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I BACKGROUND

Late in 1987 Cottesloe Corporation applied for a retention licence to
cover the northeasterly eight square kilometers of the King River Delta.
At the time the Delta deposit was held under Exploration Licence 2/74
thirteen sq lm in extent.

In July 1988 an objection to the application was lodged on grounds that.
sampling at the Delta might interfere with operations of a recently-formed
company attempting to rear salmon at a hatchery on the eastern shore of
Macquarie Harbour and at another on ita southwestern coast. The case was
brought before the Warden's court at Devonport later in the year but
thrown out when the plaintiff's legal representative failed to appear.
The representative met instead with Mines Department officials concerned,
requesting Imposition of stringent limits on sampling. As these
restraints could seriously hamper field work Cottesloe asked that terms
recommended be modified, N
Cottesloe's consultants drew attention to the fact that high densities of
suspended matter occur naturally in Harbour waters over extended periods.
Sediment derives principally from flood discharges of the Gordon and King
Rivers and spreads across the entire Harbour when strong westerly winds
combined with spring tides block outflow from it. Also, poisonous Lyell
tailings which over the last ninety years have accumulated at the King
River mouth are remobilized at such times and then invade and pollute all
reaches of the Harbour. They will continue to do so, if left untouched,
for the next century at 1east, even 1f Mt Lyell's dumping is stopped
now.

Dredging the Delta and treating all its sediment as Cottesloe proposes
will remove contaminants and deposit the cleaned material in deep water
away from the river mouth within the span of two decade=s.

Another deterrent to safe culture of edible fish inside the Harbour is
that mud and silt flooring 1t are polsonous: they are anoxic and contain
concentrations of heavy metals. Rapid, large variations in salinity of
the bay's surface waters constitute yet another barrier to successful
fish farming within its confines. Because of these factors there are
essentially no natural hatcheries there. The Harbour's resident shell-
fish, too, are rare and stunted.

The Department of Mines adopted modified terms suggested by Cottesloe and
~ late in February, 1989, Retention Licence 8804 was issued.
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1T - APPRAISAL

Cottesloe's last annual report on the King Delta identifies several ﬁajor
errors in a survey of gold carried out by Planet Resources over that
sector of the deposit generally having 1its upper surface above water.

Planet's results have since been studied in detaill, permitting the
Company's computational mistakes - 1if not the sampling one - to be
quantified. Examining gold distribution in sectional arrangements of
samples Planet's contractor collected reveals the existence of four
layers: see Figure 1. The four are not represented in every auger hole
because holes vary in position and length, and layers vary in attitude
and degree of continuity. However, the sequence in which layers occur
is constant and the gold grade range of each distinctive.

Layer Y, the uppermost, is encountered in 20 of the 26 holes augered.

Where drilled through, it varies in thickness from 1 to 9 metres, averag-
ing 2.5 metres. Gold content determined by fire assays made for Planet

at Mines Department laboratories in Launceston averages 125 ppb. Material
of this layer is oxidized, partially at least, with iron pan developing
from rusting pyrites at numerous points across the Delta's emergent sur-
face. Subsurface material ascribed to this layer probably was washed off
its former habitat on the dry top and re-deposited underwater at places
previously representing the Delta face. The face advances seaward as

the Delta grows. ' ' '

Layer B underlies Y at 12 augering sites and occurs at the surface at 5

. others. Where augered it ranges in thickness from a metre inshore to 8

metres or more offshore. Its top lies at a depth of 0 to 10 metres, its
base between 1 and at least 15 metres below sea level. Its average
thickness is 3 metres and its average gold content 78 ppb. Constituent
material is thought to have accumulated under reducing conditioms or
under those which, while perhaps oxidising initially, became reducing
when the sediment was buried under younger Deltaic material.

Layer G is made up of variable proportions of sediment from Layer B and
sub-Deltaic material of Layer P. At 9 of the 13 points where penetrated
Layer G is a bare metre thick. Overall it averages 1.4 metres in thick-
ness. The mixture of components is apparent only, in fact representing
inclusion within each one-metre sample of fractioms from the twe bracket-
ing Layers, B and P. Knowing grades of adjacent samples from Layers B
and P besides that of the intermediate layer G, the likely ratio of
Layer B to Layer P material can be estimated. At a few sites Layer G
material is thicker than a metre. These are thought to be points at
which, on introduction of Layer B material, sediment of Layer P was
stirred up and mixed and deposited with it. Average grade of Layer G
material is 41 ppb Au. '
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Planet Resources'

Sediment layers, King River Delta
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Table 1. Deltaic and sub~-Deltaic Layers

Thick-

Laye: Holes Samples ness Area Volume
----- ) m km? _Hm3
Deltaic, Y 20 46 2.3 1.25 2.875

B 17 56 3.3 1.06 3.500
Intermediate, G 15 21 1.4 - 0.94 1.313
Sub-Deltaic, P 12 47 3.9 0.75 2.937
Total 26 170  10.8
Layers, Y & B 102 5.6° 1.14%6.375

I _ * Mmjlm

r-

“Au Au Au

Vxl.15 Range Avg Total

3.306

4.025
1.510

3.378

7.331

or less where depth ranges of Y & B overlap

60-220 125.2 13,300

5-160 77.8 10,000

20-60 41.0 2,000

5-220 6.5 700

23,000

\)()fg()[):y
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Layer P comprises King River sediment plus minor quantities of Macquarie
Harbour silt laid down beneath the Delta prior to arrival and deposition
of Mt Lyell's tailings, spoil which makes up the bulk of the Delta.
Twelve auger holes reached Layer P, extending 1 to 7 or an average 3.9
metres into it. Most of these holes lie inshore, north and south of the
King River's present channel across the Delta. Grade in 42 of the 47
samples collected from this layer lies below 10 ppb Au, minimum detection
limit of the analytical method used. The remaining 5 samples contain
between 10 and 30 ppb Au, levels presumably produced by occurrence of
isolated fine flakes of the metal derived naturally from concentrations
in the King River catchment. Before lower reaches of this river system
were clogged by Lyell spoil and the Delta it formed, discharge velocity
through the gorge backing the mouth of the King would have been too high
to permit anything but a trace of such fine-grained gold to settle and be
incorporated into Layer P. Assuming grade of Layer P samples assaying
<10 ppb Au to be at or slightly above the crustal average of 4 or 5 ppb
Au, content of Layer P material becomes approximately 6.5 ppb Au.

Table 1 summarizes information above concerning the four layers It
includes other data, derived from'Figure 1.

Varlation or lack of it areally across the main Deltaic layers, Y and E,
is under study. Results concerning Layer Y are available ‘and may be

-gummarised as follows.

Thickness The layer is about 2 metres thick in both' NNE and SSW halves of
that part of the Delta augered by Planet's contractor. From inshore to
offshore the layer thickens though: in the ESE half it averages 1.1 metres
in thickness, in the WNW half 3.3 metres.

Grade Gold content, likewise, wvaries only slightly parallel to shore,
being roughly 125 ppb in northern and southern halves of the Delta's
augered sector. In the other direction it does change: it is a bit below

average offshore and approximately 150 ppb inshore, an inerease of some
25%.

Examining the vertical distribution of gold in Layers Y and B shows that
- apart from minor inconsistencies - grade in each falls from the surface
through the 6th metre of depth. Between 6 and 9 metres trend is indeter-
minate,with Layer Y registering gain and Layer B loss. From 10 metres
through 15 grade in Layer B rises, generally. Layer Y 1s not represented
over that interval. Relevant figures appear at Table 2.

Grade variations observed appear to be part artificial, part real. Drops
probably result from progressive loss of auriferous and certain other
particles when sample was extracted from auger holes. A sludge pump is
said to have been used. Such losses should have rigen as the amount of
pumping needed to recover samples from progressively greater depth
increased. In this context note that the fall in grade evident in both
Layer Y and Layer B samples over the first six metres is an identical 31Z.
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Table 2. Vertical distribution of gold, King River Delta.®
Deptﬁ*, , . ppb Au
m B Average Layer Y Layer B
1 120 : 130 88
2 101 ' 126 78
3 | 88 116 69
& ' 93 135 69
5 ' 79 . . 103 67
6 73 90 61
7 95 120 70
113 140 60
87 - 140 60
10 65
11 117
12 87
13 110
14 110
15 120
Summary .
0-6 & 99,7 124.4 99.7
7-9 m . 98 132 98
10-15m : | 96.5.

o inshore fifteenth of .Delta’'s total mass
* grade from 15 m to deepest point at 32 m unkpown
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The opposite trend, an irregular increase encountered below 6 metres,

. we think reflects genuinely higher levels of gold present in older

horizons of the Delta. This sediment accumulated when Mt. Lyell's gold
recovery. circuits were less efficlent and spoil consequently contained
more of the element. Additionally, grades of ore mined by Lyell in the
early days are likely to have been higher.

If the deeper samples have indeed suffered maximum'punping losses, true
grade increases at depth may be substantially larger than those shown
in Table :

One way, albeit indirect, of estimating the extent of losses inferred
here is to compare copper contents of individual Planet holes with those
of nearby holes drilled by Cities Service. Individually, Cities' holes
appear to display little or no vertical grade change, either positive or
negative.

Gold grade from the lower limit of Planet's augering at 15 metres to the
deepest parts of the Delta Cities found, 32 metres, remains wholly
unknown. - In light of considerations above however, and the fact that

- at 15 metres Planet's grade again has attained the average of all their

surface samples it is probable that the Delta's lowermost 17 metres of
sediment contain at least as much-gold as overlying parts.

Cottesloe has emphasized elsewhere that Delta gold grades remaln minor

in absolute terms, far too low to constitute an attractive target alone.
As a potential byproduct though, largely recoverable in processing the
deposit's sulphide for its sulphur, iron and copper, the gold is valuable.

Within a wminimum 100,000,000 nt of Delta sediment available for treatment .

the total quantity of gold present is large - even at the low concentra-
tions reported above.

Little would be recoverable if it were evenly distributed throughout all

" mineral components of the sediment; but it appears most present in

Planet's samples is associated with a sulphide fraction. As the latter
is readily separable by inexpensive gravity means recovery of much of the
gold is feasible. Such sulphide concentrate should average about 1.8

g/t Au. '

Probably most of the Delta'sgold occurs as exsolved blebs in chalcopyrite,
reputedly its principal mode of occurrence at Mt Lyell. Such associa-
tion would account for the rise in gold grade towards the Delta's eastern
shore, essentially the same distribution pattern as that evinced by the
deposit's copper. _

In addition to pumping away gold in the smaller sulphide grains Planet's

sample recovery method appears to have washed out many particles of free
.gold. Those of the Delta are believed to be fine—srained and flattened,
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thus slow to settle. Where ssmple is pumped up and the water decanted
these flakes would be highly prone to loss. Removal of much of the free
gold during Planet's sampling may explain, in part at least, why their
gold grades are sc far belowthose reported previously by FElisna Pty Ltd.
Elisna's samples were retrieved whole. These latter are surficial only.
Nevertheless, inshore representatives contain over 607 more gold than
Planet's samples from the uppermost metre of the same sector - some 210
ppb Au vs. 130 ppb.

