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Please Reply To: 2105 East Virginia Avc.
Denver, Colorado 80209

June &, 1970

The Colorado Corporation
200 Brooks Tower Building
1020 15th Street
Denver, Colorado

Attention: Mr. Fred Groth - Vice President

Dear Mr. Groth:

We are pleased to submit the followlng preliminary comments on the
information made available to us on the leaching possibilities of

the 0ld Nick Nickel Prospect of the Artic Gold and Silver Mines, Ltd,

A number of significant areas remain to be clarified geologically, &
mining and metallurgically before definitelimits can be established - '@
1

as a basis for '"Order of Magnitude Estimates.'

The memo from M, J, Fitzgerald to Dr., S, E, Jerome dated May 14, 1970
is apparently a summary of the current thinking on the economics of
the project.

On page 4 of the memo, a capital cost of $42,000,000.00 is assumed
for the conventional milling and leaching plant, which appears to be
reasonable for a 10,000 ton per day operation with the present know=
ledge of the metallurgy. A net operating profit of $1.57 per ton’
of ore is indicated which would result in approximately a 13% return
on the estimated capital investment before amortization. The
estimated capital investment without an interest charge would be
returned in approximately 7.6 years, &
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If the full potential of 100,000,000 tons is developed and processed

" at a net profit of $1.57 per ton, the return will be 3.73 times the
capital investment over a period of 28.6 years at 10,000 tons per day
processing capacity.




The heép'leaching approach for treatment of these ores is, as yet, an

experimental technique with no operating experience in nickel process-

ing to rely upon for firm data. A number of questionable areas are
as yet to be defined and it is doubtful that a rcasonable capital
cost estimate could be made at this time. !t should be pointed out,
however, in translating copper heap leaching practice to nickel
practice that the capital and operating costs for copper used by
Shoemaker & Darrah! are based on 7 to 12 lbs. of copper recovered
per ton of ore., Many operating and capital costs are proportional
to tons, gallons per minute flowrates, grams per liter of value or
other criteria and do not necessarily apply equally to nickel and to
copper processes, '

Considering the magnitude of operations with the tonnages to crush,
the solution volumes to send to solvent extraction and electrowin-
ning and the long period of heap leaching time involved, the capital
requirements should receive additional consideration.

The heap leaching will result in large working. capital requirements

as a port:on of the operatsng cost will be tned up for the length of

__five years. The net profit indicated by Fitzgerald is prc5umed to be
before amortization and allowances for working capital costs,

A number of metallurgical approaches are open. to better define the

capital and operating costs and further study or information is needed

on the marketing of nickel to actually develope a meanlngful ‘analysis
of the pFOJeCt.

These comments are presented for your consideration before any further

studies on our part will be undertaken.

uly yours,

L S
yéf;oord, inc.

T

]Shoemaker, R, S., and Darrah, E. M., '"The Economics of Heap Leaching,"

Mining Engineering, December, 1968,
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TO: bDr. S. E. Jeroma
FROM: M. J. Fitzgerald

: Leaching Possibilities on the 0ld Nick Nickel
Prospect of Arctic Gold and Silver Mines Limited

DATE: May 14, 1970

On May 13, Egil Livgard and I met with D. W. Duncan
and A. Bruynesteyn of B.C. Rescarch to discuss the problems
in leaching the nickel-bearing quartzite on the 0ld Nick
prospect of Arctic Gold and Silver Mines Limited, near .
Osoyoos, B. C. B.C. Research has done a large amount of 1
work on leaching with the support of major copper producers
including Phelps Dodge, Anaconda, and Duval. I will first
attempt to summarize some of the major points which B.C.
Research has discovered concerning sulfide leaching and
§ will then summarize Duncan's and Bruynesteyn's thoughts
B on application to the 0ld Nick property.

