.4

Naturally, the size of the selected production cell will affect power
consumption, through the effect of electrode gap oh operating voltage.
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FIGURE 30 : ACID CONCENTRATION VS VOLTAGE
HIGH GRADE TESTS VARYING CURRENT DENSITY
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The results gained through the ML Lyell programme do not allow a
precise projection, but the data collected from +the direct
electrowinning work (and from previous studies) can he utilised to
provide an indicative calculation of performance of a given cell.

Sizing of the cell that would be required for treating a solvent
extraction stream at Mt Lyell is, again, somewhat dependant on the
nature of product required. The testwork conducted vyielded a dense
cathode plate between 40 and 7 g/1, even for the higher current
density runs.

In preliminary analysis, if plate is the preferred product, it is
suggested that a two metre long 80mm diameter cell would be close to
an optimum for this project. Commencing at 27.5 mm, electrode gap
would decrease to approximately 16.5mm on progressive cathode loading
to 50kg of copper .

On the basis of the data collected, projected operating factors for
this cell would be as follows:
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Treatment cycle

Cu concentration START END
Range (g/1) 40 10
Applied operating settings START END
Current density (A/m2) 400 400
Cell diameter (mm) 80 80
Electrode gap (mm) 27.5 17.5

Resulting performance factors

Projected voltage 3.0 1.7
Projected current efficiency (%) 95 a5

Cu preoduction/projected power consumption

Gn Cu per m# cathode/per hour 448 448

Watts per mZ cathode per hour 1200 680

kwh/kg (mwh/tonne) Cu 2.7 1.5

NOTES: 1. Copper range .1is estimated at this stage as 'delta

copper’ for electrowin circuit. Start and end factors
reflect change in liguor  chemistry  through

electrowinning.

2. If cell current is maintained constant actual current
density will increase as the surface area of cathode
decreases through progressive plating. Similarly

operating voltage will decrease as electrode gap
narrows through the same effect.

3. Current efficiency is as measured.

4, Estimation of cell numbers required in a treatment
plant examine the possibility of operating at current
density 600 A/m2 as well as 400 A/m2.

On the basis of averaging initial and final voltage and maintaining
constant current density through the treatment cycle, projected power
consumption for this model will be:

2.1 kwh/kg copper
It should be noted that the system can be operated in a mode that

would promote powder, rather than plate, production — principally
through increasing current density further.
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If such an operating mode were chosen for a future treatment plant,
narrower cells could be wutilised. This would result in a drop in
operating voltage; which would to some degree ’'balance’ out the higher
voltage that would result from operating at higher current density.

The above calculation s, therefore, used to make reasonable
projections of capital and operating costs for this treatment route.

5.5 PUWPING

5.5.1 General

As the effective use of this technology relies on high volure liguor
transfer, the test programme has examined pressure drop through the
varijous cells and circuits operated. These data provide a reasonable
basis for calculation of pumping cost in a treatment circuit.

The relevant factor here 1is the pressure loss that cccurs between
inlet and outlet of individual cells - expressed 1in psi. Increased
flow rate results in higher loss and an approximate 'cubed’ increase
in pump power consumption, Any treatment circuit using this cell
should, therefore, be designed to minimise pressure drop at the Tlow
rates envisaged.

Testing of a full sized cell during the ‘initial laboratory proaramme
suggested that flow rate above 1600 litres per hour for a 2 inch cell
would result in unacceptable pumping cost (in a direct electrowin
circuit at Mt Lyell), 1in accordance with the following table:

Flow Pressure Pumping
{1/hr) Dra Si power (watts)
3200 6.2 15

2400 3.5 32

1600 1.5 9.4

800 0.4 1.2

In the context of direct electrowinning cells operating between 89 and
170 watts (2 metre 1long 100mm diameter cell, under the modelled
conditions above), the higher flow rates would result in proportional
pumping power up to 90% of electrowin power consumption,

Pressure tests on site, however, have demonstrated that minor
alterations to the hardware will significantly reduce pumping costs.

Pressure drop across the cell is largely governed by the sizing of
inlet and outlet spigots. Additional pressure losses in reticulation
and fittings have been found to be minor in camparison with cell
losses.

Although formal investigation of potential change 1in cell hydraulics
have yet to be undertaken, it is expected that performance will not be
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significantly affected by changing diameter of the liquor ports. The
effect on pumping cost is, however, demonstrated to be marked.

A variety of flow/pressure profiles have now been generated for the
cells used at Mt Lyell - on both 2 inch and 4 inch units, Size of
lTigquor ports 1in the cells has been varied, within limits which would
not. be expected to significantly alter hydrodynamics. These include:

Cell diameter Tiguor ports

(I.D. mm)

2 inch 16.0
17.5
23.0
4 inch 17.5
23.0

The tests have shown 1little difference 1in pressure drop across
individual 2 inch and 4 inch cells with the same liquor port diameter.
Minor increase in diameter on both units has, however, been proven to
significantly reduce pressure drop.

Figure 31 illustrates the effect of increased port diameter on testing
of single cells. Also included is a plot of pressure drop across 10
cells connected in hydraulic series (total pressure loss being divided
by 10 to achieve a value for comparison with the single cell tests).

FIGURE 31 : PRESSURE DROP INLET/OUTLET
VARIOUS DIAMETERS
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The graphs clearly show that a significant decrease 1in pressure drop
is achieved at high flow, even through a very small increase in port
diameter (16 to 17.5 mm). Markedly lower pressure drop is indicated
for a cell fitted with 23mm spigots.

At the higher flow rates modelled for a possible treatment circuit
(3600-4000 1/hour), pressure loss across the cell is decreased by a
factor of more than four through an increase in port diameter of only
5.5mm.

The graph for pressure loss over 10 cells in hydraulic series (2 inch
circuit) suggests that losses 1in a circuit will in fact be less than
that measured for individual cells. The data recorded does not take
into account pressure drop through fittings required to mount pressure
gauges on the cells. Measurement of a number of cells in hydraulic
series will ’spread’ such a loss - yielding the overall ’improved’
plot in question.

For the sake of conservative projection, measurements on single cells
are used in modelling potential treatment routes for Mount Lyell.

The optimum operating flow rates cited above would result in the
following indicated pressure drop for a c¢ell fitted with 23mm inside
diameter ports:

1800-2000 1/hour : 1.0 psi

3600-4000 1/hour : 1.5 psi

Pumping power, in watts per cell, can be calculated in accordance with
the following formula:

Punp power = Q X delta P
(watts) = = o —mmmee———o
3.6 x 145 x E

The formula being a combination
of conversion factors and:

Q = Flow in litres/hr
delta P = Pressure drop in psi
E = Pumwp efficiency (e.g. 50%)

The above pressure losses convert to an indicated power consumption to
pumping per cell of:

Flow rate Watts par cell
1800-2000 1/hr 7.3
3600-4000 1/hr 21.9
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5.5.2 Direct Electrowin

Projected electrowin and pumping power consumnption, for the model
circuit outlined in section 5.4.1 above, can therefore be presented as
follows:

Electrowin stage

Stage 1 Stage 2

Operating parameters
Flow (1/hr) 1800-2000 3600~4000
Cell pressure drop (psi) 1.0 1.5
Current density 70 50
Cathode area per cell (m?) 0.63 0.63
Amps per cell 44 31
Projected volitage 3.7 2.7
% copper output 42.5 57.5
Power consumpt.ion
Electrowin (watts per cell) 163 85
Pumping - watts per cell 7.3 21.9

- % x electrowin 4.4 25

At the higher flow rate for stage 2 electrowinning, pumping cost
remains high as a proportion of electrowin power. However , averaging
of the calculations (on a weighted basis against proportion of the
plant operating at specific flow rate) 1indicates the following
projected pump cost as a proportion of operating electrowin power :

Pumping power cost = 16% x electrowin power

On the basis of previous calculations of projected electrowin power
consumption (5.4.1 above) pumping cost in the circuit will approximate
to:

2.9 kwh/kg copper

It should be noted that testing of a circuit has recorded lower
pressure drop factors than single cells, making this calculation a
conservative estimate,

5.5.3 Liguor Upgrade Option

Pumping power cost in the use of this technology is presented above as
a comparative factor against power usage in individual cells.

Proportionately, therefore, pumping power usage, although remaining
constant and related to dimensional factors in the cell, will decrease
as applied electrowin power is increased.

(o]
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In other words operation of a cell at higher current will reduce the
cost of pumping per tonne of product.

It has been suggested that cells would be cperated at a current
density of 400 A/m2 {(up to 600 A/m2) on high grade ligquor froma
solvent extraction plant. At 200 amps per cell (projected cell
dimensions = 0.5m2) electrowin power will egual approximately 740
watts per cell.

On the basis of the above calculations, pumping power consumption
becomes a minor cost in comparison with electrowin power.

5.6 PRODUCT NATURE AND QUALITY

Selected cells were opened, cleaned and examined at the end of each
test run. Again, the nature of product is related to chemical and
operating conditions applied — the most significant difference being
between direct electrowinning from the waste stream; and from high
grade fabricated liguor.

5.6.1 Direct electrowin

Both copper powder and plate were produced during direct
electrowinning. The method of operation chosen (recycling of a chosen
sample volume) coupled with chemical conditions inh the Tliguor
(redissolution of copper by ferric sulphate) masks the conditions
under which each product s formed. The following general comments
are supported by the observations made:

a) The formation of plate occurs at higher grade and under low
current density conditions.

b) Low grade, low flow and high current density promote powder
formation.

c) Chemical conditions are such that plate formed in initial
treatment of the solution is largely redissolved by
subsequent 'attack’ by ferric sulphate

The requirements for plate formation through most of the treatment
cycle are outside of those proposed for the model treatment circuit-
the latter entailing:

Stage 1 : Higher copper grade in solution.

High current density, to alleviate the effect of
ferric iron dissclution of copper cn overall power
consumption. Low flow regime designed for further
minimisation of the iron effect.
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Stage 2 : Generally low copper grade.

Lower current density and higher intended flow
would promote plate production only if copper
grade were maintained.

Operation of an on-1ine circuit for the waste stream would result in
any plate formed, in initial treatment, being subject to continual
attack by 'fresh’ ferric sulphate sotution.

Therefore, although the technology allows tailoring of product through
changing operating parameters, the product expected from continuous
direct electrowinning from the Mount Lyel]l waste stream comprises fine

copper powder.

Powder forms as a fine layer on the cathode surface - which, on
reaching a certain thickness, detaches under the influence of flow
related shear. A1l of the test runs have demonstrated that the
material detaches readily during operation; allowing harvesting
thereof on a continuous basis.

Product is fine grained, but has been damonstrated to settle rapidly
due to the high specific gravity of copper. It 1is envisaged that
harvesting would entail simple gravity settling at the end of each
bank of cells.

A number of batches of powder product were retained for assay and
reference purposes. Indicative testing of one representative sample,
by the site laboratory, returned an assayed grade of 99,3% copper.

Further assays were not undertaken for two reasons:

a) Electrowinning was generally continued beyond almost total
depletion of copper — to a point that it would be generally
expected that other metals in solution may commence plating.

b) The volume of product from individual test runs was limited
(maximum contained copper 1in samples being less than 300
grams) resulting in  high possibility of sample
contamination.

The one assay performed, however, indicates that grade achievable in
the product is extremely high. Analysis of iron and aluminium grades
through testing 1indicates that 1little or none of these metals will
plate, given the right conditions. The 0.7% residual in the sample is
suggested to reflect oxidation or contamination during collection.
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5.6.2 Liguor Upgrade Option

In a conventional plant (due to limitations in flow and efficiency) it
would be expected that most of the product from operating at the high
current densities chosen for the Mount Lyell programme would be in the
form of powder.

A1l of the tests recorded here recovered copper as dense cathode plate
down to very low Tiguor tehors.

The grade at which powder formation commences varies in relation to
current density and flow through the cell. Generally, however,
coherent plate is maintained down to a grade of approximately 5 g/1 at
current densities between 400 and 600 A/m2. The apparent 'boundary'’
between product types at 900+ A/m2 s slightly higher, at
approximately 7 g/1 Cu.

Operation on a ligquor of this chemistry allows extreme versatility in
control of product, the system (through lowering of current density
and increasing flow velocity) being capable of dense cathode
production down to far lower copper grades.

It should be noted that progression from plate to powder is not
accompanied by reduction in current efficiency in the tests, until
copper grade in the liquor reaches levels below S500ppm.

In the Mount Lyell tests, nature of the plate changed progressively
with increasing current density - 1in general terms as follows:

A/m2 Nature of plating

400 Dense plate, slight roughness on surface
500 Dense plate, minor roughness on surface
600 Dense plate, slightly ncdular

900 Dense nodular plate

The surface characteristics cbserved were maintained throughout the
test runs at given current density — i.e the nodularity at higher
settings did not increase with progressively thicker plating.
Required Tloading on the cathode can therefore be expected even at
these high current densities without interference with the electrical
circuit across the electrolyte.

It has been suggested that a cell diameter of 80mm and current density
setting of 400A/m2 would be appropriate to the Mt Lyell project (5.2.2
above). A 2 metre cell would reach a harvest weight, of 50 kg dense
copper product, on plating of the cathode to an approximate thickness
of 10mm.

Similarly to the results of testing of liguors from other primary
mining projects, a product purity in excess of 99.9% copper can be
expected.

94079
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6.0 THE MOUNT LYELL RESOURCE

Although examination of the Mt Lyell orebody and its environs suggests that
copper leaching could be promoted at a number of localities, the scope of
the current exercise has been lTimited to existing and easily containable
waste streams.

The major targets for this programme therefore comprise:
1. The West Lyell waste rock underflow (Fig 32, Tlocality 5), and
2. The conveyor tunnel outflow (Fig 32, locality 8a).

The former arises through leaching of the substantial dumps of waste ore
from the old West Lyell open cut; and 1is naturally confined to a creek
which flows past and through the current treatment plant and office areas
(see Figure 32).

The 47 million tonnes of waste rock produced over the 1Tife of the West
Lyell open cut contains approximately 10% pyrite and appreciable (albeit
subeconomic at the time of operation of the open cut) copper
concentrations. Pyrite is present in a finely divided form, amenable to
oxidation and acid formation. These factors combine with consistent annual
rainfall to produce high flows of acidic solution which are high in soluble
copper concentration.

The current mining operation 1is concentrated on the Prince Lyell orebody,
which extends below the old wWest Lyell open cut. Sub-level open stoping
produces approximately 1.5 million tonnes of ore annually, at average grade
1.6% copper, for treatment by floatation. As the mine moves deeper, Tower
grade material flanking the mined orebody is allowed to cave into previous
mining levels.

As mining is limited to a cut-off grade of around 0.7% copper, the broken
ore underground represents a substantial potential resource of slow
leaching ore.

As a consequence, rain falling on the open cut and its catchment percolates
through 360 metres of fractured and caving pyritic rock before it reaches
the current mining level. Mine dewatering therefore results in a
substantial stream of copper bearing waste liquor, of generally higher
grade than the waste dump effliuent.

The operating company (Mount Lyell Mining and Railway Co.) has maintained a
methodical sampling programme on the waste streams over a number of years.
The data collected over the past two years from the Jlocalities of
particular interest have been examined during the course of this programme.
In general, the interpretation conducted supports results reported by the
local environmental manager (I.Woods, Renison Consolidated Limited),
following detailed collation in 1991,
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Typical characteristics of the initial target streams have been reported by

Woods as follows:

Factor Waste rock Mine water Combined

Cu (ppm) 130 170 150 )
Fe (ppm) 1160 520 854

Al (ppm) 300 200 252

Zn (ppm) 13 7 10

Mn (ppm) 140 40 92

S04 (ppm) 8200 3800 6097

pH 2.5 2.9

Flow (m3/day) 4700 4300 9000

The resulting combined flow contains approximately 1.35 tonnes of copper
per day — 90% extraction of which would regquire a 1.2 tonne per day
production facility.

Records of flow from the mine dewatering show a significant increase in
copper concentration in that source, for the period Jan-Dec 1991. Formal
records for this period (Locality 8a, Appendix 4) suggest an average copper
content in excess of 300 ppm, for a flow in the region of 5,500 m3,day.

Such an increase would yield an additional 0.9 tonnes of copper daily-
requiring a production capacity of approximately 2 t/day.

Woods’ comprehensive study in 1991 suggested that a total of approximately
700 tonnes of copper leaves the site annually 1in the form of acid mine
drainage.

Several pertinent cbservations impact on the current study:

* There are a number of waste streams currently being generated by
the site. The two major sources will yield a minimum of 1.2
tonnes of copper per day, based on recovery of 90% of contained
metal. : co

* There are several factors.thaﬁ.cou1d significantly increase this
yield:

a) Copper concentration in. mine dewatering appears to have+
increased in recent years,

b) Subsidiary AMD streams could be captured and added to the
treatment system.

c) More rapid leaching of copper from the dumps and underground
ore could be promoted.
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The former would have immediate impact on the project; the latter
being a future possibility only.

* Typical characteristics generated for the liguor from records
over a reasonable period of time differ, possibly significantly,
from that tested in the current programme:

Specifically: Iron concentration 1in the dump waste stream is
lower than that tested (850 ppm for the combined
stream as opposed to approximately 1500 ppm in the
current programme).

Given a decision to proceed to the next stage of this project, detailed
analysis of these factors would be undertaken. For the purpose of this
study, however, minimum facility requirements are confidently projected as
follows:

Waste volume : 9,000mz/day
Copper tenor : 15G ppm
Projected recovery : 0%
Production capacity : 1.2 tpd copper

Naturally, a project based on treatment of the waste streams would entail
provision for significant short term varijations 1in flow - either by
establishment of a storage dam and/or through isolation of the liquor
sources.

The effect of torrential rainfall on the surface drainage system has been
observed to be of short duration, reflecting rapid surface run-off from the
total catchment area. The result {at, for example, the test site chosen)
is obviously a significant short term increase in volume, accompanied by
decrease in contained copper grade.

A Yiquor management scheme, which would isolate the major copper-bearing
solutions from fresh run-off could be readily imposed.

Large volume buffers exist at the point of source of both major waste
streams. Percolation through ore in the waste dumps and underground should
be relatively evenly distributed and slow, as a result of which the effect
of occasional torrential rain should be 'smoothed’.

Comparison of recorded Tflows from both sources during 1991 (Fig 32)
supports this observation - mine pumping rates being relatively constant
through the vyear, with an 1increase by approximately 30% following a
dramatic increase 1in surface flow (probably the result of a short duration
storm — on or close to the 19th Nov).
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FIGURE 33 FLOW MEASUREMENTS, 18591
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The mounting of a treatment operation on these liquors should contamplate
the possible closure of the Mount Lyell mine in four years. Once closed,
the underground workings couid represent and 1ideal reservoir for the
operation.

It is considered, therefore, that the liquor storage facilities required
for a treatment operation can be minimised (to possibly equivalent to 7
days plant throughput). In addition, both treatment routes under review
will be able to handle reasonable variations 1in throughput without
significantly affecting copper recovery (up to 15% variation in flow).
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7.0 TREATMENT CIRCUIT OPTIONS

Two treatment routes are considered to offer potential wviability in
extraction of the copper from the Mount Lyell waste streams:

OPTION A Direct Electrowinning, on a single pass basis, through
banks of cells mounted in hydraulic series.

OPTION B : "Upgrading’ of the liguor through solvent extraction,
in conjunction with copper recovery from a recycle
stream.

Solvent extraction, in this context, is a well established technology. Its
basic principles will not be elaborated here, aside from references to
possible process improvements that may be achieved in using the new cell
for subsequent copper electrowinning.

The choice of a treatment circuit will naturally rely on study of capital
and operating costs - a preliminary analysis of which is presented later in
this report.

It is stressed, however, that the viability of the solvent extraction route
relies heavily on the use of the new cell:

a) By virtue of the reductions in capital cost that are possiblie in
the electrowin circuit, and equally

b) B8y virtue of simplification of the solvent extraction circuit,
possible through use of the new technology.

Model circuits for both treatment options are ocutlined below. Although
combination of the major waste streams and sourcing of other liquors may
increase performance or expected copper yields (Section 6.0 above),
mode1ling will assume worst case conditions, similtar to those encountered
in the current test programme.
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DIRECT ELECTROWIN ROUTE

Modelling of performance factors detailed above, would require
installation of the following:

7.1.1 Electrowin cells

The nurber of cells required in a direct electrowin circuit is
calculated on the basis of the following criteria:

STAGE 1 STAGE 2
Cu grade in liquor ppm 150
Liguor volume m3/hr 3756
Target copper recovery % 90
Cell dimensions:
Length mm 2000
Diameter mm 100
Cathode area me 0.63
Current density A/m2 70 50
Current efficiency % 16 13
Amps per cell 44 32
Production per cell gm Cu/hr 8.3 4.9
Proportion of plant % of total 30 70
Proportion of production % of total 42.48 57.52
NO. OF CELLS REQUIRED per stage 2580 6020
TOTAL 8600

Although a large number of cells are therefore required for the
direct electrowin route, it should be noted that plant cperation
{designed to produce powder) would essentially be automatic.

7.1.2 Pumping/Tiquor reticulation

A direct electrowin facility would be intended to achieve the
desired copper depletion in one pass through banks of cells
linked in hydraulic series. At the designed flow rate (section
5.2.1 above), this will reguire establishment of approximately
100 banks of cells (375,000 1/hr at 3,600 1/hr through individual
banks).

On the basis of the criteria outlined above each bank of cells
would comprise two sections:
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Section 1 : Reflecting optimum chosen parameters for
stage 1 electrowinning.

Two parallel sets of 12 cells operating at
1800 1/hour and 70 A/m2.

Section 2 : Under chosen parameters for stage 2
electrowinning.

One Tine of 58 cells 1in hydraulic series
operating at 3,600 1/hour and 50 A/mZ.

Flow through the two sets 1in Section 1 would join to run directly
through Section 2, thus achieving the differing rates reguired-
i.e:

Stage 1 Stage 2
SEK Kk Kk ok kX
X
¥ K K K K K K K K K X kK Kk K KD
*
B EEEEE:
1,800 i/hr 3,600 1/hr
24 cells 58 cells

A relatively complex reticulation system would bDe reguired,
probably entailing supply of ligquor via manifold to a number of
banks of cells. Connection between cells is simple and requires
only flexible hoses.

Situation of the facitity could be such that advantage could be
taken of natural ’head’ (from points of source of the solution)
for operation at flow required 1in Stage 1. For modeiling
purposes, however, pumping from a static reservoir is assumed.

These cell configurations and flow parameters require pumping of
a total of approximately 6,000 litres per minute at a head of 80—
100 psi. This requirement could be met by a single pump (with a
stand-by unit) or through a series of units. In order to
maintain close control of flow; and to allow possible variation
under changing conditions, a ‘'booster' pump system could be
installed within the circuit.
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Exact pump specification can await further study as it is likely

that direct electrowinning would require further piloting prior
to final design.

7.1.3 Power supply/Rectifier

Analysis of power consumption levels {section 5.4 above) suggests
the Tollowing AC-DC conversion reguirement for the plant

modelled:
Production rate : 50 kg Cu per hour
Operating power requirement : 920 kW
Projected rectifier efficiency: 90%
Rectifier specification : 1,000 kW

Calculation of power requirement 1in pumping (section 5.5 above—
equivalent to approximately 16% of electrowin power), dictates
supply of approximately 150 kW for this purpose (pump efficiency
factor already built in).

Total plant power requirement is therefore indicated to be
between 1.1 and 1.2 M.

7.1.4 Product Harvesting

As copper production is relatively low (1.2 tonnes Cu as powder)
it is suggested that product harvesting and storage facilities
would not be elaborate. A simple system comprising settling
tanks, product washing and filtering ('wet’ bagging at around 20%
w/w moisture) is currently envisaged.

Although, as will be discussed further below, it is likely that the
direct electrowin route will yield significant operating return, it
requires large numbers of cells and relatively large pump and power
facilities. It operation would, however, be simple and automated.

Being based on modelling of experimental data, prudence would reguire
further piloting before finalising plans for a production plant of
this nature. This could be readily effected through operating a
single bank of cells, in the pattern outlined above.
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7.2 LIQUOR UPGRADE RCUTE

The attractions in using solvent extraction on the Mount Lyell waste
are obvious, from the discussions of operating performance outlined
above. In general, they arise through alleviation of the adverss
effects of high iron levels in the Tligquor:; and 1in the established
performance potential of the new cell.

7.2.1 Solvent Extraction Circuit

Minproc Engineers Pty.Ltd., a consulting group well experienced
in the relevant field, were comissioned by Euralba to prepare a
preliminary study of process requirements and capital/operating
costs for an SX/EMEW (solvent  extraction/Euralba Mining
ElectroWin process) facility at Mount Lyell.

In completing that study, Minproc have relied on ’'shake-out’
tests conducted by Henkel Corporation (supplier of solvent
extraction chemicals) on the waste Tliquor and on a carefu)
analysis of the EMEW cell capabiltities.

The isotherm calculations provided by Henkel are supplied here as
Appendix 2. Tha Minproc study, which is relied upon for the
following details, is available under separate cover if reguired.

The facility was initially sized for 330m? per hour throughput,
approximately 10% less than the projected total volume in the two
major waste streams. Adaptation to slightly higher volume
throughput can be readily achieved, the only effect being a
slight rise in capital cost.

The designed circuit contemplates 90% copper recovery from two
extraction stages and one strip stage. It has been
conservatively designed, using the traditional mixer-settler
systems developed in the 1960-1970's, and has been formulated
from first principles using the design criteria outlined in Table
4,

Minproc have provided a preliminary flow chart for the operation,
presented here as Figure 34.

7.2.2 Electrowin Circuit

The electrowin circuit required to match this plant would be
small, modular and comprised of the following (target production
= 1.2 tonnes Cu per day):

Pumping

Provided for 1in Minproc SX plant design - no further
provision required.
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TABLE 4 : DESIGN CRITERIA, MT LYELL SOLVENT EXTRACTION PLANT
FACTOR UNIT CRITERION
Soiution feed rate m3 /hr 330
Plant availability % overall g5
days/year 346
hours/day 24
days/week 7
PLS -~ typical liguor analysis
Cu g/ 0. 150
Total Fe g/1 2.0
H2504 a/1 0.1
Si * as Si02
TSS ppm *
pH 2.55
Temperature °oC *
Viscosity cP *
Extractant
Type Salicylaldoxime
and modifier
SG kg/1 0.91 - 0.97
Viscosity cP 200 - 45 (15-300C)
Diluent
Type High flashpoint
kerosene
SG kg/1 0.8
Viscosity cP 1.5 (35¢°C)
Flashpoint oC 80 (100 kPa)
Aromatic content % 20 max
Organic
Volume % extractant % 2
Loading g/Cu/Voi % 0.50
Cu:Fe selectivity 500:1 (design)
Org.entrainment ppm corganic cts 70
pPpm agueous cts 100
Agu.entrainment ppm organic cts 300
ppm agueous cts 250

Org. entrainment in raffinate recovery
Agqu. entrainment in L.O. recovery

Diluent evap. open
closed
Crud removal -

rmm/day
mm/day

baffles in pond
baffles in tank
2

0.1

suction pump into coffer dam
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TABLE 4 = Continued
Electrolyte
Copper delta g/1 20
Spent electrolyte:
Cu g/l 30
H2504 g/1 180
Total Fe g/1 0.5 (design)
Co g/ *
Cl ppm *
Advance Cu g/l 50
SX configuration
Continuous E1 aqueous
Ez agueaus
51 organic
O/A ratio E 1:1
S 1:1
0O/A advance ratio E 1:1
S 99:1
Stage efficiency E1 % 87
Ez % 95
S % 40
Overall Cu extraction % 91
Stages - extract 2 in parallel
strip i
Addition point spent electrolyte strip first mixer
Mixer retention time E  sec 180
S sec 120
Settler rating m3/h m2 5

Fire protection

water deluge

* = not available
time of study

294091
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Electrowin cells
Cell dimensions - diameter : 80mm

length : 2000mrm
Current. efficiency : 95%
Current density : 400 A/m2 or 600 A/m?
Production per cell (g/hr Cu) : 225 336
Number cells required : 225 148

The cells can be hydraulically connected either to achieve
target depletion of the Tliquor in a single pass, or as a
recycle circuit.

Rectifier

AC-DC Transformer @ 85% projected efficiency : 180
kilowatt

Neither of the two process steps requires substantial civil
works, beyond concrete footings, Cover is 1imited for the
solvent extraction plant; and the electrowin circuit would occupy
an area of only approximately 5 x 5 metres.

In addition to the inherent simplicity of the EMEW system, the
study undertaken has suggested that several features of the
combined SX/EMEW process are of particular note:

x* The capacity of the cell to maintain high efficiency, in
winning copper down to low grades even at high current
density, allows a wider delta copper range (the difference
between grade of feed to the tankhouse and 1iquor returned
to the organic strip stage) than in a conventional
tankhouse. As a result 'free' acid concentration in the
'spent electrolyte’ 1is higher, offering greater efficiency
in stripping and concomitant circuit simplification.

* As well as the cell being modular and requiring limited
civil works (in comparison with a conventional tankhouse)
its proven capability to operate at high efficiency, at
significantly greater current density than is wusual, has a
direct impact 1in reducing the cathode area required to
achieve a specified production rate.
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X There is no requirement in the circuit for elaborate organic
scavenging from advanced electrolyte. In a conventional
tankhouse, any residual organic phase collected concentrates
at the electrode 'water-line’, and burns onto the cathode
surface. In the EMEW call, the closed turbulent system
simply returns any organic content back to the stripping
mixer settler feed.

* Expansion of a facility at Mt Lyell could be rapidly
achieved, on a modular basis, in both solvent extraction and
electrowin steps.

* Liguor reticulation reguirements for the electrowin circuit
are simplified in comparison with conventional tankhouses.

Other pertinent features, not necessarily specific to use of the
process in conjunction with solvent extraction, include:

- No lead contamination of cathode
- No acid mist emission
- Reduced 1ikelihood of 'hot spots’ and short circuits

A1l of these factors contribute to the view that cambining solvent
extraction with the new electrowin technology is an appropriate method
for treatment of the Mount Lyell waste streams. Process
characteristics of the new cell lead to a significantly lower capital
cost than could be contemplated using a conventional SX/EW system,

Unlike the direct electrowin route, it can be confidently argued that
such a treatment system would not require further piloting on site.
Solvent extraction 1is a well established process for upgrading of low
grade solutions, whose performance on this Tliquor is confidently
predicted by both Henkel and Minproc. The attached electrowin
facility would be operating under conditions that are well tested, It
is a comparatively small facility, which 1is well within the current
engineering and mechanical status of the technology.

