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Since issuing Report No 2 on the leaconsfield Prospect
in December, 1967 investigations into capital and operating
costs for a possible smelting operation at Beaconsfield have
been continued, Until very recently no official estimate was
available, We now have information available that contradicts
the -conclusion in Report No 2 that smelting is uneconomic,
The figures we have now indicate that a 3000 tons/day smelting

‘operation could prove an economic proposition if our ore
reserve can he proved at about 16 million tons of 1% Ni + ore

or better. Since, peologically, there is a fair chance of 10

‘million tons of ore being present at Beaconsfield the conclusion . .
is that drilling and testing at Beaconsfield should be resumed, '

The information we have on leaching methods suggests

that operating and capital costs would he too high for the modest

deposit at Beaconsfield and therefore these methods are not
worth considering further at this stage. :

On the basis that the Tigures supplied in a Report by
W, M,Billinghurst are fair estimates this report concludes
that the Company should go back to Beaconsfield to raise the
order of reliability of the ore reserve estimate and to
demonstrate that sufficient reserves are or are not present
to justify further costly metallurgical tests on the ore,
Further, the Company should carry out the investigations
into other related matters as listed in the conclusions, and
Appendlx II.
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INTROLDUCTTION

. Report No 2 on the Deaconsfield Prospect was completed in
December, 1967. It was stated clearly in Report No 2 that

insufficient tonnage and inadequate grade of ore was present
to justify smelting operations. This statement was made.in the

- light of the limited information at hand at the time of writing

the report. The girade and tons were considered uneconomic
because opur calculations were based on capital and operating

‘costs of smelting that were "Guesstimated" by the author

(see paragraph 4, page 9, Report No 1). It now appears that
this "Guesstimate" was too high or conservative,

In January 1968 it was learnt unofficially that smelting

costs particularly capital costs gould be very mwuch lower than

was originally estimated (Report No 1}. The smelting costs
indicated were so low that the 7 - 11 million tons of ogre
estimated to be present at Beaconsfield appeared to be an
econamilce proposition if the cost estimates could be confirmed,
All this new information was compiled, feasibility studies

calculated and a recommendation for action set out in writing -
{see Appendix I {(a}) ). The calculations showed that if the

unofficial estimates of capital costs could be officially

. confirmed then further drilling at Beaconsfield was justified,

So all that was wanted was an official confirmation of the
capital estimates and operating costs from a theoretical point
of view based on the limited information then available.
Detailed petrological, metallurgical etc investigations were
not required or Jjustified at this stage because we are not
sure how much ore is present, where it is all located and what
determines ore as such, until much more drilling has been

carried out,

Our redquirements were then, a short report covering the
information we needed to enable exploration targets to be
recalculated,

On 3rd May, 1968 when this information was still

- outstanding, the author approached VW, Billinghurst with a

written outline (see Appendix I (b)) of our requirements and

~he was subsequently given the job on 6th May, 1968, Ilis report:

was made available to the Company on 21st May, 1968,

The purpose of this report is to review all the available *

information on the prospect and re-present the situation as it
now appears, 7

¥We now know that the deposit at Beaconsfield is not large
on vorld standards nor is it high grade. Because it is
relatively smwall is one of the reasons why the major Companies
have not been greatly interested in the occurrence, bzt this
does not mean to say that the deposit is uneconomic. The
deposit may be unacceptable to certain Companies though the
deposit is profitable, but may be completely acceptable to
‘other Companies at the same time,

NICKEL EXTRACTION METHODS

Developed techniques available for the extraction of
nickel from silicate ores are well known overseas but locally,
informed personnel on the technigues are few and far between
Basically four different techniques are employved in various
parts of the world; (we are not concerned here with sulphide
treatment processes) ' :

1

* 'aVailable that is to the author
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(1 Blectric Smelting
2 Matte Smelting
3 Ammonia Leaching
4 Sulphuriec Acid lLeaching

) Flectric Smelting

Smelting of nickeliferous serpentine in an eleciric
furnace to produce ferro-nickel is well established in
New Caledonia and QOregon. The method is comparitively
straight forward and produces a high grade nickel-iron
alloy which can be used directly in alloy steel making.