The B.C. Research personnel believe that bacteria are
the major factor in metal sulfide leaching. In the past
it was believed that ferric sulfate was the dominant agent
in sulfide breakdown, but their tcsts indicate that bacteria
alone, or bacteria combined with ferric sulfate, are much
more effective in leacliing than sterile ferric sulfate.
The rate of leaching in most commercial operations, whether
in vats or heaps, is governed by the rate of oxygen supplied
to the bacteria and not by the effectiveness of the bacteria
themselves. The leaching bacteria rcquire four basic nutri-
ents in order to reproduce rapidly, 1) oxygen, 2) carbon
dioxide, 3) ammonia, and 4) phosphate. Oxygen and carbon
dioxide are generally supplied by air, phosphate is generally
supplied by the rocks being leached, and ammonia is added to
the leaching solutions.

I

i
i
i

As mentioned above, oxygen supply is critical to an
i effective leaching process and B.C. Research believe that
! the low recovery achioeved from some dumps in the southwast
is due to the fact that the dumps are too large. Tests have
shown that air penetration in these dumps reaches a maximum
1 of 150 feet from an oxposed surface and that portions of a
i dump separated more than 150 feet from the free surface are
: essentially “dead"

AT

Ry « Wetting and drying cycles are also very important in
g : duiap leaching and, contrary to previous belief, B.C. Research
! feels that effective leaching is accomplished only when the
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dunmp is in the drying cycle. The wetting cycle thus
serves only to wash out thae solubilized metals and to
provide the bacteria with nutrients. Conscquently, it
would appear that the wetting cycle in many commercial
dump-leaching operations is too long in duration.

Common metal sulfides have been found to be leach-
able in the following order:~- sphalerite, chalcocite,
covellite, bornite, pentlandite, and chalcopyrite, It
ig interesting to note that although the first four
sulfides have been found to be leachable in all instances,
the latter two 'are leachable only in some cases. For |
instance, chalcopyrite from Bingham is readily leachable,
but that from Duval's Sierrita mine is not. Cases have
also been found in which pentlandite is not leachable but
this is not true of the pentlandite from the old Nick
property.

APPLibATION TO THE OLD NICK PROSPECT

Two methods of approach to the 0ld Nick prospect were
discussed with Duncan and Bruynesteyn; 1) mining, milling
and leaching of concentrates, and 2) mining and heap leach-
ing. .

Mining, Milling and Leaching of Concentrates

Duncan and Bruynesteyn visualize a continuous vat
leach of concentrate from a conventional mining and milling
OPQration. The feasibility of the process is largely

pendent on the results of the shake~flask tests conducted
1969 These results were as follows:-

Flotation'concentrate from
Britton Laboratories - 65%

- 200 mesh 90% recovery in 300 hours

Flotation concentrate frbm
Britton Laboratories -~ re- ,
ground to =400 mesh 92% recovery in 220 hours

On the basis of the above tests, regrinding of the
standard flotation concentrates is definitely indicated.

The shake~flask tests indicate that, in a continous vat
leaching process, the retention timo would be in the 50 to
100 hour range or somewhat faster than most chalcopyrite.
The concentrates would be introduced into the vat at 10-20%
pulp density and, as violent agitation would be necessary to
obtain sufficient oxygenation, an agitator similar to those
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used in modern sewage disposal plants would be used.
Duncan and Bruynesteyn believe that the resulting

pregnant liquor would contain 20-30 grams per liter
nickel, a concentration which is amenable to direct

- electrowinning. The amount of impuritics in the pregnant

liquor is critical because of the affcect on curront
cfficiency in electrowinning.

Further research would be necessary to determine the
actual leaching rate, the best type of agitation, the
final concentration of nickel in the pregnant solution,
and the amount and type of impurities in the pregnant
solution before tight cost estimates could be projected
for the process.,.

General estimates, believed to be conservatiwve, of
costs in an operation of this type, are projected as
follows:- : :

Concentrate leaching costs 19.8¢ per 1lb Ni
recovered
Electrowinning 10¢ per 1b Ni
' recovered

Comparablé'costs for copper leaching operations are
3-20¢ per pound copper recovered for leaching and 7¢ per
pound copper recovered for solvent extraction and electro-
winning. It should be noted that the copper leaching costs
include the cost of acid and scrap iron and also the cost
of solvent extraction, neither of winich appear to be called
for in this case. The relatively high costs projected for
leaching and electrowinning in the nickel operation are
used to allow for the higher costs expected to be incurred
because of the low grade of the material being leached.