If required, piloting would comprise operation of a ’'mini’ solvent
extraction circuit in conjunction with a few cells.
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8.0 PRELIMINARY FINANCIAL ANALYSIS

Both possible treatment circuits are subjected to preliminary financiatl
analysis below., The data provided on the solvent extraction circuit is
extracted from the study undertaken on the company's behalf by Minproc; and
is based on that company’'s experience in planning, fabrication and
installation of such facilities.

Capital costing of the direct electrowin route is based on modular costs

that have been established over two years development of the technology.
Operating costs are based on the results of the recent site investigation.

8.2 CAPITAL COST PROJECTIONS

8.2.1 Direct Electrowin

The principal cost 1in the direct electrowin route 1lies in the
fabrication of cell end caps and purchase of anodes. It is poassibile
to make a reasocnable estimate of these costs on the basis of
individual cell manufacture, given the knowledge built up through
development of the technology.

a) CELL FABRICATION

The cost 1in an individual cell assembly is built up of the
following components:

End Caps

Current manufacturing cost of end caps is relatively high, as
they are fabricated through complex machining of commercially
available PVC components. The number of units reguired in this
facitity would, however, justify (and require) their manufacture
through injection moulding.

Preliminary estimates of manufacture by this method indicate a
unit cost of between $5.00 and $7.00.

A final cost projection of $15 per unit would provide for
manufacture of dies; and for any ancitlary fittings to the caps
(bringing cost per cell to $30.00).

A plant of this size would justify engineering and fabrication of
comon end caps for muitiples of cells (probably 20). The result
would be simplification of reticulation and electrical wiring,
but probably not significant decrease in the above cost.
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Anodes

Again, the anodes currentiy in use are expensive itams
(equivalent to approximately $90 per meter, being titanium with
iridium/yttrium oxide coating) - designed to operate at very high
current density. The low settings proposed for this route would
allow significantly cheaper materials to be used.

The cell proposed for the direct electrowin route 1is 100 mm
diameter, with an electrode gap of i15mm. The ancde required
would therefore be 70 mm in diameter. The ratio of cathode:anode
surface area being approximately 1.3:1, maximum operating anode
current density would be 93 A/m2 (at cathode current density 70
AfmZ) .

An investigation of available materials and coatings for
'lighter’ duty anodes has yet to be conducted, but it is
considered probable that their cost would be less than 50% of the
ones currently in use.

A preliminary estimate of $90 per cell is therefore
conservatively placed on the anode cost per celi.

Cathodes

The cost of cathodes 1is dependant on the type of material used
and the quantity entailed in a single purchase. The former is
governed partially by the nature of product from electrowinning.

In all projects examined to date, where plate is the desired
product, it has been proposed that the cathode be commercially
available copper pipe. This mode of operation envisages
harvesting and sale of the entire cathode, on 1its reaching
desired weight. The cost of the electrode therefore becomes an
operating rather than capital item.

Preliminary experimentation has shown  that stainless steel
cathodes could be used as a starter 'tube’, from which copper
plate could be mechanically stripped for sale. However, as the
technique has not been developed on a production scale cell, use
of a copper cathode would remain the current preferred choice.

Direct electrowinning on the Mt Lyell liguor has been modelled on
the basis of powder, rather than plate, production. In this
case, it would be proposed that 316 stainless steel cathodes be
used.

'Off-the—shelf' cost of stainless steel tube is relatively high-
approximately $40 per metre (as opposed to copper at
approximately $10 per metre). However, as has been found to be
the case with purchases of copper tube, bulk 'trade' ordering can
result in an approximate halving of this price.

)
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A projection of $40 per 2 metre cell 1is therefore provided as a
capital item in this study.

Inter-cell connections

The cells are readily connected 1in series utilising flexible
hose, commercially available at approximately $3 per metre.

Electrical connection between cells entails simple wiring, of
relatively low current rating (maximum 50 Amps). Being closely
Juxtaposed wiring of the c¢ells does not require excessive cable
lengths (for the purpose of this study assumed at 0.6m per cell,
at a cost of around $3 per metre).

Assembly of the cells into multiples with comon end caps would
reduce costs in connections. For this study, however, a combined
cost of $5 per cell i1s assumed.

Mount ing

The cells would be mounted (in multiples) on racks, unless the
system is modularised into units of 20, in which case it is
expected that the modules would be free-standing.

A provision of $10 per cell would more than adeguately cover the
cost involved.

Total cell cost

Total cell costs in the model presented are therefore as follows:

Per unit per cell Plant $

_$ 3 (8,600 cells)
End caps 30 60 516,000
Anode 90 90 774,000
Cathode 40 40 344,000
Connections 5 5 43,000
Mounting 10 10 86,000
Totals 205 1,763,000

Any savings possible in  fabricatijon costs would impact
significantly on this projection - for example, a saving of $50
per cell (25% of 1its projected cost) would reduce capital
expenditure by close to $0.5 million.
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b) PUMPING

Costs of pumps in this circuit would depend on the final
reticulation pattern chosen. Preliminary estimates are however
possible on the basis of the data generated.

A single pump capable of delivering 25% of the flow envisaged
(6,000 1/min) at the pressure required (up to 80 psi) has been
costed at approximately $5,000.

If a single pump were utilised, its unit value has been estimated
at approximately 3 times this figure. Provision of a back-up
unit would double projected expenditure.

On this basis a capita?l projection for pump purchase is placed at
$40,000.

c) RECTIFIER

The price of rectifiers is Jargely governed by the degree of
internal circuit complexity (controllability) and the level of
control over grid current variations desired.

On the basis of a unit currently being installed by GEC in New
South Wales ($1.4 million, 4 mW capacity), price of a new
rectifier for this project (1 mW) would be 1in the region of
$350,000.

Discussions with manufacturers have, however, indicated that
second hand rectifiers are readily available - at a price of
equal to or less than $200,000 for the size required.

d)} OTHER

Further provisions are made in the estimate for the following:

a) Liquor storage and management $100,000
5) Rectifier shed, working area

and cover to cells $ 50,000
c) Plant reticulation $ 25,000
d) Product harvesting eguipment $ 75,000

An estimate of total capital costs in installing a direct electrowin
plant of the size required at Mount Lyell is presented 1in Table 5
below:
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Table & M SUMMARY OF PROJECTED CAPITAL COSTS
MT _LYELL DIRECT ELECTROWIN PLANT
Item Projected $
Electrowin cells 1,763,000
Pumps 40,000
Rectifier 200,000
Liguor storage/management 100,000
Product harvesting 75,000
Building 50,000
Plant reticulation 25,000
2,253,000
Contingency 225,000
Design, project
management etc 100,000
2,578,000

8.2.2 Solvent Extraction/EMEW System

a) Solvent Extraction Circuit

Minproc have provided a budget price for the solvent extraction
circuit of A$1.23 million.

The price includes all necessary electrical, piping and
instrumentation costs, plus all equipment purchased as proprietary
items or fabricated to order; and its installation.

Indirect cost of engineering design, project management and
procurement is 1included, plus a 10% contingency allowance. The costs
do not allow for the civil works required to form the plant site, as
these may already be available in the form of a flat site with
concrete pads.

The accuracy of the estimate given is stated to be +/- 15-20%.
The capital costs were derived from data compiled during a 1992 tender

for a conventional SX-EW plant., Inter alia, they are based on the
following equipment schedule and itemisation of capital costs:
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TABLE 6 : . PRELIMINARY SOLVENT EXTRACTION EQUIPMENT LIST
Ttem No. No. of kW Total kW
drives
Extraction mixer settler 2 2 22 44
2 11 22
Loaded organic tank
4m @ x 8m 1 -
Loaded organic pump 1 1 7 7
Stripping mixer settler 1 1 22 22
1 1 11
Advance electrolyte tank
2m @ % 3m 1 -
Advance electrolyte pump 1 1 1.1 1.1
Spent electrolyte tank
1.5m @& x 2m 1 -
Spent electrolyte pump 1 1.1 1.1
Heat exchanger 1 -
107.2
TABLE 7 N CAPITAL ODST PROJECTIONS SX EQUIPMENT
Item Cost. (A%)
Diluent tank Supptied by diluent supplier
Mixer Settler E; 190,000
Mixer Settler E:z 190,000
Mixer Settler Si 220,000
Loaded organic tank 40,000
Loaded crganic pump 30,000
Heat exchanger 20,000
Spent. electrolyte tank 30,000
Spent. electroiyte pump 20,000
Piping and valves 115,000
Electrical 125,000
Total direct cost 1,030,000
10% contingency 103,000
Design, project
management etc 97,000
TOTAL SX COSTS 1,230,000
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b) Electrowin Circuit

Capital cost projections for the electrowin portion of the SX/EMEW
facility, are based on the following general itams:

Pumping - Provided for in SX circuit
EW cells - Maximum number 225 cells
Rectifier - 150 kW unit

Cost of fabrication of individual cells will be similar to that
calculated for the direct electrowin system, aside from a requirement
for more expensive, heavy duty anodes (significantly higher operating
current density) - as follows:

Item Unit $ per cell
Ccaps $30 ea. 60

Anode $90/m 180
Cathode $15/m 30
Connections 10
Mounting 10

Total 290

Total for 225 units $65, 250

The model provides for use of copper cathodes, the first set of which
are included in the capital estimate.

Cost of the rectifier reguired can only be estimated at this stage,
but a projected figure of $60,000 is in accordance with discussions
with potential suppliers.

Civil works required for this small plant are 1limited - to
workshop/rectifier shed and cover for the cells. Reticulation outside
of that provided in the SX circuit is minimal. A provision of $15,000
is considered sufficient to cover these requiraments,

Projected costs in the electrowin circuit are summarised as follows:

Item _ -
Cell fabrication 65,250
Rectifier 60,000
Civils etc 15,000
140,250
Cont ingency 14,750
Total 155,000
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¢) Combined SX/EMEW Capital Projections

Although the use of solvent extraction will simplify ligquor management
on site, a provision of $100,000 is made for this facility {(similar to
that for the direct electrowin route).

The 'first fi11' of reagents to the SX facility should be included
also as a capital provision:

- extractant 2,207 kg $35,312
- diluent 118,836 litres $61,795
- acid (98%) +/-16 tonnes $ 2,044

$99, 151

Thus - total projected capital costs:

Item $

SX direct costs 1,030,000
EW direct costs 140,250
Liquor management 100,000
First sX fi11 99, 500
Des ign/manageament 97,000
Contingency 117,750
TOTAL 1,584,500
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8.3 _OPERATING COST PROJECTIONS

Operating cost projections for each of the possible treatment routes
are based on calculations provided by Minproc, and on the measurements
taken, recorded and analysed above.

It should be noted that the projections are based on the minimum
copper production rate calculated for the two main waste streams at Mt
Lyell.

£.3.1 Direct Electrowin option

A preliminary estimate of operating costs in a direct electrowin
facility is based on the following established data and assumptions:

Daily copper production : 1.2 tonnes
Grid power cost : 5 cents/kWn
Electrowin power consumption
{see section ? above) : 18 mwWh/tonne Cu
Pump power consumption : 2.9 mwh/tonne Cu
(see section ? above)
Personnel requirement : 2 labour

1 supervisory
Personne] cost Labour : $45,000 p.a
(incl.on costs) Supervisory : $75,000 p.a

Personnel costs are recalculated to derive a daily projection by
dividing the projected annual cost by 320.

Maintenance reguirements on the plant should be low, as few moving
parts are incorporated. An annual provision of $100,000 is provided.

Projected direct daily operating costs are summarised as follows:

Item $/day
Electrowin power 1,080
Pump power 145
Labour 280
Supervision 240
Maintenance 275
Total 2,020

= $1,683 per tonne Cu

It 1is noted that the above table does not make provision for
administration, product transport or government royalties.
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8.3.2 SX/EMEW Option

Detailed mass balance calculaticns were performed by Minproc to
achieve an estimate of consumables (reagent cost) 1in the solvent
extraction circuit. This cost has been projected at $0.36/kg Cu
produced, on the basis of the following table:

$/vear $/kg Cu Recover 50%
of organic
Diluent 148,039 0.40 0.20
Extractant 84,594 0.23 0.1
98% acid 18,343 0.05 0.05
250,976 0.68 0.36 $/kg Cu

Projected operating costs are based upon this figure, coupled with the
following assumptions and calculations:

Daily copper production : 1.2 tonnes
Grid power cost : 5 cents/kiWh
Electrowin power consumption : 2.1 mwh/tonne Cu
SX power consumption : 1.8 mW/day
(at 70% of total installed power)
SX consumables : 0.36 $/kg copper
Personnel requirement : 4 labour

1 supervisory
Personnel cost Labour : $45,000 p.a
(incl.on costs) Supervisory : $75,000 p.a
Plant maintenance : $50,000 p.a.

Due to the higher projected labour component in this route, resultant
daily costs are calculated on a 346 day annual factor.

Projected direct daily operating costs in the combined SX/EMEW system
are summarised as follows:

Item $/day
Electrowin power 126
SX power a0
SX consumable 432
Labour 520
Supervision 217
Maintenance 137
Total 1,522

= $1,268 per tonne Cu
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The schedule does not include the potential operating cost entailed in
continuing supply of copper tubing as cathode material. Such a cost
would reflect the difference between purchase price and value of the
contained copper (which would be recovered on sale of product) - i.e.
a premium for fabrication.

This cost 1is not provided as this stage, because:

a) It 1is possible that a favourable arrangement can be made
with a manufacturer, entailing ’tol11’ production of tubing
fram the project’s own product, and

b) Depending on the timing of the project, plans for use of
stainless steel tubes (as ’'starters' from which the copper
plate can be stripped) may be further progressed.

At a cost of copper tubing of around $10 per metre and a target
cathode loading of 50kg per cell, the resultant manufacturing premium
(the initial cell being approximately 5 kg 1in weight) would be
equivalent to approximately $100 per tonne of product.

Again, it should be noted that the above table does not make provision
for administration, product transport or government royalties.

8.4 PROJECTED OPERATING SURPLUS VS CAPITAL COST

Projections of potential operating surplus in the two treatment
operations assume 365 days/year operation — a mode that will suit the
nhature of the source (as a continually running waste stream); and
would minimise requirement for liguor storage dams.

In reflecting lowest potential copper production from the two main
waste streams, the calculation represents minimum projected return.

Increased production rates (although possibly entailing additional
capital cost) would allow significant econamies of scale, especially
with regard to personnel costs.

The projections provided below assume a discounted value for product,
against current copper value around A$3,500, as foliows:

Copper powder 90%
Cathode : 9b5%

The discounts are applied as, although quality of product is projected
to be extremely high (especially for cathode), final specifications
can not be determined at this stage. Dependant on early operation,
full LME price could be expected for cathode. Dependant on purity,
powder produced could achieve a significant premium.

oo
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No formal sensitivity analyses are presented here, but observations on
the potentially adverse effects of changes 1in major factors (copper
price and power cost) are presented in a Jater comparison of the two
treatment systems,

The analysis therefore indicates the following potential annual
surplus for each of the treatment options (as a calculated amount and
as a percentage of projected capital cost):

Direct Electrowin Cption $
Projected annual sales 1,379,700
Treatment costs 750,075
Surplus __;;;:g;;
Capital expenditure 2,587,000
Annual surplus as ¥ of capital 24.3 %

SX/EMEW Option

Projected annual sales 1,456,350
Treatment. costs K55,530
900,820
Capital expenditure 1,584,000
Annual surplus as % of capital 56.9 %

Both treatment routes offer, therefore, significant potential return
on capital invested.

The SX/EMEW option however, in addition to presenting an opportunity
for more than doubling potential rate of return, has a number of
process and financial advantages over direct electrowinning. Not
least of these 1is a significant difference in sensitivity to the cost
of grid power at Mt Lyell.
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9. COMPARISON OF TREATMENT OPTIONS (Process and Financial)

Observations on respective performance of each treatment route for Mount
Lyell have appeared continuously in the above discussion. The following is
a summary of the key characteristics, both process and financial, which
lead naturally to a preference for the SX/EMEW option.

9.1 PROCESS

The chemical 'upgrading® possible through a simpltified solvent
extraction step has been demonstrated to have the following results:

* The effect of 1iron on electrowin efficiency 1is almost
entirely cbviated.

* Pue both to the above and to the higher concentration of
copper in the electrowin Tiquor, high current efficiency can
be maintained at high to very high current density.

* The direct consequence of resulting:

a) increase in current efficiency by a factor of around 8
b) increase in current density between 6 and 10 times

- has a multipTlier effect on the number of cells required to
achieve the desired production rate (by a factor of
approximately 40).

* The resultant electrowin circuit is sized within current
engineer ing status of the technology.

* At the expense of Timited additional power reguirement in
the solvent extraction circuit, power consumption in the
plant 1is reduced by a factor of at least 6.

* As increased copper production capability would be largely
through increase 1in the number of electrowin cells, the
SX/EMEW route (with 40 times less units) will lend itself
more readily to expansion.

* The solvent extraction circuit is sized to match ligquor
throughput. rather than liguor tenor. As expansion 1is more
1ikely to arise through increase in copper grade, rather
than liguor volume, the circuit has sighificant advantage
with respect to the capital works required.

* It is conceivable that significant wvariations in 1liquor
availability would be more easily handled in the solvent
extraction circuit rather than direct electrowin.
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* Conditions in the electrowin circuit will remain constant,
as opposed to the possible requirement for change in
operating parameters (to reflect changing ligquor

composition) in the direct electrowin plant.

The EMEW system has a significant further advantage 1in its potential
for significant improvement in the operation of a solvent extraction
circuit. Such advantages have been summarised in section 7.2 above
and do not require elaboration here - aside fram noting that they lead
to a more compact plant than would be necessary with conventional
electrowinning at Mt Lyell. It is noted that studies into the latter
have been conducted in the past.

9.2 FINANCIAL

There are a number of cbvious financial reasons for the preference for
the SX/EMEW route:

a) Reduced capital cost
b) Reduced operating cost
c) Reduced cost of expansion

Thaese obviously have direct effect on projected operating returns with
respect. to capital investment, but they dimpact significantly also in
analysing project sensitivity to various factors:

a) CHANGE IN COPPER PRICE

Reduction copper value to $3,000 per tonne has the following

effect:

Direct electrowin surplus reduced to : $ 432,525
% vs capital reduced to : 16.7%
SX/EMEW surplus reduced to : $ 690,945
% vs capital reduced to : 43.6%

Although the reduction in return {as a percentage of the expected
scenario above) 1is not significantly different, the reduction in
return increases significantly the ’risk’ 1level in the direct
electrowin plant.

Given that projected capital and operating costs remain constant,
break even value for copper (on a 'cash’ basis without provision
for capital) in the two scenariocs is equivalent to the calculated
'cost' of production indicated:

Direct EW : $ 1,680
SX/EW : $ 1,286
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b}  INCREASED POWER COST

Power cost in the direct EW option exceeds that of SX/EMEW by an
amount approximately eguivalent to $830 per tonne of copper
produced.

A B0% increase in projected power cost (5 to 7.5 cents/kWh) would
increase daily operating costs in the two options as follows:

Direct electrowin : + $615
SX/EMEW : + $1756

The result for the former would be a decrease in apparent return
on capital of nearly 9%. Coupled with a fall 1in copper price,
such an increase in power cost would make the operation marginal.

The SX/EMEW system 1is obviously far more robust under adverse

power cost conditions, adding therefore to the overall strength
of the projections.

c)  INCREASED CAPITAL COSTS

Both systems are relatively resistant to unforeseen increase in
capital cost. Under the model provided in section 8.2 above,
increase 1in capital cost by $0.5 million would result in
reduction in apparent return (%) per annum of about 20%.

Maturally, however, increases 1in capital cost will result in
greater sensitivity to other factors.

A significant increase in copper grade in the liguor to be treated
would probably have a beneficial effect on direct electrowinning—
through a concomitant increase in current efficiency. Expansion of
the plant to suit a higher grade would require a lesser number of
cells to achieve the same result.

Even so, the capital cost of expansion would significantly exceed that
in the SX/EMEW plant,

The solvent extraction facility would not reguire significant
expansion, as it is sized to the volume of Tliquor throughput.
Production from the electrowin section could be expanded through
increasing current density to the cells, or increasing the number of
units installed. In the latter case, the incremental number that may
be required is would be relatively low.

From both process and financial angles therefore the SX EMEW route offers
greater flexibility and increased greater resistance to adverse changes in
operating conditions.

c:'.
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10.0 OONCLUSION AND RECOMMENDATIONS

Detailed analysis of the operating performance of the new technology
suggests that both of the treatment routes examined offer opportunity for
conmercial extraction of copper from the Mount Lyell waste streams.

It is clear however, Trom both technical and financial standpoints, that
the SX/EMEW route offers greater flexibility and greater resistance to
adverse changes in operating costs and conditions. Among the more obvious
advantages 1in this option 1is 1its intrinsically Jlower sensitivity to
increased power costs.

Solvent extraction is a well developed technology of proven capability to
perform the liquor treatment required. In applying the new technology, the
number of cells required 1is dramatically reduced, to a degree well within
the 1imits of its current develcpment status.

As its design is currently modelled on the basis of the selection of
operating parameters from individual test runs, use of the direct
electrowin route at Mount Lyell would require further piloting (continual
treatment of, say, 5% of the waste stream).

It is suggested, due to established 'state of the art’ in both sections of
the SX/EMEW system, that no further piloting is required for this option.
Requirement for further technical study 1is considered to be limited to
further 'shake—out’ solvent extraction tests on the liquor; and to further
operation of a single production electrowin cell on solution of the
indicated chemical composition.

It is considered that the establishment of a conventional SX/EW treatment
plant at Mount Lyell would be prohibited by high capital cost - especially
at the low levels of copper production contemplated in the initial
operation,

The current study, coupled with work on other projects, has shown that
capital cost of an electrowin circuit 1is markedly reduced using the new
celi. Coupled with simplification achievable in the solvent extraction
circuit, this results in the significantly Jlower projected capital cost,
which is shown to be ably supported by operating returns even at low copper
output,

It is recommended, therefore, that development of the project proceed with
immediate impliementation of a detailed feasibility study on the SX/EMEW
treatment option.

Early implementation of this plan is recomended in the 1ight of the Jong
term potential of a copper leach/extraction programme at Mount Lyell.
Based initially on limited production from the two major current sources,
it 1is envisaged that significant expansion could be achieved through a
number of routes (on which the proposed closure of the mine in 1996 would
have little impact).
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APPENDIX 1
Site Photographs
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PHOTOGRAPH 1 : west Lyell Open Cut
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PHOTOGRAPH 2 : Dumps from West Lyell Open Cut




PHOTOGRAPHS 3 AND 4

waste Liquor Stream
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2 Inch and 4 Inch Trial Circuits

PHOTOGRAPHS 5 AND 6 :




APPENDIX 2

Henkel Isotherm Calculations
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ISOCALC 1 PROGRAM - HENKEL CORP. - Cu/H2S04
ISOTHERM POINT CALCULATIONS AND GRAPHICS/McCABE-THIELES

Reagent selected : LIX 984

Volume pct. of reagent selected : 2.00

Copper content of the spent electrolyte, g/1 Cu: 30
Copper content of pregnant electrolyte, g/1 Cu: 50
Number of strip stages: 1

H2504 1in spent electrolyte, g/1: 180.0

Copper content of stripped organic, g/1 Cu: .408
Copper content of aquecus solution tested, g/1 Cu: 0.150
pH of solution tested: 2.55

Total sulphate content of solution tested, g/1: 10
Assumed activity of th S04= {ion, %: 28

Other parameters of circuit: 1E X 1E X 1S

The MAX LOAD for 2.00 pct. LIX 984 is 0.994 g/1 Cu.

O/A = 10.0 : ORG.= 0.422 g/1 Cu; AG.= 0.002 g/1 Cu
O/A = 5.0 : ORG.= 0.437 g/ Cu; AQ.= 0.003 g/1 Cu
O/A = 2.0 ; ORG.= 0.481 g/1 Cu; AQ.= 0.003 g/1 Cu
O/A = 1.5 : ORG.= 0.505 g/1 Cu; AQ.= 0.004 g/1 Cu
O/A = 1.0 : ORG.= 0.553 g/1 Cu; AQ.= 0.005 g/1 Cu
O/A = 0.5 : ORG.= 0.687 g/1 Cu; AQ.= 0.010 g/1 Cu
O/A = 0.2 : ORG.= 0.898 g/1 Cu; AQ.= 0.052 g/1 Cu
O/A = 0.1 : ORG.= 0.9586 g/1 Cu; AQ.= 0.095 g/1 Cu

O/A ratio in extraction: 1.0
Mixer efficiency for EP-1 extraction = 98%, EP-2 extraction = 93%

EP—1 and EP-2 extraction stage profiles as follows (g/1 Cu)

Aq. Feed ———>EP-1 Aq.(Raff.) Aq.Feed ——>EP-2 Aq.(Raff.)

0.150 0.020 0.150 0.008
(L.0.) EP-1 Org. < EP-2 Org.<-——Stp.0Org.
0.681 0.551 0.408

The expected recovery: EP-1 = 86.4%, EP-2 = 94.9%, OVERALL = 90.65%
The loaded organic is 68.51% of max load.

The net transfer is 0.137 g/1 per 1 vol.% of LIX 984

The strip O/A = 110/1 using 30 g/1 Cu in the spent electrolyte.

Materials balance across the strip circuit as follows (g/1 Cu)

Load.Org.———— »5~1 Org
0.681 0.408
S5-1 Aq.(P.E.)<{-——=Spent Elec.
50.000 30.00
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HIGH GRADE LIQUOR TESTS
TEST M2 ML4
Sample Yolume {1) 10
Head grade (Cu ppm) 31920
Liguor flow (1fhour) 350
Cathode digmetre (mm) : 3
Cathode length {mm) 200
Hasking {mm} 50
Anoda diameter (mm) 3
Numper cells }
Amps - per cell 8.5
- ¢ireuit . 8.5
Current density (A/m2): 518
Date Time  Elapsed Avg cell haps  Cu (ppm}  Fe (ppm) gh  Curec  Current eff, whga Cu
Time Volts total period  periog  Cumul,  period  Cumul.
01-Mar 0.51 0.00 b2 8.5 371920 200 2.4
{11-Har 0.58 2,03 4.4 g.9 35540 200 1.1 23.8 114 114 1.5 1.5
01-Har 0.75 5.78 3.0 8.5 31940 200 0.79 36.0 9 101 3.68 1.64
02-Mar 0.08 13.87 3.2 8.0 24360 200 0.5 15.8 9% 4 3.04 3.30
TEST ND M5
Sample Volume (1) 10 (= resid liguor #4)
Head grade Cu ppm) 24200
Liquor flow (1/hour) 350
Cathode diametra {mm} : 35
Cathode length (mm) 200
Masking (mm) 50
Anode diameter (mm) y
Komber cells 1
Amps - per cell 6.5
- circuit : 6.5
Current density (A/me}: 394
Date Time  Elapsed Avg cell Amps  Cu (ppm) Fe (ppm) pi  Curec  Current eff. wh/gm Cu
Time Yolts total period  period  Cumul, period  Cumul.
0d-Har 0,52 0.00 2.7 6.5 24200 200
04-Mar 0.75 5,45 2.5 6.8 23500 200 0.78 1.t ] 16 13.44 13.44
05-Har 0.08 11,48 2.3 6.3 16300 200 .80 1.0 116 76 .15 2.7
Off for inspection
(5-Mar 0.41 13.48 2.2 5.5 17600 200 0.76
{5-Mar 0,%4 2.0 2.3 5.8 he20 200 17.8 143 105 1.33 1.4
Off for inspaction
{16-Mar .50 24,85 2.2 8.4 8720 200 .90
{15-Har 0.67 29.00 2.1 §.3 2560 200 31.6 8 104 1.42 1.9
06-Mar 0.75 .87 2.5 1.2 1000 200 15.5 195 04 18 1,90
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TEST KO ML 10
Sample Velume (1) f
Head grade (Cu ppm)
Liguor flow (1/hour) :
Cathode diametre {mm) : 35
Cathade length {mn) 200
Masking {mm) 50
Anode diametar {mm) g
Number cells 1
Amps - per cel) ?
- circuit 2
Current density (A/m2): 121
Date Time  Elapsed Avg cell Amps  Cu [ppm) Fe (ppm) ph  Curec Current eff. wnfan Cu
Time Yoits total period  period  Cumul,  period  Cuml,
08-Mar 0.50 0.00 2.3 2.0 880 00 0.38
08-Har 0.61 2.63 2.2 2.0 460 200 0.4 5.2 84 84 2.2 2,28
Off for inspection
(0§-Mar 0.63 2.83 2.2 1.5 460 200 0.4
08-Mar 0.73 5.28 1.1 1.1 133 200 0.59 3.0 18 31 2.16 2.1
TEST MO ML 15
Sample Volume (1) 10
Head grade (Cu ppm)
Liguor flow (1/hour) 350
Cathode diametre {mm) : 35
Cathode length (mm) 200
Masking {mm) 50
fnode diameter {mm) 9
Number cells 1
Amps - per ceil 10.2
- circuit 10,2
Currant density (A/m?): §14
Date Tine  Elapsed  Avg cell Amps  Cu [ppm) Fe (ppm) pi  Curec  Current eff, wh/gn Cu
Tire ¥olts total pericd  period  Cumul. period  Cumul.
10-Mar 0.50 ¢.00 6.0 1,0 40800 200 2.67
10-Mar 0.60 2.62 4.5 10.5 36400 200 1.62 4.0 139 134 1.20 3.20
10-Mar 0.7 6.58 15 10.5 31800 200 1.40 46.0 H 110 3.76 1.49
10-Har 0.92 10.15 3.4 10.8 28100 320 1.21 31.0 8 101 3.4% 3.49
Off for inspection
11Har 0.46 10,15 33 10.0 27800 320 1.24
1Y-Mar {.62 13.80 3.4 10.4 24000 200 0.69 38.0 86 97 3.08 .40
t1-Mar 0.79 17.48 2.4 10.4 18500 320 0.69 55.0 19 160 2.24 N
Off for inspection
12-Mar 0.51 17.98 2.1 10.2 18500 320 0.69
12-Mar 0.50 20.16 2.1 10.3 15400 320 0.599 32.3 11 102 1.96 2.9
12-Mar 0.687 2.1 2.8 10.3 13300 120 0.52 171 5! 101 245 2,93
12-Har 0.94 28.18 2.6 10.5 3800 320 0.4 90.3 114 104 1.94 2.68
Off for inspection
13-Mar 0.47 28.18 2.3 10.0 3800 320 0.40
§3-Mar {.58 30.80 3.6 8.2 54 330 6.2 83 103 2,23 2,65
13-Mar 9.67 3.83 2.4 8.0 246 30 0.12 .2 1 98 19.66 2.75
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TEST W0 ML 22
Sample Volume (1) 10
Head grade {Cu ppm) 33500
Liguar flow (1/hour) : 3507500
Cathode digmetre (mm) : kS
Cathode Tength (mm) 200
Masking (mm) 50
Anode diameter {mm) g
Humber ceils 1
Amps - per cell 15
- gircuit : 15
Current density (A/m2): 909
Date Time  Elapsed Avg cell Amps  Cu {ppm) Fe (vpm) pi  Curec  Current eff, wh/gn Cu
Time VYolts fatal period  period  Cuml, period  Cumul.
16-Mar 0.56 0.00 3.0 15.0 35800
16-Mar 0.7 4,43 2.9 15.0 33300 380 0.63 £5.0 83 83 2.9 2,94
OFf for inspection
15-Mar 0.78 4,43 2.7 15,0 13300 380 0.63
16-Mar 0.99 9,95 2.7 15.0 22300 390 0.64 110.0 11K 49 2.0 2.38
Off for inspection
{7-Mar 0.4 9.95 2.1 15.0 22300 3680 .64
1T-Har 0.75 17.48 2.5 14.0 8800 380 0.84 124.0 9% 9% 2,29 2.3
Off for inspection
18-Har 0.59 17.48 2.5 14,5 3300 380 0.54
19-Har 0.02 27.91 1000 380 0.60 89.0
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2 [NCH CELL TESTS
TEST MO ;o M6
Sample Valume (1) : 1802
Head grade (Cu ppm) : 9
Liquor flow (1/hour): 1460
Cathode diametre {mm: 5
Cathode length (mm) : 850
Masking (mm} : 0
Anode diameter (mm} : 2
Sumber cells : 10
Amps - per cell p 5
- gircuit : §
Current density (Afm: 1%
Dats Time Elapsed Avg cell  Amps Cu (ppm) Fe(ppm) Felppm) pi  Cu rec (om) Curr. eff, wh/gm Cu
Time  Volts fotal as Fet period Cumul. period Cumul, period Cumul,
04-Mar 0.65 0.00 3.08 5.0 9 640 ¢.69
04-Har 0.7% 2,30 in 5.0 a0 ge0 2.0 19.8 19.4 15 15 17.83  17.83
04-Nar 0.%2 6.30 2.95 5.5 63 680 2.1 30.8 50.5 12 13 2050 19.3
05-MHar 0,08 10,3 2.8 5.0 48 f40 266 0 TS 1 12 2258 20.49
05-Mar 0.25 14,30 2,75 5.2 kY G&0 2.60 19.8 7.3 8 11 28.26 22.08
{5-Mar 0.43 18.55 2.59 5.0 i ga0 2.51 3.4 120.7 9 11 25.08 22.66
05-¥ar 0.60 22.61 2.56 4.9 16 Bac 2.46 e 1352 £ 10 3780 427
05 -Mar 0.1 .15 285 4.8 " o .05 8.0 1442 5 § 4858 8.1
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TEST HO ML 11

Sample Volume (1) 2650

Head grade {Cu ppm) : 30

Liguor flow {1/hour): 1400

athode diametre (mm: 54

Cathode temgth (mm) : 850

Hasking (mm) 0

Anode diameter (mm) : 20

Number cells 10

Amps - per cell 1.5

- ¢ireuit 15 = 2 banks in parallel

Current density (A/m: 52

Date Time Elapsed Avg cell  Amps Cu {ppm)Fe (pom} Fe (ppm] s Curec (gm) Current eff. wh/gm Cu
Time  Volts total as Fett period Cumsl, period Cumul. period Cumul.

