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SUMMARY

Background
Following discussions between S.A.D.M.E., AMDEL and Mr C. Woods of

Chetwood (Australia) Pty Limited, S.A.D.M.E. authorized AMDEL to undertake
a preliminary evaluation of the economic feasibility of setting up a small

plant to extract gold from gold tailing dumps at Deloraine, near Williamstown,
South Australia.

Summary of Work Done

-

A composite sample of tailing was supplied by Mr C. Woods. Ore-dressing
mineralogy was done on the sample to assess the feasibility of gravity
concentration. Cyanide leaching tests, with and without acid pre-leaching
to remove cyanicides, and with and without further grinding, were done to
assess the gold extraction and cyanide and lime consumptions.

On the basis of these tests, various alternative flowsheets were costed

and their economics assessed.

Conclusions

(1) The tailing contains 3.9 ppm Au and 0,21% Cu and consists predominantly
of quartz and muscovite with minor to trace amounts of magnesian
siderite, dolomite, barite, pyrite, chalcopyrite, covellite, chalcocite,
malachite, goethite, hematite, rutile and native gold. About 70% of the
tailing is -150 um and about 30% is =53 um in particle size,

(2) Relatively little of the native gold is liberated, most observable
native gold occurring as inclusions in, or intergrowths with, pyrite,
chalcopyrite and goethite. However, some native gold may be locked in
silicates. The grain size of the native gold is mainly less than 25 um,
The colour of the native gold indicates a silver content of less than 10%.

(3) The distribution of gold with specific gravity and particle size indicates
that gravity concentration would give low (probably less than 50%)
recoveries of gold and, although finer grinding would improve gold
liberation, recoveries by gravity concentration would be unlikely to
increase significantly because of the less efficient separation at the
finer particle sizes.

(4) Cyanidation of the tailing gives high extraction of gold ~ about 79% on
the as-received material and 94% on material ground to 78% -150 um. Acid-
leaching prior to cyanidation increases the gold extraction slightly
(to 86% on és—received material and 967 on material ground to 77% -~150 um)
and reduces the cyanide consumption from about 3.2 kg/t to 1.0 kg/t,
presumably by removing cyanicides such as malachite.

(5) The feasibility of economic extraction of gold by (a) simple cyanidation,

(b) cyanidation plus solution recycle (to minimize environmental pollution),



and (c) cyanidation after grinding have been examined, considering both
treatment on site and treatment after transport to the Sedan/Cambrai

area, Results are as follows: .
Solution

Basic Recycle Grinding
Process ‘ $ $ S

Total capital investment 300 600 535 000 524 000
Total manufacturing costs:

On site 565 700 827 300 802 300

With ore transport 597 200 858 800 833 800
Value of Au extracted® 849 600 849 600 1 008 900
Profit before tax:

On site 283 900 22 300 206 600

With ore transport 252 400 ~9 200 175 100

*Value of Au taken as $17 700/kg ($550/0z.)

It is emphasized that these are preliminary cost estimates only and no
allowance has been made for building a tailings dam, should this prove

necessary.

Recommendations

This investigation has been of a preliminary nature only and before
proceeding to plant operation it is recommended that further metallurgical
studies be undertaken to determine:

(a) the required leaching time for optimum gold extraction,
(b) the adsorption characteristics of various carbons,
(c) the conditions necessary for satisfactory oxidation of the cyanide ion, and

(d) the settling characteristics of the tailings.
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1. INTRODUCTION

Followling discussions on assessment of gold tailing dumps at Deloraine
near Williamstown with Messrs R. Wildy and G. Drew ofkthe S.A. Department of
Mines and Energy (S.A.D.M.E.), Mr C. Woods of Chetwood (Australia) Pty Limited,
and Dr K,J. Henley of AMDEI, in February 1980, a proposal was submitted by
AMDEL to S.A.D.M.E. to evaluate the economic feasibility of setting up a
plant to extract gold from the dumps.