For the whole mass of the Delta augered Planet puts gold grade at about
70 ppb, approximately 40% below the content calculable by combining the
figures that Cottesloe derives above for the two Deltaic layers. This
difference results from Planet's failure to exclude from grade calcula-
tions barren material underlying the deposit. For each auger hole Planet
had a fraction of every sample collected from it combined to form a
composite. Planet's Delta average is derived from the grade of each of
the 26 composites, yvet over 80% of sample matter recovered from some
auger heoles represents sub-Deltaic sediment, essentially devoid of
mineral concentrations of value. A third of Planet's holes terminate in
Deltaic material, the restcontinue for varying distances into barren
sand beneath the Delta., In total, 33.87 of all sample retrieved and
aiE?yed consists of such underlying, non-Deltaic material.

With the incorrect grades obtained from many of the auger holes Planet
th¢n compounded error by producing inaccurate, misleading grade contours.
Magg were drawn showing contours for copper and barium distribution as
weé} as those for gold: see Figure 3.

No@é of the resultant distribution patterns is valid. Broadly speaking
th¥ show grades of all three elements increasing towards the King
River's present channel across the Delta, and lower contents in emergent
flats to the north and south.

iy Oﬁghqg,gzse apparent grade changes really reflect are the differing pro-

i of barren sub-Deltaic material included in sediment augered at
various sites. As inshore sectors of the Delta bracketing the King's
main channel are thin, holes augered in these sectors contain high per-
centages of barren, sub-Deltailc sediment and the sectors therefore seem
impoverished in gold and other valuable components. Holes near the
channel were augered exclusively or mostly in Delta material proper and
thus exhibit grades which ~ pumping losses aside ~ are correct, or closer
to being so. ' '

Real changes of grade generally trend east/west or thereabouts, practi-
‘cally at right angles to the direction Planet claims. Besides eastward -
that 1s, shoreward - increase of gold described earlier in this report
and detected previously by Elisna Pty Ltd, similar changes were found by
Citles" Service,affectingcopper and other metals. Cities' plot of copper

oo -
i f:(j -
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Copper grade, King ‘River Delta, Tasmania
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distribution, based on se#eral hundred assays representing scores of
drillholes, appears in Cottesloe's RL application report and is repro-
duced here as Figure 4.

Planet's survey was conducted conscientiously, both by its own junior
staff and the contractors'. It is a pity it was marred, within each
organization ~ apparently by inadequate direction. If senior officers
had visited the Delta and supervised field operations and subsequent
office studies more closely, mistakes in sampling procedure and in grade
calculations and interpretation could have been avoided.

11
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III . TESTING

Work in progress 1s designed to show where and to what extent the Delta's
sulphur, iron, copper, cobalt, gold and barium are concentrated. The
second objective 1s to determine how best to upgrade and extract them.

Between 1974 and 1986 numerous studies of this nature were made. How-
ever, it now emerges that Cities Service' bulk sample, the material
examined in nearly all those atudies, is far from representative of the
Delta. 1Instead of being composed of cuts of each two-metre sample from
every hole they drilled there, as Cities planned, the bulk sample proves
to have come from a single pit dug in the uppermost metre of the Delta's
dry surface. Material from this layer 1s exidised, thus substantially
different from most sediment of the Delta. Within the deposit, reducing
conditions prevail. In addition, the bulk sample site lies close to the
river mouth,so sediment collected at it is considerably coarser than the
Delta average. Wind and periodic flooding have heightened this second
difference by removing much of that finer-grained material which did

~occur at the site. Such skewing adversely affects results of many past

tests, those concerning percentages of useful components which can be
concentrated successfully at low cost by mechanical methods, to give an
instance. In the comparatively coarse material tested previously, copper
sulphides, for example, are largely locked. The fairly well-liberated
particles of these minerals, being smaller, occur in finer-grained
sediment offsghore, and below the Delta surface - particularly in its
thickest, volumetrically most significant zone some distance beyond the
river mouth. A

Cities assays of every drillhole sample they collected do provide a
reliable picture of Delta-wide distribution and thus overall grade of
each of the six elements investigated, Cu, Pb, Zn, Co, Mo & Ag. But
those results bear little on questions of mineralogy and extractability.
Nor, as indicated, do they cover gold, an element since found to be
concentrated in all Delta sediment examined so far.

These considerations underlie the need to re-run and expand many of the
earlier tests, now using material available from Planet's auger holes.
Because of pumping lcsses referred to in preceding pages this sample,
also, 1is imperfect. Still, it appears genuinely Deltaic fractions of
it represent reasonably well all but the finest-grained components of
the inshore fifteenth of the deposit’s total sediment mass.

Sample preparation
Nearly all the estimated 2.3 mt sediment retrieved from holes sunk in the

King Delta by Planet Resources' Melbourne contractors was lodged at
Mines Department laboratories in Launceston. Missing fractions of the

12



_r_‘
C;:?
R o
e

906016

original total comprise small quantities of each sample or composite
abstracted for chemical analysis., When Planet withdrew from the project
Cottesloe Corporation inherited the sample material.

After evaluating Planet data as described in Section II of this report
Cottesloe arranged for parts of all samples to be retalned, parts of
some to be discarded,and fractlons of many to be mixed to provide the
following. ' '

1.

6.

Reference set: this comprises a 200-g portion of every successive
metre or, where less was penetrated, part metre of sediment
recovered from each auger hole. In a few cases material repre-
senting a single metre or part of it comnsists of two or more
samples mixed. The field and corresponding lab numbers of the
168 specimens forming this reference collection appear in
Appendix . Designations Y, B, G or P in the list indicate

the category of Delta material to which Cottesloe has assigned
each sample.

Gémposite KDY consists of 400-g portions of the 50 samples
representing the Delta's uppermost or Y layer. Twenty kg of this
material have been prepared. '

Composite KDB congists of 400-g portions of all 53 samples
representing the Delta's main layer, that commonly bracketed by
Y and G layers. After mixing, 20 kg of this material was set
aside for tests. The remaining 3 kg were discarded.

Composite KDG consists of 400-g portions of all 21 samples
representing the Delta's basal or G layer. Each of these samples
contains Delta and sub-Delta material, the ratioc of which varies
from one sample to another. Five kilograms of this material has
been retained.

. -Compésite KDP consists of 400-g portions of all 44 samples

representing sub-Delta material. Five kilograms of it are being
held.

Composite KDS is made up of whatever fraction remained of each

of the 50 Y-layer samples after 200-g and 400-g portions were
abstracted. It appears there were substantial quantities of some
components of KDS, medfum to small amcunts of others, and nothing
remaining in the case of a few. The weight of each component of
KDS has been recorded,

13
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Tests

Experiments are under way on cuts of KDY and KDB. Composites KDG and
EDP in representing levels at which natural concentrations of useful
components peter out are of scant interest but are being retained in
case checks should be needed later. Composite KDS is held in reserve:
it may be drawn upon for future tests requiring bulk sample. or, for
example, as a scurce from which to prepare several kilograms of sulphide
concentrate.

Concentrations of S, Fe, Cu, Co, Au and Ba are belng determined in KDY
and KDB and in fifteen sub~samples derived from them. Four sub-samples
of each composite represent products of sizing at 180, 75, and 10
microns, two the high- and low-density fractions resulting from a TEE
separation, three more the tail, mid and con fractions derived by
tabling, two the buoyant and non-buoyant products of sulphide flota-
tion, a palr the liquor and residue of a cyanide leach, and a couple
more the same products of a thiocurea leach. Besides separations speci-
fied the programme involves some 150 chemical analyses.

Work is being conducted at Mines Department laboratories in Launceston
and is expected to be completed early in 1990.

14
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IV | . TECHNOLOGY

More information was collected on the three principal methods, identified

- last year, possibly applicable in producing elemental sulphur from King
Delta pyritic concentrate. They are the Noranda, Orkla and Outokumpu.
Each has seen use at commercial scale,

The Noranda process which until the present inventigation ranked as a
candidate proves not te warrant further consideration. It was used from
1954 to 1959 by Noranda Minea' Sulphur-Iron Division in plant near Port
"Robinson, Ontario, but encountered probleme and remained uneconomic.

Only a fifth of the total sulphur in pyrite was recovered in elemental
state and this material was frequently contaminated by trace metals. It
is sald that the co-product, ferruginous sinter, generally was of saleable
quality (personal communication, Noranda Minerals).

The second method above was developed and used succesafully by Orkla
Grube-Aktiebolag at Thamshavn, western Norway, from 1931 onwards to

treat cuprous pyrite mined at Ldkken, close by. Operations ceased in
1962 when reserves at Ldokken - under continuous exploitation for several
-centuries, primarily as a copper source - finally ramn ocut. The Orkla
facility could handle up to 330,000 mt annually and for many years was
yielding between 80,000 and 115,000 mt elemental sulphur per annum. The
furnace charge requires, besides pyrite, about 12% quartz, 10% coke and
2% limestone. The process recovers approximately 85% of total sulphur in
the ore, and a like percentage of its total copper. Steam from waste-
heat boilers permits co-generation of electric power. The iron component
of pyrite is converted to a silicate, of no commercial value. The process
is outlinad in an article reproduced at Appendix B.

Orkla Grube-AB held rights to the process. We have not established yet
if those entered the public domain when Orkla Grube disbanded, or if they
are vested in a successor or other entity. Orkla Exolon SA of Orkanger,
near Lokken, possibly retains title to them.

‘The third candidate method, that devised and employed profitably by
Outokumpu Oy, is described in two additfonal articles attached at

- Appendix B. Outckumpu used the process at its Kokkola plant to handle

a pyritic flotation concentrate produced from complex sulphides mined
nearby at Pyhidsalmi in central Finland. The process yilelds elemental
sulphur, sulphur dioxide gas, clean high-grade iron cinder (67% Fe, 0.3Z S)
and steam to drive turbines, thence generators, for power production.
Recovery of elemental aulphur amounte of 47% of the sulphur content of
pyrite processed.

15
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The Kokkola plant ran for about fifteen years, following start-up in 1962.
It ylelded some 1,355,000 mt sulphur, and 3,765,000 mt iron cinder (ratio,
1:2.78). The smelter ultimately had a charge capacity of 480,000 mtpa
and at peak operation In 1968 produced 125,000 tons of sulphur. Produc-
tion of this elemental form was stopped in 1977 because of rising '
availability of relatively low-cost Polish brimstone.

Kokkola production figures appear in Table 3, together with those
depicting the final seven years of Orkla Grube's Norwegilan ocutput.

Rights to the Outokumpu process outside Finland'ﬁere held by the Lummus
Company and presumably passed to CE-Lummus when Gombustion Engineering
and Lummnus joined forces. :

At this. stage it is too early to say which of thd two Scandinavian meth-
ods referred to in preceding paragraphs would prove superior in treating
King Delta pyrite, though superficially the Outokumpu appears best. If
100 mt Pyhésalmi pyrite concentrate were processed by the Orkla method,
value of sulphur obtained at the stated recovery rate of B47 and a sulphur
price of US$125/mt, landed, would be approximately $5,300. Employing the
Outokumpu method with its 472 sulphur recovery rate and output of 2.78
times as much iron calcine as sulphur generated - the average ratio for
fifteen years’ production - gmounts of these two products deriving from
an equivalent furnace charge of 100 mt would be worth $5,750, that is,

8 1/2% more than the figure resulting from use of the Orkla process.

-The Outokumpu method yields 509 as well, containing 947 as much sulphur

as that produced in elemental form.

We lack details concerning power'output agsociated with the Orkla process
80 are unable to compare it with the rated 42 megawatts the Outckumpu
plant could generate, running at full capacity. Nor have we yet been
able to determine relative costs of reagents consumed at Ldkken and
Kokkola, though, per unit, silica, coke and limestone of the Norwegian
process are likely to be cheaper in Tasmania than fuel oil required by
the Finnish one.