10-Mar 0.43 0.00 L 1.5 90 548 pli 2.56
10-Mar 0.50 1.78 1] 1.5 80 650 2.47 26.% 26.5 7 17 19,68  19.68
10-Mar 0.59 1.87 1.5 1.5 10 540 2.4 26.5 5.0 14 15 2105 20.42
10-Mar 0.15 5,57 3.6 8.8 55 §30 2.3 10.8 63.6 B 12 4 6.5
10-Mar 0.93 10.02 33 1.8 54 B50 2.28 3.8 95.4 8 10 39.16 29.88
11-Har .68 1.1 .1 50 §60 829 10,6 106.0 3 § 8340 WA
11-Mar 0,28 18.34 1.3 8.3 k[ B60 .4 29,2 135.2 li 8 .18 B8
th-Har 0.4 21,70 3.2 1.5 32 630 211 18.6  183.7 ) § 46.83 3.1
T1-¥ar 0,60 26.00 2.9 1.5 21 780 2.25 239 177.8 8 T #H¥ N
1 -Har 6.77 30.07 2.9 1.5 14 780 280 27 3.9 4 T T 3.8 .63
H-Mar 0.9 3154 2.1 6.4 H 800 ¥ 8.0 2084 3 7 86.68 39.50
12-Mar 0.00 .74 2.6 6.0 i g0 2.18 10,6 220.0 ] T 6113 40,86
12-Mar .25 41,79 3.2 8.8 § 800 2.16 5.3 2253 2 6 161,42 43,69
12-Mar 0,46 46.84 2.8 §.5 li 400 2.1%

o

[y}
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TE8T MO ML 18
Sample Volume (1) 2650
Head grada (Cu ppm) : 130
Liquor flow [1/kour): 1800
Cathode diametre (mm: M
{athode length {mm) : 450
Masking (mm) 0
Anode diameter (mm) : 20
Number cells 10
Amps - per cell 1.5
- gircit 1.5
furrent density (A/m: 52
Date Time  Elapsed Avg cell  Amps Cu {ppm)Fe {ppm) Fe (pgm) ph  {u rec {gm) Current eff, wh/gm Cu
Time  VYolts total as Fett period Cumul, operiod Cumul, period Cumul,
12-Mar 0.54 0.00 L5 L& 130 1300 § 2,50
12-Yar 0.57 i .00 15 1 140 AT b R4 15 B 18,22 182
12-Har 0.75 5.05 3.1 1.5 112 1350 2.48 5.3 47,1 3 1 1.8 M.
12-Har 0.93 9.25 2.4 1.8 9 1330 2.38 2.4 90.1 N M 22,28 2364
13-Mar 0.09 13.22 2.1 1.0 T4 1340 235 2.3 5.3 1484 11 11 1388  19.17
13-Mar 0.27 11.52 2.9 8.0 64 1340 2.8 w5 14 7 o315 21,88
13-Mar 0.59 18,00 2.9 8.0 b0 1160 130 2.24 0.6  185.5 ] "3 2.4
13-Har 0.14 22.87 2.7 8.0 55 1350 130 2.04 13,3 198.8 i 10 61.99 25.08
13-Mar 0.9 25,15 2.4 4.2 50 1340 .06 13,3 2120 ] 9 §8.85 27.80
14-Mar 0.8 30.m 5 10 3 130 2,00 4.5 6.5 10 § 2.9 .13
14-¥ar 0.27 35.30 2.6 1.5 29 1340 1.98 2.2 2.7 5 § 35.04 28,07
14~Har 0.43 39,13 2.5 1.1 21 1360 1.98 21,2 283.9 ] § 35,58 28.62
14-Mar 0.5 41,00 2.1 1.5 18 1340 8.0 29.B 5 g a1 A1
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TEST WO 20
Sample Volume (1) : 2650
Head grade (Cu ppm) : 149
Liguor flow (1/hour): 1800
Cathode diametre (mm: 5
tathode length (mm) : 830
Masking {mm) ]
Anode diameter {mm) : 20
Number celis 10
Amps - per cell 10
- circoit 10
Current density (A/m: 69
Date Time Elapsed Avg cell  Amps Cu (ppmFe {pem) Fe (ppm) g Curet (gm) Current eff, wh/gm Cu
Time  VYolts total as Fert period Cumyl. operiod Cumul. period Cumul.
15-Mar 0.56 0.00 39 1.0 19 1670 5 2,82
15-Har 0.59 0.70 3.5 10,0 138 1670 0 258 2.5 0 2.5 2 2947 9.
15-Mar 0.75 4.55 TR R "7 168G 2,53 583 84.6 13 15 23.15  18.97
15-Mar 1.00 10,42 3.5 10,0 ) 1640 22 243 B8 180 10 12 30,77 .15
16-Mar 0.74  16.00 0 97 £3 1670 &2t 1 218 12 1z 2290 AN
16-Mar .00 22,05 L0 10,0 k. 1690 508 228 66,3 294.2 g 11 26.54 24.36
17-Mar 0,25  28.12 &g 10.0 o 1690 2.2 &t 1.2 b 10 3.9 2630
17-Mar 0.4 32.03 2.8 10.0 14 1690 544 2.38 18.9 3878 i 10 59.86  28.04

9 .

A
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TEST MO ML 25 Poss power cut 035/19th
Sample Yolume (1) : 2650
Head grade (Cu ppm) : 135
Liguor flow (1/hour): 2400
Cathode diametre (mm: 54
Cathode length (mm) : 850
Masking [mm) 0
Anode diameter {mm) : 20
Number cells 10
Amps -~ per cell 10
- circuit 10
Corrent density [A/m: 89
fate Time Elapsed Avg ce!l  Amps Cu (ppmiFe (ppm) Fe {ppm) pH  Curec (gm) Current eff, wh/gm Cu
Time  Volts total as Fet+ period Cumul. operiod Cumul., period Cumul.
18-Har 0.49 0.00 3.8 10,0 135 1410 5 2.4
18-Mar 0.59 2.47 L85 10,0 124 1410 109 2.87 8.2 29.2 10 10 09 0y
18-Mar 0.76 §.42 3.4 10,0 103 1410 8 557 848 12 11 .38  26.65
19-Mar 0.03 12.95 3.2 0.0 68 1410 .58 92,8 177.8 12 122296 .72
19-Har 0.29 19.17 L2100 54 1410 2.46 a7 5 9 503 28.82
19-Har 0.50 24,132 o e 3 1470 430 2.04 61.0  275.8 10 0 26.02 28,82
19-Har 0.76 30.42 KT I X] 15 1450 458 1.99 2.4 18,0 § 9 47 N
19-Mar 0.99 3.07 3.0 9.5 - 1480 469 1.98 5.9 3338 2 8 106,36  34.48
20-Mar 0.2 42,38 310 4 1430 480 1,98 133 .2 i T 145,72 WM
20-Mar 0.45  47.00 13 10,0 2 M50 480 53 3525 1 g 2848 42.41

[ %)

o)
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TEST N L
Sample Volume (1) 2650
Head grade {Cu ppa) : 4
Liquor flow {1/hour): 2400
Cathode diametre (mm: 54
Cathode length (mm) : 850
Masking (mn) : 0
Anode diameter {mm) : 20
Number cells : 10
dmps - per cell : 15
- circuit : 15
Current density (A/m: 144
Date Time Elapsed Avg cell  Amps Cu (ppmiFe (ppm) Fe (ppm) pH  Cu rec (gm) Current eff. wh/gm Cu
Time  Yolis tota) as Fet+ period Cumul, period Cuml, persod  Cuml.
20-Har 0.76 0.00 5.5 140 9 1030 3 2.3
20-Mar 1.00 5.6 53 16.0 Ba 1050 209 2.70 §3.6 63.6 ] 6 7188 7168
21-Har 0.29 1.73 50 11,8 35 1058 282 1.89 87.5 1511 i T 59.50 64,63
21-Har 0.51 17.93 4.3 15.0 ] 1030 335 1.78 .6 222.8 b T B44T 6456
21-Mar 0.57 FANK! £31 1558 3 1050 251 1.76 11,1 235.9 ? § 188,06 71,52
21-Mar 1,00 79.55 41 14,0 3 1040 363 1.7%
22-Har 0.25 15.73 .2 4.0 3 1040 3 113
22-Mar 0.48 40.58 47 1o 1 1050 349
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TeST 1 A (k!
Sampla Volume (1) 2650
Head gracde {Cu ppm} : 119
Liguor flow (1/hour): 3400
Cathode diametre {mm; 54
Cathode length {mm) : 850

Masking (mm) : 0
Anode diameter {mn) : 20
Humber cells : 10
Anps - per cell : 15

- ¢ircuit : 15

Current density {A/m: 104

Date Time Elapsed Avg cell  Amps Cu (ppmFe {ppm) Fe (ppm) ph  Cu rec tgm) Current eff, whigm Cu
Time  Volts total as Fett period Cumul, period Cumul. period Cumal

22-Mar Q.78 0.00 581 WO 1% ¢ % 258

22-Har 1.00 5.7 5.4 180 It 170 HE LM 146 B 1 1 %7 W
23-Mar 5.2 11,25 2 150 54 1170 w22 4 Mma 4 g 9% 88
23-Mar 4.5 19.42 &1 154 g 1180 6 .04 1193 2915 8 8 4am 18
23-MHar 0.7 3.2 3.9 150 LI R 9 200 133 3048 2 T 171743 5,93
24-Har 0.01 2.3 $0 143 1 1180 im0 8.0 3T ! f 450,79 84.99
24-Mar 6.28 35,22 4.6 145 2 1160 M .00

44-Mar G.46  40.22 40 155 411
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4 INCH CELL TESTS
TEST H0 oMt
Sample Yolume (1) ¢ 2650
Head grade (Cu ppm) : 83
Liguor flow (1/hour) : 3800
Cathode diametre (mm) : 100
Cathode length (mm) : 750
Magking (wm) : 0
Anode dismeter (mm) 20
Mumber cells : 5
Amps - per cell : 10
- gireuit : 10,00
Current density (A/m2): 42,42
Date Time FElapsed Avg cell  Amps Cu {ppm) Felppm) Fe(ppm) pH  Cu rec (gm) Curr, eff. wh/gm Cu
Tine  Volts total as Fett period Cumul, gperiod Cumui, wperiod Cumul.
28-Feb 0.40 0.00 1.6 10.0 9 130
28-Feb 0.51 2.51 6.6 10.0 83 130 2.87 9.2 28,2 19 19 3293 3293
28-Feb 0.5 4,82 6.4 10.0 n o 2,66 15.9 45.1 1 17 4048  35.60
28-Feb 0.57 6.50 5.9 10.0 12 120 2.38 13.3 £8.3 12 15 43,80 37.46
28-Feb 0.74 .33 5.9 10.0 g7 138 2.41 13.3 .6 12 15 4108 3.1
28-Feb 0.93 12.92 5.7 10.0 b4 138 2.46 3.5 106.0 13 1 e 383
29-Feb 0.08 16,55 5.5 10.0 43 130 2.45 9.2 1382 14 4 .89 3158
29-feb 0.26 2.7 53 10,0 3 740 2.9 8.7 164.3 12 13 3.7 347
29-Feb 0.42 24,50 5.3 10.0 24 138 2.3 21,2 1885 10 13 46,84 38,89
29-Feb 0.51 26.13 5.1 10.0 18 40 2.29 201.4 12 13 36.66 34.72

I)

o

9



Sample Volume (1)
Head grade (Cu ppm)
Liquor flow (Hhour)
Cathode diametre {mm) :
Cathode length {mm}
Wasking {mm)
Anade diameter (mm)
Number cells
Amps - per cell

- circuit :
Current density [A/m2):

M2

2465

150

3800

100

150

¢

A

5

10
10 = 2 banks in paralie!

42

o
«
[P
[
<o
<

Date Time Elapsed Avg cell  Amos Cu (ppm) Fe(ppm) Felppm) pH  Cu rec (gnl Curr, off, wh/gm Cu
Time  Volts total as Fett period Cum., period Cumul, period Cuml,
03-Mar 0.44 0,00 53 10.0 150 1410
03-Mar 0.51 1.63 5.1 10.0 150 1410 0.0 ¢.0
03-Mar 0.5 3.7 4.9 10.0 115 1420 -1.6 1.6
(3-Har 0.67 5.581 4.7 10.0 182 1410 -3 -1
03-Har 0.76 7.68 45  10.0 187 1440 -12.3 4.2
Off for inspection
03-Har 0.78 1.68 4.5 10.0 187 1440 -91.2
03-Mar 0.92 10.97 4.3 10.0 01 1460 -34.5  -188.1
0ff for inspection
03-Mar 0.93 10.97 43 10.0 201 1460 -125.7
(4-Har 0.08 14.47 4.2 18.0 p{1]8 1440 14 -1330
D4-Mar 0.25 18,80 41 10,0 183 1450 51.8  -81.3 2 16,19
(4 -Har 0.44 23.23 4.2 10.0 159 1410 NI 2.2 ] 15,93
04-Mar 0.58 26.7% 4.0 10.0 148 1440 211 4.9 13 26.59
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TEST WO oMLl
Sample Yolume (1) : 3500 Main dump stream
Head grade (Cu ppm) 185
Liquor flow (1/hour) @ 3300
I Cathode diametre (mm) : 100
Cathode length (m} 750
Masking (mm) : 0
I Ancde diameter (mm} - 20
Number cells : 5
Amps - per cell : 10
- circuit 10.00
I Current density (A/m2): 42,42
Date Time Elapsed Avg cell  Amps Cu (ppm) Fe{ppm) Felppm) g Cu rec (gn) gurr. eff. wh/gm Cu
Time  Volts total as Fert period Cumul, operiod Cumel, period Cumul.

04 -Mar 0.45 0.00 L1 1 165 1 B0 2.6

04-Mer 0.5 1.57 48 10,0 17z 2350 -24.5
{4-Har 0.5 .y L 10,0 170 2350 1.0
04-Mar 0.84 5,50 43 108 180 2370 -35.0
04-Har 8.74 1.4 &3 10,0 150 2390 -35.0
{4-Mar 8.9 1183 L8 100 20 2360 -10.0
08-Mar 0.08 15,17 40 10,0 20 2310 0.0
05-Mar 0.28  20.00 40 100 20 W} -35.0
05-Mar 0.4 23.40 0 104 230 230 -15.0
05-Mar 0.65  28.67 L1 1.2 W7 60 2.40 420
{5-Har 0.1 T .6 1.0 8 2460 23 580
{5-Har 0.82 B0 36 100 268 2500 248 -35.0
06-Har 008 %20 a5 0.0 M 2480 241 -0

£6-Har 0.24 4.0 .8 0.3 76 2480 45 248 -0

06-Mar 64z " 1 .0 266 2460 525 240 B0 3.0 L] W 2.8 2.3
06-Mar 0.60  51.50 5 6.0 266 2520 B 2.3 0.0 3.0 0 I ERR 44,52
06-Mar 0.86  53.08 3.5 9.9 261 2400 a0 15 Lk 19 § 1542 A
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TEST M0 . )
Sample Volume {1} : 3500
Head grade {Cu ppm}

Liquor flow (tfhour} : 4200
Cathods diametre (mm) : 160

Cathode Jength (mm} : 750
Kasking (mm) : 0
Anode diameter (mm) 20
Humber cells : 5
Amps - per cell : 10
- circuit v 10,08
Current density (A/m2): 42.42
Date Time Elapsed Avg cel!  Amps Cu (ppm) Fe(peml Fe(gom) ph  Cu rec {gn} Curr, eff, wh/gn Cu
Time  Volts total as Fet+ period Cumul. period Cumeb, period Cumul
06-Mar 0.55 0.0¢ 5.2 10.0 135 1430 2,48
06-¥ar 0.67 2.8 §.8 9.8 11 1450 2.46 56,0 -58.8 =33 1.7 -1
06-Mar 0.75 1 49 10.0 179 1480 245 -0 -B4D -30 -15.72 -7
(6-Mar 0.493 9.00 4.5 11.0 185 1460 2.5 -411.0 -105.0 -19  -50.76 -21.1%
07-Mar 0.1 13.40 §.2 8.0 194 1460 2,54 455 -150.5 =19 2121 -21.18
07-Mar 0.25 16,87 4.6 10.0 193 1460 2.45 7.5 -133.0 ] -3 40 9.4
07-Har 0.42 20.87 4.5 10.6 182 1460 2.35 ki: - T 18 -8 .45 51,38
07-Har 0.58 24.98 4.5 1.0 164 1540 2.30 6.0 -11.B A -2 15,98 -186,10
07-Mar 0.75 28.17 4.0 10.0 162 1540 2.4 LG -24.5 3 -1 12148 Ly
07-Har 0.91 32.50 4.1 10.2 150 1210 2.21 2.0 1.5 18 1 18,71 428.46
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I TEST MO AR ki
Sample Volume (1) : 3300 Liguor from #7 flushed
Head grade (Cu ppm) :
Liquor flow (1/hour) : 4380
Cathode diametre (mm) @ 100
Cathode Tength (mm) @ 750
Masking {mm) : 0
tnode diameter (mm) 0
Humber cells : 5
Amps - per cell : 10
- circuit o 10,60
current density (A/md): 42,42
Date Time Elapsed Ava cell  Amps Cu (ppm) Fe(ppm) Fe(ppn) pH  Cu rec (gm) Curr, eff, wh/gm Cu
Time  Volis total &s Fett pericd Cumul, period Cumul, period Cumul.
08-Har 0.78 .00 4.0 10.0 232 1320 2.2
09-Har 0.93 4,52 4.2 10.5 132 1310 2,20 12,0 1320 48 48 T1.1% 1.1
10-Mar 0.0% 8.21 3.9 8.7 162 1310 2.15 8.0 231.0 45 4 1.52 7.3
10-Har 0,28 12.85 4.2 10.0 126 1300 2.08 188 349.8 4 47 T.44 .3
10-Har 0.42 16,10 4,2 10.0 106 13 z2.02 §6.0  415.8 ki } 4 10,27 7.83
10-Har 0.60 20,50 3.9 1.0 N 1520 2.0 15,5 58313 LY i 8.10 1.89
10-Har 0.77 24,60 3.8 10.8 48 1650 2.08 726 603.9 28 4 11,82 3.36
10-Mar 0.91 21.85 3.9 10.0 36 1630 2.06 2.9 646.8 22 ¥ 15.08 8.80
11-Har 0,09 32.26 3T 9.4 18 1630 2.04 59.4  T06.2 23 3 1368 §.21
11-Mar 0.26 36.30 4.2 1.0 11 1640 2.01 231 T29.3 10 M M9 10,03
11-Mar 0.47 41,30 3.8 5.5 b 1650 2.0 16.5 1458 5 o 62.28 119
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TEST MO ML 19

Sample Volume (1) 3400

Head grade {Cu ppm)

Liguor flow (1/houry : 4280

Cathode diametre {mm) : 100

Cathode length (mm) 750

Masking (mm) 0

Anode diameter (mm) Pl

Number cells 5

tmps - per cell 15
- gircdit ¢ 15,00

Current density (A/m2): 63.64
Date Time Elapsed Avg cell  Amps Cu (ppm) Felppm) Fe(pom) pH Cu rec {gm) turr. eff. wh/gm Cu

Time  Volts total as Fet+ period Cumul. period Cumul, period Cumul,

12-Mar 0.59 0.00 8.2 15.0 126 1310 50.0 2.53
12-Mar 0.67 2,03 1.3 15.0 126 1310 2.51 0.0 0.0 0 0 ERR ERR
12-Mar 0.75 3.90 1.4 16.0 122 1320 2.44 13.8 13.6 8 4 1808 164.87
12-Har 0.93 8.1 6.9 16.0 110 1360 2.4 40,8 4 10 T 59,90 46.14
13-Mar 0.09 .12 6.5 140 8% 1350 M2 23T 416 102.0 i § 41,82 6546
13-Har 0.21 15,35 6.5  15.8 UK P .88 48 1428 i 10 50.83 61,22
13-Har 0.42 20.03 6.5 15.5 " 1370 290 2,20 4.2 1.0 13 10 4258 59,82
13-Mar 0.5% 23,95 6.0 15.2 5 1330 kLA 2.23 5.0 23.0 1§ 1372 5251
13-¥ar 0.74 21,13 5.8 15,5 40 1390 3 2,10 .4 2924 16 12 3.4 48,59
13-Mar (I3 I I £4 185 ) 2.0 408 3332 1 12 4.1 48.85
(4-Har 0.08 35,78 5.6 15.5 15 1310 2.01 .2 g 2 12 3.4 410
14-Mar 0.27 40,37 5.8 15.% 9 1380 438 1.46 0.4 3978 5 1 99.25  49.78
H4-Mar 0.43 4,17 5.9 16.2 1 1360 6.8 4046 2 10 259,96 53,3
14-Mar 0.51 45,07 5.4 14.5 § 1370 461 3.4 408.0 2 10 243.18  54,8%
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l TEST KO oM
Sample Yalume (1) T 2650
Head grade (Cu ppm) 81
I Liguor flow (1/hour} : 3800
Cathode diametre (mm) : 100
Cathode length {mm) : 750
Masking {mm) : 0
Anode diameter (mm) 0
Humber cells : 5
Amps - per cell : 15
- ¢ircuit ¢+ 15.00
Current density (Afm2):  63.84

Nate Time Flapsed Avg cell  Amps Cu ippm} Fe(gom) Felppa) o Curec f{gm) Curr, eff, wh/gm Cu

Tme Volts total as Fett period Cumul. period Cumsl, period Cumel,

18-Mar .51 0.00 8.1 5.0 125 133 5.0 2.8

18-Yar 0.59 1.83 5.4 150 129 1360 61 2.8  -10.6  -10.6 -1 -T -10.91 -110.9
18-Har 0.76 .47 1.6 15.0 1 1380 281 424 1.8 1] § 57.08 113.07
19-Mar 0.3 1.3 1.3 155 g 1380 2,13 61k 928 10 8 60.56 78.58
19-¥ar f.2s  11.58 55 150 [ .52 530 1d5.8 1 § 5719 68.83
19-Har 0.50  2L.7% 6.3 150 81 M nrooo22t B 190.8 § § 8570 68.10
19-Har 078 9.9 5.0 1.0 B B 218 4L 2.5 § $ 8463 66,40
19-Har 0.9¢ B4 6.0 150 400 02 210 g M3 i § T17.83 BLTS
20-Har 0.25 4175 6.0 5.0 T 460 2.0 3.t 37d4 1 8 76.82 0.4
2-Mar 045 4642 6.1 15.0 § 1410 450 .1 34 1 § 799.06 75.08
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DRUM CERCULT

TEST O oM

Sample Volume (1) : 210

Head grade {Cu ppm} : 144

Liquor flow {1/hour) < 1700

Cathode diametre (mm) : 50

{athode length {mm} 900

Masking (mm) : 0

Anode diameter (mmj - 20

Number cells : 1

Amps - per cell : 1.5
- circuit 150

Current density (A/m2): 53.03
Date Time Flapsed Avg cell  Amps Cu (ppm) Fe(ppm) Felppm) g Curec (om) curr. eff, wh/gm Cu

Time  Volts total as Fett period Cumul. period Cumul. perod Cumul.

12-Har 8 0.00 kN 1.5 144 1490 17 2.4
12-Mar 0.67 2.28 3.2 1.5 136 1500 25 2.29 1.7 1.1 8 g 15 M5
12-Mar 0.78 4,25 3.0 1.5 130 1520 ) 2.9 1.3 2.9 li 8 3.2 35.07
12-Mar 0.%3 8.67 ¢ 1.5 {06 1530 56 2.28 5.0 4.0 13 10 1838 25,16
13-¥ar 0.08 12.42 2.1 1.0 30 1520 140 .22 34 1.3 ib 10 22,66 24.42
13-Har 0.21 16.67 2.1 1.3 T8 1520 209 2.15 2.9 14.3 8 0 28,30 2.2
13-Mar 0.42 20,33 2.6 1.0 B4 1540 302 2.2 2.5 16.8 ] w2195 2563
13-Har 0.59 24.33 2.7 8.0 B5 1550 346 2,21 -0.2 16.6 -1 8 -38.57 30,75
13-Mar 0. 74 27.58 2.1 1.5 57 1530 392 2,12 1.7 18,3 5 1T 4546 3210
13-Mar 0.4 32.08 2.7 8.5 4 1530 429 2.06 1,7 20.0 ) T 11 1.4
14 -Har 0.08 35.12 2.5 1.0 39 460 2.02 2.1 2.1 ] 7 8.0 .10
14-Har 0.26 40,58 2.5 1.5 24 1530 439 1,95 2.1 4.2 5 T 3.5 3467
14-Mar 0.43 44,48 2.6 1.3 A 1520 495 1.7 25.8 5 T 4366 35,25
14-Ylar 0.50 46.35 2.1 1.5 18 1520 525 0.6 26.5 4 § 5.9 .79
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TEST W0 ML 21

Sampie Vaiume () 216

Head grade (Cu ppm) 138

Liquor flow {1fhour} : 1700

Cathode diametre (mm) B4

Cathade 1ength {mn) 850

Masking (mm) |

Anode diameter (mm) 20

Number cells 1

Amps - per cell 1.5
- ¢ireuit ¢ 150

Current density (A/m2): 51,99
Date Time Elapsed Avg cell  Amps Cu (ppm) Felppm) Fe(ppe) pit  Cu rec (gm) Curr. eff, wh/gm Cu

Time  Volts total as Fett period Cumul. period Cumsl. period Cumy

15-Mar 0.681 0.00 3.4 1.5 138 1480 5 2.62
{E-Har 0.67 1.42 3.2 1.5 132 1500 25 2.58 1.3 1.3 ] 10 27,83  27.83
15-Mar 0.7% .37 2.9 1.5 123 1480 56 2.5 1.9 3.2 A 11 2380 2.2
15-Nar 1.00 9.25 2.9 1.0 95 1430 161 .48 5.9 9.0 12 1 .04 22.52
16-Mar 0.26 15.65 2.8 1.8 68 1490 268 2.3 5.1 4.7 10 1 281 23.02
16-Har 0.50 AR 2.6 7.1 L] 1440 206 4.0 18.7 8 10 2911 4.3
18-Har 8.78 7.4 2.6 1.0 39 1530 ki:TH 2.32 2.1 20.8 4 9 M5y HW
1§-Mar 0.8 13.20 2.6 1.2 3 1510 4 2.21 1.7 32,5 3 § 6451 2.8
17-Mar 0.25 13.40 2.4 1.3 22 1520 469 2,22 1.9 M4 4 T 54 3.1
17-Mar 0.41 43,30 2.2 8.0 16 1530 480 2.26 1.3 29.6 4 T 4L 329

~7
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TEST NO ML 26

Sample Volume {1) 187

Head grade (Cu ppm)

Liquor flow (V/hour) : 800

Cathode diametre (mm) : 50

Cathode Tength (em) 300

Wasking (mn) 0

Anode diameter {mm) 20

Number cells !

