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EXECUTIVE SLMv1.ARY

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

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

considerable potential for
therefore reduction in cost)

is
(and

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

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

The investigation has been based on the use of the Euralba Mining Limited i
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 prograrrmes, is its capability tc electrowin
metals from low tc very low grade solutions at higher operating and cost'
efficiency than conventiona1 SystEmS.

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.

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

Copper concentration in the Mount Lyell waste solutions (between 100 and
150 ppm Cu - 0.1 tc 0.15 gIl) is approximately 400 times lower than that
generally fed tc 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 light of limited initial copper output.

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

The latter recognises that there
simplification of solvent extraction
through use of the cell.
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Due to high resistivity in the target solution direct electrowinning is
only feasible at relatively low current density (between 50 and 70 A/m2 ).

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.

294003

two stages,
Projected

90%
18.4 mWh/tonne copper

Copper recovery
Overa 11 EW power consumpt ion

Although aChieving significantly higher performance levels than would be
possible using a conventional cell, overall 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 liquor (of, say 1-3 gil Cu).

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 liquor; and analyses in that context the results of
approximately 50 individual test runs carpleted to date.

The operating parameters demonstrated by the testwork to result in improved
process performance have, therefore, been largely 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).

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 canpeting metals which 'waste' power through
cyclic oxidation and reduction reactions in the cell. The rrost irrportant
factor has been found to be the 'unfavourable' initial valency state of the
high iron levels in solution (iron in the form of ferric sulphate being
responsible for redissolution of electrowon copper).

Due to the progressive changes in chemistry brought about by electrolysis,
the effect of carpeting metals in 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 rrodelling of an optimum circuit for the direct
treatment route.

The rrodel generated entails division of the circuit into
operating under differing flow and current density conditions.
performance of the circuit would result in:

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 in liquor that has been 'pre-treated' to
achieve limited iron reduction prior to electrowinning.
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* The effect of high iron concentration in the liquor is a11TOSt
entirely obviated.

294004

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

lower than the
is maintained

in e1ectrowinning is reduced by a factor of at
minor addit iona 1 power cost in solvent

Resistivityof the resultant liquor will be far
original waste, with the result that low voltage
even at very high current density.

Power consurrption
least six, with
extraction.

*

*

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

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 requirement for approximately 8,600 cells, calculated for the
above node1, has obvious irrpact on projected capital cost.

Studies undertaken in conjunction with the direct e1ectrowin testwork have
clearly daronstrated that the application of solvent extraction, prior to
e1ectrowinning, has a number of significant advantages over the direct
treatment route. Inter alia, these include:

Financial analysis of the direct electrowin nodel derronstrates that, albeit
low in efficiency, the treatment route offers significant potential for
commercial viability from an operating cost standpoint.

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 required. Ancillary equipnent has been based on
the power requirements and projected liquor flow to the facility.

A preliminary financial analysis of both potential treatment systems has
been undertaken. Although both daronstrably offer potential commercial
viabi 1ity, the process advantages outlined above and their obvious
financial impact lead to a preference for the SX/EMEW system for a future
site facil ity.

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 well experienced in the field of conventional
SX/EW technology). The required electrowin circuit has been sized and
costed on the basis of results obtained during the current programme.
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Treatment Opt ions

29400~)

Fran a point of view of versatility for future expansion, therefore, the
SX!EMEW process must again be preferred.

24.3%

629,625

1,379,700
750,075

$ 2,587,000

DIRECT
ELECma.-lIN

900,820

56.9%

1,456,350
555,530

$ 1,584,000

SX!EMEW

ANNUAL SALES REVENUE
TREATMENT OOSTS

- AS % OF CAPITAL

PROJECTED SURPLUS

PROJECTED CAPEX

Analysis of projected operating return has assumed conservative figures for
product value fran the two circuits, pending establishment of Quality
through continuous production.

Operating costs for both electrowin circuits have been estimated on the
basis of information recorded fran the current programne, coupled with
modelling and analysis thereof. Reagent and operating costs of the
possible solvent extraction circuit have been calculated (utilising 'shake­
out' information generated by Henkel Corporation) by Minproc Engineers.

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

No formal analysis of the cost and result of any future expansion has been
carried out here. However, any conclusion based on the results of this
study must factor in the substantial size of the remnant resource in the
MJunt Lyell orebodies (and their Jow grade halo) as a long term source of
leachable copper.

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

The report appended here strongly recommends immediate implementation of
cont inued and deta iled costing of the SX!EMEW treatment process as a
facility for long term treatment of the Mt Lyell waste streams.
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1.0 INTROOUCT!a-J

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 liquor 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 serles 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 years 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,
grinding and floatation to produce a copper concentrate, was established.

The mine currently produces approximately 1.5 million 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 old
open cut (to a present depth of around 200 metres below sea
level) .

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

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 output 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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b) Methodical operation of production scale cells on site.

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

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

been reported in full under separate
Mount Lyell Project' - Preliminary Test
the results of the experimental work,
technology offered a potentially viable
the waste streams.

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

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

294010

The subsequent site programme 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 integral component of two possible treatment routes for
these 1iquors :

Results from the initial study have
cover ('Euralba Mining Limited,
Report, Jan 1992). In addressing
this report concluded that the
route for extraction of copper from

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 is a result of high mass transfer
capabilities of the novel cell design upon which the technology is based.

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.

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

Detailed discussion is 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 circuits. A summary of
the general effect that can be expected under differing operating
conditions is followed by detailed analysis of individual parameters.
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2.0 CPERATIIII3 HARDWARE

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

A: 4" Circuit - 5 x 100rrm cells in hydraul ic series
B: 2" Circuit - 10 x 50rrm cells in hydraulic series
C: 'Drum' Circuit - single 50rrm production cell
D: Laboratory circuit - single 35mm short cell

A number of photographs of the site facility are provided ln 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 quantitative
high grade tests, on liquor fabricated to duplicate the result of solvent
extraction upgrading of the waste stream.

Tests aimed at defining progressive changes in liquor 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 equivalent total cathode area.

Similarly to the initial laboratory work, all tests were performed on
liquor circulated continuously through the circuits from a storage tank.
The erect ion of a circuit 'on-l ine' with the waste stream is not be
feasible, unless sufficient cells are installed to achieve depletion to
target copper levels in a single pass. Progressive changes in liquor
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 information.

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



LABrnATalV CIRCUIT

2" CIRCUIT

Liquor storage
PUfllJing
Flow measurement
Flow control
Rectifier

Liquor storage
Purrping
Flow measurement
Flow control
Rectifier

294012

5 cells
100 mm (4 inch)
750 mm
Copper
25 mm
3,500 litres
Onga KNA43 chemica 1 PLIf(J
Gemu rotameter type 807-50
Valve at end of circuit
50A!60v, variable voltage

1
32.5 mm
200 mm
Copper
9mm
10 1itres
Iwald, node1 no. 1Y030!RZ
Gemu rotameter, type 807
Valve at circuit outlet
15A!12v, variable voltage

1 cell
50 mm
850 mm
Copper, stainless steel
25 mm
210 litres
Iwaki, model no. 1Y070R!10
Manual
Valve at circuit outlet
50A!60v, variable voltage

10 cells
54 mm (2 inch)
850 mm
Copper
25 mm
2,650 1itres
Grundfoss CRN 2-70, 3-phase
Gemu rotameter type 807-50
Valve at circuit outlet
50A!60v, variable voltage

4

Number in series
cathode diameter
cathode length
cathode material
Anode diameter

Number in series
cathode diameter
cathode length
cathode material
Anode diameter

NurrtJer in series
cathode diameter
cathode length
cathode material
Anode diameter

'DRUM' CIRCUIT

Cells

cells

Cells

Ce lls NuntJer in ser ies
cathode diameter
cathode length
cathode material
Anode diameter

Liquor storage
PLlTlPing
Flow measurement
Flow control
Rectifier

4" CIRCUIT

Liquor storage
PUfllJing
Flow measurement
Flow control
Rectifier
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3. 1 CELL DIt-ENSI()\lS

3.0 CPERATIf\K3 VARIABLES (General Introduction)

29401J

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

a)

b) Operating voltage 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).

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

Diameter

Length

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 ifTllacts significantly on projected operating casts. 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).

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

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 controlled through the latter.

The choice of cell dimension will impact on the capital and operating
costs of a treatment plant for Mt Lye 11 (contro11 ing as it does the
number of units required to achieve the target treatment level).

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

Differing hardware configurations were operated under a variety of current
and flow conditions. Coupled with variations in liquor chemistry (both
ifllJOSed and due to c 1imat ic condit ions), th is work has produced va 1id data
which would be representative of most potential operating conditions at the
site.
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The following dimensions were examined during the Mt Lyell site
programme:

294014

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).

99.40
25.00

750.00
0.23

33.00
9.00

200.00
0.02

52.00
25.00

850.00
0.14

'2 inch' cell

cathode diameter (1.0. mm)
Anode diameter (0.0. mm)
cathode length (mm)
cathode area (m2 )

'4 inch' cell

cathode diameter (1.0. mm)
Anode diameter (0.0. mm)
cathode length (mm)
cathode area (m2 )

cathode diameter (1.0. mm)
Anode diameter (0.0. mm)
cathode length (mm)
cathode area (m2 )

'Laboratory' cell

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.

Current density is a measure of current applied in an electrical
circuit, expressed as amps per square metre of electrode area. In
conventional technology this value is 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.

3.2 CURRENT DENSITY

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 rrore significant being:

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

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

c) The 'quality' or 'nature' of plating is affected.

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

The process does not however deny estab1ished e lectrochanica1
principles. Low conductivity of the target solution contributes to
relat ively high cell voltage, which is exacerbated by rise in current
density. Given a specified electrode gap, current density limits for
'viable' power consLlTPtion 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) current efficiency
c) product nature and quality

The following settings were utilised in the Mt Lyell prograrrrre:

cell Electrode Cell Equivalent
diarreter (11m) spacing (11m) current tAl current density (A/m2 )

100 37.25 10.0 42
15.0 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 ) liquor only
15.0 909 )
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3.3 LIQUOR FLOW

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

294016

240
480
720
910

Flow (l/hour)

2400
3800
4200

1400
1800
2400
3400

Laboratory

2 Inch

4 Inch

Circuit

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

Characteristically, irrproved perforrrance in the new cell is a feature
of rrore effective 'supply' of copper ions to the cathode surface.
Variation in flow rate through the system can therefore govern process
perforrrance.

The init ia1 laboratory work suggested that there were 1imitations to
practical flow settings, due to rising purrping 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
1imit for viable operation of the 2" cells.

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

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

b) By climatic variations on site (dilution of the source material).

c) By sourcing solution from alternate sites.

(for example pH

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

as the target meta1 •

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

pH

Iron

Copper

Through chemical treatment of the 1iquor
treatment to remove iron in the laboratory).

a)

29401,

The range of chemical conditions assessed, through the 50 or so tests
carp1eted to date, is regarded to be representative of varying
conditions that may be encountered in a treatment facility for Mt
Lyell.

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

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

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

The liquor contains a nurrber of contaminants including copper, iron,
all.lIlinium 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:

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

'High' grade tests were performed on a fabricated liquor 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 gil Cu. The resulting
contaminants were of the order that would be expected with this
treatment route.
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3.5 OIHER

294018

The detailed cross section of data collected, coupled with the results
of previous prograrrrres, allows valid predictions to be mde for a
future treatment circuit.

3,500 litres
2,650 1itres

210 litres
5 1itres

10 1itres
30 1itres

4 Inch Circuit
2 Inch Circuit
DrLm Circuit
Laboratory Circuit

All test runs were operated continuously beyond the point of
effectively COfIlJlete depletion of copper, chemical and physical
conditions being monitored throughout the treatment cycle.

As mentioned above, the method of liquor circulation for these tests
differed from the route that would be chosen for a permnent facility.
Due to the effect that progressive changes in chemistry have on
process performnce, 'batch' saJIl)le treatment was utilised. It is
envisaged that a production unit would treat the liquor, to
'completion', in one pass through a bank of cells in hydraulic series.

Progressively larger sarrples have been used in programre to date, to
allow close definition of changes in process performnce due to
chemical and operating variations. Although not strictly a process
variable, therefore, note should be mde of the differing sample
volumes used for the various circuits:
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4. DATA RECXl'lDII\G

4. 1 LIQl..(R a-lEMISTRY

3. Titration with O.lN K2Cr207 solution

AAS
AAS
Titration
AAS
Portable meter

Cu
Total Fe
Fe++(as ppm Fe):
Al
pH

1. 10 ml aliquot, diluted by 10 ml mixed H2S04/H3P04 and
approximately 100 ml distilled water.

294019

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

The Mt Lyell waste stream does contain other contaminants. For the
purpose of th is programme, however, the target meta1 has been copper
and the above elements have the greatest potential effect on process
performance.

A standard titration method was utilised for ferric iron
determination:

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

Periodic samples were assayed as follows:

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 iron, by AAS, selected ones for
ferric:ferrous iron ratio.

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.

The following sumnar ises determinat ions and measurements recorded
throughout the test programme:
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4.2 CPERATIN3 PARAI-£TERS

4.4 DATA PRESENTATION

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

Rotameter reading at specified sanple intervals.

Measured and recorded for each individual cell at
each specified sanple interval.

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

Volts

Flow

4.3 On-tER

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

Iron levels in the 1iquor have been further used to provide an
indication of likely contamination of resulting copper product (any
drop in concentration indicating product contamination).

')9... 4020

Information tables relating to the initial laboratory testing are
provided in the initial report for this project. Those relating to
the site invest igat ion are presented here as Appendix 1.

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

Profiles of volts vs. anps 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 rrodelling optirrun cell dimensions for a
possible treatrrent plant - providing as they do quantitative plots of
operating voltage for differing hardware configuration.

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 clJTlJlative).
Tables and graphs presented below are generated from this data base.
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5.0 DISCUSSION OF RESULTS

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

PRCOUCT Expected nature and quality

physicaland

and predicted

Effects of changing chemistry
Effects of changing operating conditions

Analysis of data and generation of
predicted perforrmnce requirements

Effects Chemistry
conditions

COpper concentration
Iron concentration and valency
Acidity

Process perforrmnce
treatment costs

POfIER OONSLWTION

VOLTAGE

SOLUTION CHEMISTRY

CURRENT EFFICIENCY

PUM"ING

294021

The purpose in this prograrrme 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
integra1 callJOflent.

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

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

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.

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

Individua1 test results are presented as a series of tables in Appendix 1
herewith. Graphic representations of these data are uti 1ised in support of
the text below.

Each of the relevant sections deals initially with the result of direct
treatment of the waste solution; followed by analysis of perforrmnce on
'high grade' (solvent extraction style) liquor.
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5.1 SOlUTION CHEMISTRY

The ~unt Lyell liquor is characterised by chanica1 constituents and
concentrations which inherently inhibit high copper e1ectrowin
efficiency. The effect of chanica1 ~ition has been well defined
in the test programne, as has the effect of the chanica1 changes that
occur during progressive electrolysis.

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

5.1.1 Direct Electrowin

Critical characteristics from the point of view of direct
electrowinninghave been defined to be:

A: LON 0CflPER CX1'JCENlRATION

Concentration of the target metal in the MoLt1t Lye 11 waste stream
lies in a range far lower than would be norrrally conterrp1ated in
an e1ectrowin circuit.

The effect of low tenor is progressively exacerbated as copper is
depleted to the very low grades that \<OJld be the target of a
treatment programne.

The tests undertaken have successfully achieved their principal
aim - in depleting copper in the waste solution to levels around
a few parts per mi 11 ion.

Liquors tested have assayed between 90 and 170 ppm copper initial
tenor (or approxirrate1y 300 times less 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
rrain waste dump stream (one of the principal targets for an
initial treatment circuit).

Simplistically, efficient copper e1ectrowinning relies on
effective supply of metal ions to the cathode surface - a feature
which is largely governed by concentration of the metal in the
target liquor. If 'supply' of ,ions is not rraintained 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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The 'iron effect' in the Mt Lyell liquor is therefore twofold-

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

conditions (coupled with higher than
the net effect on commencement of

can in fact be an increase in copper

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

However, previous testing of the new cell on liquors of similar
grade has in fact daTDnstrated high achievable current efficiency
- up to 75% on carrnencement of 1iquor treatment (down to 20%
between 170 and 18.8 ppm Cu).

294023

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

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

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

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

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

High iron mncentration 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.

Given certain operating
normal iron concentration)
treatment of this 1iQuor
concentration.
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294024

The reaction results in the production of ferrous sulphate, which
does not have the oxidising power of ferric sulphate - itself a
progressive beneficial effect.

FerrOUB
sulphate

CUS04 + 2Fe804=

of formal tests (ML8,9,11F,13F,12) were run without
power, in an attempt to quantify the ferric iron
These derronstrated that the untreated waste solution

dissolves copper:

Cu + Fe2 (SO.l3
Ferric
sulphate

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 is
attributed to copper leaching of the initial cathode surface by/
ferric sulphate.

A nurrber
electrowin
effect.
readily

FIGURE 2 COPPER 'RECOVERY' PROFILES
TESTS ML 2, ML 3
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This rrode of interpretation allows a direct canparison of the
effect for the different circuits used during the programme.

294025

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).
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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 perrranent.

Figure 3 traces the copper dissolution effect in this test
series. As it results fran contact between the solution and the
copper cathodes, its progressive influence is assessed in terms
of:

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

Plots of all of these tests lie within a relatively well defined
'corridor', with dissolution corrmencing at high rate (between 60
and 150 gms/m2 /hour), falling rapidly and 'settling' at a rate
between 25 and 10 gm/m2 /hour.

FIGURE 3
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294026

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

6

•
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,

COMPARISON COPPER DISSOLUTION RATES
DIFFERING INITIAL FE» CONC. NL12,13F

FIGURE 4

Insufficient data are available to exactly quantify the
relationship between rate of dissolution and progressively
changing ferrous iron concentration.

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

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' liquor from
the waste stream, Test 12 'previously electrowon' 1iquor (i.e in
which a significant initial ferrous iron concentration was
present) .
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29402',
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COMPARISON COPPER DISSOLUTION RATES
DIFFERING FLOW REGIME - ML8,9,11F

2

The plot clearly derronstrates reduction in copper leaching which
with progressive increase in ferrous iron concentration. />s wi 11
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.

FIGURE 5

Iron valency has been found to have significant effect in testing
of liquors from elsewhere, investigations at even higher
concentration resulting 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 iron).

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

Test 24, at similar grade to 2 and 3, resulted in positive copper
recovery from commencement of treatment, in response to a 50%
increase in current density. In effect, the higher current in
Test 24 sirrply results in a 'net' balance between electrowon
copper and that leached by ferric sulphate.

The profi le exhibited for Test 9 is a reflect ion of cartJining
high flow rate (causing high initial dissolution) and limited
sarrple volume. Faster circulation of the sarrple as a whole
results in more rapid achievement of the levels of ferrous iron
required to mlnlmlse copper dissolution - thus the more rapid
drop-off than Test 11.

Electrowin tests on sarrples 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 remained 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).

29 4028
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FIGURE 6 COPPER RECOVERY PROFILES
DIFFERING CURRENT DENSITY - ML2.24
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294029

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.

Insufficient data have been collected here to quantify the
respect ive proportions of iron reduct ion achieved (copper
dissolution and/or electrolysis) under actual treatment
conditions. sane general observations are, however, possible.

can therefore be used to
increasing the rate of
reducing the 'leaching

can be reasonab1y assLlT1ed
increase the rate of

There are obvious potential operating benefits therefore in the
initial treatment of this liquor 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.

Being an electrochemical phenanenon, it
that lifting applied current will
electrolytic iron reduction.

There is sane 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).

In the Mt Lyell context, current density
enhance process performance, through
ferric iron reduction (consequently
ability' of the circulating solution).

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) wi 11 promote the effect.

Figure 7 is a plot over time for tl'Kl laboratory tests (Note:
prefixed KlL) performed on the same liquor. It clearly
demonstrates increase in ferrous iron format ion 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 is attributed directly to
electrolytic reduction.
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b) The effect that the rat io of ferrous to ferr ic i ron has on
the ability of the circulating solution to dissolve copper.

29403J

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

The results obtained clearly show process iflllroverrent when
appreciable 'conversion' of ferric to ferrous sulphate has
occurred (e.g. Test ML 13). The above discussion has shown
potentia1 for enhancement of this through operating parameter
changes, as a result of:

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 roodel 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
variations recorded.

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

c) The effect that operating current density has on overall
reduction of iron.
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other methods such as agitation with carbon could be considered.

294032

copper fran
produced is,
through the

feasible as a further reaction
'cementat ion' of copper fran the

Fe2(SO.)s + FeS2 + 302 + 2H20 =2H2SO. + 3FeSO.

2Fe3 + + H2 =2Fe2+ + 2H+

It is worth noting that similar reactions to this

In the presence of a catalyst, gaseous
hydrogen will reduce ferric iron:

CuSO. + Fe = Cu + Fe90.

This route is not
will result in
1iquor:

Contact with sulphide minerals e.g:

Although sulphide concentrates are available to
achieve this react ion in the short term, the
addition of iron and acid to the solution may not
be acceptable fran an environmental point of view.

result in the original dissolution of
the waste ore. The ferrous iron so
however, oxidised during its travel
heaps.

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

Iron

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

Hydrogen

Sulphide

All 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 1ikely that the benefits of iron reduct ion can only be
considered in context of the react ions inherent to the electrDWin
process. Maxirrum 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 in the liquor result in 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 is produced by
reduction of the ferric iron.

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

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

A1though the adverse effects of iron in the 1iquor cannot be
obviated without its carplete removal, the circuit can be
designed to make maxirrun benefit of the features described above.
As the changes in 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 flow conditions
* Higher than 'normal' initial current density

Finally, the use of stainless steel rather than copper cathodes
on the conrnencement of treatment will reduce the 'availability'
of copper for inmediate dissolution, and prevent any likelihood
of damage to the cathode 'wa 11 ' .
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5.1.2 Liquor Upgrade Option

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

50 gil
1ess than 100 ppm
180 gil (in spent electrolyte)

the liquor's adverse chemical features would be
'upgrading' step were incorporated into the

Copper grade
Fe concentration
Acid concentration

294031

'Manipulation' of pH in this context is not possible, beyond 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.

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 low current densities must be maintained in the
process, to bring cell voltage into a viable range.

samples of the waste liquor were submitted to Henkel Australia, in
Melbourne, to determine the technical feasibil ity of aChieving this
upgrade through a simplified solvent extraction circuit.

The adverse effect of
obviated, if a liquor
treatment 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 liquor of the following characteristics:

A series of tests (Tests ML4,5,10,15,22) were conducted during the
site programme, on a 1iquor 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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5.2 CURRENT EFFICIENCY

a) Applied current

b) Cell voltage

less, which in
in significant

Cell voltage will be significantly
conjunction with a) above will result
reduction in copper production cost.

b)

c) Percentage copper recovery against theoretical yield for the
appl ied current

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

a) Current efficiency in copper electrowinning will approach
100% within the range of copper values to be treated (50-1
gil Cu)

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

29403S

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

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

The advantages that arise are in general the consequence of:

Cost of copper production in any electrowin system is a function of:

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

The cell under investigation favourably prorrotes the former, allowing
high efficiency down to very low grades; but rerrains significantly
affected by the latter (although sane improvanents over conventional
cells are IIJXlted).

As already noted, achievable efficiency is largely governed by
solution chemistry. The relationship between 'supply' (liquor tenor)
and 'derrand' (current density) for copper; and the concentration of
competing metals (such as iron) are the ITOst important factors.
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5.2.1 Direct Electrowin

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

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

low, could support a viable direct
cost being the single largest cost to

Efficiency, although
treatment route (power
such an operation).

b)

294036

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

Direct electrowinning of copper from the Mt Lyell liquor 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:

The data have been corrpi led to allow rapid visua 1 crnpar ison between
tests. Sirrple plots of copper depletion over time serve, in rrost
cases, to illustrate changes in current efficiency under differing
conditions - copper recovery and progressive depletion being directly
related to that factor.

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 is supported by one of the
major characteristics of the new system - its significantly lower
capital cost than conventional systems.

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

Detailed records of current efficiency achieved throughout the test
runs, both for specified sarrple periods and on a cumulative basis, are
provided in the individual test records supplied as Appendix 3 here.

Initial laboratory testing, on small sarrples, suggested that
cl.JfTUlative efficiency, in winning copper down to a level of around
10ppm (original approximately 150ppm), would lie in the region of 7­
9%.
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Measurements of periodic and cumulative current efficiency are both
irrportant. Currulat ive current efficiency to a target grade (1O-20ppm
CU) is obviously an indicator of 1ikely operating costs in a
commercial treatment plant.

Periodic measurements, however, provide a clearer definition of the
progressive effects of changing chemical conditions and operating
pararreters. The latter are used rore specifically for rode11ing an
idealised circuit for treatment of the liquor.

Summary of Current Efficiency Measurements
Mount Lyell Field Programme

Table 1 below provides a sLmTary of the
during testwork on the various circuits
and chemical conditions:

current efficiencies achieved
- under differing operatingI

I
I
I

TABLE 1

9tart
Cu(ppm)

~

Cu(opm}

Current effie.

Highest Cumul.

periodic

Flow
l/hour"

Curr.nt

~

I
I
I

~L6 91 18 15 '0 1400 35

~L 1 1 90 1 4 17 7 1400 52

~L1B 130 1 B 17 8 1800 52

Ml20 149 14 32 '0 1800 89

~L25 135 15 12 9 2400 89

ML29 92 8 7 7 2400 104

~L33 1 , 9 9 13 8 3400 104

4" Circuit

I
I

~L 1

~L2

~L3

ML7

~L13

ML19

Ml24

94

'50
150

155

232

126

125

18

18
, 5

9

19

23

19

24

48

1 6

12

13

37

12

8

3800 42

3800 42
3800 42

4200 42
4380 42

4280 63

3800 63

I 'Orum' Circuit

Where no result indicated = test where inittal dissolution
effect resulted in initial negative recovery.

I
I
I
I
I

~L17

Ml21

~L28

~L28

Note

144

138

130

88

18

16

20

12

13

12

9

6

6

7

5

4

1700

1700

800

800

52

52

70

70
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This is attributed to differing flow dynamics and possibly the
higher flow rate used for the larger cells .

A1though these resu1ts are covered in nore data il be low, severa1
'trends' are irrrnediately apparent:

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

High Fe••• , potentially high copper
solution rate.

effect on copper dissolution at the corrrnencement
increased flow results in raised overall

Discounting its
of treatment,
efficiency.

Characterised by

Stage 1

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

294038

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

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

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

This phenomenon results from an imbalance between copper
dissolution and electrowinning. It can be irrrnediately overcome
through increasing current density (an operating parameter that
has been shown to have 1itt le effect on the rate of copper
leaching), but it naturally has a significant effect on overall
current efficiency.

*

The progressive effect of continually changing chanistry during
treatment is an obvious feature of all of the testwork. The results
derronstrate that copper recovery can be genera 1ised into three stages
with respect to recorded current efficiency levels:

A COfllllex relationship exists between the effects of separate
operating conditions (both those inposed through 1iquor chanistry 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 Lye11 1iquor can be generated.

•
••••
••
•••••••
•••••••
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130 -,----------------------------,

Moderate Fe conversion has slowed copper
dissolution rate.

NT LVELL ELECTROWIN CYCLE
Cu Profile - Staged Process Performance

,.,....

20 "'..
10 -

",
tJ-a-_--.

0 1

0 ~ B 12 .. 20 24

HAPSlW TlWE

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

29403[J

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

FIGURE 10

Characterised by

Stage 2

COpper recovery becomes a balance between:

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.

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 line recovery (indicative of consistent
current efficiency).
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a) Effect of iron concentration and valency

The period of negative recovery is prolonged by the increased iron
concentration.

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

Minirral Cu tenor

concentration in this liquor have been
above. Its direct impact on calculated

Characterised by

Stage 3

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

The effects of the high iron
discussed in some detail
current efficiency lies in:

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

294040

Copper recovery below 10 to 20 p~ would rrost 1ikely not be
conterrplated in treatment of this 1iquor.

Although, changes in chemistry and the effects thereof are continuous
this division is useful in determining opt ilTUl1 operating parameters
for a practical treatment plant.

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

Its specific impact on current efficiency has been examined over a
range of liquor concentrations, as illustrated by the following
examples.

Figure 11 derronstrates the effect of increasing iron concentration in
the initial stages of treatment. It is a plot of progressive copper
concentration in liquor, for principally two tests operated under
identical conditions (4" circuit). Solution for the two runs was of
similar copper grade (90 p~) but differing iron concentration (Test
2: 1410 p~, 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 perforrrance levels
possible once a proportion of the contained iron is reduced.
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FIGURE 1 1 FE VS CU PROFILE
VARYING FE CONCENTRATION - ML2.3,24
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The gr-aph included in Figur-e 11 for- Test 24 i llustr-ates the irrmediate
effect of incr-easing cur-r-ent density on a simi lar- 1iquor- to Test 2.
Test 24 achieved net copper- r-ecover-y after- only a ver-y shor-t inter-val,
at cur-r-ent efficiency of 10-12% (as opposed to Test 2 which maintained
negative copper- balance for- a consider-able per-iod of time).

Test 19, a similar- r-un on the same cir-cuit, again shows that negative
r-ecover-y in stage 1 can be simply obviated - by lifting cur-r-ent
density (changing the r-espective pr-opor-tions of copper- dissolved and
electr-owon). The r-esult in this case was r-elatively consistent
cur-r-ent density (8-16%) in depletion of copper- fr-an 126 ppm to 15ppm.

The ability of cur-r-ent density to obviate the negative r-ecover-y effect
in stage 1 electr-owinning will obviously be r-elated to initial ir-on
concentr-ation. A canpar-ison between tests 1 and 7 (Figur-e 13: again
same physical oper-ating conditions but significantly differ-ent ir-on
concentr-ation (1430 as opposed to 730)) shows that for- a given iron
concentration a certain current density is r-equired to maintain
positive copper recovery fr-an the corrmencement of treatment.
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1. Preliminary electrowin test to assess operating performance
under given condit ions (Test 7)

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.

Indicated 'Electrowon' copper

Copper dissolved

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

Test 2 =300 grams
Test 24 =420 grams

Copper recovered

Test 13F, 5-6 hrs =378 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 commencement of 1iquor treatment.

Tests 2 and 24 after 5-6 hours treatment of same voll.lTe of
similar chemistry liquor. Copper dissolution rates
establ ished in Test 13F, operated without electrowin on
equivalent liquor voll.lTe.

2. same liquor circulated through circuit without electrowin
power - to assess copper dissolution rate given the iron
reduct ion that occurred during first run (flush test 12).

Analysis of the results of the exarrples provided above, coupled with
estab1ished copper leach ing rates (sect ion 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. :

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
liquor sarrple. Figures 14,15 and 16 here provide plots of two
electrowin tests performed under the same operating conditions - on
the same sarrple, but SUbjected to various 'treatment campaigns':

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 1iquor which had
undergone some iron conversion prior to electrowinning).
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same 1iquor, retreated under same operating conditions as
Test 7 - to assess current efficiencies achievable with sane
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).

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.

/vi; a result of the 'flush' in test 12 copper tenor in the liquor
cannenced 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 iJT{Jrovanent in current efficiency,
but Test 13 provides an ideal ex~le of the efficiency that can be
achieved on limited conversion of ferric to ferrous iron.
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b) Effect of copper grade on current efficieng

During the period of time plotted, both tests achieved copper
dep1et ion down to less than 20 ppm.

294046

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

in the copper range 240 to 70
calculated at 37% doI.n to a

these tests should be noted. It is
dissolution at the commencement of
concentration (with no increase in

38

Test 13 recording efficiency of 40+%
ppm. CLm.Jlative current efficiency was
copper concentration of 18ppm.

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

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 cumulative current efficiency (as a result of
'averaging').

In other words, once copper dissolution by iron is reduced consistent
efficiency can be expected in treating the 1iquor down to target
grade.

Grade related reduction in 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) .

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.

The 'cross over' between plots for
attributable to increased copper
Test 18, the result of higher iron
applied current density).
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c) Effect of changes in current density
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Changing current density in treating this liquor has two opposing
effects:

a) In general it has been shown that raising current density reduces
current efficiency on a periodic basis.
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TESTS 11,18 (2 INCH CIRCUIT)
CUMULATIVE CURRENT EFFICIENCY VS TIME
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Copper tenor has been shown to effect current efficiency on a periodic
basis - lower grade generally resulting in lower efficiency. Higher
initial copper grade in this case, however, is generally accompanied
by higher iron concentration - which ln 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 nay be expected at Mt Lyell) becanes a
relatively miner factor.

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.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



40

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

294048

It is likely, therefore, that a treatment system for this waste stream
\f,QUld entail progressive changes in current density through the
circuit, rratched to the perceived recovery stages outlined above.
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If sufficient data were available, the required current setting for
given iron concentration and flow could be rrathamtically calculated.
For pract ica 1 purposes, however, the present test prograrrme suggests
that the following settings should be used:

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.
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b) yielded lower efficiency at lower grade.

Thus, again, the cross over between the plots.
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Although operating conditions differed slightly in 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 in current efficiency with varying current is nore
precisely defined when analysed against copper grade rather than time.
Figures 19 and 20 examine both currulative and periodic efficiency at
varying copper concentration, in a series of tests conducted with the
2" circuit.

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 Alm2 in Test 6 to 52 A/m2 in Test
11):

a) initially resulted in higher efficiency (approximately 15%)
but,
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At higher copper grade (accompanied by higher iron concentration), the
initial dissolution effects carplicate the graphic representation for
tests 18 and 19.
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en a clllUlative basis, the higher current test resulted in lower
overall current efficiency. This would not have been the case if the
tests had been operated at higher iron concentration.

The data collected show that it is possible, given specific
copper/iron concentration, to optimise current efficiency through
changes in current density during progressive liQUOr treatment.
Although actual levels will be determined by iron content in the
liquor, the range of solutions tested suggest the following base:

Figure 20 demonstrates that at higher grade, the lower current density
test achieved a lower clllUlative current efficiency. Examination of
the values given for periodic current efficiency show, however, that
the lower 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 sarrple.
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a) Increased flow in the first stages of treatment result in an
increase in copper leaching and, therefore, reduction in
apparent 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 l/hr; Test 25: 2400 l/hr).

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

has significant
Again, the test

43

demonstrated in previous discussion, has a
performance in terms of cumulative current

60-80 A/m2

40-60 A/m2
Stage 1
Stage 2

dl Flow effects 011 current efficiency

The rate of solution flow through the circuit
demonstrated impact on apparent current efficiency.
work has established two opposing influences:

The former, as has been
marked impact on overa11
efficiency.

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

A different presentation of the data from these two tests (Fig 22­
cLm.Jlative efficiency vs copper grade) suggests that improvements
possible through increased flow in later stages of treatment may be
minimal. Following a period of high apparent efficiency in response
to low flow (test 20) clJIIX.Jlative current efficiency curves against
copper concentration are virtually identical
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HAPS'EO 1IW(
D:20 + 25

CUMULATIVE EFFICIENCY VS TIME
DIFFERING FLOW RATE (ML 20,25)
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e) Effect of cell size on current efficie~

294053

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

x 2.4
x 9.6

scal~

factor (vs
lab cell

766
1800
7366

X-sectional
area (net of
anode) nm2

At flow rate 4280 l/hour, cUl1J.Jlative
current efficiency to 15 ppm Cu of 12%

At flow rate 2400 l/hour, cUl1J.Jlative
current efficiency to 15 ppm Cu of 9%

utilised to project 'scale up' operating
cell on which rrost of the laboratory

32rTrn
54nm

100rTrn

cell diameter

The following factors were
parameters, from the small
testing was based:

Test 25 (2 inch circuit)

Test 19 (4 inch circuit)

Results from the field prograrrme, 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.

An examination of the carparative 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 rust relate to
differing flow patterns in the cells in Question.

In designing the field test prograrrme 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.

Clearly relative circumferences of the cells \\OUld appear to yield a
rrore valid comparison. Even so, the larger cell retains the
possibility of inherent process if1lJrovanent. Operating at
approximately double the flow of the 2" circuit, the 4 inch cells have
achieved between 25 and 35% if1lJrovement in overall performance, for
eXafllJle:

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
electrowin cycle.
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CUMULATIVE EFFICIENCY VS CU GRADE
VARIED CELL 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.

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 latter 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 requires operation at current density settings governed by iron
concentration in the liquor.

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).
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c) Selection of cell size

f) Surrmary of Current efficiency Factors

Test 20 (extrapolated to 4" cell)

150+ to 100 ppm
4 inch
1800 l/hour
70 A/m2

16%

stage 1

Test examples

Cu range
cell size
Flow rate
Current density
Projected efficiency:
(clAfUlative)

ii) Lower current density in later stages, to enhance the
supply and demand requirerrents of this low grade
liquor.

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

b) Changing current density, to:

a) Changing flow rate through the electrowin cycle:

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

i i) Higher flow rate in later treatInent, to prorrote rrore
rapid supply of copper ions to the cathode.

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.

The data collected derronstrate that current efficiency in direct
treatment of the Mt Lyell liquor 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:

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 liquor:
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5.2.2 Liquor Upgrade Option

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

10 litres
1.6 kg

9.5 litres
0.5 1itres
1.6 kg

Tests 19,1

100 to 15 ppm
4 inch
4000 l/hour
50 A/m2

13%

Stage 2

Test examples

Water
Mt Lyell creek liquor
Laboratory grade CUS04

As for 4/5/10

Test 4/5/10

Test 15

Test 22

'Stripped' liquor from Run 15 ­
Laboratory grade CUS04

Cu range
cell size
Flow rate
Current density
Projected efficiency:
(currulative)

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

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% in
stripping copper down to very low tenor (from 40 gil down to less than
1 g/l).

Significant 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.

Sufficient copper sulphate was added to achieve an initial liquor
grade of 40 gil, a tenor that would be achieved through solvent
extract ion on the Mt Lye11 waste stream (as tested by Henke1
Corporat ion in MelboUrne).
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TABLE 2 - Current Efficiency Measurements, High Grade Liquor

CUrrent Efi~
(cumulative %)

EralJ To

37,920 24,360 98
24,200 1,000 100

980 158 81

40,800 524 100

39,800 9,900 98

CurI.§nt
density
(Alm2 )

15 618

4 515
5 394

10 121

22 900

* Close to theoretical current efficiency is achieved in
treating high grade liquor with minirra1 iron contamination.

')9.. 405:'

Note Current efficiency calculations are subject to
1imits of accuracy in copper assays and 1iquor
volume measurements - efficiency of 98-100%
therefore represents a perforrrance envelope within
which current inefficiency is not quantifiable.

* The high efficiency achieved was at much higher current
density than is appropriate for direct e1ectrowinning.

In the initial two runs, approxirrately 5% of the sarrple carprised
liquor fran the Mt Lyell waste stream, intended to introduce
'contaminants' to the target solution, equal to or greater than that
which would result fran solvent extraction.

The final test utilised 'spent' liquor fran run 15 as a base solution,
rrade up to approxirrately 40 g/l 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 summarises efficiency levels achieved at differing
current density settings.

Detailed records of periodic efficiency against depleting copper grade
and time are presented in Appendix 3 herewith.

Two rrain facts are irrmediate1y apparent fran the above table:
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Maintenance of high efficiencies at very high current density and down
to very low copper grades greatly reduces the size of electrowin plant
required for a specified production level.

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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Both observations have significant ecOl1Ol1ic i/lP!ict
context. High efficiency results in a reduction
copper electrowinning, by a factor of at least 8 (in
the direct electrowin above).

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/m2 ). The graph of copper depletion in liquor over time
(Figure 25) shows almost straight line recovery between 40g/1 and 0.24
gil Cu. Figure 24 examines the relationship between copper recovered,
in grams per amp hour of applied current, against theoretical yield.
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The data presented ably demonstrate the unique performance
capabilities of the new cell, on a liquor of a COJPOSition that would
be expected from solvent extraction treatment of the waste stream.

Current efficiency of 76% recorded for the last sample interval of
Test 10 (460 to 158 ppm Cu) derronstrates the performance that can be
expected from this process, on a relatively 'clean' liquor of similar
gr<:lde to the main waste stream.
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HIGH GRADE TEST 15
COPPER RECOVERV PROFILE
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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 liquor circulation play their part,
cell voltage is in turn governed principally by:

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

Recorded vo1tage measurements, in test ing both the untreated waste
stream and the high grade fabr icated 1iquors at Mt Lyell, obvious ly
reflect the differing liquor chemistries. Both sarrple series are
discussed below.