Previous work on various samples from the dumps had indicated that the
gold content was 3 to 5 ppm and the particle size distribution was about 957
minus 0.42 mm (36 mesh B.S.S.) with a variable proportion (40% to 90%) of
minus 0,075 mm material. Only a small proportion of the gold appeared to be
recoverable by gravity treatment but cyanidation had given extractions of
about 80%; secondary copper minerals (~0.3% Cu) were present and caused high
cyanide consumption. The dumps are estimated to contain about 15,000 tonnes
of taillings.

The proposed programme of investigation was as follows:

(1) Obtain a representative composite sample of the dumps. It was

understood that Mr Woods had auger drilled and sampled the dumps and
a bulk sample had been deposited at AMDEL.

(2) Carry out a gold mineralogy/liberation study of the composite to
determine how the gold occurs and assess the possibilities of
gravity concentration.

(3) Carry out cyanidation testing of the composite to determine gold
extraction, cyanide consumption and lime consumption. Testing would
be carried out on material (a) as recelved, (b) after grinding, and
(c) after leaching out the secondary copper minerals.

(4) On the basis of the results of (2) and (3), carry out a preliminary
paper feasibility study to indicate likely costs for various alterna-
tive processes (e.g., cyanidation alome, cyanidation plus gravity
concentration, gravity concentration alone).

If the results of (4) appeared promising it would then be necessary to

consider pilot-scale extraction tests to prove up the process, but the latter
was not included in the initial project.

Approval for the project was given on 10 May 1980 and this report gives

&
o

the results of the project.




2. MATERIAL EXAMINED
The tailing sample investigated* was a thoroughly mixed composite of all
material provided by Mr C. Woods (other than that previously removed for
analysis) and was stated by Mr Woods to be reasonably representative of the
dumps. AMDEL was not involved in the sampling programme.
The sample assayed 3.9 ppm gold and 0.21% copper and had the following

size distribution:

Size Fraction We, %
(um)
+500 2.7
=~5004355 11.0
-355+300 5.1
-300+250 5.5
~250+150 6.0
~150+105 21.0
~105+53 18.0
~53+10 26.7
~10 4.0
Total 100.0

* The results presented in this report apply only to the sample submitted
by the Client and described in the text. No guarantee either express or
implied is given as to the applicability of the results to other samples.



3. ORE-DRESSING MINERALOGY

3.1 Procedure

The purpose of the ore-dressing mineralogical examination was to
establish the feasibility of recovering gold from the tailing by gravity
concentration,

A 1 kg aliquot of the tailing sample was wet screened and sized by
sedimentation. Two separate riffled portions of each +10 um size fraction
were separated in heavy liquids of specific gravity 2,96 and 4.2, the +105 um
fractions statically and the -105+10 um fractions centrifugally. The products
from one portion were pulverized and analysed for gold and the 2.96~4.2 SpP.gr.
and >4.2 sp.gr. products of the other portion were prepared as polished
sections (PS 22541-22544) and examined mineragraphically. Selected <2.96 and
and 2.96-4.2 sp.gr. products were analysed by X-ray diffraction to identify

the main minerals present.

3.2 Distribution of Gold with Specific Gravity and Particle Size

The distribution of gold with specific gravity and particle size is given
in Table 1. 1In interpreting Table 1 it may be assumed that in commercial
gravity concentration (e.g. jigging, tabling) >4.2 sp.gr. material would report
into the concentrate, <2.96 sp.gr. material would report into the tailing and
2,96~4.2 sp.gr. material would report into the middling (or partly into the
concentrate and partly into the tailing).

The results indicate that with decreasing particle size there is a pro-
gressive increase in the proportion of gold within each size which reports in
the >4.2 sp.gr. product, from 8.2% in the +150 um fraction to 68.2% in the
=53+10 pm fraction, suggesting progressive liberation of gold-bearing minerals
from ligﬁt gangue. However, overall in the +10 um material, which constitutes
967 of the weight of the sample, only 35.5% of the gold reports in the
>4.2 sp.gr. products, Clearly, therefore, gravity concentration without further
fine grinding would not give high recoveries of gold, particularly in view of
the fine particle size of the material (where gravity concentration processes

are less efficient than at coarse sizes).