Amps - per cell 10
- circuit »10.00

Current density (afm?): 767
Date Time Elapsed Avg cell  Amps Cu (ppm) Felppm) Felppm) g Cu rec {gn) gurr. eff. wh/gm Cu

Time  Volts total as Fett period Cumul. period Cumsl, period Cumul.

18-Mar 0.48 0.00 44 10.0 130 1340 42 2.9
18-Mar 0.58% 2.50 4.0 10,0 124 1360 a1 247 1.1 1.1 4 4§ 8315 8375
18-Mar 0.76 6.42 3.8 i0.0 i 1370 110 2.1 1.3 2.4 ki 3 116,90 108.22
19-Mar 0.03 12.95 3.1 10.0 85 1370 298 2.56 i1 6.5 § 4 5648 495
19-Har .28 18.22 3.2 10.0 16 1360 367 2.45 1.5 10.1 b 5 1828 B85
19-Har 0.50 24,35 3.2 10,0 43 1420 43¢ 2.03 €.2 16.2 ] B 3186 5.7
19-Mar 0.76 30.53 3.2 .8 LA 1420 461 ? 0.4 15.6 1 5 524,70 63,38
19-¥Har 0.99 36.05 31 9.5 20 1420 463 1.99 3.9 20.5 6 5 42,18 5945
20-Mar 0.26 2,42 3.2 10.0 13 1430 49 2 1.3 2.8 Z 4 149.85 b4.B%
20-Har 0.45 47.00 31 10.0 1 1390 500 1.1 1.9 ? 4 1269  §1.97

P
J
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TEST WO ToM28

Sample Volume (1) : 175

Head grade (Cu ppm) . 8o

Liquor flow (1/hour) : 800

Cathode dizmetre (mm) : 50

Cathode Tength (mm) . 900

Masking (mm) : 0

Anode diameter {mm) 0

Number cells : 1

Amps - per cell : 10
- circuit o 1.5

furrent density {A/mZ): T0.TH
Date Time Elapsed Avg cell  Amps Cu (ppm) Fe(ppm) Fe(ppm) pH  Cu rec (gn) Curr. eff. wh/gm Cu

Time  VYolts total as Fet+ period Cumu!. period Cumul. period Cumul,

20-Mar 0.78 0.00 5.3 10.0 88 930 20
20-Kar 1.00 5N 3.9 10.0 67 950 189 3.1 LT ] 6 04,87 84,87
2 -Mar 0.25 11.27 4.0 10.0 B1 330 321 1.1 4.1 1 422948 101,29
21-Mar 0.51 17,42 3.3 10.0 4 940 265 3.0 1.1 4 4 15.45 9L
21-Mar 0.7% 3.2 3.6 10.0 27 850 304 Z 3.0 10.7 4 4 B1.BL 8T
21-Har 1.00 29.08 2.9 8.5 12 950 07 1.96 2.8 13.3 4 4 G6.6T §1.1%
22-Mar 0.25 15,23 1.1 8.0 ] 840 07 1.9 1.1 14.4 2 4 149.80 86,21
22-Har 0.45 40.10 3.6 12.0 § 350 04 -0.5 13.4 - 3 -39.81 101,83



l FLUSH TESTS
I orum Cirguit

TEST NO ¢ W3

234140

Sample Volume (1) 1 210 Fresh creek liguor
Head grada (Cu ppm) :
Liguor flow ($fhour) : 3130

Cathode diametre (ms) : 54
Cathode length (mm) : 740
Masking (rm) : 0
Anode diameter (mm) )]
Number calls : 1
Amps - per cell : 0

- ¢circeit N (N

Corrent density {A/m2):  0.00

Date Tine Elapsed Avg cell  Amps Cu (ppm) Felppm) Fe(ppm) ph  liguor nueber Cu rec (ga) Cu diss

Time  Volts total as Fest vol(1)  cells period Cumsl. for
07-¥ar .48 0.00 138 1760 210.0 1
(7-¥ar 0.58 2.50 268 1410 2.5 210.0 i -89 -9 10.8
' 07 -Har 0.1 50 U 1440 2.6 2100 T -2 -1 3.8
07 -Har .45 8,98 176 1420 2,68 10,0 1 -1, -50.0 34
TEST M3 TOML 4

Sample Volume (1) : 210 Fresh creek liquar
Head grade (Cu ppm}
Liguor flow (1/hour) : 3130

tathode diametre (mm) ; 54
Cathode length (mm) : 750
Masking (mm) : ]
l tnode diameter (m) 20
Number cells : 1
Amps - per call : 0

- ¢ircuit c 0,00
Current density (A/m}: 0,00

l Date Time flapsed Avg cell  Amps Cu (ppm) Fe{ppm) Fe(ppm) ph  Tiquor  number  Cu rec (gm) Cu diss

Time  Volts total as Fett vol{1)  cells period Cumul. [hr
10-Mar 0.47 0.00 318 1760 2.6 20,0 1
10-Har .60 3.30 318 1414 .70 210.0 { PUMP OFF IN ERROR
10-Mar 0on 1.31 32 LIQUOR LEFT TR ERROR
10-Mar 0.92 10,98 380
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TEST NO M2
l Sample Volume (1) : 210
Head grade (Cu ppm)
Liguor flow (1/hour) : 1800
Cathode diametre {mm) : 54
Cathode length (mm) : 750
Masking (mm) : 0
Anode diameter [mm) 20
Number cells : 1
Amps - per cell : 0
- ¢ireuit : 0.00
Current density (A/m2):  0.00
Data Time Elapsed Avg cell  Amps Cu (pom) Felppm} Fe(ppm) ph  liguor number Cu rec {gm) Cu diss
Time  Volts tota] as fatt vol(1) cells period Cumel, {hr
17-Har 0.50 0.00 15 1530 490 210,0 1
17-Mar 0,59 1,95 i 1540 503 2.3 210.0 | I 1 SR W S N -
17-Mar t.7 4,90 39 1520 483 2,31 0.0 1 -1.7 -4.8 0.51
17-Mar 0.75 5.95 2 1520 83 531 00 1 8 55 (.60
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2 Inch Circuit

TEST MO : WL 8 {post #6}

Sample Volume (1) : 2650 Fresh creek ligquor
Head grade {Cu ppm)

Liguor flaw (1/hour) 1400

Cathode diametre (mm) : 5
Cathode temgth (mm) : 850
Masking (mm) : 0
Anode diameter (mm) 20
l Number cells : L
Amps - per cell : 0
- circuit o 600
Current density (A/m): 0,00
Date Time Elapsed Avg cell  Amps Cu (ppm) Fe{ppn) Fel{ppm) ph  liguor number Cu rec (gm) Cu diss Cu diss
I Time  Volts total as Fett vol{1)  cells period Cumul. /hr feellfhr
07-Mar 0.7% .00 150 1750 2,54 2630.0 16
l 07-Mar 0.76 017 42 1620 2.61  2650.0 10 -243.8 -43.8 14628 146.3
07-Mar 0.9% 4,28 266 1610 2,63 2650.0 10 -63.6 -307.4 15.6 1.6
03-Mar 0.1 8.58 300 1610 2.65  2650.0 0 -90.1 -397.5 20.8 2.1
03-Har 0.26 12.13 320 1600 2.65  2850.0 1 83,0 -450.5 14.9 1.5
I 03-Mar 0.41 15,43 340 1600 2.62  2650.0 M -53.0 -503.5 14.3 1.4
TEST MO o MLHF
Sample Volume (1) 2650 Fresh creek liguor

Head grade (Cu ppm}
Liguor flow (1/hour) : 1800 (varied)

Cathode diametre {mm) : 54
Cathode length {mm) : 850
Masking (mm) : 0
Ancde diameter (mm} 20
Numher celis : 1o
Amps - per cell : i

- circuit c 0,00

Current density (A/m2):  0.00

Date Time Flapsed Avg cell  Amps Cu {ppm) Fe(ppm) Felppm) pH  Viguer number Cu rec (gm) Cu diss Cu diss
Time  Volts tatal as Fett vwol{l} cells period Cuml. fhr jeellfhr

11-Mar 0.64 0.00 144 1520 2,13 2650.0 10

11-Mar 0.73 27 212 1470 5 2.51  2650.0 10 -180.2 -180.2 3.2 8.3

11-Mar 0.89 5.90 294 1460 b4 2650.0 10 2113 -3%1.5 54.2 5.8



4 Inch Circuit

Sample Volume (1)
Head grada {Cu ppm)
Liguor flow {1/hour )
{athode diametre (mm) :
Cathode Tength (mm)
Masking {mm)
Anode diameter (mm)
Number cells
Amps - per cell

= gIreuit :
Current density (A/m2):

o OML3F

3500 Fresh creek Viguor

4000 plus
100
150
0
20
5
0
0.00
0.80

234143

Date Time Elapsed Avg cell  Amps Cu (ppm) Fe{ppw) Felppm) pH  tiguor number Cu rec (gm) (v diss Cy diss
Time  Volts tatal as et vall1)  cells period Cumul. fhr feell/hr
11-Har 0.68 0.00 144 1520 3500.0 5
11-Har 0.73 1.22 206 1480 1500.0 5 -Ure -A1.0 184 8.7
11-Har 0.9 5.45 252 1480 3500.,0 5 -181.0 -378.0 8.0 1.6
TEST WO L 12
Sampte Volume (1) 3500 Liguor from test 7
Head grade (Cu ppm}
Liguor flow (1/hour) ;4000 plus
Cathode diametre {m) : 106
Cathode length (mm) 750
Masking {mm} 0
fnode diameter (ma) bl
Number cefls 5
Amps = per cell 0
- cireuit 0.00
Lurrent density (A/m2): 0,00
fate Time Elapsed Avg cell  Amps Cu (ppm) Fe(ppm) Fe{ppm) pH  liguor number Cu rec (gm) Cu diss Cu diss
Time  Volts total as Fet+ vol(1)  cells period Cumul. e feellfhr
19-Har 0.49 0.00 154 1310 390 2,26 3500.0 5
(09-Har 0.59 2.37 196 1290 2.24  3500.0 5 -W1.6 -147.0 §2.1 12.4
09-Mar 0.69 4.70 220 1300 2,15 1500.0 -840 -2 36.0 1.2



APPENDIX 4

Waste Liguor Measurements 1991
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RATER QUALITY MEASUREMENTS 1991

LOCATICN DATE Cu Fe  Flow pH 504

ppm pem 1fsec ppm
05 17-lan 150 1450 20 2.5 10980
05 03-May B5 bd4 L 2.7 1667
05 03-Jun ~ 73.2 359 0 &1 2D
05 24-Jun 0 0 125 0 0
05 0f-Jul  116.8 679 150 2.6 4309
05 -t 1705 107 120 .5 5
05 b-Aug  137.5 B2 50 2.5 5110
{5 23-%ep  186.6 940 50 2.6 6707
08 17-0ct 552 520 80 2.1 4
05 19-Nov k1 g5 500 3 1106
{5 09-Dec  126.3 i 10 2.5 a0%4
04 11-dan 25 570 ? 2.1 4780
06 03-May 5.1 538 Z k| 1409
06 03-Jun 8.1 b14 0 2.8 4085
i ¢4-Jun 0 0 2 0 0
U6 0f-Jul  83.9 A0s 4 28 4728
08 -l 478 488 4 a1 2918
06 26-Aug 5.7 449 1.5 2.9 KEH
0§ 23-Sep 18.1 485 3.5 .9 2985
08 17-0ct 23.8 550 4 3 4544
08 19-Hov 35.8 427 4 2.9 3288
06 09-Dec 3.9 459 3 ¢.8 3263
07 (3-May 65 418 50 2.9 1020
07 03-Jun  108.3 2 0 ¢.1 1661
07 24-Jun 0 0 45 0 0
i 01-Jul 1418 461 120 2.5 1925
07 -} 12,7 402 150 2.8 1673
07 26-hug  123.6 365 40 2.6 1649
07 23-%p 649 53 3 2,1 1637
o C et 642 M 500 2.1 1780
07 19-Nov 855 290 15 2,1 1708
67 09-Dec  129.3 358 LA 2.1 1892
(4a 03-May 55 252 g5 1 2%
08a 03-fun 1503 204 0 I 2958
08a 24-Jun 0 0 8 i 0
{8a 01-Jul 532 §07 10 2.1 4
(8a 30-dul 320 145 50 2.6 6783
08a 26-Aug 405 478 60 ¢4 6585
fda 23-5ep 2N 384 80 2.9 4300
08a 17-0ct 298 385 IE] 2.8 5815
(8a 19-Nov 261 244 ] 2.9 - 1928
08a 09-Dec 290 308 80 2.5 5290
(92 03-Hay 835 108 200 3 1836
09 03-Jun 0 444 0 2.8 1266
(% 24-Jun 0 ¢ 300 0 0
09a 0r-Jul B5.5 505 300 2.6 3538
(% 30-Jui 0 0 100 0 0
0% %-g 753 447 170 2,7 3680
0% 23-%p 3379 510 180 3.8 3a76
0% 17-0ct 89,6 mn 380 2.8 305
092 19-Kov 25 1956 800 3 1121
09 09-Dec 89.4 336 160 2.8 879
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1.0 EXECUTIVE SUMMARY

1.1 Background to the Study

Euralba Mining Ltd have developed an electrowinning techrology
(the EMEW cell) which is capable of plating metals at a broad range of
concentrations +fram agueous solutions at high cocurrent densities and
efficiencies. This technology is compact and relatively low in capital
cost. An application to which it is well suited is the extraction of
metals from waste streams, where the concentration of the target metal
is aften very low relative to that required for conventional
electrowinning plant.

This technology bhas been pilot tested extensively across
Australia, including two campaigns at the Mt Lyell Mining and Railway
Company mine at Q(ueenstown in Tasmania. The tests were carried out on
acid mirne drainage from the waste ore dumps formed during open pit
mining operations between 1932 and 1970. Bacterial activity is now at
lavels such that the copper sulphide mimerals in the dumps are baing
slowly broken down. The drainage +from the 4unps carries sufficient
copper in solution to justify investigation of methods for its recovery
by a compeercial venturea. The environmental impact of this copper in
solution provides added incentive for the extraction of the copper.

Euralba Mining commissioned Australian Geoscientists to
produce a prefeasibility study in 1992. This was based upon pilot scale
site trials of direct electrowinning from a combination of waste dump
drainage and surface runoff. The trials were successful, but the size
of plant required (the runber of EMEW cells) was larger than anticipated

due to the wvery high iron levels in the drainage stream, and was -

sensitive to power cost. A conceptual design and cost estimate for a
solvent extraction (85X} process was included in the study. This
demonstrated some oost savings over the direct electrowin . option when
SX is wused in conjunction with the EMEW cell, and a more manageable
operation. In effect the impact of the high iron content on current
efficiency was eliminated, and the size of the EMEW plant was reduced.

In November and December of 1993 a pilot scale 8X plant was
run on a variety of drainage streams at the Mt Lyell site, with copper
from the upgraded solution recovered by EMEW cells. Bufficient data was
collected to enabla both the design and cost estimation of a full scale
process plant, and the commercial analysis of a full scale ogperation.
In conjunction with this trial, information on the streams available far
processing was gathered, and a more definitive assessment of the
available resource was undertaken. At the tinme of writing this report,
the main issue which had not been determined was the future of the Mt
Lvell sits. The futuwre could bring either a change of ownar and sSoms
form of ongoing operation, a care and maintenance phase with several
possible formats, or total cessation of operations and site remediation.
This study assumes that the major infrastructure elements such as power
supply and access to the site will bea available to the GSX/BEMEW
project, and otherwise that the plant site will be below the conveyor
tunnel elevation on flat ground.

Rroo 1



1.2 Technical Overview

The efficiency of the EMEW cell derives from the high flow and
thus mass transport rates achieved in the cell and the use of an
advanced dimensionally stable anode. The technology has been fully
demonstrated on a small scale (to 1 tonne per day coppar), and is
currently undergoing a staged trial at the Young Australian mine near
Cloncurry which will establish the engineering parameters for plants
capable of producing from 2 to 10 tonnes of copper per day. The pilot
plant gperation for the SX/EMEW process at Mt Lyell uwsed conventional
open SX settlers in a single stage each of extraction and stripping.
The contirmuous capacity of the plant ranged betwesen 2300 and 3600 litres
per hour of copper bearing solution, upgrading the feed from typically
150ppm (parts per million) copper and 2300ppm iron to an electrowin feed
solution of concentration 20000ppm (20 g/1) copper and S500ppm iron.
The recovery of copper from the waste streams, with only orne stage of
extraction, varied between &0 and B88%, with the plant operating
contirnuously +or most of the 28 days of operation. The full scale
flowsheet will use two stages of extraction, and thus it is anticipated
that recoveries will be in the B0 to 204 range.

In technical terms the plant operated very well, particularly
when account is taken of the metal concentrations in the fesd solution.
The plant achieved design performance with far higher iron to coppar
ratios than any operation in existence, and with copper tenors at the
very lowest limit of cuwrrent world practice. A further technical
challenge which was overcome was the volume of crud (amorphous gels)
which formed in the SX process, initially causing exceptionally high
losses of the organic phase which carries the copper selective
extractant. The plant was successfully modified on site to allow
oparations to continue at acceptable performance levels. kWell tried
technigues are avalilable for the removal and processing of crud from
gither phase, and these have been used in the full scale plant design.

The technical approach proposed for the full scale plant is
sound and has been based uwpon significantly more testing at  both

laboratory and pilot scale than is customary. The quality of copper
produced has been determired from the pilot program, and is of a purity
which is superior to most electrowon copper. The resource assumptions

are considered to be comservative, based on reliable data from the
streams which have been monitored. No attempt bhas been made to
rationalise stream collection across the site or to enhance the
leaching processes which have been occuwrving naturally over the last
60 years - both of which would considerably increase the resource base.
The copper tenor and flowrate selected for commercial analysis of the
project have heen conservatively selected.

1.3 Commercial Highlights
The attached table provides a summary of the financial
analyses detailed in sectiaon 10. of this report.
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EURALBA MINING LTD
MT LYELL SX/EW COPFER PROJECT
FEASIBILITY STUDY MAY, 1974

FINANCTAL ANALYSIS

SUMMARY — BASE CASE

BASE CONDITIONS ASSLMPT IONS 2.68 A%/KG

FLOW COPPER TENOR 0.120 g/1 COPPER PRICE 0.85 USs$/LB

RECOVERY 80 % EXCHANGE RATE 0.7 USs/A%

CAPITAL COST A% 1041889 DAYS/YEAR 3464

PREPRODUCTION COST FOO000 HRS/DAY 24

BASE CASE ANNUAL PRODUCT [ON INTEREST RATE 10 %

FLOWRATE ™M3/HR 500 DISCOUNT RATE 12 %

COPPER g/1 Q.12 TERM 10 YEARS

RECOVERY % B8O NPV ON REVENLE 3241679

COPPER TONNES 419.3 NPV ON CFBIT 2112660 A% REVENLE - CAPITAL

OFERATING COST FACTOR i NPV 19803467 A$ AFTER DEBT SERVICE
AND TAX

SENSTTIVITIES —~ A$ x 1000

COFPER PRICE Q.73 0.83 0.99 S cents/pound Cu

NPV — REVENUE 2510 3242 3973

NPV - CFBIT 1381 2113 2844

NPV — DEBT FINANCED 1487 1980 2471

CAPITAL COST -20% base +20%

NPV — REVENUE 3242 3242 3242

NPV - CFBIT 2321 2113 1904

NPV — DEBT FINANCED 1994 1780 1962

DFERATING COST —20% base +200

NFEY — REVENIE 337 3242 2646

MNEY - CFBIT 2708 2113 1517

NPV — DEBT FINANCED 2379 1980 1579

PRODUCT TON 0.070 0.120 0.170 0.220 g/litre Cu

NPV — REVENLE 1056 3242 S427 7613

NPV — CFBIT 73 2113 4238 &484

NPV — DEBT FINANCED 388 1980 245 4909

DISCOUNT RATE Q% 12% S

NPV — REVENUE 3693 3242 2871

NPY — CFBIT 2551 2113 1753

NPV — DEBT FINAMCED 2239 1980 1765
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2.0 INTRODUCTIDN

2.1 BGereral Background

This study has been comnissioned by Euralba Mining Ltd to
examine the viability of producing copper metal fram acid mine drainage
effluents at the Mt Lyell Mining and Railway Company site in GQueenstown,
Tasmania. Thae Mt Lyell mining field has been producing copper metal or
mineral from a range of orebodies over the last 100 years. The current
ownar, Renison Goldfields intends to cease mining and processing
operations in December 1994, and at the time of writing of this report
there is no indication of the extent of remediation, mothballing or
ongoing liquidation of assets which may take place. Several parties
have expressed interest in taking over the cperation as a going concern.

The Tasmanian Government is involved with regard to both
remediation of the minesite and in seeking ways by which some form of
profitable activity can continue in the lease. They are supportive of
Euralba's interest in extracting copper from the waste streams, possibly
in part because this will contribute to the remediation of the site and
significantly reduce the impact of the long term contamination of the
Gueen and King Rivers and Macquarie Harbour by the copper content of the
acid mine drainage.

2.2 Corporate Details

The corporate background of Euralba Mining Limited is provided
under sgparate cover in the +form of an anmual report, a company
presentation document, a recent quarterly report and several analyses
carrvied out by stockbrokers.

2.3 Objectives of the Study

The primary objective of this study is to assemble a
definitive analysis of and proposal for the design, construction and
operation of a solvent extraction and electrowinning (8X and EW
operation located at Mt Lyell in Tasmania. This operation proposes to
process a variety of established copper bearing effluent streams to
recover the copper as LME grade A cathode at a nominal rate of one tonne
per day using commercially proven and available solvent extraction
technology and the proprietary Euralba Mining Ltd electrowinning cell.

This study also projects the costs and income associated with
this proposed operation, and presents a financial analysis of the
project. The Financial viability of the project is established
within the context of the stated assumptions regarding the long term
fate of the site and the associated tenure and infrastructure issues.
The praject is dependent on the data supplied by the current owner
regarding the stream flows and their metal content, and the more
comprehensive and specific data collected by Euralba during the two
trial programs at the mine site, for estimation of the long term
resauwce of copper in solution available to the project.



2.4 Study Organisation

The study is structured in the form of a conventional
feasibility study, with the background to the project, resource
definition and technical design issues preceding the presentation of
oparating and capital cost estimates. The study concludes with a
financial analysis presenting pre—tax and pre—debt service cash flows,
and calculation of the Net Present Value of the cash flow. A risk
analysis 1is undertaken with the illustration of sensitivity of the
praject to copper price, exchange rate, copper levels in process feed
and extraction levels achieved by ths process.

2.3 Project History

The Mt Lyell Mining & Railway Company have been seeking to
process their effluents for many years in such a way that the cost of
treatment is offset by reverwe Ffrom recovery of the contained copper.
The origin of the copper is from the bacterial leaching of copper
sulphide minerals in the large volumes of disturbed and broken ground
at the Mt Lyell copper mine site. This endeavour was extra to their
legal obligations with regard to environmental remediation, due in large
part to the long mining history in the area and the cowercial
impracticability of rullifying the effects of past mining and
management practices in the context of current day standards.

The Euralba Mining Ltd techrmology +or electrowinning base
matals from solutions carrying wvery low concentrations of the target
metal was developsd over the 1980°s and early 1990°s. The EMEW cell is
now engineered to a point where commercial application can be
undertaken. A pilot scale trial was undertaken in 1991 and 1992 at the
mine site, with copper being electrowmon directly from the various
effluent streams. This trial was successful, but indicated that the
purification and concentration of the effluent streams would reduce the
capital and operating costs and improve the flexibility of the plant.
The iron levels in solution reduced the overall powsr efficiency of the
direct electrowinning process, and the addition of a solvent extraction
process would reduce this effect and the size of plant required.

A pilot plant trial of the combined SX and EW was undertaken
in late 1993 at the mine site, and provided the design parameters for a

full scale plant.
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2.6 Information Sources

This study is largely based on the pilot plant trials
conducted in November 1993, and the information gathered at that time on
stream flows, copper concentrations and infrastructure issues. The
study also both directly and indirectly draws upon data gathered aver
the entire duration of Euralba Mining Ltd’s involvement with the Mt
Lyell site, and the large database of performance data accumulated
during the process and engineering development phase of the EMEW cell.
The capital cost estimates for the +ull scale plant have been assembled
by obtaining guotations from suppliers, these guotations based upon
designs and specitications supplied by Euralba Mining Ltd +or the
electrowinning process. The experience of the author and the
significant body of information in the public domain has determined
the process and engineering design of the solvent extraction plant. The
Mt Lyell Railway and Mining Company provided invaluable assistance in
the establishment of the pilot plants, by contributing financially and
by providing access to materials, services and data.

2.7 Technology Background

Solvent extraction (8X) and Electrowinning (EW) are now
thoroughly established and commercially wviable technologies, but remain
unfamiliar to many people even in the main stream of the mining
industry.

SX 1s used to separate a relatively low concentration of a
specific metal cation from a solution containing a wide range of ianic
species (such as occurs with the leaching of metalliferrous ores), and
form a relatively pure solution at high concentration of that cation.
In the extraction of copper the specific extractant molecule — known as
an aldoxime - has the capacity to carry a proton — a hydrogen ion - in a
low pH environment. If the pH is raised and copper is present in
intimate contact with the extractant molecule as a sulphate, then the
copper will swap places with two of the protons. This contacting takes
place in the mixer compartment of the "mixer/settler". The two protons
associate themselves in the agueocus phase with the sulphate to form
sulphuric acid. The copper cation remains attached to the extractant
molecule until contacted with a low pH  (high proton concentration)
agueous phase, and under these conditions the copper exhanges, or is
stripped, into the agueocus phase. The volume of the low pH strip
solution is much lower than the solution from which the cation was
ariginally extracted, enabling the increased concentration. The ability
to move the organic from one agueocus environment to amother, from the
extraction to the stripping stages, is facilitated by the natural
separation of the oily organic from the agueocus phase in the settler
compartment of the "mixer settler”. The organic phase is composed of
the extractant dissolved in kerosena.
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Once the copper has been selectively transferred to a low pH
agueous solution {electrolyte), the EW process is used to convert the
ionic copper to metallic copper by adding electrons. This is done by
punping electrons through the solution, which causes the copper to plate
onto the stainless steel surface sypplying the electrons. To preserve
the electrochemical balance water breaks down so that hydrogen replaces
the copper removed from the solution and the excess oxygen is released
as a gas. The EMEW cell is designed to perform this task at very high
efficiencies, and 1s not as vulnerable to impurities and trace organic
phase in the electrolyte as the conventional EW processes.

The EMEW process has now been demonstrated at commercial
scale, producing a readily harvested, high purity metal product at low
capital and operating cost relative to conventional technology. Assay
data obtaimned for the copper produced during the pilot program at Mt
Lyell is attached in appendix &.

Ther gquality of the copper produced 11 the EMEW cell is
significantly higher than that produced by conventionally electrowon
copper, and is thus readily marketable.

7



3.0 PROJECT ENVIROMNMENT

3.1 Location and Access

The Mt Lyell low tenor copper SX/EW project is based on the Mt
Lyell Mining and Railway Co site at Queenstown on the west coast of
Tasmania. Guesnstown is accessed fran the north by the Zeehan and
Murchison highways which link the town to the regional centre of
Wynyard/Burnie, and from the south by the Lyell highway which links to
the state capital of Haobart. The rail link (Emu Bay Raitlway) is for
freighting of Mt Lyell concentrates, and runs from a siding at Melba
flats (80 kilometres north on the Zeeshan highway) to Burnie. An
airstrip at Gueenstown is used by a regular light aircraft service fram
Hobart and the rorthern cities.

The proposed solution transport system and process plant will
be located downslope to the west of the waste oumps and close to the
outfall from the conveyor tunnel. The plant site is subject to change
depending on the status of the site when the project commences. The
location will not, within limits, have an impact on the project
performance. There will be cost advantages in locating the plant as
close as possible to the existing power infrastructure, and minimising
the pumping reguirements for aguisition of feed solutions. There are a
nunber of suitable sites at lower elevations than the sources of the
various streams of interest.

3.2 Topography

The topography of the area of interest is shown on figure 1.
It is very steep and rugged, with roads and drainage ways confined
either to the topographic featwes or, where this has hindered the
effective movement of men and materials in the past, to railway tunnels
driven through the mountains. The bulk of the extensive tunnel systems
are now umusad, with some used as drainage ways. The topography also
justified the use of aerial ropeways in past years, whereas currently
ore is moved by a sophisticated overland conveyor system and by truck.

The topography can be used to advantage i1in this project,
enabling the pipeline transport of solutions to and from the process
plant. The location of the waste dumps along the western and southern
side of the open pit confines any drainage to either the wvalleys on
the west which converge to haulage creek or to the open pit which
drains into the underground. Minimisation of the dilution effect of
surface ruroff can be achieved by development of the drainage systems
around the critical dump catchment area and provision of containment
structures in the gullies at the toes of the shaft and haulage dumps.

23415y
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3.3 bGeotechnical Features

Geotechnical factors do not bear significantly on the design
of the project. The waste dumps are stable on their western batterad
exposure, 1he effects of block caving, with the pit walls now visibly
failing and spalling into the gpen cut, may break back into the waste
dumps but should not significantly effect leaching {(and would remain
inside the leaching zone). At the point where the dumps adicin the top
edge of the open pit the depth of waste is at its lowest and sore
gxposure may assist air ingress.