Electric smelting is favoured by low cost power
availability. The grade of nickel in an ore is important
from the point of wview of power costs rather than :
technical difficulty of extraction. The higher the grade
of nickel in ore the less electricity is required to
produce a given gquantity of nickel,

The mineralogical characteristics of the nickel in an
ore_i.,e, whether it is the form of the garnierite family

~or merely in the serpentine lattice makes no difference to

smelting. These characteristics however are relevant and
coild be dmportant if the ore is to prove ameniable to
upgrading by a simple process such as attrition and screening.
Important because of the possible saving in power costs,.

Recovery of nickel by this method is normally high. Well
in excess of 90% recovery is in evidence in the world's

operating smelters,

Matte Smelting

Matte smelting of nickeliferous serpentine has heen
carried out in New Caledonia for many years, The process
involves calcination and sintering of the ore followed by
smelting with gypsum in a blast furnace, The resultant
nickel~iron matte is refined to remove iron.

It is interesting to note that recent new plants
established in New Caledonia have been electric smelters
and electric smelting is also being considered for
benefication of the Philippine ores.

Ammonia Leaching

Leaching of nickel ores with ammonia and ammonium
carbonate was developed by Shérritt Gorden Mines Ltd and the

-Chemical Construction Company. Ammonia leaching has been in

operation since about 1950 and is an established process,
Plants are in operation in Canada and Nicare, Cuba. The
requirements of large tonnages of ammonia could call for the
installation of an ammonia plant on site. Alternatively low
cost ammonia from world sources could permit an economic
operation to be based on imported ammonia in some locations
of the world, '

Ag %eaching is a chemical process, the mineralogical
composition of the nickel bearing ores assumes naturally,

- greater importance than in smelting processes.,

[}
.
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Suilphuric Acid Leaching

Leaching of nickel ores with sulphuric acid have been
developed by Sherritt Gordon Mines Ltd and by Freeport
Sulphur Co, Ope plant, at Moa Bay, Cuba has been established.
The principal requirements of an acid leaching plant are
sulphuric acid and fuel, ' C

ECONOMICS OF EXTRACTION PRQCESSES

' This is precisely the area in which knowledge, in Australia,
is not widespread, Papers on the technicalities of the

" various methods of extraction are available but little

published datea on economics of the methods can be readily
found. ‘ .

Limited information on Jleaching methods concerning costs
both capital and operating is available. Approximate operating
costs For the Nicaro process (ammonia leaching) were calculated
by R, E. Wilmshurst of Amdel and published in a paper dated

. March r 1968-

Plant Total Operating Capital Dstimated Cut Off

Throughput Costs * Cost Grade
1,000 tons/day $9.9 § 30M 1.9% Ni

. 5,000 tons/day $7.0 $ 78M 1.15% Ni
10,000 tons/day $§6,4 $120M 1.00% Ni

- % before tax and depreciation

The capital costs, presumably, are for the basic plant and
do not include mining equipment etc, Wilmshurst considers costs
for the Moa Bay process {acid leaching) would be similar to
those above,

It is interesting to note that Wilmshurst in reference to
smelting says "The Cuban ore, being of lower grade (than New
Caledonia) cannot be smelted directly, although this is for
'‘'economic rather than technical reasons", Ie does not explain
these economic reasons,

Capital and operating costs for the smelting process are
not readily available. .In January an estimate 6 of §5/ton ore
mined was calculated for treatment (smelting costs) on the basis
of published power consumption figures for Oregon and New
Caledonia, Swelter capital costs could not be found, however it
was learned that a manganese smelter established at Bell Day a
few years ago was installed for $7.9 millions and this smelter
is not dissimilar to that required for nickel extraction.
W.Billinghurst also supplied figures suggesting that the cost to
erect a smelter of modest size was of the order of units of
millions of ¥ rather than teuns of millions of $ as "guesstimated"
by myself in Report No, 1, Calculations based on our own estimated
operating costs and Billinghurst's capital costs indicated that

- the modest deposit of nickel ore at Beaconsfield could well prove

economic if :
(l) our_qré_resorve and grade estimates were somewhere
near the truth ) :
(2) the estimate of operating costs was in the right order
of probable costs. : ) o
(3)  the eatimate oT onpital cost was of the right order.