3.3 Mineralogy of the Separation Products

The <2.96 sp.gr. products consist predominantly of quartz and muscovite
with minor to trace propoftions of feldspar (probably albite or microcline),
?calcite and ?dolomite.

The 2.96-4.2 sp.gr. products consist predominantly of magnesian siderite,
chalcopyrite and goethite with minor to trace proportions of dolomite,
malachite, muscovite and quartz. No attempt was made to locate native gold
in these products but it may be assumed to be locked in one or more of the

above minerals.



The >4.2 sp.gr. products consist predominantly - of pyrite, barite and
chalcopyrite with traces of covellite/chalcocite, goethite, hematite and
rutile. The polished sections of the »4,2 sp.gr. products were scanned
carefully at a magnification of x100 to detect any native gold present.

The following is a summary of the nature of the native gold observed:

Native Gold

Size Fraction Size
(um) (um) Shape and Occurrence
+210 12 Angular inclusion in pyrite
40 Rounded grain intergrown with chal- same
copyrite i
5 Elongate grain intergrown with particle
pyrite
2x60 Narrow fracture infilling in pyrite
~210+105 5 Elongate inclusion in goethite after
pyrite in composite pyrite/chalco-
pyrite/goethite particle
12 Rounded inclusion in pyrite
~-105+53 3x12 Elongate irregular inclusions in same
3x12 goethite particle
~300+10 3x10 Elongafe irregular inclusions in ' o
3x20 goethite } SZ‘;’ticle
3x25 P

25 Equant liberated particle

It can be seen from this tabulation that the only liberated native gold
observed was in the -3004+10 um fraction and‘that the bulk of the native gold
occurred as angular or rounded grains in pyrite or, less commonly, in chalcopyrit
and goethite. One example was observed in native gold infilling a fracture in
pyrite. The largest grain of native gold was about 40 ym in size but most
of the grains were less than 25 um in size. The native gold was a uniform
yellow colour in polished section, suggesting a silver content of less than
about 10%.

The presence of secondary copper minerals (malachite, covellite, chalco~-

cite) suggests that consumption of cyanide during cyanidation may be high.




4. CYANIDE LEACHING

In order to determine the suitability of agitation cyanide leaching
for treatment of the dump material, five sub-samples of approximately 300 g
each were riffled from the head sample. Of these, two were ground to
approximately 80% ~150 um and one to 75% =212 um.

One 'as received' sample and one ground to 77% ~150 um were leached in
sulphuric acid at pHl for 6 hours to reduce the quantity of cyanide-consuming
copper present., Acid additions are shown in Table 2. Washed residues from
this acid pre-~leach were then used for cyanide leaches (nos. 1 and 2).

The five dump samples (including the acid pre~leached residues) were
agltation cyanide leached for 48 hours. Leach slurries consisted of‘
approximately 300 g ore, 1000 ml solution at 0.05% NaCN and 0.025% CaO.
Slurries were aerated continuously throughout the leach period. After 5, 23
and 29 hours, leach liquors were sampled for gold assay and titration to
determine NaCN and CaO levels. Reagents were added if necessary to maintain
the desired levels.

At the completion of 48 hours, slurries were filtered and the residues
washed thoroughly. Residues and liquor samples were assayed for gold and
extractions were calculated from the amount of gold in the residue and the
total gold in solution. Results are shown in Table 3 and demonstrate the
effects of acld pre-leaching, grind size and leach time.

Highest extractions of approximately 95% were obtained by leaching the
finest ground samples (77% -150 pm) with acid pre~leaching reducing the
consumption of NaCN from 3.2 to 1.1 kg/t. Leaching of 'as recelved' ore
extracted 79% of the gold with slightly higher extraction (86%) being obtained
from the acid leached 'as received' ore. Again, NaCN consumption was reduced
to approximately one~third by acid leaching. Grinding of ore to 75% =212 um
reulted in an intermediate gold extraction of 88%.