5.3.1 Direct Electrowin

The test programme has shown that changing initial copper and iron
grade in the liquor, 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
limits) that chemical carposition of the untreated waste stream will
have little impact on operating voltages.

In treating the Mount Lyell waste liquor by direct electrowinning,
changes in current 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 beginning and
end of two separate test runs (Test 24 : 4 inch cell; Test 25 : 2 inch
cell).
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I FIGURE 26 CURRENT DENSITY VS CELL VOLTAGE
VARYING GRADE LIQUOR - ML 11 .25
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The graphs supplied in Figure 27 clearly demonstrate:
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b) Garparison between cell voltage profiles in the 2 inch
(e lectrode gap 13. 5rrm) and 4 inch (electrode gap 37. 25rrm)

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

a) A straight line relationship between current density and
operating voltage for a given cell.

FIGURE 28
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Although the range of cells tested is not large enough to perform
quantitative calculation, the relationship between voltage and
electrode gap wou 1d appear to be 1inear (F i9 28).

Even at low 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 voltage.
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Electrode gap in the cell under development is governed by the
respective diameters of anode and cathode.

Sizing of the ideal cell for direct treatment of the Mt Lyell stream,
therefore, becomes a balance between a nurroer of factors:

29406J

A/m2 Increase per lOmm
electrode gap

100 + 3.2 volts
75 + 2.5 volts
50 + 1.6 volts

100 + 2.1 volts
75 + 1.5 volts
50 + 1.0 volts

End treatment

The lack of an intermediate measurement between electrode gaps of 13.5
and 37.25mm may be the cause of the apparent linearity of this
relationship. If it were to hold true, the effect of increasing
electrode gap could be quantified at varying current densities:

The advantage in use of a larger cell at Mt Lyell is clear - in
reducing the nurroer of cells required for a given product ion 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.

Commence treatment

The data ava i lab le demonstrate that the increase in voltage with
widening electrode gap is exacerbated at high current density; but
also that progressive liquor treatment and lowering current density
reduce the effect.

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.

The narrower electrode gap used (13.5 mm) resulted in 'acceptable'
voltages in the 2 inch 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.

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.
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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, in the context of
operating voltage, use of a large diameter cell (4 inch or 10Ornm) is
recannended; fitted with a larger anode sized to achieve an electrode
spacing of between 12 and 15mm.

5.3.3 Liquor Upgrade Option

Voltage in the high grade liquor 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 commencement of each of Tests 4,5,10,15 and 22:

Test No. Cu !::!2S04 Current cell
i9Lll i9Lll density volts

(A/m 2 )

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 0 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 in 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 lowering of cell voltage over
time in Test 15 (which commenced at a pH of 2.6 and 0 free acid
concentrat ion) .
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All of the high grade testwork was conducted in a laboratory cell,
with an initial electrode gap of 12rrmo 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 liquor at 900 A/m2 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).

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

Utilising solvent extraction for 'upgrading' the Mount Lyell liquor
would result in a treatment stream containing higher concentration of
acid than used here. This will result in lower resistivity in the
liquor 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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5.4.1 Direct Electrowin

5.4 EM PCIr'IER a:JNSl.M'TIa-J

29406(;

is obviously

Being a simple metric conversion the calculation
can be expressed also as kwh/kg or mwh/tonne au

wh

gm Cu
=Power consumption (wh/gm Cu)

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

Note:

Watt hours
ern copper

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

Through the detailed information recorded, this
calculated on the basis of the following formula:

Previous testM:lrk sup~rts the project ion of cell potential of less
than 3 volts, for a 10cmn cell with 37 nrn electrode spacing, used for
later financial analysis of this treatment route. This assessment is
based on operation at current density between 400 and 600 A/m2 •

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

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

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, methodical approach dictated
that settings be kept constant through individual test runs.

calculations of both periodic and cumulative performance have been
recorded for all tests. Although the cUfll1lative data are useful for
analysis and interpretation of trends, detailed analysis of periodic
performance data is required for ~tential treatment plant modelling.

The testwork entailed continual recyc 1ing of solution through a small
nurrber 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 currulative basis direct 'cost' of copper production ranged from
10 m..tl/tonne (Test 13, 4" circuit) to rrore than 60 m.Jh/tonne (for
tests at high current density and wide electrode gap). The most
promising runs on the two inch circuit recorded overall power cost of
25.8 and 29.0 m..tl/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 in excess of 60 m..tl/tonne.

Modelling of a potential on-line treatment system requires correlation
of performance from different stages of specific tests, during which
opti/llJl1l conditions (of flow, current density and current efficiency as
outlined above) were operating.

Table 3 sumrarises pertinent data fran the tests utilised for this
rrode 11 i ng.

Test 13 is included in the table as an example 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 m..tl/tonne copper. This
result is not used for rrodelling at this stage.

Detailed power consumption calculations appear in the tabulated
results appended herewith (Appendix 3). It should be noted that the
values recorded do not reflect 'optimised' operation for entire test
runs. For example Test 19, which recorded relatively high current
efficiency of 13% in stage 2 electrowinning (between 110 and 15 ppm
Cu), resulted in relatively high cUlJl.Jlative power cost (approx. 40
m..tl/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 in an overall power consurrption of 39 nWl/tonne,
higher than would be expected under idea 1 condit ions due to low
efficiency levels during stage 2 electrowinning (low flow and
relatively higher current density).
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TABLE 3 Sumrary of Operating Data
Tests Selected for t-bdelling Purposes

TEST NO : ML 20 TEST NO : HL 19
CIRCUIT : 2 Inch CIRCUIT : 4 Inch
CURRENT : 69 A/m2 CURRENT : 64 Alm2
FLOW : 1800 I/hour FLOII : 4280 l/hour

Elapsed Cu rec Ce II Ce 11 Curr eff. Elapsed Cu rec Ce 11 Ce 11 Curr eff.
lime per iod Volts Amps period Time per iod Volts Amps per iod

19ms ) I9111S I
----------------------------------------------- ---~---~._-----------------------------------

0.70 26.5 3.5 10.0 32 2.03 0.0 7.3 15.0 B
4,55 58.3 3.5 10.0 13 3.90 13.6 1.4 16.0 10

10.42 66.3 3.5 10.0 10 8.17 40.8 6,9 16.0 14
16.00 76.9 3.0 9.7 12 12.12 41.6 6.5 14.0 II
22.05 66.3 3.0 10.0 9 16.36 40.8 6.6 15.8 13
28.12 45. I 2.8 10.0 6 20.03 44.2 6.5 15.5 14
32.03 18.6 2.8 10.0 4 23.95 51.0 6.0 15.2 16

21.J3 54.4 5.8 15.5 II
31. 7J 40.8 5.8 15.5 12
35.18 44.2 5.6 15.5 5
40.37 20.4 5.8 15.5 2

TEST NO : HL 13 TEST 00 : KL I
CIRCUIT : 4 Inch CIRCUIT : 4 Inch
CURRENT : 42 A/m2 CURRENT : 42 A/m2
FLOW : 4380 I/hour FLOW : 3800 I/hour

Elapsed Cu rec Ce 11 Cell Curr eff. Elapsed Cu rec Ce 11 Ce 11 Curr eff.
Time per lod Volts Amps per IOd Time per iod Volts Amps per lod

19ms l 19ms I
-------------------~--------------------------- ---------------------------------------------

4,52 132,0 U 10.5 48 2.67 29.2 6,8 10.0 19
8.27 99,0 3.9 9.2 45 4.62 15,9 6.4 10.0 14

12.85 118.8 U 10,0 46 6.50 13.3 5.9 10.0 12
16.10 66.0 U 10.0 34 8.33 13.3 5.9 10.0 12
20.50 115.5 3.9 11.0 42 12.92 34,5 5.7 10.0 13
24.60 72.6 3.8 10,8 28 16.55 29.2 5.5 10.0 14
2/.85 42.9 3.9 10.0 22 20.7J 29.2 5.3 10.0 12
32.28 59.4 3,7 9.4 23 24,50 21.2 5.3 10.0 10
36.30 23.1 4.2 11.0 10 26.73 15.9 5. I 10.0 12
41.30 16.5 3.8 9.5 5

Detailed analysis of the data recorded allows the design of an on line
treatment system that would approach optimum performance for this
liquor; and for which projected power consLllPtion levels can be
calculated. Different operating conditions 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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4. Current efficiencies assumed match those fran the
f'e 1evant stages of the tests out1ined.

2. Applied operating settings are as defined in preceding
sections of this report.

3. Voltage assUlJlltions are based on the profiles
established for the respective current densities
proposed, extrapolated to an electrode gap of 15mm.

can be
Higher
higher

17 .6

57.5

2.7
13

100
15

7.67
135

Stage 2

3600-4000
50

100
15

18.4

19.6

42.5

3.7
16

150
100

13.22
259

1800-2000
70

100
15

- fran
-to

Cu concentration range is that expected fran the test
programme and through analysis of company records for
the waste stream.

If copper grade proves lower, higher efficiency
expected due to accanpanying lower iron grade.
grade would be expected also to result in
overall efficiency.

1.

Applied operating settings

Range (ppm)

61

Resulting performance factors

Cu concentration
Stage

Flow (l/hour)
CUrrent density (A/m2 )

cell diameter (mm)
Electrode gap (mm)

Overa11 power use (kwh/kg or mwh/t)

Cu production/projected power consumption

kwh/kg (mwh/tonne) Cu

Circuit power consurmtion

% of copper produced in circuit

Gm Cu per m2 cathode/per hour
Watts per m2 cathode per hour

I\OTES:

Projected voltage
Projected current efficiency (%)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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5.4.2 Liquor Upgrade Option

6. watts =current x voltage

5. om Cu/hour =current x 1.18 x efficiency

<1.7
1.7
2.4

Voltage

400
600
900

2940'/0

7. OVerall power usage is calculated fran the copper
ranges specified for Stage 1 and 2 electrowinning.
Percentage production is utilised to calculate
'weighted' combined power consumption.

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.

The test operated at highest current density (Test 22, 900+ A/m2 )

achieved overall copper recovery, between 39.8 gil to 9.9 gil, at 2.35
kwh/kg. As acid concentration remained below that which \'KllJld be
utilised for organic stripping in a solvent extraction step, this
value can be regarded as a maximum for modelling purposes.

Similarly to the direct electrowin tests, variation in power 'cost' in
the high grade tests is governed by solution chemistry and current
dens ity . A11 of the tests were conducted wi th 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 gil and
0.5 gil, the latter ranged fran 1.9 - 3.6 kwh/kg.

Naturally, the size of the selected production cell will affect power
consumption, through the effect of electrode gap on operating voltage.

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 gil
to 5.8 gil Cu, at current density +/- 400 A/m2 ).

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

I
I
I
I
I
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FIGURE 30 ACID CONCENTRATION VS VOLTAGE
HIGH GRADE TESTS VARYING CURRENT DENSITY
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On the basis of the data collected, projected operating factors for
this cell would be as follows:

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

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 yielded a dense
cathode plate between 40 and 7 gil, even for the higher current
density runs.

I
I
I
I
I
I
I
I
I
I

The results gained
precise projection,
electrowinning work
provide an indicative

ACID eOND.
¢ 61 IS A..'t.n .:. 909 Al'w:!

through the Mt Lyell progranme do not allow a
but the data collected from the direct
(and from previous studies) can be utilised to
calculation of performance of a given cell.



2.1 kwh/kg copper

294072

It should be ncted that the system can be operated in a mode that
would promote powder, rather than plate, production - principally
through increasing current density further.

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:

1.5

1.7
95

448
680

3.0
95

2.7

448
1200

64

Treatment cycle

START END

40 10

START END

400 400
80 80
27.5 17 .5

Copper range. is estimated at this stage as 'delta
copper' for electrowin circuit. Start and end factors
reflect change in liquor chemistry through
electrowinning.

1.

2. If cell current is maintained constant actual current
density wi 11 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 nurrtJers required in a treatment
plant examine the possibility of operating at current
density 600 A/m2 as well as 400 A/m2 •

Range (g/l)

Applied operating settings

Cu concentration

Cu production/projected power consumption

Resulting performance factors

Current density (A/m2 )

cell diameter (nm)
Electrode gap (nm)

kwh/kg (mwh/tonne) Cu

Projected voltage
Projected current efficiency (%)

IIOTES:

Gm Cu per m2 cathode/per hour
Watts per m2 cathode per hour

I
I
I
I
I
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5.5 PLWIt>.G

5.5.1 General

2940'lJ

cell is largely governed by the sizing of
Additional pressure losses in reticulation
found to be minor in comparison with cell

Fl~ Pressure Purrping
.LlLbrl Drop (psi) power (watts)

3200 6.2 75
2400 3.5 32
1600 1.5 9.4
800 0.4 1.2

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

If such an operating mode were chosen for a future treatment plant,
narrower cells could be utilised. This would result in a drop in
operating voltage; which would to sane degree 'balance' out the higher
voltage that would result from operating at higher current density.

The above calculation is, therefore, used to make reasonable
project ions of capital and operating costs for this treatrrent route.

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

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

Although formal investigation of potential change in cell hydraulics
have yet to be undertaken, it is expected that performance will not be

In the context of direct electrowinning cells operating between 89 and
170 watts (2 metre long lOOrrrn 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
inlet and outlet spigots.
and fittings have been
losses.
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2940'74
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significant ly affected by changing diameter of the 1iquor ports. The
effect on purrping cost is, however, deroonstrated to be rrarked.

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
liquor ports in the cells has been varied, within limits which would
not be expected to significantly alter hydrodynamics. These include:

The tests have shown 1itt le difference in 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).
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The formula being a combination
of conversion factors and:

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

1.0 psi
1.5 psi

7.3
21.9

Watts per ce1J

=Flow in litres/hr
=Pressure drop in psi
=Pump efficiency (e.g. 50%)

Q

delta P
E

1800-2000 l/hour
3600-4000 l/hour

Flow rate

1800-2000 l/hr
3600-4000 l/hr

Pump power = Q X delta P
(watts) ----------­

3.6 x 145 x E

The graphs clearly show that a significant decrease in 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.

For the sake of conservative projection, measurements on single cells
are used in rrode 11 ing potent ia 1 treatment routes for Mount Lye11 .

The graph for pressure loss over 10 cells in hydraulic series (2 inch
circuit) suggests that losses in 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 rrount 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.

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

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

At the higher flow rates rrodelled for a possible treatment circuit
(3600-4000 l/hour) , pressure loss across the cell is decreased by a
factor of rrore than four through an increase in port diameter of only
5.5mm.
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5.5.2 Direct E1ectrowin

Pumping power cost = 16% x electrowin power

2940'16

85
21.9
25

3600-4000
1.5

50
0.63

31
2.7

57.5

Stage 2

a circuit has recorded lower
making this calculation a

163
7.3
4.4

1800-2000
1.0

70
0.63

44
3.7

42.5

Electrowin stage

Stage

2.9 kwh/kg copper

Operating parameters

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

At the higher flow rate for stage 2 electrowinning, pumping cost
remains high as a proportion of e1ectrowin power. However, averaging
of the calculations (on a weighted basis against proportion of the
plant operating at specific flow rate) indicates the following
projected pump cost as a proportion of operating electrowin power:

Electrowin (watts per cell)
Pumping - watts per cell

- % x electrowin

Flow (l/hr)
cell pressure drop (psi)
Current density
cathode area per cell (m2 )
Arrps per ce11
Projected voltage
% copper output

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

5.5.3 Liquor Upgrade Option

Power consumption

It should be noted that testing of
pressure drop factors than single cells,
conservative estimate.

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.
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5.6.1 Direct electrowin

5.6 PROOUCT f\jAruRE Af\I) QUALITY

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

formed in initial
redissolved by

that plate
is largely

sulphate

Higher copper grade in solution.

High current density, to alleviate the effect of
ferric iron dissolution of copper on overall power
consumption. Low flow regime designed for further
minimisation of the iron effect.

Chemical conditions are such
treatment of the so1ut ion
subsequent 'attack' by ferric

c)

Stage 1

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

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

29407'1

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

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

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

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 liquor.

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 in the liquor
(redissolution of copper by ferric sulphate) masks the conditions
under which each product is formed. The following general comments
are supported by the observations made:
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Further assays were not undertaken for tl'.Q reasons:

294078

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

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.

70

Generally low copper grade.

Lower current density and higher intended flow
l'.Quld prorrote plate production only if copper
grade were maintained.

Stage 2

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

Powder forms as a fine layer on the cathode surface - which, on
reaching a certain thickness, detaches under the influence of flow
re lated shear. A11 of the test runs have derronstrated that the
material detaches readily during operation; allowing harvesting
thereof on a continuous basis.

Operation of an on-line circuit for the waste stream l'.Quld result in
any plate formed, in initial treatment, being sUbject to continual
attack by 'fresh' ferric sulphate solution.

Therefore, although the technology allows tailoring of product through
changing operating parameters, the product expected from continuous
direct electrowinning from the Mount Lyell waste stream caJ1Jrises fine
copper powder.

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

The one assay performed, however, indicates that grade achievable in
the product is extremely high. Analysis of iron and aluminium grades
through testing indicates that little 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 CJlt iOf']

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

A11 of the tests recorded here recovered copper as dense cathode plate
down to very low 1iQuor tenors.

powder is not
tests, unt i 1

plate to
in the

500ppm.

Nature of plating

Dense plate, slight roughness on surface
Dense plate, minor roughness on surface
Dense plate, slightly nodular
Dense nodular plate

400
500
600
900

294079

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.

~eration on a liquor 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.

The grade at which powder fomation CClIImenCes varies in relation to
current density and flow through the cell. Generally, however,
coherent plate is naintained down to a grade of approxinately 5 gil at
current densities between 400 and 600 A/m2 • The apparent 'boundary'
between product types at 900+ A/m2 is slightly higher, at
approximately 7 gil Cu.

It should be noted that progression from
accompanied by reduction in current efficiency
copper grade in the liquor reaches levels below

The surface characteristics observed 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 loading on the cathode can therefore be expected even at
these high current densities without interference with the electrical
circuit across the electrolyte.

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

It has been suggested that a cell diameter of 80rnm 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 lOrnm.
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6.0 THE '-OJNT LYELL RESOJlCE

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 limited to existing and easily containable
waste streams.

The major targets for this programme therefore comprise:

1. The West Lyell waste rock underflow (Fig 32, locality 5), and

2. The conveyor tunnel outflow (Fig 32, locality Ba).

The former arises through leaching of the substantial dumps of waste ore
from the old West Lyell open cut; and is 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 life 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 is concentrated on the Prince Lyell orebody,
which extends below the old West 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, lower
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 350 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 effluent.

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 local it ies 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.



---------------- - - --

-'5cm

Drown: Down Under Scoll r 1: 20 000 FIGURE: 32
Author: T.Tr80sur. Dol.: Augusr 1992 Owg No:

SITE LOCATION PLAN

Mt. Lyell

CLIENT'

Eurolba Mining limited

Austrolicm Geoscientists Pty Ud

PROJECT'

CONSULTANCY'

.\ '..1

-I

AMG REFERENCE POINTS ADDED

·f
( "

, ........

I

·tl='==='=====:l:~O==u,ltmet'..----·r--c~~~m~~~~~~.~~
I: ,. 1)' : ~, , '- ::j~"'~

-----..' i.;L,;,E.;;;AS;~;"';"...;·8P;;,;;V;;,;"';:;'AK;;;.;;:''r;._...__'''.... ...,j_...;;....;;.'"'il.o;;....';O;;......:.l.''_...I-I.~~__~..I_''_..,;;.;.:.J.;,;O';:;.......... ..;..__' -----.:J



74

Several pertinent observations impact on the current study:

Typical characteristics of the initial target'streams have been reported by
Woods as follows:

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

.'150

CootJined

854
252

10
92

6097

9000

1.35 tonnes of copper
a 1.2 tonne per day

significantly increase this f

)'-- 'l/'v'-?rJ u-- #

J-' ,~

dewatering appears to haVeJt;t,o"l'.e,.r

captured and added to the" f:-- )t

contains approximately
which would require

study in 1991 suggested that a total of approximately
leaves the site annually in the form of acid mine

. ...

a number of waste streams currently being generated by
The two major sources will yield a minimum of 1.2

copper per day, based on recovery of 90% of contained

b) Subsidiary AMD streams could be
treatment system.

There are
the site.
tonnes of
metal.

There are several factors, that could
yield:

a) Copper concentration in mine
increased in recent years.

c) More rapid leaching of copper from the dumps and underground
ore could be promoted.

Factor Waste rock Mine water

Cu (ppm) 130 170

Fe (ppm) 1160 520
Al (ppm) 300 200
Zn (ppm) 13 7
MIl (ppm) 140 40
804 (ppm) 8200 3800

pH 2.5 2.9

Flow (m3 /day) 4700 4300

*

*

294082

The resulting combined flow
per day - 90% extraction of
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 aa, Appendix 4) suggest an average copper
content in excess of 300 ppm, for a flow in the region of 5,500 m3 /day.

Woods' comprehensive
700 tonnes of copper
drainage.
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A liquor management scheme, which would isolate the major copper-bearing
solutions from fresh run-off could be readily imposed.

The former would have immediate impact on the project; the latter
being a future possibility only.

294083

9,OODm3/day
150 ppm
90%
1.2 tpd copper

Waste volume
Copper tenor
Projected recovery
Production capacity

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:

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

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

Natura 11 y, a project based on treatment of the waste streams wou 1d entail
provision for significant short term variations in flow - either by
estab1ishment of a storage dam and/or through iso1at ion of the 1iquor
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.

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'.

Corrparison of recorded flows from both sources during 1991 (Fig 32)
supports this observation - mine pumping rates being relatively constant
through the year, with an increase by approximately 30% following a
dramatic increase in surface flow (probably the result of a short duration
storm - on or close to the 19th Nov).
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FLOW MEASUREMENTS, 1991
PRINCIPAL WASTE SOURCES
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FIGURE 33
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The mounting of a treatment operation on these liquors should contemplate
the possible closure of the Mount Lyell mine in four years. Once closed,
the underground workings could represent and ideal 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
wi 11 be able to handle reasonable variations in throughput without
significantly affecting copper recovery (up to 15% variation in flow).
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7.0 TREATMENT CIRCUIT CPTIOIlS

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

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

are outlined below. Although
sourcing of other liquors may
yields (Section 6.0 above),
similar to those encountered

the liquor through solvent extraction,
with copper recovery fran a recycle

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

'Upgrading' of
in conjunction
stream.

CPTION A

CPTIOIl B

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

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

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.

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

MJdel circuits for both treatment opt ions
combination of the major waste streams and
increase performance or expected copper
modelling will assume worst case conditions,
in the current test programme.
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7.1 DIRECT ELECTROWIN ROUTE

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

7.1.1 Electrowin cells

The number 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
Liquor volume m3 /hr 375
Target copper recovery % 90

cell dimensions:

Length rrm 2000
Diameter rrm 100
cathode area m2 0.63

Current density A/m2 70 50
Current efficiency % 16 13
Amps per ce11 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 operation
(designed to produce powder) would essentially be automatic.

7.1.2 Pumping/liquor 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 require establishment of approximately
100 banks of cells (375,000 l/hr at 3,600 l/hr through individual
banks) .

On the basis of the criteria outlined above each bank of cells
would comprise two sections:
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Flow through the two sets in Section 1 would join to run directly
through Section 2, thus achieving the differing rates required­
i.e:

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

58 cells

3,600 l/hr

Stage 2

79

Two parallel sets of 12 cells operating at
1800 l/hour and 70 A/m2 •

Under chosen parameters for stage 2
electrowinning.

Reflecting optimum chosen parameters for
stage 1 electrowinning.

one line of 58 cells in hydraulic series
operating at 3,600 l/hour and 50 A/m2 •

1,800 l/hr

24 cells

Section 1

Section 2

>* * * * * *
** * * * * * * * * * * * * * *>
*>* * * * * *

A relatively complex reticulation system would be required,
probably entailing supply of liquor via manifold to a number of
banks of cells. Connection between cells is sinple and requires
only flexible hoses.

These cell configurations and flow parameters require punping 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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7.1.4 Product Harvesting

7.1.3 Power supply/Rectifier

Total plant power ,requirement is therefore indicated to be
between 1. 1 and 1. 2 hif../.

50 kg Cu per hour
920 kW
90%
1,000 kW

Production rate
Operating power requirement
Projected rectifier efficiency:
Rectifier specification

294088

Exact pump specification can await further study as it is likely
that direct electrowinning would require further piloting prior
to final design.

calculation of power requirement in 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).

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.

Analysis of power consumption levels (section 5.4 above) suggests
the following AC-DC conversion requirement for the plant
rrodelled:

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 rrodelling of experimental data, prudence \\QUld require
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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7.2.1 Solvent Extraction Circuit

7.2.2 Electrowin Circuit

7 . 2 LIq,m lPrnADE ROJ"T];

no further

Punping

Provided for in Minproc SX plant design
provision required.

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

Minproc Engineers Pty.Ltd., a consulting group well experienced
in the relevant field, were commissioned 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.

29408D

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

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

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 1960-1970'5, and has been formulated
from first principles using the design criteria outlined in Table
4.

The facility was initially sized for 330m3 per hour throughput,
approximately 10% less than the projected total volume in the two
major waste streams. Adaptat ion to 51 ight1y higher vo1urre
throughput can be readily achieved, the only effect being a
slight rise in capital cost.

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

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 adverse
effects of high iron levels in the liquor; and in the established
performance potential of the new cell.
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FACTffi UNIT CRITERION

Solution feed rate m3/hr 330
Plant availability % overa 11 95

days/year 346
hours/day 24
days/week 7

PLS - typical 1iquor analysis

Sal icylaldoxime
and modifier
0.91 - 0.97
200 - 45 (15-300C)

High flashpoint
kerosene
0.8
1.5 (15°C)
80 (100 kPa)
20 max

2
0.50
500: 1 (design)
70
100
300
250
baffles in pond
baffles in tank
2
0.1
dam

82

g/l 0.150
g/l 2.0
g/l 0.1

* as Si02
ppm * 2.55
°C *cP *

%
g/Cu/Vol %

kg/l
cP

kg/l
cP
°C
%

DE~I(l~ CRITERIA, MT LYELL SOLVENT EXTRACTION PLANTTABLE 4 _

Extractant

Cu
Total Fe
H2SO4
Si
TSS
pH
Tarperature
Viscosity

Type

Aqu.entrainment

SG
Viscosity
Flashpoint
Aromatic content

Type

Organic

Di luent

Volume % extractant
Loading
Cu:Fe selectivity
Org.entrainment

SG
Viscosity

ppm organic cts
ppm aqueous cts
ppm organic cts
ppm aqueous cts

Org. entrainment in raffinate recovery
Aqu. entrainment in L.O. recovery
Di 1uent evap. open nm/day

closed nm/day
suction pump into cofferCrud raroval
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20

30
180
0.5 (design)

*
*50

* = not available at
time of study

294091

aqueous
aqueous
organic
1: 1
1 : 1
1 : 1
99: 1
87
95
40
91
2 in parallel
1

Strip first mixer
180
120
5

water deluge

83

%
%
%
%

COntinued

E1
E2
Sl
E
S

ratio

Electrolyte

sx configuration

TABLE 4

COntinuous

E
S
E1
E2
Sl

Overall Cu extraction
Stages - extract

strip
Addition point spent electrolyte
Mixer retention time E sec

S sec
m3 /h m2

Stage efficiency

Settler rating
Fire protection

COpper delta gil
Spent electrolyte:

Cu gil
H2SO4 gil
Total Fe gil
Co gil
Cl ppm
Advance Cu gil

alA advance

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

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.

148

336

600 A!m2

150
kilowatt

EMEW system, the
features of the

8Qrm
2000nm

95%

225

225

400 Alm2 or

Electrowin cells

Number cells required

AC-DC Transformer @ 85% projected efficiency

CUrrent density

CUrrent efficiency

Rectifier

Gell dimensions - diameter
length

Product ion per ce11 (g!hr Cu)

* 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 liquor returned
to the organic strip stage) than in a conventional
tankhouse. As a result 'free' acid concentration in the
'spent electrolyte' is 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 usual, has a
direct impact in reducing the cathode area required to
achieve a specified production rate.

In addition to the inherent simplicity of the
study undertaken has suggested that several
combined SX!EMEW process are of particular note:
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* 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-l ine', and burns onto the cathode
surface. In the EMEW cell, 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.

* Liquor reticulation requirements for the electrowin circuit
are simpl ified 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 likelihood of 'hot spots' and short circuits

All of these factors contribute to the view that Combining 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 is a well established process for upgrading of low
grade solutions, whose performance on this liquor 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 is 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 financial
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 rrodular costs
that have been estab 1ished over two years deve lopment of the techno logy.
Operating costs are based on the results of the recent site investigation.

8.2 CAPITAL <XX3T PROJECUa-lS

8.2.1 Direct Electrowi~

The principal cost in the direct electrowin route lies in the
fabrication of cell end caps and purchase of anodes. It is possible
to rrake a reasonable estirrate of these costs on the basis of
individual cell rranufacture, given the knowledge built up through
development of the technology.

;;U CELL FABRICATIa-J

The =st in an individual cell assarbly is built up of the
following components:

End caps

Current rranufacturing cost of end caps is relatively high, as
they are fabricated through complex rrachining of commercially
available PVC components. The nuni:Jer of units required in this
facility would, however, justify (and require) their rranufacture
through injection rroulding.

Preliminaryestirrates of rranufacture by this method indicate a
unit cost of between $5.00 and $7.00.

A final =st projection of $15 per unit would provide for
rranufacture of dies; and for any ancillary fittings to the caps
(bringing =st per cell to $30.00).

A plant of this size would justify engineering and fabrication of
camon end caps for 1IU1tiples of cells (probably 20). The result
would be simplification of reticulation and electrical wiring,
but probably not significant decrease in the above =st.
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Anodes

29409C

The cost of cathodes 1S 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 fram electrowinning.

is thereforeA preliminary estimate of $90 per cell
conservatively placed on the anode cost per cell.

The cell proposed for the direct electrowin route is 100 mm
diameter, with an electrode gap of 15mm. The anode 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
A/m2 ) •

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.

cathodes

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 its reaching
desired weight. The cost of the electrode therefore becomes an
operating rather than capital item.

'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.

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 liquor 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.

Again, the anodes currently in use are expensive items
(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.
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A projection of $40 per 2 metre cell 1S therefore provided as a
capital item in this study.

Inter-cell connections

The cells are readily connected in 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 cells 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).

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

lYbunting

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 adequately cover the
cost involved.

Tota 1 cell CO[\1;,

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

Per unit per cell Plant $

-----.i -----.i (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 fabrication costs would impact
significantly on this projection - for example, a saving of $50
Der cell (25% of its projected cost) would reduce capital
expenditure by close to $0.5 million.
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Ql PLWI!'G

Further provisions are made in the estimate for the following:

25% of the flow envisaged
(up to 80 psi) has been

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

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

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

294098

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.

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.

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

d RECTIFIER

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 in 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.

A single pump capable of delivering
(6,000 l/min) at the pressure required
costed at approximately $5,000.

An estimate of total capital costs in installing a direct electrowin
plant of the size required at Mount Lyell is presented in Table 5
below:
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8.2.2 Solvent Extraction/EMEW System

§l Solvent Extracti~ Circuit

The accuracy of the estimate given is stated to be +1- 15-20%.

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

projected $

1,763,000
40,000

200,000
100,000
75,000
50,000
25,000

---------
2,253,000

225,000

100,000
---------
2,578,000

necessary electrical, plplng and
all equipment purchased as proprietary

and its installation.
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SUMMARY OF PROJECTED CAPITAL COSTS
MT LYELL DIRECT ELECTROWIN PLANT

Table 5 _

Contingency
Design, project
management etc

2940 o 'Jv,

Electrowin cells
Purrps
Rectifier
Liquor storage/management
Product harvesting
Building
Plant reticulation

The price includes all
instrumentation costs, plus
items or fabr icated to order;

Indirect cost of engineering design, project management and
procurement is inclUded, plus a 10% contingency allowance. The costs
do not allow for the civi 1 works required 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. Inter alia, they are based on the
following equipment schedule and itemisation of capital costs:
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CAPITAL COST PROJECTIONS SX EQUIPMENT

PRELIMINARY SOLVENT EXTRACTION EQUIPMENT LIST

107.2

1.1 1.1

1.1 1.1

22 44
11 22

7 7
22 22
11 11

kW Total kW

2
2

1
1
1

2

No. No. of'
drives

1
1

97,000

103,000

Supplied by diluent supplier
190,000
190,000
220,000
40,000
30,000
20,000
30,000
20,000

115,000
125,000
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1,230,000

1,030,000

Extraction mixer settler

TABLE 6

10% contingency

TABLE 7 _

Loaded organic tank
4m¢x6m

Loaded organic pump
Stripping mixer settler

Advance electrolyte tank
2m¢x3m

Advance electrolyte pump
Spent electrolyte tank

105m ¢ x 2m
Spent electrolyte pump
Heat exchanger

Total direct cost

TOTAL SX COSTS

Di luent tanl<
Mixer Settler E1
Mixer Settler E2
Mixer Settler S1
Loaded organic tank
Loaded organic pump
Heat exchanger
Spent electrolyte tank
Spent electrolyte pump
Piping and valves
Electrical

Design, project
management etc
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Projected costs in the electrowin circuit are summarised as follows:

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

294101

65,250
60,000
15,000

140,250
14,750

155,000

Provided for in SX circuit
Maxinum nlJ/ft)er 225 cells
150 kW unit

Item Unit ~ per cell

caps $30 ea. 60
Anode $90/m 180
cathode $15/m 30
Connect ions 10
Mounting 10

Total 290

Total for 225 units $65,250

Purrping
EW cells ­
Rectifier -

Contingency

Cell fabrication
Rectifier
civi ls etc

Total

Ql Electrowin Circuit

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

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:

Cost of the rectifier required 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 limited - 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 requirements.
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The 'first fill' of reagents to the SX faci 1ity should be included
also as a capital provision:

')9.. 4102

Although the use of solvent extraction will sirrplify liquor rranagement
on site, a provision of $100,000 is rrade for this facility (similar to
that for the direct electrowin route).

94

$99,151

$35,312
$61,795
$ 2,044

1,030,000
140,250
100,000
99,500
97,000

117 , 750

1,584,500

2,207 kg
118,836 1itres

+/-16 tonnes

extractant
diluent
acid (98%)

TOTAL

SX direct costs
EW direct costs
LiQUOr rranagernent
First SX fi 11
Design/management
Contingency

s;l 0Jrrtl i ned SX/EMEW CaP i ta 1 Pro jections

Thus - total projected capital costs:
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8.3 CflERATII\G COST PROJECTIa-lS

8.3.1 Direct Electrowin option

Projected direct daily operating costs are summarised as follows:

1.2 tonnes
5 cents/kWh

18 rnWh/tonne Cu
2.9 rnWh/tonne Cu

2 labour
1 supervisory

$45,000 p.a
$75,000 p.a

Labour
Supervisory

on the plant should be low, as few rroving
An annual provision of $100,000 is provided.

Item iLOOl!

Electrowin power 1,080
Pump power 145
Labour 280
Supervision 240
Maintenance 275

Total 2,020

= $1,683 per tonne Cu

294103

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.

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

Maintenance requirements
parts are incorporated.

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

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

Personnel cost
(incl.on costs)

Daily copper production
Grid power cost
Electrowin power consumption
(see section? above)
Pump power consumption
(see section? above)
Personnel requirement

It is noted that the above table does not make provlslon for
administration, product transport or government royalties.

I
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8.3.2 SX/EMEW~tion

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

1.2 tonnes
5 cents/kWh

2. 1 mWn/tonne Cu
1.8 mW/day

0.36 $!kg copper
4 labour
1 supervisory

$45,000 p.a
$75,000 p.a
$50,000 p.a.

126
90

432
520
217
137

1,522

Labour
Supervisory

= $1,268 per tonne Cu

Electrowin power
SX power
SX consurrable
Labour
Supervision
Maintenance

Total

U)/ear $/kg Cu Recover 50%
of organic

Di luent 148,039 0.40 0.20
Extractant 84,594 0.23 0.11
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:

294104

Deta i led rrass ba lance ca lculat ions were performed by Minproc to
achieve an estirrate of consurrables (reagent cost) in the solvent
extraction circuit. This cost has been projected at $0.36/kg Cu
produced, on the basis of the following table:

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

Personnel cost
(incl.on costs)
Plant rraintenance

Daily copper production
Grid power cost
Electrowin power consumption
SX power consumption
(at 70% of total installed power)
SX consurrables
Personnel requirement

I
I
I
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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 lS not provided as this stage, because:

a) It is possible that a favourable arrangement can be made
with a manufacturer, entailing 'toll' production of tubing
from 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 in 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 a:'.EB,b,Ilf't3 SlflPLUS VS CAPITAL OOST

Projections of potential operating surplus in the two treatment
operations assume 365 days/year operation - a mode that will suit the
nature of the source (as a continually running waste stream); and
would minimise requirement for liquor 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 economies 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 follows:

Copper powder 90%
cathode 95%

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

29410E:

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 cap ita1 cost):

24.3 %

56.9 %

900,820

629,625

1,379,700
750,075

1,456,350
555,530

1,584,000

2,587,000

Annual surplus as % of capital

capital expenditure

Annual surplus as % of capital

Direct Electrowin OptioQ

Projected annual sales
Treatment costs

SX/EMEW Option

Surplus

Projected annual sales
Treatment costs

capital expenditure

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

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 is a significant difference in sensitivity to the cost
of grid power at Mt Lyell.
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* The direct consequence of resulting:

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

required to
factor of

route for Mount
The following is
financial, which

- has a multiplier effect on the number of cells
achieve the desired production rate (by a
approximately 40).

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

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

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

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

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

* The solvent extraction circuit is sized to match liquor
throughput rather than liquor tenor. As expansion is more
likely to arise through increase in copper grade, rather
than 1iquor volume, the circu"it has significant advantage
with respect to the capital works required.

* It is conceivable that significant variations in liquor
availability would be more easily handled in the solvent
extraction circuit rather than direct electrowin.

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

9.1 PROCESS

Observations on respective performance of each treatment
Lyell have appeared continuously in the above discussion.
a surrmary of the key characteristics, both process and
lead naturally to a preference for the SX/EMEW option.

9. aM'ARIS()oJ a= ffiEA1M:NT CPTI~ (Process and Fipanciall
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9.2 FINANCIAL

~ a-tAt¥3E IN cx:PPER PRICE

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

$ 432,525
16.7%

$ 690,945
43.6%

$ 1,680
$ 1,286

Direct EW
SX/EW

Direct electrowi~ surplus reduced to
% vs capital reduced to

SX/EMEW surplus reduced to
% vs capital reduced to

Although the reduction in return (as a percentage of the expected
scenario above) is not significantly different, the reduction in
return increases significantly the 'risk' level in the direct
electrawin 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 scenarios is equivalent to the calculated
'cost' of production indicated:

* Conditions in the electrawin circuit will remain constant,
as opposed to the possible requirement for change in
operating parameters (to reflect changing liquor
composition) in the direct electrawin plant.

294108

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

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

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

These obviously have direct effect on projected operating returns with
respect to capita1 investment, but they i~ct significant ly also in
analysing project sensitivity to various factors:

I
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Q2 INCREASED POWER COST

Powe~ cost in the di~ect EW option
amount app~oximately equivalent
p~oduced.

exceeds that of SX/EMEW by an
to $830 pe~ tonne of coppe~

~ INCREASED CAPITAL COSTS

A 50% inc~ease in p~ojected powe~ cost (5 to 7.5 cents/kWh) would
inc~ease daily ope~ating costs in the two options as follows:

Natu~ally, howeve~, inc~eases in capital cost will ~esult in
g~eate~ sensitivity to othe~ facto~s.

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

+ $615
+ $175

would be a dec~ease in appa~ent ~etu~n

Coupled with a fall in coppe~ p~ice,

cost would make the ope~ation ma~gina1.

Di~ect elect~owin

SX/EMEW

The ~esult fo~ the fo~me~

on capital of nea~ly 9%.
such an inc~ease in powe~

Both systems a~e ~elatively ~esistant to unfo~eseen inc~ease in
capital cost. Unde~ the model p~ovided in section 8.2 above,
inc~ease in capital cost by $0.5 million would ~esult in
~eduction in appa~ent ~etu~n (%) pe~ annum of about 20%.