© see notes Bibliography (3) and Appehdix_I;(a)
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W..Billinghurst'was-requested to furnish a preliminary -
report on parts {2) and (3) above on 6th May. This roport was

received on 20th May and is summarised fthus :

Plant Throughput Smelter Capital Treatment Costs
(tons/day) S  Costs _ . (Smelting)
1000 - - . 85,5M | - $7 - 18
2000  §7.5M - 6 - 2k
3000 L b9.8M - 5 - 87

There is a very big difference in the capital costs for
leaching as apainst smelting methods and heavily favours smelting.
’ The single biggest item of cost in operating expenses is ‘
electricity as far as electric smelting is concerned, and this
is favoured by the location of the Beaconsfield deposit,

TREATHENT OF BEACONSPIELD ORE.

Q- Some metallurgical test work on Beaconsfield ore-in the
form of leaching (both acid and ammonia techniques) were
carried out by the Mines Department in Laundeston., The limited
samples of ore tested did not respond well to such processes.
In the course of this test work some screening of ore was
carrvied out but no positive attempt was made to physically
upgrade the ore by attrition and screening. The possibility of
smelting the ore has been ignored altogether by previous

Companies/individual interested in the prospect. This is not
surprising when it is realised that no-one prior to King Island
Scheelite had even drilled in the right place to seek higher
concentrations of ore. Just hecause no other Company has
contemplated smelting, does not mean that smelting is not
possible. In actual fact the ore at Beaconsfield is the

: serpentine type as against the laterite type and therefore

: - almost certainly unlikely to respond’ to leaching., On the other

hand it is similar ore to that at Oregon and New Caledonia where

the ores are treated by smelters,

Qi,- Our geological knowledge of the deposit tells us that the
ore, if economic, is likely to be smelted rather than leached.
Detailed mineralogical, petrological examination of the ore is
then, in the early stages of evaluation, of no interest or
practical assistance in assessment,

The feasibility then of treating Beaconsfield ore by
smelting must be investigated at an early stage, and this has
now been done by Billinghurst,

The limited drilling programme carried out by King Island
Scheelite between August and October 1967 and reported in
Report Ne 2 indicatedithe presence of units of millions of tons of
ore averaging about 1% Ni, Clearly this order of tonnage and
grade is'inadecuate to support any leaching method of extraction
and was thought {(Report No 2} to be inadequate to support a
smelter. DBut since issuing Report No 2 the information on smelters
shows smelting as a distinct possibility even with the limited
: o tonnage and grade of ore possibly available. Attrition and
' screening of ore is worth investigating from the viewpoint of
upgrading orve feed to smelters or the less likely possibility of
wpgrading ore sufficiently to sell as high grade ore.

_ From a theorotical point of view it is distincly possible
that a smelting operation could be established at Beaconsfield,

B We must now aim at investigating in detail those aspects of the

- deposit that are critical to proving or disproving the possibility,

-
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" Ore Reserve Plant Total OQperating Costs Annual | ‘ Annual Net Tgtal Net Annual Returt™
& Grade Capacity Capacity / ton x Annual Profit on
ITnvoelved Vet Qre Depreciation Ton - Profit  |[Over Life Initial Capita
o : $ $ $ ‘lof Mine ' :
: ' o . 11,00 hé6,000 336,000 | $190,000 $2,85M 2,7%
5 million 1000 tons :
tons @ wet 7M. _ o .
1,055 (Ni + Co) | ore/ day - 10,00 466,000 459,000] 395,000 5, 93M 5., 6%
{dry) 3 . -
7 million . 9.75 910,000 954,000 96,000 10,48 9,5%
tons @ 2000 tons ' _ : i
= T & | I
%&33? (N1 + Co) Orﬁﬁﬁay w1OM 9.00 910,000 - {1,157,000 {1,343,000 14, 8M 13,44
1 .
S . .
! _ionzi$11°n 3000 tons _ 9.25 1,200,000 1,604,000 {1,916,000 19.16M 16%
1.,03% (Ni + Co) wet $12M _ - .
(ary) ore/day 8. 50 1,200,000 {1,856,000 |2,504,000 21 20%
9 million |
17054 (w1 + coy | 2000 toms | S12w 9.25 1,335,000 |1,604,000 {1,781,000 16M 1h.8%
p o . wet .
(dry) orve/day \
* Depreciation evenly spread over life of mine,
. |
‘a\k {g
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FRASIDILITY STUDIES ‘ .