The Outokumpu method is the more suitable technically because it 1s
designed to handle small particles of pyrite, like those of the King
Delta, rather than lump pyrite with. which Orkla's furnaces were charged.

For fuller evaluation of respéctive-merits of the two processes and for
rough estimates of likely construction and running costs each may involve
our data have seen turned over to industrial chenists asgociated with a

- major European plant constructor.

_Papers of the third set included at Appendix'B describe a cobalt recovery'

system developed at Noranda Mines' research centre for possible applica-
tion in treatment of ore from a deposit at Blackbird, Idaho, to which the

16
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Table 3. Production of sulphur from pyrites at two Scandinavian plants

dutokumpul: Finland

Year Elemental Sulphur Iron €inder
1 mg tons tons
1962 5,630 3,645
1963 38,214 152,301
1964 68,139 204,276
1965 73,771 . 227,087
1966 73,641 324,364
1967. 101,413 229,480
1968 125,249 340,748
1969 111,841 296,094
1970 114,822 274,801
1971 101,456 214,979
1972 119,221 279,094
1973 122,715 164,348
1974 99,589 235,517
1975 84,409 280,145
1976 85,730 328,365
1977 29,126 140,064

Year3

Orklal: Norway
Elemental Sulphur

tons

el L L ST Ly —

1gource: Personal compunication, Outokumpu Metalluﬁgy, 1-vI-89

2Source: Personal communication, US Bu Mines, Branch of Industrial

3Final s

Mineralsa, 30-I-89

even years
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company then held title. . We procured the information as Blackbird ore
is a cobaltiferous pyrite and thus in one sense akin to sulphide of the
King Delta. The latter, pyrite chiefly, assays about 0.1%7 Co ounly,
however, against the 0.7% Co of Blackbird's sulphide. Some reagents of
this Noranda system such as hydrogen sulphide and sulphuric acid
possikly could be obtained from Delta pyrite destined for elemental
sulphur preduction by diverting a fraction of it to Klaus plant.

The fourth excerpt at Appendix B .discusses recovery of cobalt from
copper leach golutions. The method may find use should 1t be decided to
treat Delta sulphide by hydrometallurgical means..

Information concerning the five processes above has been obtained through

~or from the following:'US Geological Survey; Idaho Geological Survey;

Noranda Ltd; Nerwegian Consulate, New York; Norweglan Trade Commission,
Washington, DC; Orkla Exolon SA; Norwegian Geological Survey; Finnish
Embassy's Office of Scilence and Technology; Mines Department Helsinki;
Outokumpu Oy; SA Chemical Institute.

18
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v . _ SULPHUR

To assess the full potentlal of sulphur produceable from King Delta
pyrites Cottesloe Corporation is investigating output, export and import
of the commodity and itas derivatives by Australia and neighbouring
countries. '

The Commonwealth imports between 350,000 and 550,000 tonnes elemental
sulphur each year: all but 1% comes from Canada. Canadian sulphur {is
produced from natural gas high in hydrogen sulphide. The filelds ylelding
this sour gas lie in Alberta. ' '

Australia buys Canadian sulphur from four oil companies there. Of the
534,000 tonnes shipped to the Nation in 1988 Shell supplied 28%,
Cansulex 27%, Petrosul 26% and Mobil 20%.

Principal Importers. are

. .The Phosphate Co~-operative Australia Ltd
350 Bourke St Melbourne Victoria 3000

+ Incitec Ltd
PO Box 140 Morningside Queensland 4170

. Adelaide and WallarOO'Fertiliaer'Ltd
25 Peel St Adelaide South Australia 5000

CPSB and Farmers Ltd .
133 St Georges Terrace Perth Western Australla 6000

Imported material accounts for some 60% of the Commonwealth's yearly
sulphur consumption.

Nearly all of the other 40% is obtained in the form of sulphuric acid
produced at plants treating domestically-mined sulphides of zinc and of
lead. The remainder is produced as elemental sulphur, in refining
imported crude oil. Twenty plants produce sulphuric acid, -and six others
recover sulphur at oil refineries. Seventeen of the twenty-six are
situated in southeastern Australia with six in New South Wales, five in
South Australia, four in Victorila, two at Brisbane in Queensland and one
in Tasmania. Refiners involved are Amoco, Shell, Australian 0il
Refiners, and Petroleum Refineries Pty Ltd.

Ninety-five percent of the aulphur Auastralia uses is turned into sulphuric

acid. Approximately 1,800,000 monotonnes are produced per year. The
sulphur component comprises 32.6% of this total. Roughly two-thirds of

19
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"acid 1s employed in fertiliser manufacture, the rest in making other

chemicals, refining petroleum, mining and processive metals, and in pro-
ducing plastics, paint, rubber, paper, soap, poisons, and medicine.

Sulphuric acid also is imported, from Japan. However, the quantity never
has reached 2% of Australia‘'s annual requirement .and is unlikely to
increase, Sulphur in elemental form is far easier to handle and trang-
port than acid, and on a weight basis over three times as economical,

Saudi Arabia and Iram each'prbduce sulphur in quantity but are as distant
from SE Australia as Vancouver, the port from which the Nations present
supplies of this substance are shipped. There are no closer sources.

Cottesloe's information on sulphur has been obtained from the US Bureau
of Mines; The. Sulphur Institute, Washington, DC; ‘Shell Company of Canada;
Cansulex, Vancouver BC; NZ Statistics; NZ Board of Trade; BMR and
Australian Bureau of Statistics, Canberra. '

20
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i |  ECONOMICS

Both Orkla and Outokumpu methods of producing elemental sulphur from
pyrites were used commercially in Scandinevia, as we have said. Resul=~
tant production met significant propertions of western Europe's sulphur
demand. ' '

The 31- and l5-vear operational lives of the two sulphur-extraction
plants concerned and the fact that some years after start-up the capacity
of each was expanded testify to their profitability.

Cottesloe's research indicates that for Australia, New Zealand and most
countries in the Far East, all far removed from sources of native
sulphur and of elemental. sulphur derived cheaply from natural gas,
application of either the Orkla or Outokumpu process would be economic
today, especlally when savings in shipping costs are taken into account.
Freight charges and associated insurance raise the price which Australia
and New Zealand pay for Canadian sulphur 26 to 28%. The latter two
nations and several Asian ones importing sulphur all have negative trade
balances, another consideration favouring demestic production of sulphur
over its purchase abroad. '

A number'of the countries, Australia phrticularly, have adequate feed-
stock for such plants in the form of pyritic waste from base metal mining
and processing. :

At present this reésource is under-utilised.

Some pyritic sulphur is used, being converted to sulphuric acid: but
difficulties and hazards of conveying the chemical long distances to
consumers from the logical production points at or near sulphide mines

and smelters restricts the amount worth generating.

Producing elemental sulphur instead of acid would largely overcome the

. problem and is feasible at sites such as the King River Delta where

pyritic tailings are abundant and can be concentrated fast, inexpensively.

Cottegloe has collected relevant commodity prices in effect when the Orkla
and later the OQutokumpu plants were running. Comparing those figures with
corresponding prices of recent date shows that increases in fuel cost have

‘remained essentially in balance with increases in value of sulphur and
"likely co-products. Results are tabulated below. Data were obtained from

U.S. Departments of Energy and of the Interior: see Appendix C,
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Table 4. Prices of sulphur and other commodities in 1958, 1968 & 1988.

Year = Sulphur Iron Oxide Copper Cobalt = Gold 011
us$/1t Us$/1t US¢/1b _ USe/lb__ US$/to  US$/bbl
1958 23.00 11.70+60 26.31  2.00 35.00 3.01
1968 39.00  11.05¥%70 41,17 1.85 . 39.66  2.94
1987 1987

1988 85.95 - 32.53 120.51 7.49" 438.31 12.57

_ change x 1958 figure
1968 1.56 S 0.94 . 1,56 0.93 1.13 0.98
1988 3.74 2,78 458 3.75 12.52 4.18

In avoiding trans-Pacific freight charges and associated insurance costs
elemental sulphur produced from pyrite in Australia could be sold at a
price 14 to 15% above that of North American sour gas and Frasch sulphur
yet still save local buyera 12 to 13% of the awmount they otherwise would
have paid. And Australia's foreign spending would be cut by A$70,000,000
to $100,000,000 each year.

The King Delts deposit alone could yield some 1, 250 000 mt sulphur. At
a 20-year mining rate this is sufficient to meet.ll to 18Z of the amount
imported annually in recent years. A central West Coast plant drawing
on pyritic tailings from other Tasmanian sulphide mines probably could
produce twice as much, reducing the Commonwealth'a present import of
sulphur by a fifth to a third. .

22
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Testwork

Nature and extent of additional lab studies needed will be determined
once results of those in progress are received.

Two recently-developed means of producing concentrate perhaps worth
testing are the Kelsey separator, and the EK-process, a chemical tech-
nique. The former is & type of jig-cum~table, allegedly superior to
existing equipment in recovering fine-grained gold and other minerals.
The K-process uses a bromine~base reagent to leach gold. Unlike cyanide
this reagent is not polsonous thus not an environmental or other hazard.
In some applications it is saild to have cost advantages over cyanide,.

Currently Cottesloe is locking into the possibility of having small
quantities of sulphide concentrate from the Delta flash-smelted by an
overseas group which developed a high-temperature furnace and operates
a bench-~scale version of 1it.

If more sulphide concentrate i{s required a dozen new holes may be drilled
at the Delta to provide raw material. Ideally, holes should be bored
with a vibrocorer. Details of one available in Australia appear at
Appendix D, Maximum core length retrievable with this apparatus is only
6 metres: however there i1s seldom any core loss s0 re-sampling Planet's
auger holes Numbers 5, 6, 13, 14, 17 and 20 with such equipment would
allow amounts of gold Planet washed away to be determined. The extent

of similar losses from the uppermost 6 metres of Planet's holes 15, 16
and 19 also could be established. '

Sinking a few vibrocorer holes into the Delta face would allow subsurface
distribution of gold in upper parts of that zone, also, to be studied.

As mentioned elsewhere Elisna's gold sampling of the Delta, exposed and
submerged, was surficial, and Cities' samples - though from holes pene-~
trating the deposit fully -~ were not analysed for gold. '

Participation

Following withdrawal of an Australian company which had contracted to

join in, Cottesloe is actively seeking a partner with the technical skills
and market position needed in developing the King Delta deposit. Several
agents have been appointed to assist the Corporation In this renewed hunt.

A North American oil and gas group was located wishing to secure an
option, but after investigation was judged to lack the necessary capital.
Two other companies declined to participate. Talks with a couple more
are under way. . - '

23
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" Three categories of company are of special interest.’ Chief are companies

importing elemental sulphur

producing elemental sulphur domestically :
smelting sulphides, particularly those currently generating by-
product sulphuric acid

Another target category comprises certain Australian and overseas organi-
zations mining alluvial deposits: they have extractive skills and concen-
trator capability applicable to the Delta. Several such companies -
notably those dredging tin in SE Asia - have suitable equipment too,

. some now 1ldle, :

At general level groups already endeavouring to find large mineral
deposits In Tasmania are of interest, especially those searching for
copper amd gold. '

SRMH 2/90
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THE WASTE GASES
Sylphur bearing gases go through Cottralls, eatalyrers .

