Arizona Geological
Sul‘vey CONTACT INFORMATION

Mining Records Curator

Arizona Geological Survey

/ 1520 West Adams St.

12 5 / Phoenix, AZ 85007

602-771-1601
Years http:/ /www.azgs.az.gov

]_ 8 8 8—20 1 3 inquiries@azgs.az.gov

The following file is part of the
Arizona Department of Mines and Mineral Resources Mining Collection
ACCESS STATEMENT

These digitized collections are accessible for purposes of education and research. We
have indicated what we know about copyright and rights of privacy, publicity, or
trademark. Due to the nature of archival collections, we are not always able to identify
this information. We are eager to hear from any rights owners, so that we may obtain
accurate information. Upon request, we will remove material from public view while we
address a rights issue.

CONSTRAINTS STATEMENT

The Arizona Geological Survey does not claim to control all rights for all materials in its
collection. These rights include, but are not limited to: copyright, privacy rights, and
cultural protection rights. The User hereby assumes all responsibility for obtaining any
rights to use the material in excess of “fair use.”

The Survey makes no intellectual property claims to the products created by individual
authors in the manuscript collections, except when the author deeded those rights to the
Survey or when those authors were employed by the State of Arizona and created
intellectual products as a function of their official duties. The Survey does maintain
property rights to the physical and digital representations of the works.

QUALITY STATEMENT

The Arizona Geological Survey is not responsible for the accuracy of the records,
information, or opinions that may be contained in the files. The Survey collects, catalogs,
and archives data on mineral properties regardless of its views of the veracity or
accuracy of those data.



et

Souvee (A knoan

CHAPTER 3
LAKESHORE

INTRODUCTION

The Lakeshore Property is located on the Papago Indian Reservation in
Pinal County, Arizona, 28 miles south of Casa Grande (figures 3-1, 3-2), 'In
1969 the El Paso Natural Gas Company considered it a major porphyry-type
¢copper deposit containing an estimated 500" million tons’ of commercial ore
averaging 0.75% copper.

- For the purposes of analysis, knowledge of the deposit and geology“qf
the - area are‘assumed limited to drill hole and outcrop information available

In 1968,E11Paso began negotiating with Hecla Mining Company with respect
to a joint venture at Lakeshore, offering Hedla an opportunity o obtain a
50% interest in the property, in the development stage, and later to become
the operator - with El Paso sharing. This analysis tests the attractiveness
of the joint venture to Hecla, assuming Hecla desires z discounted cash flow
rate of return of at least 9 percent from such a venture. The cost of
capital in Hecla is approximately 7 percent, . :

. ihis‘pfojeétyconsists of 3 properties uggpqmpassing“~1Q,500},a¢res}s It
includes 3 patéfited lode mining claims - eoviering 62 .agresijmown :as the

. . Treasurg state Claims; three -patented apg l?-quatenteﬂ'lode,,mfping_*éléims
co¥ering 400 acres, known as the Drake Glaims;: :and 3,717 aCres known 1as- the

 “3}PaQago Leases) as well as 6,325 more sres held-under a business ‘lease'- fram.

'ﬂatbq“'Papago"Tﬁibe. In additiem, . the praject has a permit authorizing the
- pro&uction of water from the Papago Lards. .. - " .

Earlier, much of this property was owned by Transarizona Résouﬁcgs,

iwgibé,, which developed a relatively small open-pit oxide-cbppe:,oré&body<on/

4@ Treasure State group of claims. A copper segfégation process. . for “the - -
‘benieficiation of oxide copper ores produced ‘from the open pit'wa;;a§Velape§;ﬁ
‘howevers ores :ywere not economically amenable to customaryh“aqidf;leachiﬁg”
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processes. There were technical difficulties, and Transarizona was forced

into receivership. 1In the late 1960's El Paso Natural Gas Company acquired. .

the properties and" undertook a program of geological. and gedphysical .
investigations, followed by extensive exploratory drilling of the ad jacent

lands held under Indian leases. This resulted in the discovery of the major ~
copper deposit, which lies at a greater depth and to the west of the original -

near-surface ore-body.