A total mine closuwre may create a need +or occasional
maintenance of cuttings and dump slopes, largely due to the high
rainfall. The plant foundation reguirements are not orerous
gecotechnically. There are many souwrces for the guantities of fill which
will be required for pond walls and +Foundation pads for the
mixer/settlers.

3.4 Hydrology & Meteorology

The Mt Lyell site by Australian standards is wet and cold.
The weather pattern 1s dominated primarily by the southern ocean
westerlias, with less frequent fine weather when high pressure zanes
form in the east of the state. The rainfall and temperature data for
the area is shown 1in appendix 1. The temperatures affect the
performance of the solvent extraction and electrowin plants,
particularly at night, and the rainfall creates significant variations
in the flow and copper tenor of the drainage fron the duwnps and
underground.

The ground water system is not relevant to this study and has
rnot been investigated. The effluent from the plant is raeleased into the
Dueen River at much lower copper concentrations, but with a small
decrease in pH which is stoichiometirically related to the amount of
copper recovered. This increase in acid concentration in the river
would be undetectabla due to the buffering effect of the high iron
concentration, which exists as a balance between hydroxides and
sulphates of iron.



3.5 Infrastructure & Services

The existence of comprehensive infrastructure and services at
Mt Lyell and Queenstown is of major benefit to the project. Eveary
facility reguired by the proposed project is currently available,
although a complete shutdown of existing operations may require some
intervention and renegotiation to ensure ongoing supply of powear, water
and communications.

Power supply is provided by both the state grid and the local
Lake Margaret hydroelectric Ffacility. Substations and the power
distribution across the site are established.

Water supply i1s from rainfall catchment dams on the Mt Lyell
site.

3.6 Demography & Social lssues

GQueenstown has a population of ....... people, and a
workforce directly dependent on the existing Mt Lyell operation of
approximately 300. Tourism has contributed to the local economy, but
when the ming clases there will be very little to compensate for loss of
jobs in the local area. Soms families have lived in Gueenstown for D
generations or more, and it is likely that many will welcome any
opportunity to stay in the district. The last major contraction was the
exodus of the hydroelectric scheme team after completion of the King
River Dam project, contributing to the steady contraction in government
services over recent years.

The only nmear term reprieve +or the working population is the
Henty Gold Project tocated to the east of Roseberry, which would be
manned out of Gueenstown. Otherwise the area will be reliant purely on
tourism for income, with a declining contribution +rom the significant
number of retirees who have remained in the town.

3.7 Political & Regulatory Factors
These issupes have not been determined at this stage of the

project development.

3.8 Terwre & Associated Interests
These issues have not been determirned at  this stage of the

project development.
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4.0 THE RESOURCE

4.1 Existing Stream Flows

The Mt Lyell Mining & Railway Co have monitored the acid
mire drainage from the site +for many years. Much of this data is of
limited use in assessing the availability of metal to a process plant,
as it is comprised only of assays with no stream flowrate data. The
absence of flow data prevents the calculation of actual copper tonnage
emerging from the various areas of the Mt Lyell site in the sarlier
years. Since 1991, and the instaliation of V notch weir flow
measurenent systems, a more guantitative data set has been compiled.

The three sites of immediate interest are Haulage Creek, which
tarries all the acid drainage from the West Lyell open cut waste dumps
and large volumes of suwrface runoff, the North Lyell Tunnel, which
carries drainage from the Tharsis open pit area, and the Corwveyor Tunngl
which carries the water pumped from the underground areas currently in
production. These underground workings, accessed from the Prince Lyell
shatt, are directly below the West Lyell open pit which ceased
production in 1974. Rainfall drains from the open pit and its catchment
through the caved areas above the production stopes, and then into the
underground sumps. The water is continuously punped from the sumps,
with an occasianal clearance of settled solids (see figure 1).

The sampling points have been selected such that addition of the
data fraom Bach source yields the total flow from that area of the
mimesite. The North Lyell Tunnel and Conveyor Tunnel Fflows discharge
into haulage creek which in turn flows into the Gueen River (which flows
into Macgarie Harbowr)., The data does nmot enable calculation of the
clean water dilution fram surface runoff which flows into haulage creek.
The pilot program carried ocut in 1993 took solution flows from the tos
of the waste dumps and the outflow of the two tunnels, thus avoiding the
dilution. A back calculation of the flowrate which the plant will
obtain at +full scale from the waste dumps has been based on the change
in metal caoncentration between the haulage creek data and the waste dump
outflow samples (see figure Z and table 1).

Over the last 3 ymars a simple arithmetic average of 1.36
tonnes of copper per day has been transported to the Queen River in
solution as copper sulphate in these threg streams. The pattern of flow
appears to follow the rainfall curve, shown on figure 3. Appendix 1

contains the meteorological data for the Gueenstown area (see section
3.4).
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4.2 Bacterial Leaching Process

The copper and irvon in solution in the various streams
originates from bacterial leaching of the sulphide minerals contained in
the waste rock from the mining areas. The bacteria are thermophyllic,
acidophyllic and chemolithotropic (thrive in law pH, elevated
temperatures and do mot require organic input other than natural
sowces to construct their basic protein structure). The dominant
variety are Thiobacillus Ferro—0Oxidans (TFO), a unicellular rod shaped
bacillus (class Achizomycetes, order Pseudomonodales) which are
essentially ubiquitous (create the appropriate conditions and they
appear), and are about 0.4 microns diameter and 1 micron long. TFO
coexlst with other species which may or may not play a role in the
aoverall leaching process.

TFO thrive in a mixed aqueous and solid envirormment in the
temparature range 30 to 37 degrees centigrade and in solutions with pH
of 1.2 - 2.2. Their metabolism 1is based on enzyme action using complex
amimo acids teo catalyse tha oxidation of iron (from ferrous to ferrvic -
ioss of an electron) from which they derive their energy. They adapt to
a specific environment over time, and their population growth is
governed by supply of air, availability of mineral swrface and the
presence of any iphibiting materials such as surfactants or acid
consuners. Other bacteria assist in the fixing of nitrogen and possibly
in the Ox1dat10n af sulphur to sulphate, but the essential ingredients
are ferrous iron, air and water. TFO attach themselves from the agueous
phase to a mineral surface - possibly hydrophobically by lipids in their
auter membrane. The mineral surface is made up of iron and sulphur
(pyrite) or iron, sulphur and copper (chalcopyrite), The internal
reactions generate an electron :

ZFezZ+ + 0.302 + ZH+ —> Zel3+ + H20 + e~
and passibly:

28 + 2420 + 302 -> 2H2804
The overall reaction starting with pyrite may be:

2FeS52 + 702 + 2H20 -> 2FeS504 + 2H2504
4FeS04 + 02 + 2H2804 -> 2Fez2(804)3 + HZ20
ZFe2(804)3 + (CuFe)S2 -» CuSD4 + SFeS04 + 28

Curiously, a better understanding exists of the intarnal
enzyma processes than the bulk mineral leaching due to the complex ionic
anvironment. Various galvanic effects have also been proposed which
participate in the leaching process (between different minerals). An
investigation by ANSTO at Mt Lyell has suggested that the l@aching rate
i= controlled by air supply, which in waste dumps derives from the
thermal convection established in the dump due ta the temperature
profile set up by the exothermic oxidation reactions. The upward
movement of warm air draws in fresh air from the bottom and sides of the
dunp structwe. The presence of bacteria, temperature profiles and
obviously high levels of ferric iron have been established in the Wast
Lyell waste dumps.
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4.3 Waste Dump Leaching

The West {yell dumps are formed from waste rock deriving from
the operation of the West Lyell open pit between 1930 and 1972. An
estimate of the tonnage and grade has been compiled by difference. The
tonnage and grade mined are documented (38 million tonnes at O.72%
copper) and the original resource was well defined by drilling and a
kriged block model using a cut off grade of 0.4% copper. The resulting
estimate for the waste dumps is:

tonnes “Cu range “u

16,251,650 0

985, 565 0
6,751,461 0.
9,833,789 0
11,286,020 o

48, 108,505 0.17

Previous external estimates had derived a figuwre of 32 million
tonnes at 0.20% Cu. There is evidence to support a higher grade as are
was sometimes dwnped to waste when the stockpile areas were full. It is
ireasonable to assume a copper metal resource of 81,784 tonnes.

The leaching of chalcopyrite, the dominant copper minaral in
the waste dumps, is a very slow process and in  laboratory simulations
usually displays a flat and linear extraction of copper as a function of
time. At present the stream flow monitoring suggests that the dumps are
releasing an average of 20 grams of copper per hour. I+ this process
has been underway since 1930, a total of 18,000 tonne of copper has
been lost from the dumps from a total resource of 82000 tonnes capper.
This equates to an extraction of 224, or 0.35% copper extraction per
year on average. This estimate is most likely excessive, as many years
would have been reguired to establish the leaching process at  the low
ambient temperatures, and waste was dumped up to 1974 thus staggering
the start of the leaching process over 44 yvears. Recalculation on this
basig (linear dump construction at 1 million tonnes per year at 0.17%
Cu, 0.33% extracted per year since) the tonnage extracted to date is
close to 11,000 tonnes copper, equating to 13% extraction of the total
copper metal in the dump.

A feature of these dumps indicated by drilling is that there
is very little water retained inside. There is also some evidence that
the total copper flow is directly related to the rainfall pattern. The
peak rainfall period is May through September, which coincides with the
peak copper flows. This leads ta the supposition that regular
irrigation may ernhance the rate at which copper 1s extracted. At
present any rainfall appears to be flushing soluble species - iron,
aluminiun, copper and sulphate ~ from the dwnps. This is supported by
observation; on wet days the iron precipitation from tha leach liquors
is visibly greater. A full scale extraction plant should incorpotrate
the facility to recycle leach solution or raffinate back onto the heaps
between rainfall events, gaining greater use ot the contaimed acid and
ferric sulphate, which normally is effective on a "once through®
(flushed) basis only before flowing down the creek. Figuwe 4. shows a
projection of the leach curve implied by the stream sampling data.



The stream +low data on haulage creek is usetul only to a
limited extent. It indicates the total copper exiting the West Lyell
dumps from the action of rainfall, but does mot give a realistic
flowrate estimate due to the largs volumes of surtace ruroff also
carried by the creek. A full scale plant would tap feed from the toe of
each of the two main dumps - known respectively as the shaft and haulage
dumps. The shaft dump is higher in grade than the haulage, especially
in iron, This is possibly due to the suwface runoff which percolates
through the Prince Lyell shaft ore stockpile, which is located above the
waste dump area, and joins the drainage emerging from the tos of the
waste dump. The haulage dump stream emerges south of the shaft dump
drain point and probably contains contaminants due to its use as a
garbage tip. {t is inptended to instal a collection system at the two
dump toes to minimise the degree of dilution by surface runoff, and
possibly allow the recycling of solution back anto the duamps during
perigds of lower rainfall.

4.4 Underground Fotential

The stream +low data on the conveyor tunnel! reveals a very
similar copper metal flow (0.72 tonne per day Cuw) to the waste dumps
(0.78 tonne per day Cui. This must result from bacterial leaching in
the caved stopss above the 60 saries production areas which extend to
the base of the West Lyell open pit. This stream is pumped from the
underground sumps, and contains a relatively high level of suspendad
solids. The situwation would change should the mine be shut down and
allowed to flood.

This study makes no attempt to guantify the resource in the
underground as it is wvirtually impossible to characterise the way in
which solutions and air move through this area (and thus determine how
much material is exposed to the leaching process). Should the mine
close, further study of the mine hydrology would be recommended to
determine how best to manage the underground for the purpose of
sustaining, or perhaps erhancing, the leaching process. Very large
tonnages of broken rock are contained in the caving areas, and with low
grades and slow leaching rates it is unlikely that any expenditure
underground to creste more leaching zones could be commercially
justified. Investigations into insitu leaching are underway at the
Tasmanian Department of Mines. These studies may develop a methodology
which will increase the rate of leaching in the underground, but would
require a major technical breakthrough to increase the tenors mach
beyond their current values.
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5.0 PROJECT DESCRIPTION

5.1 Waste Dumps and Mine

The waste dumps are formed on the western and southern rim of
the West Lyell open pit, which is now a caving area due to the
underground mining activity since closure of the open out operation in
1974. Tha rain falling on the dumps drains through and emerges in two
primary areas - adjacent to the Prince Lyell shaft collecting the
effluent from the shaft dump, and to the east in a gully running
northerly which collects the catchment of the haulage odump. Both
anerge in the sawe major valley and currently flow down haulage creek
to the existing plant area and into the Queen River. The two flow
streams will be isolated at the dump toce and piped down the valley in a
general westerly direction to the proposed process plant area near the
existing mine office complex.

For the purposes of this study it has been assumed that the
operator will be permitted to establish the plant in the vicinity of the
gxisting mobile underground eguipment workshop near the mine office, or
in a lower area near the existing crushing plant. The soclution stream
from the conveyor turnnz]l (at the discharge end of the overland conveyor) -
will be piped across to the process plant area. A small pump may be
required for this transfer depending on the final location of the plant
feed pond. An extra settling pond may be required to remove suspended
solids if the mine water contimues to be pumped from the underground
SUMPS .

3.2 Process Plant

The process plant is fed +From an on—ground plastic lined pond
which receives the wvarious copper bearing streams, and which is
sufficiently alevated to enable gravity flow to the plant. The pond
includes a spillway and diversion system such that any excess flow
during storms , or the entire +low, can be diverted to haulage creek.
A pipe running through the dam wall delivers the Pregnant Leach Solution
(PLS) to the first extraction mixer settier at a rate regulated by a
flowneter and control valve. The mixer settler is a conventional design
with two mix stages overflowing to a settler, passing through a picket
fance and separating the organic and aqueous phases by adjustabls
launders. The mixer is fed through a draft tube, with the first stage
mixing PLS and organic, which is gravity fed from the organic weir of
the second extract stage. The agueous from the first settler is gravity
fed to the second mixer/ssttler unit and the aqueous phase from this
stage is gravitated to the raffinate after—settler, where any residual
organic phase is recovered by use of a packed bed coalescence zorne.

The loaded organic from the first stage of extraction is
gravity fed to the loaded organic tank, where a coalescence zone snables
the separation of any entrained agueous phase. This agueous phase is
punpad from the bottom of the loaded organic tank to the crud decant
system. The clean organic phase is pumped from a separate compartment
to the strip circuit, where the copper is extracted into electrolyte and
the organic returned as feed to the second stage extract mixer/settler.
The organic from ' the second mixer/settler is fed to the +1rst stage of
extraction.
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The extract and strip circuits are run on a 1:1 organic to
agueous ratio in the mixers, although the 0/A ratio in the system is
adjustable. This depends on the level of organic recycle reguired in
the extraction stages, determined by the loading on the organic phase
requiraed to achieve the target copper transfer. This arises from the
very low PLS grades relative to conventional practice, and the need to
run a higher +fraction of extractant in the organic phase than required
by the copper transfer rate. This high extractant level is determined
primarily by mixing efficiency limitations below a 4% by volume
extractant level. The mass balance and flowsheets illustrate the
flexibility of the system, with the mass balance showing the particular
configuration which was successfully employed in the pilot plant tests.
The system has been designed to permit a wide range of operating
practice as it is probable that a more efficient system will be svolvad
in time on the full scale plant.

Crud formation was shown by the pilot plant work to be a
problem which can be simply dealt with. The bulk of the pilot plant
campalign  was devoted to development of methods to manage the
collection and disposal of crud with low levels of organic loss. This
was achieved by use of an air curtain in the mixer settler to force the
crud out of the agueous phase to the dispersion band. A floating boom
was reguired to control the increased agueous entrainmment in the organic
phase. A pump suction manifold mounted behind the organic weir, the
height of which could be adjusted to optimise the crud tramsfer, enabled
a diaphragm punp to transfer the crud accumulation to the crud decant
tanks. Any organic phase withdrawn from the mixer settler is rapidly
recovered and recycled from the top of the decant tanks, and clean
aruenus phase despatched to the raffinate after settler. The crud band
is transferred to an agitated tank and mixed with diatomaceous earth.
This batch process gives complete separation of the crud to the
diatomaceous earth, allowing rejection of the aqueous residuwe and
recycling of the recovered organic. The crud is readily and rapidly
removad from the diatomaceous earth (DE) by water washing. A filtration
step was also successfully employed to separate the DE and organic, and
has been included in the flowsheet to provide the option of more rapid
processing.

Two portable diaphragm pumps are employed to transfer the
various solutions from tank to tank. Maximum use of gravity flow has
been made in the plant layout, with air entrainment in launders
eliminated by careful selection of relative levels and the use of
goosenecks in the piping layout. Regulating flow wvalves are used on
recycle straams and the organic advance to strip.
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The advanced electralyte from the advanced electrolyte tank
(AET) 1is pumped at a controlled rate, regulated by a flowneter and
control valve, to the electrowin (EW) feed. The electrawin is comprised
of 20 lines each containing 20 cells in packs of 3, a total of 400
cells. Each lirme is fed in parallel off a manifold from the advanca
electrolyte puwnp, with the flowrate to each line ranging fraom 2500 to
3600 litres per hour. The spent electrolyte is returned through a back
pressure valve to the spent electraolyte tank.

The EMEW cells are mounted in packs of 3, enabling simple
electrical and hydraulic connections, and are removed as packs for
washing with hot water in a booth and stripping of the cathade in a
proprietary jig. This is achieved by removal of the end caps and
anodes, knocking out of the inner stainless steel sleeve which carries
the cathode deposit and veloading a new sleeve. With the anodes and
end caps refitted the pack Is ready to be reinstalled in the winning
circuit after a very shoart turparound time. The copper cathade is
removed from the inner sleeve very rapidly as it can be opered down itts
length. The electirical conmections can be manipulated to suit the
current and wvoltage characteristics of the rectifier, but for the
purpase of this study each flow line is in parallel, with every cell in
the lime in series, and the electrical connections follow the hydraulic
connections. The flexibility of this system is effectively unlimited,
but the concentration change between advance and spent has  been
minimised for this study to maintain simplicity.

With 20 cells per line and a design voltage drop of 2.8 volts
per cell, the overall voltage requirement is 56 volts. The cwrrent per
cell is 140 amps, and with 10 lines per rectifier the overall current
requiremant is 1400 amps. The rectifiers will have extra capacity to
cope with higher current density operation when higher tenor solutions
are treated.

From the spent electrolyte tank a proportion of the flow is
punpad to the feed of the strip mixer/settler for contacting with the
loaded organic. The remainder is recirculated to the advance
electrolyte tank to maintain the EW feed {low reguirement. A bleed
stream is pumped from this recirculation stream to the first extract
stage to maintain the iron level in advanced electrolyte balow & g/l.
The loss of acid to raffinate is made up by fresh acid addition to the
spent electrolyte (and the copper is extracted in the normal manner as
the bleed stream is effectively a compornent of the PLE feed).

The acid lost in the electralyte bleed is a significant cost
to the operation. A dialysis techniqgue, developed for recycling of
acid pickling salutions, will be trjalled on the bleed stream ta recycle
the acid component. An electrolysis process utilising membrane
techrnology is also under development for the separation of acid from
concentrated solutions, and may prove to be more effective than the
dialysis route.



The recycling of raffinate onto the waste dumps has rnot been
included in the scope of this study. The practice would be
intermittent, particularly productive during the drier months, and would

be relatively inexpensive. The power raguirement would be approximately

0.19 kW/cubic metre per hour based on a S0 metre lift, This cost would
be Justifiable if the solution terors and flows could be stabilised
during the drier low flow periods, and 1f the recycle stimulated the
leaching rate. This could be trialled at full scale once the plant was
comnissioned and the project cash positive. This recycle would be
sourced from the effluent containment dams at the toe of the waste
dumps.

3.3 Process Services & Facilities

Process services and facilities are primarily systems for
the supply of power, water, compressed air and reagents to the SX-EW
process. This study assumes that power is available and can be taken
from a &.6kV board at the boundary of the process plant area. Water is
rot required in large amounts, but the gquality is important, and the
study assumes that a potable guality supply is available at the plant
bourdary (primarily +or domestic use, washing of cathodes and clearup
purposes?. The solution balance is shown in the process mass balance
calculations in Table 2.

Compressed air is provided by a dedicated compressor, and is
utilised far driving diaphragm puwnps, the settler aivr curtain, and
vacuum cleanup devices used for renoving crud accumnulations. A diesel
diriven pump is provided for failsafe firewater supply undar power outage
and will cut in on a pressure switch if the external water supply system
fails. This pump is connected to a water main, which is Ffitted with
sprays at each corner of the 5X plant arranged to be capable of laying a
curtain of water over the mixer settlers and process tankage. The
system is also backed up by connection to the PLS pond.

Reagents used in the process are high flashppint kerosere
stored in a tarnk supplied by the vendor and resupplied by bulk tanker,
the specific copper extractant which is stored in 200 litre drums and
the concentrated acid for makeup to the electrowinning circuit. The
acid is stared in a mild steel tank which conforms to well established
occupational health and safety regulations, with specitically configured
filling, venting and overflow pipework and all contained in a bund
designed to hold the entire tank contents. The acid is mixed with
water in a stainless steel tank, with the water injection used to
achieve adeguate mixing prior to transfer by dosing punp into the
electrowin circuit, The dosing pung can also be wsed in recirculation
mode to improve mixing, and is designed to withstand the temperatures
experienced in this gperation. The concentrated acid is delivered to
the mixing tank by a solenonid diaphragm pump. Diatomaceous earth for
crud processing is stored in 25 kg bags on wood pallets, and can be
marual ly added to the crud circuit as required..
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A compact laboratory for routine monitoring of the process is
incorporated into a site office and store building. Also included in
this building is a workshop for maintenance of proprietary cell
stripping eguipment, pump and agitator maintenance, and an ablutions
facility. The laboratory will have a small Ataomic Absorption
Spectrometer (AAS) wnit, and glassware appropriate for the routine
testing of phase disengagement characteristics, entrainment levels and
the wet chemistry methods required to back up the AAS. The wet
chemistry methods will also enable monitoring of the leaching processes
occurring in the waste dumps and underground.

5.4 Infrastructure

For this study, the infrastructure is assumed to be
essentially available as it exists at present. The future of Mt
Lyell and the site facilities have not besn clearly determined at this
time, thus the existing access, power, water and communications
capability has been adopted. The infrastructure at the Mt Lyell site is
comprehensive and in excess, in every aspect, of the needs of this
project.

5.9 Expansion Capahility

The plant is expandable in a modular form in the EW area., The
solvent extraction plant can cope with an  incresse in temor up to 1 g/l
copper without any changes in reagent levels or consumption.
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&.0 ENGINEERING

6.1 Pilot Plant and Process Design

The design of the pilaot plant S8X circuit utilised well
establ ished parameters which had been obtained fraom the literature and
the various SX ogperaticns in Australia. Shakeout tests, a laboratory
simulation of the extraction and stripping capability of the organic
phase, ware difficult to interpret +or several reasons. This was
primarily dug to the very low levels of extractant in the organic phase
compared with standard operating practice. These tests were conducted
by the suppliers of the copper specific extractants on solutions taken
from the Mt Lyeall mine site.

Conflicting data was abtained from the laboratory scale 5X
tests, and the pilot scale plant was desigrned to accommodate several
operating strategies. The copper levels in the feed solution were more
than 10 times lower than most gperations, however the extractant level
in the organic phase could not be reduced to less than 44 by volume —
about seven times more than was required. This was due to the realities
of mixing, where below 4% the volume of extractant is too low to enable
good contact with the agueous phase within the limits of the mixing
regime. This limit is the production of stable emulsions, which would
impair the disengagement of the two phases in the settler.
Consegquently, the copper loading of the organic phase was very low and
to minimise the volume of organic to be stripped the facility to recycle
organic in the extraction stage was incorporated.

An advantage of this excess of extractant in the circuit is
that during periods of high copper tenor in plant feed, there will be
adequate reagent in the system. Otherwise an increase in tha extractant
inventaory would be required, a practice which 1is ot suitable For
recovering short term increases in the copper in feed solution.

The pilat strip mixer settler was designed ta accomodate
organic at flows equivalent to the PL.S (feed - pregnant leach solution)
to the extract stage. This was in case the organic loadings did not
increase with recycling and the full flow had to be stripped to achieve

the target copper transfer. This scenario was taken seriously because
of the high iron levels in the PLS, and the tendency for iron to load
onto the organic in the absence of copper. This scenario did not
eventuate and the target loadings were acieved by recycling. The

selectivity of copper extraction over iron achieved was acceptable,
despite the high levels of extractant.

The problems encountered during the pilot scale trials were
not those anticipated from the testwork. The effect of temperature was
more severe thanm expected on the phase disengagement, and the volumes
of amorphous silica and iron hydroxide based ‘'crud" phase were high.
The process of copper extraction and stripping worked well, achieving 70
ta Q0% extraction 1in one stage under steady conditions. The focal
effart of the pilot trial was to deal with the crud formation, which
caused very large losses of organic phase to the raffinate (effluent
from the process — PLS after copper extraction).
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The solution developed has been incorporated into the design
propased in this study for the full scale plant. This revolved around
running the extract stage agueous continuous so the crud formed on the
walls of the agueous dispersion. 1t was observed that a shock would
cause the amorphous crud "cloud” to consolidate at the phase boundary in
the settler, so an air curtain was installed at the picket fence with a
boom floating on the organic phase to retain the agueous phase carried
to the surface by the air bubbles. It is anticipated that this will be
better performed by vibration of the picket fence in the full scale
plant. The accumulation of crud at the phase boundary is then pumped
from the dispersion band to a separation process developed tao reclaim
the organic content.

The design area of the settlers has also been modified for the
full scale plant due to the slower phase disengagement times
experienced at the low temperatures prevailing during the pilot testing.
A standard factor is 5 m3/how of settler feed per square metre of
settler plan area. The proposed design is based on 3 m3/hour/mZ2. The
extraction levels obtained from the single stage of extraction in the
pilot tests will be higher in the +ull scale plant as two stages of
extraction will be employed.

The separation process entails the decanting of the organic
which readily disengages from tha crud, and a diatomaceous earth medium
to absaorb the remaining crud and enable either filtration or organic
contiruous medium mixing separation of the remaining organic phase..
These processes were conducted at  pilot scale and were successful. A
further precaution was taken to minimise organic losses by use of an
after settler on the raffinate to trap any entrained organic, and at
full scale this final separation will be enhanced by the use of
caalescing media — a practice which was developed in the Chilean SX/EW
operations and is now being introduced to the Australian industry. This
technique will also be used on the arganic phase to minimise agueous
entirairment (Which carries ivon into the electrolyte).

The remainder of the plant design is very simple. A major
advantage of the EMEW process is  its tolerance for high iron levels and
entrained organic. There is no opportunity for the organic to burn anto
the cathade and cause poor deposition morphology. Thus there is Mo
requirement for the Ffiltration or flotation scavenging of trace
organic from advance electrolyte. The EMEW process current efficiency
is very high at high copper concentrations, thus a heating and heat
gxchange system has been provided for in the plant layout but not
included in the cost estimate. The bulk of the spent electrolyte is
recirculated with a small volume diverted to the strip mixer, thus most
of the heat generated by the EW is conserved.



6.2 Civil Works

Although the study assumes a flat site for the process plant,
there is a reguirement for considerable civil works., These take two
forms. The procurement, transport, placement and compaction of fill for
the PLS pand walls, the dump toe dams and the base for the mixer
sattlers will be obtained locally. Concrete will be used for the mixer
saettlers, the raffinate flume and coalescer b©ox, and as a base basa for
the electrowin plant, pumps and tanks. Excavation has been avoided in
tha design as it is likely that this would be expensive. The exception
is the area in which the extract stage mixers stand, which is excavated
to | metre depth and is concrete lined with polvethylene protection.

The concrete construction of the mixer settlers will be
achieved by use of prefabricated reinforced parels, protected from the
acidic solutions by a 3mm layer of polyethylene in the extract settlers
and &mm polyethylens in the strip settler and all mixers, The pamels
will be 2.5 metres high, placed on a concrete strip foundation at ground
level, and supported by 1.3 metres of +fill on each sides of the parel.
This leaves a metre of concrete wall exposed and a sand lired base which
are polyethylens lined to form the settler. This approach was taken due
to the large size of the extract settlers and the difficulties
associated with transport and assembly of fibreglass structures on-site.
The fill platform is extended around the outside of the settler to form
aCCeEss Ways. JThe mixers are constructed of prefabricated bolt fastersd
panels in a hexagonal geometry using a system developed far water tanks,
with the pipa feed base section isolated from the mixer zore by a
polyvethylene false bottom.

The raffinate flume has been costed in concrete with a imm
polyethylers lingr. It is possible that this will be excavated if the
ground conditions are suitable. and lined with polyethylene. Concrete
sections may be used where culvarts are tequired for- traffic areas.

6.3 Structural

The only structinral components of the plant are wooden
walkways over tha extiract stage mixer bhoxes and the building which
incorporates the office, laboratory, store, workshop and ablutions.
This is comprised of a series of fow- transportable units internally
configured to each requirement. A basic enclosure is provided for the
power board and the rectifiers. The electrowinning modules are supplied
with their structural framework, which carries the DC busbars. All
pipewark is on ground.

6.4 Mechanical
Tha mechanical equipment in the plant is detailed in the

equipment list in appendix 3. By setting the tankage and mixer
settler’s operating levels at a common elevation, most flows do not
tequire pumping. The punp mixers in the first stage mixer boxes are
capable of 1lifting 200mm above operating levels to ensuwe against

backmixing from the feed distributar in the settler, and to compsnsate
for any friction head losses. All pipework has been sized to achieve a
fluid velocity of 1 aetre per secand or less, thus minimising {osses.
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All impellors are desigmed for the vessel in wnich they are
fitted and the specific duty. The pump mixers have variable speed
drives, as do the dosing pumps for acid mixing and addition to the
tircuit and the iron blesed pump. All eguipment is selected +or
resistance +to acidic attack. A compressor i1s provided to drive the
diaphragm pumps, the output of which can be regulated by a combination
of air flow and discharge choking, to provide an air curtain in the
settlers, and to drive tools. A small mobile hoist with marnual
hydraulic drives is employed for carrying EW packs and reagent drums.