THI ORt . : . .
Smelter charge of copper-bearlog pyiites is mixed lu this (unnel . .., conveyed to the tops of lurnaces,

cara

.........

...Ioheﬁldlunuuhoﬂhﬁcn......'.....

. Smelter Gases Yield Elemental Sulphu_n*

"

THORRY KIAER, Managing Dicector -
Ortla Grube-Aktisbolag, LEkken Verk. Norway

Seveifiag Plaat at Thamshavn which produces by-product
sulphur from copper-bearing pyrite conceniraies,

Bl

_ ELEMENTAL SuLPHUR is produced as a by-product iwm

copper-bearing pyrites at the metaliurgical plant of Ukl
Grube-Aktiebolag, Lokken, Norway. Average analysis
the LBkken pyrites and other metailurgical details-of the
prodess afe shown in the tables oa puge 90. Note thal

“sulphur contert is 41%.

In brief the process operales a1 follows: Lump pyrile ¢
mixed with colue and the fluxing agents, silica and limeston®:
This charge is smaeited in water-jackeied furnaces. Part of

‘the contained suiphur is distilied off in the upper part ©
‘the furnace, whils Fe$ is oxidized 1o form FeQ and 5O:

in the smeiting zone of the furnace. The 501 in the smelivk
zone Is raduced fo sulphur and COs In the furasce ~%il!
with the aid of coke which is. vaed only ss & reducing apent

-~ and not a fuel.

FeO resets with the silica and limestone 1o form 3 ¥
containing approaimalely 80% 2FeO)Si0: and 402

- 15% CaQ+FeOr2(Si0:). The copper plus some of the F-f:
‘forms 2 malte ruaning about 127 copper. This siag-m3°

melt ls separated in foreheacths itlustrated i the 3cco™
panying skeich. The slag contains about 42% Fe, m3i&"

as silieales, .
Enginessing and Mining Jourosi—Vol.13° ¥

> |



. charged through these bells, . . .\ u ...,

. yidding power In these lubo-;eu.l.ﬂon. .

Shetch of forabénrth used 1o separate sisg and

Gases leaving the iop of the furgsse cootain
sulpbur per cu m (lemperature 450 deg C), CO:, and
uwammmuumuso..mcm.m
These gases are cleaned fn dunt flies snd then pusasd
!hmgbnutﬂyurwhhhmmmm

- - SO1+2HiS~+2H O+ 38 :

- CS: L SN OO 435 -
zcos+sm-»m+:s

Gapts leaving the caulynrm cooled from c
to t)ﬂdumwmo—hutbollun&lﬂdthﬂpbull
July, 3950—agiseiring and Wining Joorasl ;33

. - + and smilted In this battery of furuaces.

, . and sulphur which ks graoulsted and stored bere.

at _Orkla-_-Grube Plant in Norway

condensed in the boilers. Then the geses are washed

the injection of liquid sulphur in scrubbers, rebesied in
hest- exchangers 1o about 300 deg C. and passed through
a second catalyzer. Sulpbur formed in the second caialyzer -
is precipitaied in cooieg towers, and scrubbed with liquid

towers filled: with limesione, end spraved with sea waler
1o prevent damage 10 surrounding vegetation. In a flnal
siep the suiphur & wasbed with milk of Yune t0.remore
arsenic, snd then grapulated or molded.

Matee prosiuced o the furnace §s upgraded 1o about 40%
eopper by reamalting wish coke, silica. and limesione. Con-

produce refined copper. In the overall process, éopper
mrykmublsiuhm shout 85 10 B6% .
Sulphur production st Orkls pow totals 115,000 tons
per year; matie_production, 1.5,000: apd copper production,
6,000. The .company’s fint plast was bullt in 193] at
Thamshava,-sbout 30:km from L3kken. In 1936 plant
capacity wag doubled, and it-now is able to 330,000
tons of ors per year. ﬁnﬂnphuunnlmemdin&mn.
Punnnl and Rtmh (Ploazt turm page) .

PRI

-':\,'l\ a

-

“. sulpbur. $O: contained in the tail gases b absorbed in -~

- wentionsl eonveriers and slectrolytic circuils are used 10
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Tables of Metallurg:cal Data for Orkla Smelting Process

Table I. Composition of Furnace Churgo
- and Intermediate Products

Tons Cu% Fe 3, Si. % In%
Pyrites. ... ......... 700 19980 " Legs 38 149 41018 12.95 191
Quarts. ... .. S 41T . 93 O
Limestone \93CH CaCO .. 4" 1 837
.. Coke i11%% ash, lll;; HO . N5 414, .
- Lean matte........ . 45901 11 385 5400 14 Q0
. FROGUCTS:
Rich matte. 1 J84 27 44 424 - 008
Stag from matre furnace. 4428 0.5 113 1955
Slag frem pyrite fumace . ... 855 0.27. 147 M1
Dust (rcm gos mizer_ ... .. 108 i 08
Dust from Cottralla. ... . - .. 132 15.22

Skl ¥

Table Il Determination of the Volume of Gus
Per Ton of Pyrites Smelted

. Kg of Carbon

per ton Pyritee

“Carbon gharged to the furnaces as ceke
Carbon charged in limestone,

Total carbon charged to furnsces. . . .

- Clrbpn in Exit Oaser

100 9 .
1o

197 ¢

g Crrhon per eu @

COy, 13.2 per conit by volume

...................... 7 Q
CO.DIur:entbyvdum ............................ 11
COB. .. . e L
L 4.0
'roui .................................................. 83.2

107.9 X 1000
The volume of gas per ton pyrites il:—e-;T— = 100 ¢u m
Table IV, Sulphur Balance
Kg per ton
prrites

T O Charged BUIPBE. . il i e i 40

Bl meou:::d with Cu.lﬂ. L AN -3
................................................ ol ... H
v.,mk Iulphur mumh&\ ........................... - 144
.................................................. =1
nureubhdullh&n.ln.qn.._. G e e + 13
MMMﬂmlMﬁn'm .................................. = Jad
- 1.0 X 24.24 .1
Bulpbur in matt - .
C- 19.980 X 1000
. IN
- Supdurindum 0 —-=— w21 —33
ad .m0 — —
Sulphur onidized to BOy. .. .. P aaies S =308
. . ) 34.97 X 1,300
mwnnmmmmmwmmmmcn:T - 314
Sulphur produced by rednction 8T 80s.............ecen. ol i =170.1

Thc above tables pertain 10 the feed,
mediary products involved in the pr

ucts, by- products. and inter-
uction of elemental sulphur at

Orkla Grube-Akticbolag's smelter Thamshavn, Norway, pages 38 and RY.

"0
l_:r,

B3

Table Ii. Exit Guses
From Furnaces

ghercum

" Petcent g per ———————
Groaas tv Vel eum C 3

s ... .. . 300 -

CO,.. 1} 2 Mo

co 02 11

0: o5

SO. 4 92

HS 11 42

cS.. we 1 1

COs. 1) 40 148}

Average Analysis of .

- Lokken Ores In Percent

< 410

“Cu , 19.23

Fe . 8.0

In .. - 1.9

Co . ot

Si0r . 12-18

ALQs . .03

Ca0 .. 0.8

MO .0

Ar . . 998

Se 2.008

Ag 20, g/ton

0% g/ton
Slag and Matte Analyses
in Percent :

* SLag M-

Cu o3 3%

Fe . 420 3246

s .13 9553

50 . L 28 o

P e Al e

Cs0 I I Gp—

AlQr . I p—

MgO . YT, p—

Ce -— ol

Major Equipment
Instalied in the
Orklo Plant

8 watenjacketed furnacey

19 Cottrells 60,000 volt

§ At catalysar-chambers

4 boiler _

¢ g sxubbens (with liquid sulphur
% heat eachangeny (with gil bumers)

1 ssvond cslalyrevchambers

8 gaa zocling towers (circulating sul- .

4 gm servbben Wled with Raschig rings
£ Cooling towen {eawater Injection}
9 towers for limestone
Steam lurbine station with super-
hoster. hubines, ond generatony.

" Enginesriog and Mining Jeurnsl—Vel.1S5.Ne.T
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FLOW DIAGRAM of slimantal sulphur
recovery sl the Kokkola smalter. The
numbaers refer to proceties o follows:
1. Drying of fotation pyrite .
concanirata.
1. Combuition ale prehester.

3. Flash smelting fuenece {rasclion
Na. 1).

4, Waste hest botler.
5. Electrosiaile dust pracipilater,
6. Gas reheater,
7. Cotatyzwr Mo. | (resction MNo. ).
8. Gas covler.
9. Cotalyzer No. Il (reaction No. 3).
10, Svlphur serubber.
11. Liquid sulphur handling snd
cooling. -
12. Auloclaves for smenic ramoval.
13. Sulphur prifling snd slorage tower,
14. Liquid sulphur tenk,
15. Gas scrobber,
16. Matte granulator.

2FeSy + A = iFeS + 8,

OUTOKUMPU adds second catalyzer to raise

by George O, ArgaR, Jr.
Editor '

" MACKFD mup shewing locatien of the
Eskiole wiphus imalter ond the Pyhorolomi -
ming; savree of pyrite fead.

.

oy

“ﬂ J ith the high demand
'Y for elementa] and e
currently highes ($27.00-532.00
per tom M&m United
States, and $47.00 per ton in Scandi-
navia), _ Oy's new pyrite

- procesy is of

smelter bas besn an outstand-
ing tucesss—both ifly wnd
flos . and built to
mum.mmwp{m
of pyrits Motstion concentrate, foed
capacity s oow 480,000 snnual tons
with only vary snor modificatioas
to origlual equipment and lttle wd-
dition of new t. Even more
important ‘his been the increass In

" WORLD MINING March 1967

e p—— ey .
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AMgS + 2503 = S, + 4H0 ([

. ———

£2°0 + 503 = WS, + 3C0,
cos + HiO = HyS + COy

Hote ‘rm-c
T <
j. FO 1 .

| pyri-te--to-S-ul.ph.u-r conversion to 91 percent

! {505 pcmtS)tn. with . make the commer-  to become ore. Direct sales to Euro-
other process steps: peodoos, dnllyw&ﬁbh._ Fwwmmph.tlnehe- n pﬁ;lla burners to be
' e iy e Outokumpu’ ol gists were de-
t . snpu's rgists were

! L 113500 tors of sulphur in :ur:in;pyﬂhtdlu&:vg ol to v‘bpl:fmfu rite with the
rmdpri-borﬂquuldphw produce electricity. with byproducts = goal of producing saleable milphur
) (”‘”_P.'““‘.s)' w. sulphuric ‘scid, and fron  and. iron cinders. The process was
¢ 2. 107,000 tons per year of sul- developed and proved In 1981, in a

. :’,;h:'h'" m 2 pereanl o xkele’s Market Advan Bl P 1o Pt plast at Por
L Tt & o '.-’)' Itmhmlmdm this The commercial smelter was built
® 3..325,000 tons of coarse ] smelter was built to make m:ll;lt out  near Kokkels, Esirly closo to the
Od%o?bmﬂom M ' of ‘the massive deposit which wes  pyrite deposit, Dear several pulpmllt