L ore could be present ot NeaconsTicld,

So we have Tield investigations in the form of drilling
and mapping that 1nd1cate5 that 7 to 11 million tons of lﬁ Ni
e also htave a paper
study undertaken by B:llinghurst on smeltlnﬂ possibilities
that indicates that a smelter erected could cost from $5.5 to
$9,8 millions and smelting costs could range up to $7. 2/ton
wet ore mined depending on the scale of operations envisaged

When we look at economic studies using these figures
as on parse 5, we see that satisfactory profits are not
indicated unless ore reserves are of the order of 10 million
tons and the ore can be treated at a rate of about 3000 tons/

day.

An ore reserve of 10 million tons is possible at _
Beaconsfield (See Report No 2} but not yet proved. So if we
assume Billinghurst's figures to be of the right order then
the conclusions are obhvious -~ we must get back to IDeaconsfield

" and prove or otherwise the existance of at least 10 million tons

of ore by closer spaced drilling.

CONCLUSTIONS

(1) On the basis of Metallurgical test work carried out by
the Tasmanian Mines Department, leaching processes cannot be
used for extraction of nickel from the ore because of

a, prohibitively high treatment cogsts involved,
b. general unsatisfacteory level of recovery indicated.

(2) On the basis of the geological nature of the deposit,
viz, the ore occurring beneath the laterite cover and consisting
of decomposed serpentine material, indicates that treatment of
ore would be by smelter rather than leaching because of
expected ‘high Mg0, etc, content of the ore,

(3) ©On the basis of published papers by Amdel personnel,
leaching processes can be disregarded because of the very high
capital costs involved, Clearly only very large deposits can
be considered as suitable for these processes to offset the
large capital outlay. Beaconsfield is net a large deposit.

(4) On the basis of a preliminary report by W, Billinghurst,
studies indicate that smelting of Beaconsfield ore could well
be feasible and that proven ore reserves near the upper limit of
ore reserves now indicated could prove adequate to support a very
pProfitable operation,

(5) Trom conclusions (1), (2) and {3) above there is no

Justification for undertaking any further investigations into

leaching possibilifies of the ore.

{(6) The information we have available to us at this time

‘indicates that further drilling is required at Beaconsfield

aimed at _ .

a, outlining the order of 10 million tons of ore and
- b, confirming this ore reserve estimate by closer
apaced drilling.

.
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{(7) In additzon to conclusion (6) the following
invostigations should be carried out

All samples in ore be reassayed to within & 2% true
Cald and .

>
value for Ni, Co, Cr, Fe, Mg0, 5i02, A1203
ioss on ignition. Selected samples from time to time
~"be assayed for Fe0, Ie203 P, S, Mn, Ba, Ci, As, Sb,
: Bi and Sn. '
. b, Testing ore by attrition and screening to determine
: if ore can bhe upgraded by such physical means,
¢,  Close examination of the possibility of obtalnlng
'black coal supplies in Tasmania, :
(4 from established sources
(ii from properties/prospects that may be
available for the Company to acguire,

d. Close examination of the future supply of water for

' a possible smelting operation.

@, Assess the quantity and quality of timber on the
prospect for possible utilisation as a substitute
for coke.

f, Provided the drilling programme (Conclusion {6) ) is

oo successful in that ore reserves are lknown within

closer limits of accuracy and that sufficient reserves
are indicated to Jjustify further expenditure ~--
a 5 - 10 ton sample of ore be taken and sent away for

trial smelting,

REGOMIENDATIONS

(1) It is recommended that the work programme indicated

in conclusions (6) and (7) above be detailed, scheduled,

budgeted, approved and implemented without delay.
(2) 1If the report by Billingburst is unacceptable
Company, then it is recommended that my proposal ¥ as prescented

"to Billinghurst be presented to someone else and a positive
and quick reply obtained, ' :

to the

* see Bibliography (5) and Abpendix I {b)
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January 1968,
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PAPLIMINATRY. _-STU’?‘,JY—. OI AT M ETﬂJ LJ_ WTCAL  ASPEOTS

T S D 7 s T O S uuﬂuupbxeﬁJﬁ,“j ?uObu"”T,‘

- - H

o Tntrodugtion.

e Prcb;em'

o ﬂou_avd1¢ab e or ra;evan* at’ *n‘s tims.