6.5 Tankage :

Most of the tankage is constructed from bhigh density
polyethylene, with fittings and baffles fusion welded inta off the
shelf units. This material is ideal +for acidic solutions, is simple to
instal and modify. The acid mixing tank is constructed in 3lal
stainless steel due to the high temperatures which can occur in the
mixing process.

The concentrated acid tank is of mild steel construction and
enclosed in a concrete bund to meet safety reguirements. The diluent
{(high flash point kerosene) is also stored in a steel tank which is
provided by the diluent supplier.

As mentioned above, the mixer boxes and the raffinate after
settler/coalescer are constructed in polyethylens lined concrete. This
strategy has been employed due to any or all of size, geometry and
rrigidity requirements which cannot be provided in polyethylene alone.

4.6 Electrical

The electrical system is simple due to the very few drives in
the plant, and will be internally distributed on cable racks from a
power board located in the rectifier enclosure. No  allowance has been
made faor transformers or motor control centres, as the power reguired is
pither 415v 3 phase or domestic. The demand will not exceed 246kW,
based on a 70% draw factor from an installed poer of 351kW.

The electrowinning circuit is driven as two independent
sactions, with regard to both electrolyte pumping and rectifiers. Each
rectifier is designed for a base load of 100kW, are air cooled and will
be current variable. It is not anticipated that capacitance filtering
will be reguired. The type and capacity of rectifier specified are
readily available both new and second hand.

6.7 Piping & Valves

Most pipework 13 in high density polyethylere class 3, with
flexible segments to prevent undue stresses on fittings from pipe
movement when temperature changes. The exceptions are diluent lines
and the concentrated acid lines, both in 316 stainless steel., and the
interconnecting pipework within the EW circuit. These are a flexible,
wire reinforced plastic.



Valves used for isalation are plastic ball type, with the
major flow regulating wvalves and isolation valves in the 8SX circuit
being viton coated butterfly type where a large pipe bore is utilised.
The electrowinning regulating valves are ball valves, with fast release
coiplings to enable removal and installation of the EW cell packs.

6.8 Controls

The control system proposed for the study design is confined
to tha flow regulation of PLS, organic recycle in extract, oarganic
advance to strip, the spent electrolyte flow to strip and the flowrate
to electrowin feed. These will be mamually regulated on the basis of
turbine flowmeter signals. The use of more sophisticated flow measuring
devices, such as ultrasonics, will be tested after plant commissicning.
The installation of closed digital control loops has been considered,
however this will be delayed until a thorough krowledge of the flow
dynamics and optimum flow regime has been obtained, and the higher cost
techniques can be Jjustified.

A proprietary control and alarm system will be supplied with
the electrowin system. This will foous on detecting short circuits and
abnormal plating phenomena by monitoring wvoltage and curvrent at various
points in the vectifier/cell system This information will also be used
for calculation of process performance. The rectifier and solution
tamperatures will be monitored, alarmad and logged.

The electrical monductivity of the contents of the mixer boxes
will be monitored contirnuously and alarmed to alert the oparators of
phase flipping. This is essential in the organic continuous regime used
in the axtract stages. A sernsor will also be installed in the loaded
organic tank to prevent the loss of aorganic phase in the agueous stream
coalesced frrom the loaded organic, and linked to an alarm and isolation
solennid valve on the agueous bleed line.



284184

7.0 ENVIRONMENTAL IMPACT

7.1 Effluent Definition & Control

The preject has a net environmental berefit, with negligible
environmental risk associated with the process. The removal of the
copper from the effluent streams creates a stoichiometric addition of
sulphuric acid to the eaexisting effluent. This acid addition
thearetically drops the pH of the plant effluent by approximately 0.135
pH units, hownever the acid 1is rapidly consumed by the extraotdinarily
high iron hydroxide caontent of the effluent. This is in turn massively
diluted by the local draimage stream into which the plant effluent
{ratfinate) is directed.

7.2 Regional & Local Drainage

The regional and local drainage will! rot be impacted in any
significant way by the proposed plant. Some local drainage will be
diverted around the facility, but the proposed process simply diverts

copper bearing liguors, removes the copper, then adds the sama flow back
into the drainage system.

7.3 Noise, Dust & Land Use

The +technology in use is effectively silent. Being a
hydrometallurgical plant, there will be ro dust emmissions other than
from road traffic on the plant access road. A relatively small amount
of space is required for the plant (40 by 40 metres). The feed (PLS)
pond requires a separate area of 60 by 60 metres. [t is anticipated
that existing level sites will be utilised within the Mt Lyell lease.

7.4 Flora & Fauna

This issue is not addressed by this study. A preliminary
impression is that flora and fauna will not be a significant issue in
relation to the plant area.



MEASURED pH — PROJECTED CHANGE IN ACID CONCENTRATION

pH
FEED TYPE DATE FLS
NV 1993
SHAFT 12 2.4
SHAFT 13 2.35
SHAFT 14 2.47
16
17
HALL i8 2.446
HALL 19 2.45
HAUL. 20 2.69
MIX 21 2.23
22
23
24
MIX 29 2.14
MIX 26 2.21
MIX 27 2.16
MIX 28 2.5
MIX 29 2.35
MIX 20 2036
DEC 1993
MIX 1 2.34
MIX 2 . 2
MIX 3 2.2
NLT 4 2.5
5
N T & 2.13
NLT 7 213
NT 5] 1.99
HALL 9 2036

RAFF

ACID g/l
PLS RAFF
0.39 0.63
0.43 Q.66
0.33 0.58
0.34 0.28
Q.50 O.62
0.20 0.23
0.58 0.594
0.71 0.80
Q.60 Q&Y
Q.68 0.80
0.4/ .65
0.44 0.58
U.45 0.5
0.45 0.59
0,51 0.&2
0.62 0.78
0,49 0. &0
0.73 0.96
.73 (. B8O
1.00 1.23
45 0.55

ESTIMATED
g/l Cu
EXTRACTED

0.159
0.153
0.18&0

-0.037
G.1/7
0.019

0025

0.037
0,009
0.078
a.11/
0.091
.oy

O, 084
.68
. 103
.04

0.191
0048
0.151
0,089

S
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8.0 DPERATING COSTS

B.1 Fixed Operating Costs

The fixed operating caosts are shown on tables at the back of
this section, and reflect the labow and overhead comporent of the
operation. This includes maintenance and cost of services such as
purchasing, the laboratory and comwmwunications. The labouwr rates and
cost burdasn are generous. The materials for the mechanical and civil
aspects of the operation have been carefully chosen and the maintenance
allowances are considered to be very conservative.

8.2 Variable Operating Costs
The wvariable costs are essentially consumables and the EW

power. Strictly gspeaking the pumping and auxiliary power usage is a
fixed cost as the project does not anticipate increases 1in flowrate
beyond 300 m3/how . Any expansion in production will come from improved

extraction or increases 1n copper concentration in process feed, which
will increase the EW power on a wvariahle basis. The 8X reagent
consumption coste are also fixed up to the point of feed copper tenors
of 1 g/1 (1000ppm) due to the excess of extractant in the organic phase.
These costs have been calculated on the basis of the process design
calculations and mass balance - which are based on thae performance
levels achieved at the pilot scale.

8.3 Accuracy

The accuracy of these costs is a function of the guantities
determined in the mass balance and the unit cost for each item. Typical
values have been used for consumables, usually with some contingency to
aceount for the fluctuations experienced with items such as
petrochemical based reagents and acid. The cost of pawer is yet to be
finalised, howaver the wvalues used reflect the current industrial
tariffs in the Tasmanian mining industry.

<3418%



EURALBA MINING LIMITED
MT LYELL SX/EW COPPER PROJECT
OFERATING COST SLMMARY

! ' cosT !
: COST CATEGORY {AS/YEAR |
! FIXED DOSTS ; :
| LABOUR i 310128 |
\MATNTENANCE & SERVICES . 44575 4
IVARIABLE COSTS d i
| CONSUMABLES ¢ 1795513 !
FTOTAL V830216 1
A$ PER KG OF COPPER PRODUCED 1.26
US$/1b OF COPPER PRODUCED 0.40
EXCHANGE RATE - (USS/A%) 0.7

3
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OrPCO1
8387
PRODUCT 100N 419
197

HOURS/ YEAR
INST kW

FILE:

MT LYELL SX/EW COPPER PROJECT

OPERATING COSTS

CONSUMABLES — VARIABLE COSTS

EURALBA MINING LTD

197
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9.0 CAPITAL COSTS

?.1 Direct Costs

Direct costs have been estimated either by guotes from
manufacturers, the application of current cost rates to gquantities of
materials derived from a specitic design, or by the application of
factors based on comnon practice 1o a known cost. An exanple of the
latter is the estimate for electrical distribution costs, where the
estimate is derived as 12% of the equipment cost. The piping costs were
estimated by sizing the pipelines, calculating the mass of HDPE
reguired and costing this at $3.00 per kg (compared with current rates
of $2.40/kqg).

2.2 Indirect Costs

The indirect costs are engineering and project management
services, a contingency factor plus insurance and fees. These are
estimates based on experience of similar projects, and are subject to
raview it the scope of the design and construction phase changes.

The amount of contingency allowed is usually directly related
to the accouracy of the estimate, and 1s often different across elther
disciplines or areas of the cost estimate, The caontingency used here is
slightly lower than the accouracy estimate, primarily because much of
the estimate already has a SigniFicant contingency built in. An axample
of this is the &W cell costs, which allow for the use of seamless tube
where the lower cost welded tube is now demonstrated to  be adequate.
The rates used for concrete and HDPE are conservative, and much of the
tankage estimate is based on list prices.

2.3 Accuracy

The overall acouracy of the cost estimates in this study
ranges between 12 and 1&%. There are several areas 1in the project
concept which canmnot be definitively scoped at this time, and thus the
accuracy of the cost estimates in the electrical and civil works areas
fall into the 20 to 25% range.
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DESCRIPTION

M_FCAPCO

PLS FRIME PUMP

{EXTRACT M/S 1

M8 1 PUMP MIXER

M/S 1 AGITATOR

EXTRACT ™M/8

M/S 2 PUP MIXER

M/S 2 ABITATOR

CRUD REMDVAL PUMPS
LOADED ORGANIC TANK
LOADED ORGANIC PUMP
ORGANIC RECYCLE FUMP
CRUD/AQUEOUS EX LOT FUMP
ADVANCED ELECTROLYTE TANK
1SPENT ELECTROLYTE TANE.
IRON BLEED PUHP

VADVANCE ELECTRILLYTE PLMP

{STRIP M/5S

]
)
)
]
]
1
1
1
1
1
1
1
]
]
1
1
1
)
[]
i
i
1
1
'
[l
L
i
'
[l
1
1
1

i
]
]
]
[}
1
]
]
1
1
]
1
]
i
]
b
1
i
]
]
]
4
[l
1
]
]

.~ SOLVENT EXTRACTION CAFPITAL

TOTAL COST - SOLVENT EXTRACTION EQUIPMENT

ABOS {STRIP M/8 FUMP MIXER

CAPITAL COSTS
IP
H

FILE:
AREA 1
EGU
NO
PPO1
MSO1
AGOZ
MS02
AE03
AEO4
PPO2/03
TKO1
PPO4
PPOS
PPOG
MSO03
TKO2A
TKOZB
PPO7
PPOBab

MOLINT LYELL COPPER PROJECT

]
l
:
:
i
i
i
[l
i
:
:
i
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1
i
1
i
'
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1
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1
]
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]
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1
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i
:
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DESCRIPTION

EW PACK (5 CELLS)
VTOTAL COST — ELECTROWINNING

FLOAMETERS
RECTIFIER

HWASH BAY ASSEMBY
(CELL. STRIP - ASSEMBLE JIG

{WATER HEATER
'MOBILE HOIST
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DESCRIPTION
DIAPHRAGM PUMP

.P.

RAFF INATE COALESCER

OFFICEA.AB W' SHOR/STORE

CRUD DECANT TANKS
CRUD EXTRACTOR
1CRUD AGITATOR
CRUD/DE FILTER
AIR COMPRESSOR
FIRE DELUGE PUMP/SPRAY
TEXTRACTANT FPLIMP
ACID STORAGE TAN
ACID MIXING TANK
STRONG ACID PUiP
ACID DOSING PLMP
MOBILE DRUM HOIST
OFFICE/LAB. EQUIPMENT

DIILUENT TAMNK
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- BERVICES AND FACILITIES CAPITAL COST

TOTAL. COST - SERVICES AND FACILITIES
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50
30
10
10
10000
3000
0
3000
2500
2500
7500
2500
4000
4000
7500
4000
160

I 2000
1200
0

30

20

80
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)
*
LY

I
LL )

COUPLINGS, 1 BLEED

LIV
v
v

LIV

LIV
v

RV
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v
RV
W

RV
v
RV
v

LY,

LIV

VIV
v

LIV
v
v

FITTINGS
10 !COUPLINGS,1 BLEED

BLEED
BLEED
10000 1BV,FV,IVs

= U
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297
297
2597
423
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500
&00
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377
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7
)
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DESCRIPTION

LYELL TUNNEL LINE

2 - E1
El1 - TkKO1

TOTAL VALVE COST

CONVEYOR TUNNEL LINE
TKO1 T} HAULAGE Ck
ELECTROLYTE CIRCUIT
TKOZa ~ BEW - TKOZb

FLS (FEED) SYSTEM
1 TKOZ2a — TiKO2Zbh

'SHAFT DUMP LINE
DXYGEN BLEED LINE
CONC ACID LINE

RAFF E1/E2/TKO1

|LAUNDER

HALL DUMP L INE
{ORGANIC CIRCUIT
'El - RECYCLE
151 - E2
S1/EW/TKO3/TKG4
IRON BILEED LINE
MIXED ACID LINE
DILUENT | INE

EW CIRCUIT
CRUD CIRCUIT
FEED

{DECANT LINES
G.P. PUMPING

RAFF CIRCUIT
TKOZb — 81

FRIME LINE

FLS TO El
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10.0 COMMERCIAL ANALYSIS

10.1 Basis

The basis aon which the Ffinancial analyses have been
constructed are rominated at the top of the spreadsheet calculations
presented on the attached tables. The two critical parameters are
copper price and exchange rate. The copper price used for the base case
is 83 cents US per pound of copper metal produced - A$Z2.68 per kilogram
at an exchange rate of US$0.70 to the Australian dollar. This is a very
conservative projection considering that the copper price on an anmually
averaged basis fits a 3.5% compound growth rate, and that the locus of
the low points on the price plot fitted to a 3.9% simple growth (linear)
rate projects to 83 cents for 1994.

10.2 Method of Analysis

The analysis method used 1s standard Lotus spreadsheet cash
flow projections over a term of 10 years on an unescalated basis. A net
present value calculation is provided on revenue (before capital costs
have been deducted), on cash flow after capital has been deducted which
essentially represents an equity financing approach, and on cash flow
after debt service and taxation has been accounted for.

10.3 Dutcomes

The outcome of the Ffinancial analysis is favourable for
reverue, equity financing, and Jor full debt financing after debt
service and tax. For the latter scenario the project is cash positive
in year 1. of operations.

This implies a very rapid return on investment.

10.4 Sensitivities

The sensitivity analysis is attached to the financial
analysis, and examines the sensitivity of the project viability to
changes from the base case presented on the following pages. The areas
tested were:

1. copper price

2. discount rate

3. capital cost

4. operating cost

S. production rate - whether due to feed grade/rate, process
performance or running time gains or deficits.
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EURALEA MINING LTD
HF LYELL SX/Ew COPPER PROJECT

FEASIBILETY STURY MAY, 1994

EASE COHDITIONS
FidK COPFER TENOR
RECOVERY

EAPITAL COST $

PREPRODMCTION COST

FINANCIAL ANALYST

BASE CASE ANNUAL FRODUCTICM

FLOWRATE H3/HE
COPEER g/
RECOVERY 7
COPPER TONMES

OPERATING COST FACTOR

ALL [N A%
FRODUCT 1O

FLORRATE W3/HE
COFPER /]
RECOVERY
COFPER TONNES
INCOME

FELED COSTS
VARTABLE COSIS
REVENUE

HEY

EGilI Ty FIMANCED BEFGRE Tak

CAPITAL £15

CUN CASH FLGH
CAIH FLOW
D1SCOUNT RATE

HET FRESEMT VALLE

0.120 /1
B0 3
1341889
1Gadn
500
0.12
Bl
19,3 -
1
YEAR 0 YEAR 1
SO0
0,12
’
37174
1019017
354701
157952
497353
149055
VESR §  VEMR L
to41589
-1041389  -5445%6
-1041889 597353
17
-557474

ASSUSPTIGNS
COFPER FRICE
EICHANEE RATE
DAYS/YEAR
HRS/BRY
THTEREST FATE
OTSCAUNT EATE
TERN

HPY OGN REVENUE
HFY GH CFBIT

NFY

YEAR 2 YEAR 3
RN 200
11?2 2,12
i g
408.8 419,73
1074195 1132243
354707 354743
AN I EL T
358357 99075
g9715% 1715548

TEAR T TEAR 3

4000

-:17%  GE5847
SIEIST 3RIL
-148549 152742

0.83
.7
354

24
Lt

12y

11
321879
2112560
1980347

YEAR 4
500
42
g
219.3
1122243
ERL R
175513
592025
1594791

YERR 4

giH

HRYE T,

332028

b0355

yss/Le
USs/a3
i

YEARS

2,68 AYIES

43 - REVENUE LESS CAPITAL CUTLAY
A% - AFTER BERT SERYVICE AMD TAX

YEAR 3
300
0.12

B
119.3
1122242
354703
1551
H024
203012

F19497

YEAR 5 YEAR 7
300 300
8,12 8,12
gy g0y
LLE224%
33470
173515
597075 592024
2330851 2598443
YEAR & YEAR 7
Shopy
2291923 288394%
IEF2E 9IRS
1224230 1492038

YEAR 3
500
012

Bii
419.3
1127242
354703
175513
597825
2837572

YEAR §
£0000

1714952

294205

YEAR @ YEAR 16
08 500
012 0,12
Bir 80
419.3 419.3
11722742
354703 354703
179313 t75543
592028 992024
30901062 3241479
YEGR ¢ YEAR 10
20000
4028000 4400025
992078 572076
1928483 2112440

TOTAL

4146, %

1122247 1108113

SA01914

1201859

4500023
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______________________ YEAR 0 YEAR | YERR 2 YEAR 3 YEAR 4 YEAR S YEMR & YEAR T YEAR B YEAR 9 YEAR 10
REVENUE 437357 SeB3ST 592026 59206 S92076 97026 S9Ni6 S9N 592036 592026 5601914
CAPITAL $4 1201859
DEPRECIATIGN
GECLINING BALANCE 1701889 949497 750099  S97573  A4BIST  A9H2B 292054 2I0RI0  1ET30 144048
- RATE Moo ISII9T 199393 157320 1M4441 99309 77ss4 L1354 AD4T9 38291 30250
ANNUAL [EFFECIATLON TEITHT (99393 IS7S2 12MA4L 9RO J7AM4 AI3SH 43470 18790 30250 108809:
ADD T0 FIMAL YEAR DEF.M 113798
CAPETAL TERM YRS 13
ERINCEFLE REPALD 34 BAESEH  J1383 JOATE  BI2b  VAYSE  L0M4S4 114899 126389 139078 152931 168224

FRINCIFLE OUTSTANDING 12018B% 1137CG11 1043488 987210  J00BSY 803916 701472 SBASIT 440184 321135 148224
INTEREST RATE % 10

INTEREST EFFECT PI2E078 1250734 1072257 LedS93t G907 BEASEY  TTIa19 H45230 504202 353271 185047
INTEREST PAYMENT 130Gy 113703 1085EF 9673 ogs 80593 Tol47  GBART de0lE TZ116 14822
TOTAL REFATRERIS 15047 195047 183047 L1BOG4Y  PES047 169047 185047 1BS047  1E5047 18097 185047 2035317
DEFRECIATION $4 IERTOBRIRY 137321 12444 G303 77864 41354 4Q470 3BZ9Y1 144048
TASRBLE INCOME $A -1Z018%  ITEEST PRRIS IISTEA 3T74%L MI24 0 443Z11 0 472004 457937 521419 431153
CARRY LOSS FORKARD #4 ek 252393 310784 177494 413124 444114 472014 497337 S2161% 431155
TTH YERR

TAX RATE ™ i34

TaX FATD $A 531 GE9  {10G0%  tZAG74  13AI31 144391 155765 1LALBT 172134 147284
YEAR ] 2 3 i B & 7 ] 9 10
OFERATING PREFII -120189 127407 1PSEOS 224975 192922 E7ATRI 297e24 36249 133100 749485 238974
ADD BACK JEPEECIATION 237397 1Rl 1WA 1I444) Faied  77Le4 G134 4B470 38291 144048
- CAFTTAL PAYHEXT O £4858 71347 TH47R BATZE 94958 Lo4454 11499 126389 139078 19793

- PREFRODUCTICN COST 109000

ADD BACE INTEREST 129189 113703 146549 98721 F04EB G593 147 SBES7  AL0IR 314 16822
CASH FLOW ®A MILLIONS -100000 82644 410423 402739 J801Z6 340734 340981 321362 301443 280B43 296813 3425337
Cun CASH FLOW -100000 328344 739247 1142006 1ZIZIIET 0 1GRI04Y  2TI4850 2548212 2947660 3128524 1423337

NPY -1O00G  2E7RGe  &B00E3  GR4Y45  1E3SY5E 1343549 13156401 1661758 1783519 1684801 1980347
BISEOUNT RATE ¥



EURALBA MINING LLTD
MT LYELL SX/EW COPPER PROJECT
FEASIBILITY STUDY MAY, 1994

FINANCIAL ANALYSIS

PRODUCT ION RATE SENSITIVITY

BASE CONDITIONS
FLOW COFPER TENOR
RECOVERY 8O
CAPITAL COST A% 1041889
PREPRODUCTION COST 100000
BASE CASE ANNUAL. PRODUCT ION

FLOWRATE M3/HR 500
COPPER g/1 0.12
RECOVERY % 80
COPPER TONNES 419.3
OPERATING COST FACTOR 1
FLOW COPPER TENOR 0.220

RECOVERY 80
CAPITA_ COST A% 1041682
PREPRODUCTION COST 100000
BASE CASE ANNUAL PRODUCTION

FLOWRATE M3/HR 500
 COPPER g/1 0.12
RECOVERY % 80
COPPER TONNES 419.3
OPERATING COST FACTOR 1
FLOW COPPER TENOR 0.070

RECOVERY 80
CAPITAL COST A% 10418459
PREPRODUCTION COST 100000
BASE CASE ANNUAL PRODUCTION

FL.LOWRATE M3/HR S00
COPFER g/1 0,12
RECOVERY % 80
COPPER TOMNES 419.3
OPERATING COUST FACTOR 1

FLOW COPFER TEMOR 0.120
RECOVERY B8O
CAPITAL COST A$ 1041889
FREPRODUCT ION CDST 100000
BASE CASE ANNUAL PRODICTION

0.170 g/1

%

g/l
A

g/l
A

g/1

*

FLOWRATE M3/HR 500
COPPER g/l 0.12
REDOVERY % 80
COPPER TOMNES 419.3
DPERATING COST FACTOR 1

ASSLMPTIONS
COPPER PRICE
EXCHANGE RATE
DAYS/YEAR
HRS/DAY
INTEREST RATE
DISCOUNT RATE
TERM

NPV ON REVENLE
NPY OM CFBIT
NPV

COPFER PRICE
EXCHANGE RATE
DAYS/YEAR
HRS/DAY
INTEREST RATE
DISCOUNT RATE
TERM

NFYV ON REVENUE
NPY ON CFBIT
NFV

COPPER PRICE
EXCHANGE RATE
DAYS/YEAR

HRS /DAY
INTEREST RATE
DISCOUNT RATE
TERM

NPV ON REVENUE
NPV ON CFBIT
NPV

COPPER PRICE
EXCHANGE RATE
DAYS/YEAR
HRS /DAY
INTEREST RATE
DISCOLNT RATE
TERM

NPV ON REVENLE
NPY OM CFBIT
PV

0.85
0.7

364

24

10

12

10
5427441
4298422
3444827

0.85
0.7

364

24

10

12

10
7613204
&484184
4509288

0.85
0.7
364

24

10

12

10
1055914
-73103
388420

.85
0.7

364

24

10

12

10
3241679
2112660
1980367

284203
USs/LB 2.68 As/K
USs/ A%

Y

%

YEARS

As REVENUE — CAPITAL

A$ AFTER DEBT SERVICE
AND TAX

USs/LB
LS%/A%

2.68 As/K

%
%
YEARS

As REVENLE - CAPITAL
A% AFTER DEBT GERVICE
AND TAX
US$/1LB 2.68 As/KI
US$/As

%
%
YEARS

AS REVENLE ~ CAPITAL
A% AFTER DEBT SERVICE
AND TAX
USs/LB 2.48 AB/KL
USE/AS

%
%
YEARS

A$ REVENUE ~ CAPITAL
A$ AFTER DEBT SERVICE
AND TAX



EURALBA MINING LLTD

MT LYELL SX/EW COPPER PROJECT

FEASIBILITY STUDY MAY,

1994

FINANCIAL ANALYSIS

COPPER PRICE SENSITIVITY +/-20%

BASE CONDITIONS
FLOW COPPER TENOR
RECOVERY

CARPITAL COST A%
PREPRODLICTION COST

BASE CASE ANNUWL PRODUCTION

FLOWRATE M3/HR
COPPER g/1

RECOMERY %

COFPER TONNES
OPERATING COST FACTOR

BASE CONBITIONS
FLOW COPPER TEMNOR
RECOVERY

CAPITAL. COST A%
PREPRODUCTION €OST

BASE CASE ANNUAL PRODUCTION

FLOWRATE MZ/HR
COPPER g/1

RECOVERY %

COPPER TOMNES
OPERATING COST FACTOR

ASSUMPT IONS
0.120 g/l COPPER PRICE
BO % EXCHANGE RATE
104 16519 DAYS/YEAR
100000 HRS/DAY

INTEREST RATE

00 DISCOUNT RATE
0,12 TERM
80 NPV OGN REVENLE
4192.3 NPV ON CFBIT
1 NPY
ASSLMPT IONS
0.120 g/l COPPER PRICE
80 % EXCHANGE RATE
1041889 DAYS/YEARR
100000 HRS/DAY

INTEREST RATE

500 DISCOUNT RATE
0.12 TERM
80 NPV ON REVENLE
419.3 NPV ON CFBIT
1 NPV

0.95
0.7

64

24

10

12

10
3973249
2844230
2470319

0.75
0.7
364

24
10

12
10
2510108
1381089

1486813

') -
284204
USs/LB 2.99 AS/KG
L5%/A%
A
A
YEARS
AF REVENLE - CAPITAL

A% AFTER DEBT SERVICE
AND TAX

UsSs/LB 2.36 AB/KG
US$/A%

A

YEARS

A REVENLE —~ CAPITAL

A% AFTER DEBT SERVICE
AMND TAX



EURALBA MINING LTD
MT LYELL SX/EW COPPER PROJECT
FEASIBILITY STUDY MAY, 1994

FINANCIAL ANALYSIS

OPERATING COST SENSITIVITY +/-20%

BASE CONDITIONS
FLOW COPPER TENOR
RECCVERY 80
CAPITAL COST A% 1041889
PREFRODUCT ION COST 100000
BASE CASE ANNUAL PRODUCTION

FLOWRATE M3/HR 500
COPPER g/1 0.12
RECOVERY % 80
COPFER TONNES 419.3
OPERATING COST FACTOR 1.2

BASE CONDITIONS

FLOW COPPER TENOR 0.120
RECOVERY 80
CAPITAL COST A% 1041889
PREPRODUCT ION COST 100000
BASE CASE ANNMUAL. PRODUCTION

FLOWRATE M3/HR 500
COPPER g/1 0.12
RECDVERY % 8O
COPPER TONNES 419.73
OPERATING COST FACTOR 0.8

0.120 g/1

%

g/}
%

ASSIMPTIONS
COPPER FRICE
EXCHANGE RATE
DAYS/YEAR

HRS /DAY
INTEREST RATE
DISCOUNT RATE
TERM

NPV DN REVENLE
NPV ON CFBIT
NPV

ASSLMPT IONS
COPPER PRICE
EXCHANGE RATE
DAYS/YEAR
HRS/DAY
INTEREST RATE
BISCOUNT RATE
TERM

MNPV ON REVENUE
NPV ON CFBIT
NPV

0.85
0.7

364

24

10

12

10
26456345
1517326
1578605

0.85
0.7

364

24

10

12

10
3837013
2707994
2379240

%
234205

Uss/LB 2.8 AF/KE

LUSE/As

A

A

YEARS

At REVENLE - CAPITAL

A% AFTER DEBT SERVICE
AND TAX

USs/L.B 2.68 AS/KG
US$/A%

%

%

YEARS

A% REVENLE — CAPITAL

A% AFTER DEBY SERVICE
AND TAX



EURALBA MINING LTD

MT LYELL SX/EW COPPER PROJECT

FEASIBILITY STUDY MAY, 1994

FINANCIAL ANALYSIS

CAPITAL SENSITIVITY +/-20%

BASE CONDITIONS
FLOW COPPER TENOR
RECOVERY 80
CAPITAL COST A% 1230267
PREFPRODUCTION COST 100000
BASE CASE ANNUAL. PRODUCT ION

FLOWRATE M3/HR 500
COPPER g/1 0.12
RECOVERY % 80
COPPER TONNMES 419.3
OPERATING COST FACTOR 1
BASE CONDITIONS

FLOW COPPER TENOR 0.120

RECOVERY 80
CAPITA_ COST A% 833511
PREPRODUCTION COST 100000
BASE CASE ANNUAL PRODUCTION

FLOWRATE M3/HR 200
COPPER g/1 0.12
RECOVERY % B8O
COPPER TONNES 4172.3
OPERATING COST FACTOR 1

0.120 g/1

%

g/l

ASSLMPTIONS
COPPER PRICE
EXCHANGE RATE
DAYS/YEAR
HRS/DAY
INTEREST RATE
DISCOUNT RATE
TERM

NPV ON REVENLE
NPV ON CFBIT
NPV

ASSLMPT TONS
COPPER PRICE
EXCHANGE RATE
DAYS/YEAR
HRS/DAY
INTEREST RATE
DISCOUNT RATE
TERM

NPV ON REVENUE
NPV ON CFEBIT
NPV

0.85
0.7

364

24

10

12

10
3241679
1904282
1962180

0.85

0.7

364

24

10

12

10
3241679
2321037
1996241

294206

US$/LB
US$s/As

2.68 A$/KG

%
%
YEARS

A — REVENLE LESS CAPITA
A% — AFTER DEBT SERVICE
AND TAX

USs/LB
LSS/~

2.68 AH/KG

%
%
YEARS

A+ REVENLE - CAPITAL
A% AFTER DEBT SERVICE
AND TAX



EURALBA MINING LTD
MT LYELL SX/EW OOPPER PROJECT
FEASIBILITY STUDY MAY, 1994

FINANCIAL ANALYSIS

DISCOUNT RATE SENSITIVITY

BASE CONDITIONS
FLON COPPER TENOR
RECOVERY 80 %
CARPITAL CO3T A 1041887
PREFPRDDUCTION €OST 100000
BASE EASE ANMNUAL PRODUCT ION

FLOWRATE M3/HR S00
COPPER g/} 0.12
RECOMVERY % 80
COPPER TONNES 419.3
OPERATING COST FACTOR t

BASE CONDITIONS

FLOW COPPER TENOR 0.120 g/t
RECCVERY BO %
CAPITAL COST A% 1041889
PREFPRODUCTION COST 100000
BASE CASE ANNUAL PRODUCTION

FLOWRATE M3/HR 500
COPPER g/1 0.12
RECOVERY % 80
COPPER TOMNES 419.3
OPERATING COST FACTOR 1

0.120 g/1

ASSIMPTIONS
COPPER PRICE
EXCHANGE RATE
DAYS/YEAOR
HRS/DAY
INTEREST RATE
DISCOUNT RATE
TERM

NPV ON REVENLE
NPV ON CFBIT
NPV

ASSUMPTIONS
COPPER PRICE
EXCHANGE RATE
DAYS/YEAR
FHRS/DAY
INTEREST RATE
DISCOUNT RATE
TERM

NPV ON REVENLE
NPV ON CFBIT
NFY

0.85 US+H/LB
0.7 US$/As
364

24

10 %

15 %

10 YEARS
2871018
1752585 A% REVENLE — CAPITAL
1763292 4% AFTER DEBT SERVILE

AND TAX

Z.68 AS/KG

0.85 USH/ B
0.7 US$/As
364

24

10 %

? %

10 YEARS

2.68 A/XKG

2592640
2550753 A REVENLE — CAPITAL
2239415 6% AFTER DEBT SERVICE

AND TAX
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11.0 CONCLUSIONS AND RECOMMENDATIONS
The recovery of copper cathode of LME grade "A" quality from

the effluent streams at Mt Lyell is technically feasible and
commercially viabie.