. soldasa nl.'h grade iron blast fo late 1?50 wryhu:].ﬂ_ S ool o

ur. and 75 miles south of the iron

3
F
:
¥
1

Ists
turnace , " tral Finland, furnace of Rsutsrunkki Com-

9 ' y kole. Development soon indicated st Rashe. This company buys
4, Cogrzm"mmﬂ'm l.:vh::: 17,000,000 tons assaylog 0.85 percent E:,Kolt_koll fron cinders fg ’ce
: generaies 42 megawatls (nom.  OPPen 2.8 zinc, 33.0 jron, and 37.0  feed.
. - inal) of electricity. - percent sulphur. _ Electric power was immediately
. Under the then prevailing copper . saleable at 2 good price, 1.24 cents
and zine prices it would be neces- ° per kilowatt hour. In fact, Kokkola
While elemental sulphur is the sary to derive revenue from Fe and power iz used at an important saving
key .product of smelting, the co-’ " 8 (pyrite) content if the deposit was in cost by Outokumpu st its own

- 1967 March WORLD MINING ' - 19
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CONTRIVOUS TAPPING of lron sulphides motte from Iho;ﬁ.nmi« Kuorth s @ [eature of theprezen,

smcltm. yefineries and mines, In-
cluding the Qutockumpu copper mine

in eastein Finland. See “Evolution of

underground mining methods  at

Outdkumpu”™ by Esko Pihke, Womn

Mmve, Agrgllm pages 40 1o 43.
Hoaster 5O, '

a nearby contact sulphuric acid plant

making acid for a fertilizer factory.
‘Immediately nearby markets were

thus avallable for all products. Unit

‘saleé values were high and shipping

charges minimal. :
The slemental sulphur is an eape-

cially marketable product. It fs pure,

uniformly sized, and easy to handle.
By no means are sales possibilities for

s ] t slag smount At
the‘lu is oegligible and
foins the matte, but can, how-

ever; be tapped separately If required.
In direct pyrite roasting it ls not

20

ges could be sold to

_ sloter, from which it Is

* possible to get rid of the arsenic. In

the Outokumpu. Process the ansenic
does ‘not cauwse any troublef; it ks
slmost completely velatilized in the
smelting furnace and recovered
during  sulphue - ication. Easily
volatilizabls metals also are lead and
zine. A part akthem iz colle¢ted in
the flue dust from the fumace. The
copper ‘and the ‘
into -the matte, hurther to thghlmt“
needed, to recover them by & chlo-
rination treatment of the sinter, for

example.

Carbonsceous pyrite has also been
‘tated on a pilot plant scale very

|_-2F.s,4;“a-:r.s+s.'

melals go

“The key equations for the process

1506038

) 2 Catalyser L (a1 400-450°C )

7CO + $O5 = 1 1C
il el U et S

' 3 Catalyser i} (st 240-260°C)
. ll-l',s +

%0, = 5 + HO

4 Sulphide matte roasting
+ 2FaS + 31/20, = Foy0 + 250,

Flash $melling Furnace

Using e:scrience grined by devel- -
opment and operation of the Oyte- -
kumpu copper flash smelling furmace,

_ the Outckumpu metallurgists buik

the furnace reaction shaft 17.5 fest
in dlamster, 33 feet high, and lined
the top with water cooled chrome
magnesite refractory bricks. Incident.
ally, there have been no special
problems with refractorles despite a "
calculated combustion Mame tempez.
ature of sbout 2,000°C. They are
checked and replaced as ' needed
during the annval smelter repair
perl

The open bottomed reaction shaft
is bujlt on top of and at one end of
s horizontal reverberatory shaped
rectangular furnace In which the
molten matte collects and is continu-
ously tapped off.

Concentrate s dried to zer0
molsture in a rotary kiln with an inlet
gos temperature of 000°C. (fuel oil
is wsed). Temperature st discharge

C‘end i 120°C, Dust is recovered in
. dry cyclones and combined with the

dried concentrate.

The dried pyrite is elevated to the

" top of the furnace and blown into the

furnace through tuyeres installed bn
the roof. Thres oil bumers, opes-
ating with about 340°C. prehested
combustion air, bumn Bunker C cfl in
an amount equal to about 12.5 per-
cent of the weight of the pyrite feed.
Volume of sir is carsfully regulsted
to close to the stoichiometric amount.
The combustion must be oxy-

ree to prevent sulphur from
burning to $O,. Preheating of com-

- bustion air in ofl treated heat ex-

chinger hag been an fmportant factor
in raising capecity above the initisl
furnace operstion. Vapors, hot com-

‘bustion gaser, and molten particles,

drop through the shaft. The molten
matte collects in the bottom of the
horizontal Furnace while the gases
swoep over the molten pool to the
exhaust flue. Only sbout flve per-
cent- of feed I3 carrled through Fur-
nsce as dust by gas siream; 23 per-
cent of this is removed in the waste
heat bofler and the rest of it in the

~ electroststic precipitator,

The rature of the fumace
off-gases is about 1,250°C. while the

WORLD MINING March 1967
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molten matte hag about 50 to 100°C.
lower temperature. The matte i
continuously I:rpul from - the fur-
nace, granulated with of water,
and stoekpilad for fu treatmont
in ths roester. Can

“nounts, mostly silica, in. original
wnace feed forms slag which s

normally topped together. with the
The hot m inchuding mh_imr'

vapar, pess gh u radiation water
wall bofler and a'convection. Loilesr

wheie steam-at 70 atmospheres pres-

sure and s temperature of 285°C. Iy
generated. This steam must"be super-
lieated in an oll buming heater to a
iemperature of 300°C. at 635 atmos-
pheres pressure before it cuters the
turbogenerator in the poaver plant.

The high - pressure steam - boiler
uses regular bofler tubes. By using 2 -

pressure of T0 atmospheres-the tulie
wall temperature it kept over the
dew point of -sulphur vapor, but. un-
sler tha - limit. for sulphur corrusion
on the tubes; .

1967 March WORLD MINING

| 151D THE IVANACE BURDING lnaking from furnoce sver the top
of the wiphur gus tresting equipment. In the foragroind b The warle

hewt boller end slectrostolic pracipitators, A1 the for end the fnt
tninlyssr. No. 3 entalyier s sultide building te right. ’

Casea leave the eonvection boiler

at a lemperature of 350°C. and pass

through a flue into an electrustatic

precipitator which removes all the
.. dust cacried over. :
in gmall .

Second Catelyser Ups Recovery
i there wus ooly one

catnlyser operating at a tempernture
of about 200°C. Alter some years of -

research and test work it was found

out that the application of a second ™
. catalyser at o temperature slightly

over 400°C. installed ahead of the

- origingl one woukl ruise the sulpbur
recovery consideribly. Therefore, a .

new ol fired rehenter has recently
been piaced in the process circuit to
raise temperature of the gas stream
after the electrostalic precipitator to
400°C. After the reheater. the gnses
are led to the new catalyser amd to a

new gas cooler (a low pressure steam. '

Ixifler} to coal the gates before enter-
i the low temperatare (260°C.)
catulyser, The new cuipment was

phced in operition in cacly Deerm-

B7

her 1968. It was bullt on the north
side outside the main furnace build-
ing while the smelter operated with
the original circuit. After it was com-
pleted the fumace wes stopped and
the new units wers piped nto the
gus circuit.

Actual condensation of elemental
liquid salphur from the furnace gas
starts -in the low tempersture boiler
which acts as a cooler to remove
heat from the gas stream. Condensa-
tinn. of sulphur occurs on the boller
tubes from which it drops to the

. hottom of the boiler.

The next step in the procesns is
catalytic reaction to combine the 50y
and Hs$ in the gas into elemental
sulphur. This takes place at about
360°C. and. the temperature is high
enough 1o keep the resultant sulphur
in a gasens phase. See reaction No.
3 ghove. Alumina soft concrete Is
used for catalysts. The crushed cata-
Ivst is placed in the catalyser shafts
andd the gases flow through it at at-
muspherivc pressure.

at



Anenit Removal from Sulphur
The small amount of arsenic, 0.04
percent, -In the Pyhiisalmi pyrite con-
centrate is volstilized in tEn furnace
and follows the sulphur through the

precipitation steps. The molten qul- -

pbur from the collecting tank &

pumped through an autoclave where
it is washed with preheated milk of

22

pulphur- @ then
. mant to looal pul)

calchum.thio-arsenata, Lol
" The purifled, arsenic free, molten

to
ted o

‘matte. is FeS (63 percent Fa afvd as

roasters o i
capicity. in the wurld, 3.0 long tony
e :

per day per square‘foot of

bed. Thay operate at » much higher .

temperature than Is necessary for
normal pyrite roasting. Close itemper-

shice control i3 the most important

opetatiom] factor. At 1,000°C, there

.is not engugh reaction velogity and

the fumace will be extinguished {No.

B8

506041 -

4 equ'nll.on): st 1050°C. there |
sintering of the granular  feed,

. Temperature is controlled by regu.

lating foaster feed.

There Is practcally no degrads.
tion of particle size during rosxting,
Calcine is less than 0.5 percent
‘minuy-200-mesh, but 100 percent s
minug-10-millimeters in size. Sulphur
content {s 0.20 percent, iron is 87.0
percent. Colls in the fluid bed pro-

" duce high temperature steam.
.. The sulphyi dioxide.bearing roast.

or gos it cocled to 320°C. in & waste
hest boller and then the dust is re.
moved by cyclones and electrosiatic
precipitetion. The cool dust free SOy
gas with a total sulphur content of
107,000 tons per year from roasting
340,000 tons of matte is piped to ao
adjacent sulphuric acid plant. The
heat in the roaster calcine is recover-
ed during calcine ‘cooling in water

" cooled Redler convayors. In addition

o solving many operationa} problems,
successful heat transfer control, abra-
sion'damage, water proofing of Redler
cooling Jeckets, and sinter hendling

~ have "been olved by the roasting.

departmant.

The supetheited steam which bs
recovered ‘from the roasting process
s fed directly to the turbine of the
power plant. The roasting plant pro-
duces about 40 percent of the totsl
steam power in the entire smelter.

Firm electric power s sold so that
the plant has two auxiliary
oil fired bellers which are used when
insufficient process steam i svailable.