The Treasure State and Drake Claims are leased with a -buy-out -option
price of $500,000, that can be paid out of royalties. The Papago Leases were
acquired by El-Paso for a bonus of $200,000 - and specified royalties. Tne.

total annual royalty to be paid, based on three leasing arrahgements,;ié}.
equivalent to 9.0% of the gross revenue from sale of copper at Lakeshore. 1In-.

addition, $50,000 a year is to be paid to the Papago Tribe.during;the;
preproduction period. El1 Paso's exploratory drilling costs and- other.
expenses, to include studies and pilot plants, plus the bonus to the Papago

Tribe, amount to $6,200,000. These figures may differ from the actual data
pertaining to Hecla arrangements. They are assumed as a basis for this

analysis only.

There appear to be no climatic weather restrictions in this area.
Anticipated on-stream time is 330 days per year for operations.

The presence of two other large copper mines in the region has attracted .

labor to the area. The labor market is deemed adequate. There are also

knowledgeable and sympathetic local government officials. State and - local
taxes do not appear to be burdensome.

Transportation in the form of both road and railroad are:available. The
American Smelting and Refining Company's Hayden smelter is relatively.near in
eastern Arizona. From l.akeshore, copper cathodes and cement copper, in
pellets, are transported by truck to a loading station being erected on the
main line of the Southern Pacific R.R. in Casa Grande. Facilities are also
being constructed at this site to transfer incoming coal and other supplies
from rail cars to trucks (figure 3-2).

Power is purchased from the Papago Tribal Utility Authority and will be
supplied by the Arizona Public Service Company. A 230-kva line has been
built a distance of 9.3 miles from the Arizona Public Service system to
Lakeshore.

To supplement two existing shallow wells on the ptoperty, a 1;000-ft..
deep well is being drilled to provide: an estimated 3,000 gallons of water per.
minute.

DESCRIPTION OF THE PROJECT

Geology =

The general geologic setting of the deposit is similar invmany respects,-

to that of other poprhyry-type copper deposits in the southwestern:Uniteq'
States. The terrain is typical southwestern desert, formed upon a flatly

r
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~§l§§ing¢;,giegmont -t..face south "of Casa Grande, it sextends from the

' “TS0UthweSterly flank of the Slate Mountains to the north-trending Santa Rosa

'““Wash, ~ about.“‘three miles to the west. The deposit has not been completely

delineated, but reserves are estimated to be more than 470 million tons

. averaging.. 0.73% copper. Minort .amounts of molybdenum, gold and silver are
_ _.present in_the sulfide ores. 1In. this area, the “Lakeshore ore-body is

" “appréximately ‘6,000 feet long by 2,500 feet wide, -with the long axis trending

-

generally north-south. The deposit is a classical porphyry consisting of
. three zgnes: . the uppermost is desiqg'fed as the disseminated oxide zone, the
4]

central cote being the disseminated W ride Zone; and the lowest being the
S SFSELLe Zond (rigpre 3-3), 0 ‘ |

F55 In' 1969 the deposit was developad by a total of 101° cril] heles, with
:TEbOQt'TSQipOQ}feet of drilling,-bcth rotary and diamcnd,

[ By
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The disseminated sulfide sone represents the original deposit. The
L“mige;alizatiqg: of this zone is typical ccpper-iron sulfides (chalcopyrite,
jbyrite;'phalcbgite and bornite). The zone has an average thickness of 500

" * feet™ and is.. contained in andesite and porphyry rocks. Proven ore in this

ngng;waszestim;ted to he 241 million tons of 0.70% copper in 1959,

o The_disSemina;edioxide Zone overlays the sulfide zone; it occurs from
the surface to depths of ¢ver 1,000 feet, with an average depth of 500 feet
“and”an average thickness of about 550 feet. The mineralization here is gz
result of oxidation and leaching of a secondarily enriched chalcocite blanket
in the original deposit. " The matrix® is andesite and porphyry rocks.
“Drilling in 1969 indicated 207 million tons of 0.71% copper in this Zone,