These costs, as applied to a possible minihg operation,
arec as follows:- :

Mining Rate : 10,000 TPD

tripping Ratio ' 211

Mill Recovery ' 80%

Leaching Recovery ' 90%

Mill Concentrate Grade - 28

Ore Grade .0.22% Ni
Ultimate Nickel Recovery 3.17 1lbs Ni/To

Gross Recoverable Value (3.171bs @ $1.30) $4.12

l. Shoemaker, R.S$., and Darrah, E.M.; The Lconomics of Hoap
Leaching, Mining Engineering, December, 1968.
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Cost Per Ton Ore Mined.

Mining +90.75
Milling 0.75°
Regrinding and Leaching

(6 3¢ & 20¢ per 1lb

Ni roecovered) 0.73
Electrowinning (@ 10¢

per 1b Ni recovered) ge32

Total 924 ab5

Operating profit per ton ore

GCross Recoverable Value $4.12

Operating Cost _ 2.55
Net Operating Profit 51.57

Capital Requirements

Mine Development and

Equipment $ 5,000,000.00
Mill 35,000,000.00
Leaching 2,000,000.00

$42,000,000,00

Possible copper and cobalt values in the mineralization
have not been included in the estimate because the chalco-
pyrite in nickel deposits is usually difficult to leach and

because extraction methods for cobalt in solution are unknown.

Heap Leaching

The other alternative in treatment of the 0Old Nick min-
eralization would be heap leaching. The final extraction of
nickel from the mineralized material cannot be projected
until column testing of broken rock is undertaken but Duncan
and Bruynesteyn believe that the shake-flask test results
indicate that at least 45% of the nickel could be recovercd
by heap leaching in three to five years. Total extraction
could be as high as 70-80% but all estimates given.below are
based on 45% extraction. Nickel rocovery might be increased
by one stage of crushing prior to piling on the dump and a
cost has been allotted for crushing in the cost estimates.

In addition, provision has been made for preparation of leach
pads and careful heap buikding in the cost estimates.
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An additional step would probably be required for
heap leachiiiy as the nickel concentration in the preg-
nant solution would probably be too low foy efficient
electrowinning. Solvent extraction is cnvisioned as
saveral nickel-extracting solventa are known. Costs
listed below have been extrapolated in part from exist-
ing copper leaching operations.

Cost estimates, again believed to be conservative,
for a heap leaching operation, are as follows:—

Cost Cost Per Lb Ni

Per Ton Recovered -
Mining S05 $0.377
Leach Pad Preparation
and Dump Building ‘ 0515 0.083
Crxuszhing ' 0.05 0.028
Leaching (includes labor,
power, supplics, etc,) 0.08 0.040
Solvent Extraction and
Electrowinning (includes -
labor, power, reagents,
supplies, etc.) (Ol 0.211
Total i $1.45 $0.739
Operating Profit
Gross Recoverable Value
Per Ton S$2:59
Operating Cost Per Ton : 1.45
Net Operating Profit $1.14
OR
~ Nickel Value Per Lb $1.30
Operating Cost Per Lb Ni :
Recovered 0.74
Net Operating Profit Per $0.56
Lb Ni Recovered
Capital Requirecmecants
Mine Development and Equipment  — $5,000,000
Leaching Equipment 1,000,000
Solvent Extraction & Electrowinning ,
Plant : 3,000,060

$9,000,000.