. Nominal output is 42 megawatts of

which about Hve are used In the

Kokkola plants.
With the December 1968 increass

© in Qulf Coast sulphur prices by $2.50

- ton the Kokkola process is agalo
mn; closely evaluated by many min-

h ing companies, both those that have

s pyrite by from base metsl
ores and those companies mining
pytite cre bodies for their sulphwr

content. Especially Interested are the
* Jopaness, Australlan, Indian, Braz-

Lsn, Camadisn, and United States
companies which have shown keen
interest in this process. ‘
Outolumpu’s . sulphur  staff  In-
clodes: Jorma Honkasalo, the com-
pany's melallurgical director with
headquarters in  Helsinki; Kauke
Kaasila, chief of the process engineer-

_ing department in Helsinki; Helkki

Tanner, Kokkola plant manager; Eske
Nermes, sulphur plant superintendent;
and-Osmeo Vartiainen, superintendent
of the iron roasting plant. END

WORLD MINING March 1947
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Outokumpu Oy's flash smelting technique is based on distilling off one

I. DRYING FLOTATION PYRITE 6. GAS REHEATER

CONCENTRATE T. CATALYZER Q! (REACTION N
2. COMBUSTION ‘AR PREHEATER 8. GAS COOLER

3. FLASH SMELTING FURNACE 9. CATALYZER NO.2 (REACTION K
(REACTION ‘NQL1), 0 SULPHUR SCRUBBER
4. WASTE HEAT BOILER M. LIOUID SULPHUR HANDLING
5.ELECTROSTATIC DUST AND COOLING
PRECIPITATOR : AS+250, ¢ S+ 4
200450, » ¥%5,+ 20, 1S i %t
COS+A,D+ WS+CO,
() a— 25, + A+ 2aS+S h |
X * L e e

AR AN

TR SR
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B9



o *

™ 194 1988

.'1.;” In:.m - b .: nd.
] na, S T X ‘
:f&.m 154627 170.000 L las00g .
TR AN 414000 ‘ &g e g
4,600 9,000 e e - N
40 51,000 6. Y
] 140,000 mﬁ gy '
ot 0 260,000 280,000 - .
106,788 AN 55487 ’
84 118,843 mnn g - S
£,000 41,000 41,000 :
$2.000 53,000 na, ; 5?
S44.900 (1) 540,000 000 .
123000 m.on0 3] 3,000 97,000 -
go | ogm ) ose | &
131000 160,000 na. br
950,000 1,117,000 1,131,000 1134000 g
202,161 {r) -+ 21 54 A ?g:g
1873000 - L6713.000 1,720,000 - 1.7
. 140.000. o 158000 160,000 1490m
17,608 70,000 26,000 lm
T.000 - $.000 - 4900
152,000 BUY 152,000 17500
s | ogim | & 1 od
e T | he 1550
1,m.mu ) l,m',;z:? 1,350,000 A
IBB-_;.:.-‘-- 167,000 127,000 )
790 . 20,000 000 .- 3
#.000 £1,000 %,W
! toeoe B a700000 9,200,000 000,000
! mﬂﬂm:im

"“!" two S atoms existing in pyrite
i ] 1 rocLES FoR aRsEm: RENowL
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Biichading pyvites kngwn to hive been produced in Braril.

Outokumpu Oy's (00) new process for obtaining ele.

" mental sulphur from pyrite is also of inlerest. The Lum-
.. mus Co‘.' has the righls to license these jnventioms on a
. worldwide basis, with the exception of Scandipavia.

00's Kokkela smelter in Finland has used this process
since 1962, and has operated in excess of its furnace design
capacity of 360,000 metric 1py. ’

The Kokkola process is a flash smelting technique where-
by OO smelis 480,000 tpy pyrite flotation concentrate
{bearing 30.5% 5). Based on this feed, the plant producey

- about 114,000 tpy of sulphur in prilt or liquid form analyz-

ing 99.94% 5, 107,000 tpy of sulphur i SO, gas (8.2%
sulphur dioxide in gas), 325,000 tpy coarse roe calcine
(67.0% Feplus 0.3% S) which is sold ns high-grade blast
furnaee fred, and 42 megawalts of continuous electrical
energy derived from process steam.

The byproduct S Is sold 10 several nearby paper pulp
mills, the Fo caltine to the Rautarwikl Co. at Rache, 7%
miles 10 the forth, the eleciric power is sold at 1.24¢ per
kilowatt-bour 40 pelghboring industry, and the roaster SO,

~ gas ls sold to: & contact sulphuric scid plant

This process is based on the principle that It is possible
10 ¢ off one of the two § atoms of pyrite molecules If
heated high €nough. Other sulphides including pyrrhotite
cannol be utl‘ueq! in this process. Another advanlage of

‘Outokumpu's process—anenic doey oot creale g problem’
=T {0t it is almost completely volatilized during smelling and

recovered during sulphur purification, Carbonaceous pyrite

* . has alvo been- ireated successfully.

The pyrite ‘concentrate |s first dried, then blown o the
top of a flash ymelter to decomposs the feed to sulphur
vapor and iron sulphide, agd liquid mate.

The vapor o is cleaned and then treated in a
catalyzer, Li maite is tspped coolinuounly, graaulated
with & waier quench and jossied. 'When matie is roasted,
50, gas and Fe,0, calcine is produced. ln the furnsce,
sbout 12.5%: of the weight of pyrile feed is added x
Bunker C oif with closs oxygen cootrol. -

Hot gases fpsuing from the furnace &t 1,250° C (includ-
ing suiphur) pass through s radiation baoiler followed by 4
coavection baller whers steam st 70 aimospherss of pres-
sure snd 205* C emperature Iy generated. This high pres-
It dhwpoton of sulpht vapoc, boy above the D Tor B

ew of sulphur "y imit for sul-
phur corrosion.. Gunm hm convection boller at 350
C and then pass through an elecirostatic precipitator.
-~ Current pri at Kokkola uses two cstalyzens follow-
lng the elecirostatie ruclpuor The fint operates at 400°
C, the second st 260° C,

The pex step rescts 50, and H,S st about 260* C with
an ilumina solt concrete catalyst 1o form elemental S,

Alter cstalytic processing, sulphur ls collected by reduc-
ing g wmperatures so sulphur will Hiquefy. This liquid
sulphuz s sprayed ioto & eooling tower through a rising
siream of htt gases. Sulphur coodenses and ia collected
in tanks which feed the sulphur beat recovery and cooling
tower circuit:as well a3 the following auloclave,

Furnace gases are cooled again by Baltic Sea water in
s wash towef from 130° 1060° C, and a smailer amount
of S is recovered, The S is then separated from sea waler.

LH
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HYDROMETALLURGICAL “TREATMENT OF BLACKBIRD COBALT CONCENTRATE

G.B. Harris, S. Monette and R.W. Stanley

‘Noranda Research Centre
240 Hymus Boulevard
Pointe Claire, Quebec
Canada, H9R 1G5

A-hydrometallurgical process has been developed for the production of
cathode cobalt from Blackbird cobaltite-pyrite concentrate, based upon the
selective dissolution of cobaltite. Laboratory and miniplant studies have
shown- that overall cobalt recoveries of 93 to 94X can be obtained by:
leaching concentrate with 30-g/L NapSO4 solution at 150°C, 1200 kPa oxygen

. and 30% solids; treatment of the leach solution for the removal of impur-

ities (Fe, As, Cu, In, Ni, etc,) deletericus to cobalt electrowinning; pre-
cipitation of cobaltous hydroxide from the purified solution with lime;
dissolution of cobaltous hydroxide in spent electrolyte; and cobalt elec-
trowinning from sulphate medium,

The reasons for adoﬁting the pressure leach and the preferred operat-

. ing parameters are discussed. Data are presented on the effect of temper-

ature, oxygen pressure and-sodium sulphate concentration., The requirements
for solution purification are outlined and the results of an {integrated

batch miniplant operation are given,

- Bll
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. A Pachuca air-lift reactor reduced the overall resin
mvcnloryofaeobalt recovery process by 27 pet and the
elution resin inventory
Gixed-bed clution.column. Total elution time was reduced
from sbout 180 min using the fixed-bed colimn to 3

mately 50 min utilizing the Pachuca reactor. Six. nin

_contacu employing one 10-g/L H,50, scrub, two 40-g/1.

dmmwhaﬁﬂ-m}lzse‘elnintuthe
seconJ contact of the fourth elution, one water wash, two
4N NH,OH cluant contacts with a 20:pct bleed stream,
and ooe 2-min ‘water wash cffectively cluted the loaded
“resin, Appmnmnely 18 min was required for elunnt

" Bl6

by 72 pct when compared with a

8 506049
04:) IR |
b Hﬂ -(, TASLE 4. - Estimated annual opersting costs
: Annual cost - Conts psr pound
. siscirolyiic cobalt
" Birect cosia: _
Raw materlaly: o S '
SUlurlo el a1 S40/8 .. \uuueet ettt i e e $1,453,500 $1.518
Anmonla at 014/ .. ... .. 000 hremarsas s P PP 91,100 095
Sodlum carbonate, sapcmmm ........... T ey T 3,122,500 3.261
Dexirose at $0.26/1 -..... PP PRETERE TR heses S 478
lon-exchange resin at $600/4t° . ... ... ., : e ) 888 .
DEHPA sotvent at $3.50/gal ,............. 022
Cyanex 272 solvent at $15/pal . ... ... e 094
Chemicals for steamplant Onutrnenl 008
. Tm lo-'-------u----pnun..-..-c--u..--.i-‘n-oo-oo‘nu---cooo---u-uucc iiii m -
Utlitties:
Electrio power st $0.047/KWeh ... oit it ie et ris e it et ese it anans 500 558
Procsss water st §0.25/Mgal ................ s : ' 500 062
Faw water at $0.05/Mgal . ......... eraasesinas R . . S 1,000 001
Nl'lrlurnlunnttam/matu T . 1.!‘{5.@ _Aﬁg
Direct labor:
L = 638,500 o 665
Supcr\dslon 1spc!ol‘llbor ................................................ — 95500 100
N © 73,000 . 768
Phnlmalntenlner . .
................................................................. 297,000 310
Suporﬁslon 20 potol maintenance lbOT . ... iv i e rar i rnctnerenserananrrena 59,400 062
e e e e e i e e r e e 297,000 S10
Tuul B T N T T T L T A - 653,400 582
Pmolmrhud.:!pctoubovopawoll..........,..... ......... e e e " 380,800 398
Opomingluppﬂn 20pctofphnlmdn1mne| e ea sy renaeueas P 1307 : 1
Total direct R R R R T r T T A T A A 10,294,500 _ 10.750
‘hdkoeioou.mmaldtmhbormdmdntonw G e e e s R §354,200 579
Fixed cont: . '
Taxes, 1 petoftoteiplantcost ................... Areens eeddiar ity 188,100 ‘ 194
insursnoe, 1 pot of tote! plantcost ................ A . 188,100 ' 194
: Doprodnﬂon. 1O e i e i . _ : 2047
Tehloponﬂngooot ............ TR e R [ 13704
&ppor-nlekelnsﬂmnl”?ﬁ/lh...; ....... e e N E e st a e e 3,127,100 3.265
Brocarbonate UBAAM ... .. ... il i e ey 2313,000 2418
P Nokel cwbonate A1 33.10/1D ... ... i e e s e e 2933
) m&mm_num&» .......................................... 055
—_— Netoperating CORY .\ i %E
SUMMAHY AND CONCLUSIONS

tra.nsfer. eluant drunlga and resin drainage at lhe end of

- a completed clution.