The SX/EMEW system is obviously fa~ mo~e ~obust unde~ adve~se

power cost condit ions. adding therefo~e to the ove~a11 st~ength

of the p~ojections.

A significant inc~ease in coppe~ g~ade in the liquo~ to be t~eated

would p~obably have a beneficial effect on di~ect elect~owinning­

th~ough a concomitant inc~ease in cu~~ent efficiency. Expansion of
the plant to suit a highe~ g~ade would ~equi~e a lesse~ numbe~ of
cells to achieve the same ~esult.

The solvent ext~action facility would not ~equi~e significant
expansion, as it is sized to the volume of liquo~ th~oughput.

P~oduction f~om the electrowin section could be expanded through
increasing cu~rent density to the cells, or inc~easing the numbe~ of
units installed. In the lat.te~ case, the inc~emental nurrbe~ that may
be ~equi~ed is would be ~elatively low.

From both p~ocess and financial angles therefor"e the SX EMEW route offe~s

g~eate~ flexibility and inc~eased g~eate~ ~esistance to adve~se changes in
ope~ating conditions.
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10.0 e.a-JCLUSIO'l AN) REro+1Ef'DATIO'lS

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

It is clear however, from 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 in this option is its intrinsically lower 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 is dramatically reduced, to a degree well within
the limits of its current development 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 is considered to be 1imited to
further 'shake-out' solvent extraction tests on the liquor; and to further
operation of a single production electrowin cellon 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 is markedly reduced using the new
cell. Coupled with simplification achievable in the solvent extraction
circuit, this results in the significantly lower 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 implementation of a detailed feasibility study on the SX/EMEW
treatment option.

Early implementation of this plan is recommended in the light of the long
term potentia1 of a copper leach/extraction prograrrme at Mount Lyell.
Based initially on limited production from the two major current sources,
it is 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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APPEf'VIX 1

Site Photographs
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APPEN::lIX 2

Henke1 Isotherm ca1cu lations
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EP-1 and EP-2 extraction stage profiles as follows (g/l Cu)

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

The MAX LOAD for 2.00 pct. LIX 984 is 0.994 gil Cu.

The expected recovery: EP-1 = 86.4%, EP-2 = 94.9%, OVERALL = 90.65%

ORG.= 0.422 gil Cu; AQ.= 0.002 gil Cu
ORG.= 0.437 gil Cu; AQ.= 0.003 gil Cu
ORG.= 0.481 gil Cu; AQ.= 0.003 gil Cu
ORG.= 0.505 gil Cu; AQ.= 0.004 gil Cu
ORG.= 0.553 gil Cu; AQ.= 0.005 gil Cu
ORG.= 0.687 gil Cu; AQ.= 0.010 gil Cu
ORG.= 0.898 gil Cu; AQ.= 0.052 gil Cu
ORG.= 0.956 gil cu; AQ.= 0.095 gil Cu

10.0
5.0
2.0
1.5
1.0
0.5
0.2
0.1

Load.Org.------>S-1 Org.
0.681 0.408

S-1 Aq.(P.E.)<-----Spent Elec.
50.000 30.00

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

(L.O.) EP-1 Org. <------------------ EP-2 Org.<---Stp.Org.
0.681 0.551 0.408

Aq. Feed --->EP-1 Aq.(Raff.) Aq.Feed --->EP-2 Aq.(Raff.)
0.150 0.020 0.150 0.008

29411 '(

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

Reagent selected : LIX 984
VolLlTe pct. of reagent selected: 2.00
Copper content of the spent electrolyte, gil Cu: 30
Copper content of pregnant electrolyte, gil Cu: 50
Number of strip stages: 1
H2SO4 in spent electrolyte, gil: 180.0
Copper content of stripped organic, gil Cu: .408
Copper content of aqueous solution tested, gil Cu: 0.150
pH of solution tested: 2.55
Total sulphate content of solution tested, gil: 10
Assumed activity of th S04= ion, %: 28
Other parameters of circuit: 1E X 1E X 1S

O/A =
O/A =
O/A =
O/A =
O/A =
O/A =
O/A =
O/A =

The loaded organic is 68.51% of max load.
The net transfer is 0.137 gil per 1 vol.% of LIX 984
The strip O/A = 110/1 using 30 gil Cu in the spent electrolyte.
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APPEN:nx 3

Individual Test Data Tables
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04-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 7.0 16 16 13.44 13.44
05-Har 0.08 13.48 2.3 6.3 16300 200 0.80 72.0 116 76 1.75 2.79

Off for inspection
05-Har 0.47 13.48 2.2 6.5 17600 200 0.76
05-Har 0.94 24.85 2.3 5.8 5820 200 117.8 143 105 1.33 I. 91

Off for inspection
06-Mar 0,50 24.85 2.2 6.8 5720 200 0.90
06-Har 0.67 29.00 2. I 6.3 2560 200 31.6 99 104 I. 82 I. 90
Oo-Har 0.75 30.87 2.5 7.2 IDOO 20D 15.5 105 104 1.85 I. 90

TEST 00 ML4

HIGH GRADE LIQUOR TESTS

Sample Volume 111 10
Head grade ICu ppml 37920
Liouor flow II/hour) 350
Cathode diametre Imm) : 35
Cathode length (mm) 200
Masking (0111 50
Anode diameter (~J 9
Number cells 1
Amps - per cell 8.5

- circuit 8.5
Current density IA/m21: 515

3.56
3.64
3.30

3.56
3.68
3.04

wh/gm Cu
period Cumul.

wh/9m Cu
per iod Cumo J.

114
101
98

294118

114
94
96

Current eff.
per iad Cumu J.

23.8
36.0
75.8

Cu rec
per lad

pH Cu rec Current eff.
per iod period Cumu J.

pH

2.4
1.1

0.79
0.58

200
200
200
200

37920
35540
31940
24360

8.5
8.9
8.5
8.0

Amps Cu Ippm) fe Ippml
total

Amps Cu Ippm) fe (ppm)
tota I

5.2
4.4
3.7
3.2

~L 5

10 (: resid liquor 141
24200

350
35

200
50
9
1

6.5
6.5
394

0.00
2.03
5.78

13.87

Elapsed Avg cell
Time Volts

Time

0.51
0.59
0.75
0.08

Time Elapsed Avg cell
7ime VA Its

Date

Date

Ol-Har
Ol-Har
oI-Har
02-Mar

TES7 NO

Samp Ie VA lume II)
Head grade Cu ppm)
Liquor flow II/houri
Cathode diametre (OIl) :
Cathode length (011)
Haskin9 Imm)
Anode diameter Imml
Number ce IIs
Amps - per ce II

- circuit
Current density IA/m21:

I
I
I
I
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I TEST NO ML 10

I Samp Ie Volume (II 10
Head grade (Cu ppm)
Liquor flow (l/hour)

I Cathode diametre Imm) : 35
Cathode length Imm) 200
Masking !m) 50

I
Anode diameter 1m) 9
Number ce lis I
Amps - per ce 11 2

- circuit 2

I Current density (A/m2): 121

Oate Time Elapsed Avg cell Amps Cu (ppm) Fe (ppml pH Cu rec Current eff. wh/gm Cu

I Time Volts total period period Cumu 1. per iod CUBIU 1.
--._-.---.---.-----.-----.------------------------------------------------------------------.--.--- ------------.-.----------------------------

OS-Mar 0.50 0.00 2.3 2.0 980 200 0.38

I
08-Mar 0.61 2.63 1.2 2.0 460 200 0.44 5.2 84 84 2.28 2.28

Off for inspection
OS-Mar 0.63 2.63 1.2 1.5 460 200 0.44
08-Mar 0.73 5.22 1.7 1.1 158 200 0.59 3.0 76 81 2.16 2.23

I
I TEST NO ML 15

Samp Ie Va lume III 10

I
Head grade (Cu ppm)
liquor flow II/hour) 350
Cathode diametre !IMI) : 35
Cathode length (mml 200

I Masking !mm) 50
Anode diameter 11IIIl) 9
Number ce JJs I

I Amps - per ce 11 10.2
- circuit 10.2

Current density (A/m2): 618

I Oate Time Elapsed Avg cell Amps Cu Ippm) Fe (ppm) pH Cu rec Current elf. wh/gm Cu
Time Volts total period per iod Cumu1. per iod Cunw 1.

___ 4 __ • __ • __._._.___~._.______ • ___ • __ • _________ • ______________________________________________________________________________________________

I 10-Mar 0.50 0.00 6.0 10.0 40800 200 2.67
10-Mar 0.60 2.62 4.5 10.5 36400 200 1.62 44.0 139 139 3.20 3.20
10-Mar 0.77 6.68 3.6 10.5 31800 200 1.40 46.0 91 110 3.76 3.49

I
10-Mar 0.92 10,15 3.4 10.8 18100 320 1.27 37.0 85 101 3.49 3.49

Off for inspection
II-Mar 0.46 10,15 3.3 10.0 27800 320 I. 24
II-Mar 0.62 13.80 3.0 10.4 24000 200 0.69 38.0 86 91 3.09 3.40

I II-Mar 0.79 I7.8S 2.8 10.4 IS500 320 0.69 55.0 110 100 2.24 3.11
Off for inspection

12-Mar 0.51 17.88 2.7 10.2 18500 320 0.69

I 12-Mar 0.60 20.16 2.7 10.3 15100 320 0.59 32.3 117 102 1.96 2.96
12-Mar 0.67 21.11 2.6 10.3 13300 320 0.52 17. I 91 101 2.46 2.93
l2-Mar 0.94 28.18 2.6 10.5 3800 320 0,40 90.3 114 104 I. 94 2.68

I
Off for inspect ion

13-Mar 0.41 28.18 2.3 10.0 3800 320 0.40
l3-11ar 0.58 30.80 2.6 8.2 524 330 26.2 93 103 2.23 2.65
13-Mar 0.67 32.83 2.4 9.0 246 330 0.12 2.2 11 98 19.66 2.75

I



16-Mar 0.56 0.00 3.0 15.0 39800
16-Mar 0.75 4,43 2.9 15.0 33300 380 0.63 65.0 83 83 2.99 2.99

Off for inspection
16-Har 0.76 4,43 2.7 15.0 33300 380 0.63
16-Mar 0.99 9.95 2.7 15.0 22300 380 0.64 110.0 113 99 2.03 2.39

Off for inspection
I7-Mar 0.44 9.95 2.7 15.0 22300 380 0.64
17-Mar 0.75 17.48 2.5 14.0 9900 380 0.64 124.0 96 98 2.29 2.35

Off for inspection
18-Mar 0.59 17.48 2.5 14.5 9900 380 0.64
19-Har 0.02 27.91 1000 380 0.60 89.0

TEST NO ML 22

Samp Ie Vo lume (I) 10
Head grade (Cu ppm) 39800
Liqu,r flow II/hour) l50/500
Cathode diametre (lml : 35
Cathode length (nn) 200
Masking (mm) 50
Anode diameter (ITII) 9
Number ce lis 1
Amps - per cell 15

- circuit 15
Current density (A/m2): 909

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Date Time Elapsed AV9 cell
Time Volts

Amps Cu (ppml Fe (ppm)
total

pH Cu rec
per iod

Current eff.
period Cumul.

294121

wh/9m Cu
period Cumol.



04-Mar 0.65 0.00 3.05 5.0 91 640 2.69
04-Mar 0.75 2.30 3.03 5.0 80 660 2. TO 19.8 19.8 15 15 17.63 17.63
04-Mar 0.92 6.30 2.95 5.5 63 680 2.72 30.6 50.5 12 13 20.50 19.38
OS-Mar 0.08 10.33 2.81 5.0 48 680 2.66 27.0 77 .5 11 12 22.58 20.49
OS-Mar 0.25 14030 2.76 5.2 37 680 2.60 19.8 97.3 8 II 28.26 22.08
OS-Mar 0.43 18.55 2.69 5.0 24 680 2.51 23,4 120.7 9 II 25.08 22.66
OS-Mar 0.60 22.67 2.66 4.9 16 680 2.46 14.1 135.2 6 10 37.80 24.27
OS-Mar 0.74 26.15 2.55 4.8 11 710 2.05 g,O 144.2 5 9 48.58 25.79

2 [NCH CELL TESTS

TEST tI:l ML 6

Sample Volume (I) 1802
Head grade (Cu ppm) : 91
Liquor flow (I/hour): 1400
Cathode diametre Inn: 54
Cathode length 1M): 850
Masking (M) 0
Anode diameter (M) : 20
Number cells 10
Amps - per cell 5

- circuit 5
Current density (Aim: 35

')°41'1 ')lev ~ ....

wh/gm Cu
period Cumul.

Curro elf.
per iod CUIIU l.

pH Cu ree (gm)
period Cumul.

Amps Cu (ppm) Fe(ppm) Felppm)
tota I as Fell

Time Elapsed Avg cell
Time Volts

Date

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

294123

TEST NO Ht 11

Sample Volume 111 1550
Head 9rade ICu ppm) : 90
liquor flow II/hour): 1400
Cathode diametre (1IllI: 54
Cathode len9th Imml : 850
Haskin9 (nn) 0
Anode diameter (mml : 10
Number ce lis 10
Amps - per ce II 1.5

- circuit t5 : 1 banks in parallel
Current density IA/m: 51

Date Time Elapsed AV9 ce II Amps Cu Ippm)Fe (ppm) Fe (ppm) pH Cu rec 19m) Current eff. wh/gm Cu
TIme Volts total as Fe++ per iod Cumu I. per iod CumuI. per iod CUliul.

---------------------.----------------------------------------------------------------------------- .--.------------------------.-----.-
10-Mar 0.43 0.00 4.1 7.5 gO 640 10 2.56
10-l!ar 0.50 1.78 3.7 7.5 80 550 1.47 16.5 16.5 17 17 19.68 19.68
10-Mar 0.59 3.87 3.5 1.5 70 640 1.44 15.5 53.0 14 15 11. 15 10.41
10-Mar 0.75 5.67 3.6 8.8 66 630 1.31 10.6 63.6 6 11 49.44 15,15
10-Mar 0.93 10.01 3.3 7.8 54 550 1.15 31.8 95.4 8 10 39,16 19.89
lHar 0.09 13,77 3.1 7.1 50 650 1.19 10,6 106.0 3 8 83.40 35.14
II-l!ar 0.18 18.34 3.3 8.3 39 550 1.13 19,1 135.1 7 8 38.18 35.87
II-Mar 0,41 11.70 3.1 1.5 31 650 1,11 16.6 153.7 6 8 46.63 37.17
II-l!ar 0.50 16.00 1.9 1.5 13 790 1.15 13.9 177.6 6 7 41.34 37.73
It-Kar 0.77 30.07 1.9 1.5 14 790 180 1.17 13.9 101.4 7 7 36.89 37. 63
II-Mar 0.91 33.54 1.7 6.8 11 800 1,11 8.0 109.4 3 7 86.68 39.50
11-l!ar 0.09 37.79 2.6 6.0 1 810 1.18 10.6 110.0 3 7 67.73 40.86
II-Mar 0.25 41.79 3.2 8.8 5 800 2.16 5.3 125.3 2 6 161.41 43,69
12-Mar 0,46 45.84 1.8 6.5 7 800 2.15



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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lEST NO ML 18

Sample Volume (I) 2650
Head grade ICu ppml : 130
Liquor flow (lJhour): 1800
Cathode diametre (mm: 54
Cathode length (II1II) : 850
Masking InlIIl 0
Anode diameter (mml : 20
Number ce lis 10
Amps - per ce II 7.5

- circuit 7.5
Current density IA/m: 52

Oate lime Elapsed ~vg cell ~mps Cu (ppm)Fe (ppm) Fe (ppm) pH Cu rec (gm) Current eff. wh/gm Cu
lime Volts total as Fe++ per iod Cumu I. period Cumu I. per iod Cumu I.

--------------------------------------------~--------------- --------------------------------------- ------------------------------------
12-Mar 0.54 0.00 3.5 7.5 130 1300 2.50
12-Mar 0.61 3.22 3.0 7.5 114 \340 2.41 42.4 42.4 15 15 18.22 18.22
12-Mar 0.75 5.05 3. I 7.5 112 1350 2.46 5.3 47.7 3 11 77.83 24.84
12-Mar 0.93 9.25 2.8 7.8 96 1330 2.39 42.4 gO. 1 II II 22.28 23.84
13-Mar 0.09 13.22 2.7 7.0 74 1340 235 2.31 58.3 148.4 17 13 13.80 19.77
13-Mar 0.27 17.52 2.9 8.0 64 1340 2.28 26.5 114.9 7 11 33.53 21.86
l3-Mar 0.59 19.00 2.9 8.0 60 1360 330 2.24 10.6 185.5 8 II 32.13 22.44
IHar 0.74 22.67 2.7 8.0 55 1350 330 2.09 13.3 198.8 4 10 61.99 25.08
13-Mar 0.91 26.75 2.8 8.2 50 1340 2.06 13.3 212.0 3 9 68.65 27.80
I4-Mar 0.08 30.73 2.5 7.0 37 1340 2.02 34.5 246.5 10 9 22.98 27.13
14-Mar 0.27 35.30 2.6 7.5 29 1340 1.98 21.2 267.7 5 8 39.04 28.07
l4-Mar 0.43 39.13 2.6 7.7 21 1360 1.98 21.2 288.9 6 8 35.59 28.62
I4-Mar 0.51 41. 00 2.7 7.5 18 1340 8.0 296.8 5 8 47.11 29.12



15-Mar 0.56 0.00 3.9 10.0 149 1670 5 2.62
15-Mar 0.59 0.70 3.5 10.0 139 1670 70 2.58 26.5 26.5 32 32 9.79 9.79
15-Mar 0.T5 4.55 3.5 lr, f1 117 1650 2.53 58.3 8U 13 16 23.15 18.97.1.1 ...

IS-Mar 1.00 10.42 3.5 10.0 92 1680 232 2.43 66.3 151. I 10 12 30.77 24.15
16-Mar 0.74 16. DO 3.0 9.7 63 1670 2.27 76.9 227.9 12 12 22.90 23.73
16-Mar 1. 00 22.05 3.0 10.0 38 1690 503 2.29 66.3 294,2 9 11 26.54 24.36
l7-Mar 0.25 28.12 2.8 10.0 21 1690 2.21 45. I 339.2 6 10 38.99 26.30
l7-Mar 0.41 32.03 2.8 10.0 14 1690 544 2.38 18.6 357.8 4 10 59.86 28.04

TEST NO Ml20

Samp Ie Volume (J) 2650
Head grade ICu ppml : 149
liquor flo~ II/houri: 1800
Cathode diametre (nn: 54
Cathode length (nn): 850
Maskin9 Inn) 0
Anode diameter Inn) : 20
Number cells 10
Amps - per cell 10

- circuit 10
Current density (A/m: 69

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Date Time Elapsed Avg call Amps Cu (ppm)fe (ppm) fe (ppm)
Time Volts total as fett

294125

pM Cu rae (gm) Current eff. Nh/gm Cu
period Cumul. period Cumul. period Cumul.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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TEST 00 ML 25 Poss power cut Om/19th

San'llle Vo lume III 2650
Head grade ICu pp~) : 135
Liquor flow II/hour): 2400
Cathode diametre (m: 54
Cathode length (nilli : 850
Masking (ftlill 0
Anode diameter InIII) : 20
Mumber cells 10
Amps - per ce11 10

- circuit 10
Current density IA/m: 69

Date Time Elapsed Avg cell Amps Cu (ppm)Fe (ppml Fe (ppm) pH Cu rec (gm) Current eff. wh/g~ Cu
Time Volts total as FeH per iod Cumu I. per iod Cumul. period CUnMJ I.

-------------------------------------------------------- ~--~-_.._._-------------------------------- ------------------------------------
18-Mar 0.49 0.00 3.8 10.0 135 1410 5 2.91
18-Mar 0.59 2.47 3.5 10.0 124 1410 109 2.87 29.2 29.2 10 10 30.97 30.97
18-Mar 0.16 8.42 3.4 10.0 103 1410 2.78 55.7 8U 12 11 2U8 28.65
19-Mar 0.03 12.95 3.2 10.0 68 1410 2.58 92.8 177.6 12 12 22.96 24.72
19-Mar 0.29 19.17 3.2 10.0 54 1410 1.46 37.1 214.7 5 9 53.03 29.62
19-Mar 0.50 21.32 3.0 10.0 31 1470 430 2.04 61.0 275.6 10 10 26.02 28.82
19-1!ar 0.76 30.42 3.1 10.0 15 1450 458 1.99 41.4 318.0 6 9 44.17 30.87
19-Mar 0.99 36.07 3.0 9.5 9 1480 m 1. 98 15.9 333.9 2 8 106.36 3U6
20-Mar 0.26 42.38 3.3 10.0 4 1430 480 1.98 13.3 341.2 2 7 145.72 38.71
20-Mar 0.45 47.00 3.3 10.0 2 1450 480 5.3 352.5 I 6 28U4 41.41



20-Mar 0.76 0.00 5.5 14.0 92 1030 31 2.36
20-Har 1. 00 5.63 5.3 16.0 68 1050 209 2.70 63.6 63.6 6 6 71.88 71.68
21-Har 0.25 11.73 5.0 17.0 35 1050 282 1.89 81.5 151. 1 7 7 59.50 64.83
2Hlar 0.51 17 .93 4.3 15.0 8 1030 335 1.79 71.6 222.8 6 7 64047 64.58
21-Har 0.67 21.73 4.3 15.5 3 1050 251 1.76 13.3 235.9 2 6 188.06 71.52
21-Mar 1. 00 29.55 4.1 14.0 3 1040 363 1.75
22-Mar 0.25 35.73 4.2 14.0 3 1010 311 1.73
22~ar 0.16 10.58 4.2 II. 0 3 1050 349

TEST NO ML 29

Sa~p Ie Volume III 2650
Head 9rade ICu pp~) : 92
liquor flow {l/hourl: 2400
Cathode dia~tre I~: 54
Cathode length (mI): 850
Masking (mil 0
Anode diameter (mml : 20
Number ce IIsiD
Amps - per ce II 15

- circuit 15
Current density (Aim: 104

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Date Ti~ Elapsed Avg cell
Time Volts

A~ps Cu Ipp~)Fe (ppml Fe (ppm)
total as FeH

pH Cu rec (gml Current eff.
per iod Cumu 1. per iod CUJIU 1.

29412,'

wh/gm Cu
per lOd Cumu 1.



22-Kar 0.19 0.00 5.\3 14.0 \19 1110 25 2.59
22-Har I. 00 5.11 5.24 18.0 72 1170 215 2.34 124.8 124.6 13 13 35.74 35.74
23-Har 0.25 11.25 4.2 15.0 54 1170 341 2.12 41.7 172.3 4 8 98.90 53.23
23-Har 0,59 19.42 4. I 15.8 g 1180 396 2.04 119.3 291.5 8 8 43.71 49.36
23-Har 0.75 23.20 3.9 15.0 4 1170 396 2.00 13.3 301.9 2 7 117.43 54.93
24-Har 0.01 29.37 4.0 14.5 I 1180 377 2.00 8.0 312.7 I 6 450.79 64.99
24-Har 0.25 35.22 4.0 14.5 2 1160 391 2.00
24-Har 0.46 40.22 4.0 15.5 413

TEST III Kl 33

Samp Ie Vo Jume (II 2650
Head grade (Cu ppm) : 119
liquor flow II/houri: 3400
Cathode diametre Imm: 54
Cathode length (mm): 950
Hasking (lml 0
Anode diameter (mm) : 20
Number cells 10
Amps - per cell 15

- cirCUIt 15
Current density (Aim: 104

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Date Time Elapsed Avg cell
Time Volts

Amps Cu (ppm)fe (ppml fe (ppm)
total as fet!

pH Cu rec Igml
per iod Cumu J.

Current eff.
per iod Cumu J.

')041 r) "','-v .. 0

wh/gm Cu
per iod Cumu J.



-----------------------------_._-_.---------------------------------------------------------------- ------------------------------------
28-Feb 0.40 0.00 7.6 10.0 94 730
18-Feb 0.51 2.67 6.8 10.0 83 730 2.67 29.1 29.2 19 Ig 32.93 32.93
28-Feb 0.59 4.62 6.4 10.0 77 710 1.66 15.9 45.1 14 17 40.46 35.60
18-Feb 0.67 6.50 5.9 10.0 71 710 2.38 13.3 58.3 12 15 43.80 37.46
28-Feb 0.74 8.33 5.9 10.0 67 130 1.41 13.3 71. 6 12 15 41.09 38.13
28-Feb 0.93 12.92 5.7 10.0 54 730 2.46 34,5 106.0 13 14 38.64 38.30
29-Feb 0.09 16.55 5.5 10.0 43 730 2.45 29.2 135.1 14 14 3U9 37.56
29-Feb 0.26 20.77 5.3 10.0 32 740 2.39 29.1 164,3 12 13 39.27 37.8T
19-Feb 0.41 24,50 5.3 10.0 24 730 1.35 21.2 185.5 10 13 46.84 38.89
29-Feb 0.51 26.73 5.1 10.0 18 740 2.29 15.9 201.4 11 13 36.66 38.72

pH Cu rec (gm) Curro eff. wh/gm Cu
period Cumul. period Cumul. period Cumul.

294129

Amps Cu (ppm) Felppml Felppm)
tota I as Fe++

NL 1

1650
83

3800
100
750

o
10
5

10
10.00
41.41

Time Elapsed Avg cell
Time Volts

Oate

TEST NO

4 INCH CELL TESTS

I
I
I
I Sample Volume (I)

Head grade ICu ppm)
Liquor flow II/hour)

I Cathode diaretre 11Iin) :
Cathode length (1Iin)
Mask ing (I'!I)

I Anode diareter (mm)
Number ce lis
Amps - per ce II

- circuitI Current density IA!m1):

I
I
I
I
I
I
I
I
I
I
I
I
I



03-Mar 0,44 0,00 5,3 10,0 150 1410
03-Mar 0.51 1.63 5,1 10.0 150 1410 0,0 0,0
03-Nar 0,59 3,75 4.9 10,0 175 1420 -61.6 -61.6
03-Mar 0,67 5.57 4.7 10,0 182 1410 -17,3 -78.9
03-Nar 0,76 7.68 4.5 10,0 187 1440 -12.3 -91.2

Off for inspection
03-Mar 0.78 7.68 4.5 10,0 187 1440 -91.2
03-Har 0.92 10.97 4,3 10.0 201 1460 -34.5 -125,7

Off for inspection
03-Nar 0.93 10.97 4.3 10.0 20 I 1460 -125.7
04-Nar 0,09 14,87 4,2 10.0 204 1440 -),4 -133,1
04-Mar 0.25 18.80 4.3 10,0 183 1450 51.8 -81.3 22 16,19
04-Nar 0,44 23.23 4,2 10.0 159 1410 59,2 -22,2 23 15,93
04-Mar 0.58 26.75 4.0 10,0 148 1440 27. 1 4.9 13 26.59

Time Elapsed Ivg cell
Time Volts

Date

I
I
I TEST NO

Sample Volume III
Head grade ICu ppm)

I liouor flow II/hour)
Cathode diametre Innl :
Cathode length (nn)

I Masking 1II1II)
Anode diameter Inn)
Number cells

I
Amps - per ce II

- circuit
Current density IA/m2):

I
I
I
I
I
I
I
I
I
I
I
I
I
I

NI 2

2465
150

3800
100
750

o
20
5

10
10: 2 banks in parallel
42

Amps Cu (ppml felppm) felppml
tota I as fe++

pH Cu rec Igm)
per iod Cumu 1.

Curr, eff.
period Cumo1.

284130

wh/gm Cu
per lOd Cumo 1.



I
I

294131

TEST NO

I ;~;~~-Vo lume (II
Head grade ICu ppm)

I
Liouor flow II/hour) :
Cathode diametre Imml :
Cathode length (nnl :
Hasking Imml

I Anode dialll!ter Innl
Number ce lis
Amps - per ce 11

I
-circuit :

Current density IA/m21:

HL 3

3500 Hain dump stream
165

3800
100
750

o
20
5

10
10.00
42.42

14 14 22.38 22,38
o 7 ERR 44.52

19 9 15.42 34.82

35.0
35,0
52.5

-24.5
7.0

-35.0
-35.0
-70,0

0.0
-35.0
-35.0
-42.0
-56,0
-35.0
-21.0
-7,0
35.0
0,0

17.5

2.40
2,31
2,49
2.47
2.43
2.40
2,35
2.10

495
525
551

Date Time Elapsed Avg cell Amps Cu (ppm) Felppm) Felppml pH Cu rec Igm) Curro eff. wh/gm CuI :~~ ~~~~~ ~~~~~__~~_~=~~ ~=~~~~ ~~mul, __~=~~~~ ~~~~~: ~=~~~~ ~~~~~:_
D4-Har 0.45 0.00 4.7 10.0 165 2370 25.0 2.61
OHar 0.52 1.57 4.5 10.0 172 2350
04-Har 0.59 3.37 4.4 10.0 170 2350
04-Har 0,68 5.50 4.3 10.0 180 2370
OHar 0.74 7.03 4.3 10.0 190 2390
OHar O,94 11.63 4.0 10.0 210 2360
OS-Mar 0,08 15.17 4.0 10.0 210 2370
05-Mar 0.28 20.00 4.0 10.0 220 2430
OS-Mar 0,43 23.40 4.0 10.0 230 2390
OS-Mar 0.65 28,6T 3.7 10.2 242 2460
05-Har 0,75 31.17 3.6 10.0 258 2460
05-Har 0.92 35,17 3,6 10.0 268 2500
06-Mar 0.08 39.20 3,5 10.0 274 2480
06-Mar 0,24 43.00 3,8 10.3 276 2480
06-Mar 0.42 47.17 3.7 10.0 266 2460
06-Mar 0,60 51.50 3,5 10.0 266 2520
06-Mar 0.66 53,05 3.5 9.9 261 2400

I
I
I
I
I
I
I
I
I
I
I
I
I



06-Mar 0.55 0.00 5.2 10.0 155 1430 2.48
D6-Mar 0.67 2.88 4.8 9.8 171 1460 2.48 -56.0 -56.0
06-HBr 0.75 4.72 4.9 10.0 179 1490 2,49 -28.0 -84.0
06-Mar 0.93 g.OO 4.6 11.0 185 1460 2.54 -21.0 -105.0
D7-Mar 0.11 13.40 U 9.0 198 1460 2.54 -45.5 -150.5
OHar 0.25 16.87 4.6 10.0 193 1460 2.45 17.5 -133.0
OHlar 0.42 20.87 4,5 10.6 182 1460 2.35 38.5 -94.5
OHar 0.59 24.98 4,5 11.0 164 1540 2.30 63.0 -31.5
07·Mar 0.75 28.77 4.0 10.0 162 1540 2.31 7.0 -24,5
07-Mar 0.91 32.60 4.1 10.2 150 1270 2.27 42.0 17.5

Time Elapsed Avg cell
Time Volts

Date

TEST 00

291132

Curr. eff. wh/gm Cu
period Cumu 1. per lad Cumu I.

w __.w_______________________________

-33 -12.77 -12.77
-30 -15.72 -13.75
-19 -50.76 -21.15
-19 -21.27 -21.19

9 -13 41.40 -29.43
16 -8 24.45 -51.38
24 -2 15.98 -186.\0
3 -1 121.45 -273.91

18 1 18.71 428.46

pH Cu rec (gml
period Cumul.

Amps Cu (ppm) felppm) fe(ppm)
tota I as fe++

Ml 7

35DD

4200
100
750

o
20
5

10
10.00
42.42

I
I
I Sample Volume (I)

Head grade (Cu ppm)
liquor flow (I/hourl

I Cathode diametre (mm) :
Cathode length (II1II)
Masking (II1II)

I Anode diameter 1II1II)
Number ce lis
Amps - per ce II

I
-circuit

Current density (A/m2):

I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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TEST NO ML 13

Samp Ie Volume (1) 3300 Liquor from 17 flushed
Head grade ICu ppm)
Liquor flow II/houri 43B0
Cathode diametre (1IIlI) : 100
Cathode length (am) 750
Mask ing (1IIlI) 0
Anode diameter (mm) 20
Number ce lis 5
Amps - per ce II 10

- circuit 10.00
Current density (A/m2): 42,42

Date Time Elapsed Avg ce II Amps Cu (ppm) Felppm) Felppm) pH Cu rec Igm) Curr, eff. wh/gm Cu
Time Volts total as Fell per iod Cumu 1. per iod Cumu1. period CUnIU 1.

----_..._-----_.--------------------------------------._--_._--------.----------------------------- ------------------------------------
09-1lar 0.75 0.00 4.0 10.0 232 1320 2.27
09-Mar 0.93 4.52 4.2 10.5 192 1310 2.20 132,0 132,0 48 48 7. 19 7. 19
10-Mar 0,09 8,27 3.9 9.2 162 1310 2.15 99.0 231.0 45 47 7.52 7.33
10-Mar 0,28 12.85 4.2 10.0 126 1300 2.08 118.8 349.8 46 47 7.44 7.37
10-Mar 0.42 16.10 4.2 10.0 108 1310 2.02 66.0 415.8 34 44 10.27 7.83
10-Mar 0.60 20.50 3,9 11.0 71 1620 2,10 115.5 531.3 42 44 8.10 7.89
10-Mar 0.77 24.60 3.8 10.8 49 1650 2.08 72.8 603.9 28 41 11.82 8.38
10-Mar 0.91 27.85 3,9 10.0 36 1630 2.06 42,9 646.8 22 39 15.05 8.80
II-Mar 0,09 32.28 3.7 9.4 18 1630 2.04 59.4 706.2 23 37 13.68 9.21
1I-Mar 0.26 36.30 4.2 11.0 11 1640 2.01 23.1 729.3 10 34 34.94 10.03
II-Mar 0.47 41.30 3.8 9.5 6 1650 2,01 16.5 745.8 5 30 62.28 11.19



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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TEST 00 ML 19

Salll,Dle Volume (I) 3400
Head grade ICu ppml
Liquor flow II/houri 4280
Cathode diametre Imml : 100
Cathode length (1m) T50
Masking (mm) 0
Anode diameter (mml 20
Number ce II s 5
Amps - per ce II 15

- circuit 15.00
Current density (A/m2I: 63.64

Oate Time Elapsed Avg ce 11 Amps Cu (ppm) Fe(ppml Fe(ppml pM Cu rec Igml Curro eft. wh/gm Cu
Time Volts tota I as Fell period Cumu I. period Cumu I. period Cumu I.

---~._-~ ..------------------------------------------------------------------.---------------------- ------------------------------------
12-Mar 0.59 0.00 8.2 15.0 126 1310 50.0 1.53
12-Mar 0.61 2.03 1.3 15.0 116 1330 2.51 0.0 0.0 0 0 ERR ERR
12-Mar 0.15 3.90 1.4 16.0 122 1320 2.49 13.6 13.6 8 4 18.08 164.81
12-Mar 0.93 8.11 6.9 16.0 110 1360 2.44 40.8 54.4 10 1 59.90 86.14
IHar 0.09 12.11 8.5 14.0 96 1350 242 2.31 41.6 102.0 14 9 41.82 85.46
IHar 0.21 16.35 6.6 15.8 84 1310 2.28 40.8 142.8 II 10 50.63 61.22
13-Mar 0.42 20.03 6.5 15.5 11 1370 290 2.20 44.2 181.0 13 10 42,58 56.82
IHar 0.59 23.95 6.0 15.2 56 1330 341 2.23 51.0 238.0 14 II 36.12 51.51
IHar 0.14 21.13 5.8 15.5 40 1390 317 2.10 54,4 292.4 16 12 31.44 48.59
13-Mar 0.91 31.11 U 15.5 28 2,05 40,8 333,2 II 12 44.21 48.05
IHar 0.08 35.78 5.6 15.5 15 1370 1.01 44.1 311.4 11 11 39.93 47.10
14-Mar 0.21 40.31 5.8 15.5 9 1380 438 1.96 20.4 391. 8 5 II 99.25 49.18
14-Har 0.43 44.17 5.9 16.2 1 1360 6.8 404.6 2 10 259.96 53.31
IHar 0.51 46.07 5.4 14,5 6 1310 461 3,4 408.0 2 10 243. 18 54.89



I
I
I TEST NO

Samp Ie Volume III
Head grade ICu ppm) :I Liquor flow II/hour) :
Cathode diametre Inlill :
Cathode length (ami

I Masking 1l1li\1
Anode diameter InIII)
Ilumber ce lis

I Amps - per ce 11 :
- Clrcult :

Current density IA/m21:

ML 24

2650
83

3800
100
750
o

20
5

15
15,00
63.64

.) 0 41 ') r:"'v v~

Date Time Elapsed Ivg cell AD1jls Cu (ppml FelpPilI Fe(ppm) pH Cu rec Igml Curr, eff, wh/gm Cu
Time Volts total as Fe+! per iod Cumul. per iod Cumu I. per iod Cumu I.

----------------------------------------------------------------------_..~_._---_._-_._------------ ----..-------------------------------
18-Har 0,51 0.00 8.7 15.0 125 1330 25.0 2,86
18-Mar 0.59 1.83 8,4 15,0 129 1360 67 2,89 -10,6 -10,6 -7 -7 -110.91 -110.91
18-Har 0,76 5,87 1.6 15.0 113 1380 2.83 42.4 31.8 12 6 57. 08 113,07
19-Mar 0,03 12,37 7.3 15,5 90 1380 2,73 61.0 92.8 10 8 60.58 78,58
Ig-Har 0,25 17.58 6.5 15.0 10 1390 2,52 53.0 145.8 11 9 51.79 68.83
19-Har 0,50 23,75 6.3 15.0 53 1420 317 2,21 45.1 190.8 8 9 65.70 68,10
19-Har 0,76 29, 92 6,0 15.0 35 1430 363 2,15 47.7 238.5 9 9 59,63 66.40
19-Har 0,99 35,42 6,0 15.0 23 1400 402 2,10 31.8 270.3 7 9 17,83 67,75
20-Har 0,25 41.75 6.0 15.0 9 1410 460 2.00 37. 1 307.4 7 8 76.82 68.84
20-Har 0,45 46,42 6,1 15,0 8 1410 450 2.7 310.1 1 8 799,06 75,na

I
I
I
I
I
I
I
I
I
I
I
I
I
I



12-Har 0.57 0.00 3.5 7.5 144 1490 17 2.24
12-Har 0.67 2.28 3.1 7.5 \36 1500 25 2.29 1.7 1.7 8 8 34.15 31.15
12-Mar 0.75 4.25 3.0 7.5 130 1520 28 2.29 1.3 2.9 7 8 36.29 35.07
12-Mar 0.93 8.67 2.9 7.5 106 1530 56 2.26 5.0 8.0 13 10 19.39 25.16
13-Mar O.Og 12.42 2,7 7.0 90 1520 110 2.22 3.1 11.3 10 10 22.66 21.42
13-Mar 0.17 16.67 2.7 7,5 76 1520 209 1.15 2.9 14.3 8 10 28.30 25.22
13-Har 0.42 20.33 2.6 7.0 64 1540 302 2.2 2.5 16.8 8 10 27.95 25.83
13-Har 0.59 24.33 2.7 8.0 65 1550 346 2.23 -0.2 16.6 -I 8 -378.57 30.75
13-Har 0.74 27.98 2.7 7.5 57 1530 392 2.12 1.7 \8.3 5 7 15.46 32.10
l3-J.Iar 0.91 32.08 2.7 8.5 49 1530 129 2.06 1.7 20.0 I 7 52.71 33.81
14-Har 0.08 36.12 2.5 7.0 39 160 2.02 2, I 22. I 6 7 38.70 31.30
I4-Mar 0.26 40.58 2.6 7.5 29 1530 489 1.95 2. I 24.2 5 7 38.55 31.67
14-Mar 0.43 44.48 2.6 7.3 21 1520 495 1.7 25.8 5 7 43.66 35.25
14-Mar 0.50 46.35 2.7 1.5 18 1520 525 0.6 26.5 4 6 57.91 35.79

Sample Volume (1)
Head grade ICu ppm)
Liquor flow II/hour)
Cathode diametre Inn) :
Cathode length Innl
Masking Inn)
Anode diameter Imml
Number ce lis
Amps - per ce II

- circuit
Current density (A!m2):

Date

TEST 00

wh/gm Cu
per iod Cumu 1.

234136

Curr. eff.
period Cumul.

pH Cu rec (gm)
per iad Cumu I.