Leaching time required was not shown accurately but indications are that

in all cases gold extraction was completed in less than 24 hours.



5. PRELIMINARY COSTING OF LEACHING PLANT

5.1 Introduction

For such a small deposit as the Deloraine dump (15 000 t at 4 g/t Au)
it is essential to keep treatment as simple as possible and hence the capital
cost of plant to a minimum. On the basis of the mineralogical and
laboratory cyanidation investigations, the most suitable process for treating
this material, considering size and extraction characteristics, appears to be
direct cyanidation.

However, several yariations to the flow scheme are possible, depending
on such factors as availability and cost of second-hand equipment, environ-
mental restrictions and the validity of assumptions madé regarding the
process. These variations and influencing factors will be expanded upon in
the following sections.

Acid pre-leaching will not be considered in detail. Laboratory work
shows that acid leaching saves approximately 2 kg/t NaCN ($2.90/t) at a cost
of $5.27/t for H,S0,. Even if the actual leach time required is reduced, the
acid cost can at best only be similar to the saving in cost for NaCN. When
the extra capital cost for leaching tanks and associated equipment is taken
into consideration, acid pre-leaching does not appear to be worthy of
consideration for this situation. Although acid consumption might be able to
be reduced considerably further by recycle of solution, this in turn Lnvolves
more equipment for solids/liquid separation and copper concentration, and

hence more capital cost.

5.2 Basic Flowsheet

The basic flowsheet (Fig. 1) on which variations will be considered
involves simply leaching dump material without any prior treatment (e.g.
grinding). Ore is fed by front-end loader into two agitated leach tanks
(36 tonnes per tank) and water added to make a 50% slurry. Reagents (NaCN, CaO0)
are added and the mixture agitated and aerated for 24 hours. Included in the
leach slurry is 48 kg of granular activated carbon which adsorbs the gold from
solution continuously. Use of the batch leaching system means that no
sophisticated feeding equipment is required and that two instead of four
leach tanks can be used.

At the end of the 24 hours the slurry is pumped over a vibrating screen

fitted with water jets for washing. The carbon reports as screen oversize
where 36 kg is returned to the next leach batch with the addition of 12 kg of
fresh carbon. The 12 kg of loaded carbon removed at this stage is burnt to
recover the gold. Leached slurry (screen undersize) is pumped directly to a
tailings dam with addition of calcium hypochlorite (Ca(OCl),) to oxidise free

cyanide. In turn, the free chlorine residual might have to be destroyed by



the addition of sodium thiosulphate, It was assumed that the tailings
could be pumped satisfactorily through a 760 mm diameter pipe and that a
distance of 2 km is required.

80% extraction of gold (i.e. 48 kg) is assumed with NaCN consumption
of 3.2 kg/t and Ca0O consumption of 3.3 kg/t.

5.2.1 Schedule of Equipment and Power Requirements

Item No. Size Cost ($) kWh/day

Front-end loader 1 1 m® 10 000

Feed chute 2 1 000

Leach tank (mild steel) 2 5x10% 1 (4m¢x4m) 14 000

Agitator 2 30 kW 46 000 1 150

Pump #1 1 3kW, 2/1% 2 000 20

Compressor 1 5.5 kW, 15 1/sec. 1 800 ' 106

Vibrating screen 1 0.6%1.2 m 3 500

Pump #2 (tailings) 1 19 kW, 3/2 3 500 122
81 800 1 398

5.2.2 Total Capital Investment

The total capital investment is estimated by the factored method whereby
associated costs are based on experience factors of the total delivered cost
of the major items listed in the section above. The estimate is summarized

as follows:

Item Cost ($)
la Purchased equipment costs 81 800
1b Delivery and location costs (10% of la) 8 180
1 Equipment cost - delivered 89 980
2 Installation: 127% delivered equipment 10 800
3 Instrumentation: 3% delivered equipment 2 700
4 Piping: 207 delivered equipment 18 000
5 Electrical: 157 delivered equipment 13 500
6 Buildings: assumed 4 000
7 Foundations, structures: 5% delivered equipment 4 500
8 Land: assumed nil
9 Yard improvements: 2% delivered equipment 1 800
10 Utilities: 27 delivered equipment 1 800
11 TOTAL DIRECT COSTS 147 080
12 Engineering, construction fees: 8% total direct costs 11 800
13 TOTAL DIRECT AND INDIRECT COSTS 158 880
14 Contingency: 25% total costs o 39 720
15 FIXED CAPITAL INVESTMENT 198 600
16 Working capital: 4 months' operating costs 102 000

17 TOTAL CAPITAL INVESTMENT 300 600
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5.2.3 Total Production Costs

Cost
Item Total § $/kg Au
1 Raw materials
NaCN: 48 t at $1 450/t 69 600 1 450
CaO: 71 t at $100/t 7 100 148
Activated carbon: 2.5 t at $3 300/t 8 250 172
Ca(OCl). : 8,3 t at 81 700/t 14 110 294
Total raw materials 99 060 2 064
2 Utilities
Water: 20 000 t at lac¢/t 2 800 58
Power: 0.5x10° kWh/a at 6¢/kWh 30 000 625
Total utilities 32 800 683
3 Direct labour
8 men, shifts at $15 000/a 120 000 2 500
1 supervisor at $20 000/a 20 000 417
Total direct labour 140 000 2 917
4 Maintenance: 107 fixed capital 19 860 414
~ Operating supplies; 10% direct labour 14 000 292
6 DIRECT MANUFACTURING COSTS
(sum of 1 to 5) 305 720 6 370
7 Payroll overhead: 207 direct labour 28 000 583
Plant overhead: 507 direct labour 70 000 1 458
INDIRECT MANUFACTURING COSTS
(sum of 7 and 8) 38 000 2 041
10 Depreciation 160 000 3 333
11 Property taxes, insurance: 17 fixed capital 1 990 41
12 FIXED MANUFACTURING COSTS
(sum of 10 and 11) 161 990 3 374

13 TOTAL MANUFACTURING COSTS (sum of 6,9 and 12) 565 710 11 785

5.3 Solution Recycle

If disposal of the final slurry with chemical oxidation of the NaCN does
not meet environmental specifications, one alternative is to install a three-stage
counter-current decantation (CCD) system (see Fig., 2 for flowsheet). Use of
this system would necessitate continuous rather than batch operation of the
plant and hence two agitated slurrying tanks to premix slurry and control
feed rate would be required. The purchase cost of equipment additional to that

listed in section 5.2.1 for the basic flowsheet is shown below:

Item No. Size Cost (%)
Slurry tank 2 ©2.3m¢%x2.6 m 2 600
Agitator 2 8 kW 16 000
Pump 1 3 kW, 2/1% 2 000
Thickener 3 4.4 mpx3 m 59 000
U/F pump 3 4 500
O/F pump 3 4 500
Sundry tanks (e.g. repulpers,
flocculant) 10 000

98 600
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Adding the cost of extra equipment to that for the basic flow scheme
glves $180 400 purchased cost or $198 440 delivered cost, Applying the
factors shown in section 5.2.2 produces a Fixed Capital Investment of
$431 350 and a Total Capital Investment of approximately $535 000,

Assuming the cost of raw materials remains the same (NaCN will be re-
cycled but flocculant will have to be used, counteracting the saving), that
power increases by 20%, and that all other factors remain the same as shown
in section 5.2,3, then the Director Manufacturing Costs are $335 000, while
Indirect Manufacturing Costs remain at $98 000. All but $40 000 of capital
cost is written off, giving a depreciation figure of $390 000. Allowing for
property taxes and insurance of $4 300, the Total Manufacturing Costs become
$827 300 or $17 235/kg Au.