Comparison of Treatment Methods

Of the two treatment methods considered, the technigque
of mining, milling, and leaching appears to offer the
advantage of higher operating profit per ton but has the
distinct disadvantage of a considerably longer payout
period due to the much larger capital investment required.
Approximate periods for payout of capital plus interest
for the two methods at an average grade of 0.22%Ni but
without consideration of taxes, depletion, and allowances
for working capital costs are as follows:-

Mlnlng, Milling, Leaching Heap

of Concentrates Leaching
11.6 years e 5SS viears

i If 15 to 20 million tons of mineralization averaging
0.30%Ni is present on the property which could be mined in
the beginning years, the approximate capital and interest
payout period would be much more favorable:-

Latned s iy

Mining, Milling, Leaching leap
of Concentrates A Leaching
6.0 years .2.6 years e

Again, it should be noted that allowances have not
been made for taxes, depletion, and working capital.
Results of the current debate on the White Paper on
Taxation and its effect on mining operations could alter
the possible projected economics of the possible operation
greatly. -

0f the two methods, heap leaching appears to be the 3
most favorable from a payout standpoint but has the dis- &
advantage of requiring relatively unknown technology. The ‘ 3
leaching research proposed by B.C. Research would be the
key to application of either of the two methods.
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DISCUSSION AND CONCLUSIONS

The cost estimates based on data supplied by B.C.
Research appear to indicate considerable profit potential
on the 01ld Nick prospect if the average nickel content
of large tonnages is 0.2% or higher. If there is a sub-
stantial tonnage of mineralizaticn on the property which
averages 0.25%Ni or higher, the profit potential would
be very healthy.

Both envisioned methods of treatment appcar to be
potentially profitable and each has its advantages and
drawbacks. Mining, conventional milling, and leaching of
concentrates appears to be the more profitable of the two
methods and, in addition, has the advantage of being-
fully profitable soon after the plant went onstream. The
disadvantage of the method is the high initial capital
cost (although only slightly higher than that of a con-
ventional porphyry copper operation) and the considerably
longer payout period. The alternative method of mining
and heap leaching would appear to be somewhat less profit-
able on an operating cost basis but only about one-fifth
the capital investment would be required with a resulting
shorter payout period. The main disadvantage of mining
and heap leaching from my viewpoint would be the three to
five year time lag from the point at which the operation
went onstream until full production was achieved.

Examination of the prospect and of all the data
recovered from previous exploration indicates that the
potential tonnage of mineralized material which might
be mined by open pit methods on the prospect is in the
50-100 million ton range. There also appears to be good
probability that the grade of the mineralization below
the zone of near-surface leaching would be in the 0.20-
0.25%Ni range. Discovery of a zone of mineralization in
the 0.30%Ni grade range which could be mined in the early

stages would greatly enhance the potential of the prospect.

Results of the proposed leaching research are also very
critical and initiation of the research program should be
concurrent with additional drilling.

In conclusion, the prospect is believed to be worthy
of a dual program to further investigate ore potential.
The program would consist of, 1) 5 to 10 widely spaced
drill holes to investigate the consistency and grade of
the mineralization indicated by previous drilling and,

2) further investigation of the leaching characteristics
of the mineralization. The estimated cost of the program

would be as follows:- : -
Bulldozer trenching: 2000 lineaf feet -

50 hours @ $30/hr S 1,500
Drilling: 5000 feet @ $12/ft overall 60,000

Leaching Research: Including column, test heaps
solvent extraction, and electrowinning testing 40,000

Total Estimate , : $101,500
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Heap leaching requires low capitalization
hut careful planning and pilot operation

are needed to assure profilability.

The Economics of Meap Leaching

” spianded markets for copper. in the past few
fee yeurs and a consequent search for new ore bodies
huve revitulized the widely known but seldom ap-
plicd method of producing copper called heap leach-

ing. leap leaching is defined here as the process.

applied to oxide ores which have been mined solely
for the purpose of leaching. In this case, all costs of
mining the ore hecome a part (and a substantial
one, as will be shown) of the cost of the copper pro-
duced, wherens in dump Jeaching the mining cost
Law already been aecounted for as o stripping cost
for the sulflde ore, OF course, with newly opencd
ore bodies, stripping costys may he divided {hrough
accounling procedures, hetween the copper pro-
duced by the mill und that obtsined by leaching,
but in general this type of operation must be cco-
nomic on the basis of the sulfide ore alone.