Amps Cu (ppm) Fe(ppm) Felppml
total as FeH

210
144

1700
50

900
o

20
I

1.5
1.50

53.03

HL 17

Time Elapsed Avg cell
Time volts

I
I DRUM CIRCUIT

•
I

'.
I
I
I
I

•
I

•
I
I
I
I

••
I
I



15-Mar 0.61 0.00 3.4 7.5 138 1480 5 2.62
15-Mar 0.67 1.42 3.2 7.5 132 1500 25 2.58 1.3 1.3 10 10 27.83 27.63
IS-Mar 0.75 3.37 2.9 7.5 123 1490 56 2.55 1.9 3.2 11 11 23.60 25.29
15-Mar 1. DO 9.25 2.9 7.0 95 1490 161 2.46 5.9 9.0 12 11 21.04 22.52
16-Mar 0.26 15.65 2.8 7.8 68 1490 268 2.3 5.7 14.7 10 II 23.81 23.02
16-Mar 0.50 21.37 2.6 7.3 49 1490 286 4.0 18.7 8 10 29.11 24,32
16-Mar 0.75 27.27 2.6 7.0 39 1530 394 2.32 2. I 20.8 4 9 51.55 27.07
16-Mar 0.99 33.20 2.6 7.2 31 1530 441 2.27 1.7 22.5 3 8 64.57 29.87
II-Mar 0.25 39.40 2.4 7.3 22 1520 469 2.22 1.9 24.4 4 7 59.46 32.17
I7-Mar 0.41 43.30 2.2 6.0 16 1530 490 2.26 1.3 25.6 4 7 47.34 32.91

Time Elapsed lvg cell
Time Volts

Date

TEST NO

')n4
.. ;j 137

wh/9M Cu
period Cumul.

Curr. elf.
period Cumul.

pH Cu rec Igm)
period Cumul.

Amps Cu (ppml Fe(ppm) Fe(ppml
tota1 as Fe+!

ML 21

210
138

ITOO
54

850
o

20
1

1.5
7.50

51.99

I
I
I Samp Ie Vo lume (I)

Head grede ICu ppm)

I
Liquor flow (I/hourl
Cathode diametre (Dill) :
Cathode length (Dill)
Masking (Dill)

I Anode diameter (1Ml)
Number ce 11 s
Amps - per ce 11

I -circuit
Current density (l/m21:

I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

294138

TEST NO Ml 26

Sample Volume (II 187
Head 9rada ICu ppml
liquor flow II/houri 800
Cathode diametre Iml : 50
Cathode len9th (m) 900
Maskin9 (nJI1! 0
Anode diameter (mm) 20
Number ce lis I
Amps - per ceII 10

- circuit 10.00
Current density IA/m21: 70.71

Oate Time Elapsed AV9 cell Amps Cu Ippml Felppml Felppml pH Cu rec (9~) Curr. eff. wh/9m Cu
Time Volts total as Fe++ per jod CU~ul. per iod CUnlll. period Cumul.

------------------------~----------------------------- --------------------------------------------- ------------------------------------
18-Mar 0.49 0.00 U 10.0 130 1340 42 2.92
18-Mar 0.59 2.50 4.0 10.0 124 1380 81 2.87 1.1 1.1 4 4 93. 75 93.75
18-Mar 0.16 6.42 3.8 10.0 111 1310 170 2.77 1.3 2.4 3 3 116.90 106.22
19-Mar 0.03 12.95 3.3 10.0 95 1370 296 2.56 4.1 6.5 5 4 56.46 74.95
19-Mar 0.25 18.22 3.2 10.0 16 1360 367 2,45 3.5 10.1 6 5 48.26 85.56
19-Mar 0.50 24,35 3.2 10.0 43 1420 430 2.03 6.2 16.2 9 6 31.66 52.78
19~ar 0.76 30.53 3.2 9.8 41 1420 461 2 0.4 18.6 1 5 524.70 63.38
19~ar 0.99 36.05 3.1 9.5 20 1420 463 1.99 3.9 20.5 6 5 42.78 59.45
20-Mar 0.26 42.42 3.2 10.0 13 1430 491 2 1.3 21.6 2 4 149.65 64.85
20~ar 0.45 47.00 3.1 10.0 7 1390 500 1.1 23.0 2 4 128.91 67.97



20-Mar 0.78 0.00 5.3 10.0 88 930 20
20-Mar I. 00 5.17 3.9 10.0 67 950 109 3.7 3.7 6 6 64.67 64.67
2Har 0.25 11.27 4.0 10.0 61 930 221 1.1 4.7 1 4 229.48 101.29
21-Mar 0.51 17.42 3.3 10.0 44 940 265 3.0 7.7 4 4 75.45 91.31
21-Mar 0.75 23.27 3.6 10.0 27 950 304 2 3.0 10.7 4 4 67.84 84.17
21-Mar I.00 29.08 2.9 8.5 12 950 307 1.96 2.6 13.3 4 4 66.61 81. 19
22-Mar 0.25 35.23 3.3 8.0 6 940 307 1.9 1.1 14.4 1 4 149.80 86.21
22-Mar 0.45 40.10 3.6 12.0 9 950 304 -0.5 13.8 -1 3 -319.81 101.63

Time Elapsed AV9 cell
Time Volts

Date

I
I
I TEST 00

SampIe Volume (1)
Head grade (Cu ppm)I Liquor flow (l/hourl
Cathode diametre (mm) :
Cathode length Imm)

I Masking (mm)
Anode diameter (niIIl
Number ce 11s

I Amps - per ce 11
- circuit

Current density IA/m21:

I
I
I
I
I
I
I
I
I
I
I
I
I
I

ML 28

ITS
88

800
50

900
o

20
1

10
7.50

TD.TI

Amps Cu (ppm) Fe(ppml Fe(ppm)
tota1 as Fe++

pH Cu rec 19m)
per iod Cumu I.

294139

Curro eff. wh/gm Cu
period Cumul. period Cumul.



I
I FLUSH TESTS

291140

III Drum Circuit

TESHIl HL 9

I ~~~I~-volume (I) 210 Fresh creek liquor
Head 9rade (Cu ppm)
Liquor flow (I/hour): 3130

I Cathode diametre Iml : 54
Cathode len9th (m): 750
Hasking (nilli 0

I Anode diameter (II1II) 20
Number ce lis I
Amps - per ce 11 0

I
-circuit : 0.00

Current density IA/m2); 0.00

Date Time Elapsed Avg cell Amps Cu (ppm) Fe(ppml Fe(ppm) pH liquor number Cu rec (gm) Cu diss

III ---------------------------:~~----~~::~----------------------~~~~:--~~-~:~~------------~~:~::----~::~---~:~~~~---~~::------~~~----------
07-Mar 0.48 0.00 138 1760 210.0 I

I 07-Har 0.58 2.50 266 1410 2.58 210.0 I -26.9 -26.9 10.8
07-Har 0.72 5.73 324 1440 2.6 210.0 I -12.2 -39.1 3.8
07-Mar 0.85 8.98 376 1420 2.63 210.0 I -10.9 -50.0 3.4

III
TEST NC

I ~;;~-volume III
Head 9rade (Cu ppm)

I
Liquor flow (I/hourl :
Cathode dlametre (~~,j :
Cathode len9th (mml :
Haskin9 (mm) :

I Anode diameter (mm) :
Number ce lis :
Amps - per cell :

I -circuit :
Current density (A/m2):

HL 14

210 Fresh creek liquor

3130
54

750
o

20
1
o

0.00
0.00

PUHP OFF IN ERROR
LIQUOR LEFT IN ERROR

2.69 210.0
2.70 210,0

376 1760
378 1410
372
380

0.47 0.00
0.60 3.30
0.77 7.37
0.92 10.98

10-Mar
lO-Har
10-Mar
10-Mar

I :::: :::: :~:~!;;_::~~~~~; ::::_:~_~:::: __::~~~~! __;;~~~~~ :: ~~~~!~ :~~~~ ~~~~~~_~~~~~:: __:~_:~~~ _
III

I
I
I
I



lime Elapsed AV9 cell
Time Volts

<)('4
,-;J 141

I.82
0.51
0.60

Cu diss
/hr

-3,2
-4,8
-5.5

-3.2
-1.1
-u

210,0
210.0
210.0
210.0

pH liquor number Cu rec (gml
vO I(I) ce1Is per iod CUDW1.

2.38
2.31
2.31

490
503
489
483

1530
1540
1520
1520

16
31
39
42

Amps Cu (ppml fe(ppm) fe(ppm)
tota I as felt

210

1800
54

150
o

20
1
o

0.00
0.00

0,00
1.95
4.90
5.95

HL 13

0.50
0.59
0.11
0,15

Date

IHlar
IT-Ifar
IT-Har
IT-Mar

TEST NO

I
I
I Sample Volume (I)

Head grade (Cu ppm)

I
Liquor flow II/hour)
Cathode diametre (m) :
Cathode length (II1II1
Hasking (JmI!

I Anode diameter (JmII
Number ce 11s
Amps - per ce 11

I -circuit
Current density (A/m2):

I
I
I
I
I
I
I
I
I
I
I
I
I
I



lESl 110

1 Inch Circuit

I
I
I
I Sample Volume III

Head grade ICu ppm)

III
liquor flow II/houri :
Cathode diametre (I!IIII :
Cathode length (I!IIII :
Masking II!III)

III
Anode diameter InIIIl
Number ce lis
Amps - per ce 11

III
-circuit :

Current density (A/m11:

Ml 8 (post 161

1650 fresh creek liquor

1400
54

850
o

10
10
o

0.00
0.00

234142

Ml 1If

1650 fresh creek liquor

1800 (variedl
54

850
o

10
10
o

0.00
0.00

07-Mar 0.75 0.00 150 1750 1.54 1650.0 10
07-Mar 0.76 0.17 142 1610 1.61 1650.0 10 -143.8 -143.8 1481.8 146.3
07-Mar 0.93 4.15 166 1610 1.63 1650.0 10 -63.6 -307.4 15.6 1.6
08-Mar 0.11 8.58 300 1610 1.65 1650,0 10 -90.1 -397.5 10.8 1.1
08-Mar 0.16 11.13 310 1600 1.65 1650.0 10 -53.0 -450.5 14.9 J.5
08-Mar 0.41 15.83 340 1600 1.61 1650.0 10 -53.0 -503.5 14.3 1.4

Date lime Elapsed Avg cell Amps Cu (ppm) fe(ppm) fe(ppml pH liquor number Cu ree (gm) Cu diss Cu diss

I ---------------------------::~----~~::~----------------------:~:~:--~~-~~~~------------~~:~::----:~::~---~~~:~~---:~~~:~------~~~-~:~::~~~-

I
III

I
11ESI NO

Sample Volume (I)
Head grade (Cu ppmlIII liquor flow (I/hour)
Cathode diametre 1II1II) :
Cathode length Imml

III Masking [mm)
Anode diameter II!III)
Number ce lis

III
Amps - per cell :

- Circuit :
Current density IA/m11:

lime Elapsed AV9 cell
lime Volts

Cu diss Cu diss
/hr /cell/hr

1.13 1650.0
5 1.51 1650.0

64 1650.0

I
III

I
I
III

Date

II-Mar
l1-Mar
II-Mar

0.64
0.73
0.89

0.00
1.17
5.90

Amps Cu (ppml fe(ppml fe[ppml
tota1 as feH

144 1510
111 1470
194 1460

pH liquor number Cu rec Igml
vallI) cells perjod Cumul.

10
10 -180.1 -180.1 83.1
10 -117.3 -397.5 58.1

8.3
5.8



Time Elapsed Avg ce II
Time Volts

Time Elapsed Avg cell
Time Volts

Sample Volume (I)
Head grade (Cu ppm)
liquor flow (I/hour)
Cathode diametre (mm) :
Cathode length (mm)
Mask ing Imml
Anode diameter 1m)
Number ce lis
Amps - per ce II

- circuit
Current density lA/m21:

35.7
7.6

12.4
T.2

62. I
36.0

294143

178.4
38.0

Cu diss Cu dlSS
/hr /cell/hr

Cu diss Cu diss
/hr /cell/hr

5
5 -117.0 -217.0
5 -161.0 -378.0

5
5 -14).0 -147.0
5 -84.0 -231.0

3500.0
3500.0
3500.0

3500.0
3500.0
3500.0

pH liquor number Cu rec (gml
vol(1) cells period CulnUl.

pH liquor number Cu rec (gm)
volll) cells period Cumul.

2.13
2.16

2.26
2.24
2.15

390

1520
1480
1480

1310
1290
1300

144
206
252

154
196
220

Amps Cu Ippml Fe{ppml Felppml
tota I as Fef!

Amps Cu (ppml Fe(ppml Fe{ppml
total as Fef!

3500 Fresh creek 1iQuor

4000 plus
100
750
o

20
5
o

0.00
0.00

0.00
1.22
5.45

3500 liquor from test 7

4000 plus
100
750

o
20
5
o

0.00
0.00

0.00
2,37
4. TO

Ml 12

Ml 13F

0.68
0.73
0.91

0.49
0.59
0.69

Date

Date

IHlar
ll-Jlar
II-Mar

09-Mar
09-Mar
09-Mar

4 Inch Circuit

TEST til

TEST til

I
I
I
I Sample Volume (I)

Head grade (Cu ppm)
llQuor flow (I/hourl

I Cathode diametre Iml :
Cathode length Innl
Masking Iml

I Anode diameter (1In1
Number ce lis
Amps - per ce II

- ClrcuitI Current density IA/m21:

I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

APPEt-()IX 4

Waste Liquor Measurements 1991
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I
1") ') 4

I ... ;:, 14-
WATER QUALITY MEASUREMENTS 1991

,)

I LOCATION DATE Cu Fe Flow pH 504 Al
ppm ppm I/sec ppm ppm

I 05 IT-Jan 150 1450 20 2.5 10980 0
05 03-May 65 644 45 2.7 1667 283
05 03-Jun T3.2 359 0 2.7 2340 173

I 05 24-Jun 0 0 125 0 0 0
05 Ol-Jul 116.8 679 150 2.6 4309 275
05 30-Jul 170.5 lOOT 120 2.5 5845 283

I
05 26-Au9 137.5 620 50 2.5 5110 345
05 23-Sep 186.6 940 50 2.6 6707 562
05 IHJct 55.2 520 80 2.7 4322 331
05 19-Nov 34 85 500 3 1108 99

I 05 09-0ec 126.3 870 10 2.5 8094 99
06 IHan 25 570 2 2.7 4780 0
06 03-May 25. I 538 2 3 1409 231

I 06 03-Jun 79. I 614 0 2.8 4085 247
06 24-Jun 0 0 2 0 0 0
06 01-Ju I 63.9 805 4 2.8 4725 292

I
06 30-Ju I 47.8 488 4 2.7 2916 125
06 26-Au9 25.7 499 1.5 2.9 3871 214
06 23-Sep 18. I 485 3.5 2.9 2965 191
06 l7-Qct 23.8 550 4 3 4549 245

I 06 19-Nov 35.8 427 4 2.9 3288 189
06 09-Dec 34.9 459 3 2.8 3263 189
07 03-May 65 419 50 2.9 1020 59.4

I 07 03-Jun 108.3 327 0 2.7 1661 58
07 24-Jun 0 0 45 0 0 0
07 01-Jul 141.8 461 120 2.5 1925 69.2

I
07 30-Ju) 128.7 402 150 2.8 1873 47.2
07 26-Au9 t23.6 365 40 2,6 1649 59.6
07 23-Sep 64.9 353 35 2.7 1637 71
07 l7-Qct 64.2 334 50 2.7 1780 71

I 07 19-Nov 65.5 290 75 2.7 1708 73
07 09-0ec 129.3 358 45 2.7 1692 73
08a 03-Hay 65 252 65 3 2226 252

I
08a 03-Jun 150.3 209 0 3 2955 140
08a 24-Jun 0 0 8 0 0 0
08a 01-Jul 532 607 70 2.7 7414 386
08a 30-Ju I 320 745 50 2.6 6783 215

I 08a 26-Au9 405 476 60 2.9 6685 325
OBa 23-Sep 274 384 80 2.9 4300 238
08a l7-oct 298 355 75 2.8 5815 263

I 08a 19-Nov 261 244 60 2.9 3925 197
08a 09-0ec 290 30S 80 2.8 5290 197
09a OHay 93.5 308 100 3 1536 182

I
09a 03-Jun 70 HI 0 2.8 3266 195
09a 24-Jun 0 0 300 0 0 0
09a 01-Ju I 85.5 505 300 2.6 3538 196
09a 30-Jul 0 0 300 0 0 0

I 09a 26-Au9 75.3 447 170 2.7 3680 209
09a 23-Sep 337.9 510 180 2.8 3878 263
09a l7-Qct 89.6 372 350 2.8 3915 221

I 09a 19-Nov 25 1956 600 3 1121 93
09a 09-Dec 89.4 336 160 2.8 3879 307

I
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1. 0 EXECUTI \IE Sl.M'1ARY

1.1 Backg~ound to the Study
Eu~alba Mining Ltd have developed an elect~owinning technology

(the EMEW cell) which is capable oT plating metals at a b~oad ~ange of
concent~ations f~om aqueous solutions at high cu~~ent densi ties and
efficiencies. This technology is compact and ~elatively low in capital
cost. An application to which it is well suited is the ext~action of
metals f~om waste sb'eams, whe~e the concent~ation of the ta~get metal
is often ve~y low .'elati ve to that ,"equi,'ed fo,' conventional
elect~owinning plant.

This technology has been pilot tested extensively aC~05S

Aust~alia, including two campaigns at the I"lt Lyel I 11ining and Rai 1way
Company mine at Queenstown in Tasmania. The tests were carried Olit on
acid mina d~ainage f~om the "aste ot-e dump" fo~med du,-ing open pit
mining ope~ations betV<een 1932 and 1970. Bacte~ial activity is now at
levels such that the coppe'- sulphide mlna,-als in the ciunps a~e being
slowly b~oken down. The d~ainage T~om the dMnps ca~~ies suTficient
coppe,- in solution to justify investigation of methods fo~ its ~ecove~y

by a oomme~cial ventu~e. The envi~onmental impact of this coppe~ in
solution p,-ovides addBd incentive fot- the exb-action of the coppe,-.

Eu~alba Mining commissioned Aust~al Ian Geoscientists to
p,-oduce a p,'efeaslbi I I ty stUdy In 1992. This was based upon pi lot scale
site t~ials aT di~ect elect~owinning f~om a combination oT waste d.Mnp
d,-ainage and su~face ~unoff. The t~ials WB~e successful, b.1t the size
oT plant ,-equi~ed (the rL\mbe~ of EMEW cells) was la~ge~ than anticipated
due to the ve~y high i~on levels in the d~ainage sb-eam, and was
sensitive to powe~ cost. A conceptual design and cost estimate fo~ a
solvent ext~action (SX) p,-ocess was included in the sbudy. This
demonstrated some cost savings over the direct electrowin option when
SX is used in conjunction with the EI"EW cell, and a mo~e manageable
ope~ation. In effect the impact of the high i~on content on cu~~ent

efhciency was el iminated, and the size of the EI1EW plant was ~educed.

In Novembe~ and Decembe~ oT 1993 a pilot scale SX plant was
,-un on a va,'iety of d~ainage st~eams at the Mt Lyell site, with coppe~

f~om the upg~aded solution ~ecDve~ed by EMEW cells. Sufficient data was
collected to enable both the design and cost estimation of a full scale
p~ocess plant, and the comme,'cial analysis of a Tull scale ope~ation.

In conjunction with this t~ial, info~mation on the st~eams available fo,­
p~ocessing was gathe~ed, and a mo~e deTinitive assessment of the
available ~esource was ul1dB~taken. At the tin-., of w,-iting this ~epo~t,

the main issue which had not been dete~mined was the Tutut-e oT the Mt
Lyell site. The futu~e could b,-ing eithe,- a change of owne..- and some
form of ongOing operation, a care and maintenance phase with several
possible farmats, or total cessation of opet-ations and site remediation.
This study assumes that the majo~ inf~ast~uctu~e elements such as powe~

supply and access to the site will be available to the SX/EI"EW
p~oject, and othe~wise that the plant site will be below the conveyo~

bunnel elevation on flat gnJund.
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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 copper), and is
currently undergoing a staged trial at the Young Pusb-alian 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 operation for the SX/EMEW process at Mt Lyell used conventional
open SX settlers in a single stage each o·F extraction and stripping.
The continuous capacity of the plant ranged between 2500 and 3600 litres
per hour of copper bearing solution, upgrading the feed from typically
150ppm (parts per million) copper and 2500ppm iron to an electrowin feed
sol".tion of concentration 20000ppm (20 gil) copper and 5500ppm iron.
The recovery of copper from the waste streams, with only one stage of
extraction, varied between 60 and 88%, with the plant ope."ating
continuously for 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 80 to 90% range.

In technical tel-ms the plant operated very well, particularly
when account is taken of the metal concentrations in the feed solution.
The plant achieved design performance with far higher iron to copper
r-atios than any operation in ex istence, and wi til coppe..... terors at the
very lowest limit of current world practice. A further technical
challenge which was overcome was the volume of crud (amorphous gels)
which formed in the SX process, initialiy causing exceptionally high
losses of the organic phase which carries the copper selective
exb'actant. The plant was successfully modified on site to allow
operations to conti~,e at acceptable performance levels. Well tried
techniques are available for the removal and processing of crud from
either phase, and these have been used in the full scale plant design.

')9.. 4153

The technical approach proposed fo." the full scale plant is
sound and has been based upon significantly more testing at both
laboratory and pilot scale than is customary. The quality of copper
produced has been determined from the pilot progr~n, and is of a purity
which is superior to most electrowon copper. The resource assumptions
are considered to be conservative, based on reliable data from the
sb-e~s which have been monitored. No attempt has been made to
t-ational iss str-sam collection acyoss the si te Ol~ to enhance the
leaching processes which have been occurdng naturally over the last
60 years - both of WhICh would considerably increase the resource base.
The copper tenor and flowrate selected for corrrnercial analysis of the
project have been conse."vatively selected.
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1.3 ComlT"wcial Highl ights
The attached table provides

analyses detailed in section 10. of this
a SL.lfMlar-y

repo,"t.
of the financial



SENSITIVITIES - A$ >; 1000
COPPER PRICE 0.75 0.85 0.95 US cents/pcx.md Cu
NPV - REVEN...£ 2510 3242 3973
NPV - CFBIT 1381 2113 2844
NPV - DEBT FINPNCED 1487 1980 2471

CAPITAL aJST -201. base +20%
NPV - REVENUE 3242 3242 3242
NPV - L"'FBIT 2321 2113 1904
NPV - DE8T FINANCED 1996 1980 1962

OPERATlN.5 CUST -20% base +201.
NPV - REVE/ll.JE 3837 3242 2646
NPV - CFBlT 2708 2113 1517
NPV - !:EBT FINANCED 2379 1980 1579

PROlLCTION 0.070 0.120 0.170 0.220 gil i tre Cu
NPV - REVEN...£ 1056 3242 5427 7613
NPV - CFBlT -73 2113 4298 6484
NPV - DEBT FINANCED 388 19BO 3445 4'-109

DISCCU\IT RATE 9% 12"1. 15%
NPV - REVENUE 3693 3242 2871
NPV - CFBIT 2551 2113 1753
NPV - DEBT FINANCED 2239 1980 1765

Sl...tf'IARY - BASE CASE

FINANCIAL ANALYSIS

2.6B A$/KG
0.85 US$/LB
0.7 US$/A$
364

24
10 I.
12 %
10 YEARS

3241679
2112660 A$ REVEN...£ - CAPITAL
1980367 A$ AFTER DEBT SERVICE

!'NO TAX

ASSUMPT IO\IS
COPPER PRICE
EXG'AI\GE RATE
DAYS/YEAR
HRS/DAY
INTEREST RATE
DISffiJ\JT RATE
TERM
NPV ON REVEN...£
NPV ON CFBlT
NPV

EURALBA MINING LTD
MT LYELL SX/EW COPPER PROJECT
FEASIBILITY STUDY MAY, 1994

BASE COND ITIDi'B
FLOiJ COPPER TENOR O. 120 gil
RECOVERY 80 0;'

CAPITAL COST A$ 1041889
PREPROlLCT ION COST 100000
BASE CASE~ PROlLCT ION
FLDWRATE M3/HR 500
COPPER gil 0.12
RECOVERY 10 80
COPPER TONNES 419.3
OPt:RATl~E COST FACTOR 1
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2.0 INTROD...CTIOIl
2. 1 Gena,-a 1 Background
This study has been commissioned by Euralba Mining Ltd to

examine the viability of producing copper metal from acid mina drainage
effluents at the Mt Lyell Mining and Railway Company site in Queenstown,
Tasmania. The Mt Lyell mining field has been p,-od.,cing copper metal or
mineral from a range of o,-ebodies over the last 100 years. The current
owner, 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 operation 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 inte,-est in extracting copper from the waste streams, possibly
in part because this will contribute to the remediation of the site and
significantly ,-educe the impact of the long te,-m contamination of the
Gk.Jeen and King Rivers and ~Iacqu.arie Harbour by the copper content of the
acid mina drainage.

2.3 Objectives of the Study
The pdmary 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 (SX and EWl
operation located at Mt Lyell in Tasmania. This operation proposes to
process a va,-iety 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 comnercially 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. TI18 financial viabi I i ty of the p,-oject is establ ished
within the context of the stated assumptions regarding the long term
fate of the site and the associated tenure and infrastructure issues.
The project is dependent on the data supplied by the current owner
rega,-ding the stream flows and their metal content. and the more
comprehensive and specific data collected by Euralba during the two
trial P"og,-ams at the mi ne si te, fa,- estimation of the long term
r-8sou.....ce of coppe..... in solution avai labIe to tt18 pyoject.
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2.2 Corporate Details
The corporate background of Euralba Mining Limited is

under separate covet~ in the form of an annJ.al .....eport, a
presentation document, a recent quarterly report and several
cal~ .... ied cut by stockbr-okel~s.

provided
company

analyses
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2.4 Study Organisation
The study is st,-uctured in the form of a conventional

feasibility study, with the background to the project, resource
definition and technical design issues preceding the presentation of
operating 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 is undertaken with the illustration of sensitivity of the
project to coppe,- p,-ice, exchange ,-ate, copper levels in process feed
and extraction levels achieved by the process.

2.5 Project History
The Mt Lyell Mining & Railway Company have been seeking to

p,-ocess their effluents for many years in such a way that the cost of
treatment is offset by revenue from 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 gnJlmd
at the Mt Lyell =pper 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 commercial
impracticability of nullifying the effects of past mining and
management practices in the context of Cll'Tent day standards.

The Euralba Mining Ltd technology for electn:."inning base
metals f,-om solutions carrying very low concentrations of the target
metal was developed 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 coppe,- being electrowon di,-ectly from the va,-ious
e'Ffluent streams. This trial was successful, but indicated that the
purification and concent,'ation of the eH'luent streams would reduce the
capital and operating costs and improve the flexibility of the plant.
The i,"on levels in solution ,-educed the ove,-all power efficiency of the
direct electrowinning process, and the addition of a solvent extraction
p'-OCBSS '"IC'-tld reduce this effect and the size of plant requi,-ed.

I
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A pi lot plant_
in late 1993 at the mine
full scale plant.

trial of the combined SX and EW was undertaken
site, and provided the deSIgn paramete,-s for a
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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 gathe,-ed at that time on
stream flows, copper concentratIons and infrastructure issues. The
study also both dIrectly and indirectly draws upon data gathered over
the entire duration of Euralba Mining Ltd's involvement with the Mt
Lyel I site, and the large database of pe/'-fo/"mance data accumulated
~lring the process and engineering development phase of the EMEW cell.
The capital cost estimates for the full scale plant have been assembled
by obtaining quotations from suppliers, these quotations based upon
oosigns and "pecifications supplied by Euralba Mining Ltd fo," 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 pt~ovidlng aCCE3e;s to materlals, services and data.

2.7 Technology Background
Sol vent extraction (SX) and Electrowinning (EW) are now

thoroughly establ ished and cOlMl8ITIaily viable technologies, but re-nain
unfamiliar to many people even in the main stream of the mining
i nduslt-y.

SX is used to separate a relatively low concentration of a
specific metal cation from a solution containing a wide range of ionic
species (such as occurs with the leaching of metal I iferrous ores), and
fo,-m a ,-elatively pure solution at high concent,-ation 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 aqueous 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)
aquBDLls phase, and under these conditions the copper exhanges, or is
stripped, into the aqueous phase. The volume of the low pH strip
solutlon i" much lower than the solution fnJin which the cation was
originally extracted, enabling the increased concentration. The ability
to move the organic from one aqueous environment to anothe,", from the
extraction to the stripping stages, is -Facilitated by the natural
separa t i on of the 0 i 1y o'-gan i c froll the aqueous phase in the settle,"
compa~-tment o-f the Ilmi XBt"" settler'"". The organic phase is composed of
the extractant dissolved in kerosene.



I
I
I
I
I
I

294158

Once the coppe~ has been selectlvely t~ansfer~ed to a low pH
aqueous solution (elect~olyte), the EW p~ocess is used to conve~t the
ionic coppe,' to metal I ic coppe~ by adding electrons. This is done by
pumping elect~ons th~ough the solution, which causes the coppe~ to plate
onto the stainless steel su~face supplying the elect~ons. To p~ese~ve

the elect~ochemical balance wate~ b~eaks down so that hyd"ogen ~eplaces

the coppe~ ~emoved from the solution and the excess oxygen is ~eleased

as a gas. The EI"E.W cell is designed to pe,'fo~m thls task at ve~y high
effici8ncies, and is not as vulne~able to impurities and trace organIc
phase in the elect~olyte as the conventional EW p,-ocesses.

I
I
I

been demonstrated at comme~cial

high put"i ty metal p~odJct at low
conventional technology. Assay

du,-ing tile pilot p~og~am at Mt

Tile EI"EW p~ocess has now
5cale. pl'-ocLcing a ,-eadi ly hat-VEsted,
capital and ope~ating cost ~elative to
data obtained fo~ the coppe,- p,-oduced
Lyell is attached in appendix 6.

I
I
I
I
I
I
I
I
I
I
I
•

The
signiflcantly
copper-, and is

qual i ty of the coppe~ p~oduced Hl the EI"EW cell is
highe,- than that p,-oduced by conventionally electt-owon
thus ~eadily ma~ketabJe.

7
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3.0 PROJECT ENVIRONMENT

3.1 Location and Access
The Mt Lyell low teno~ coppe~ SX/EW p~oject is based on the Mt

Lyell Mining and Railway Co site at Queenstown on the west coast of
Tasmania. Queenstown is accessed f~om the no~th by the Zeehan and
Mu~chison highways which link the town to the ~egional cent~e of
Wynya~d/a,~nie, and f~om the south by the Lyell highway which links to
the state capital of Hoba~t. The ~ai I 1 ink (Emu Bay Rai lway) is fo~

-f,-eighting of Mt Lyell concent~ates, and ~uns f~om a siding at Melba
Hats (40 kilomett'es nor-th on the Zeehan highway) to Bul'-nie. An
ai~st~ip at Queenstown is used by a ~egula~ light ai~c~aft se~vice f~an

Hoba~t and the no~the~n cities.

The p~oposed solution t~anspo~t system and p~ocess plant will
be located downslope to the west of the waste dumps and close to the
altfall f~om the conveyo~ tunnel. The plant site is subject to change
depending on the status of the si te when the p"-oject cormences. The
location will not, within limits, have an impact on the p~oject

pe~fo'-mance. The~e wi 11 be cost advantages in locating the plant as
close as possi ble to the existing powe~ inf~ast~uctu~e, and minimising
the pumping ~equi,'ements fo~ aquisi tion of feed solutions. The~e a~e a
~~be~ of suitable sites at lowe~ elevations than the sou~ces of the
various stt-eams of inte .....est.

3.2 Topog~aphy

The topog,-aphy of the a~ea of inte~est is shown on figu~e 1.
It is ve,-y steep and ~ugged, with ~oads and d~ainage ways confined
eithe~ to the topog~aphic featu~es o~, whe,-e this has hinde~ed the
effective movement of men and mate~ials in the past, to ~ailway tunnels
dt"iven th~cugh the mountains. The bulk of the extensive tunnel systems
d,'"e I'lCJI..o.I urused, with some used as dl~ainage ways. The tDpogt~aphy also
justified the use of aerial ~opeways in past yea~s, whe~eas clw~ently

o~e is moved by a sophisticated ove,-Iand conveyo~ system and by t~uck.

The topog~aphy can be used to advantage in this p~oject,

enabl ing the pipel ine t~anspo~t of solutions to and f~om the PI"OCesS

plant. The location of the waste dumps along the weste~n and southe~n

side of the open pi t confines any d~ainage to ei the," the valleys on
the west which conve~ge to haulage c~eek o~ to the open pit which
d~ains into the undet-g~o..lnd. rlinimisation of the di lution effect of
su~face nlnoff can be achieved by development of the d~ainage systems
a .....OlJnd the critical dJmp catchment area and pl~ovision of contairrrent
st~uctw-es in the gull ies at the toes of the shaft and haulage dumps.
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3.3 Geotechnical Featu~es

Geotechnical facto~s do not beat' significantly on the design
of the p~oject. The waste dumps a~e stable on thei~ weste~n batte~ed

exposu~e. The effects of block caving, with the pit walls now visibly
failing and spalling into the open cut, may b~eak back into the waste
dumps but should not significantly effect leaching (and would ~emain

inside the leaching zone). At the pOlnt whe~e the dumps adjoin the top
edge of the open pit the depth of waste is at its lowest and some
exposure may assist air ingress.

A total mine clo5U~e may c~eate a need fo~ occasional
maintenance of cuttings and dump slopes, la~gely due to the high
~ainfall. The plant foundation ~equi~ements a~e not one~ous

gsotechnically. The.-e a~e many sou~ces fo~ the quantities of fill which
will be ~equi~ed fo~ pond walls and foundation pads fo~ the
mixe~/settle~s.

3.4 Hyd,'ology & Meteo~ology

The Mt Lyell site by Austt'al ian standa~ds is wet and cold.
The weathe.- patte~n lS dominated p.-imad ly by the southe~n ocean
weste~1 ies, with less f,-equant fine weathe,- when high p~essu~e zones
fo~m in the east of the state. The ~ainfall and tempe~atu~e data fo~

the a~ea is shown in appendix I. The tempe~atu~es affect the
pe~fo~mance of the solvent ext~action and elect~DWin plants,
pa~ticula.-Jy at night, and the "'ainfall c~eates significant variations
in the flow and coppe~ teno~ of the d~ainage f~om the dumps and
undergYCl..lnd.

The g~ound wate~ system is not ~elevant to this study and has
not been investigated. The effluent f,-om the plant is ~eleased into the
Queen Rive.- at ~Jch lowe~ coppe~ concent.-ations, but with a small
dec~ease in pH which is stoichiomet.-ically ~elated to the amount of
copper t-ecovered. This increase In acid concentYation in the river­
wculd be undetectable due to the buffe~ing effect of the high i~on

concent~ation, which exists as a balance between hyd,'oxides and
sulphates of i~on.
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3.5 Inf~ast~uctu~e & Se~vices

The existence of compr-ehensive infr-a5tructul~e and services at
Mt Lyell and Queenstown is of majo~ benefit to the p~oject. Eve~y

facility ~equi~ed by the p~oposed p~oject is cu~~ently available,
although a complete shutdown of existing ope~ations may ~equi~e some
inte~vention and ~enegotiation to ensu~e ongoing supply of powe~, wate~

and oommunications.

Powe~ supply is p~ovided by both the state g~id and the local
Lake Ma~ga~et hyd~oelect~ic facility. Substations and the powe~

dist~ibution ac~oss the site a~e established.

Wate~ supply 1S f,-om ~ai nfall catctvrent dams on the Mt Lyell
site.

3.6 Demog~aphy & Social Issues
GLleenstown has a population of people, and a

wo~kfol-ce di~ectly dependent on the existing Mt Lyell ope~ation of
app~oximately 300. Tour-ism has contr-ibuted to the local economy, but
when the mine closes the~e will be ve~y little to compensate fo~ loss of
jobs in the local a~ea. Soma families have lived in Queenstown fo~ 5
gene~ations o~ mo,-e, and it is likely that many will welcome any
oppo~tunity to stay in the dist~ict. The last majo~ conti-action was the
exodus of the hydroelect~ic scheme team afte~ completion of the King
Rive~ Dam p,-oject, cont~ibuting to the steady cont~act10n in gove~nment

services over- r-ecent years.

The only nea~ te~m ~ep~ieve fo~ the wo~king population is the
Henty Gold P~oject located to the east of Rosebe~~y, which would be
manned out of Queenstown. Othe~wise the a~ea will be ~eliant pu~ely on
tou~ism fo~ income, with a declining cont~ibution f~om the significant
rumbe~ of ~eti~ees who have remained in the town.

294162

I
3.7 Political
These issues

p~oject development.

& Reglllato~y Facto~s

have not been dete~mined at this stage of the
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3.8 Teru~e & Associated Inte~ests

These issues have not been dete~mined at this stage of the
p~oject development.
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4.0 TI-£ RESUJRCE

4.1 Existing Stream Flows
The Mt Lyell Mining & Railway Co have monitored the acid

mine drainage from the site for many yea,"s. \"Uch of this data is of
limited use in assessing the availability of metal to a process plant,
as it 1S comprised only of assays with ro stream flowrate data. The
absence of flow data prevents the calculation of actual coppe," tonnage
emerg1ng from the various areas of the Mt Lyell site in the ea.-lie.­
yea'-s. Since 1991, and the installation of V retch weir flow
measw-ement systems, a mo,"e quantitative data set has been compiled.

The three sites of immediate inte.-est are Haulage Creek, which
ca,"ries all the acid dr-ainage f.-om the West Lyell open cut waste dumps
and large volumes of su.-face runoff, the North Lyell Tunnel, which
carries drainage from the Tharsis open pit area, and the Conveyor Tunnel
which carries the water pumped from the underground areas currently in
production. These undet-gro..md workings, accessed from the Prince Lyell
shaft, 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 stapes, and then into the
underground sumps. The water is conti nuo.1S I y pumped from the SU/TlPs,
with an occasional clearance of settled solids (see figure I).

The sampling points have been selected such that addition of the
data f.-om each source yields the total flow f.-om that area of the
minesi teo The North Lyell Tunnel and Conveyo," Tunnel flows discharge
into haulage creek which in turn flows into the Queen River (which flows
into Macqa.-ie Harbout-). The data does not enable calculation of the
clean water di lution from surface runoff which flows into haulage c.-eeL
The pilot p.-ogram carried out in 1993 took solution flows from the toe
of the waste d>mps and the Q.ltflow of the two tunnels, thus avoiding the
dilution. A back calculation of the flowrate which the plant will
obtain at nJll scale from the waste d~ps has been based on the change
in metal concentt-ation between the haulage c,"eek data and the waste dump
outflow samples (see figure 2 and table 1).

Over the last 3 year-s a simple a,"i thmetic average of 1. 56
tonnes of copper per day has been transported to the Queen River in
solution as copper sulphate In these three streams. The pattern of flow
appears to follow the ,"ainfall curve, shown on figure 3. Appendix I
contains the meteorological data fo,- the Queenstown area (see section
3.4) .
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TABLE 1.

MT LYELL SX/EW COPPER PROJECT
PROJECTION OF LEACHING RATES
PROJECTION OF STREAM FLOWS AND COPPER TENORS
TO THE PROfOSED WEN PRuCESS PLANT

HAULAGE N. LYELL CONVEYOR TOTAL
CRm TUNNEL TUtlNEL
0.084 (1,059 o.m gil

107 .1 68 It S2C

B.9B 3.54 8.47 g,l sec
0.776 0.30. (1,731 TJdav 1. BI4 ]I d.y

474 }:)2 758 kg/d., 1534 kg/d.y

282 III 266 1/,. t.t\J Ti'{f

FOR HAULAGE [REE~ . DUMPS
18076 TCu .,tracted in 64 i'ea rs
81784 T Cu in du.p,
22.1 ,

E"tra.tt lor\ to date,
0.35 ., e;.:tractwn /year'.

1(100000 Tore/year assuille II near dump construcUon
0.17 i.Cu " over 64 tea.r s & h?ilchlng over 60
S.87 TCufyr

70)AL5
YEARS 60 59 ~8 57 " 55 S4 53"'T Cu "'c., ') 346.4 340.5 3~,4. b 3?8.8 322.lt 317. (I 311.2 .,~I:;"T I:;_\.1.:. ... ..u ... ·.· ....