T WL

= .The tactite zcne is an underlying layer of altered Precambrian and

. Paleczoic sediments with an average thickness of 63 feet. The heat from the

féubyolcanic intrusion which altered these: sedimentary rocks caused 2
remobilization of the chalcopyrite (and pyrite) crystals into the sedimentary
layer, resulting in significant sulfide enrichment. Reserves in the tactite
Z8ne in 1969 were estimated to be 23,600,000 tons with an average grade of
© 1.69% copper.

The tonnage and grade of the Lakeshore deposit compare favorably with
that of other major porphyry-type copper deposits in the Southwest. Because
of its large size.and "layered" characteristics, the deposit lends itself to
mechanized uriderground mining techniques. ‘

[
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RS g " Mining

* The_underground mining of the Lakeshore cre-body 1s by penel coving

“flethods: " Sulfide und oxide ore are mined concurrently from two distinct but
‘related underground operations. Sulfide ore is mined by a continuous
panelitEVIbg mefhod and transperted to an underground primary crusher. After
"coargeégﬁﬁéhiﬁg, the. sulfide ore is moved to Tthe surface coarse ore steckpile
-6h‘”a"u2-inch, 7,200 ft. belt conveyer installed in one of two parallel
15~degree declines. The other decline is equipped with a hoist ang is used
to transport men and supplies into the mine. Oxide ore is also being mined
by-a.panel-caving method but is hoisted to the surface through a 14-ft,

~e
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circular shaft..On th. surface the ore is passed through é;ﬁfihéfyi%é

3-6).
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In the initial.énalysis it was assumed that there would be -gﬁyqiﬁs;ﬁof_

development and construction and that mining of the diSsemfhaﬁEd’bxiﬂe;ZBhe'
and the tactite (enriched. sulfide) zone would be accomplisited ‘at” %the -
beginning of Jperations. It was: expected that the tactite zone. would be
mined out in 7 years at which time mining would - begin on thbs.disééminated.

sulfide zone. Both the tactite and “the oxide ores are higher in" dopper
content than the porphyry-type ore.

Panel caving has been used successfully on-large low gré¢é;ﬂeposiﬁ§ffand

is currently employed on a porphyry copper depcsit on the Sarr Manuel Mihe,in -
Pinal County. Caving methods are highly efficient with respect to this ', type -

of deposit, using gravity to break .the ore thus minimizing drilling and
blasting. For purposes of the cost estimate, similarity with San Manuel
costs is assumed except that at San Manuel developmént costs are spread over
a larger tonnage of ore because of the greater thickness of ore apove
development cuts. , e

~

In the tactite zone haulage is by 5-cubic yard STS Scooptrams frdml.hﬁe
draw points to the railroad haulage level and from there to'an ore pdcket.
At the ore pocket, the ore is crushed to 6-inch size with a 42-inch Nordberg
gyratory crusher and then conveyed to the surface on a 42-inch'belt.';In the
tactite zone, mining will be by the same footwall panel front-caving “method
used in San Manuel. . o L

In the disseminated oxide zone, a panel caving method will be ged
similar to the method at the Climax Molybdenum mine in Lake County, Colcrado.
In this system, ore is slushed directly into railroad cars for haulage to a
central loading pocket. From the ore pocket, the oxide ore is hoisted to the
surface in a skip. '

Development costs for the system involve access drifts, shafts, " and
declines. Initially, all haulage to the surface was planned through the two
declines driven on a 15-degree slope. Estimated cost of the declines in 1969
dollars using $2 per cubic foot excavated, was $3 million:. For oxide ore
production, it became necessary to sink a 1,000-ft. shaft 14 feet - in
diameter. At $1,000/ft., the estimated cost of the shaft was, $1 million.
Additionally, over 10,000 feet of bored ventilation,'service,”gand"materigls
shafts had' to be installed at an estimated finished cost "of $1" million,
‘including installation of utilities. Further underground - ekcavation,

conveyors, railroad -and hoisting facilities were estimated to cost $2

million. This makes our estimated total cost of improvementsﬁ‘iq}“;ﬁeffmigé
‘itself approximately $7 million in 1969 dollars. e = Wt

; W K < ‘,ﬁs:_'h,er‘, :
then hauled by truck to the coarse ore stockpile area »(figq§§§f 3;4{::3%5,.