Heap Leaching Requires Low Capitalization

Heap  leaching, as a  beneficiation method, is
unique in that it is the only process used for the
recovery of a metal in which the time involved
from mining the orce to metal production is mea-
sured in months insicad of hours or at the most,
days. Then too, after the ore body has been de-
pleted and mining has ceased, metal production
will continue for some substantial period of timec.
Heap leaching is also unique because unlike any
other method of beneficiation, metal recovery can-
not be accurately forecast ahead of time and re-
covery will never approach that of g conventionally
milled sulflde ore ov even that of a val lesched ox-
ide ore, Counter-bulancing this drawback, how-

ever, is the relatively low cap;tnl expenditure ne-

cessury (o put a heap leaching operation into pro-

‘duction and the consequence that smaller ore bodics

which would not support the higher capital cost

R. S. SHOEMAKER and R. M. DARRAH, SME members, are
respectivoly, Censulting Motallurgist and Senlor Enginoer
with Bochtol Corp., San Frangisco, Callf.

R. S. SHOEMAKER AND R. M. DARRAH

involved in a vat leaching: plant con be made ante -

producers, Stated more sunply, i heap leaching
the opecator aceepts low recovery e exchange for
low capital costs and low break even point, Whether
the operator  chooses  val Jeaching with s
higher recovery and higher capital costs, is  a mat-
ter of cconomics which depends in part on the na-
ture of the ore to decide, For anstapnee, an ore that
will vat Teach an 7 to 1O dava using 7 pouands of sul=
furte acid per pound of copper prodaced bt ume
double o tople thot ameount of aeid durinyg the
motdhis thot ave l‘|'|.||l|lu.'t| Loy lu‘.lp Lo gy, - :
Althouph heap leacting ceduces copital expendi-
tures, i does require estensive test work and soumnd
cngancenig: to prodoce o suecesstul operation. A
company contemplating heap leaching must insist
on a definite, well planned program of investigation.
Adequate exploration is a necessily to assurc that
high acid consuming sections ave not present in the
ore hody. Test work must be done on drill cores
to determine of acid attack on the host rock will
result in phyvsical degrodation which would blind

)
a leach heap. Itemis such as acid consumption, seep=

age and cevaporation losses, leaching rales and an-
ticipated ultimate recovery must be established.

Factors Affecting Cost Estimates

Recovery of copper’ during heap leaching cannot -

be accurately forecast by pmresently avinlable tech-

nology. As nopiet ol the temtwork amd an ad

predicting: recovery, we bhelgove o test leaching col=

i 16-20 11 by and 4 -5 00 dian offers the besy

possibilities for most aceurate predictions. The ideal |
test work would be done on & test heap of the ul- @
timate height to which the ore would be heaped,
but this iy obvieusly too cxpensive and time con=

suming. Lacking positive information as to recovs 2
ery, the owner must necessurily make faivly broad

assumptions and then temper them with conserva-
tive judpement, lowever, a foirly competent rock

containing ucid soluble oxide copper that leaches

W m e
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casily, and which is heaped on an impervious pad

i should give an ultimate recovery of the order of

60¢%,, If the ore contnins some sulfide copper and
overy is by cementation which will produce

Se—ine ferrie feon, some additlonal copper may be rea

covered over o long period of time but this copper
should not be considered when calculating the eco-
nomics of the projcct.

This article looks at the various elements of cost
which tre invelved in heap Jeaching and which

should receive careful study, As an aid in exam-
ining these costs, we -will assume a hypothetica)

haap lesching operntion uwnd usg the following eri-

teria;
Ciinde Wit ta 1.0% Acld Baluble Copper
Stripping Itatlo 1tnl

Ultimate Copper Recavery 1L
Acld Consumption B 1o 9 Iba, per I Cu Produced

1.5 Ib. for copper lcaching—1.0 1b. used In renction with serap

iron, remainder uacd in reaction with gangue minerals)
Copper 1o be Recovered by Cementatlon

Capital charges for heap leaching and cementa-

tion opcrations are relatively low and, therefore,’
- we must look very curefully at operating costs, A

minor portion of these are vrelatively fixed in amount
(labor, power, water, supplies and serap iron) while
the major costs can vary substantinlly (mining and
sulfuric acid). -