S2 51 50 49 48 47 4t 4S
305.3 299.1 293.5 287.7 28L8 275.9 270.1 204.2 2277.8

44 43 42 41 40 39 38 37
258.3 252.4 246.6 240.7 2-14.8 229.0 ;'17 1 217.2 1902.1..... '-' ..

36 " 34 ,-' 1'; 31 30 29"" '.'':'

211.3 205.5 199.6 193.7 lS7,~ 182.0 176.1 PO,] 1526.3

28 2? 7' 25 24 ,.
" 21cC .l ..

164,4 lS8.5 152.6 1\6.8 140.9 135. () 129.2 123.3 1150.6

20 19 18 17 16 15 14 1.1
117.4 II t. 5 105.7 99,6 9].9 66.1 82.2 lb.3 7?4.94

12 11 10 9 6 7 6 5
70.4 6t6 56,7 52.8 47. <) 4I, I ~l: ') 29.4 399.21~""..:.

4 3 .,
n.5 17.6 11.7 5.9 58.707

10685 r Cu tonnes copper In 60 'JE£ll"S

13, 1 7. e::tr.act ion
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0.792 0.142 0.744 gil s..pled

B.qBO 3.544 8,4~~ q/s£c saopled

~. 0.05q.l 1.1.125 yo/l ./ projected 7
50,0 JO.O 60.0 lIsec projected

8.500 1.757 7.516 glsec projected
J9.b U 44.6 gl50c

PROJECTION OF ACTUAL FLOWS
HC NLT CT

(o.oe1) 0.059./ 0.125 g/l ~ sa.pled
107.0, 60.5 b7.0 lise, s..pled

CO~BINED FLOW PROJECTION
0.127 gil (opper
O.b)2 gil Ifon

5.0 tron/copper ratio
140.')0 IIsec
504.00 .Jlh,

1.54 T/d.y in feed
O.BO "t"ction
1.2J T/day e,t,.cted
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COPPER

IRON

copper

copper
Hon

LINE SllIN.

HC
180.0

2J5
0, ('43

1.15

tiLT
I('B.O

235
0.04J

O.bq

CT
216.0 ~JIHR

297 ID
0.069 H2
0.87 M/SEC

OD 10
1we noltiinal
S1ze

500 4)(1

45(' 423
400 377
355 3J4
315 297
280 263
250 235
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NT LYEll STREAM FLOW DATA
HAULAGE CREEr

Cu AV 1992
PERIOD Cu f. I/s", kg/d.y RAIN RAIN

I 58.1 679 150 753 135 0, 85.b 1007 120 88a 260 I)•, 68.7 b2(J 50 197 263 (I,
4 91.8 940 51) 401 2~3 (I

5 55.2 520 ao .3S2 226 iJ
6 J6.7 85 5l.ii) 721 199 (i

109 870 !II 94 184 0
8 142 914 20 245 151 IE
9 167 1164 20 2S~ 123 80

10 94 727 40 .325 I ' ~ 98;,;.)

It ll}~ 1400 2S 235 224 in
12 72.1 70(i 65 405 244 195
13 149 1480 30 J86 235 202
14 75 743 60 ;,89 260 403
15 47.5 505 bll 246 'J~, 330i.LLJ

16 72.9 690 4f, 252 248 245
17 63 578 -~5 1~,6 22b 202
18 84. 5 840 3/j 219 199 210
19 118 1540 2S 298 184 114
20 87.3 955 25 189 151 0
21 81.2 754 20 144 121 0
.-,'1 78.1 510 20 135 161 n..
o~ 82.4 711 20 W 224 0... J

24 38.6 401 3M 120! 244 (I

25 26 225 720 1617 235 0
2tJ 87.7 880 216 1637 1Ml 0
27 82.5 919 108 77(1 263 0

AVERA6E 84 792 107 474
,~ 27 27 "d .,

716
AV. f.lCu 9.43
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Cu

I
Cu Fe l/s~( kg/d.y
68.3 461 120 708
66.3 402 15~J 809
61. ~ 365 40 2n

I 64.9 353 ]< 196-"
64.2 334 50 '".. II
65.5 29(1 75 424

I
63.8 358 45 248
58.8 28b 45 229
51.9 228 25 tI2

76 205 15 230

I 73.1 m 35 221
55.1 m 50 238
56.7 284 35 I) I

I 47.6 284 45 185
42.5 294 45 165
62.4 418 30 162

I
49. 1 319 30 127
39.2 276 35 119
~3 m 25 136

53.3 350 20 92

I 58.7 388 30 1<0,.
65.1 455 15 84
61.6 m 0< 133':'.1

I
48.4 312 180 75)
58.4 388 54 '272
47.7 28j 180 742

58 387 ISO 902

I AVERAGE 59 34S 61 .302
27 27 27 27

I AV. re/cu 5.94

I
I
I
•
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CONVEYOR TUNNEL
Cu

Cu F, 1/5" kg/da'i
237 607 70 1m
114 745 50 492
200 m 60 1017
134 384 80 926
147 355 75 953
121 244 60 t.27
129 306 80 892

(i

83. , 109 80 575
98.5 1-- 80 681JJ

33.3 H.7 40 115
98.52 J73 7(i ICO'

·""Cl

138 274 20 13B
227 453 60 1177
161 405 50 696
Ie, 507 60 943

91.1 131 20 157
14.8 68 I tjl) 2,87

102 2(16 40 353
91.1 131 30 236

152 201 45 591
98.1 246 40 339
51.2 115 25 III
30.2 146 108 282
I7l 496 126 lBB3
144 308 144 1792
176 486 144 :190

AVERAGE m 305 68 758
26 26 26 "

AV. F,iCu 2.41
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4.2 Bacterial Leaching Process
The copper and i,'on in solution in the various streams

originates from bacterial leaching of the sulphide minerals contained in
the waste rock from the mining a~eas. The bacte~ia a~e the~mophyllic,

acidophyllic and chemolithot~opic (th~ive in low pH, elevated
tempe~atu~es and do not ~equi~e o~ganic input other than natural
SOLwces to construct their basic pt-otein st~uctureJ. The d:Jminant
va~iety are Thiobaci Ilus Ferro-Oxidans (TFOl, a unicellulat- rod shaped
bacillus (class Achizomycetes, o~der Pseudomonodales) which are
essentially ubiquitous (create the appropriate conditions and they
appear), and a~e about 0.4 miD-ons diameter and 1 micron long. TFO
coexist with othe~ species which may o~ may not play a ~ole in the
overall leaching process.

TFO thrive in a mixed aqueous and solid environment in the
tempe~atu~e range 30 to 37 deg~88S centigt'ade and in solutions wi th pH
of 1.2 - 2.2. Thei~ metabolism is based on enzyme action using complex
amino acids to catalyse the oxidation of iron (from fe~~ous to ferric ­
loss of an electron) f~om which they derive their energy. They adapt to
a specific envi~onment ove~ time, and thei~ population g~owth is
gove~ned by supply of ai~, availability of mine~al sul'face and the
p~esence of any inhibiting materials such as su~factants or acid
consume~s. Othe~ bacte~ia assist in the fixing of nit~ogen and possibly,
in the oXidation of sulphur to sulphate, rot the essential ingredients
a~e fe~~ous i~on, ai~ and wate~. TFO attach themselves f~om the aqueous
phase to a mine~al sut-face - possibly hyd~ophobically by lipids in thei,­
ClUte~ memb~ane. The mine~al su~face is made up of i~on and sulphu~

(py~ite) o~ i~on, sulphur and coppe~ (chalcopy~ite). The inte,'nal
~eactiDns generate an elect~on

2Fe2+ + 0.502 + 2H+ -) 2Fe3+ + H2O + 13-

25 + 2H20 + 302 -) 2H2S04

and possibly:

The ove~all reaction sta~ting with py,'ite may be:

2F13804 + 2H2S04
-) 2Fe2(804)3 + H2O
-) Cu504 + ~e804 + 25

2Fe52 + 702 + 2H2O -)
4Fe804 + 02 + 2H2804
2Fe2 (804) 3 + (D£e) 52

Cu~iously, a bette~ unde~standing exists of the internal
enzyme p~ocesses than the bLllk mine~al leaching due to the complex ionic
envi~onrent. Va~iOL's galvanic effects have also been pr-oposed which
pa~ticipate in the leaching p~ocess (between diffe~ent mine~als). An
investigation by ANSTO at Mt. Lyell has suggested that the leaching ~ate

is cont~Dlled by ai~ supply, which in waste dumps de~ives from the
the~mal convection establ ished in the dump dUe to the tempe,-atu~e

p~ofile set up by the exothermic oxidation ~eactions. The upwa~d

movement of wa~m air d~aws in f,-esh ai~ f,-om the bottom and sides of the
dump st~uctu~e. The presence of bacte~ia, tempe~atLl~e p~ofiles and
obviously high levels of fe,-ric i,-on have been establ ishsd in the West
Lyell waste dumps.

I
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4.3 Waste Dump Leaching
The West Lyell d.unps ar-e for-med fr-om waste r-ock de..-iving from

the oper-ation of the West Lyell open pit between 1930 and 1972. An
estimate of the tonnage and grade has been compiled by diffe,-ence. The
tonnage and grade mined ar-e documented (58 million tonnes at 0.7?/'
copper-l and the or-iginaJ r-esour-ce was well defined by drilling and a
kr-iged block model using a cut off gr-ade of 0.4% copper. The resulting
estimate for the waste dumps is:

tonnes 'l.Cu r-ange 'loCu

16,251,6'CIJ 0.0 0.0
985,565 0.08 0.0 O. I

6,751,461 0.1 0.1 0.2
9,833,789 0.26 0.2 - 0.3

11,286,020 0.35 0.3 0.4

48,108,505 0.17

Pr-evious exter-nal estimates had derived a figure of 59 million
tonnes at 0.20% Cu. Ther-e is evidence to suppor-t a higher- gr-ade as or-e
was sometimes ~nped to waste when the stockpile areas wer-e full. It is
,-easonable to assume a coppe," metal r-eSOLlr-Ce of 81,784 tonnes.

The leaching of chalcopyr-ite, the dominant copper- mineral in
the waste dumps, is a very slow process and in laboratory simulations
usually displays a flat and linear extr-action of copper as a function of
time. At p.-esent the st.-eam flow moni tm- i ng suggests that the dumps a."e
r-eleasing an ave,-age of 20 grams of copper- per hour-. If this process
has been under-way since 193(), a total of 18,000 tonne of copper has
been lost from the dumps fr-om a tota I r-esource of 82000 tonnes copper.
This equates to an extraction of 22%, m- 0.35% copper extl"action pel"
year- on aver-age. This estimate is most likely excessive, as many years
would have been r-equir-ed to establ ish the leaching p,-ocess at the low
ambient temperatur-es, and waste was dumped up to 1974 thus stagger-ing
tt,e star-t of the leaching PI"OceSS ove'- 44 year-so Recalculation on this
baSIS (linear d.unp constr-uction at 1 million tonnes per- year at 0.17%
Cu, 0.35% extracted per- year- since) the tonnage extracted to date is
close to 11 ,000 tonnes copper-, equating to 13% extraction of the total
coppe," meta lin the dump.

A fea tur-e of these dumps i nd i cated by dl' ill i ng is that thel'e
is ver-y little wate." I'etained inside. Ther-e is also some evidence that
the total copper- flow is dil'ectly r-elated to the r-ainfall patter-no The
peak ""ainfall pel'iod is May thl'ough Septembel'. whIch coincides with the
peak copper- fJows. This leads to the supposition that r-egular­
ir-r-lgatioll may enhance the rate at which copper· IS ext.l~acted. At
pl'esent any I'ainfall appeal's to be flushing soluble species - i."on,
aluminiLUTI, coppe,- and sulphate - f."om the dumps. This is suppor-ted by
obser-vation; on wet days the ir-on pl'ecipitation fr-om the leach liquol's
is visibly gl'eater-. A full scale extt"action plant should incol'po,"ate
the faci I i ty to I'ecycle leach solution or- raffinate back onto the heaps
between r-ainfall events, gaining g,"eate,- use of the contained acid and
fer-..-ie sulphate, which nDl'mally is effective on a "once thl'ough"
(flushed) basis only beful'e flowing down the c,"eek. I-igur-e 4-. shows a
p,-ojection of the leach cur-ve impl ied by the stl'eam sampl ing data.
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The stream flow data on haulage creek is useful only to a
limited extent. It indicates the total copper exiting the West Lyell
dumps from the action of rainfall, but does not give a realistic
flo"",-ate estimate due to the large volumes of surface runoff also
can-ied by the creek. A full scale plant ",auld tap feed fnJln 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 surface runoff which pe,-colates
through the Prince Lyell shaft ore stockpile, which is located above the
waste dump a,-ea, and joins the drainage emerging from the toe 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. It is intended to instal a collection system at the two
dump toes to minimise the deg,-ee of dilution by surface ruroff, and
possibly allow the recycling of solution back onto the dumps during
pe,-iods of lower rainfall.

4.4 Unde,-ground Potent i a I
The stream flow data on the conveyor tunnel reveals a very

simi la,- copper metal fja-J (0.72 tonne per day Cu) to the waste dumps
(0.78 tonne per day Cu). This must result from bacterial leaching in
the caved stopes above the 60 series p,-oduction areas which extend to
the base of the West Lyell open pit. This stream is pumped from the
unde,-gn:und sumps, and contains a relatively high level of suspended
sol ids. The si tuation would change shcxJld the mine be shut down and
allowed to flood.

This study makes no attempt to quantify the resource in the
unde,-ground as it is vi,-tually 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). Shadd the mine
close, fUt-the," study of the mine hydrology would be recOlMlBnded to
determine he>-> best to manage the unde,-ground for the purpose of
sustaining, or pe,-haps enhancing, the leachi ng process. Very large
tonnages of broken rock an3 contained in the caving areas, and with ]Q..o<J

grades and slow leaching rates it is unlikely that any expenditure
unde,-g,-ound to c,-eate more leaching zones caul d be cOlMlBrcially
justified. Investigations into insitu leaching are underway at the
Tasmanian Department of MInes. These studies may develop a methodology
which wi II incl-ease the ,-ate of leaching in the underground, but WC>.Jld
require a major technical breakthrough to increase the teno,-s much
beyond thei,- cun'ent values.

2911 '('4



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
-

5.0 PROJECT DESCRIPTICN
5.1 Waste Dumps and Mine
The waste dumps a~e fo~med on the weste~n and southe~n ~im of

the west Lyell open pit, which is """" a caving a~ea cLe to the
unde~g~ound mining activity since closu~e of the open out ope~ation in
1974. The ~ain falling on the dumps d~ains th~ough and eme~ges in two
p~ima~y a~eas - adjacent to the P~ince Lyell shaft collecting the
effluent f~om the shaft dump, and to the east in a gully ~unning

no~the~ly which collects the catchment of the haulage dump. Both
eme~ge in the same majo~ valley and cWTentl y flow down haulage c~eek

to the existing plant a~ea and into the Queen Rive~. The two flow
st~eams will be isolated at the dump toe and piped down the valley in a
gene~al weste~ly di~ection to the p~oposed p~ocess plant a~ea nea~ the
existing mine office complex.

Fo~ the pu~poses of this study it has been assumed that the
ope~ato~ will be pe~mitted to establish the plant in the vicinity of the
existing ITObile unde~gn:)Und equipment wo,-kshop nea~ the mine office, o~

in a lowe~ a~ea nea~ the existing c.-ushing plant. The solution st.-eam
f~om the conveyo~ tunnel (at the discha~ge end of the ove~land conveyo~)

wi II be piped ac~oss to the p~ocess plant ar-ea. A small pump may be
~equi~ed fo~ this t~ansfe~ depending on the final location of the plant
feed pond. An ext~a settling pond may be ~equi~ed to ~8ITOve suspended
solids if the mine wate~ continc~s to be pumped f~om the unde~g~ound

sumps •

5.2 P~ocess Plant
The p~ocess plant is fed f~om an on-g~ound plastic lined pond

which ,-eceives the va~ious coppe,- bea,-ing st~eams, and which is
sufficiently elevated to enable g~avity flow to the plant. The pond
includeS a spillway and diver-sion system such that any excess flow
during storms ,or the entire ~low, can be diverted to haulage creek~

A pipe ~unning th~ough the dam wall del ive~s the P,-egnant Leach Solution
(PLS) to the fi~st ext~action mixe~ settle~ at a ~ate ~egulated by a
flov.l'fete~ and cont~ol valve. The mixe~ settler- is a conventional design
with two mix stages ove,-flowing to a settle~, passing th~ough a picket
fence and separ-ating the m-ganic and aqU8CX.IS phases by adjustable
launde~s. The mixe~ is fed thn:JLlgh a d~aft tube, with the fi~st stage
mixing PLS and o~ganic, which is g~avity fed f,-om the o~ganic wei~ of
the second ext~act stage. The aqllsous f~om the fi~st settle~ is g~avity

fed to the second mixe~/settler unit and the aqueous phase f~om this
stage is gl-avitated to the ,-affinate afte~-settle~, whe~e any ~esid..tal

ot"ganic phase is r-8cov81....ed by use of a packed bed coalescence zone.

The loaded o~ganic f~om the fi~st stage of ext~action is
gravi ty f"ed to the loaded ol~g-3.n:ic tank, Wh81~8 a coalescence zora enables
the sepa~ation of any ent~ained aqueous phase. This aquSCX1S phase is
pumped 'f~om the bottom of the loaded m-ganic tank to the c~ud decant
system. The clean o~ganic phase is pumped f~om a sepa~ate compa~tment

to the st~ip ci~cuit, whe~e the coppe~ is ext~acted into elect~olyte and
lhe o~ganic ~etll~ned as feed to the second stage ext~act mixe~/settle~.

The o~ganic f~om the second mixe,-/settler is fed to the flt-st stage of
extraction~
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The extract and st~ip circuits are run on a 1:1 organic to
aqueous ,'atio in the mixers, although the O/A ,'atio in the systan is
adjustable. This depends on the level of organic recyele ,-equired in
the extraction stages, determlned by the loading on the organic phase
requi,-ed to achieve the target copper transfer. This arises fr01l the
very low PLS grades ,-elati ve to conventional practice, and the need to
run a higher fraction of extractant in the organic phase than required
by the coppe,- t,-ansfe,- ,·-ate. This high ext,-actant level is determined
pdma,-ily by mixing efficiency limitations below a 4% by volume
extractant level. The mass balance and flowsheets i llusb'ate 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 p"obable that a more efficient system wi 11 be evolved
in time on the full scale plant.

Crud formation was shown by the pilot plant work to be a
problem ~lich can be simply dealt with. The bulk of the pilot plant
campaign 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 aqueous phase to the dispersion band. A floating boon
wa5 t·equired to control the inc,"'eased aqueous entt""airvnent in the organic
phase. A pump suction manifold mounted behind the organic weir, the
height of which could be adjusted to optimise the c,'ud transfer, enabled
a diaphragm pump to transfe,- the c,'ud accunulation to the crud decant
tanks. Any organic phase withdrawn from the mixe,' settler is r-apidly
recovered and recycled fr01l the top of the decant tanks, and clean
aqueous phase despatched to the raffinate after settler. The crud band
is transfe,'red to an aqi tated tank and mixed wi th diatomaceous ea,'th.
This batch p,-ocess gives complete separation of the crud to the
dlatomaceous earth, allowing ,'eJection of tile aqueous ,-esidJe and
,-ecyel ing of the ,-ecoven"i OI-ganic. The c,'ud is readily and rapidly
removed from the diatomaceous earth (DE) by water washlnq. 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 mo,-e rapid
processing.

Two portable diaphragm pumps are employed to transfer the
various solutions fn:xn tank to tank. Maximum use of gravity flow has
been made in the plant layout, with air entrainment in launde,'s
eliminated by careful selection of relative levels and the use of
goosenecks in the piping layout. Regulating flow valves are L,sed on
recycle streams and the ol~ganic advance to str-ip.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

The advanced elect~olyte f~om the advanced elect~olyte tank
(AET) is pumped at a cont~olled rate, ,-egulated by a flo""Tlete~ and
control valve, to the elect~owin (EWl feed. The elect~owin is comprised
of 20 lines each containing 20 cells in packs of 5, a total of 400
cells. Each line is fed in pa~allel off a manifold f~om the advance
elecb-olyte pump, wi th the flow,"ate to each 1ine rangi ng f~om 2500 to
3600 lit~es pe~ hou~. The spent elect~olyte is ~etu~ned through a back
p~essure valve to the spent elect~olyte tank.

The EI'£W cells a,"e mounted in packs of 5, enabl i ng simple
elecb-ical and hyd~aullc connections, and a~e removed as packs fo~

washing wi th hot wate~ in a booth and stdpping of the cathode in a
prop~ietary jig. This is achieved by ~emoval of the end caps and
anodes, knocking out of the inner stainless steel sleeve which carries
the cathode deposi t and ,"eloading a new sleeve. Wi th the anodes and
end caps refitted the pack is ~eady to be ~einstalled in the winning
ci~cui t afte~ a vet-y sho,"t tut-na,-ound time. The copper cathode is
~emoved from the inne," sleeve ve,-y ~apidly as it can be opened down its
length. The edectt-ical =nnections can be manipulated to sui t the
cur~ent and voltage characte~istics of the ~ectifie~, but for the
purpose of this study each flow line is in parallel, with every cell in
the line in se~ies, and the elect~ical connections follow the hydraulic
connections. The flexibility of this system is effectively unlimited,
but the r-Oncent~ation change between advance and spent has been
minimised for this study to maintain simplicity.

Wi th 20 cells pet- 1i ne and a des i gn voltage d~op of 2.8 vol ts
pe," cell, the ove."all vol tage t-equirement is 56 volts. The CU'Tent pe,"
cell is 140 amps, and with 10 I ines pe~ ~ectifie~ the ove~all cu,"~ent

~equi~ement is 1400 amps. The ~ectifie~s will have ext,"a capacity to
cope wi th highe~ cun-ent densi ty ope~atiDn when highe~ teno~ solutions
a,-e t,-eated.

F~om the spent electrol yte tank a P~DpOt-tion of the flow is
pLUnped to the feed of the st,-ip mixe,-/settle~ fo~ contacting with the
loaded o~ganic. The remainder is recirculated to the advance
electrolyte tank to maintain the EW feed flow requirement. A bleed
st~eam is pcunped from this recirculatlon st~eam to the first extract
stage to maintain the i~on level in advanced electrolyte below 6 gIl.
The loss of acid to raffinate is made up by -f~esh acid addition to the
spent elect~olyte (and the coppe,- is extracted in the no~mal manne~ as
the bleed st~eam is e-ffectively a component of the PLS feed).

The acid lost in the electrolyte bleed is a significant cost
Lo the ope,-ation. A dialysis technique, developed for recycl ing of
acid pickl ing solutions, wi 11 be tnalled on the bleed st.-eam to ."ecycle
the acid component. An electrolysis p~ocess utilising membrane
technology is also unde,- development fo~ the sepa~ation of acid from
concent~ated solutions, and may prove to be mo~e effective than the
dialysls ~oute.
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The recycl ing of ,-affinate onto the waste cLmps has not been
included in the scope of this study. The practice wculd be
Intermittent, particularly productive during the drier months, and wculd
be ,-elatively inexpensive. The power requirement wculd be approximately
0.19 kW/cubi c metre pel" hour based on a 50 met,-e lift. This cost woul d
be justifiable if the solution tenors and flows could be stabilised
<iwing the drie,- low flow periods, and if the recycle stimulated the
leaching ,"ate. This could be tt-ialled at full scale once the plant was
commissioned and the project cash positive. This ,-ecycle would be
sourced f,-om the effluent contairment dams at the toe of the waste
dumps.

5.3 Process Services & Facilities
P~ocess 5e~vices and Tacilities are primarily systems far

the supply of power, water, compressed air and reagents to the SX-EW
process. This study assumes that powe," is avai lable and can be taken' 1<'",",

from a 6.6kV board at the boundary of t.he process plant area. Water is I ~i~
not. ,-eq,-ti,-ed in large amcunts, but the quality is important, and the
study assumes that a potable quality supply is available at the plant
bounda,-y (prima,-ily fo,- dO'nestic use, waS/ling of cat.hodes and cleanup
put"pOse5). The solution balance is 5hown in the process ma55 balance
calculations in Table 2.

Compressed air i5 provided by a dedicated compre5sor, and is
utilised for driving diaphragm pumps, the settler air curtain, and
vacuum cleanu.p devices used for removing crud accUIT'Ulations. A diesel
d,'-iven pump is p,-ovided fa," failsafe fi,-swater supply under power cutage
and will cut in on a pressure switch if the external water supply system
falls. This pump is connected to a water main, which is fitted with
sprays at each corner of the SX plant arranged to be capable of laying a
cur-tain of watsY ovet- t.he mixer" settlel~s and process tankage. The
system is also backed up by connection to the Pl.S pond.

Reagents used in the process are high flashpoint ket-osene
stored in a tank supplied by the vendor and resupplied by bulk tanker,
t.he specific coppe,- ext,"actant which is stored in 200 Ii tt-e drums and
the concentrated acid fOt- makeup to the electrowinning circuit. The
acid is stored in a mild steel tank which conforms to well established
occupational health and safety regulations. with specifically configured
filling, venting and overFlow pipev.ork and all contalned in a bund
designed to hold the entire tank contents. The acid is mixed with
water' In a stainless steel tank. with tIle watet" injection used to
achieve adequate mixing p,-ior to trans Fe," by dosing pump into the
electrClVJi n cit-cui t. The dosi ng plUllp Cdn also be used 1n reci rcul ation
mode to improve mixing, dnd is designed to withstand the temperatures
experienced in this operation. The concent,-ated aCId 15 delivered to
the mixing tank by a solenoid diaphragm pL@p. Diatomaceous earth for
Cl-ud p,"ocessing is stOt'ed in 25 kg bags on wood pallets, and can be
manually added to the crud circuit as required..
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A compact labo.'atol"Y -fOl" I"outine monitonng o-f the pl"ocess is
inco,'pol"ated into a site o-f-fice and stol"e building. Also included In
this bui Iding is a ''':It"kshop -for' maintenance o-f pr'op.-ietary cell
str'ipping equIpment, pump and agitator' nHintenance, and an ablutions
-facility. The labor'ator'Y will have a small Atomic Absorption
SpectnJ(oote,'" (PAS) uni t, and gl asswa'"e app."op'" iate -fo." the r'outi ne
testing o-f phase disengagement cha,"acteristics, entr'ainment levels and
the wet chemistr'Y methods requir'ed to back up the PAS. The wet
chemistr'Y methods will also ~nable monitol"ing o-f the leaching pl"ocesses
occurring in the waste OcllllPS and under'gr'ound.

5.4 In-fr'astr'uctur'e
Fol" this study, the in-fr'astr'uctur'e is aS9L~d to be

essentially available as it exists at present. The -futur'e o-f Mt
Lyell and the sitEi' facilities have not been clEi'a.-ly detel"mined at this
time, thus the existing access, po,...,er, watel~ and cQI1YI1....l.nications
capability has been adoptEi'd. The in-fl"astructur'e at the Mt Lyell site is
comprehensive and in excess, in eVEwy aspect, of the needs of this
project.

5.5 Expansion Capability
The plant is expandable In a modL<Ia," -for'm in the EW al"ea. The

solvent ex:tl'"action plant can cope with an inc....ease in ternY up to 1 gil
coppel'" WI thOllt any changes in r-eagent levels Dr consumption.

'J 0 41 {' .."v uU
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6.0 EN:3II\EERII\G
6.1 Pilot Plant and P~ocess Design
The design o~ the pilot plant SX ci~cuit utilised well

established pa~amete~s which had been obtained ~~om the lite~atu~e and
the va~ious SX ope~ations in Post~al ia. Shal,eout tests, a labo~atOl'-y

sinulation o~ the ext~action and st~ipping capabi 1 i ty o~ the o,'ganic
phase, we~e di~~icult to inte~p~et ~~ seve~al ~easons. This was
p,-ima~ily <:i,e to the ve~y low levels o~ ext~actant in the o~ganic phase
compa~ed with standa~d ope~ating p~actice. These tests we~e conducted
by the supplie~s o~ the coppe~ speci~ic ext~actants on solutions taken
~~om the Mt Lyell mine site.

Con~licting data was obtained ~~om the labo~ato~y scale SX
tests, and the pilot scale plant was designed to accommodate seve~al

ope~ating st~ategies. The coppe~ levels in the ~eed solution we~e mo~e

than 10 times lo.-le" than most opel'ations, howeve~ the ext~actant level
in the o~ganic phase ca"ld not be ~educed to less than 4% by volume ­
at:x:ut seven times mors than was t-equil"'ede This was we to the y-eal i ties
o~ mixing, whe~e below 4% the volume o~ ext~actant is too low to enable
good contact with the aqueous phase within the limits o~ the mixing
~egime. This limit is the p~odlction o~ stable enulsions, which would
impai,' the disengagement o~ the two phases in the settle~.

Consequently, the coppe~ loading o~ the o~ganic phase was ve~y low and
to minimise the volLune o~ o,'ganic to be stt-ipped the ~acility to ,'ecycle
organIc in the extraction stage was incorporated.

An advantage o~ this excess o~ ext~actant in the ci~cuit is
that du~ing perIods o~ high coppe~ teno,- in plant ~eed, the~e will be
adequate ~eagent in the system. Othe~wise an inc~ease in the ext~actant

invento~y wculd be ~equi~ed. a p~actice whlctl is not suitable ~o~

FE3covering short term inCt~eases in the cappel' in .feed solution.

The pi lot stdp mixe~ settle.- was designed to accomodate
o.-ganic at ~lows equivalent to the R.S (~eed - p~egnant leach solution)
to the ext.-act stage. This was in case the o.-ganic loadings did not
inet-ease with ,·-ecycling and the ~ull now had to be st.-ipped to achieve
the ta.-get coppe.- t.-ans~el-. This scena.-io was taken sedously because
o~ the high i.-on levels in the PLS. and the tendency ~o.- i,"on to load
onto the o.-ganic in the absence o~ coppe.-. This scena.-io did not
eventuate and the tan~,et loadings wel-e acieved by ~ecycling. The
selectivity of copper" extr-action over- ir-on achieved was acceptable,
despi te the higl1 levels o~ extt'actant.

The p~oblems encounte.-ed d.l~ing the pilot scale t~ials we.-e
not those anticipated h-om the testwo.-k. The e~~ect o~ tempe,"atul-e was
mol"e seve~e than expected on the phase disengagement, and the volumes
of amot-phous silica and il"'on hydt-oxide based "ct'"ud" phase l.N8t'"a high.
The p~ocess o~ coppe.- ext.-action and st.-ipping wo~ked well, achieving 70
to 90% ext.-action ,n one stage unde,- steady conditions. The fuca 1
e~~o.-t o~ the pilot t~ial was to deal with the c.-ud fo.-mation, which
caused ver-y large losses of or-ganic phase t.o the raffinate (ef-Fluent
f.-om the p.-ocess - PLS after- coppe~ ext~action).
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The solution developed has been incm-porated into the design
proposed in this sD1dy fDr the full scale plant. This revolved around
running the extract stage aqueous continuous SD the crud formed Dn the
walls Df the aqueDus dispersion. It was Dbserved that a shDck would
cause the amorphous crud "cloud" tD cDnsolidate at the phase bcunda,'y in
the settle,', SD an air curtain was installed at the picket fence with a
boan flDating on the Drganic phase to retain the aqueous phase can-ied
tD the surface by the air bubbles. It Is anticipated that this will be
better performed by vibratiDn of the picket fence in the full scale
plant. The accumulatiDn Df crud at the phase boundary is then pumped
from the dispersiDn band to a sepa,'atiDn p"Dcess develDped tD reclaim
the Drganic cDntent.

The design area Df the settlers has alsD been modified fDr the
full scale plant due tD the slower phase disengagement times
experienced at the low temperatures prevailing during the pilDt testing.
A standard factor is 5 m3/how- Df settle,- feed per square metre of
settler plan area. The p,'oposed design is based on 3 m3/hour/m2. The
extraction levels obtained from the single stage of ext,'action in the
pilot tests will be higher In the full scale plant as two stages Df
ext,'action wi 11 be employed.

The separatiDn prDcess entails the decanting Df the organic
which readi ly disengages from the crud, and a diatomaceous ea,-th medium
to absorb the remaining crud and enable either filtration Dr organic
continuous medium mixing sepa,'atiDn of the remaining organic phase.
These p,'ocesses we'-e conducted at pi IDt scale and were successful. A
f"urthsr- pt'"ecaution was ta.ken to minimise o,"'ganic losses by use of a.n
after settler on the raffinate tD tt'ap any entrained organic, and at
full scale this final sepa,-ation wi 11 be enhanced by the use of
coalescing media - a practice which was developed in the Chilean SX/EW
ope'-atiDns and is now being introduced to the Australian industry. This
technique wi 11 also be used on the organic phase to minimise aqueous
ent,-ainnsnt (which cal~l-ies il~on into the electt'olyte).

The remainde,' of the plant design is ve,'y simple. A major
advantage Df the EMEW process is its tolerance for high iron levels and
entt'ained Drganic. There is no oppDrtunity fDr the organic to burn Dnto
the cathode and cause pDor depos i tiDn morpho1Dgy . Thus there is co
requi ,-sment fDr the fi ltration Dr flotatiDn scavengi ng of trace
organic from advance electrDlyte. The EI"EW process cUlTent efficiency
is very high at high copper concentratiDns, thus a heating and heat
exchange system has been provided for- in the plant layout but not
included in the cost estimate. The bulk Df the spent electrDlyte is
,'""ecit"'culated with a small VOllJiTl8 div81-ted to the sb-ip mixet-. thus nust
of the heat generated by the EW is conserved.
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6.2 Civil l>k:lr"ks
Although the study assumes a flat site for the process plant,

there is a requirerrent for conside,'able civil works. These take t.-.o
forms. The procurement, transport, placement and compaction of fill for
the ALB pond walls, the dump toe dams and the base for the mIxer
settlers will be obtained locally. Concrete will be used for the mixer
settle,"s, the raffiClate flume and coalescer box, and as a base base fot­
the electrowin plant, pumps and tanks. Excavation has been avoided in
the design as it is lIkely that this would be expensive. The exception
is the a'-ea in which the extract stage mixers stand, which is excavated
to I melt"e depth and is conct-ete lIned wi th polyethylene pt-otectlOn.

The concrete construction of the mixer settlers will be
achieved by use of prefab,-icated reinforced panels, pt-otected from the
acidic solutions by a 3mm layer of polyethylene in the extract settlers
and 6rrm polyethylene in the slt-ip settle,- and all mixers. The panels
wi II be 2.5 matl-es high, placed on a concrete strip foundation at ground
level, and suppo,-ted by 1.5 melt-es of fi lion each side of the panel.
This leaves a metre of concrete wall exposed and a sand lined base which
a,-e polyethylene lined to fo,-m the settlet-. ThIS approach was taken due
to the large size of the extract settlers and the difficulties
associated wi th t,-ansport and assembl y of fib,-eglass structures on-si teo
The fi II platform is extended at-ound the outsi de of the settler to fo,'m
access ways. The mixe,-s a'-e constructed of p,-efabricated 001 t fastened
panels in a hexaqonal geometry l,sing a system developed for water tanks,
with the pipe feed base section isolated f,"om the mixe.-" zone by a.
polyethylene false bottom.

The ,-affinate flume has been costed in concrete wi th a IfM1
polyethylene liner. It is possible that this will be excavated if the
ground conditions are s,itable. and lined with polyethylene. Concrete
sectIons may be used wilet~e culv81~ts a,~e ,-equit""ed -for- tr-affic areas~

6.3 Btructw-al
The only structw-al components of the plant are wooden

walkways over the ext,-act stage mixer boxes and the bui [ding which
incorporates the office, Iabo,-atory , stm-e, .-.orkshop and ablutions.
This is compnsed of a senes of fout" It-anspo,-table units internally
conf i gured to each requ i t-ement . A bas i c enc 1osure is prnv i ded fOt~ the
powe,- boa,-d and the rectifIers. The electro-Jinning mod.lIes are supplIed
wi th their structura I f,-amework, which carr ies the DC busbars. All
pipework is on gn:JUnd.

6.4 Mechanical
The mechanical equipment in the plant is detailed in the

equipment list in appendix 5. By setting the tankage and mixe,­
sett le,--' s ope,-ating levels at a cCllTlOCln el evation, rnost flows do not
t-equi,"e pumping. The pump mixers in the fIrst stage mixer boxes are
capable of lifting 200mm above operating levels to ensure against
backmlxing from the feed dist,'ibutor in the settler. and to compensate
for any f,- iction head losses. All pipework has been si zed to achieve a
-fluid velaei ty o-f 1 metr-e pel.... second or less, t.hus minimlslng 10SS8S~
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All impello~s a~e designed ~o~ the vessel in which they a~e

fitted and the specific Q.Jty. The pump mlxe~s have vadable speed
d~ives, as do the dosing pumps fo~ acid mixing and addition to the
cit-cui t and the i'-Dn bleed pump. All equipment is selected fo~

~esistance to acidic attack. A comp~esso~ is p,-ovided to ddve the
diaph~agm pumps, the Ol.tput of which can be ~egulated by a combination
of ai~ flow and discha~ge choking, to p~ovide an ai~ cu~tain in the
settle~s, and to d,-i ve tools. A small mobile hoist with manual
hyd~aulic ddves is employed fD'- ca~~ying EW packs and ~eagent d~ums.

6.5 Tankage
Most of the tankage is cDnst~ucted f~om high density

polyethylene, with fittings and baffles fusion welded into off the
shelf units. This mate~ial is ideal fo,- acidic solutions, is simple to
instal and modify. The acid mixing tank is const~ucted in 316L
stainless steel dJe to the high tempe~atu,-es which can occu~ in the
mixing pr-acess.

.) 0 41 ,­
.. J d4

As mentioned above, the mixe~ boxes and the ~affinate afte~

settle~/coalesce~ a~e consb-ucted in polyethylene lined conc~ete. This
st~ategy has been employed dJe to any o~ all o~ size, geomet~y and
.-igidity "equi~ements which canrot be p~ovided in polyethylene alone.

6.6 Elect~ical

The elect~ical system is simple dJe to the ve~y few d~ives in
the plant, and wi II be inte,-nally disb-ibuted on cable ,-acks f,-om a
powe,- boa,-d located in the ~ectifie~ enclosu~e. No allowance has been
made -fOt- tt·-ansfot-mers Ot- motor- contt"ol centt-es~ as the PCJl.Nt3r- rsquit-ed is
eithe~ 415v 3 phase o~ domestic. The demand will rot exceed2lt&kW,
based on a 70'1. d,-aw facto~ f~om an installed poe,- of 35'"lkW.

I
I
I
I
I

The concent~ated acid tank
enclosed in a conc~ete bund to meet
n1igh flash point ke~osene) is also
p"ovided by the diluent supplie~.

is of mild steel const~uction and
safety ~equi~ements. The diluent
sto~ed in a steel tank which is

I
I
I
I
I
I
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The elect~owinning ci~cuit is d~iven as two independent
sections, with "ega~d to both elect,-olyte pumping and ,-ectifie,-s. Each
,-ecti fie~ is designed fo~ a base load of lOOkW, a~e ai~ cooled and wi II
be cu~~ent va~iable. It is rot anticipated that capacitance filte,-ing
will be ,-equi,-ed. The type and capacity of ,-ectifie~ specified a~e

,--eadily avai lable both ne'" and second hand.

6.7 Piping & Valves
Most pipeWD~k is in high density polyethylene class 3, with

fl ex i b I e segments tD p~event undue sb--esses on fit t i ngs f~om pipe
movement when tempe~atu~e changes. The exceptiDns a~e diluent lines
and the concenb-ated acid lines. both in 316 stainless steel, and the
inte~connecting pipewo,-k within the EW ci~cuit. These a~e a flexible,
wit~e 1~E3in-Fot'"ced plastic.



I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
•

Valves used fa" isolation are plastic ball type, with the
major flow regulating valves and isolation valves in the SX circuit
being viton coated butte"fly type whe..-e a large pipe bore is utilised.
The electt'owinning ,'egulating valves a..-e ball valves, with fast release
couplings to enable removal and installation of the EW cell packs.