Processing fresh cementation planl effluent resulted in
product cluates containing approximately 1 g/L Fe;
whereas, those obtained from aged feed solution contained
6 g/L Fe. Lower iron concentrations in the eluates

. reduced reagent consumption for impurity removal. Total

sodium carbonate consumption was reduced by 40 pet and
dextrose eonsumpnun by 70 pct. Resin inventory was
reduced by 20 pct using the elght comparlmenl MCIX
column.



 dale, FL, Dec. 1-4, 1985). Metall. Soc. AIIME, 1985,

(»
o

Utilizing the eight-compartment MCIX loading column
along with the Pachuca reactor for resin clution resulted
in a decrease in the-total resin inventory by 47 pct; thus, a
‘reduction in the capital cost. The processing o l'resh feed
solution fowered iron contentrations in the ecluates,

506050

thus reducing the rcagent cost for iron rcmoval.
Implementing the Pachuca clution system and processing
fresh feed solution resulted in a net operating cost of
$5.10/1b of cobalt. This value included byproduct credits.
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TABLE LI

LAXKE ERIE BASE PRICES OF IRON ORE' AND PELLETS
AND COMPOSITE PRICE OF PIC IRON

Ohl lange  Mesabi Mesalsi T Nigh : Pk
Year  Nowbessemes Reguler®  Noubesseimer  Phosphorus  Pellets®  1ron”
e ... 8420 $ 475 $ 400 —_ s 175
s .. 3.00 345 -2.80 - 1278
mn ... 6.70 .71.20 6.5% 3625 — 40.00
"L 440 440 4.25 413 - 21.00
W . 4.65 4.63 4.50 440 - 18.50
ms ... 4.69 4.63 . 450 4.40 —_ 18.50
YHO . 4.60 4.60 445 4.35 — .00
s, .. AN 470 . . 48 . 4.55 - -25.00
L 793 7.85 1.8% 7.70 —_ 46.50
M55 ... 1025 10.25 1010 . - 56.50
o .70 11.60 11.45 1145 —_ 6550
163 ... 1080 10.70 10.55 nss - 52 £3.50
11 1 I Y 19.95 10.50 10.40 26.6 16.00
1L SO ¢ 3 18.65 ILE I " IK.50 472 187.67
... 850 .50 .50 28.50 73.66 209.00
1981 ... 278 2.5 R2oD3250° 3235325 050 203.00
1992 ... 2 3250 125128 RS2 05059 AW
9% ... »n®B ux 0.03-31.57 © 01315 S0.50858 210.00
... ™ 28 VMY  N00ILS 0080 2130
1, S 225 )M N.MIL5 .06 2300
SENs L. L nn 0335 . I0.00-31.5) . BORES 2)3.00
(11 - 125 n.m-11.53 mmal 51 37344860 213.00

© Mased on I'nllm\ml anah siv: 1910-29: Bessemer 35% Fe {Nat.): Nonbussemer 51. 50%
" Fe (Nat.). 1925-date: Bessemer S1,50% Fe (Nat.) and
0.043 Phos (Dry); Nonlwessemer 51.50% Fe (Nal.).

Prinr to 1980, prices are for Mesabi Bessemer.
3Cents per unit of ivon natural.
‘Compntite price hased on average prices for basic and l'mndryplglm at representative

© produciog peints in the U S, _
llisklual seliers guote struciure preminms and pensitics, as woell a3 phosphoria premb

ums. A tvpical cuarse ore pu-mium nMrﬂm per lon snd a tvpical fine ore pensity is 43 cents
perton.

33225 Cleveland-( liffs as of V27751, 432.53.U. . Stee) miemm

97 34d4¢-—U.5. Stecl. 32087, FUB Mount fron, Minn. **46,AHe—Inkend Steel Min-

Jing Y17, 58.0¢—Minesal Services, #1345, 59, 4e—Pickands Matlver, W13, delivered

t Jwold of vessel, wpper Lake ports, **972. 45¢— Cleveland- CW! 12/30/88; OgleLaiy Noston, ¥
2 1M7. K6 9e—Tlanna Minivg, 2/26/82.

"Effective 1M, : _
'Nn_ lnger being produced. Listing discontinued by fron Age, cffective Felwnary 8,

Source: Iron Age, September 1988, p. 74.

TABLE 12

ORE PRICES FOR VARYING IRON CONTENT
CALLCULATIONS OF LAKE ERIE SELLING VALUES
{According to kimmula adopted in 1923}
Standard Lake Evie selling values fnr irm ore, sx quntedd in trabe jiorsals and o wabes con.
tracts, sre g groes ton of 2,240 povds, dictivered at vail of vessed at Linver Lake Ports and are
Tased on the: fillinwing classification sml guaranteed base apalyses:

Ol Range RBessemer S1.50°% los Natural, SR Phospharas Dy -

- Ol Range Nonbesscmer 5150 Jron Natural

Mesabi Betsemer 51.507% lron Natoral, AHSE Mhosphorus Dy
. Membi Nonlessemer 51.50"% frons Natwral

1igh Phosphorns 51.50% Irons Natnral, +. 1802 Plunphorns

Price Adjustwents Jor Iron Content Alxwe or Belin: the Cuarimtee. AR Grades:
Selling vahees of oves of different i content than the luse ores are determined as Bl

T lows: 'l'lu-l’merrhlull\ﬁ-u"i\ 1150, tlie nbier of whitd b the Teose fne. The recilitng
cotient ks the

it value, used to determine arddtinms te o silatonetions fmm the hane
price, lor ism contents thove or helow thn basts snalyods, as ol
When lexs than 51 .50 and not Iess than 50 00F Troa. from the hase price dedhwet. for
each unit or fraethon of a wnit of iron bess than 51 50% irom, at the rate of the bave unit value,
When less then 5000 and not lres than $3 00 dron: fiom the puice compated fay
50.00% iron deduct, ﬁltcnﬁmﬂwhlkmd‘luuldmleuw VDR iron, ot ll\eulruf
one sixt onehall Vimes the hase tmit value.

" When besn than 49.00% Iron: feow thee peice computed for 49008 irous dheibct. bar each

mnwhﬂhdlmhdhﬁhﬂmﬂmm ot the rate of twp times the huse unit
Mﬂﬂ'ﬂ"l 50% rom: 16 the bmse

invre than 51.50% inm, ul the mie of the: m--lw-

. Price Adjsstornt fnr Fhosphorns:

Altores containing . (H5% rhﬂlllunu o brts, are classed as Bessemnes. I‘limplmrm cim-
teot hewer than 04%% cnmards & preminm. determined in sconrdange with the standard
talile of phasphorus valnes. All ores contuining more than .045% phoaphorus are classed as
Nunbessemer. Ores containing move than . 190% ﬁmlmmdnudullmh Phosphorus,
Fenaltics:

In sMdition to the stmubard deductions applied for fron contents of less than 50%. which
arecomputed asabove, arbitrary penshties sre also exncted for high silica and for fine sinuctire.,
Pramiums fur Lump Structure and High Mangonrse Costent:

Ninrd ores of high ivon, hew: silics cuntents ave often snld s lmnp grade, generally Iriug
prived a3 Obd Rangy Nonbeisemer phus pecmivms for lump structure.

Ores containing in excrss of % naturat mmhrd-mdmdmmmml‘

& evous imn-ores ind are generslly priced 03 UM Range Non-brisemer i thee comlrined natwural

fron snd manganese content, plus o premivm for the naturs) mangimese in £xcess of 5% . Ores
contatuing hetween 2% swd 5% ol ostural monganese sre slse sometimes markeled as mangan-
ferons st prices which recognize some small value for the memganese content,

Premiums for Tnump strocture and high manganese content wary nm| are dr lcrmnu-d by

* weglistion betoeen buyer aml seller,

{Cuntinued on next page)
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. % FOB Price Changes of Major Brands in Europeah Market
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s omivAtIuNAL MIARKKET

{Per Fe 1%/DMT FOB)

Jan-Qec !

2) Swedish fine ore price{]) is of ¥AF and {2 is of KBF. -
3) Robe River fine ore = Price per Fe [¥/DLT.

4) SNiM fine ore price(]) is of T?.F(Tludlt {ine) and_(2) 13 of Guelh fine,

3) & = Minus, A = Plus,

€3

Nautical 1983
N Miles:Sai-| 1982 | 1980 | 1984 - 1985 | 198 | 1987
Ore Bland \\ ling days : ! Price’ | 88/87(%)
@Fines | _ _
LKSB{1)  (Sweden) 1150 ) €36.20 | ¢31.60 ['€20,20 | €20.75 | ¢28.60 | €25.95 | ¢26.70 [ A 2.89
LKAB(2)  (Swedem) LSO - - -0 - €25.25 [ ¢26.00 |A297
Sviu(l;  Mauritania) 2216 €34.00 | €30.75 | €27.75 | ¢28.95 | ¢28.60 | €26.00 | €25.10 | A 3.46
SUM(  (Mauritania) 2216| - - - - ¢28.00 | €2490 [e20.40 [A 201
Granada  (Spain) ' ' - R - - ~ €19.40 | ¢18.90 [ A 258
MU ¥right (Canada) 3.101) €33.00 | €20.30 [ €26.80 | ¢26.80 | €26.50 ; ¢24.03 | ¢23.68 | A L 45
Carol  (Canada) 3101} €33.00 | €29.30 {¢26.80 |¢26.80 | ©26.50 (€200 | 22368 | A L45
Lasco  (Liberia) 3,710 ( 230,00 | €27.00 { ¢24.00 | €2510 | 2070 | ¢22.75 {¢2..00 | A 7.68
CrRD (Brazil) 5,044 | €32.50 -] €29.00 | ©26.15. ¢2s.-56' €2.26 | €2050 [ e2.50 A 408
Carajas  (Bratil) | S A B €21.50 | €25.30 | 2030 | A 3.95
Iscor  (S.Africe) 6.200| #3L40 | ¢27.90° | €2060 .czsa 22,70 |
| Rabe River (Austraiia) 11,400 €18.00 [ €16.92 | €100 | €14 75 | 1075 | €14.20 | €1275 [A 9,57
ML, Newsan (Australis) 11,400 { €40.40 [ €34 90 [ €3290 | €343 | 3240 | €29.35 | €3L35 |A 681
Hamersley (AUstralia) | 11,400 | €40.40 | €30 90 ) €32.90 | ¢34.3) | €32.40 | €29.35 | €3L35 [ A 581
F.Orinoco (Venczuela) - - €32.26 | ¢34.00 | €3217 | ¢29.20 | €30.908 A 5.2
P -F :
MR (Brazil) T e2.00 | €23.20 | €20092 | €225 | 2025 | ¢19.60 | ¢15.80 | A 408
Samarco  {Brazil) ¢26.00 | #2320 | €20.92 | €212 €202 | ¢i9.60 | c18.80 (A 408
| ®Lump E
SKIN (Mayr itania) 2 216 - - - - - ¢26.40 | ¢25.60 | A 303
Iscor .~ (S.Africa) 6,200 | ¢35.90 | €3L.30 | ©24.00 | €¢29.00 | €26. 70 -
Nt Yewman (Australia) 1LADO | €44.75 % €35.15 1 36,15 % ¢38.45 % €36.20 9 ©33.15 4 €36.00 | A 8.60
Hamersley. {Australia) 1,400 | ¢44.75 4 €38.15 91 ¢36.15 ] €38.48 1 €36.20 1 ¢33.15 1 ¢36.00 44 2.60
@Pellets '
LKAB (Sweden) 1150} €50.20 { ¢4LO0 | €38.60 | ©38.60 [ €3815 | €dL15 | €46.35 [AL260
Sydvaranger (Norway) 1150 | €49.00 | €40.50 | €37.95 | €38,50 | €33.00 | €33.90 | €275 [A 9.90
CVRE (Brazil) 5,044 €47.50 | ©39.00 | ¢36.00 | ¢36.00 | 3560 | €36.70 | ¢40.35 | A 9.9
Samarco  (Brazil) €46,00 | ¢37.30 | e3400 | 3400 | €3400 | €3555 | ¢39.08 |A 993
o |Carol  (Canada) 3101{ e43.64 | €375 | - | €3650 | €3650 [ 315 | €39.95 (A T.54
- Nt Weight  (Canada) - - - 1 ¢%.50 | €36.50 | €315 | €395 1A TS
Votes *: 1} ®'= Price per Fe 1% CIF Rotterdam,




vJU

| . _ : nARAL .
JEO?}(;C ' : - : 00635;
o ‘ : COPPER PRICES (Ia conts per pound) 1/