The praocess route and techniques have been pilot tested at the

Mt Lyall site, and thus a high level of confidence in the process is
justified.

The financial analysis is based upon cost estimates derived by
well established methods and current pricing data. These cost estimates
are considered to be conservative.

Several areas require more detailed definition. The plant
site and the availability of power, water and access have not been
determined. It is recomwmended that these issues be resolved rapidly,
and then a final cost estimate for the entire project implementation can
be undertaken. This final estimate should also take into account the
potential for use of an existing building at the site, and the potential
for aguisition of other elements of the existing facilities.

It is worthy of note that, to the author’s knowledge, there is
no other process route and technology commercially available which is
capable of achieving the viable extraction of copper from the Mt Lyell
effluent streams.
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20-Aug-90 Page 15

AVERAGE AND EXTREME MAXIMUM AND MINIMM TEMFERATURES - SELECTED TASMANIAN STATICNS

{Temperatures measured in degrees Celcius)

STATION NAME & NIRBER PERIOD JAN FEB MAR AFR MY JBE JULY AG  SEFT ocT NV DEC ANNUAL
QUEENSTOMN (7xs) MEAN MAX 1965-1986 21.1 22.0 19.7 16.6 14.5 12.3 11,6 12,5 13.6 15.9 17.6 19.3 164
97034 HEAN MIN 1965-1986 8.3 8.5 7.7 6.4 4.4 2.6 2.3 3. 4.2 5.0 6.4 7.8 5.6

EXT. MAX 1965-1987 37.3 3.3 35.6 295 25,0 195 19.5 21,0 2.8 27.8 333 3.3 NI
1981 1982 1966 1905 1985 1974 1975 1977 1987 1965/77 1966 1980 1/198%

EXT. MIN 1965-1987 0.0 0.0 -1 -26 -6.0 -6.2 -6.7 5.5 -9 33 -5 0.6 5.7
5 1974 1973 ' 1978 1974 1983 1965/63 1974 1965/66 7/1978

ROSERERY MERN MAX 1979-1986 21.1 . 22.1 20.1 17.
R LE MEAN MIN 1979-1986  10.1 8.2

m o

[y
e
B ke

113 10.8  12.6 13,
4.2 2.9 4.8

.
AN - Y
[y

6. 9.1 20.5 16.
6 1.7 9.4 1
EXT. MAX 1979-1987 38.0 36.8 31.3  28.0 17.7 15,6 191 225 26.2 33.0 35.6 38.0
1981 1982 1983 1985 1981 1981 1980 1985  198: 1987 1980 1/1981
EXT. MIN 1979-1987 4.0 1.8 1.9 0.5 -3.0 30 -20 -15 -0 05 2.8 =30
1386 1980 1987 1984 1981 1983/85 1982/83 1986 1983  198{ 1980 1979 various

=
c:xog?.’
Lo U RS

2.2 17.

5 12,
10.2 8.5

SAVAGE RIVER * " MEAN MAX 1966-1987  18. 2.1 2 9.3
97047 MEAN MIN 1966-1987 9 5.8 4.2 3.5

EXT. MAX 1966-1987 34.1 344 29.3 25.2 21,3 18,3 18.6 261 23,9 260 30.8 32.4 M4
1981 1975 1974 1987 1985 1968 1986 1971 1987 1977 1987 1980 2/1975
EXT. MIN 1966~1987 0.8 23 -1 -29 -9 33 -5 <50 38 -11 <40 -1.2 5.0
1967 1982 1967 1967 1970 1982 1986 1978 1972 1966 1980 1968 8/1978

STRAMAN MEAN MAX 15711989  20.7 21.4  19.

9.5 .
97067 _ MEAN MIN 1971-1989 , 10.6  10.8 9.8

1.8 12.1 16.5
7.4 4.7 7.9
EXT. MAX 1971-1989 236.2 37.2 34.2 29.3 231 19.4 191 20.2 2.9 31.2 3.5 3.2 32
1973 1982 1989 1985 1988 1974 1975 1977/80 1987 1987 1977 1976 2/1982
EXT. MIN 1971-1989 4.3 2.4 2.4 0.3 <05 -30 -2.0 <20 -1.2 0.2 1.5 2.6 -0
1978 1980 1387 1988 1976 1983 1978/82 1974 1976 1975 1974 1975 ©/1983

*Denotes Closed Station

0reves
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THE MOUNT LYELSL HINING AND RAILUAY CDHPANY LIHITED 4

—— o —— . ————— —— ———

FERRUARY,» 19922

e e e = = . —— — — ——

| ! 1 }
i QUEENSTOWN } LAKE MARGARET ! LAKE MARGARET |
| (SUBSTATION) | DA | FOWER STATION |
i {mm) 5 {mm) ﬂ (pn} }
I I | | !
{ f | { !
1 THIS WMOHTH ! | I |
| T f f f :
} RAINFALL : 80.2 ; 113.2 f 101.0 ;
[ it -~ |~ |- I
| | | I {
] AVERAGE } 120.7 ! 185.1 ! - i
f | i i ' !
[~=—rmmem ==~ e |~ e e |
| : i 1 i, i
| RECORD LOW : 15.0 (1912) ; 446.0 (1975) : - :
}
| = m et e e e |- e itk LT o e e e 1
| I ! [ |
| RECORD HIGH I I22,0 (1740) | 425.0 (1940) | - :
J ! |
————————————————— R et e e |
I | |
] WET DAYS | 12 | 11 ! 12 l
! } ] | |
R e D L L b bt bl jmmm e e e e b T R T !
i | I ! }
| YEAR TQ DATE : H : }
____________ |
! ! } I f
} RATHFALL 1 223.0 | 217.z2 ! 310.8 |
] [ I ! ]
e ettt = |- R tatata ]
| | } i |
| AVERAGE 1 271.8 A 517,2 I - )
i | | ] |
it Sty | == e | —— = e ———— [om——m e i
i } ] |
! I 27 ] 33 [
| | | |
| ! }

l----—--—-
|
L
1
1
1
!
]
1
t
1
[
!
|
1
1
1
1
i
1
1
t
|
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THE MOUNT LYELL MINING AND RAILWAY COMPANY LIMITED
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THE MOUNT LYELL MINING AND RAILWAY COMPANY LIMITED
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THE MOUNT LYELL MINING AND RAILWAY COMPANY LIMITED
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FILE: MLPILOT
MT. LYELL SX/EW COPPER PROJECT
EURAL BA MINING LTD

DESIGN CRITERIA AND PROCESS DESIGN CALCULATIONS
SCALEUP FROM DEMONSTRATION PULANT PERFORMANCE



WASTE DUMP EFFLLENT BAMS

SHEFT DUMP
I COPACITY 12 HRS DAy
FLOW AV, 35 M3/HR i WA
HALLAGE DUMP
I CAPACITY 12 HRS
FLOW AV. 35 M3/HR
l PLANT FEED
COPPER PRODUCT ION 1224 KG/DAY
I FEED COPPER RECOVERED 0.102 G/L
FEED FLOW 12000 M3/DAY
500 M3/HR
I DESIGN PLS FLOW S00 M3/HR
8333 L/MIN  0.579655
139 1L/SEC
FLS FEED LINE
I 450 0D S00 0D
LINE DIAM. 423 mm 470
VELOCITY 0.99 M/SEC 0.80
I MAX HEAD 20 M 20
POWER 42.79 KW 42.79
PLS POND
l FLOW IN 500 M3/HR
CAPACTTY 12 HRS
5000 M3
I DEPTH IM
St.OPE OFF VERTICAL 30 deg
CUTBACK S.2 M
l TOP AREA 2500 M2
BOTTOM AREA 1569 M2
VOLLME &049 M3
WIDTH 50 M
l LENGTH 50 M
WALL AREA 18.6 M2
FILL VOLUE 3911 M3
l COMPACT DENSITY 1.75 T/M3
TONNES FILL B4y T
I SURFACE AREA 3388 M2
DESIGN AREA FOR LINER 4000 M2
a



SOLVENT EXTRACTION

SX EXTRACTION 85
FLS TENOR 0.12
SALICYLADOXIME SG 0.94
VOL %4 4
DILLENT SG 0.8
EvVAP 0.1
ORGANIC LOADING

Cu/Fe SELECTIVITY 40
ORGANIC ENTRAIN RAFF 15

DESIGN Cu DELTA 1
EXTRACT CONTINGITY El

EXTRACT CONTINUITY EZ

STRIP CONTINUITY

ORG/ARU. RATLIO STRIP 1

ADVANCE ELECT TEMNOR 25.70
PLS + BLEED FI1.OW 500
ORGANIC FLOWRATE EXT. 300
Cu ADVANCE FROM PLS 0.12
COPPER IN FEED . &2
EXTRACT
TOTAL FILOW TOD M/S 1000
EXTRACT STAGES 2
STRIP STAEES
MIXERS/STAGE EXT. 2
MIXERS/STAGE STRIP
RESIDEMCE TIME EACH 2
SETTLER RATING 3.2
ORGANIC SPACE VEL.. DESIGN Q.05
o]
ORGANIC DEPTH 200
ARLEOUS DEPTH 400
FREEBDARD 130
SETTLER WIDBTH 12000
LENGTH 26047
PESTGN LENGTH 26000

A

G/
KG/L

%

KG/L
MM/DAY

CHECK

PPM

G/L

ORGANIC
ORGANIC
ACLEOUS

G/L.

M3/HR
M3/HR
G/L
G/HR

M3/HR

MINS
M3/MZ2HR
M/BEC  MAX
cm/sec

() MAX
i

T

mim

mm

mm

Note: each extract M/S in four units of &x14m

DRGANIC SPACE VEL ACTUAL

EXTRACT 0.0046

cm/sec

STRIP

294

M3/HR



ELECTROWINNING
COPPER RECOVERY

MaxX PROD RATE

Cely DIAM

CELL LENGTH

CATHODE AREA
CURRENT DENSITY
AMPS/CELL

CURRENT EFFICIENCY
THEORETICAL CAPACITY
NO OF CELLS
FLOWRATE

EW FEED FLOW

NO OF LINES
CELLS/LINE CALC
CELL.S/LINE DESIGN
TOTAL CELLS

AV WT DEPOSIT

ND CELLS HARVESTED/DAY

NGO OF PUMPS
LINES/PUMP
Ew FEED FLOW/PUMP

PRESSURE DROP/L.INE
PRESSURE FEAD/LINE
FOTAL HEAD

SG

POWER

VOIL.TS/CELL

RECTIFIER VOLTS
DESIGN

AMPS/CELL

NO OF RECTIFIERS
RECTIFIER AMPS
DESTEN

POWER FACTOR
RECTIFIER EFFICIENCY

ATOMIC WETIGHTS
Fe

Cu

S04

Fe

H

0

20998 G/HR S0798
1223.96 KG/DAY DESIGN 1224
o101 M 0.101
1.000 M 1.0C0
0,319 M2 0.319
440 A/M2 440
140 A 140
73 % BO 1k kiork
1.185 G/AHR 1.185
409 .29 383.71
3600 L/HR/CELL
72000 L/HR
20.0
20.5
20
4092.3
44.1 KB hal+ gap
27.7 ie & packs

2 ANODE DIAM 0.
10 CeELl. X-SECT 0.
10 L/SEC CELL VOLUME O,

600 L/MIN RT 7.

35000 L/HR 107.

32 kPa

2.74 M
oM

1.19 KG/L

0.8 kW

e ER
0E33

&
i
=~
E

il

2.8
57.3
&0
140
2
1402
1800
0.85
0.96

DL

v

ACID R
55.847 1.756182
63.94 1.343335
?4.04616
05.847
1.00797
15.9994



¢ -
224235

CRUD SYSTEM & PROCESS TANKAGE

RAFF INATE COALESCER 200 4D 450

RESIDENCE TIME 5 MIN LINE D 470 mm 4

FLOW 500 M3I/HR ND 1

VOLUME 41.7 M3 VEL 0.80 M/SEC 0.

DEPTH 1.2 M GO TO LAUNDER?

AREA 34,72 M2

WIDTH 4,0 M 85.16 m2 concrete

LENGTH 8.7 M

LOADED ORGANIC TAMK

RESIDENCE TIME 8 MIN LINE D 100 mm

FLOu 76.2 M3/HR NO 2

VOLUME 16.2 M3 S000 VEL 1.35 M/5EC

NO OF TAMNKS 2

DEPTH 2.5 M 2.61

DIAETER 1.6 M 1.85

AREA 2.0 M2

ADVANCE & SPENT ELECTROLYTE TANKS

RESIDENCE TIME 3 MIN 3.9 LINE D 130 mm

FLOW 76.2 PM3/HR NO 1

VOLUME 3.8 M3 S000 VEL 1.20 M/SEC

DEPTH 1.6 M 2610

DIAMETER 1.7 M 1.86

AREA 2.4 M

CRUD DECANT TANKS

RESIDENCE TIME 720 MINS 675 LINE D 50 mm

NOD OF TANKS 2 5 NO 1

FLOW 4.0 ME/HR VEL 0.57 M/SEC

VOLLIME EACH 24.0 M3 OO0

DEPTH 4.9 M 2.075

DIAMETER 2.6 M 2.7

AREA 5.3 M2

CRUD SEPARATOR/MIXER

VOLLUME 1.0 M3 1.05

DEFTH 1.2 M 1.38

DIAMETER 1.0M 1.115

AREA 0.8 M2



REAGENT STORAGE

ACID STORAGE TANK
DAILY CONSUMPTION

STORAGE CAPACTTY 20 DAYS

TANK VOLUME 3.6 M3 000
DEPTH 2 M 2.075
DIAMETER 1.9 M 2.7
AREA 2.8 M2

NOTE: EXTEND TO A SINGLE TANKER LOAD + 25%

BUND DEPTH 0.17 M

AREA 36 M2

ACID MIXING TANK

DAILY ADDITION + 13574 2.97 M3 WATER + ACID
DEFTH 1.5 M

DIAMETER 1.6 M

AREA 2.0 M2

EXTRACTANT IN DRUMS

DILUENT TANK

DAILY ADDITION
STORAGE CAPACITY
TANK VOLLME

278.3 LITRES

174 LITRES/DAY
30 DAYS
5.2 M3



PROCESS DESIGN CALCLLATIONS

FEED - target average
for design

IRON IN PLS

IRON BLEED

FEED FLOW

Cu TENOR

Cu RECOVERY
AVAILABILITY

Cu FLOW IN ALS
RAFF. TENDR

Cu/Fe REJECTION

AR EDUS ENTRAINVENT
EXTRACT ORGANIC CTS
STRIP AQ CTS

SPENT Cu TENOR
SPENT ACID TENOR
FLS pH

FLS ACID TENOR

IRON BLEED FLOW

Cu TRANSFER By SX
Fe TRANSFER BY SX

Fe TRANSFER BY ENTRAIN.
EXTRACTION TO STRIP
STRIP TO EXTRACTION
BALANCE OF Fe TRANSFER
TOTAL Fe TRANSFER

FOR ALS + IRON BLEED
COPPER

ACID

TRON

TOTA. ACID LOSS

Cir TRANSFERRED

DELTA TENOR

SPENT FLOW TO STRIP
SPENT EX T'HOUSE

ORGANIC RECYCLE EXTRACT
ORGANIC ADVANCE TO STRIP
SYSTEM 0/A

AODUEQUS RECYOLE ON STRIFP
STRIP /A4 RATIOD

LOADED ORGANIC TENOR
DELTA organic

Cu WON (TRANSFER-BL.EED)
ACID GENERATED

WATER LOST BY REACTION
OXYGEN GENERATED

120 ppm Cu
2500 ppm Fe

2.5 g/l
& g/l
500 M3/HR
0.12 g/1
85 %
0.96
51.000 KG/HR
0.018 g/1
40

100
300
23 g/1
180 g/1
2.4
0.39 g/1
0.0793 M3/HR
53. 33 -KG/HR
1.333 KG/HR

0.125 KG/HR
0.700 KG/HR
0.000
0.358B0 KG/HR

0.12 g/l

0.42 g/l

2.50 g/1
21.309 KG/HR

53.323 KG/HR
0.70
76,176 M3/HR
76.269 M3/HR
423.917 M3/HR
7&6.176 M3/HR
0.13

Q.000 M3/HR
1.00
1.5
0.7
30.7998 KG/HR
78.71% KG/HR
14.459 KG/HR
12.841 KG/HR

1224 kg/day

CHECK
CONSERVAT IVE
DESIGN ESTIMATE
DESIGN ESTIMATE

ITERATE *kxx

TD ZERD *0kx

FROM ASSAY

not relevant

STRIP ORGANIC/FLS

424

1224.0 KG/DAY




£4 HASS BALANLE

ADVANCE EX STRIP
ABDITLON

ADYANCE ELECTROLYTE
EW FEED

HD EW LIRES

Cu WON/ALID MADE
RECIRCULATED SFENT
SPENT EX EH

BLEED

SPENT To STRIP

WHERE RECTRC.D SPENT
RECYCLE FLOM

MASS EALANCE OQVERALL

FLS

iron bleed

Si feed

raffinate

paded arganic
ext. org. recyele
srganic advance
stripped organig
delta organic
advance electrolyte
copper transferred
capper productien
spent electralyte

FLOd

H3/hk
7e.2
¢.107

=R

i
B
]
i

=y

i

<o

4.3
2.0
0.093

14,7

IS NEGATIVE -

FLOW
H3/Hk

300
0.093
)]
398
a0d
474
14

18

g/l
fu
it

7
i

cr

29.6b
5.1

23,00
73.00
25.00

At i
25,00

kG/HR
Eu
1958

1958
t#31

3. 998
-107
184010

2.3
1904

THIS ERIATES 10

Cu g/1 Cu kg/hr

0. 120
25.0
0,123
.018
1,50
1.50
L3
.83
700
3.7

KL

cr
[

cr-
¥ < R T S ]
ed

750.0
633,
L4,

50,

c
o+

1957,

£
FN

3l.0

1904.4

=~

Teed ] L4 D T

g/l Ko/HR
acid acid
Y79 (3437
138 21,309

179 17454
179.¢ (7084
78,719

180 -748
L 12657
1Bt 14,740
180 13712

THE STRIF ABUEGUS

acid acid
g/! kg/hr
0.8 138.2
18¢ 15.7
0,03 154,9
0,47 1337

179 13433

8 13712

.47
-

g/l
Fe
4.0t

.00
.00

q
ad L

FB/UR
Fe
45§

c
ot

432

9, Jol

nmnn
137

0.55

457

factors

0.85 recovery

1.5¢8
1 org/ag

8. 074

delta

29423;,
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DA A

MOUNT LYELL. COPPER PROJECT
FILE:  MFEQUIP
TOTAL INSTALLED POWER ~ MT LYFLL SX/EW PROCESS PLANT - kW 351.39

ESTIMATED POWER DRAW 246 kW
AREA 1. - SOLVENT EXTRACTION
! D ! 'INSTALLED! CTOTAL ¢
) EQUIP | DESCRIPTION IND. ¢ POWER ! DESCRIPTION {INSTALLED!
T Vs P P kW EACH | C kW '
! PPO1  !PLS PRIFE PUMP bt O !OPTION DEP. ON POND ELEVATION ! 0!
: : S : ‘ 0!
! MSO1  EXTRACT M/S 1 I O !CONCRETE FREFAB + MDPE LINER : 0 !
! : b : : 0!
! AGOT  !M/S 1 PUMP MIXER | 1 ! 11 {TOP SHROUDED FUMP/MIXER - SS316L | 11 1
: : oo 1.5 m D, O — 58 RPM type 5X-& ! 0}
! AGO2  M/S 1 AGITATOR f1 0.55 !HYDROFOIL TURBINE MIXER ' 0.55 ;
: : b '1.1 m D, O - S3 RPM type HA-700 ! 0 !
! MS02 IEXTRACT M/S 2 R O CONCRETE FREFAB + MDPE LINER : 0 !
! ; Lo ] : 0!
! AGO3  IM/S 2 PUMP MIXER 1 1 | it !TOP SHROUDED PUMP/MIXER — SS314L | 11 !
{ ; L 1.5 m D, O — 58 RPM type SX-6 ! o |
! AGDS  IM/S 2 AGITATOR I 0.55 !HYDROFOIL TURBINE MIXER : 0.55 !
; ; oo 1.1 m D, O ~ S3 RPM type HA-700 ! 0 |
' PPO2/03 ! CRUD REMIVAL PUMPS! 2 | 0 !WILDEN M2 : 0!
: ! ool ; ' 0 !
: ; Lo : : 0!
: ; b ; : 0
! TKOl JILOADED DRG. TANK : 2 ! 0 !HDPE ROTOMOLLD + FUSED FITTINGS ! 0
| ! S 1S000 LITRE ; o !
! PPO4 {LOADED ORG. PLMP ! 1 ! O {NOT REQUIRED : 0!
! : P : ; 0 !
! PPOS 1ORG. RECYCLE PLMP ! 1 ! 22 IMODEL 200-315 ' 22 1
: ; Co ; : 0!
! PPO&  CRUD/AQ.LOT PUMP | 1 ! 0 !WILDEN M1 : 0!
: ! ;o ! : 0!
! MSO3 {STRIP M/S ro 0 {CONCRETE FREFAB + MDFE LINER ' 0 !
: ; L : ! 0 !
! AGOS  ISTRIP M/S PUMP MIX! 1 ! 4 !TOF SHROUDED PUMP/MIXER — 904L SS | 4 )
' ; L 11,0 m D, O — 74 RPM type SX-6 ' 0 i
L TKOZA 1ADV. ELEGC. TANK ! 1 O HDPE ROTOMOULD + FUSED FITTINGS | 0
! : b {5000 LLITRE : 0!
i TKOZB |SPENT ELECTROLYTE : 1 ! O IMDPE ROTOMOLLD + FUSED FITTINGS ! 0!
: : S 15000 LLITRE ; 0!
! PPO7  (IROM BLEED PUMP 1 1 ! 0 {WILDEN M2 ! 0!
: ; S ; ! 0!
\PPOBab (ADV. ELEC. PUMP ! 2 ! 2.2 IWAKI MOF LSOS CFWW ! 4.4 !
; : oo : : 0 !
: : b ! ‘ 0

' TOTAL POWER — SOLVENT EXTRACTION EQUIPMENT

&
an
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COPPER CATHODE ANALYSES
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t:i WL-1994 898119 COPPER REFIHERIES LAB TSV N 51 7?7 7E2I00 P.2%

COPPER REFINERIES PTY. LTD.

A.CN. 009 676 975 Vo 4 9 4
AMEMBER OF THE M.LM. GROUP OF COMPANIES

HEAD OFFICE: HUNTER STREET, STUART, TOWNSVILLE, GUEENSLAND

P.O. BOX 8484 M.C. TELEPHONE | 01 82141
TOWNSVILLE QLD. 4810 TELEGRAMS:! PERFINE
AUSTRALIA TELEX l AA 47088 COPTOWN
'A L I T v FAGAIMILE . (077) 78 2308 (Ganessl)
{O77) 78 2758 (Supply)
r "W Febwuary 1994
ASSAY REPORT
i oL
SAMPLE MTIL3
l RESULTS
SILVER 0.4 ppm
l ARSENIC , <D.) ppm
BISMUTH <0.1 ppm
' CADMIUM <0.1 ppm
COBALT 0.1 pp
CHROMIUM <0.1 ppm
l IRON 6.5 ppm
MANGANESR <01 ppa
l NICKEL 0.3 ppn
PHOSPHOROUS <0.4 ppm
LEAD <0.1 ppa
l SULPHUR B R PPim
ANTIMONY <0.] ppm
l STLENIUM 03 ppin
TIN <D.} PP
l TELLURIUM <01 pym .o
2INC 0.2 ppm

‘dothod of Analysis - CMS01}

Sample was akeg as suppliod, telwd in ¢ grapbite orucible under a nltrogen stmophbory, castas w fugot and drywn o wire
of to analysis.

CHIEF CHEMIST




DDA AL

----------------------------------------------------------------------------------------------

0B-P2-1994 P8!19 COPPER REFINERIES LAB TSW £1 77 7682308 P.04

COPPER REFINERIES PTY. LTD.

AC.N. 009 676 75 :
AMEMBER OF THE M,L.M. GROUP OF COMPANIES

HEAD OFFICE: HUNTER STREET, STUART. TOWNSVALE, QUEENSLAND

P.O. BOX 5484 M.C. TELEPHONE ; 81 ba14
TOWNSVILLE QLD 4810 ‘ TELEGRAMS: PEREING
AUSTRALIA

TELEX : AAATORS OOPTOWN
PACSIMILE : (Q77) 78 2308 (Garanl)
(Q77) T8 T7S5 (Supply)

7 February 1994
l ASSAY REPORT
l EURALBA COPPER
REF; NONAY 093
l SAMPLE MTL1
' RESULTS
SILVER <0.1 ppm
ARSENIC <0.1 PPm
' BISMUTH <0.1 ppm
CADMIUM <0.1 ppm
' COBALT =0, ] ppm
CHROMIUM : <0.} PP
l IRON 4.8 ppm
MANGANESE <0.1 ppm
h NICKEL 0.3 ppm
PHOSPHOROUS <01 ppm
LEAD 0.1 ppm
l SULPHUR 17 ppm
ANTIMONY ' <0.1 ppm
l SELENTUM | 0.2 ppm .
TIN <0.1 - ppm
o TELLURIUM <0.1 ppm
l ZINC 0.2 ppta

' Method of Analyais - CMSOI

Sample was taken as supplied, mehed In a graphite crucible under s pivogen stmoesphiciv, cart 13 vo Dot aod dawp to wirw |
l ptiot o asalyss.

' -@M Torme !\&t.us: - 93 }’lb“
N. Ourard

CHIXF CHEMIST

\ B
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MINING LIMITED codedy

ACN 000731093

GOLD COAST OFFICE
23 RIVERSDALE ROAD
OXENFORD, QLD., 4210

TEL: 075-731800
FAX: 075-736097

MOUNT LYELL PROJECT

1. Process description and design criteria

2. Project Costing

ARG ROFRL R
FIOHE No.0j4336~40

iz

GPO BOX 202 SYDINEY NSW 200!
TELEPHONE: (02; 247 9335 FACSIMILE: 102, 231 2961

REGISTERED OFFICE:

LEVEL 2,
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_(LOT). The aqueous phase passes under the arganic weir and into the
- aqueaus weirbox. The aqueaus phase flows over the adjustable weir

PROCESS DESCRIPTICN

Waste dump drainage (PLS) is pumped or gravity fed from the P S A [T 3—‘{5\. fnr )
drainage channel and fed to the extraction mixer sattler, Flowrate '

is controlled by throttling valve or bypass line from a flowmeter

reading {rotameter). The PLS is contacted with organic phase from the L o -
the strip mixer settler in a single mixer box of a volume yielding . a feos b 28 fussl

a residence time of 2 minutes. The impellor design enables organic wbelior [T

continuous operation by arganic flooding at startup, and is a pump
mixer turbine. The organic aquecus mixture is in a 1.1 ratio, and
overflows the mixer into a lateral distributor at the head of the

seftier. Flow down the settler is moderated by a picket fence, and

at the end of the settler the dispersion band between the two
disengaged phases rides against the wall of the organic weir. Organic
phase overflows the organic weir and into the loaded arganic tank .