Metallurgy

Z0 Y mE Ty
" .To complement the mining operation, an ore-processing complex produces
electrowon copper cathodes and cement copper;  the plant contains six
'different_metallurgical facilities, 1Initial design is based on an estimated
“feed “of approximately 9,500  tons of tactite ore for the concentrator and

6,500_ton§ of oxide ore for the vat leaching plant, per day. Annual

' marke£§hle.heﬁal; consisting of 35,00C tons of contained copper in cement
- form and BQ,QQP tons oi' cathode copper.
St P b U i - " 2 '
ffﬁ~§jlj§§fplagﬁéd process for the Lakeshore project is urique. It is 2
“_eombinztion .of Roast-Leach~Electrowin (R-L-E9  for the suifide ore and vat
‘?iéééhihgécementation for the oxid® ore. Boty prcecesses have been employed
Successfully in separate operations. The R-L-E process is being used in hoth
. Zambia and Zaire; a_leaching-cementation System 1is employed by Ranchers
~_Exploration at their mine in Miami, Arizona. By combining the two processes
. to take advantage of the oxide-sulfide nature of the ore-body, many of the
" problems and limitations of the individual processes can be solved. For
instance, both the rcasting and electrowinning'phases produce excess sulfurie
. acia. that can be used in the vat leaching process, Insoluble copper from the

.

" _Sulfide leach goes with .the hematite concentrate to the sponge iron plant and
*1s recovered ' in the cementation process. Any precious metals are also
carried in this concentrate.

5 z ’ *
Pilot'plant operations processing five tons per day of concentrates
confirmed the theoretical expectations of the R-L-E process. A flotation
Dilot plant for the &ulfide ore was constructed by E1 Paso, utilizing cre
cfrom mine development as feed;, it also confirmed thecretical results, - e
., Pllot plank was constructed Yor the vat leaching-cementation process;
flabofatbry bench tests were deemed adequate to define this phase of the
I project. °roblems in scaling up from bench test to production facility in
fy?t leaching are well understood.

., From the test work, both in the laboratory and in the pilct plants,

fexpected recovery from the overall process is approximately 90 percent. The

‘majority of losses will be in the flotation System.  Minimum losses will

.occur in the R-L-E process, as the insoluble loss in the leach residue goes

‘to the Sponge iron plant and the losses in the Spent electrolyte are pumped
“to the. vat leaching phase. Soluble 1loss in the R-L-E is expected %o be

“nggligible.’, Tﬁ ‘ '

@ L

Figure 3¥Z-is a schematic flow sheet of the Lakeshore prccess. It leads
‘to an equipment 1list for the operations, and to cost and horserower,
estimates. A factored capital ccst estimate is «PRioximately $109,000,000 in
1969 dollars. (Hecla stated in its 1969 annual report that the development
of the property would involve capital expenditures of aprroximately
$100,000,08Q. ) - - | ‘ -

W'

v

Wee

&, This“capital expenditure reflects the original estimate in 1989, Since
319§Qiith¢.§Marsball and Swift irdex of mining and milling equipment costs has

eiﬁbreasedjﬁrdm 284.5 in 1969 to 478.5 in the second quarter of 1976,

<Y

( i’ Théfefb;§'thngQ§t of $100 million in 1969 woulg be Updated using a factor of
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1.68 to $168 million. .he actual cost in the project will aﬁptdach nearly
$200 million reflecting not only inflation but problems and delays in the
prqject. o : . oFELEE L A