6.8 Controls
The =ntrol system p"Dposed for the study design is =n-Fined

to the flow regulation of A.5, organic ,-ecycle in exb-act, organic
advance to strip, the spent elecb'olyte flow to strip and the flowrate
to electrowin feed. These will be manually regulated on the basis of
turbine flowmeter signals. The use of mere sophisticated flow measuring
devices, such as ul tt'asonics, wi II be tested afte,' plant cc:xrmissioning.
The installation of closed digital control loops has been considered,
however this will be delayed until a thorough knowledge of the flow
dynamics and optim~ flow regime has been obtained, and the higher cost
techniques can be justified.

A proprietary control and alarm system will be supplied with
the electrowin system. This wi II focL's on detecting short ci,'o.lits and
abnormal plating phenomena by monitoring voltage and current at various
points in the ,'ectifier/cell system This info,'mation wi II also be used
-For calculation of process performance. The rectifier and solution
tempe,'atu,'es wi II be moni tored, alarmad and logged.

The electrical conductivity of the contents of the mixer boxes
wi II be moni to,'ed conti ruous 1y and ala,'med to ale,'t the operators of
phase flipping. This 15 essential in the organic continuous regime used
ill the extt'act stages. A sensor wi 11 also be installed in the loaded
organic tank to prevent the 1055 of organIC phase in the aqueous stream
coalesced f"OOl the loaded organic, and 1inked to an alarm and isolation
solenoid valve on the aqueous bleed line.
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7.0 EIWIRC/II"ENTAL IMPACT
7.1 E~~luent De~inltion & Cont~ol

The p~oject has a net envi~onnental bene~it, with negligible
envi,-ormental ,"isk associated with the p,-ocess. The n.moval o~ the
coppe~ ~~om the e~~luent st~eams c~eates a stoichiomet~ic addition o~

sulphu~ic acid to the eXlsting e~~luent. This acid addition
theo~etically d~ops the pH o~ the plant ~~luent by app~oximately 0.15
pH units, howeve~ the acid is ,-apldly consumed by the ext~aot-dina~ily

high i~on hyd~oxlde content o~ the e~~luent. This is in tu~n massively
diluted by the local d,-ainage stt-eam into which the plant ef~luent

(~a~Finate) is dit-ected.

7.2 Regional & Local D~ainage

The ~egional and local d~ainage will
signi~icant way by the p~oposed plant. Some
di ve,"ted a~ound the ~aci Ii ty. but the p~oposed

copper beal"· i ng 1i qUQI'-S. removes the copper-, then
into the d~ainage system.

& Land Use
in use is e~ectively silent. Being a
thet-e wi I I be no dust EfMli sslOns othe~ than

plant access ~oad. A ~elatively small amount
the plant (40 by 40 met,-es). The feed (PLS)
a~ea o~ 60 by 60 met~es. It is anticipated
will be utlIised within the Mt Lyell lease.

not be impacted in any
local d~ainage will be
p~ocess simply dive~ts

adds the same flow back

add~essed by this study. A p~eljmina~y

fauna will not be a slgnificant issue in

7.4 Flo~a & Fauna
This iSSUE is not

imp,"ession is that flm-a and
~elation to the plant a~ea.

7.3 Noise, Dust
The technology

hydn:lIootallur-gical plant,
~~om ~oad t~af~ic on the
of space is ~equi~ed fo~

pond requires a separate
that existing level sites
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TARE 4.
--------

I"EASlRED pH - PROJECTED D--i"l'ff IN ACID CCN:ENTRAT I()\J

ESTIMATED
pH ACID gil gil Cu

FEED TYPE il"lTE PLS RAFF PLS RAFF EXTRACTED
I\OV 1993

SiPFT 12 2.4 2.19 0.39 0.63 0.159
SiPFT 13 2.36 2.17 0.43 0.66 0.153
Sl-V'FT 14 2.47 2.23 0.33 0.58 0.160

16
17

fRL 18 2.46 2.54 0.34 0.28 -0.037
~1- 19 :L.45 2.2 O.S,;:) 0.6'2. 0.111
HALL 20 2.69 2.63 0.20 0.23 0.019
MIX 21 2.23 2.26 0.5t:l 0.54 --o.OL~

22
23
24

MIX 25 2.14 2.09 0.71 0.80 0.057
MIX 26 2.21 2. I:' 0.60 0.69 0.0:'9
MIX 27 2.16 2.09 0.68 0.80 0.078
MIX Lt:l 2.S'L 2.18 0.41 0.65 0.111
MIX 29 2.35 2.23 0.44 0.58 0.091
MIX 30 ~. -S6 :L.~4 O.4S 0.56 0.0l::H

[EC 1993
MIX 1 2.34 2.23 0.45 0.58 0.084
MIX :2 2.~1j L.2 0.51 0.6'L 0.068
MIX 3 ..., ..., 2.1 0.62 0.78 0.105..:....:...

I'LT 4 '/ '< 2.:21 0.49 0.60 0.0/4.............
5

!'L.T 6 2.13 2.01 0.73 0.96 0.151
I\LT / 'L. U 2.0':1 0.73 O.l:JO 0.046
I'LT 8 1.99 1.9 1.00 1.23 0.151
HAl.L 9 2.S6 2.24 0.4:3 0.56 O.Ol:l9
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8.0 OPERATING COSTS
8. I FI xed Ope,-ati ng Costs
The ~ixed operating costs are shown on tables at the back o~

this section, and ,"eflect the labour and overhead component of the
operation. This includes maintenance and cost of services such as
purchasing, the labo,-atm"y and cOCT'ffi..lnications. The labour rates and
cost burden are generous. The materials ~m" the mechanical and CiVIl
aspects of the opel'-ation have teen car-erull y chasen and the maintenance
allowances at~e conside,-ed to be vet-y conset-vatiV8a

8.2 Variable Ope,"ating Costs
The variable costs are essentially consumables and the EW

powe,·". Strictly speaking the pumping and auxiliary power usage is a
~ixed cost as the project does not anticipate inet"eases in flowrate
beyond 500 m3/hau". Any expansion in prod.Jctioll will come -from impt-oved
extraction Dt- increases in copper· concentration in process -feed, which
will inc,-ease the EW powe'·· on a va,'iable basis. The SX reagent
cOllSUffiPtion costs are also ~i:<ed up too the poi nt of feed copper tenors
of I gil (J(XlOppm) due to the excess o~ extractant in the OI"gamc phase.
These costs have been calculated on the basis of the pvocess design
calculations and mass balance - which ar-e based on the pel~fot-mance

levels achieved at the pilot scale.

8.3 AccUl"acy
The accuracy o~ these costs is a function of the quantities

dete,"mined in the mass balance and the unit cost for each item. Typical
values have been used -For consumables, usually with some contingency to
account fo~· the fluctuations exper-ienced wi th i terns such as
petrochemical based ,"eagents and acid. The cost o~ power is yet to be
-flnallsed, ha.vever- the values used t~eflect the cur-r-ent indJstrial
tari~fs in the TasmanIan mining ind,stry.

294188
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1.26
0.40
0.7

---
COST

:A$/YEAR

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

EURALBA MINII\G LIMITED
MT LYELL SX/EW COPPER PROJECT
OPERATING COST SLl'1I"IARY

COST CATEGORY

FIXED COSTS

:LABaJR

: f"IA JNTENAJ\CE 8. SERVI CES

:VARIABLE COSTS

:al'B..Ji"IAEILES

: TOTAL

A$ PER KG CF COPPER PROrLCED
L6$/ 1b OF COPPER PROa..x:::ED
EXCHANGE RATE - (US$/A$)

310,128

44575

175513

,

; . tyu'
.. 1~r-v'1,

294189
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:ClJ\JSU'1PTIDN :COST/lJ'JIT : $ COST lJ'JITS

\-------------------------------------------------------------:
175513 :

:-----------------------------------~--~.__._-----~-_.- --------_._-----:

:-------------------------------------------~-------------------:

:--------------------------------------------------~-----------:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

EURALBA MINING LTD
MT LYELL SX/EW COPPER PROJECT
OPERATING COSTS

a:J\JSLl4ABLES - VAR IABLE COSTS

AREA/ITEM

TOTAL

LABOUR - FIXED COSTS
_. -"-------------------_....

CATEGORY NLMBER

: TDTPL

OVERl-EAD

FILE: OPCOI

HClJRS/YEAR
PRODLCTIlJ'J
INST kW

A$/KG

RATE

A$/KG

8387
419
197

0.4

COST

310128 :

0.74

294130



:-------~------_._---_._-------_._----_._---~---~-----------------:
: I"ED-lClN ICAL 4 :I'N\IlJAL % VALLE 11983

:ELECTRICAL 6 :AMlJAL % VALLE 4067

:CIVILS 5 : I'j\NJAL % VALLE 1325

:LABORATORY :AAS - GLASSWARE
:D-EMlCALS 15000

:CFFICE : STAT IONARYISCFTWARE 5000
:CFFICE EQUIP~ENT

: PLJRD1ASI NG 60CXJ

: a:M1...I\I I CAT I (]\JS 1200

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

~IAINTENAI\CE AND SERVICES - FIXED GJSTS

ITEM

: TOTAL

COST

44575 :

29419"j
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9.0 CAPITAL COSTS
9.1 Di~ect Costs
Oi ~ect costs have been estimated ei the~ by quotes fnlfn

marufactu~e~s, the application of cu~nmt cost t"ates to quantities of
matel"ials dedved f~om a specinc design, Dr- by the applIcation of
facto,-s based on ca,,"ron pt-aetice tD a knc:JWn cost. An example of the
latter- is the estimate fD~ elect~ical dist,"ibution costs, whe~e the
estimate is det-ived as 12% Df the equipment CDSt. The pIpIng costs wer-e
estimated by sizing the pipelines, calculating the mass of HOPE
t-equi~ed and costing this at $3.00 pe~ kg (compa~ed wIth cLl~r-ent ,oates
DF $2. 40/kg).

I
I
I
I
I

services,
estimates
.·-sview if

9.2 Indir-ect CDsts
The indirect casts at-e eng1fl8e~-ing and project managE!iTlE!nt

a contingency factor- plus Insurance and fees. These are
based Dn expet-ience of simi la~ p~ojects, and ar-e subject to
the scope of the design and const~uctlOn phase changes .

I
I
I
I
I
I
I
I
I
I
I
I
•

The aroount of conti ngency allowed is Llsuall y di~ectl y ~elated

to the aecur-acy of the estimate, and IS often di ffet"ent aCt-DSS en the,­
disciplines D~ a~eas Df the CDSt estimate. The cDntingency used her-e is
slightly lowe~ than the accLl~acy estimate, pdmadly because much Df
the estimate alr-eady has a significant cDntingency built in. An example
of this is the EW cell costs, which allow fat" the use of seamless tube
wher-e the lowe~ cost welded tube is now demonst~ated to be adequate.
The r-ates used for coner-ete and HOPE are conservatIve, and much of the
tankage estimate is based Dn lIst pr-ices.

9. 3 Accut"acy
The overall accuracy of the cost estimates in this study

,"anges between 12 and 16%. Ther-e ar-e sever-a I at-eas in the pr-Dject
concept which cannot be definitively sCDped at this time, and thus the
accuracy of the cost estimates in the electr-ical and civil war-ks a)~eas

fall into the 20 to '2S·/~ }~ange.
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CAPITAL COST SUMMARY

:---------:---------------------------:------------------------;--------:

I
I
I
I
I

AREA OESCR I PTI (]IJ

1 :SCLVENT EXTRACTI(]IJ

2 :ELECTRCPJINNlfI.G

3 :SERVICES AND FACILITIES

4 :CIVIL WJRI<S

5 :ELECTRICAL & INSTRlt'ENTS

6 :P1PII\G & VFLVES

:@ 12% of areas 1 - 3

TOTAL

226611

1996'10

172913

66241

61334

120324

I --- ---------- -- ~-----,---;:=::-:-::-

DIRECT CAPITAL COST 847064

I
I
I
I
I
I
I
I
I
I
I
•

C(]IJTINGENCY @ 12%

Efl.GINEERI~.G, D & C, PRD.TECT ~Et'ENT

INSURANCE, FEES

INDIRECT CAPI TAL COST

TOTFL CAPI [AL COST

----- -----------.---

1016'18

84706

8471

: 194825 :

-----------
: 1041889 :
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I"1JlJIJT LYELL COPPER PRQJECT
CAPITi'L COSTS
FILE: I"LFCAPCO

AREA 1. - SOLVENT EXTRACTION CAPITi'L COST

:-_._------ :---------------------------- :---- :------------------- :-------- :

TKOI :U:¥lDED CJRGPj\JIC TANK

PP04 :LOADED ORGANIC P\..l"IP

PP07 : I RO\I BLEED PU-IP

TOTi'L

o
o

o :42455.9
o

o 19070
o

4610
o

o :42455.9
o

19070
o

4610
o

5602
o
o
o

o 8200
o
o
o

7480
o

871
o

o :17880.8
o

13100
o

o 4100
o

o 4100
o

2243
o

30762
o
o

: FREIGHT
: INSURE
: INSTi'L

o

4610

Bll

o

7480

4100

2243

4610

4100

8200

5602

19070

13100

19070

17881

42456

42456

30762

COST

1

1

1

1

1

1

1

3

1

2

2

:1\().DESCRIPTION

Tk02B :SPENT ELECT F-QYTE TAI\I<

TK02A :ADVANCED ELECTROLYTE TANK

~15 :STRIP MIS fUMP MIXER

~B03 :STRIP MIS

EQJIP
I\IJ •

PP05 :ORGAN I C RECYCLE PLl4P

PP06 :CRUD/AGLIEOUS EX LOT PLMP

PPOI : PLS PR I 1'£ PU4P

MSOI :EXTRACT MIS 1

PG.)1 :M/S 1 PU'1P MIXER

AG02 :M/S P6ITATOR

MS02 :EXTRACT MIS 2

{'G.)3 :M/S 2 P\..l"1P MIXER

{'G.)4 :~I/S 2 AGITATOR

PP02/03 :CRUD REMJVi'L. PU4PS

PP08ab : ADVANCE ELECTReLYTE PLl1PI

I
I

I
I

I

I

I

I

I

I
I

I

-- ----- ------_.I :TOTi'L COST - SOLVENT EXTRACTION EQUIPMENT 226611

I
I
•



I
I
I AF-'EA 2. - ELECTRC1IJINNIII.G CAPITPL COST

I EGlJIP
f\O.

a::SCR I PTI O\J :NO. COST
:FREIGHT
: INSURE
IINSTPL

TOTPL

: TOTPL COST - ELECTROl'J1NNIN:; 199640

:---------: ---------------------_._-----: ----: -------------------: ---------:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

EPOI/90 :EW PAO< (5 CELLS) 90 148500

F~101 IFLc:JW"ETERS 4 24000

1.\\'101 :W'lTER HEATER 2 2140

TKlO :WASH BAY ASSE~IBLY 1 2000

XXOI ICELL STRIP - ASSE~IBLE JIG 1 3000

RTOI/02 I RECTIFIER 2 20000

r1-D2 ImBILE HJIST 0 0

148500
o

24000
o

2140
o

2000
o

3000
o

20000
o
o
o
o
o
o
o
o
o
o
o
o
o



I
I 2911 0 ~. v i._

:---------: ---------~-------------------:-~--: --------~----------:--------:

AREA 3. - SERVICES AND FACILITIES CAPITAL COST

TK03/04 : CRUD DEctWT TANKS

:TOT!'L COST - SERVICES AND FACIL ITIES

TOTAL

: 172913 :

:FREIGHT
: INSURE
: INSTAL

0
0

11398 11398
0

1030 1030
0

2900 2900
0

0 0
0

5602 5602
0

9800 :9800.44
0

14000 14000
0

12000 12000
0

1360 1360
0

0 0
0

5699 5699
0

1500 1500
0

3473 3473
0

4651 4651
0

13500 13500
0

40000 20000 60000
0

26000 26000
0
0

COST

I

I

2

I

1

1

2

1

2

1

1

2

:LOT

:NJ.DESCRIPT ION

:CRUD AGITATOR

:G.P. DIAA~RAGM PUMP

:CRUD EXTRACTOR

:ACID MIXING TAt~

:CRUD/DE FILTER

:AIR CO'1PRESSDR

:CFFlCE/LAB. ECUIPr-'ENT

:MJBILE DRLl1 HOIST

: OILLENT TANK

:FIRE DELLr£ PI.l"'IP/SPRAY

: Rl'FF lI'~TE COALESCER

:EXTRACTANT Pll1P

:CFFICE/U1B W'Sf-KJP/STORE

: AC ID OOS I NG Pll1P

:STROI'£ ACID PU1P

:ACID STORAGE Tl'iJ<

EQUIP
NO.

TK05

PFOI

PPIO

TK06

MHO I

PP09

PPli

TK08

PP12

PP13

ACOI

PffJ7

TK09

TK07

----------

I
I

I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
•
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AREA 4. - CIVIL WORKS

I EGlJIP
NO.

DESCRIPTION :L..NIT: RATE :GUANTITY TOTAL
COST

Cll'I"ENT

I
I
I
I
I
I
I
I

:---------1---------------------------:----:--------------------:--------:---------------

: I:U'1P TDE DPMS :LOT :(\()T Gl..rnTIFIED

:SITE D..-EAR :LOT :NOT REGlJIRED

:ACCESS ROAD :LOT :f\OT REGlJ IRED

:PLS POND EXCAVATION/FILL : t'13 5.75 3911 22488 :EXCAVATE. A..J\CE
:al'1PACT

:PLS POND LINER :M2 6.00 4000 24000 : I IMl HOPE

:SITE ORA II\MOtGE :M 5 500 2500 :PERIMETER DRAIN

:SX CONCRETE <STAIRS/WALLS) :LOT 120 50 6000 :MINOR L<.ORKS

lEW CO\CRETE PAD :M2 120 60 7200 :CELL AREA

:TAN<FARM CO\CRETE PAD :M2 120 34 4053 :TPt\K BASES

:---------------------------------------------~------- ------------------:

I
I
I
I
I
I
I
I
•

:ToTAL COST - CIVIL L<.ORKS
....---_.~._-

66241 :



I
I
I LINE AND VALVE LIST COST/KG $3.00

:-----~--_._---------------------_._-------------------------: -------------------------:I :LI NE f\[] • DESCRIPTION :LENGTH : BORE KG/M aJ'1l"ENTS : aET

I
I
I

:PLS (FEED) SYSTEM
:315/3/HDPI :SHAFT DUMP LINE

:315/3/HDP2 :~i'll..L DUMP LINE

:315/3/HDP3 :N. LYELL TUNNEL LINE:

:315/3/HDP4 :CONVEYOR TlN\EL LINE:

1000

6iXJ

300

100

297

297

297

2"17

8.661 :oRAIN/COUPLING

8.661 :DRAIN/COUPLING

8.661 :DRAIN/COUPLlMO

8.661 : ORA IN/COUPL lMO

25983

15590

7795

2598

I
:450/3/HDP5 :PLS TO El

:AREA
:PRII"E LINE

100 423 :17.260 :FV/FM
0.14

:OPTION

5178

I
I

:450/3/HDP6
:a.../4oo/1

:a.../400/2

:RAFF CIRCUIT
:RAFF EI/E2/TKOI

:TKOI TO HAULAGE Ck

6
17

100

423 : 17.260
600 :$90.00 :4OOX4OO

:CONCRETE LIU\lDER
600 :$90.00 :400X4OO

:CONCRETE LAUNDER

311
918

5400

:ORGANIC CIRCUIT

I
I

:4oo/3/HDP7
:400/3/HDPB :E2
:4oo/3/HDP9 :El
:400/3/HDPI0 :El
:4oo/3/HDPII :S1

El
TKOI
RECya...E
E2

4
14

4
12

377 : 13.735 :LARGE BORE
377 :13.735 :TO MAINTAIN
377 :13.735 :VELOCITY AT
377 : 13.735 : 1 M/SEC

165
577
165
494

I
I
I
I
I
I

:400/3/HDP12
:400/3/IIDPI3

: lIO/3/HDPI4
:25/3/HDPI5

:50/3/HDPI6
: 16/3/HDPI7
: 16/3/HDPI8
:25/3/HDPI9
:25/3/HDP20

:50/3/HDP21
:50/3/HDP22
:50/3/HDP23

:ELECTROLYTE CIRCUIT
:TK02
:TK02 - SI

:EW CIRCUIT
:TK02a - EW - TK02b
:S1/EW/T~:03!TK04

: lRO\I BLEED LII\E
:OXYGEN BLEED LINE
: [ll\JC PC I D LI NE
:mXED ACID LII\E
:DILUENT LINE

:CRUD C 1RClJ IT
:FEED
: DECANT LINES
:G.P. PU1PlMO

10
6

20
40

10
210

10
10
10

40
20
40

103
103

103
21.6

46.7
12.7
12.7
21.6
21.6

46.7
46.7
46.7

1.140
1.140

1. 14 : I"i"lN!FOLD
0.12

0.61 :a...ASS 9
0.08 :CLASS 9
0.08 :a...ASS 9
0.16 :a...ASS 9
0.16 :a...ASS 9

0.61
0.61 :MANIFOLo
0.61 :FLEXIBLE

34
21

68
14

18
50

2
5
5

73
37
73

----------_._.- ----_._-_. -----_._---- .. _---_._- ._.__ ..__._._._.._-----_._._------I
I
•

TOTAL LINE COST
-_._------------

65574
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I VALVE LIST

:------_._~--------------_.._--------_.,-_._----------- -,-_._._-------------------------------------:I
:LII\E NO. DESCRIPTION NO. : BORE llJ'JIT COl FITTINGS : COST

:315/3/HDP3 :N. LYELL TUNNEL LINE:

:315/3/HDP2 :HAUL DUMP LINE
I
I

1315/3/HDPI
:PLS (FEED) SYSTEM
:Sl-'AFT Dl.f'JP LlI\E 5

3

297

297

297

10 :CClJPL I NGS, I BLEED:

10 :COtJPLlMiS, I BLEED:

10 :BLEED

50

30

10

I
I

1315/3/HDP4 :CCNJEYOR TU\l\EL LINE:

:450/3/HDP5 :A..-S TO EI

: PRIME LII\E

297

423

10 :BLEED

10000 : BV,FV, IVs

10

10000

I
I

: 450/3/HDP6
:a.-I400 I I

:a.-/400/2

: RI'FF CIRCUIT
:RAFF EI/E2/TKOI
:LALNDER

:TKOI TO HAULAGE Ck

1
o

423
600

600

3000 : IV

3000 : IV

3000
o

3000

lEW CIRQIT
\ IIO/3/HDP 14 : TK02a ~. EW - TI<02b

30 : IV
30 : IV
30 : IV

40 : IV
1000 lRV

20 : IV
600 :RV

30 : IV
20 : IV
20 : IV
25 : IV
25 : IV

I
I
I
I
I
I
I
I

:400/3/HDPB
: 40013lHDP9
:400/3/HDPIO
: 400/.3/HDPII

:400/3/HDPI2
:400/3/HDP13

: 25/3/HDP15

:50/3/HDP16
: 16/3IHDPI7
: 16/3/HDPI8
:25/3/HDP19
:25/3/HDP20

:50/3/HDP21
:5013/HDP22
:50/3/HDP23

JORGANIC CIRCUIT
:E2 EI
:EI TKO I
:EI RECYCLE
:SI E2

IELECTROLYTE CIRCUIT
: TK02a TI<02b
: T1<02b SI

:Sl/EW/TK03/TK04

I IRON BLEED LII\E
:OXYGEN BLEED LINE
: CCI\C AC ID LINE
:MIXED ACID LINE
: DILUENT UNE

:CRUD CIF,CUIT
:FEED
: [£CANT LII\ES
IG.P. PU"IPlMi

1
1
3
1
1

1
3
1

4
2

60

I
1
4
3
3

2
12

3

377
377
377
377

377
377

103

21.6

46.7
12.7
12.7
21.6
21.6

46.7
46.7
46.7

2500
2500
2500
2500
4000

4000
250)
4000

: IV
: IV
: IV
: IV
:RV

:RV
: IV
:RV

2500
2500
7500
2500
4000

4000
7500
4000

160
2000
1200

o
30
20
SO
75
75

60
360

90

I
I
•

TOTAL VALVE COST
-------~-----~-_._---

54750



This impl ies a very ,oapid t"etut"n on investment.

10.2 Method of Analysis
The analysis method used is standard Lotus spreadsheet cash

flo-J p'~Djection5 ovel~ a tet~m of 10 yea)~s on an unescalated basis. A net
p,-esent value calculation is provided on rever<.1e (before capital costs
have been deducted), on cash fION aftel- capital has been deducted which
essentially represents an equity financing approach, and on cash flow
after debt service and ta>:ation has been acccunted for.

10.0 COMMERCIAL ANALYSIS
10. I Basis
The basis on which the financial analyses have been

consb-ucted are rx:Jffii nated at the top of the spreadsheet calculations
p,-esented on the attached tables. The two critical parameters are
copper pt"ice and exchange rate. The =ppe,- pt"ice used fOt" the base case
is B5 cents US per pound of copper metal produced - A$2.68 per kilogram
at an exchange rate of US$O.70 to the AJst,-alian dolla,-. This is a very
conse~vative p~ojection considering that the copper price an an annJally
ave,-aged basis fits a 3.51. ccmpound growth ,-ate, and that the locus of
the low points on the price plot fitted to a 3.51. simple growth (linear)
rate projects to 85 cents fa,- 1994.

I
I
I
I
I
I
I
I
I
I
I

10.3 llitcomes
The outcome of the

revenue, equity financing, and
service and tax. For the latter
in year I. of operations.

-financial
for ful I
scenario

analysis is favourable for
debt financing after debt

the project is cash positive

(JQ 4 ')u·· 0""v 4

I
I
I
I
I
I
I
I
I
•

10.4 Sensitivities
The sensitivity analysis is attached to the financial

analysis, and examines the sensitivity of the pt"oject viability to
changes ft"om the base case pt"esented on the following pages. The areas
tested """t"e:

1. copper pt"i ce
2. discount rate
3. capital cost
4. opet"ating cost
5. prodJction rate - whether due to feed grade/rate, pt"ocess

per'for"mance Dr running time gains ot"- ooficl ts.



EOIliT'( FINMlCED BEFORE TAj

'(EAR ;"j iteR 'iEA~' 2 '(E~R 3 JERk 4 YEHR < YERR l lEAR 7 YEAR 8 YE,tiR 9 m.R 10J

CAP!T.~L COS 1 1041889 j)(H)U 4tl~)iJO WIJi}U 40(100 20000 1201B89

CUM CASH FLOW -104!8B9 -544536 -6179 585847 1137872 1729898 2291923 2883949 3415974 402BOOO 4600025
CASH FLOW -1041889 qQr"i~ .5·38,15 ? 592026 552!J16 j92I'~6 ~61i)16 snlf26 55202~ SQ2<.\16 572026 4600015, , .) .....J

D! SCOUIII RAIE 1'2
liEl PRESErH VALUE -597824 -168649 2~L27 4.3 603565 9·39497 1224236 1492038 1714992 1928483 2tl26bO

ALL IN Al
PRODUCTlON

YEAR I) YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 0 YEAR 6 YEAR 7 YEAR 8 YEAR 9"flOWRATE M3tH' 500 sno 5(H) 500 500 500 500 500 SOl)
COPPER gil 0.12 0.12 0.12 0.11 0.12 0.12 0.12 0.12 0.12
RECDVERY :: 1·-; 78 eo 80 80 80 2\1 B;) BO
COPPER TONNE:; 177.4 408.8 '19.3 419.3 419.3 419.3 419.3 419.3 419.3
INCOME Jr.llUO! 7 1094!85 1!21242 1122142 t122:ltZ ll2n4:L Il:tt242 112tNl 1122241
FIXED COSTS .3547(11 3547D3 ·354703 354703 .354703 354703 3547:::.3 354703 354703
Y~RIHBLE COS IS 1r;;;-l '~>,-'} 171125 1155D ! /5513 J7~51.~ 1755H ,-I"': 1 ~ 175513 175513OJ; ."'_ i -JJ. ,.)

RE'iE/IUE 497-353 568357 592026 592026 SQ2026 592026 592026 592026 592026
Nf'V 444065 89715~ ! 318548 1694791 20~t.f?22 23:)(166l 2598463 2B31572 3051062

FINANCIAL ANALYSiS

EURALPA MININS LTD
NT LYELL SX!E. COPPER PROJECT
FEASIBILITY STUDY HAY. 1994

YEAR 10 lDTAl
500

0.12
BD

419.3 4140.9
1122242 11082135
354703
l/5513
592026 5801914

3241679

294201

2.,8 Aim0.85 DSlilB
0.7 USiiAl
364

14
10 1
P 'j

1<) YEARS
3141079
2112660 Al - REVENUE lESS CAPITAL OUILAY
1980367 Al - AFfER DEBT SERVICE AND TAl

ASSUMPTIONS
COPPER p~: ICE

tlPV

EJCHAN&E RATE
DAYS/YEAR
HP:,i"AY
IfjTEREST PAlE
DISCOUNT RATE
TERM
NPV ON REYENUE
NP!! ON mIT

BASE CONDITiONS
FLO. COPPER lEIiOR 0.120 gil
RECOVERY 80 'i.
WlTAl COST I (041889
PREPRDOUClIOI/ COSI (00(1(1'.1
PASE CASE ANNUAL PROOUCIION
FLO.RAIE MJiHR 500
COPPERg!i 0.12
RECDvm 1. 80
COPPER IONNES 419.3
OPERA TIfIG COST FAC lOR I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•



REvnlUE

DEBT FINANCED
YEAR I)

DEPRECIAT ION IA
TAIA&LE INCOHE IA -1201S9
CARRY lOSS fORWARD IA

I088(1~ 1
113798

3425337

152931 168224
168224

185047
16822

185047 2035513

1\\048
431155
431155

1\2281
10

288874
144048
152931

16822
296813

3425337

\7213\
9

139028
321155

353271
32116

1850\7

38291
521619
521619

349485
38291

139028

32116
280863

3128524

18170
497537
497537

126389
460lS4

506202
4bOl8

185047

164187
&

333350
48\70

126389

230811) 182340 IH048
48\70 38291 30250
48470 38291 30250

ADD 10 FINAL yEAR DEP.N

29216\
61354
61354

11\899
586573

100705
7

6\5230
58657

185D47

29420::

316249
61354
11;B~9

Y,~k 7 YEAR & YEAR 9 YEAR 10
592i)26 59702b 592026 592026 5801914

~n5~

172014
472014

7TH yEAR

1661768 1783519 1884801 1980367

58657 46018
321362 301m

2546212 2847b60

6

77604
444214
44\214

369828
77664
77664

104\54
701172

771619
70147

185047

297624
77664

11)4454

146591

JEAR b
592026

'0147
340981

2224850

592026

4~813;

98309
98309

mo8
8<i5926

qa3Q9
413124
413124

5

276793
98~(l9

94958

886519
80593

1&5047

lEAR 5

Bi}593
360736

I&B3869

1-3l3b49

80316

9909n.
90088

I &SW

252922

8mb
90088\

591573
124441
124441

124441
377496
377496

124441

tEAR 4
592026

1138958

9<:'088
381126

152313-3

224975
157521
7847S

tl080~

75('099
157521
157521

78478
987210

157521
335784
3157&4

846;45

lEAR 3
592(126

98721
402739

11420%

1085931
98721

185047

86590
2

9mn
199391
199393

,10083

175805
1993~·:,

71~.n

199393
262395
262395

1850\J

106569
4104'£3
739267

yfA« ~

568357

7\3\3
106568S

1172257
1(J656 9

252)97

252397
131253
1106;

3651
I

4~n53

252.397

127602
252397
64858

I! ni)3
4-28B44
32&841

YW I

6~85e

ImOll

1201889

1750734
!13703
}SS1J41

n
-'.'

-100000
12

CAP IlHL IA 1201889
DEPREC IAT! ON
DECLiNING BALANCE
- RATE 21.0u

ANNUAL DEPRECIATION

IAI RATE "
fAI fAID IA
YEAR

NPV
DISCOUlH RATE

DFEReTlNG PROFlT -1,0189
ADD 8ACF DEPRECIATION
- CAPIJAL PAYHENI 0
- PREFRODUCIION COSI 100000

ADD BAU: wmEST 12ul89
CASH FLOW IA HILLIDNS -luQOOU
CU~ CASH FLOW -IOOuOO

CAP ITAL TERM YRS 10
PRINCiPLE REPAID IA
PRINCIPLE OUTSTANDING 1201&89
INTEREST RATE 7. 10
INTEREST EFFECT 1322('7S
INTEREST PAYHENT 12015<
10m REPAli1EllIS 1800;7

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•



FINANCIAL ANALYSIS

EURALBA MINING LTD
MT LYELL SX/EW COPPER PROJECT
FEASIBILITY STUDY MAY, 1994

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

PRODUCTION RATE SENSITIVITY

EJASE CCNO I TICNS
FLCl>J CDPPER TEI'UR o. 170 gil
RECCNERY 80 I.
CAPITAL COST A$ 1041889
PREPRODUCTI[}\J COST ooסס10

BASE CASE P/INJAL PRODUCTl[}\J
FLCl>JRATE ~I3/HR 500
COPPER gil 0.12
RECCNERY I. 80
COPPER TONNES 419.3
OPERATING COST FACTOR 1

FLCl>J CCPPER TEJllJR o. 220 gil
RECOVERY 80 I.
CAPITAL COST A$ 1041889
PREPRODUCTI[}\J COST ooסס10

BASE CASE P/INJAL PROOUCTI [}\J
FLOiJRATE ~/HR 500
CCPPER gil 0.12
RECOVERY I. 80
COPPER TCN\ES 419. 3
OPERATING COST FACTOR 1

FLOiJ COPPER TEI\OR 0.070 gil
RECCNERY 80 "I.
CAPITAL COST A$ 1041889
PREPRDOUCTI[}\J COST 10)000
EJASE CASE AI\NJOt... PROOUCT I [}\J
FLOWRATE ~/HR 500
COPFER gil O. 12
RECCNERY I. 80
COPPER TC'J\f\ES 4 19 . 3
OPERATING COST FACTOR 1

FLt::W COPFER TE/lDR O. 120 9/I
RECOVERY 80 I.
CAPITAL COST A$ 1041889
PREPROOUCTlCN COST ooסס10

BASE CASE Fi\NJPL PRO()£Tl (J\J
FLOiJRATE M3/HR 500
CCPPER gil 0.12
RECOVERY I. 80
COPPER TCN\ES 419.3 x

OPERATING COST FACTOR 1

ASSU1PTICNS
COPPER PRICE
EXGJA'\GE RATE
DAYS/YEAR
HRS/DAY
INTEREST RATE
OIscaJ\lT RATE
TERM
NPV [}\J REVENJ::
NPV ()\j CFBlT
NPV

CCPPER PRICE
EXG1"1I\GE RATE
DAYS/YEAR
HRS/DAY
INTEREST RATE
DISCCU'JT RATE
TERM
NPV [}\J REVENJ::
NPV [}\J CFBIT
NPV

COPPER PRICE
EXD1PI\ff RATE
DAYS/YEAR
HRS/DAY
INTEREST RATE
DISCCU'JT RATE
TERl1
NPV.(J\J REVENJ::
NPV(J\JCFBIT
NPV

COPPER PRICE
EXD1PI\ff RATE
DAYS/YEAR
HRS/DAY
INTEREST RATE
DIsca.Nf RATE
TERM
NPV (J\J REVENJ::
NPV[}\JCFBIT
NPV

294203

0.85 US$/LB 2.68 A$/K
0.7 US$/A$
364

24
10 %
12 %
10 YEARS

5427441
4298422 A$ REVEN.£ - CAPITAL
3444827 A$ AFTER DEBT SERVICE

A'lJO TAX

0.85 lJS$/LB 2.68 A$/KI
0.7 US$/A$
364

24
101.
12 I.
10 YEARS

7613204
64B4184 A$ REVEN.£ ~ CAPITAL
4909288 A$ AFTER DEBT SERVICE

A'lJO TAX

0.85 US$/LB 2.68 A$/K[
0.7 US$/A$
364

24
10%
12 %
10 YEARS

1055916
-73103 A$ REVEN.£ - CAPITAL
388450 A$ AFTER DEBT SERVICE

A'lJO TAX

0.85 US$/LB 2.68 A$/K(
0.7 US$/A$
364

24
101.
12 %
10 YEARS

3241679
2112660 A$ REVEN.£ - CAPITAL
1980367 A$ AFTER DEBT !X:RVICE

A'lJD TAX



FINANCIAL ANALYSIS

EURALEJA MINI~ LTO
~IT LYELL SX/EW CDPPER PRCUECT
FEASIBILITY STUDY ~~Y. 1994

10 YEARS
2510108
1381089 A$ REVEN...E - CAPITAL
1486813 A$ AFTER DEBT SERVICE

AND TAX

2.36 A$/KG

24
10 I.

0.75 US$/LB
0.7 US$/A$
364

0.95 US$/LB 2.99 A$/KG
0.7 US$/A$
364

24
10 I.
12 I.
10 YEARS

3973249
2844230 A$ REVEN..£ - CAPITAL
2470519 A$ AFTER DEBT SERVICE

AND TAX

ASSU1PT I (J\J8

COPPER PR ICE
EXL1-IAI\.GE RATE
DAYSIYEAR
HRS/DAY
INTEREST RATE
DI8CCU'JT RATE
TERM
NPV ON REVEJ\LE
NPV (J\J CFB IT
NPV

ASSU1PTI (J\J8

COPPER PRICE
EXCI-ii'N3E RATE
DAYS/YEAR
HRS/DAY
INTEREST RATE
DISCOJ'JT RATE
TERM
NPV (J\J REVEN...E
NPV ON CFBIT
NPV

COPPER PRICE SENSITIVITY +/-201.