. LS, nopecay : 0.5, PROBOCTR PRICIS LR NICH SRS 9.5. PRODOCER MRICES LAB WICH GRiDL

TUD CEARTNTS 10874 Mt CGRITy 1987 cORNy M COITT S 1MT$  CRRIMNY ¢
W5 1200 B (11 JUN | 3% T I N} 16.15 1949 1.5 inNn n
(L1TNN [ { N ¥ T M B 240 H.n 15 2158 1 R n.y
W e L 1 106 156,95 11.40 S W 15.0 e
153 2.0 0L I DU LG 1.8 st UM §H8 ---
i 1.8 L M e . e s ne 12.88 3.1
s NN L 19 1560 .15 5.9 1954 MM 13¢.2¢ nn
Wt .0 L e BN 56 WN 195 .51 1.4 20
Wt .M Ll 1w N 5.4 19.21 T a4 1N ue
s 2.0 Ll 1N 12 1% 13.26 19T Wi 122.15 R
s e L (11 TS S £ 1 % - 12.9 5 N3 14,40 u.n
M nn L e e nLi 12.92 195 un 130.12 nn

S moun Ll [t ] VR LT IS £ [ IO 22 ' 1960 .U 1.9 nH

M 2.0 Ll m e 2n 16.13 1941 W22 LR H IR}
TS I T N R 1980 1580 Mk 1508 192 W.N 14.39 nn
gL LI N | B NN 1w W ma 13.32 1Y Ne o mm 0.2
M W LA 195 1.4 15,67 I 0 115.5¢ .9
1 W L e nu 25.09 195 B8 1 54.52
T B L B BN MM M 1% M. 121U R}
e a0 I 1 W8 UL un IKT BN 1Y 51.19
1 M KL MY B IR i %13 SN L I B L 120.46 56.13

un s Ml e s u 16.22 19 14 L% 6.2

1 N M5 M S e N na moown 162.46 2.9
uir ¥ SN s e .4 M e 1011 wao o
M AN LK SN T e 13.64 1917 SLi 131.90 8.9
e oa.n ML 194 RO N 1286 MmN 141.31 0.0
s onn e m - Wy e 1.5 m nn 184,25 n.n
e e M IR M MLS - 1M 1S Wl 121.30 .M
i uwa MHu s W 1 0K 129.9 6.3
o we 0.8l I Wt INu iu.a i W n 5.4
9 e WN I 0y s s e Wil 100.50 n.a
A4 N (ELU R % - ] [ % 1| 12.06 191 0N .1 9.9
181 18 802 19t LTl ™™ 19 1.4 .8 $.25
I 1 mn 10 s N 1.6 18 512 106.53 9.4
1M 50 6.1 m .0 $. 1902 M4 1.4 1.1t
I 0.0 1858 1) S N 0.2 .9 1 N 0.1 .13
185 18 15400 0 LN nn 1.8 e .18 1[N} 6.5
e 110 15046 14 L 1N (K Hes 6.9 .09 6488
M7 180 1989 mr N e nn . 1996 8.8 . 8u. 2.9
10 1680 9.0 e uwn 17H 1R} mr N 82.50 8.0
I RS N N LN e 1. He.5 1119

N e NN IR n 1y _

Helo 16 1089 M R 108 11.3§ 1/ Wirebar prices to 1977, Cathode, 1970-1984.
e oue sy M un LN BT Sources: 0.5.D.0. Tearbooks, Quin’e Betal Land-
M N 1N Iy 10w 0 1.3 ook, Ingineering § Halag Joarml, llertm
i 450 1652 e 1. it 1L Betal Nartet, lehll Reek.

1695 10.70 152,46 s 11K w2 11.3§

1886 e 189 e WM 5.0 14.12

1000 1L 19 M nn mu 23.96

e 10y 119 1 2.2 LM .54

1889 4.0 NN _ -
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Dol lars

The price of gold in the United States, from 1792

officlel Price

Dol lars

Rarket Price

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

Apeil 2, 1792-

June 27, 1834----

June 28, 1834~
den, 17, 1837---
Jon. 18, 1837-
dJan, 30, 1934----
Jan, N, 1934
March 15, 1968---

645,20

664,56

T 1,125.28

1,125.28
1,125.28
1,125.28
1,125.28

L2273
1,21.73

1,357.40
1,357.40
-1,357.40

1,3587.40 -
1,357.40-

1,357.40
1,357.40
1,357.40
1,357.40
1,357.40
1,357.40

1,357.40

1,357.40
1,357.40
1,357.40

1/8ased on last ten months of the year,

Source: U.S. Tressury until Merch 15, 1963 end Engelhard Irdustries, theresfter.

Average Low
‘Dotlers  Dollars bollars ~ * Dollers Pollary Doltars
por per ‘per . per per per
Kitogrem  Troy Kilogrem - Troy Kilogram  Troy
. ounce ounce ' ounce
1,287.96 1/40.06 1,376.37  1/42.81 1,207.26 1/37.5%
1,334.58 41,51 1,422.67  44.25 1,939.7%  35.48
1,170,810 36,41 1,268.35 3945 1,131,711 35.20
1,326.22 41.25 1,427.49 - 44.40 1,216.90  37.88
1,884.03  58.40 2,265.02 = 70.45 1,420.10 44,48
3,164.66 o181 §,085.46 126,45 2,068.90  &4.35
5,995.76 159.7% $,201.35 194,75 - 3,761.63 117.00
5.192.02 161.49 5:972.00  185.75 4,155.48 129.25
4,029.13  125.32 452843  140.88 3,315.13  103.05
4,768.2T 148.31_ - B5415.79  168.45 4,187.63  130.25
6,222.77 - 193.%5 7,814,235 243.05 5,343.45  164.20
- 9,886.35  307.50 16,621.92  517.00 6,981.53 1715
19,606.25 612,56 27;328.11 - 850.00 15,519.15  482.70
A, TIT.TE 459.64 Wj266.32 .25 12,578.97  391.25
12,085.78 38N 1%;464.50  481.00 9,540.73  296.75
13,431.91 426.00°  1§3IT.76  509.25 12,045.27  374.85
19,505,648  360.66  13{048.37  405.85 9.899.21  307.%0
10,213.00 317.66 10;973.04 341,30 9,151.70  284.85
1,850,198 368.24 14,008.09  433.50 10,503.64  326.70
14,401.92 44295 16,115.55  501.25 - 12,587.33 9151
14,001.98 4380 15,605.00  485.37 12,751.62  396.62
L L T T P T emsassswe Frssnesamame LYY R R T RN R e ] e
Buresu of Mines
Branch of Nonferrous Metals
vashington, DC 20241 '
: 2/03/89
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Table 63. Crude Oil Domestic First Purchase Price, ' 1949-1988

{Dollars per Barrel)
Alaska Other ;
North Slope USs US Average

Year (current) ' (current) (current) _ (constant) *
1949 - 254 254 1081
1960 - .51 251 10,50
1951 - 253 .58 10.08
1952 —_— 253 2.53 .92
1953 - 268 268 10.36
1964 - 278 78 10.57
1955 - ™ 271 10.18
1956 -_ 279 279 9.93
1967 - .09 3.09 10.62
1958 - 3.01 3.01 10.13
1948 — 290 2.90 9.54
1960 -— 288 288 932
1961 -_ 289 289 9.26
1962 - 2.90 290 9.09
1963 - 289 289 B892
1964 — 2.88 288 B15
1965 - 286 . 286 B.46
1966 - 2838 - 288 823
1967 _— 292 292 8.1
1968 - 2954 2.94: 7.80
1969 -_ 309 309 1.16
1970 _ 318 113 1.57
1971 — 3139 339 T.64
1972 - 339 339 1.29
1973 - 3.89 389 7.86
1974 - 687 6.87 1272
1975 - 1.67 1.67 1293
1976 - 819 319 1298
1977 16.32 8,83 . 857 12.73
1978 -§.21 9.68 9.00 - 1247
1978 10.57 13.01 12.64 . 16.08
1980 16.87 2266 2159 25.19
1981 8.4 RN nm 3380
1982 19.92 30.43 2802 2852
1983 17.69 20.00 26.19 2521
1984 1791 2158 5.88 24.03
1985 16.98 2574 24.09 21.72
1986 8.45 14.13 12.51 10.9R
1987 10R3 6.3 - 1540 13.08
1988+ 8.43 13.97 12.57 10.33

‘Ses A ix &, Note 8.

* In 19 doliars, calculated weing implicit GNP price drﬂlhn See Appendix C.

* Average for July through December only.

hlmﬂlﬂ

Seurces: * m threugh 1972—Bureas of Mines, Minerals Yrgrinok, "Crude Petroleum Praducia” chapter. =1974 through January

lﬂﬁ—?ﬂbﬂl Fanergy Administration, FEA Form ‘I’l “('rude I'sirolesm Production Munthl "mt February 19768 through Seplember 197%—
Adlmn-lmm. Form FEA P-120, “Domentic { ‘rude (N Purchaser's Muont o {Xeinber 1979 u.mm {482 - Fironomic
lll-!rltln Form 112, ““Domentic Crude (ht Firm Purchuse Report.” = 193 A lurwl.rd—l’my Information Administration, Form
m-c Urde Ot Firnt Purchase Regort

Annual Energy Review 1988
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PEFINITIONS

Free on Board (FOB) Cost: The f.o.b. cost is the price actually

charged at the producing country's port of loading. The reported
price includes deductions for any rebates and discounts or
additions of premiums where applicable and should be the actual

price paid with no adjustment for credit terms.

Landed Cost: Landed cost represents the dollar per barrel price

"of crude oil at the port of discharge. Includes charges
-associated with the purchase, transporting and insuring of a
‘cargo from the purchase point to the port of discharge. Does not
‘inc¢lude charges incurred at the discharge point (e.g., import
tariffs or fees, wharfage charges,- and demurrage) .

Refiner'Acquisitlon Cost: The average price paid by refiners for

crude oil boocked into their refineries in accordance with
accounting procedures generally accepted and censistently and

.historically applied by the refiners concerned. Domestic crude

0il is that oil produced in the United States or from the outer

*continental shelf as defined in 43 USC Section 1131. Imported

crude oil is any crude oil which is not domestic oil. The
composite is the weighted average price of domestic and imported

.crude oil. Prices do not include the price of crude oil for the
-Strategic Petroleum Reserve.

World Crude Oil Price: The estimated contract price of crude oil

between two countries based on government-selllng prices, netback

.values, or spot market quotations.

c7
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Specifications: ,'Q"ibrécq:er Nodu) N&.d307,

Coring Headi -

piamter - 450 ma,

Height cvarall 300 ;e

Wo.gnt | 100 kg |
fx_:onstr.ucgion . Mild steel and aluminium
Power requirement - 415V 3 phuze 6 amps,

Core Burrels. (Expendible)
Aluminun Irrigation Pipe 7m x 7éld OD, 1,2zmmm wall thickness.
- {Alcan catalogues No. EDP 304BL)

Eité. R : Suel, ;;.-.u__;h an appropriate core retalner.
‘ - Bits axe plated to prevent corrosion.
Tuwer, '

C o Alumibws tonstruction.
Overall dipwersions:

Diaretar ime

Height 8,
Waagae : 100 kg. (without lead)
Lasd bailast 90 kg,

Yidbraters. _
Frequency 1440 per mimute.

Centifugal Porow 8500 newtons.
POwer requirements 1.2¥% 3 phas=
Working Moment 7% Xg ow.

Alternater. ‘
Powerlite S XVA Diesel Generator..

' Shippinq _-wtigﬁi; for the ocomplete vikrocorex system approxXimately
~ 300.Kg.  Core barrels are.approx 6 K¢ each for a € M length;the
maximum lenght for air fraight.

D
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