Lo, - g

Major Technical Problems 1969-1976

The original mining plan provided for all ore coming “ Wt 6f the” ‘two

declines. This plan had to be changed because of difficulti s in kégpinggthe
ore passes open. This was a major factor in delaying production 'from - the
planned 1late 1973 startup daté to early 1975, a delay of 18 months and
resulting in extra costs. A %econd major problem arose when underground
caving problems in the sulfide mine forced reduced sizes of openings,
interfered with-ore transfer and prevented full production. 8" w

TEEE TR

There have been a number of process problems. Expected recovery in ithe
leach tanks was 97-percent, but there have been difficulties in achieving "it.
These problems arise mainly from scaling up pilot plant work™ to full-scale
production. = 8,

The design of the system using hydrometallurgical techniquesifhas
virtually eliminated pollution problems. Roaster gasses are used for
sulfuric acid production. Residue from the roaster which contains 44 percent
iron and 2.1 percent copper is sent to a filter plant, then to the sponge
iron plant. In the sponge iron plant the residue is made into pellets which
are hardened, then metallized. -

The metallization plant produces pellets with a 55 percent iron cohtghﬁ,.

also carrying the copper and the precious metals from the circuit. These
sponge iron pellets go to the cementation plant and the iron is replaced by
copper. The expected product is 55 percent cement copper. Here is where one
of the greatest technical problems has developed.  ASARCO, buyer of _the
cement copper, determined after the plant was completed that the cemant
copper would have to be furnished to the smelter in the form of pellets in
order to feed them directly to the copper converters. This required the
addition of the pelletizing plant for the cement copper. However, it was
impossible to pelletize the cement copper because of the high moisture
content (30 percent) which is very difficult to eliminate. In early 1977, it
is being turned over by front-end loaders to drive out the moisture from the
stockpile. This handling breaks down the copper pellets and dilutes the
final product to approximately 40 percent copper, 0.05 ounces of gold per
ton, and 3.5 ounces of silver per ton. All of these problems were not
anticipated when the original feasibility studies of 1969 wers made.

a

MARKETING L

The final products from the Lakeshore project are two diffeféit;forms of
copper: cathode and cement. The cathode copper from the electrowinning

process is typically 99.9% copper, a commercial grade. It could be *-sold - on.

the open market at the spot price but Narrangesett Wire Company;" 3 subsidiary
of E1 Paso Natural Gas Company, has agreed to purchase all of thg;_cathaqe

copper production from the Lakeshore process at current marke® prieg.. “...T
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The cement co 'y a product of the vat ~caching -circuit, has g4

contained copper assay varying from 75 to 90 percent; this product requires

d further ‘refining before commercial sale. It is shipped to ASARCO (60 percent

(‘fi - to Hayden, 30 percent to El Paso, and 10 percent to Tacoma smelters). 4

AT combination of high treatment charges on the cement copper (approximately

.é¢§50/ton~;for13melting and refining) plus the cost of handling, rehandling and
z=-dilution+have had a strong impact on the economics of the project.

The smelter schedule for payment is based on the assay value of the

:, ;cement corcentrate. The smelter deducts 1.5% of copper procuced, anc¢ then

- pays 100% of the remaining copper zt. the currant ma ket price less 5 certs 4
oound., - - )

£

'ENVIRONMENTAL FACTORS

2z ~ :

o Secazuse of ‘environmental pressures, it was unlikely that existing custom
smelters would be able to process the copper sulfide flotation concentrate
that the mine will produce in large quantity. This necessitated a new system

z=for ' processing cencentrotes  £5  salable metal products at the mine site.

" Factors governiig the selection of the new process were: ability to meet
pollution control standards today and in the foreseeable future; to take
advantage of the fact that the ore-body consists of both oxidized and sulfide
mineral portions; to produce standard marketable copper cathodes znd to be
adaptable to relatively small scale operations with minimum loss of
efficiency. Pilot tests have rroveds that the processing ~hould be successful
and meet environmental pfotection standards.