5.4 Grinding

Laboratory tests show that i1f the dump material is ground to 80% -150 um,
then 95% extraction of the gold (57 kg) can be expected., A circuit involving
grinding requires slurry preparation tanks, as described in the previous
section, to control feed rate as well as a ball mill., In view of the fine
nature of the ore, the mill could be run as open circuit, A flowsheet of this
circuit is shown in Fig. 3. A grinding time of 8 hours per batch (9 tonnes/hour)
is assumed.

Again referring to the flowsheet described in section 5.2, the extra

equipment requirement is shown below:

Item No. Size Cost (%)
Slurry tank 2 2.3 mpx2.6 m 2 600
Agitator 2 8 kW 16 000
Pump 2 3 kW, 2/1% 4 000
Ball mill 1 37.5 kW, 1.5 mx

1.5 m 72 000
94 600

Applying the factors as in section 5.2.2 shows an equipment delivered cost of
$194,000, a Fixed Capital Investment of $422 000, and a Total Capital
Investment of $524 000,

Assuming raw materials cost remains the same, power consumption is

increased by 30% and that other factors remain the same as shown in section

e

5.2.3, then Direct Manufacturing Costs of $338 000 are obtained while Indirect
Manufacturing Costs remain at $98 000. All but $60 000 of fixed capital is

written off, giving a depreciation figure of $362 000. The Total Manufacturing
Cost then calculates to be $802 300 or $14 075/kg Au.
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5.5 Transport of Ore

Due to the fact that the Deloraine dump 1s in a water catchment area,
ore might have to be transported to another site for treatment. Calculations
have been made assuming the ore is transported to the Sedan/Cambrai area,
and the estimated cost for transporting the entire dump of 15 000 t over a
period of 2 to 3 weeks (using 10 trucks) is $31 500.

As the transport operation has no other costs attached to it, Total
Manufacturing Costs for any of the three flow schemes considered would be
increased by $31 500 total ($656/kg Au or $553/kg Au, depending on gold

extraction).
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6. DISCUSSION
The three processing options, with costs, are summarized below, with

accuracy being #30%.

Basic Solution Recycle Grinding
Process (%) ($) (%)
Total Capital Investment 300 600 535 000 524 000
Total Manufacturing Cost -
On site 565 700 827 300 802 300
With ore transport 597 200 858 800 833 800
Value of Au extracted* 849 600 849 600 1 008 900
Profit before tax -
On site 283 900 22 300 206 600
With ore transport 252 400 - 9 200 175 100

*Value of Au taken at $17 700/kg ($550/0z.)

From the estimations made, treating the ore by the basic flow scheme
(i.e. no grinding, no liquor recycle) is the most profitable operation, 1If
the ore has to be transported for environmental reasons, this process remains
considerably more attractive than solution recycle on site, 1f, after relocation
of the plant liquor recycle still has to be practised, then our estimations
indicate the operation would be unprofitable. Although grinding would increase
gold extraction from 48 to 57 kg, the added costs involved in buying a new mill
more than compennate Tor this gafn,  The cost estimation for thils flow scheme
should be considered further, however, if a second mill can be obtained at a
sufficiently reduced cost.

It must be emphasised that the work contained in this report is a preliminary
cost estimation only and not a process design. The flow schemes used for the
estimations include several assumptions and omissions which would have to be
considered in detail to more accurately cost the proposed plant.

The depreciation figure assumes little resale value of the plant after one
year. If, however, the plant could be sold as a unit, a higher price might
be obtainable. Alternatively, if, at the completion of treating the Deloraine
dump further material could be found for treating (e.g. on contract), the
depreciation of the plant could be spread over several years, thereby reducing
the manufacturing cost per kilogram of gold.