BASE COND IT IO'\IS
FLOJJ COPPER TEf\()R O. 120 g/ I
RECO'vERY 80 I.
CAPITAL COST A$ 1041889
PREPROELCTI(J\J COST ooסס10

BASE CASE Af\N...\OIL PRDDLCTI (J\J
FLOJJRATE M3/HR 500
COPPER g/1 0.12
RECO'vERY I. SO
COPPER T[J\JNES 4 19 • 3
OPERATIt£ COST FACTOR 1

BASE CONDI TI ONS
FUlN COPPER TE~'[)R O. 120 g /1
RECO'vERY SO I.
CAPITAL COST A$ 1041889
PREPROELCTION COST 10<)000
BASE CASE Ai'lIJU"L PRODLCTI ON
FUlNRATE M3/HR 5<X>
COPPER g/1 0.12
RECO'vERY I. 80
COPPER TO\i\ES l~ 19 . 3
OPERATI~6 COST FACTOR J

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•



FINANCIAL ANALYSIS

EURALBA MINING LTD
MT LYELL SX/EW COPPER PROJECT
FEASIBILITY STUDY MAY, 1994

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

OPERATING COST SENSITIVITY +1-20%

BASE Cl:J\iD I TIONS
FLO<J COPPER TENOR 0.120 gil
RECOVERY SO I.
CAPITAL COST A$ 1041889
PREPROLLCT ION COST ooסס10

BASE CASE I'IIl'IU'L PROLLCT I ON
FLO<JRATE M3/HR 500
aJPPER gil 0.12
RECOVERY % 80
aJPPER TIJ\f\£S 419.3
OPERATING COST FACTOR 1.2

BASE C(]IJD IT IONS
FLO<J aJPPER TENOR 0.120 g/I
RECOVERY 80 I.
CAPITAL COST A$ 1041889
PREPROLLCT!(J\J COST l000\.Xl
EiAsE: CASE I'IIl'IU'L PROLLCn(J\J
FLO<JRATE 1"13/HR 500
COPPER gil 0.12
RECOVERY % 80
aJPPER TCN'£S 419. 3
OPERATING COST FACTOR 0.8

ASSLMPTIONS
aJPPER PRICE
EXD-IPI\GE RATE
DAYS/YEAR
HRS/DAY
INTEREST RATE
DISCCU\IT RATE
TERM
NPV ON REVEr>J.£
NPV (J\J CFB IT
NPV

ASSU1PT I ONS
COPPER PRI CE
EXD-1"t\GE RATE
DAYS/YEAR
HRS/DAY
INTEREST RATE
DISCCU\JT RATE
TERM
NPV ON REVENUE
NPV (J\J CFBIT
NPV

0.85 US$/LB 2.68 A$/KG
0.7 US$/A$
364

24
10 %
12 %
10 YEARS

2646345
1517326 A$ REVEJ\LE - CAPITAL
1578605 A$ AFTER DEBT SERVICE

AND TAX

0.85 US$/LB 2.68 A$/KG
0.7 US$/A$
364

24
101.
12 %
10 YEARS

3837013
2707994 A$ REVENUE - CAPITAL
2379240 A$ AFTER DEBT SERVICE

AND TAX



FINANCIAL ANALYSIS

EURALBA MINING LTD
MT LYELL SX/EW COPPER PROJECT
FEASIBILITY STUDY MAY, 1994

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

CAPITAL SENSITIVITY +/-20%

BASE DONOI TICNS
FUJN COPPER TEI\OR 0.120 g/1
RECOVERY SO %
CAPITAL aJST A$ 1250267
PREPRODUCTI()\J COST 100000
BASE CASE iN\I..JPL PRODUCT I ()\J
FUJNRATE m/HR 50)

COPPER gil 0.12
RECOVERY % BO
COPPER TlJ\I\ES 419 •3
OPERATING COST FACTOR 1

BASE COND I TI ()\J8

FLCloJ COPPER TEI\OR O. 120 gil
RECOVERY 80 %
CAPITAL aJST A$ 833511
PREPRODUCTl()\J aJST 100000
BASE CASE I'N\JJPL PRODUCTI ()\J
FLCloJRATE M3/HR 500
COPPER gil 0.12
RECOVERY 'l. SO
COPPER TO\I'ES 419.3
OPERAT ING COST FACTOR 1

ASSl.J'1PT I CNS
COPPER PRICE
EXD-I"lI\I3E RATE
DAYS/YEAR
HRS/DAY
INTEREST RATE
DISCCU\IT RATE
TERM
NPV ()\J REVEl\LE
NPV eN CFB IT
NPV

ASSlJ"IPT I CNS
COPPER PRICE
EXD-JMIE£ RATE
DAYS/YEAR
fiRS/DAY
INTEREST RATE
DISCCU\IT RATE
TERM
NPV eN REVEI\lE
NPV ()\J CFB IT
NPV

294206

0.85 US$/LB 2.68 A$/KG
0.7 US$/A$
364

24
10 %
12 %
10 YEARS

3241679
1904282 A$ - REVEI\lE LESS CAPITA
1962180 A$ - AFTER DEBT SERVICE

AND TAX

0.85 US$/LB 2.68 A$/KG
0.7 US$/A$
364

24
10%
12 'l.
10 YEARS

3241679
2321037 A$ REVEI\LE - CAPITAL
1996241 A$ AFTER DEBT SERVICE

AND TAX



FINANCIAL ANALYSIS

EURf'LElA MINII\G LTO
MT LYELL SX/EW COPPER PROJECT
FEASIBILITY STUDY ~~Y. 1994

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

DISCOUNT RATE SENSITIVITY

BASE COND I TICI\JS
FLON COPPER TENJR 0.120 g/l
REaJvERY 80 %
CAPITAL COST A$ 1041889
PREPRDILCT I (]\J COST 100000
BASE CASE PN\I.JCL PRO[LCTI (]\J

FLONRATE M3/HR 500
COPPER g/l 0.12
REaJvERY I. SO
COPPER TONNES 419.3
OPERATI~13 COST FACTOR I

BASE COND I TI ONS
FLON COPPER TENJR 0.120 g/I
RECOVERY SO %
CAPITAL aJST A$ 1041889
PREPROlX.CT I ON COST IOO'X)(>

BASE CASE AN\IJAL PRO£U::::TION
FLONRATE M3/HR 5CX.)
COPPER g/I 0.12
RECOVERY I. 80
COPPER TONNES 419. 3
OPERATII\J3 COST FACTOR 1

ASSl.l'1PTIO\IS
COPPER PRICE
EXD~ RATE
DAYS/YEAR
HRS/DAY
INTEREST RATE
DISDlNT RATE
TERM
NPV (]\J REVENUE
NPV (]\J CFB IT
NPV

ASSU1PTI O\IS
COPPER PRICE
EXD-n-GE RATE
DAYS/YEAR
HRS/DAY
INTEREST RATE
DISCDUNl RATE
TERM
NPV ON REVENUE
NPV (]\J CFBIT
NPV

29420'/

0.85 US$/LB 2.68 A$/KG
0.7 US$/A$
364

24
JO I.
IS I.
10 YEARS

2871018
1752585 A$ REVENUE - CAPITAL
1765292 A$ AFTER [£BT SERVICE

IWD TAX

0.85 US$/LB 2.68 A$/KG
0.7 L.JS$/A$
364

24
10 I.

9 I.
10 YEARS

3692640
CEJJ753 A$ REVENUE - CAPITAL
2239415 1-\$ AFTER [£BT SERVICE

AND TAX



The p,,-ocess n)Jte and techniques have been pi lot tested at the
Mt Lyell site, and thus a high level of confidence in the p,,-ocess is
justi hed.

I
I
I
I
I

11 •0 CCl'fl..1.JS IO'JS IWD RECll'1"ENDATI O'JS
The ,,-ecove,,-y of coppel- cathode

the effluent st,,-eams at Mt Lyell
comme,,-cially viable.

294208

of Li"E g,,-ade "A" qual i ty fn::m
is technically feasible and

It is wo,,-thy of note that, to the autho,,-'s knowledge, the,,-e is
no othe,,- p,,-ocess ,,-oute and technology comme,,-cially available which is
capable of achieving the viable ext,,-action of coppe,,- f,,-om the Mt Lyell
effluent st,,-eams.

Seve,,-al a,,-eas ,,-equi,,-e mo,,-e detailed definition. The plant
site and the availability of powe,,-, wate,,- and access have not been
dete,,-mined. It is ,,-ecommended that these issues be ,,-esolved ,,-apidly,
and then a final cost estimate fo,,- the enti,,-e p,,-oject implementation can
be unde,,-taken. This final estimate should also take into account the
potential fo,,- use of an existing building at the site, and the potential
Fo,,- aquisition of othe,,- elements of the existing facilities.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

The financial analysis is based upon cost
well establ ished methods and CLIt"",,-ent p,-icing data.
are conside,,-ed to be conse,,-vative.

estimates de,,-ived by
These cost estimates
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APPENDIX 1.

I"ETEDRCLffilCPL DATA

OJ () 4') u" (l'-v . '- ,.J



• - - - - - - - - - - - - - - - - - - - -
2O-Aug-90 Page 15

AVOOGE MID~ HAXnIUl1 MID HINnIl!i mmA'IURES - S!Ul:'IEl TASI1ANIAN S'l'ATICI'lS

(Temperatures measured in degrees celclus)

STATICI'l lWIE & IUIBm POOal JAN rm HAR APR IlAY JltlE JULy AU; 5n'I' OCT N:lV rm: AN!IUAL

~ (7xs) tlWllIAX 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 16.4
97034 IImf KJJf 1965-1986 8.3 8.5 7.7 6.4 4.4 2.6 2.3 3.1 4.2 5.0 6.4 7.8 5.6

m. IIAX 1965-1987 37.3 36.3 35.6 29.5 25.0 19.5 19.5 21.0 26.8 27.8 33.3 35.3 37.3
1981 1982 1966 19115 1985 1974 1975 1977 1987 1965/77 1966 1980 1/1981

m. KJJf 1965-1987 0.0 0.0 -1.1 -2.6 -£.0 -£.2 -£.7 -5.5 -3.9 -3.3 -1.5 -0.6 -£.7
1965 1966 1966 1965 1974 1973 ' 1978 1974 1983 1965/68 1974 1965/66 7/1978

ROSDm\Y tlWllIAX 1979-1986 21.1 , 22.1 20.1 17.0 14.4 n.3 10.8 12.6 13.4 16.3 19.1 20.5 16.6
97073 KE:AN KJJf 1979-1986 10.1 9.2 9.4 7.8 6.2 4.2 2.9 4.8 5.3 6.5 7.7 9.4 7.0

m. IIAX 1979-1987 38.0 36.8 31.3 28.0 24.5 17.7 15.6 19.1 22.5 26.2 33.0 35.6 38.0
1981 1982 1983 1985 1985 1981 1981 1980 1985 1981 1987 1980 1/1981

00. KJJf 1979-1987 4.0 1.8 1.9 0.5 0.0 -3.0 -3.0 -2.0 -1.5 -1.0 -0.5 2.8 -3.0
1986 1980 1987 1964 1981 1983/85 1982/83 1986 1983 198t 1980 1979 varioos

SAVAGE RIVm * KE:AN IIAX 1966-1987 18.9 20.2 17.5 14.7 12.1 10.2 9.3 9.9 11.1 13.5 15.4 17.3 14.2 '
97047 tlWl KJJf 1966-1987 9.2 10.2 8.5 7.3 5.8 4.2 3.5 3.6 4.2 5.3 6.8 8.0 6.4

m. IIAX 1966-1987 34.1 34.4 29.3 25.2 21.3 18.3 18.6 26.1 23.9 26.0 30.8 32.4 34.4
1981 1975 1974 1987 1985 1968 1986 1971 1987 1977 1987 1980 2/1975

m. KJJf 1966-1987 0.8 2.3 -0.1 -2.9 -3.9 -3.3 -3.5 -5.0 -3.8 -1.1 -4.0 -1.2 -5.0
1967 1982 1967 1967 1970 1982 1986 1978 1972 1966 1980 1968 8/1978

•
S'nlAIWl tlWllIAX 1971-1989 20.7 21.4 19.5 17.0 14.8 12.4 12.1 12.8 14.1 16.0 17.8 19.1 16.5
97067 tlWl KJJf 1971-1989 , 10.6 10.6 9.8 8.8 7.4 5.4 4.7 5.4 6.4 7.2 8.2 9,7 7.9

m. HAX 1971-1989 36.2 37.2 34.2 29.3 23.1 19.4 19.1 20.2 26.9 31.2 33.5 36.2 37.2 r-:,
1973 1982 1989 1985 1988 1974 1975 1977/80 1987 1987 1977 1976 2/1982 COm. KJJf 1971-1989 4.3 2.4 2.4 0.3 -0.5 -3.0 '-2.0 -2.0 -1.2 0.2 1.5 2.6 -3.0 ...:::.
1978 1980 1987 1988 1976 1983 1978/82 1914 1916 1915 1914 1915 6/1983 ,,-::;

*Deootes Closed Statial l-
e::.
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T~E MOU~lT LYELL MINING AND RAILWAY COMPANY LIMITED

F:A I NFAL L F:ECORD

1
~~S~~STGWN I LAKE MARGARET LAKE MARGARET

(Sl...=:STATIiJN.! I D~h ?Gt~~R ~;!A7IGN
; ·:iiilil) I ("lui; I (;~Ifii.~ i

_______________________ 1 1 .. 1 :

I Iii
I I 1

THIS MON7"H I t---------- I 1I 1
F;!;INFALL 172.8 I 204.0 I 201.8

( I I i
1-----------------------1-----------------,-------------------1-------------------11 1 Iii
I AVERAGE I 151.1 I 232.1
I 1 1 1 1
1-----------------------1-----------------1-------------------1-------------------1
, I I 1 1
I RECORD LOW I 28.0 (1919) 1 '03.0 (1939) I I
1 1 1 1 I
1-----------------------1-----------------1-------------------1-------------------1
, I 1 I 1
I RECORD HIGH 1 433.0 (1923\ 1 610.0 (1923) 1 ,
I 1 I I 1
1------------------------1-----------------1-------------------1-------------------\
, I I 1 1
I WET DAYS I 21 I 16 I 21 I
1 I , 1 1
1-----------------------1-----------------1-------------------1-------------------1
1 1 1 I I
I r:::AR TO [tATE I I I I
I ------------ 1 I I 1
1 1 I 1 1
, RAINFALL 1 172.S 1 204.0 I 209.8 I
I 1 1 1 ,
1------------------------1-----------------1-------------------1-------------------1
I I I 1 1
I AVERAGE I 151.1 1 232.1 I 1
I I 1 1 I
1-----------------------1-----------------1--------------------1-------------------,
1 I I I 1
I WET DA-IS I 21 1 16 1 21 1
I I I 1 11 1 1 1 1



--------------------------------------------------... - .- .. '.
THE MOUNT LYELL MINING AND RAILWAY COMPANY LIMITED ~

-----------------,-------------------,-------------------
QUEENSTOWN 1 LAKE MARGARET 1 LAKE MARGARET

(SUBSTATION) 1 DAM I POWER STATION
I (~~) 1 ( ..nil I (,,"d I

----------------- 1 -----_----_1------------ 1 1
1 1 1 1 1
1 1 1 1 I
1 THIS MONTH I I 1 1
I ---------- 1 1 1 1
1 1 1 1 1
1 RAINFALL 1 80,2 I 113.2 I 101.0 I
I 1 1 1 I
1-----------------------1-----------------1-------------------1-------------------1

1 1 I I
AVERAGE I 120.7 1 185.1 1 I

1 1 I, I
-----------------------1-----------------1-------------------1-------------------1
lit . I

RECORD LOW 1 15.0 (1912) I 46.0 (1975) I I
1 1 1 1

-----------------------l-----------------I-------~-----------1-··-----------------1
1 I 1 1

RECORD HIGH 1 322,0 (1940) 1 426.0 (1940) I 1
I 1 I I

-----_··_---------------1-----------------1-------------------1-------------------1
1 1 1 1

1 WET DAYS 1 12 I 11 I 12 1
I I I 1 1
1-----------------------1-----------------1-------------------1-------------------1
1 I 1 1 I
1 YEAR TO DATE I II
I ------------ 1 1 1
I I 1 1
I RrlINFALL I 253.0 317.2 I 310~8 I
I I 1 I 1
1-----------------------1-----------------1-------------------1-------------------1
I 1 1 , 1
I AVERAGE I 271,8·1 417.2 1 I
1 1 1 1 1
1-----------------------1-----------------1-------------------1-------------------1

I I I I
I WET DAYS 1 33 1 27 1 33 1
1 I 1 1 I1 1 1 1 1

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•
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RAINFALL RECORD

fEBRUARY, 1992
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THE MOUNT LYELL MINING AND RAILWAY COMPANY LIMITED

RAINFALL RECORD

MAi\C~ J 1992

1
aU~~NSTO~N LAKE M~RGAREi I LAKE MARGARET

(SUBSTATION) DAM 1 FOWER ST';TION
I <iJllIii ! (JiIiJd I ':fiiP'.I~

_______________________ 1 1 J !
I 1 1 1
; I I

TniS MONTH 1 1 1
---------- 1 I I1 1 1

RAIHi'ALL 1 97.S I 114.0 1 105.8
I I 1 1

-----------------------1-----------------1-------------------!-------------------)
I I I I

AVERAGE I 163.2 J 237.7 I I
1 1 I 1

1-----------------------1-----------------1-------------------1-------------------1
1 1 I I

RECORD LOW I 49.0 (1910) 1 106.0· (1974) 1 I
I I 1 I

-----------------------1----------------- -------------------1-------------------1
1 I I

RECOF:D HIGH 1 ;20.0 (1945) 576.0 (1945) I I
1 1 1

-----------------------1----------------- -------------------1-------------------1
I 1 1

WET Dl,Y:; 1 16 16 I 16 1
\ I 1 1
I-----------------------J----------------- -------------------j-------------------j
! I I:

Y~AR TO DAT~ I I:
------------ I !

1 :
f~AINrAi...L I 35G.5 ':;:;~,2 416.6

1 1 1 1 1
1-----------------------1-----------------1-------------------1-------------------1
I I I· I I
J AIJERAGE I 435.0 I 65·L9 I I
1 1 I 1 1
1-----------------------1-----------------1-------------------1-------------------11 1 1 1 1
I WET DAYS I 49 I 43 I 49 I
1 I 1 1 1
1--- ----------- 1 ----- 1----------- 1 1



THIS MONTH

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

~\I
11

')°4 ')1 ,,',,-..., ... ~....

THE MOUNT LYELL MINING AND RAILWAY COMPANY LIMITED

RAINFALL RECORD

1
aU[~NSTO~N LAKE MARGARET LAKE MARGARET I

(SUBSTATIOn) DAM POWER STATION 1
(ma,) (m,,) (mm) 1_______________________ 1 . 1

1 1 1I 1
.1 . .1

I 1
I 1

RAINFALL I 173.2 260.8 231.8 II 1 1
1-----------------------1-----------------1------------------- -------------------1I . I "" , I
I AVERAGE I 2.2 3.6 313.4 I
1 I 1 "J I
1-----------------------1-----------------1-------------------1-------------------1
1 1 I I I
I RECORD LOW r 17.0 (1923) I 25.0, (1923) 1 1
ill 'I I
1-----------------------1-----------------1-------------------1-------------------1
1 I I I I
I RECORD HIGH I 454.0 (1914) I 649.0 (1914) I 1
1 1 I I I
;-----------------------1-----------------1-------------------1-------------------1
! I I I I

WET DAYS 1 22 1 20 I 23 I
II!

J-·----------------------I-----------------l------------------- -------------------!
I 1 1 I

I r~;.;~Nf;.:~L ~:.;.o 6S2.C· 643.~

I 1 j
1-----------------------1-----------------;-------------------,---------------- .. --

I I i
A\JERAGE 658.6 I 968.3 I

1 I 1 I i
1-----------------------1------------------1-------------------1-------------------1
J I 1 1 I
I WET DAYS I 71 1 63 1 72 1
I 1 1 1 I1 1 1 1 ;
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THE MOUNT LYELL MINING AND RAILWAY COMPANY LIMITED

RAINFALL RECORD

HAY, 1992

I
QUEENSTOWN LAKE KARGARET LAKE KARGARET I

(SUBSTATION) OAK POWER STATION I
1 . (oa) ._. 1 lu) 1 lu) 1_______________________ 1 1 1 1

1 1 \ I 1
1 1 I 1 1
1 THIS KONTH 1 I 1 1
I ---------- 1 I J 1
1 1 1 1 I
1 RAINFALL 1 194.8 1 259.0 1 252.8 I
I I I 1 I

1-----------------------1-----------------\-------------------1-------------------1
1 1 1 1 I
I AVERAGE 1 244.1 I 340.9 I I
1 1 1 1 I
1-----------------------1-----------------1-------------------1"------------------1
1 1 1 1 I
1 RECORD LOW 1 46.0 (1974) 1 87.0 (1974) 1 I
I 1 1 I 1
1-----------------------1-----------------1-------------------1-------------------1
1 1 1 1 1
1 RECORD HIGH I 557.0 (19481 1 694.0 <l9481 \ I
I 1 1 1 1

1-----------------------1-----------------1-------------------1-------------------1
I I I 1 1
1 WET DAYS 1 18 1 19 I 19 1
1 I 1 1 1
1-----------------------1-----------------1-------------------1-------------------1
I 1 1 \ 1
I YEAR TO DATE 1 I 1 1
1 ------------ 1 1 1 1
1 1 I 1 1
1 RAINFALL 1 718.8 I 951.0 1 901.2 1
1 I I 1 1
1-----------------------1-----------------1-------------------1-------------------1
I I 1 1 I
1 AVERAGE 1 902.7 1 1309.2 1 1
I 1 1 1 1
1-----------------------1-----------------1-------------------\-------------------\
1 1 1 I 1
1 WET DAYS I 89 I 82 1 91 1
1 1 I 1 1
1 ----------- 1 ----- 1_---__----- 1 1

291 ')1 I:
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THE MOUNT LYELL MINING AND RAILWAY COMPANY LIMITED

RAINFALL RECORD

JUNE, 1992

I1 QUEENSTOWN LAKE MARGARET LAKE MARGARET
I (SUBSTATIOtn DAM POWER STATION
1 (mm) 1 (slm) 1 (mm) 1

_______________________ 1 1 : 1

I 1 1 1
I I I 1
1 THIS MONTH I 1 1
I ---------- 1 I 1
1 1 I I
1 RAINFALL 1 202.4 I 213.0 I 223.6
1 I 1 1
I-----------------------I---~-------------I-------------------1-------------------
I 1 1 1
1 AVERAGE 1 234.5 J 319.2 1
1 1 I 1
1-----------------------1-----------------1-------------------1-------------------
1 1 1 1
1 RECORD LOW 1 55.7 (1978) I 50.0 (1937J 1
1 I I I
1-----------------------1-----------------1-------------------1-------------------
I 1 I 1
I RECORD HIGH 1 575.0 (1962) 1 781.0 (1952) I II I 1 1 I
1-----------------------1-----------------1-------------------1-------------------1
1 I I I I
I WET DAYS I 15 1 15 1 15 1
1 1 1 1 I
1-----------------------1-----------------1-------------------1-------------------1
I 1 I 1 1
1 YEAR TO DATE 1 . I I 1
1 ------------ I 1 I 1
1 1 I 1 I
1 RAINFALL 1 921.2 1 1164.0 1 1124.8 1
I I 1 I 1
1-----------------------1-----------------1-------------------1-------------------1
I 1 I I 1
1 AVERAGE 1 1137.2 1 1628.4 1 1
1 I 1 1 I
1-----------------------1-----------------1-------------------1-------------------1
1 I 1 1 1
1 WET [lAYS I 104 1 97 1 106 1
I I 1 I I
1 ----------- 1 ----- 1 ----- 1 1



260.0

.) q 4C)l ,-
'-v ... I

)ULY, 1992

RAINFALL RECORD

THE MOUNT LYELL MINING AND RAILWAY COMPANY LIMITED

AVERAGE

, I
1 QUEENSTOWN LAKE HARGARET LAKE HAROARET I
I (SUBSTATION) I DAH I POWER STATION II (m.) 1 (.... ) 1 (.... ) 1_______________________ 1 1 1 1

I 1 I I
I 1 I 1
I THIS HONTH 1 I I
I ---------- I 1 I
I I 1 1
1 RAINFALL 4·j3.') 1 470.0 1 454.2 1
1 I I 1
1----------------------- -----------------1-------------------1-------------------I

1 1 1
1 358.0 I f
I I I

------------.---------- -----------------1-------------------1-------------------I
1 J I

RECORD LOW 66.0) (1910j 1 107.0 (1932) I I
I 1 I

-----------------------1-----------------1-------------------1-------------------1
1 I I 1

RECORD HIGH I 525.0 (1970) I 769.0 (1917) I 1
I 1 I 1

----------------------- ------------------ -------------------1-------------------1
1 I I
1 WET DAYS ~, 27 1 27 1
I 1 1
1----------------------- ----------------- -------------------1-------------------1
I I I
1 YEAR TO DATE 1 I
I ------------ 1 I
I I 1
I RAINFALL 1324.2 1634.0 I 1579.0 1
1 I 1
,----------------------- ----------------- -------------------1-------------------,1 1 1
I AVERAGE 1397.2 1986.4 I 1
1 I I
1----------------------- ------- -- -----1-------------------1-------------------1
1 • I I
1 WET DAYS Lv 124 I 133 1
I I I 1 I, , , 1 1

._,:".,

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•
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294218

THE MOUNT LYELL MINING AND RAILWAY COMPANY LIH1TED

RAINFALL RECORD

AUGUST r 1992

I
QUEENSTOWN LAKE MARGARET LAKE MARGARET 1

1 (SUBSTATION) 1 DAM 1 POWER STATION II (... ) I (.... ) 1 (ID.) 1_______________________ 1 1 1 1
I I I 1 1
1 1 1 1 1
1 THIS MONTH 1 I I 1
1 ---------- 1 1 1 1

I I 1 1
RAINFALL I 336.0 1 379.2 1 380.4 1

I 1 I I
-----------------------1-----------------1-------------------1-------------------1

1 1 I I
AVERAGE I 262.9 1 359.4 1 I

I 1 I I
-----------------------1-----------------1-------------------1-------------------1

1 1 I I
RECORD lOll 1 91.0 (1965) 1 123.0 (1961) 1 1

I 1 1 1
-----------------------1-----------------1-------------------1-------------------1

1 1 1 1
RECORD HIGH I 480.0 (1936) 1 679.0 (1946) 1 1

1 1 1 1
-----------------------1-----------------1-------------------1------------------- 1

, I I 1
WET DAYS I 26 I 21 I 26 1

1 1 1 I
-----------------------1-----------------1-------------------1-------------------1

I I 1 1 I
1 YEAR TO DATE I I 1 I
I ------------ I 1 1 1
1 I 1 1 1
I RAINFALL 1 1660.2 1 2013.2 1 1959.4 1
I 1 I 1 1
1-----------------------1-----------------1-------------------1-------------------1
I I 1 1 I
I AVERAGE I 1660.1 I 2345.8 1 1
I I I 1 1
1-----------------------1-----------------1-------------------1------------------- 1
I I I 1 I
I IlET DAYS I 156 I 145 I 159 1
I 1 I 1 I1 1 1 1 1
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2D4219

THE MOUNT LYELL MINING AND RAILWAY COMPANY LIMITED

RAINFALL RECORD

SEPTEMBER, 1992

1 1 1
UUEENSTOWN I LAKE MARGARET 1 LAKE MARGARET 1

(SUBSTATION) 1 DAM I POWER STATION I
1 (u) 1 (u) I (IDID) I_______________________ 1 1 1 1

1 I I 1 1
1 1 1 1 1
I THIS MONTH 1 I 1 1
I ---------- 1 1 I 1
I 1 1 I 1
1 RAINFALL 1 245.4 I 323.2 1 304.0 1
I 1 1 I 1
1-----------------------1-----------------1-------------------1-------------------1

.1 1 I I
AVERAGE I 247.7 1 352.1 I 1

1 1 1 1
-----------------------1-----------------1-------------------1-------------------1

1 I 1 r
RECORD LOW I 85.0 (951) I 130.4 (1977) I I

1 I I I
-----------------------1-----------------1-------------------1-------------------1

I I 1 1
RECORD HIGH I 586.0 (980) 1 829.0 (980) 1 1

I 1 1 I
-----------------------1-----------------1-------------------1-------------------

1 1 I
WET DAYS 1 27 I 27 I 27

1 I I I
1-----------------------1-----------------1-------------------1-------------------
I 1 1 1
I YEAR TO DATE 1 1 I
I ------------ 1 1 1
I 1 I 1
1 RAINFALL I 1905.6 1 2336.4 1 2263.4
I 1 1 1
1-----------------------1-----------------1-------------------1-------------------
I I I I
1 AVERAGE 1 1907.8 1 2697.9 I
1 I 1 I
I-----------------------I-----------------I---~---------------1-------------------
I I I 1
I WET DAYS I 183 1 172 I 186
1 1 1 I I1 1 1 1 1
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THE MOUNT LYELL MINING AND RAILWAY COMPANY LIMITED

RAINFALL RECORD

OCTOBER. 1992

I
QUEENSTOWN 1 LAKE MARGARET LAKE MARGARET

(SUBSTATION) 1 DAM POWER STATION
(m.d I ( .."l I ( .... ) 1

_______________________ ----------- 1 ------- 1 ---------- I
1 1 I
1 1 I

THIS MONTH I 1 1
---------- 1 I 1

I I I
RAINFALL 202.0 I 260.4 I 221.6 1

I 1 I
-----------------------1-----------------1-------------------1-------------------11 - I I 1

AVERAGE I 226.2 I 325.4 1 1
1 1 1 I

-----------------------1-----------------1-------------------1-------------------
I I 1

RECORD LOW I 66.0 (1914) 1 111.0 (1914) 1
I 1 1 1
1-----------------------1-----------------1-------------------1-------------------
1 I I I
I RECORD HIGH I 568.0 (1988) 1 784.4 (1988) 1
I 1 1 I
1-----------------------1-----------------1-------------------1-------------------
1 I 1 I
I WET DAYS I 20 I 16 I 17
1 1 1 1
1-----------------------1-----------------1-------------------1-------------------
1 I 1 1
1 YEAR TO DATE 1 I I
1 ------------ 1 I 1
1 1 1 1
I RAINFALL 1 2107.6 1 2596.8 1 2485.0
I I 1 I
1-----------------------1-----------------1-------------------1-------------------
1 I I 1
1 AVERAGE 1 2134.0 1 3023.3 1
I 1 I I
1-----------------------1-----------------1-------------------1-------------------
1 1 I I
1 WET DAYS I 203 1 188 1 203
1 I 1 11__-------------------_-1_-_-------- 1 -_----- 1 _

!
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THE MOUNT LYELL MINING AND RAILWAY COMPANY LIMITED

RAINFALL RECORD

NOVEMBER, 1992

---------------------------------------------------------1
GUEENSTOWN LAKE MARGARET 1 LAKE MARGARET

(SUBSTATION) OAM 1 POWER STATION
("Do) 1 (o,a) I (m,.) 1________________________________________ 1 1 I

I 1 1I 1 1
THIS MONTH 1 1 I
---------- 1 I 1

1 I 1
RAINFALL 210.4 1 296.8 I 264.2 1

1 1 J
----------------------- -----------------1-------------------1-------------------I

I 1 J 1
AVERAGE 1 199.3 1 298.1 1 1

1 1 1 1
-----------------------1-----------------1-------------------1-------------------1

I I 1 1 I
RECORD LOW 1 66.0 (1989) J 99.6 (1989) 1 1

I I· I 1
-----------------------1-----------------1-------------------1-------------------

1 1 J
RECORD HIGH 1 475.0 (915) 1 641.0 {19151 I

1 1 1
-----------------------1-----------------1-------------------1-------------------

1 1 1
WEi DAYS 1 21 1 21 1 21

1 J I
-----------------------1-----------------1-------------------1-------------------

I I 1
YEAR TO DATE 1 I 1
------------ 1 1 1

1 1 1
RAINFALL I 2318.0 1 2893.6 I 2749.2

1 1 1 1
1-----------------------1-----------------1-------------------1-------------------
I 1 1 1
1 AVERAGE 1 2333.3 1 3321.4 1
1 I I J
1-----------------------1-----------------1-------------------1-------------------
1 1 1 1
1 WET DAYS 1 224 1 209 1 224
1 1 1 I1 1 1 1 _
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THE MOUNT LYELL MINING AND RAILWAY COMPANY LIMITED

RAINFALL RECORD

DECEMBER I 1992

---------------------------------------------------------
I

QUEENSTOWN LAKE MARGARET 1 LAKE MARGARET
(SUBSTATION) DAM 1 POWER STATION1 (mID) 1 (u) 1 (.... ) 1

----------------- 1 ----- 1 ------ 1 1
1 1 I I I

I I I I.
THIS MONTH 1 1 1 1
---------- 1 1 I 1

I I 1 I
RAINFALL I 113.6 1 164.8 1 159.0 1

I I I 1
-----------------------1-----------------1-------------------1------------------1---·----

1 I 1 I
AVERAGE 1 184.0 1 256.8 I 1

.- I ----- -- I --.----,---------------,----... -
-----------------------1-----------------1-------------------1-------------------1

1 I _ I 1
RECORD LOW 1 9.0 (1960) I 62.0 (1960) 1 I

I 1 I 1
-----------------------1-----------------1-------------------1-------------------1

I I 1 1
RECORD HIGH 1 433.0 (1976) 1 611.0 (1976) I 1

1 1 1 I
-----------------------1-----------------1-------------------1-------------------1

I 1 I 1
WET DAYS 1 16 1 12 1 13 1

1 1 I 1 1
1-----------------------1-----------------1-------------------1-------------------1
1 1 1 I I
1 YEAR TO DATEl I I I
1 ------------ 1 I I 1
1 1 1 I 1
1 RAINFALL 1 2431.6 1 3058.4 1 2908.2 1
1 1 1 1 I
1-----------------------1-----------------1-------------------1-------------------1
I 1 1 I 1
1 AVERAGE 1 2517.3 1 3578.2 I 1
1 1 1 1 1
1-----------------------1-----------------1--------------~----I-------------------I

I 1 1 I 1
I WET DAYS 1 240 1 221 1 237 I
I 1 1 1 11-- ----------- 1 ----- 1_--_-_----- 1 1
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APPENDIX 2.

FLCliJSI-EETS

294223
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APPENDIX 3.

DESIGN CRITERIA & PRCCESS CI'LD..l.ATICl\JS
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FILE: I"LPILDT
MT. LYELL SX/EW COPPER PROJECT
EURALBA MINI~6 LTD

DESIGN CRITERIA AND PROCESS DESIGN CALD..LATI[N3
SCALEUP FRCM DE/'UIISTRATICl\! Pl..JWT PERFCJR1"lI'W(E



PLANT FEED
---------
COPPER PRODLCTlCN 1224 KG/DAY
FEED COPPER RECOVERED 0.102 GIL
FEED FL(J..J 12000 M3/DAY

500 M3/HR
DESIGN PLS FLCloJ 500 M3/HR

8333 LIMIN 0.579655
139 LlSEC

PLS FEED LINE
450 00 500 DO

LINE D1Pl1. 423 IMl 470
VELOCITY 0.99 M/SEC 0.80
~X HEAD 20M 20

PCloER 42.79 KW 42.79

PLS PCND
FLCloJ IN 500 M3/HR
CAPPeITY 12 HRS

6000 M3
DEPTH 3 M
SLOPE OFF VERTlCCL 3000g
DJTBACI< 5.2 M
TOP AREA 2500 M2
BOTTOM AREA 1569 M2
'-'U.lJ"E 6049 M3
WIDTH SCM
LENGTH SCM
WALL AREA 18.6 M2
FILL '-'U.LI"E 3911 M3
m,pPeT DENS ITY 1. 75 Tim
TOI\I\ES FILL 6844 T

9.JRFACE AREA 3388 M2
DESIGN AREA FOR LINER 4000 M2

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

WASTE !lJ'1P EFFLLENT M'1S

SI-'AFT !lJ'1P
CAPPeITY
FLCloJ AV.

Ii"lLLAGE CU"IP
CAPPeITY
FL[],<J AV.

12 HRS
35 M3/HR

12 HRS
35 M3/HR

') n4') .) U·
,.. v i,. oJ



2

0.006 em/sec

I
25.70 G/L

152 M3/HR

I
1.5 MINS

.5 M3/M2HR
0.05 M/SEC

em/sec
200 fJ'{O

400 fJVO

50 fJVO

60«() fJVO

8464 fJVO

I 20(X) fJVO

0.002 em/sec

STRIP

CHECK40
15 PPM

85%
0.12 G/L
0.94 KG/L

4 %
0.8 KG/L
O. I M'1/rnv

G/L
Of;.GA'\I IC
ORGANIC
AGlJEOUS

2 MINS
.3. 2 M3/M2HR

0.05 M/SEC MAX
5 em/sec

200 fJVO MAX
400 "'1)

150 fJVO

12000 fJVO

26047 fJVO

26000 fJVO

fOllY units of 6,14m

500 M3/HR
500 M3/HR

0.12 G/L
62 G/HR

EXTRACT
1000 M3/HR

2

PLS + I1EED FLOW
ORGPNIC FLa.-JRATE EXT.
Cu ADVAI\CE FRa'1 PLS
COPPER IN FEED

lESIGN Cu DELTA
EXTRACT CCl'JTINUITV EI
EXTRACT CCl'JTII\l.JITV E2
STRIP CCl'JTlN.JITV
ORG/AGU. RATIO STRIP
ADVAI\CE ELECT TENJR

SCLVENT EXTRACTI (]\J

TOTAL FLa.-J TO M/S
EXTRACT STPlES
STRIP STPlES
MIXERS/STPlE EXT.
~IIXERS/STAGE STRIP
RESlDEI\CE TIME EACH
SETTLER RATlI\G
ORGANIC SPACE VEL. DESIGN

SX EXTRACTION
PLS TENJR
SALICVLALDDXlME SG
veL %
OILLENT SG
EVAP
ORGPNIC LrnDII\G
Cu/Fe SELECTIVITV
ORGi'tJIC ENTRAIN RAFF

ORGANIC DEPTH
AcunJS DEPTH
FREEBOARD
SETTLER WIDTH
LEI\GTH
lES I EN L£./\GTH
~bte: each e,tYaet M/S in

ORGANIC SPACE VEL ACTUAL
EXTRACT

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•



50998 G/HR
1223.96 KG/DAY OCSIGN

0.101 M
1•()(X) M
0.319 M2

440 A/M2
140 A
75 I.

1.185 G/AHR
409.29

3600 LlHR/CELL
72()(X) L/HR
20.0
20.5

20
409.3
44.1 KG half gap
27.7 ie 6 packs

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ELECTRON I j\J\J IN3

COPPER RHDliERY
MOlX PROD RATE
CELL DI I'J'1
CELL LEl'£TH
CATHJOC AREA
CURRENT C8\SITY
Ft1PS/CELL
CURRENT EFFICIENCY
THEORETICAL CAPACITY
NO EF CELLS
FLI:l>JRATE
EWFEEDFLOIJ
Ill) EF LII\ES
CELLS/LII\E CALC
CELLS/LII\E DESIGN
TOTAL CELLS
Ali WT OCPOSIT
Ill) CELLS HARVESTED/DAY

Ill) EF PLMPS
LI I\ES /PLrIP
lOW FEED FLOIJ/PLMP

PRESSURE DROP/LII\E
PRESSURE ~EAD/L II\E
TOTAL HEAD
SG
POIJER

VOLTS/CELL
RECTIF IER va...TS
DESIGN
I'J'1PS/CELL
Ill) EF RECTIFIERS
RECTI F IlOR P/"IPS
DESIGN
POIJER FACTOR
RECTIFIER EFFICIENCY

AT011C ~IGHTS

Fe
Cu
S04
Fe
H
o

2
10
10 L/SEC

6iX> L/MIN
36000 LIHR

32 kPa
2.74 M

5 M
1.19 KG/L
0.8 kW

2.8 Ii
57.3 Ii

60 Ii
140 A

2
1402 A
1800 A
0.85
0.96

55.847
63.54

96.0616
55.847

I JXJ797
15.9994

ACIDR
1.756182
1.543555

5099B
1224

0.101
I. ()(X)

0.319
440
140

BO
1.185

383.71

PNJOC DIP/'1
CELL X-SECT
CELL vU.LI''E
RT

********

0.025 M
0.008 M2
0.008 M3

7.58 SEC
107.44 G/PASS



CRUD SYSTEM & PROCESS TANKAGE

ADVAN::E & SPENT ELECTRa....YTE TANKS
RESlOEJ\CE TIM:: 3 MIN
FLOW 76. 2 ~13/HR

VOLLtE 3.8 M3
DEP1H 1.6 14
OIAl"ETER 1.7 M
AREA 2.4 M2

500 00 450
LINE 0 470 Iml 4
NO I
VEL 0.80 M/SEC O.
GO TO LALNDER?