The Jargest of tho fixed costs is that for the scrap
iron that is presently priced ol $50-52 per ton de-
livered which represents about 2.5¢ per pound, It

s not appear that this price will viny substan-
uaily in the nenr future. Since rouphly 1.5 Iby of
iron_will be used per pound of cf»ppt.n Ml

Bl J—=Mining costy vu, ';mum!.v of copper cecovered per ton

of ore,

-
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LIRING COST CENTS/POUID COPPER PRODUCED

| i i
$0.60 $0.70 $0.80 $0.90 $1.00
MINING COST/TON OF ORE .
~ (/1 - Wasto/oro Ratlo) =

R,

the cost.of the iron will be about 3.8¢. The re-

mainder of the fixed costs per day will be approxi-
mately as follows:

Hupervieton and Halerted 814000
Labor—10 Khifte per Day o0 $40.00 400,60
T Power—4000 kwh 40 $0.018 10.00
Wilter 100.00
Miscellaneouns Supplics 80.00
Talal . 875000

Based on 60,000 Ib. of copper per day, this would .z6%°

amount to $0.013 per 1b, of copper produced. IFreight
to the smcelter and simelter charges will amount to
$0.07 per Ib. of coppor.

Mining Ore for Heap Leaching

Mining of oxide ore for heap leaching can repre-
sent a very substantial cost, particularly if a good
portion of thé ore is hard enocugh to need blast-
ing, however, the physical nature of thesc ores gen-
erally permits mining by ripping and scraping thus
taking advantage of these low cost methods of earth
moving. In order to keep capital investment to a
minimum, it may be advantagcous to contract the
mining operation butl in this cuse, exira core rnust
be taken mo that over-burden or high acid consurn-
ing ore is not put on the leach heaps. A mining con-
tract should also be writlen Lo permif rencgotiation
after a period of time since drilling and secismic
testing will not permit an exact forccast of ripping
and scraping costs. Thus, mining costs muy be low-
cred as the contructor gains experience,

Fig. 1 shows ore mining costs plotted aguinst
pounds of copper recovered per ton of ore and in-
dicutes that under favornble conditions of high re-

Fig., 2—Acid costa per pound of copper produced va. price
. of acid, :
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Fig, 3—Operating costs in heap leaching.

covery and low mining costs, & mining cost as Juw
as $9.059 per pound of copper produced would be
realized. The opposile conditions, however, would
indicate mining costs of $0,120 or more per pound
of copper produced, These figures are for $0.70 and
$0.00 per ton of ore mining costs and 12 and T b,
copper recoverics, An operation encountering the
higher cost and lower recovery would be more than
a horderline one.

Acid a Major Cost Itom

The larpgest cost varable in heap leaching is the
armount and particularly the price of sulfuric acid.
The amount. of acid used is, of course, dictated by
the mincralogy of the ore but it would appear that
al the present Lime the price of acid depends greatly
on local supply. It is reported that prices of sulfuric
acid (delivered) in the Southwestern-states range
from $12.00 to $44.00 per ton. It would seemn, how-
cver, that with pressure being brought to bear on

Ahe smelters by uir pollution authorities, that some

pressure will in turn be put on acid prices in that
area in the next fow years,

Fig. 2 presents acid cost per pound of copper pro-
duced as o function of delivered aeid cost und nceid
consumed -per pound of copper. Here again, favor-
able conditions will result in favorable costs, With
acid at $0.0075 per 1b and 6 lbs. of acid used per
pound of copper, the cost per pound of coppur
would he $0.045. With acid at $0,02 per lb. and 8 1bs,
consumaed, the cost would be $0.16 per 1b. of cop-
per produced. It is reported that one operution uses
10 pounds or more of acid per pound of copper butl
most heap leaching operations use considerably less.

upply, und from 1.1 to 3.0¢ per lh. will be saved

"I should be noted that theoretical ucid consumption
“with pure copper minerals is 1% lbs, of acid per

pound of copper. The remainder of ‘the acid used
on an ore is consumed by carbonates, elays, cte.
One of the intangibles invelved in heap leaching
is the amount of acld nnd copper lodt by secpuge
und, unless the ground under the heap is com-
pletety impermcable, a considerable amount of seid