‘TYD ) From an environmentzl standpoint the overall Lakesrore process is

{ expected to be "clean", ccmpared +o other copper broducing facilities in

. existence. Estimated ncxious effluent output is minimal. In the planned
process, sulfide gases, a problem with pyrometallurgical plants, are
converted to sulfuric acid and utilized in leaching. Also, the plant site is

~-located away from any major metropolitan area; noise and dust polluticn
should not be a problem. Nevertheless, baseline data are being gathered for
comparison with future surveys.

A major concern is tailings disposal and ground subsidence. There is

sufficient desert 1and available, however, to accomodate this problem. No
delays are expected because c¢f environmental restrictions.

ECONOMIC ANALYSIS 1969

For the purpose of this analysis we assume demand for cecnper %5 increzs:z
L an annual rate of & peiCant in the long cerm and a copper nrice eotf 50
cents per pound.

The cash flow analysis for the Lakeshore project is based on the
original assumption of a five-year preprod-ction period (1969-1975) and a
vl5-year; mine life, with' full production beginning in 1975. Actual reserves
ngi§t for . a.  much longer period, probably at 1least 28 years. but most
£epuomic:projections for more than 20 years have marginal vajue.

.
% ’ ~ 21
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Assumptions witi. . espect to the anéljsis are as ‘olloﬁgim_ e
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All preproduction mining costs are expensed. : el

AR ke T

The tactite zone will be mined first, for a period of éévén; yéars.
In later years, sulfide ore will be produced from the diszeminated
sulfide zone. ;

-~

All initial investment is made prior to 1975, and 'fui;f pﬁdducpion

starts in 1975. o - S B

The percentage depletion .allowance for copper will continue at the
current rate, 15%. :

From 1969 on, copper prices are increased from 50 cents per pound at
a constant annual rate of 4%; all copper produced at Lzkeshore can
be sold. CoLt

Total operating costs will inflate at a constant rate of 6% ber
year. o

Replacement of worn-out equipment is done at original cost, by -the
end of the last year of its life time. e

Working capital is fully recovered at the end of operations. .-

u.S. corpbration tax is 48% of taxable income; state and 1local
taxes amount to another 3% of taxable income.

Recovery of working capital and income from salvage are not taxable.
The project will not obtain any capital investment allowances. '

A contract can be negotizated for the supply of required coal and
utilities with an escalation rate of not more than 6% annually.

Manning requirements and labgr costs are estimated as follows:

Personnel Total Annual Cost
Production Labor 500 -$ 7,937,000
Maintenance Labor 350 3,675,000
Engineering & Construction 135 1,535,000
Utility Men 65 715,000 : ;
Salaried Personnel _ 150 2,475,000 . - o,
Totals , 1,200 16,337.000 ‘

= ¢ < Aoy
o5 ks . 2

Mining development costs total $7,000,000; these costs are ;éxpgnség
during the preproduction period. Completed studies, pilot plants, tonus i arg
past exploration costs amount to a total of $6,200,000. This: latter ::amourt
has been expensed but must be recaptured for tax purposes. It will be

S .
"y
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% 5 P
matched by an equal _iount of depletion in 1975. Aagitional drilling costs
are approximately $5,000,000 in the preproduction period.
)

¢ ;Z?&tal;plaﬁt cost has been estimated at $109,031,000 in 1969 dollars,

“i7uyears®is $7,268,800.

T

No external financing is required.

-

i “Figure 3-8 showg the total cash flows for the project throvgh 1289. Tre

“““anzlysis ' indigates ¥a present value of $3,4:0,000 for the project at » 0y
- oiscount rate. Tre DUF-ROR is approximately G.5%.
- - B ok i

The feasibility study has shown that the iroject's estimated rate of

returr  after taxes will meet the company's assumed policy of at least a 9%

-2 "ROR, which would Suppcri a recommendatior for Heela Mining Company to join E1
#" Paso in the joint venture during 1969,

The cash flows and the rate of return are drastically affected by two
‘key ' assumptions: (1) that rprices will rise at 4% per vear and that costs
© will rise ac 6% per vesr after 1969. Actually the industry has seen some 15%
*'increases in cost ang some drastic fluectuations in price. Copper is selling
at 68 cents a pound at this writing, February, 1977. 1In terms of 1977 costs,

a price of 80 to 90 cents appears necessary to justify new projects today.