100 Iml

2
1.35 M/SEC

150 Iml

1
1.20 M/SEC

50 mm
1

0.57 M/SEC

2.61
1.86

LINE 0
NO

5000 VEL

3.9 LINE 0
NO

5000 VEL
2610
1.86

65.16 m2 conc~ete

675 LINE 0
5NO

VEL
9000

2.075
2.7

1.05
1.38

1.115

1.0 m
1.2M
1.0 M
0.8 1"12

8 MIN
76.2 M3/HR
10.2 M3

2
2.5 M
1.6 M
2.0 M2

720NINS
2

4.0 M3/HR
24.0 m
4.5 M
2.6 M
5.3 M2

5 MIN
500 M3/HR

41. 7 M3
1.2 M

34.72 M2
4.0 M
8.7 M

RAFFII\I!\TE aJALESCER
RES IOEJ\CE TI M::
FUl,J
Vo..J..M:
DEPTH
AREA
WIDTH
LEt\GTH

LOADED ORGPNIC TANK
RES IOEJ\CE TI M::
FL(]oJ
VOLLtE
1\0 OF TANKS
DEPTH
0lAl"E1ER
AREA

CRUD DECANT TANKS
RES IOC~CE TI~E

NO OF TANKS
FLOW
VCLU"E EACH
DEPTH
OIAM::TER
Af;£A

CRUD SEPARATOR/MIXER
Vo....LtE
DEPTH
D1Al"ETER
AREA

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•



2.97 M3 WATER + ACID
1.5 M
1.6 M
2.0 M2

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

REAGENT STORAGE

ACID STORI'EE TAI\I<
DA ILY aJIJ9....t1PTI (]\J
STORAGE CAPACITY
TAI\I< VG...Ll"E
DEPTH
DII't£TER
AREA
NOTE: EXTEND TO A SINGLE
I:3LI\JD DEPTH
AREA

ACID MI XII\G TAI\I<
DAILY ADDITI(]\J + 15%
DEPTH
o1f'j"ETER
AREA

EXTRPCTANT

oI LLENT TAI\I<
DAILY ADDITI(]\J
STORAGE CAPACITY
TAI\I< VG...LI"I::

278.5 L ITRES
20 DAYS

5.6 M3
2 M

1.9 M
2.8 M2

TAl\l<ER LOAD + 25%
0.17 M

36 M2

IN DRLMS

174 L1TRES/DAY
30 DAYS

5.2 M3

9OCX)

2.075
2.7

..') () 4 ')3 ':'... .. 'I



PROCESS CESI,:I'J CALDLATIOIE

I
I
I
I
I
,I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

FEED - ta~get ave~age

fD~ design

---,-----,--
IR(]\J IN PLS
I R(]\J ELEED
FEED FLiJIJ
Cu TElIIJR
Cu REaNERY
AVAILABILITY
lli FL(),J IN PLS
RAFF. TENJR
CuIFe REJECT I (JIJ
AGl£ClJS ENTRAIN"ENT
EXTRACT ORGANIC CTS
STR I P ffi CTS
SPENT lli TEf\lJR
SPENT AC ID TEf\lJR
PLS pH
PLS ACID TENJR
I R(]\J ELEED FL(),J
lli TRANSFER BY SX
Fe TRANSFER BY SX

Fe TRANSFER BY ENTRAIN.
EXTRACTION TO STRIP
STRIP TO EXTRACTI(JIJ
BALPN:E (F Fe TRANSFER
TOTAL Fe TRANSFER

FOR PLS + I R(]\J BLEED
mpPER
ACID
IR(]\J
TOTAL ACID LOSS

DJ TRANSFERRED
CELTA TENJR
SPENT FLa~ TO STRIP
SPENT EX 1'rDJSE
ORGANIC RECYCLE EXTRACT
ORGANIC ADVANCE TO STRIP
SYSTEM D/A

AGl£aJS RECYCLE (JIJ STRIP
STRIP O/A RATIO
LOACED ORGAN IC TEf\lJR
DELTA o~ganic

lli ~ <TRANSFER-BLEED>
ACID GENERATED
WATER LOST BY REACTI(JIJ
OXYGEN GENERATED

120 ppm Cu
2500 ppm Fe

2.5 gil
6 gil

500 M3/HR
0.12 gil

B5 'l.
0.96

51.000 KG/HR
O.OIB gil

40

100
300

25 gil
180 gil
2.4

0.39 gil
0.093 M3/HR
53. 33-KG/HR
1.333 KG/HR

0.125 KG/HR
0.900 KG/HR
0.000

0.5580 KG/HR

0.12 gil
0.42 gil
2.50 gil

21 .309 KG/HR

53.323 KG/HR
0.70

76.176 M3/HR
76.269 M3/HR

423.917 M3/HR
76.176 M3/HR

0.15

0.000 M3/HR
1.00
1.5
0.7

50.998 KG/HR
78.719 KG/HR
14.459 KG/HR
12.841 KG/HR

1224 kg/day

CHEa<
CCJIlSERVAT! VE
CESIGN ESTImTE
CE:S IGN EST! MATE

ITERATE ****

TO ZERO U**

FROM ASSAY

not ~elevant

STRIP ORGANIC/PLS

1224.0 KGlDAY

424



II
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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EN HASS BALANCE

------------------------- FLOW gil KSIHR gil ~~6;HR gil ,SIHR
MJlnR CU l.U 13C HI .i.[ I d F, F,

ADVANCE E1 STRIP 76. 2 25.70 1953 179 13633 6.01 ~53

ADDIlIoN 0.107 199 21.J09
ADVANCE ELECTROLYTE 76.3 25.66 1958 179 13654 6.00 458
EN FEED 72.0 25.71 1851 ! 79.0 12890 0.00 4'0JL

110 EN LINES 'i;",
i..V

CU NOtU AC ID MADE SO.998 73.719 0,000
RECIRCULATED SPENT -4.3 25.00 -t07 lHO -768 0 IIl1lil
SPENT EX EN 72.0 25.00 180(j ISO 12957 b I"o.

BLEED 0.093 25.00 2.325 180 16.740 b 0.558
sPfln TO STRIP 76.2 25,1)0 1904 180 13712 6 457

WHERE RECIRC.D SPHn IS NfOATIVE - THIS EGUmS TO THE STRIP AGUEOUS
RECYCLE FLOW

I1ASS BAlANCE OVERAll

-------~-----------------

FlON Cu gil Cu ~g!hr acid acid pH factors
HJIHR gil kg Ihr

FlS SOO 0.120 60,0 0.29 138.2 2.55 0.85 re-(lJv~ry

iron bl ••d 0.093 25.0 2.J 190 16.7
SX f ••d 500 0.125 62.3 O.OJ 154.9 -3.47
I' ,lfin,t. 5~)O i). (11 g 9.0 (\.47 n3.7 2.32 l. 5\
lo,d.d org.nlc 500 1. 50 7Si), (I 1 orgl,q
ext. org. recycle m l. 50 635. 7
8fganic ad,'ance 76 1.50 ! 14.3
stripped organic 76 0.8')0 60.9
delta organic 0, ]1)(1 53.3
;;d'lance ele[trolyt~ 76 25.7 1957.7 179 13631
copper tr.Hlsferred 53. -)
copper product i on 51. (I 98.0]6
sp.nt .Iectrolyt. 7.\ 25. (I 1904.4 180 13712 d.lt.

') 0 A ()3 c·
'- V Lf 10.. '_I
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APPENDIX 4.
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RAFF CO.ALESGER

00
~ , .......

CRUD PROCESSING ,r ,\, .
,,~

CRUD DE CPNf \ ,\

:~
/ "1
I '..._~) E2

EI

WASH .& STRIP BAY

\llORKSHDP/STORE

OFFI eE/ LABORAm RY

.'

AEr

."
/ .

ACID

0Cl
C")

CJ
~
.:::1
C'l

~fr L'YELL SX/EW COPF-E R PROJECT
SITE LAYOUT

------------------ - .
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APPENDIX 5.

EGlJIPl"£NT LIST
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I
I

90..1')','10'- v Ill .... ·

~OUNT LYELL COPPER PROJECT

:---------: ------------------: ---: ~------~------------------------------------------:
PPOI : PLS PR I~E FU'IP I 0 :C1PTION DEP. (]IJ p(]IJD ELEVATI Cl\J

11801 :EXTRACT MIS I I 0 :CO\CRETE FREFAB + MOPE LINER

1'601 :M/S PU/"IP MIXER I 11 :TCIP 9-JRO..JDED ~/MIXER - SS316L
:1.5 m 0,0 - 58 RPM type SX-6

1'602 :M/S AGITATOR I 0.55 :HYDROFOIL TURBINE MIXER
:1.1 m 0, o - 53 RPM type HA-700

MS02 :EXTRACT MIS 2 0 :CCl\JCRETE FREFAB + MOPE LINER

1'603 :/"I/S 2 PU/"IP MI XER II :TOP SHROUDED ~/MIXER - SS316L
: L5 m 0, o - 58 RPM type SX-6

1'604 :11/S 2 AGITATOR 0.55 :HYDROFDIL TURBINE MIXER
:1.1 m 0, o - 53 RPM type HA-700

: PP02/03: CRUD REMOVI"L FU1PS: 2 0 :WILDEN M2

TI<OI :U:JPlDED DRG. TAN< 2 0 :HOPE RDTCl"O..LD + FUSED FITTINGS
:5000 LITRE

PP04 :LffiDED DRG. Plf'IP I 0 :NJT REQUIRED

PP05 :ORG. hECYCLE PU/"IP 22 :I"ODEL 200-315

PP06 :CRUD/AQ.LOT FU1F' I 0 :WILDEN MI

MS03 : STRIP /1/S 0 :CONCRETE FREFAB + /"IOPE LI NER

AG05 : STRIP /"I/S PU/"IP MIX: 4 : TOP St-IRaJDED PLtIP1M I XER - 904L SS
:1.0 m OJ o - 74 RPM type SX-6

TK02A :ADV. ELEC. TAN< 0 :HOPE ROTOMOLLO + FUSEO FITTINGS
:5000 LITRE

TK02B :SPENT ELECTROLYTE 0 :HOPE ROT~KJ...LO + FUSEO FITTINGS
:5000 LITRE

PP07 : IRIT,l ELEED PU1P 0 :WILDEN M2

:PPOBab :ADV. ELEC. Pt1"IP 2 2.2 : IL¥'lKI MDF L505 O=VW

o
o
o
o

II
o

0.55
o
o
o

II
o

0.55
o
o
o
o
o
o
o
o
o

22
o
o
o
o
o
4
o
o
o
o
o
o
o

4.4
o
o

53.5

TOTI"L
: INSTI"LLED:

kW

246 kW

351.39

DESCR I PTI (]IJ

: I NSTI"LLED :
:1\0.: PCJ..a..ER

: kW EPCI-l :
DESCRIPTION

I"LFEGlJIP

ESTIMATED F'tJ£R DRAW

EGlJIP
fIlJ.

i-ILE:

AREA I. - sa..VENT EXTRACTI Cl\J

TOTI"L INSTI"LLED F'tJ£R - MT LYELL SX/EW PROCESS PL~T - kW

: TOTI"L F'tJ£R - sa..VENT EXTRACTICI'! EGlJIP/"ENT

I

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
•
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I

')()4°4 '.. v j.,. .l

I AREA 2. - ELECTRClNIN\JII\E

:------: ---------------- :---. :----_._-----_._----~------------------------: -------:

: INSTPLLEO:
:f\().: Pa£R

kW

OHJI :WATER f-EATER 2

TKlO :~ BAY ASSEMBLY

o
o

3.84
o

30
o
o
o

2.4
o

200
o
o
o
o
o
o
o
o
o
o
o
o
o

236.24

TOTPL
: I I\STPLLED :

kW
OESCR I PTI O\J

o :ABBEY CR40P 2 TONNE
:utilise t1-iOl

o :PROPR I ETARY PACI<I'G:: - Pf'D<S CF 5

IS :ELECTRIC RHEEM MODEL 603/315
: - 1000 L/HR @ 82 lEG C

o :PROPRIETARY ASSEMBLY

100 :CUST(]1 aJILT

2.4 : PROPRIETARY ASSEMBLY

0.96 :LLTRA8O'JIC

IESCR I PTIO\JEGUIP
1\0.

XXOI :CELL STRIP JIG I

fM) I :FLCW"ETERS 4

1"H)2 :~OBlLE I-OIST 0

:EPOI/90:EW PAD< (5 CELLS) :90

:RTOI/02:RECTIFIER 2

: TOTPL PO.>JER - ELECTRClNIi'J\II~.G

I
I
I

I
I

I

I

I
I

I
I
I
I
I
I
I
I
•



I
I
I AREA 3. - SERVICES IWO FACILITIES

I : EGlJIP :
NJ.

OESCR I PTI ClII
: INSTPLLED:

: l\O.: F'().AER

kW
OESCR I PT I ClII

TOTPL
: INSTPLLEO:

kW
:~----_ ..-: --------~~-------:---: -------------------------------------------: --------:

: TOTPL FU.E:R - SERVICES IWO FACILITIES

._-~~-_._--_.-.... _. __.------ --------------------

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
,...

:TK03/04:CRUO OEClWT TI'N<S 2

TK05 :CRUO EXT. TIN<

rfl)7 : CRUD AGITATOR

PFOI :CRUO/OE FILTER

PP09 : GP DI APHRAGM FU4P 2

TK06 :RAFF. COALESCER 1

ACO 1 : AI R Cl:J"IPRESSOR

PPlO :FlRE FU4P/SPRAY 1

PPll :EXTRACTANT FU4P 2

TK07 :OILUENT TIN<

TKOB : AC ID STORAGE TAN< 1

TK09 :ACID MIXING TIN<

PPI2 :STRONG ACID FU4P 1

PP13 :ACID OOSII\G FU'\P 1

!"'HOI :M:JBILE 0F'U'1 HJIST 1

:OFFICE/LAB W'SHJP 3
:STORE
: OFF ICEILAB. EQUIP.:

o :9000 L ROTO"ULO/Fl£EO FITTlI\GS

o :1100 L ROTI:J"KJ..LO/Fl£EO F ITTI I\GS

0.55 :TURBlNE MIXER - 0.370, 0 - 31B RPM:
:type HA-750

o :SIWO FILTER

o :WILDEN M2

o :CClIICRETE FREFAB + MOPE LINER

30 :TBA

7.5 :M:JDEL 200-260

o :WILDEN M.025

o :PROVlOEO BY DILL£NT SUPPLIER

o :5000 L ROTCMl.LO/Fus=:O FITTII\GS

o :316L SS - D..JSTCI'1

2.2 :PLOOS KM 253-100/2 PVC

2.2 :PLOOS KM 255-403 PVC

o :ABBEY CR40P 2 TONNE

4.B : 12x3m, ablutions, transportable

4.8 :fu~niture. AAS, glassware, misc.
:computer, FAX/phone, heating

o
o
o
o
o
o

0.55
o
o
o
o
o
o
o

30
o

7.5
o
o
o
o
o
o
o
o
o

2.2
o

2.2
o
o
o

14.4
o

4.B
o
o

61.65
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APPENDIX 6.

CXlPPER CATI-D[£ PI'JI'LYSES
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COPP~R REF I HER I ES LAB TS'.' 61 77 782308 P005

•) r) 4f) 4..-"v ... ..t

RESULTS

0.• ppm

<0.1 ppm

..0.1 I'l""
<0.1 ppm

<0.1 ppm

<;0.\ ppm

6.5 ppgl

<0.1 ppm

0.3 ppm

<001 ppm

<0.1 ppm

lU. ppl1l

<:0.1 pPnl

0.3 ppm
c:O.l ppm

<0.\ ppm

0.2 pJ'O'

A.C.N. 009 676 i"~

A MeMllE!1'I OF THe Mol.M. GROUP OF COMPANIE$

I:WULBA emn

UI, NmiAB l!'~

§AMPLI MIlt3

ASSAY REPORT

COPPER REFINERIES PTV. LTD.

HEAD OFFlC": HUNTI!R STAa.,., SnJAWr.TOW~VUI!.OUI:KN8LANO
P.O. BOX 5484 M.e. fEt.9HONli: ({ITT) It ~11
TOWNSVILL£QU>.4S10 'mJIOMMa: tof\PeMN'E
AUSTRALIA TaIX I M 47Cl11 coPTOWN

I'AOIlIMIlB : (Om 1I23OEl (QwlelaI)
(077) 11 %756 (SUpply)

7Febnwy 1m

SILVER

AlUENIC

BISMUTH

CADMnlM

COBALT

CHROMIUM
IRON

MANOANES8

NTCK~L

I'HOSI'HOROUS

LEAD

SULPHUR

I
ANTIMONY

SI;!LHNtUM

TIN

I TaLIJIUUM
ZINC

IALITY

I
I
I
I
I
I
I
I
I

~OlhOd 01 Analysts· CMSO I

t
8&mpl. "'" IUClI u ltlPl'lio<l.llIe~ III • ppbh- o,"olbl. ~od". nltroa...lmolpbo... out u .. i.,ot Illd d....... tu ..u.

or 10 ..aly,i,.

·~~~nil
~
ewlt Cl:itMl8't

I
I
•



ALIlY

COPPER REFINERIES PTV. LTD.
A.e.N. 009 676 irs
A MEMIS!I'I OF THE M,I,M, QROUP OF COM~ANIES

HEAD OFFICII: HUNnI'l C'mEET. $TUART. 'rOWNSVLl.L QUEENsLAND
P.O. BOX &484 M.e. 11:LEPHON!!; lam 81 eall
TOWNSVILLE OLD, 48'0 'TUIGAAMS: CQl;IPI~IN;
AUSTRALIA reLaX : M ~TOee OOPTOWN

PI,CSIMIL.& : (077)7&:r:laI (aa-.~
(Om 'T1 ms(SlJllP/)')

7Februaty tm

~TUJ III

<0.1 ppm

0.3 ppm

<0,\ ppm

0.1 wm
3.7 ppm.

<O.l ppm

0.2 ppm

<0.1 ppm

<0.1 ppm

0.2 PP<tl

DaULTS

<0.1 ppm

<O.l ppm

<0.1 ppm

<1).1 ppm

<0,1 PI''''
<1),1 ppm

4.& ppm

MTtflLE MILl

REf; HONAS 093

tURAl,DA CQPtlB

ASSAY REPORT

Sll.VER

ARSBN1C

BISMUTH

CADMIUM
COBALT

ClmOMIUM

IRON

MANOAl'lESE
NICKEL

PHOSPHOROUS

LHAD

8ULPHUR

ANTIMONY

Slll.aNlUM

lIN
THl.LURJUM

ZINC

I
I
I
I
I
I
I
~
I
I
I
I Method of Analr.i•• CMSO I

hlllplo 'MU tall..... "'Pi'UW. 'lllollod In •• rophho eNdblo uDder a DII'01I00 atIDoapbu... out .... iD,ot and d..'WII to wino .I ptlOl1o ..&lyall.

I ~~~N:O&JtlTd
C'JlR1I CBJ:MI5T

I
~.



EURALBA MINING LIMITED

Mt Lyell Project

Process description
and design criteria

Project Costing
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1. Process description and design criteria

2. Project Costing

GPO 80X 2Ui, SYD'iEY NSW 200!
TELEPHO'iE: IU2: 2~7 93'5 FACSIMILE'I02, 2515901

REGISTERED OfFlCE" LEVEL~. 1;~ THe: cSrL.A\'_"\DE. ?i::';";Tj---j W.-\ 6000

GOLD COAST OrrICK
23 IUVlRSDALI ROAD
OXINPORD, QLD., 4210

')°4')4',-"-V·j.,. 4

tIL: 075-731800
PAX: 075-736097

HOUHT LYELL PROJECT

AC.;'\i, 000 ;51 OYj

[fJlU':HUIf~lf;i~?20
FiCHE N(),OI~33b-4<J
._-~•.__.."._._.--~ .._- ,--"

.umlba
mininG LimiTED
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vAcid and water are periodically added to the advance electrolyte
to compensate for the iron bleed, ell3porafion and the breakdown of
water in the electrovvinning cells. Organic phase, a mixture of
extractant and high f1ashpoint kerosene, is also periodically added
to the extraction mixer to compensate for entrainment losses into
raflinate, evaporation of kerosene and degradation of extractant.

The advance electrolyte is pumped into the electrowinning circuit
and back to the AET. A small bleed flow equal to the ftowrate of the
advance electrolyte from the strip settler is tapped from the spent
electrolyte into the strip mixer, and depending on the iron levels
in the electrolyte circuit, a bleed may also be taken from the spent
electrolyte stream to the extraction mixer.

The electrowinning feed flow is controlled by a throttling valve
to the desired flow rate. Electrical regUlation is achieved at the
rectifier. Cathode harvesting is a manual process, and can be carried
out by shutting dawn the three pumps. The tankage is designed to
accommodate the system draindown

A crud phase may form in the dispersion bands, depending on silica
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.

PROCESS DESCRIPTION

Waste dump drainage (PLS) is pumped or gravity fed from the
drainage channel and fed to the extraction mixer settler. Flowrate
is controlled by throttling valve or bypass line from a f10lNfTleter
reading (rotameter). The PLS is contacted with organic phase from the
the strip mixer settler in a <jngle mixer boxoLa_vQ,lu!"--",):i~lding +-_ G
a residence time of 2 minutes. The-Impellor design enables organic
continuous operation by organic flooding at startup, and is a pump
mi>cer turbine. The organic aqueous mixture is in a 1:1 ratio. and
overflows the mixer into a lateral distributor at the h"ead""Ofthe
settler. Flow down the settler is moderated by a picket fence, and
at the end of the settler the dispersion band bel:'Neen the two
disengaged phases rides against the wall of the organic weir. Organic
phase overflows the organic weir and into the loaded organic tank

,(LOT). The aqueous phase passes under the organic weir and into the
aqueous weirbox. The aqueous phase flows over the adjustable weir
and out of the settler into it baffled settling pond prior to
discharge into the drainage channel as raffinate. The batnes trap
any entrained organic, and the settler also acts as emergency
containment. - L''y ~ !t'nt":""!{

--------Loaded organic is pumped via i1 throttle flow cgntrol vatve into the
strip mix~r. Th8 aqueous recycliahd spent electrolyte is contacted
with the loaded organic, and the mixture proceeds in similar fushion
to the extraction settler. The aqueous recycle, taken from near the
end of the settler, constitutes the bulk of the aqueous flow, and
the smaU advance electrolyte stream flows over the aqueous weir into
the advanced electrolyte tank (AET). This circuit is operated in
aqueous continuous mode. The stripped organic flows to the extraction
mixer box.
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DESIGN CRITERIA AND PROCESS DESIGN CALCULATIONS
DEMONSTRATION PlANT FOR EURALBA MINING
Mr. LYELL WASTE DUMPS

i I. ,

k. : D. 00 1.:8
t-.,Or-

",I ?

18.01534

DESIGN ESTIMATE
DESIGN ESTIMATE
SELECTED FOR DESIGN
SELECTED FOR DESIGN
ESTIMATED

ESTIMATED
NOMINATED - ~ r' -v r~ 0 i ,

SELECTED FOR DESIGN y' 10 _, ~-." '''' 1"'0-, ~

ESTIMATED ~ r: ~ _ .
PROVISIONAL ESTIMATE [0.2.'':' >". rio It I l·.'",,~! E
v' -i6~~:
if
~F£·,,),J" ':'N. J.J',.i)\JUJ.

1f;.f i C.J /

TO ZERO-

SELECTED FOR DESIGN

2 gil
0.5 gil

5.04 M3n-1R
0.12 gil

90 %
100 %

0.54 KGlHR
iLQ12 gil.

500

1.823 KGn-IR

0.6}t{Gn-iR

0.1~3n-1R
0.132 M3n-1R
4.927 M3n-1R
41.34

0.544 KGlHR
0.840 KGlHR
0.154 KGlHR
0.137 KGlHR

0.13 gil
0.61 gil

1.9972

500
600

7 gil
180 gil

2.55
0.28 gil

0.009513 M3n-1R ITERATE - (H EO"
0.61 KGIl·iR ?. .

0.001 KGlHR J ~'- > P01.I!.t.~'c "11-

0.005 KGlHR
0.002 KGlHR

-0.000000
0.0048 KGn-IR

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 OIA

IRON IN PLS
IRON BLEED
FEED FLOW
CuTENOR
CU RECOVERY
AVAILABILITY

~ Cu FLOW IN PLS
RAFF. TENOR
CuiFe REJECTION
aqueous entrainment
EXTRACT AQUEOUS CONT.
STRIP ORGANIC CONT.

" SPENT Cu TENOR
1 SPENT ACID TENOR

PLS pH
PLS ACID TENOR
IRON BLEED FLOW
Cu TRANSFER BY SX
Fe TRANSFER BY SX

F. TRANSFER BY ENTRAIN.
EXTRACTION TO STRIP
STRIP TO EXTRACTION
BALANCE OF Fe TRANSFER
TOTAL Fe TRANSFER

Cu WON (TRANSFER-BLEED)
ACID GENERATED
WATER LOST BY REACTION
OXYGEN GENERATED

PROCESS CALCULATIONS
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EW MASS BALANCE
FLOW gil KGlHR gil KG/HR gil KGlHR
M3/HR Cu Cu acid acid Fe Fe

ADVANCE EX STRIP 0.122 12.55• 1533 173 21.149 0.54 0.066
ADDITION 0.010 1.823
ADVANCE ELECTROLYTE 0.132 11.63 1533 174 22.972 0.50 0.066
EWFEED 3.600 7.15 25.744 179.8 647.160 0.50 1.800
Cu WON/ACID MADE 0.544 0.840 0.000
RECIRCULATED SPENT 3.468 7 24278 180 624.299 0.5 1.734
SPENTEXEW 0.132 7. 0.922 180 23.701 0.5 0.066
BLEED 0.010 7 0.067- 180 1.712- 0.5 0.005
SPENT TO STRIP 0.122 7 0.855 180 21.989 0.5 0.061

MASS BALANCE OVERALL
FLOW Cu gil Cu kglhr acid acid pH factors

IIhr gil kglhr

PLS 6040 0.12 0.605 W1.393 2.55
Iron bleed 9.513 7 0.067 o 7 1.712
SXfeed 5050 0.13 0.671 0.34 3.105 2.46
raffinale 5050 0.12 0.606 e:9 3.945 2.10 1.54
loaded OIg.nic 5040 0.516 2.601 1
stripped organic 6040 0.395 1.990
delta organic 9J21 0.611
advance electrolyte 122 (12.55' : 1.533 173 21.149
copper transferred 0.611
copper production

'7~
0.544 98.076

spent electrolyte 122
'''----:~

0.855 180 21.989



SG 1.186 KG/L
MASS FLOW 145.125 KGlHR
WATER FLOW 119.226

EW CELL MASS BAlANCE RATIO KGlHR ATOMIC WEIGHTS
CuS04 2 1.37 Cu 63.54
e 2 S04 96.0616
H2O 2 0.15 Fe 55.847

BAL. 1.521249
H 1.00797

H2SO4 2 0.84 0 15.9994
Cu 2 0.54
02 1 0.14

BAL. 1.521249

STRONG ELECTROLYTE - EW FEED
FLOW 0.122159389
Cu gil
Fe gil
H2SO4 187 gil
ION FLOW
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ATOMIC WEIGHTS
Fe
Cu
S04
Fe
H
o

SPENT ELECTROLYTE FROM CELLS
Cu
Fe
H2SO4
ION FLOW

SG
MASS FLOW
WATER FLOW

SPENT ELECTROLYTE TO STRIP
Cu
Fe
H2S04
ION FLOW

SG
MASS FLOW
WATERFLOW

55.847
63.54

96.0616
55.847

1.00797
15.9994

7 gil
0.5 gil
180 gil

1.175 KG/L
154.715 KGlHR
128.520

7 gil
0.5 gil
180 gil

1.175 KG/L
143.537 KGlHR
119.235 KGlHR

ACID R
1.756163
1.543556

2.315 KGlHR
0.179 KGIHR

23.701 KGlHR
26.195 KGlHR

2.148 KGlHR
0.166 KGlHR

21.989 KGlHR
24.303 KGlHR

2.859 KGlHR
0.179 KGlHR

22.861 KGlHR
25.899 KGlHR

CUS04
FeS04
H2S04

CUS04
FeS04
H2S04

DEPosmON
CHECK

ERR
CUS04
FeS04
H2S04
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0.579655

MAX
MAX

1
2MINS ~
5 M31M2HR __---1t'-::;_:"!!>~

0.05 MlSEC
200MM
400MM

500
70 PPM

10 KGlDAY
0.11 GIL

90909 L/DAY
3788 LlHR
5040 LlHR

84 UMIN
1.4 USEC

25.4 MM
2.76 MlSEC

20 M
0.43 KW
5.04 M3/HR

90%
0.12 GIL
0.94 KGlL

2%
0.8 KGlL
0.1 MMlDAY

5 GIL
ORGANIC
AQUEOUS

~~4OLIHR1l:t1
554.4 GlHR

MIXERs/STAGE
RESIDENCE TIME
SETTLER RATING
ORGANIC SPACE VEL.
ORGANIC DEPTH
AQUEOUS DEPTH

DESIGN PLS FLOW
Cu ADVANCE FROM PLS
COPPER RECOVERY

DESIGN Cu DELTA
EXTRACT CONTINUITY
STRIP CONTINUITY
ORGIAQU. RATIO
ADVANCE ELECT TENOR

SX
SX EXTRACTION
PLSTENOR
SALICYlALDOXIME SG
VOL %
DILUENTSG
EVAP
ORGANIC LOADING
CuiFe SELECTIVITY
ORGANIC ENTRAIN RAFF

DESIGN PLS FLOW

LINE DIAM.
VELOCITY
MAX HEAD
POWER
PLS FLOWRATE

DESIGN CRITERIA

COPPER PRODUCTION
FEED COPPER RECOVERED
FEED FLOW
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COPPER RECOVERY
MAX PROD RATE
CELL DIAM
CELL LENGTH
CATHODE AREA
CURRENT DENSITY
AMPS/CELL
CURRENT EFFICIENCY
THEORETICAL CAPACITY
NO OF CELLS
FLOWRATE

ANODE DIAM
CELL X-SECT
CELL VOLUME
RT

554.4 GIHR
13.31 KG/DAY DESIGN
0.100 M
0.850 M
0.267 M2

300 AlM2
aDA
99 %

1.1a5 G/AHR

(/36'~~
~---

0.025 M
0.007 M2

0.01 M3

~.~

~
I
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PUMP

FLOWMETER

SULPHURIC ACID

RECTIFIER

TANK

ADVANCE ELECTROLYTE

ELECTROWIN CELLS

POTABLE

WATER

STRIP

,..... ORGANIC PUMP

MT LYELL DEMONSTRATION PLANT
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o
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Mt Lyell demonstration plant conceptual layout
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a) Design, fabrication and operation of demonstration plant.

b) Detailed design and costing of full scale facility.

MEMORANDUM

Michael Wren
Tony Treasure
23.10.92

COSTING STAGE 2 HI'. LYELL PROJECT

Small scale electrowin plant comprising four production scaled
cells

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.

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 facility designed and costed here will be capable of production
of approximately 10kg/day of cathode copper.

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.

In detailed design and costing of the production facility, the
company will be relying on the services of one or two consultants who
are completely familiar with the installation of solvent extraction
facilities.

The system is based on the SX/EMEW treatment option and will comprise
in general, the following:

To:
From:
Date:

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 m:xiel plant
on site for a period of approximately 4 weeks.

The following comprises an assessment of projected costs in the next stage
of development of the Mt Lyell project.

The tasks required to take the project through to development of a
commercial facility may be generalised as follows:
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The exercise will take advantage of existing detailed plant designs,
with m:xlification where required. !'bdified 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 I<.Qrk is based on an
assessment made by M.Gunn, a process engineer who has been previously
responsible for such tasks.

M..lch of the I<.Qrk entailed can be conducted in conjunction with
operation of the derronstration plant on site, physical operation
once set up requiring only one man. Direct personnel costs in
operating the small plant can therefore be reduced.

£1 Assessment of site facilities.

A full assessment of site facilities, such as I<.Qrking 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 CUITent mining operation.

!ll Liquor storage and treatment

The study will examine the possible requirement for liquor storage
and treatment facilities. The latter will address the question of
entrained solids in the mine effluent (which l<.Quld result in crud
production in the SX plant).

A complete assessment of all previous stream measurements and
rainfall statistics for the area will be undertaken, principally with
a view to isolation 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
variations .

PROJECI'ED COSTS

~ Derronstration Plant

SX

4 x 250 litre mixing tanks
4 x agitators
1 x 500 litre loaded organic tank
1 x 500 litre advance electrolyte tank
2 x 1m3 settling tanks
1 x 5,000 l/hour pump
1 x 3,000 l/hour pump
1 x 3,000 l/hour pump
Rotameters
Valves and pipework

Sundry fittings
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The prograrrme outlined would result in a well established bankable
feasibility document.

$ 6,000
$ 6,000

$ 2,000
$ 4,500
$ 2,000
$ 2,500
$ 5,000
-------
$28,000

$16,000
$ 4,000
$ 4,000

$35,000

$25,000

$10,000

$24,000

$87,000

$10,000

$97,000

4 x electrowin cells complete
4 x anodes
eu cathode tubes
Rectifier (m:xlified stock item)
Rotameter
Frames, wiring, piping

OPERATION

Plant design/costing 40 days @$400
site and liquor details 10 days @$400
Reporting/supervision 10 days @ $400

Sub-total

Allowing for some equipnent already owned
by the company, a budget price for fabrication
of the plant has been calculated at:

Personnel

ENGINEERING DESIGN AND PROCUREMENT (Estimate)

SUb-total

SUb-total

- Consultant 30 days @ $400 (50% captive to
Design and costing prograrrme

- Assistant 30 days @$200

Equipnent transport
Acccmrodation/rneals 30 days @$150
Consumables
Travel
Supervision/reporting

TOTAL BUOOET PROVISION REQUIRED

Contingency

It should be noted that there are areas where this expenditure can be
reduced (for example through operating a smaller de=nstration plant) but
prudence would dictate that a budget close to $100,000 should be provided
for the next stage of the project.

Q.l Engineering and other studies
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Dear Sir

Yours sincerely

MINPROC ENGINEERS PTY. LTD.
A.C.N. 008 992 fi94

Mr Tony Treasure
Director - Euralba Mining
23 Riversdale Road
OXENFORD QLD

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 conventionaltankhouses. This opinion is based on detailed
study of the technology, with regard to its demonstrated performance on a numher of liquors,
and a site visit during your Mt Lyell field investigation.

On behalf of Minproe Engineers I have reviewed your reports documenting the work carried
out by Euralba Mining at Mt Lyell in Tasmania. The reports specifically address the results
of clectrowinning testwork on low tenor copper hearing solutions emerging from the waste
are heaps.

Your report is rigorous, comprehensive and consistent and I support your financial
conclusions within the bounds of the stated assumptions. I do not believe that the preferred
option, of solvent extraction and your low cost cell house, requires a pilot scale testing stage
to enable detailed engineering design to proceed with confidence. Solvent extraction of
copper is now so widely practiced that design criteria can be developed from lahoratory scale
tests. Minproe would be prepared to provide appropriate guarantees of performance.

Should you require any further comment or reference, please do not hesitate to contact us.

(,7 ST PAUL'S TERRACE
P.O. BOX 544
SPRING HILL QLD. 4004
TELEPHONE, (07) 839 0383
FACSIMILE, (07) 832 0101
TELEX, 44114

14 August 1992

(~k. ./-r------
M. J. GUNN
PRINCIPAL METALLURGIST
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A.C.N. 000 751 093

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 Brian

Please find the penaltment draft of this feasibility study on the Mt Lyell waste streams. I 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
Government, 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.

Euralba 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"~

~/~-""~:/"" ", 1
~,....~,....". ,

Michael Wren
Managing Director

PO BOX R868. ROYAL EXCHANGE. SYDNEY NSW 2000
TELEPHONE: (02) 247 9855 FACStMtLE: (02) 247 9898

REGISTERED OFFICE: LEVEL 3. 37-49 PITT STREET. SYDNEY NSW 2000



With reference to our recent meetings regarding Mt Lyell, I am now in a posmon 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 isothenns 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"
represents the net copper recovery.

Page No 1

67 ST. PAUL'S TERRACE.
SPRING HILL, OLD. 4004
P.O. BOX 544,
TELEPHONE' 107) 839 0383
FACSIMILE: (0718320101
TELEX 44114
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A Membe,r of lhe Minproc Holdings Limited Group
BD331690.CC

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 bums onto the cathode surface. In the EMDEW cell, the
closed turbulent system 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.

Mr T Treasure
Director
Euralba Mining
23 Riversdale Road
OXENFORD QLD 4210

Dear Sir,

9 June 1992

MINPROC ENGINEERS PTY LTD
A.e.N. 008 992 694,

"
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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 funher 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 m2 of cathode). This funher
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).

Capital cost for a plant capable of extracting and transferring to electrowin feed 45 kg/hr
of copper from 330 m'/hr of feed solution 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 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.

Page No 2
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EURALBA MINING
MT LYELL PROJECT

A Member of the Minproc Holdings Limited Group
BD331690.CC

MINPROC ENGINEERS PTY LID

In a conventional tankhouse the anodes are a lead/calcium/tin alloy, usually cast and rolled
to 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 gil iron in the electrolyte
circuit. This bleed stream removes acid in the form of 180 gil 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 gil, 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 gil is
realistic as a 1.5 gil iron level can be tolerated in electrolyte and produce cathode quality
to LME grade A specifications.
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The operating costs are as follows for reagent consumption (annual basis):

The overall consumable cost will be close to $OA6!Kg of copper produced.

The third column represents the anticipated cost where 50% of organic losses are
recovered in the rafflnate pond, and where 50% of the organic lost from the strip stage is
returned to the strip stage in spent electrolyte.

Page No 3

EURALBA MINING
MT LYELL PROJECT

A Member of the Minproc Holdings Limited Group
BD331690.CC

$/year $/Kg Cu Recover 50% of organic

diluent 148039 0040 0.20
extractant 84594 0.23 0.11
98% acid 18343 0.05 0.05

--------
250976 0.68 $0.36!Kg Cu produced

MINPROC ENGINEERS PrY LTO

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 6c/kWhr, the cost will be approximately JOc per kg of
Cu produced.

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 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.

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.
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Looking forward to your further inslIUctions.

Yours faithfully

MJ GUNN
PRINCIPAL CONSULTING METALLURGIST
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MlNPROC ENGINEERS P'IY L1D

I lIUst 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 (Le. typed and
drafted) as this would simply add to your costs. This information is available at short
notice if required.

.­
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Feed rate m'lhr 33.0 max.
Plant availability % 95 annual

overall
days 346
hours/day 24
days/week 7

PLS - dump drainage analysis
Cu g/! 0.150
Total Fe g/! 2.0
Fe3+
Fe2+

H2SO4 g/! 0.1

* Si as Si02

* TSS ppm
pH 2.55

* temperature °C

* viscosity cP

* Cl

Extractant

type Salicy1aldoxime
and modifier

SO kg/! 0.91 - 0.97
Viscosity cP 200 - 45

(@15 - 30°C)

Diluent

type High flashpoint
kerosene

SO kg/! 0.8
Viscosity cP 1.5 (lSOC)
flashpoint °C 80 (100 kPa)

- ASTM D-93

aromatic content % 20 max

A Member of the Minproc Holdings Limited Group
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MT LYELL SOLVENT EXTRACTION
DESIGN CRITERIA

BD331690.CC

EURALBA MINING
MT LYELL PROJECT
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Spent Electrolyte Analysis

Diluent evaporation open mrn/day
closed mrn/day

Organic entrainment in raffinate recovery
Aqueous entrainment in LO, recovery

Page No 6

300

aqueous (note)
aqueous (note)
organic

250

20

30
180
0.5 (design Note)
(l00 ideal)

284266

100

?
baffles in tank

2
0,1

so

2
0,50
500: 1 (design)

70

EURALBA MINING
MT LYELL PROJECT

gil

ppm

ppm

%
g!Cu!Vol % extractant

ppm

- suction pump into coffer dam.

A Member of the Minproc Holdings Limited Group

Copper delta

SX Configuration
Continuous E1

~
SI

Crud removal

Volume % extractant
loading
Cu:Fe selectivity

Aqueous entrainment
in organic cts
Aqueous entrainment
in aqueous cts

Organic entrainment
in organic cts
Organic entrainment
in aqueous cts

BD331690.CC

Cu gil
H2SO4 gil
Total Fe gil

* Co gil

* Cl ppm
Advance Cu gil

Electrolyte

Organic
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O/A (organic to aqueous E I : I
ratio by volume) S I : I

O/A advance ratio E I : I
S 99: I

Stage efficiency E1 % 87
E, % 95
SI % 40

Overall extraction % 91

Stages - extract 2 in parallel
strip I

Addition point of spent electrolyte Strip first mixer

Mixer retention time E sec 180
S sec 120

Settler rating m'/h m2 5

Fire protection water deluge

EURALBA MINING
MT LYELL PROJECT

MINPROC ENGINEERS P'IY LID
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MT LYELL SX PLANT

')(14 0Cfl,,_v ,-UJ

EURALBA MINING
MT LYELL PROJECT
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includes civil works, drives and
fabrication

$1 230000

20000

97000

30000

20000

40000

103000

1030000

30000

COST
(A$)

125000

220000

115000

Supplied by diluent supplier

190000

190000

CAPITAL COST

BD33I 690,CC

Total SX Costs

Design, Project Management, etc

Mixer-Settler E[

10% Contingency

MINPROC ENGINEERS PTY LTO

Mixer Settler SI

ITEM

Electrical

Loaded Organic Pump

Heat Exchanger

Mixer Settler Ez

Spent Electrolyte Tank

Spent Eletrolyte Pump

Piping and Valves

Loaded Organic Tank

Diluent Tank

Total Direct Cost
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A Member of the Minproc Holdings Limited Group

MINPROC ENGINEERS PTY LID

First Fill

Exclusions
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EURALBA MINING
MT LYELL PROJECT

2J4270

35312
61795
2044

,$99 151

2207 kg
118 836 litres
15.73 tonnes

Quantity Cost
(A$)

ponds (raffmate/PLS)
associated pumps
buildings
water supply, air supply.

extractant
diluent
acid (98%)

BD331690.CC
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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.
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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 playa 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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