~ will be consumed by reaction with that soil or rock

underlying the heap. Cases are known and they are
not unusual, where a ton of surface xoill will cone
sume 50 lbs. of jsulfurie acid, 1€ the soil under the

Cheap were ta bie wetted to a depth of 6 U and it

wvi;,:h(‘d 100 Ihs, per cu. B os much an 135 lbs, of
acid could be lost per squave yaed of heap arcin, At
the same time, of the pregnant solution  comng
through cach sguice yard of the heap contained 3
gpl of copper and the soil soaked up 15, of s
weight of solution, then 2.4 lbs, of copper would
be lost, Fven al the minimum coase of acid ot $0.0075
per b, and with o net of $0.12 per lb, Jost on copper
that would not be produced, this loss from scep-

ppe and reaction woukld be $1.30 per sq. yd. of heap .

arca und it could be as muech as $3.00 per sq  yd.
with aeid at $0.02 per b, Smee recent costs of elear-
ing, leveling and coating with asphalt _bave been

$1.80 1o $2.00 per sg. vd,, it would scem that seal- o

ing the area under the leach heap would be im-
perative unless comprehensive testwork  dictated
otherwise,

The operaling costs cited above have becn sume
marized in Fig, 3. The figures for miningg and acid
costs huve heen given s minonums and moaximumns
and it s casy 1o see that the operating costs for a

heap leachipe operation con vary from o low of

$0.220 (o hyh of $001 per b of copper produced, !
e 2 U | A P :

UinTormunntoly, o few of the latter opecations have

been started on the basis of insutlicient test wm‘k.,""‘

They are not in operation at the present time,

Benefits of Solvent Extraction and Electrowinning

A discussion of heap lenching economics would
not be complete if it ended at the production of ce-

ment  copper which  still is subjeet o smelting’

charges before it muy be sold. To complete the pic= |
ture, the production of eathode copper through sol- |
vent extraction (liquid ion exchange) and electiro-
winning should be thoroughly investigated. Invest=
ing in a smelter for a small tonnage of copper con- !
contrales obtained from conventionnl millhing of a ¢
small sultide ore body would, of course, be out u_f:
the question, When, however, the copper is in the
form of a pregnant solution and where concentras |
tion of {his sofution and clectrowinning of jty vialues |

will yield a highly snlenile product, 1t sheuld beesd
hoove the owner to investagnte such a process which |
would. permit o direet sale of the product fo ﬂﬁ;
smiclter, The benefits of solvent extraction and cleds |
trowinning over cementation are immedintely ap-
parent in three ways: the smelting _and _freight
charge of 7¢ per 1bh, of copper Is nullifled, the
charge of 3.8¢ per lb, of serup lron will no longer

(Continued on page Y0).
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ing of the chorge which iy not present in -wet
prinding mills, Where mnall (2% - to 2-in.)
divmeter rodd ure needed for ne grinding, rod
lenpiths of 12 w14 fUseems Lo be Lthoe Himit, This
limits the mill diameter to about 10 fi inside the
shell.

7. Closed circuiling of dry grinding rod mills is
successful in controlling the top size in the
product; however, it can generate circulating
louds approaching 200% which can affect ma-
terial transport through mill restricting mill
capacity. Frequently the circulating load is in a
narrow size range which can contribute to the
flow problems,

8. In addition to the normal wet-to~-dry grinding
conversion factor, there iy an additional ineffi-
cieney faclor in dry grinding rod mills, With the
most suitable conditions for good grinding, the
degree of Lthis inelliciency is o variuble between
10 und 100%. This incfliciency factor still has to
be delined and a means to mecasure it estab-
lished, At present the degree of this factor is
a judgment factor based upon the grain struc-
ture, moisture content and flowability of the
matena] {o be ground.