H.

5 1

g @ HECLA MINING COMPANY

v b . s
‘w\) . This part of the case stuay is an evaliuztion of the Tinancial pesi:ien
R cf- the Heola Mini.z Company foi* the years 1969-1975. Emphasis is given tc

~‘the ‘company's investment in Lakeshore and its effect on the firm during the
= Ppericd under review,

Background

- Hecla is a leading U.S. silver producer. It has interests in several
-mines in Idaho's Coeur D'Alene district and normally derives about haif of
its net income from silver operations. Volatile world Silver quotaticns,
Ctherefore,.have had a significant impazt cn the company's annual profits.
¢+ - The firm has a 50% interest in the Lakeshore Copper Project, which now
=15 ‘expected to reach tull production in the second cuarter of 1677, A
frelatively large investment has gone into the project, and long--range
-prospects for the company are dep=ndent on the Suzaass of this aining
venture. However, earnings will continue to mirror movements in silver
prices until the Lakeshore property begins to make a mez2ningful contributios .,

[
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{ﬁ:ﬂbgprégiétibn’,is based on straight-line; annual depreciation for fifteen -
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" Fundamental Position

oy

Hecla is a major silver producer, mainly through the wbqlly.owngd Lucky

Friday Mine and the company's 33.2% interest in the Sunshine Unit;Ageai:both‘
in the Coeur d'Alene district in Idaho. Interests in severzl .other.
properties are held, and the company conducts substantial éxploration

activities.

Hecla,during 1975, produced 4.2 million ounces of silver, or about 12%
of total U.S. production, 22,200 tons of lead, 6,600 tons_of:zinc,'1,200
ounces of gold and about 500 tons of ‘copper.. Silver accounted for 162.3% of
sales income, .lead 26.4%, zinc 8.6%, antimony 1.6%, copper 0.9%, and other,
0.2%. " '

Production from the Lucky Friday Mine in 1975 was 173,245 tons of ore,
grading 14.96 ounces of silver per ton, 10.71% lead and 1.29% zipc. Ore

reserves at the end of 1975 were 539,000 tons.

A 33.25% interest is held in the Unit Area property operated by Sunshine
Mining. Hecla's share of 1975 production was 62,034 tons of.ore assaying
23.97 ounces of silver per ton. Its share of the reserves was 312,000 tons
at year end. 5

Hecla operates and owns a 30% interest in the Star-Morning Unit Area in
Idaho; its share of 1975 output there was 84,648 tons of ore assaying 2.49
ounces of silver per ton, 5.00% lead and 5.64% zine. Its share of reserves
at the end of 1975 was 390,000 tons.

The company also has a 35.4% equity interest in Granduc Mines, Ltd.,
wnose Eritish Columbia copper property is leased to ASARCO, Ine. and Newmont
Mining for development. Ore reserves at the end of 1975 were 19,606,000 tons
of ore averaging 1.69% copper before dilution.

A wholly-owned subsidiary, Ace Concrete Co., is a producer of ready-mix
concrete and sand and gravel, in the Spokane, Washington, area,

Hecla has owned the 50% interest in the Lakeshore copper property since
1969 and is the operator of the property. El Paso Natural Gas Company holds
the remaining 50%. Production at the Lakeshore mine and metallurgical plants
will gradually build up to 65,000 tons per year of copper contained in
electrowon cathode and copper precipitates. Operations began in January 1976
on a limited scale. Agreements have been reached for the treatment of the
copper precipitates by ASARCO, which will purchase 60% of the copper uader -.a
long-term arrangement. Hecla has utilized bank loans to finance its share of
the Lakeshore investment. ' K -