No allowance in the estimate has been made for building a tailings dam as
this depends very much on local topography. The dam would have to hold 15 000
tonnes of solids plus approximately 20 000 to 25 000 tonnes of water unless
some water recycle from the dam is carried out. Overflow in a water catchment
area would probably not be allowed. Hence, the cost of building and fencing a
‘dam for total tailings would be substantial.

Further detailed investigation is required to determine factors such as

required leaching time, carbon adsorption and burning characteristics, and the

conditions for satisfactory oxidation of the cyanide ion.
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7. CONCLUSIONS
The main conclusions of the present investigation are as follows:
The tailing contains 3.9 ppm Au and 0.21% Cu and consists predominantly
of quartz and muscovite with minor to trace amounts of magnesian siderite,
dolomite, barite, pyrite, chalcopyrite, covellite, chalcocite, malachite,
goethite, hematite, rutile and native gold. About 70% of the tailings
is -150 um and about 30% is =53 um in particle size,
Relatively little of the native gold is liberated, most observable native
gold occurring as inclusions in, or intergrowths with, pyrite, chalcopyrite
and goethite. However, some native gold may be locked in silicates. The
grain size of the native gold is mainly less than 25 pym. The colour of
the native gold indicates a silver content of less than 107%.
The distribution of gold with specific gravity and particle size indicates
that gravity concentration would give low (probably less than 50%)
recoveries of gold and, although finer grinding would improve gold libera-
tion, recoveries by gravity concentration would be unlikely to increase
significantly because of the less efficient separation at the finer
particle size.
Cyanidation of the tailing gives high extraction of gold -~ about 79% on
the as-received material and 94% on material ground to 78% -150 um. Acid-
leaching prior to cyanidation increases the gold extraction slightly
(to 86% on as-received material and 96% on material éround to 77% ~150 pm)
and reduces the cyanide consumption from about 3.3 kg/t to 1.0 kg/t,
presumably by removing cyanicides such as malachite.
The feasibilities of economic extraction of gold by (a) simple cyanidation,
(b) cyanidation plus solution recycle (to minimize environmental pollution),
and by (c) cyanidation after grinding have been examined, considering both
treatment on site and treatment after transport to the Sedan/Cambrai area.

Results are as follows:

Solution
Basic  Recycle Grinding
Process S $ $
Total capital investment 300 600 535 000 524 000
Total manufacturing costs:
On site 565 700 827 300 .802 300
With ore transport 597 200 858 800 833 800
Value of Au extracted* 849 600 849 600 1 008 900
Profit before tax: ,
On site 283 900 22 300 206 600
With ore transport 252 400 - 9 200 175 100

*Value of Au taken as $17 700/kg ($550/0z.)

It is emphasised that these are preliminary cost estimates only and no

allowance has been made for building a tailings dam, should this prove necessary.
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8. RECOMMENDATIONS

This investigation has been of a preliminary nature only and before
proceeding to plant operation it is recommended that further metallurgical
studies be undertaken to determine:

(a) the required leaching time for optimum gold extraction,
(b) the adsorption characteristics of various carbons,

(c) the conditions necessary for satisfactory oxidation of the cyanide

ion, and

(d) the settling characteristics of the tailings.