: A preliminazy: S‘ud? is. ;aqu;rea by the uenpanv gn ccr ain
aspects of benelkcatzon of ueaconsf*eld ore.-,- R ’ '

_ Actu uestlnﬁ of ore sanules'is net re quiréd’at thia'carly
stage bocauaa there aro fa too m ny unknow“u {av. grade and

. tonnage of ore’ euc.)

In ”;ect we need the c*.s*r*r.r'...u::eas of a mo pallur ileal engincer

. who can furnish us with some “basic. facts and figures und i1l xiL
csome gaps in our kunewledge of ‘the subject. & sxauenenu.o+ QLT

problems is proscnted oeloq and an invitation to'quo for ine

"~ Job of ¢urnzahinﬁ tnlS 1naornatlon is exueraed to ou.
J

¥ 'Brgadly we fequiré certain fign es on capital costs and

operating costs relating to snelting operations of nickel silicate
ore¢s in order that we can uudefta“e a”prelimina”y-=conamic

" assessmoent of the property in ordor to devermine if large sums of
mOney are justdi fied in being spent on the propeirty. Yours is to
ba a paper study only and s sueh wa fully realise that any figures
cuoted indicate the order of possible costs rather than likely
casts, because ve are cware thabt likely cost ositimates cannot be

. hici

i
0
B
£
i
ol

made without detailed k10W¢ed e of orse cnaraCuerz stics w

Lo Terms of Refersnce cf’ﬁegorﬁ;;'

A brief report is required covering these following 3oidﬁ;

,afrand.we'would rLike - the pozncs Gb&&u Wluh 1ﬂ the same ora@r as sc
. out hereunder. : P :

(1) Capital Eutlmatos of a passzble smelter of uhe 104low¢A

capacities. == - _
a. 1000 tan"Qre/day"
b, . 20C) tons cre/day-
c, SGOG_tdns-ore/day
- Dstimate to include ratc*zals and construction for basxc plant
._pluu ancm&lia¢y se“vzceg._ : :

% t.m,(*t; L6 s

Ge nicl el uixlcate or'e cont alhznb i%- fN') as'*ucd
L be. Tinal product Ferronickel — say, 20 -~ 251 Ni _
c. ore. 1»self f*uamng unliess avallaohe 1ﬁ¢oruau¢oh.to_t“a
contra:y 1s ¢vallable. . : S C ‘

'}(2)-*Oncra iagm ta Tor. gneltzng and ulllac se rv;cca {o.u.'uasay'

offico otc) o»al gost s/ton ore treated ‘subnmv1d ‘into
a.  Power (eloctrlclty) SRR
*Zb.;-O*her fuels - u;mber, coal oil ete,

e, . luxecs
i da -Labour
: C‘. ‘ (.?...:,n Tenance | g
¢ . *Liscollaneons, o .-

Include an organzsa ion charu ahnw*nn mahDower ﬁuﬂnhrS;
-reS“OnSihl&ltY;and hh&lled naAd reqx:rcments.' TR




. “\iﬂ Kn.hﬁ) aof eicctrnczty could possibly be requirsd to

12602

0O
i

(} I‘J | B

WYhat ponural f“OuO”S are'li‘ oLy ta_uéhact-recov
(NN

‘niciiel T m' res guch a3 at Beaconsfield? el

Care-there any. uhdes*““o;u wlenients that can coox
';1n“*o*: dr mreveat ore from being smelied? Do
‘necessarily follow that the lower tle head. 5rade of
loyer the reuovery of n&ckel ar v1ce versa.: : N

b. Fluxnes

 Vhat are the‘csmnéﬁ'flux cs uscd in silicate nickel smelt¢nﬂ-
. operations? = VWhat eiements ‘or combination of elements in .
_the oros snecessifate the uoe of such cownon-fluxes?-tﬁ- ;

c;.-SmelherfSitESf
-Is lu nucessary or advantageous tc *ocane a smclt in ax cas_” [
- of some *opagrqnhmc relief?. Hhat factors general y Emll aence_,
the location of a smelter site’ apart xrom puwcr and proximi Ly

to mine wcrkxngs?