9. The Bond work index formula® can bc used to
determine the power required for dry rod mill-
ing. The power determined should be multiplied
by all the required inefficlency factors and by

the 1.4 wet to dey grinding fnctor,

cunbed ahuvo,
W0, All dry pgoinding ved

4 c¢fm of air per

caping around the spout feeders and the pe-

ripheral digcharge housing. If the feed contuing

some moisture, a continuous draw of air through

the mill prevents coating in the mill and the -
peripheral  discharge housing, Coating m the

miil contributes to sweliing of the rod charge.
When the amount of moisture in the air dis-

charging from the mill is high enough 1o cuuse |
condensntion in the ducts from the mill to the -
this duct work should be insu- |
lnted and bheated If necossary o prevent con- |
cause o bhujldup

dust collector,

densation, Condensation cun
cventually ptugging the duet.

11. Rod wear data is being developed and indicas |

tions are that it is less than for wet rod milling.
Liltle exact datn is available because the rod

breakage and bending problems have ndded to |

il should huve air
drawn through the mill. A rule of thumb is 3 to
mill horsepower. This per-
forms two functlions. It prevents dust from es- .

It v alsy
necessnry o apply the inuflleleney  foaetor digs

the rod consumption to a greul degree and.

¢louds the entire picture. GE

Raforoncos
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(Continued from page 70)

from the 1.5 b of sulfuric acid which will be gen-
crated per pound of copper produced in the electro-
winning circuit. The tolal savings here amount to
11.9-13.8¢ per 1b. of copper produced.
Counterbalancing  the wubove flgures will, of
course, ba the cost of constructing snd operating
the golvent extraction plunt, Iere, because of vary-
ing local conditions and costs as well as degrees of
sophistication sometimes specified by operators, cap-
ital costs cannot he given accurately, But for a small
yearly production of copper, we believe the capital
cost of a solvent extraction and electrowmmng_
plant_will be of ihe order of-$170,000-to- $100,000
(1968 prices) per daily ton of cathode copper pro-

duced,

Operating costs for a solvent extraction und elece-
trowinning plant of 60,000 lbs. per day capacity will
be approximately ay follows:

Yupervision and Bulorled 8 140.00
labor-—13 Shifts per Doy @ $40.00 400,00
Power—#5,000 kwh @« $0.016 1.476 00
Oryganle 1,000.00
T.cod Anodes 170.00
Starting Bheets 575.00
Miscellancous Supplies und Mnln- .

tenance Itemn 800.00
‘Total | 84,200.00

Based on 60,000 lbs, of copper per duy, this would
awmnount to $0.07 per b, of copper produccd, Added
to this flgure would be the 1¢ that it would cost to
operate the leaching system. The total operating
cost for produced cathode copper would then be ap-
proxxmately as follows: \

Low ligh
Mining $0.060 $0.129
Acld 0.024 0.130 .
Leuching ! o010 00!0
Solvent Extraction & Electio-
winnlng 0.0 & 0070"
Tutal l.li.l'll lﬂlll
HX Flievhiowlnnlng - Comenila
tlon Ditesentinl

TRV 0.071

The difference in savings attributed to solvent .
extrauction and electrowinning is accounted for by
the different values assigned to the sulfuric acid

generated in the electrowinning process. From the
increased operating margin shown above for coup-

lhing solvent extraction and clectrowinning to & heap:
that this course

leaching operation, it seems clear

“Crushing and Grinding Celeulutions” Hriﬂth

of action should at least bhe investigated by the op-:
crutor who is contemplating the recovery of copper

{from an oxide vre body. Cupn.ul custs are, of course,
more than for a ¢cementution operation but the pos-

sibility of increused profit plus the advantage of
being independent of a smelting ope:uuon makes

it most dtti active.

Conclusion

The prospeets for
seem o be bripght. Research programs uie now bos=
ing carried out that will increase our knowledge of
the chemistry of heap lenching (and increase re
coveries ulyo) und permit fur more ndequate usscs!
ments of the feasibility of heap leaching. With tiw
recoveries should be forecast with accuracies @
proachmg thogse for conventlonully milled sul
ores, :

heup leaching in the tuluro'l



http://lJ.9-13.8tf
http://S4.VOO.00