. - 13
L?\L:-'»)ij_{ o L-_f‘s Dol ﬁ-)"a.'lf‘,\.- S NUEIN

and out of the settler into a baffled settling pond prior to

discharge inta the drainage channef as raffinate. The baffles trap

any entrained organic, and the settler also acts as emergency
containment. e —

LT - \‘_‘.. -'f—'___.—-—-
Loaded arganic is pumped via a throttle fiow control valve into the
strip mixer. The aqueous recyclé and spent electrolyte is contacted
with the loaded organic, and the mixture proceeds in similar fashion

to the extraction settler. The aqueous recycle, taken from near the
end of the seltler, constitutes the bulk of the aqueous flow, and

the small advance elactrolyte stream flows over the aquecus weir into
the advanced electroiyte tank (AET). This circuit is operated in

iy o4 Parle ool valed,?

-

agueous conlinugus mode. The stripped organic flows to the extraction SIzE .. 2 I
mixer box. B —— M TR L)
The advance slectrolyte is pumped into the electrowinning circuit Eﬁ:f e .

and back to the AET. A smalt bleed flow equal to the flowrate of the

advance alectrolyte from the strip settler is tapped from the spent O

electrolyte into the strip mixer, and depending on the iron levels '

in the electrolyte circuit, a bleed may also be taken from the spent i

electrolyte stream to the extraction mixer.

Acid and watar are periodically added to the advance electrolyte

to compensate for the iron bleed, evaparation and the breakdown of
water in the electrowinning cells. Organic phase, a mixure of
extractant and high flashpoint kerosene, is also periodically added
to the extraction mixer to compensate for entrainment losses into
raffinate, svaporation of kerosene and degradation of extractant.

A crud phase may form in the dispersicn bands, depending on silica Liael fochsn  RA
and suspended solids levels in PLS. This will need to be removed by

suction and would also constitute a loss of organic from the system.

The system is small and simple, thus the reagent additions and iron

bleed can be conducted manually.

The electrawinning feed flow is contralled by a throttling valve

to the desired flow rate. Electrical regulation is achieved at the
ractifier. Cathode harvesting is a manual pracess, and can be carried
out by shutting down the three pumps. The tankage is designed to
accommodate the system draindown.

Q&Q\Q- L

LI
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DESIGN CRITERIA AND PROCESS DESIGN CALCULATIONS
DEMONSTRATION PLANT FOR EURALBA MINING

MT. LYELL WASTE DUMPS

PROCESS CALCULATIONS

IRONIN PLS

IRON BLEED

FEED FLOW

Cu TENOR

Cu RECOVERY
AVAILABILITY

Cu FLOW IN PLS
RAFF. TENOR

Cu/Fe REJECTION
aqueous entrainment
EXTRACT AQUEOUS CONT.
STRIP ORGANIC CONT.
SPENT Cu TENOR
SPENT ACID TENOR
PLS pH

PLS ACID TENOR

IRON BLEED FLOW

Cu TRANSFER BY SX
Fe TRANSFER BY SX

Fo TRANSFER BY ENTRAIN.
EXTRACTION TO STRIP
STRIP TO EXTRACTION
BALANCE OF Fe TRANSFER
TOTAL Fe TRANSFER

FOR PLS + IRON BLEED
COPPER

ACID

iRON

TOTAL ACID LOSS

Cu TRANSFERRED
DELTA TENOR

SPENT FLOW TO STRIP
SPENT EX THOUSE
RECYCLE ON STRIP
STRIP O/A

Cu WON (TRANSFER-BLEED)
ACID GENERATED

WATER LOST BY REACTION
OXYGEN GENERATED

290

0.5 gh
5.04 M3/HR

0.12 g

50 %

100 %
0.54 KGHR

0.012 g,

500

500
800
79
180 gn
2.55
0.28 g/
0.009513 M3HR

0.61 KGHR |

0.001 KGMHR l Z ~

0.005 KGHR

- 0,002 KGR
-0.000000

0.0048 KG/MHR

0.13 gh
0.81 gn
1.9972

1.823 KGMHR

0.61: KG/MHR
5

01 3MHR
0.132 M3/HR

4.927 M3/HR
41.34

0.544 KGHR
0.840 KGHR
0.154 KGMHR
0.137 KGMHR

ESTIMATED
NOMINATED
SELECTED FOR DESIGN
ESTIMATED
PROVISIONAL ESTIMATE

A

gebfty e Mwuiry

IS AT) e

e 2

DESIGN ESTIMATE
DESIGN ESTIMATE
SELECTED FOR DESIGN
SELECTED FOR DESIGN
ESTIMATED

ITERATE

TO ZERQ e =

—_——— =

Comima
<

SELECTED FCOR DESIGN

18.01534

p.ookE «iH2.
6. 5

A
flos pamt oy

P

"L\i_@_ug\ fw &ln >

-
/
-

Cut éCK

buchﬁ\: ""br‘v\ bL'-\\d UF.

s~

kg He.

~

Shat o uex diy.
L. ke
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EW MASS BALANCE

ADVANCE EX STRIP
ADDITION

ADVANCE ELECTROLYTE
EW FEED

Cu WONFACID MADE
RECIRCULATED SPENT
SPENT EX EW

BLEED

SPENT TO STRIP

MASS BALANCE OVERALL

PLS

iron bleed

SX fead

raffinate

lvaded organic
stripped organie
deita organic
advance electrolyte
copper transferred
copper production
spent electrolyte

FLOW

MIMHR
0122
c.010
0.132
3.600

3.488
0.132
G.010
0.122

FLOW
Ihr

5040
9.513
5050
£050
5040
5040

122

122

g KGMHR gl

Cu
12.55,

11.63
7.15

7
7
7
7

Cu acid
1833 173
1.533 174

25.744 179.8
0.544

24 278 130
0522 180
0.067- 180
0.855 180

Cugh Cu kg/hr acid

0.12

7

0.3
0.12
0.516
0.385
0.121

712,58,

RED

al

0.805- :
0.067 B0
0.671 034

KGMHR
acid
21.149
1.823
22972
647160
0.840
624.299
23.7TNM
1.712-
21.989

acid

kg/hr

1.393
7 1712

3.105

0.606 @ 3.945
2.801

1.890
0.611
1.533 173
0.611
0.544
0.855 180

21.148

21.989

ot KGMHR
fe Fe
0.54 0.066
0.50 0.066
0.50 1.800
0.000
05 5.734
0.5 0.066
0.5 0.005
0.5 0.081
pH factors
255
2.46
2140 1.54
1
98.078



28425)

ATOMIC WEIGHTS ACID R
Fe - 55.847 1.756183
Cu 63.54 1.543556
SC4 896.0616
Fe 55.847
H 1.00797
o) 15.9994
SPENT ELECTRCLYTE FROM CELLS
Cu 79/ 2.315 KGHR Cus04
Fe 0.5 g 0.179 KGMHR FaSO4
H2504 180 g/ 23.701 KGMR H2504
ION FLOW 26.195 KGHR
sG 1.175 KG/L
MASS FLOW 154.715 KGHR
WATER FLOW 128.520
SPENT ELECTROLYTE TO STRIP
Cu 7oA 2.148 KGMHR CusoO4
Fe 0.5g0 0.166 KG/HR FeSO4
H2S04 180 gh 21.989 KGHR H2504
ION FLOW 24.303 KGMHR
S6 1.175 KG/L
MASS FLOW 143.537 KGHR
WATER FLOW 119.235 KG/HR
DEPOSITION

STRONG ELECTROLYTE - EW FEED CHECK
FLOW 0.122158389 ERR
Cu o 2.858 KGHR CusSO4
Fe g 0.1798 KGHR FesSO4
H2504 187 gh 22.861 KGMR H2504
ION FLOW 25.899 KGHR
5G 1.188 KG/L
MASS FLOW 145.125 KGMR
WATER FLOW 119.226
EW CELL MASS BALANCE RATIO KGMR ATOMIC WEIGHTS
CuS04 2 1.37 Cu 63.54
e 2 S04 86.0616
H2O 2 0.15 Fe 55.847

BAL. 1.521249

H 1.00797

H2504 2 0.84 o 15,8994
Cu 2 0.54
02 1 Q.14

BAL. 1.521249




DESIGN CRITERIA

COPPER PROBUCTION

FEED COPPER RECOVERED

FEED FLOW
DESIGN PLS FLOW

LiINE DIAM.
VELOCITY

MAX HEAD
POWER

PLS FLOWRATE

SX
§X EXTRACTION

PLS TENOR
SALICYLALDOXIME SG
VOL %

DILUENT $G

EVAP

ORGANIC LOADING
CuFe SELECTMITY
ORGANIC ENTRAIN RAFF

DESIGN Cu DELTA
EXTRACT CONTINUITY
STRIP CONTINUITY
ORG/AQU. RATIO
ADVANCE ELECT TENOR

DESIGN PLS FLOW
Cu ADVANCE FROM PLS
COPPER RECOVERY

MIXERS/STAGE
RESIDENCE TIME
SETTLER RATING
ORGANIC SPACE VEL.
ORGANIC DEPTH
AQUEQUS DEPTH

I
S
—
re

10 KG/DAY
0.11 GiL
50909 L/DAY
3788 LHR
5040 LMHR
84 LMIN 0.579655
1.4 USEC
25.4 MM
2.78 W/SEC
20M
0.43 KW
5.04 M3/HR

80 %
012 G
0.94 KGL
2%
0.8 KG/L
0.1 MM/DAY

500
70 PPM

5GiL
ORGANIC
AQUEQUS
1

< : | gL — 5.

" 5040 LHR
Q‘O?‘H (9
554.4 GHR

1 st 2woogle

5 MAMZHR i
0.05 M/SEC MAX ' 1 .
200 MM MAX 7 Qlicws Jue eonr
400 MM N

Torae LiGsod [ol4mie W URewd .

! g
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COPPER RECOVERY
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1
MEMORANDUM
To: Michael Wren
From: Tony Treasure
Date: 23.10.92

Re: COSTING STAGE 2 MT.LYELL, PROJECT

The following comprises an assessment of projected costs in the next stage
of development of the Mt Lyell project.

Although, as detailed in our recent report, the requirement for continued

piloting at Mt Lyell may not be strictly necessary from a process point of
view, the plan presented here includes operation of a complete model plant
on site for a period of approximately 4 weeks.

The tasks required to take the project through to development of a
comercial facility may be generalised as follows:

a) Design, fabrication and coperation of demonstration plant.

The facility designed and costed here will be capable of production
of approximately 10kg/day of cathode copper.

The system is based on the SX/EMEW treatment option and will comprise
in general, the following:

-~ Mini scale SX plant, incorporating 1 extract and 1 strip stage.
It is envisaged that the final production plant will contain 2
extraction stages to provide in excess of 90% copper recovery.
Final recovery is not necessary for the demonstration plant,
but during its operation the efficacy of two extraction stages
will be demonstrated on a batch basis.

- Small scale electrowin plant comprising four production scaled
cells '

Operation of the plant will establish final operating parameters for
the production facility and will allow potential process problems to
be addressed prior to finalisation of the development plan.

The costings detailed below provide for fabrication of the plant from
scratch, purchase of new equipment and some utilisation of equipment
already owned by the company.

b) Detailed design and costing of full scale facility.

In detailed design and costing of the production facility, the
company will be relving on the services of one or two consultants who
are completely familiar with the installation of solvent extraction
facilities.
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The exercise will take advantage of existing detailed plant designs,
with modification where required. Modified drawings will be
produced, which will form the basis for detailed costing of supply
and installation.

The provision made, of 40 man days for this work is based on an
assessment made by M.Gunn, a process engineer who has been previously
responsible for such tasks.

Much of the work entailed can be conducted in conjunction with
operation of the demonstration plant on site, physical operation
once set up requiring only one man. Direct personnel costs in
operating the small plant can therefore be reduced.

Assessment of site facilities.

A full assessment of site facilities, such as working area, office
facilities, power requirement etc will be undertaken. This will
naturally concentrate on the establishment of the operation in such a
manner as to avoid interference with the current mining operation.

Liguor storage and treatment

The study will examine the possible requirement for liguor storage
and treatment facilities. The latter will address the question of
entrained solids in the mine effluent (which would result in crud
production in the 8X plant}.

A complete assessment of all previous stream measurements and
rainfall statistics for the area will be undertaken, principally with
a view to isclation of the target waste sources from external
rainfall drainage.

The study will lead to a liquor management plan which will detail
requirement for liquor storage, primarily to cater for severe volume
variaticns.

PROJECTED COSTS

Demonstration Plant

153

250 litre mixing tanks
agitators

500 litre loaded organic tank
500 litre advance electrolyte tank
Im3 settling tanks

5,000 1l/hour pump

3,000 1l/hour pump

3,000 1/hour pump

Rotameters

Valves and pipework

Sundry fittings
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4 x electrowin cells complete

4 x anodes

Cu cathode tubes

Rectifier (modified stock item)

Rotameter

Frames, wiring, piping

Allowing for some equipment already owned

by the company, a budget price for fabrication
of the plant has been calculated at:

ENGINEERTNG DESIGN AND PROCUREMENT (Estimate)

Sub-total
OPERATION
Personnel
- Consultant 30 days @ $400 (50% captive to

Design and costing programme
- Assistant 30 days @ $200

Equipment transport
Accommodation/meals 30 days @ $150
Consumables

Travel

Supervision/reporting

Sub-total

b) Engineering and other studies
Plant design/costing 40 days @ $400
Site and liguor details 10 days @ $400
Reporting/supervision 10 days @ $400
Sub-total

TOTAL

Contingency

TOTAL BUDGET PROVISION REQUIRED

*)
‘o

$25,000

$10,000

$35,000

$16,000

)

()

$ 4,000

$ 4,000

$24,000

$87,000
$10,000

$97,000

It should be noted that there are areas where this expenditure can be
reduced (for example through coperating a smaller demonstration plant) but
prudence would dictate that a budget close to §$100,000 should be provided

for the next stage of the project.

The programme outlined would result in a well established bankable

feasibility document.

4255
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67 ST. PAUL'S TERRACE

SPRING HILL QLD 4004 MINPROC ENGINEERS PTY. LTD.

TELEPHONE: (07) 839 0383
FACSIMILE: {07) 832 0101 A.C.N. 008 392 694 ‘

TELEX: 44114

14 August 1992

Mr Tony Treasure
Director — Euralba Mining
23 Riversdale Road
OXENFORD QLD

Dear Sir

On behalf of Minproc Engincers [ have reviewed your reports documenting the work carried
out by Euralba Mining at Mt Lyell in Tasmania. The reports specifically address the results
of elcctrowinning testwork on low tenor copper bearing solutions emerging from the waste
ore heaps.

As detailed in previous correspondence, the Euralba Mining electrowin cell is regarded as a
commercially viable and technically sound device for electrowinning metals, with distinct
and demonstrable advantages over conventional tankhouses. This opinion is based on detailed
study of the technology, with regard to its demonstrated performance on a number of liquors,
and a site visit during your Mt Lyell ficld investigation.

Your rcport is rigorous, comprehensive and consistent and I support your financial
conclusions within the bounds of the statcd assumptions. [ do not believe that the preferred
option, of solvent extraction and your low cost ccllhouse, requires a pilot scale testing stage
to enable detailed engineering design to proceed with confidence. Solvent extraction of
copper is now so widcly practiced that design criteria can be developed from laboratory scalc
tests. Minproc would be prepared to provide appropriatc guarantees of performance.

Should you require any further comment or reference, please do not hesitate to contact us.

Yours sincerely

M. J. GUNN
PRINCIPAL METALLURGIST

GN410990.DN
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EEuralba

mininG LIMITED

A.CN. 000 751093

Ref: SB0141

6 June, 1994

Mr Brian McBride

Assistant General Manager

Mineral Mining Section

Tasmanian Development and Resources
30 Gordans Hill Road

Rosny Park Hobart Tasmania

Dear Bnian

Please find the penaltment draft of this feasibility study on the Mt Lyell waste streams. 1 hope
you and the rest of the members of the Task Force look favourably upon the conclusions of
this study and also on our submission to treat the waste streams emanating from the remaining,
underground and aboveground, low grade ore. The Company, in association with Tasmanian
Govermment, is looking forward to embarking upon an environmental remediation program,
initially aimed at eliminating the copper, the most toxic element contained in the Mt Lyell

waste streams.

Furalba feels confident that given assistance further inroads could be made into the
beneficiation of the waste streams and would look forward to further discussions with the

Government on this question.

This "world first" clearly points the way for the mining industry in utilising technology such as
ours, which not only will reduce the cost of metal production but also reduces the impact on
the environment.

The final version of the report should be ready by Friday 17 June, 1994.

Look forward to your response.

Yours sincerely. /Z>
Mlchael Wren
Managing Director

PO BOX R368, ROYAL EXCHANGE, SYDNEY NSW 2000
TELEPHONE: (02) 247 9855 FACSIMILE: (02) 247 9898
REGISTERED OFFICE: LEVEL 3, 37-49 PITT STREET, SYDNEY NSW 2000
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MINPROC ENGINEERS PTY LTD SPANG HILL LD 3006

A.C.N. 008 992 694 P.O. BOX 544,
TELEPHONE: (07} 839 0383
FACSIMILE: (07) 832 0101
TELEX: 44114

284261
9 June 1992
Mr T Treasure
Director
Euralba Mining

23 Riversdale Road
OXENFORD QLD 4210

Dear Sir,

With reference to our recent meetings regarding Mt Lyell, I am now in a position to
present the capital and operating costs for a solvent extraction process feeding the Euralba
Mining Direct Electrowinning cell. The costs presented are based on careful analysis of
the EMDEW cell capabilities, and adaptation of the solvent extraction process to suit it.

The solvent extraction circuit design is based upon the isotherms calculated by Henckel
from shakeout tests on Mt Lyell liquor. The parameters adopted by Henckel are
acceptable, and this includes the parallel - series circuit configuration adopted for this
analysis. Better than 90% stage extraction was predicted at these low tenors in a single
extraction stage (on a stage basis). Unlike a "normal” leaching project, the raffinate will
most likely not be recirculated back to the leaching site, and thus this "stage extraction”
Tepresents the net copper recovery.

Several features of the overall SX-EW process are worthy of note. In particular, there is
no requirement for elaborate organic scavenging from advance electrolyte. In a
conventional tankhouse, any residual organic phase collects and concentrates at the
electrode "water-line”, and burns onto the cathode surface. In the EMDEW cell, the
closed turbulent sysiem simply returns any organic content back to the stripping mixer
settler feed. The entrainment of organic into advance electrolyte has been costed as a loss
because the effect of the EW process on organic is not known. This may well constitute a
saving on the costs tabulated and a projected operating cost assuming 50% recycle
recovery has been included.

A Member of the Minproc Holdings Limited Group
BD331690.CC Page No 1
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MINPROC ENGINEERS PTY LTD EURALBA MINING
MT LYELL PROJECT

A further simplification is in the recirculation system. In a conventional tankhouse, the
total flow cross-sectional area to cathode area ratio is quite high. A high level of spent
electrolyte recirculation is required to maintain adequate specific flow rates through the
tankhouse. Because the EMDEW cell current densities are so much higher, recirculation
is not necessary to maintain specific flow (litres/min per m? of cathode). This further
simplifies the circuit, and demands only a small tank/pump arrangement to return spent
electrolyte to the SX system (with the option to recycle to advance electrolyte).

In a conventional tankhouse the anodes are a lead/calcium/tin alloy, usually cast and rolled
t0 maintain dimensional stability, The EMDEW cell has a sinter coated titanium tube
anode, which eliminates the lead contamination problem experienced in many tankhouses.
As a result, the major copper cathode impurity in the proposed circuit is iron, and the
electrolyte bleed has accordingly been designed to maintain 1.5 g/l iron in the electrolyte
circuit. This bleed stream removes acid in the form of 180 g/l acid, CuSO, and FeSO, -
and there is an operating cost for replacing this bleed with clean acid. The iron level in
PLS is only 2 g/], and at 500:1 Cu:Fe selectivity, very little iron will transfer across the
organic barrier into electrolyte. The cost of the bleed calculated to maintain 1.5 g/l is
realistic as a 1.5 g/l iron level can be tolerated in electrolyte and produce cathode quality
to LME grade A specifications,

The circuit has been conservatively designed using the traditional mixer-settler developed
in the 1960-70’s. A Krebs double settler system may be worthy of consideration when the
project is implemented, giving benefits such as simpler layout and smaller footprint. The
agitators specified (but not sized) are derived from the Holmes and Narver system, and the
three tanks in the circuit have been sized with allowance incorporated for settler and EW
cell draindown, plus adequate surge volume. The pumps have been sized, but further
discussions would be required with Mt Lyell to assess the degree of automation and plant
downtime which would be required. This in turn will influence the pump materials,
control systems and the desirability of a standby unit. This design has incorporated no
standby equipment.

Capital cost for a plant capable of extracting and transferring to electrowin feed 45 kg/hr
of copper from 330 m'hr of feed soluton is A$1.23 million. This price includes
necessary electrical, piping and instrumentation costs, plus all equipment purchased as
proprietary items or fabricated to order, and its installation. The indirect cost of
engineering design, project management and procurement is included, plus a 10%
contingency, The costs do not allow for the civil works necessary to form the plant site,
as these may already be available in the form of a flat site with concrete pads.

The capital costs were derived from data compiled during a 1992 tender for a conventional
SX-EW plant. The accuracy of these costs are in the range + 15 to + 20%.

A Member of the Minproc Holdings Limited Group
BD331680.CC Page No 2
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MINPROC ENGINEERS PTY LTD EURALBA MINING
MT LYELL PROJECT

The process design was carried out from first principles using the attached design criteria.
The design criteria are based upon the Henkel shake-tests and Isotherms, and upon well
established practice in similar plants. To derive the operating costs, a detailed mass
balance was undertaken., This also enabled calculation of the cost of a first fill of
reagents, usually classified as capital and amounting to A$91,151.00.

The operating costs have been calculated for reagent usage only. Power draw by pumps
will depend on plant layout which in turn is a function of terrain and aspects beyond the
battery limits of this exercise. The equipment list contains a reasonable estimate of
installed power. ‘

Manning requirements will be minimal, but may have to conform to other needs and thus
may deviate from these recommendations. Assuming continuous operation, only one shift
worker will be required per shift, with an extra hand on day work to assist with reagents,
copper cathode harvesting and housekeeping,.

The operating costs are as follows for reagent consumption (annual basis):

$/vear $/Kg Cu Recover 50% of organic
diluent 148039 0.40 0.20
extractant 84594 0.23 0.11
O08% acid 18343 0.05 0.05

250976 0.68 $0.36/Kg Cu produced

The third column represents the anticipated cost where 50% of organic losses are
recovered in the raffinate pond, and where 50% of the organic lost from the strip stage is
returned to the sirip stage in spent electrolyte.

A conservative estimate of power draw in SX is 70% of the total installed power of 107.2
kW, (75kW). At a power cost of 6¢c/kWhr, the cost will be approximately 10c per kg of
Cu produced.

The overall consumable cost will be close to $0.46/Kg of copper produced.

A Member of the Minproc Holdings Limited Group
BD331690.CC Page No 3
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EURALBA MINING
MT LYELL PROJECT

I trust the information included in this letter is adequate for your immediate needs. The
process calculations and flowsheet have not been put into a formal format (i.e. typed and

drafted) as this would simply add to your costs.
notice if required.

Looking forward to your further instructions.

Yours faithfully

—

1

: - ( %
Vo f N\
. \\:’\— S (_.\ o . .

M J GUNN
PRINCIPAL CONSULTING METALLURGIST

L\/

This information is available at short

A Member of the Minproc Holdings Limited Group

BD331690.CC
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MT LYELL SOLVENT EXTRACTION

Feed rate
Plant availability

days
hours/day
days/week

PLS - dump drainage analysis
Cu
Total Fe
Fe**
Fc2+
H,SO,
* Si
* TSS
pH
* temperature
* viscosity
* Cl

Extractant
type
SG
Viscosity

Diluent

type

SG
Viscosity
flashpoint

aromatic content

DESIGN CRITERIA

m/hr
%

TR

ppm

°C
cP

kg/l
cP

kg/l
cP
°C

33.0 max.
95 annual
overall
346
24
7
0.150
2.0
0.1
as Si0,
2.55
Salicylaldoxime
and modifier
0.91 - 0.97
200 - 45
(@15 - 30°C)

High flashpoint
kerosene

0.8

1.5 (15°C)
80 (100 kPa)
- ASTM D-93
20 max

A Member of the Minproc Holdings Limited Group

BD331690.CC

Page No 3
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MINPROC ENGINEERS PTY LTD EURALBA MINING
MT LYELL PROJECT

Orpganic
Volume % extractant % 2
loading g/Cu/Vol % extractant 0.50
Cu:Fe selectivity 500:1 (design)
Organic entrainment
in organic cts ppm 70
QOrganic entrainment
in aqueous cts ppm 100

Aqueous entrainment

in organic cts ppm 300
Aqueous entrainment
in aqueous cts 250
Organic entrainment in raffinate recovery ?
Aqueous entrainment in L.O. recovery baffles in tank
Diluent evaporation open ~ mm/day 2
closed mm/day 0.1
Crud removal - suction pump into coffer dam.
Electrotyte
Copper delta g/l 20

Spent Electrolyte Analysis

Cu gl 30
H,80, g/l 180
Total Fe gl 0.5 (design Note)
* Co gl (100 ideal)
* Cl pPpm
Advance Cu g/l 50
SX Configuration
Continuous  E, agueous (note)
E, aqueous (note)
S, organic
A Member of the Minproc Holdings Limited Group
BD331690.CC Page No 6
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EURALBA MINING
MT LYELL PROJECT

O/A (organic to aqueous -
ratio by volume) -

O/A advance ratio -
Stage efficiency -

Overall extraction

Stages - extract
- strip

Addition point of spent electrolyte

Mixer retention time -

Settler rating

Fire protection

ZeMes ]

2R ey

»m

%
%
%
%

sec
sec

mB/h m2

87
95
40
01

2 in parallel
1

Strip first mixer

180
120

5

water deluge

A Member of the Minproc Holdings Limited Group

BD331690.CC

Page No 7
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EURALBA MINING
MT LYELL PROJECT

MT LYELL SOLVENT EXTRACTION

PRELIMINARY EQUIPMENT LIST

No No. of kW

Item TOTAL
Drives kW
Extraction Mixer Settler 2 2 22 44
2 11 22
Loaded Organic Tank 1 -
4megx6m
Loaded Organic Pump 1 1 7 7
Stripping Mixer Settler 1 1 22 22
1 11 11
Advance Electrolyte Tank 1 -
2m@gx3m
Advance Electrolyte Pump 1 1 1.1 1.1
Spent Electroylte Tank 1 -
15mgx2m
Spent Electrolyte Pump 1 1 1.1 1.1
Heat Exchanger 1 -
107.2
@ 70% distribution
av. draw 74 kW
~ 1.65 kW hrs/kg Cu
A Member of the Minproc Holdings Limited Group
BD331690.CC Page No 8
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MINPROC ENGINEERS PTY LTD EURALBA MINING
MT LYELL PROJECT

MT LYELL SX PLANT

CAPITAL COST
ITEM COST
(AS)

Diluent Tank Supplied by diluent supplier
Mixer-Settler E, 190 000 includes civil works, drives and

fabrication
Mixer Settler E, 190 000 -
Mixer Settler S, 220 000
Loaded Organic Tank 40 000
Loaded Organic Pump 30 000 -
Heat Exchanger 20 000
Spent Electrolyte Tank 30 000
Spent Eletrolyte Pump 20 000
Piping and Valves 115 000
Electrical 125 000
Total Direct Cost 1 030 000
10% Contingency 103 000
Design, Project Management, etc 97 000
Total SX Costs $1 230 000

A Member of the Minproc Holdings Limited Group
BD331690.CC Page No 9
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Exclusions
l - ponds (raffinate/PLS)
- associated pumps
l - buildings
- water supply, air supply.
l First Fill
Quantity Cost
l (A$)
- extractant 2207 kg 35 312
l - diluent 118 836 liwes 61 795
- acid (98%) 15.73 tonnes 2044
' $99 151
I A Member of the Minproc Holdings Limited Group
l BD331690.CC Page No 10
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11th July 1994

Mr Michael Wren
Managing Director
Euralba Mining Limited
PO Box R868

ROYAL EXCHANGE
SYDNEY NSW 2000

Dear Sir,

MT LYELL PROJECT

Thank you for your draft submission of 28 April 1994 outlining Euralba's
continued interest in Mt Lyell.

As you are aware from our various meetings and previous correspondence,
the Mt Lyell Task Force has been actively seeking a new operator to
assess, and hopefully exploit, the total remaining resources at Mt Lyell.
Following assessment of the proposals received and detailed negotiations,
the government has signed an agreement with Gold Mines of Australia
(GMA) to take over the mining leases and carry out an assessment of the
Mt Lyell resource.

As stated at the meeting between officers from Mineral Resources
Tasmania, the Department of Environment & Land Management and
yourselves on 14 April 1993, any involvement of Euralba at Mt Lyell
would be dependant on the scope of the work proposed by any new
operator and could not in any way inhibit that operation.

The first phase of GMA's work programme will involve a complete
assessment of the resources and mining and processing options. Until
such time as a final feasibility study is completed (possibly January 1996)
it would not be possible to define what impact a mining operation would
have on potential water sources. While it is likely that some sources
would be unaffected, at least for some years, these could only be defined in
consultation with the GMA.

2
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It is noted that your feasibility study is based on treatment of all mine
waters at existing liquor tenors. If the Prince Lyell mine were flooded it is
likely that the outflow from the cave area would change and the tenor
would probably be lower than current conveyor tunnel values.

During our previous discussions it was stressed that it was unlikely that
access could be guaranteed to all mine water. It was understood that the
EMEW process could be tailored to various sized operations. We believe
that your financial studies should be expanded to assessment of
individual streams and various combinations thereof, to determine
whether a smaller scale option would be economically viable.

The government would not consider any proposal which was not
commercially viable and cannot accept any of the conditions which you
have proposed regarding funding, compensation, royalties or non-
repayment of the Environment Fund loan when the operation is
profitable.

The government still considers that Euralba can play a part at Mt Lyell
and will continue to pursue with GMA the best way of achieving a
mutually satisfactory arrangement.

Yours sincerely,

Brian McBride
Assistant General Manager
MINING & MINERAL PROCESSING
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