i
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TABLES 1 to 3
FIGS 1 to 3
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TABLE 1: COLD DISTRIBUTION WITH;SPECIFIC GRAVITY ‘AND PARTICLE S1.7%
‘ - In Size Fraction In Head Sample _ Cumulative Data*
Size Fraction Sp.Gr. Gold Gold Gold
{um) Product Wi, % Assay, ppm  Dist'n, % We, % Dist'n, Z2° Wt, % ‘Assay, ppm  Dist'n, %
4150 <2.96 , 96.9 . 3.20 f %55.7 29,25 22,46 29.25 3.20 22.46
2.96~4,20 2.9 69.00 136.1 0.88 14,59 0.88 69.00 14,59
4,20 0.2 206,00 - 8.2 0.07 3.31 0.07 205,00 3.31
TOTAL 100.0  ( 5.57) 100.0 30.70 40.36 30.20 5.57 - 4036
=150+105 <2.96 94,1 1.00 33,5 19.82 4,76 49,07 2.31 27,22
2,96-4,20 5.4 19,80 37,7 1.13 5.35 2.01 41,39 13.94
>4,20 G.5 160,00 28,8 0.1t 4.09 0.17 177.75° T.41
TOTAL 00,0  ( 2,81) 100.0 21.05 14.20 51.25 4,44 54,56
~105+33 <2.96 92,3 0.50 7.7 16.50 1.99 65.67 1.85 79,21
2.96-4,20 6.2 10,00 22,7 1.11 2.66 3.12 30.23 22,60
~4,20 1.6 98,00 58.6 0.28 6.58 0.45 128,54 13,98
TOTAL 1000 ( 2,60) 100.0 17.99 11.23 69.24 3.96 65.79
=538 ~2.86 . 22.9 1,10 22.8 24,81 .55 5G.48 1,65 33,748
2.96-4.20 5% 7.50 9.0 1,43 2.58 4,55 23.06 25.18
54,20 1.8 172,00 68,2 0.47 19.55 0.93 150. 74 331/53
TOTAL 100.0 ( 4,47) 100.0 26,71 28.67 95 95 4,10 94.47
TOTALS VO ABOVE  <2,96 $4.3  ( 1.65 37.9
S1Z1 FRACTIONS 2.96~4.,20 4.7 ( 23.06) 26.7
~ >4 ,20 1.0 (150.74) 35.5
TOTAL 100.0 (. 4,10) 100.0
OVERALL TOTALS +10 um 960 ( 4,10) 94.5
=10 ym 4.0 5.70 5.5
TOTAL { 41D 100.0 Caleulated head ascay = 4,17 ppm

100.0

# Cumulated by specitiec yvravity product

s eeew




TABLE 2: ACID PRE-LEACH

1 2

Ore sizing As Received 77% =150 um

Weight (g) 339.8 314,2
pH 1 1
H.S0, added (kg/t)

Initial , 44 .5 49.3

1 hour 59.9 64,7

2 hours 66.7 71.6

4 hours 74,2 79.1

6 hours 79.5 84.8




TABLE 3: CYANIDE LEACHING

1* 2% 3 4 5

Ore .

Sizing As Received 77% =150 pm  As Received 75% =212 uym 78% -150 um

Weight 328.7 302,2 274.3 277.7 305.6

Au (ppm) 3.9 3.9 3.9 3.9 3.9

Cu (%) nd nd 0.21 0.21 0.21
Residue

Weight (g) 324.8 297.8 274,2 276.3 304.,2

Cu (%) 0.23 0.26 0.28 0.25 0.40

Au (ppm) 0.52 0.15 0.95 0.40 0.19

Au (mg) 0.17 0.045 0,26 0.11 0.06
Final Liquor Au (mg)l.19 1.15 1.22 0.94 1.04
Calculated Head

Au (ppm) 3.6 3.8 4,5 3.4 3.4
Au Extraction (%)#

5 hours 90 91 49 69 61

23 hours 86 99 82 90 95

29 hours 86 - 99 72 ‘ 90 95

48 hours 85.8 96.1 78.7 88.2 94,4
NaCN Consumption

(kg/t)

5 hours 0.5 0.8 2.3 2,4 2.3

23 hours 0.9 1.1 3.1 3.3 3.1

29 hours 1.0 1.1 3.2 3.3 3.2

48 hours 1.0 1.1 3.2 3.3 3.2
Ca0 Consumption

(kg/t)

5 hours 1.6 1.8 1.9 1.9 1.8

23 hours 4.6 3.5 3.4 3.5 3.3

29 hours 4.8 4.0 3.5 3.7 3.4

48 hours 5.2 4.3 4.5 4.6 4.2

nd = not determined
*Ore samples for #1 and 2 are residues from acid pre-~leach, Table 2
tExtractions at 5, 23 and 29 hours are approximate only
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