Ge T1cr r*uiby

A conalderable amount of p&wer is requiied,uo or ducg.c‘ _
pcrnd of nickel, Is there a rc1"*iond"p beywecn head grada e
of ore and eléciriciity consumed? What upper quantity S

produce one pound ol n¢c&cl assuming a. negd grade ol cTe
Cof 1% Ni, o S e T .

jAsau.Aﬂ&, say, 30 iw=hzr of e_ect*lclty is requ:rcu'to
. orie pound o;-nlchel in cach of the three plants refarre
{1) above and assuming 90% recovery of n*ckei, calecula
‘maximum load and consumption guaniities of power, az
‘an estimate of the likely power GOSu/pn*t-unger such
;Lheo"eticul cir cumstances;jfrom~ﬁhe:H.E.C.[in'Tasm“nia.

T Sorv;ce Bdi;dﬁ?ﬁs

'Yhap'aerVLC' 4]
taaic sheltin f_,"
cperations only,

s e

«

 f;: Assays

_‘Auu““¢ug future dx Llll“g, n¢+u¢ng oi the o eboay
Cpovide a llSt of metals which you consider necessary
 ;31uLys19 not only nickel. mﬂd_COD&lo but Mg, 5i, As P
_unat mny have nO"-¢lur~ica& si gnif‘canéa or implicat

BN
15

)
‘\L

e Deuiqr const Tus tibﬁ aud COAm_S&”Oﬂln? of a umcl%er.
. Oraer or- tmwe involved once metallurgical bQSu woric has
-“becﬂ carricd OUU'und thc ara charactar;sﬁlva are,xn Wile

3 hinx. c/r” obpe“ procegses

"-Apﬁllcab¢lity of thesé nroce 0¢-t0 tnu:uyﬁe of ore &t
'‘Deaconsfield and- comparisor wi*b posa;b¢a smel ting op

-Dr;e; camments only.;
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“Chﬁlcfdt ion lidence by Nickel Leach Poy Ltd whd are :
f_‘ﬁe Meluousne

.
'“PP FRIO0 T
- panr “"'{‘ Y “, '_'\TI ’ﬂ - -CG'{P’:AT,’."

The . Iccka aoeurying

5 inm the no 1gnbovrhocd of Tort Macq
) consdst chicfly ol Carbomiferous sandsicnes whieh have

f.‘.

w
sorpentine ard di tho. iroen bearing clny"rtsu¢.inﬁ Lrom 4t
dQcDmﬁDSlb¢Ga."ﬁﬂ'ﬁﬁQIYJiu'Of_tHC sverase of samples of @ few

tans of Oluucu CLC Was rcpcrtca in a Lulletin dated 1925 by
L. .uaﬂﬁ ui &ﬂu CuOued as N L0 cohteht 7.36&,.coba7t oxid

-4

o] 7 Li’u'a‘.

P

IRTCN
-

The ora COHSlaulﬂﬁ of cobalt baarlng wgd occHTs _irregu;arly_in
pockets, Some ore was mined up to 190k, : o

The i“* “:I*“ occur“ence'of the deposits has apparentiy (7))
T@VLﬂuOd econoinic explicitation. “Althoupgh limited tonnunes of .
il mrade ore may be availadble (?) theré is probably insufficient
eserves Lo jusliify a mindng opoevatien in its own right {7}

S Dacause  of ﬁh*i'“oximitv of this occx“rence to nori
faCilities and: the apparent extremely higsh cchali coxtewt,'tﬁis
oxe could possidbly be uasd in: conjunction . with the ore at
.Be“c iSliDld'uO ups rede’ the Beaconsfie ld ore.
L As s‘chkﬁ.w at tho present time the arca 5 held wiey

]
)

or Sydaney telcphone directory. Dnouiriad

3leli ba muda_unﬂ;an¢inspecu+oq_m¢ae of the 'area with the view
of sesszn* its,tonngﬁeipqténﬁi31 for'the ph“poseg G"L*a nc‘
,aoove, S . T R : C .
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