In mid-1976 nearly $48.0 million in debt was outstanding, under a
revised $53.0 million revolving credit agreement. Cash dividends have been
omitted since Hecla's March 1970 payment. Seven annual 2% stock dividends
have since been declared. In 1975 there were 15,772 shareholders, with
6,717,578 shares outstanding ($0.25 par). El Paso Natural Gas subsidiary
owns about 17%. The company has approximately 2,500 employees. )

v,
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Near-Term Prospects

Hecla's estimated sales for 1976 are expected to rise to nearly $40.0
million, from the $29.3 million of 1975. However, the company is expecting a
loss for 1976 because of the operating losses during the buildup of

production at Lakeshore to fu11 capacity and reduced operating levels at
Granduc Mines.,

A resumption in sales growth in its major metal. is auticipated for the
near term, although silver priceg weakenad somewhzi last year; quotes e
expected to regain volatile, .decla's silvar revenues  were  redreed by =
strikz at th? Sun:Line Unit Area in 1976. Lead and zire revenues shculd
inpreve as the secnomie recovery progresses althsugh escalating costs of
mining and smelter treatment are partially off-setting.

Finanecial Strength

Figures 3-9 through 3-11 show the trend of designated
for Hecla during the Feriad 1969-1575.  Tables 3-1 through 3-3 compare Hecla
with mining industry medians in selected areas, and compare Hecla's standing
‘in  the misccllaneous metals industry group, which includes such companies as

ASARCO, AMAX, and Texasgulf.

financial ratinm«

Hecla's saies and Frofits wera irreguler during the perind (Table 3-1),
- There was a large decrease in sales in 1972, a great improvement in 1974, but
poor results in 1975, 4 large drop in profits in 1971 followed the industry
“trend, but profits continued to fall in 1972 zlthough the industry changs ir,
Profits was upwaird. - Afiar improvement in 1972-74, profits fell in 1975,

Sales per dollar of shareholders! equity w

ere off the industry median in
-every year, with the largest difference in 1975

Returns on sales for Hecla were greater each year than the
median;  the smallest difference was 15% vs 13% in 1972,
‘shareholders: equity declined in 19€9-72 in
performance, reaching a low of 6% in 1972.

industry
However, return on
relation to the industry's

Sales per employee were well below the industry median for the "whole
period. This ratio declined from $23,428 in 1969 to $14,652 in 1975. Assets
per employee were also velow the industry median each year; however, there
was a general increase in this categery overall - from $H2.462 in 1969 to

54,562 in 1975,
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LAKESHORE

TABLE 3-1.

Hecla Comparison with Mining Industry as a Whole.

1969
Changes in Sales (%)

Industry Median 12

HECLA 19
Changes in Profits (%)

Industry Median -1

HECLA 5
Sales per $ of .

Shareholder Equity ($)
- Industry Median 1.18

HECLA .60
Return on Shareholder
Equity (%) :

Industry Median 12
~ HECLA 12
Return on Sales (%)

Industry Median 12

HECLA 20
Assets per embloyee ($)

Industry Median 90, 465

HECLA 42,462
Sales Per Emplovee ($)

Industry Median 54,835

HECLA 23,433

1970

10
1

14
-3

1.21
.55

14
N

13
20

70,910
44,651

46,199

21,075

Note: base data from annual reports of

Lol
-
~

1971

-13
=23

.90
.50

12
15

83, 885
44, 00

19,353
17,591

1972

2l
-1

-16

c78
1

13
15

1973

42
-2

48
39

1.12
.37

15
21

84,291 130,015

50,375

51,496
14,106

42,922

71,074
10,503

1974

61

45 -

100
99

1.66
.46

23
14

13
29

147,852
50,819

196,378 -

14,280

the Hecla Mining Company and Fortune.

=
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1975

1.83
.43

12
20

114,898
54,562

91,380". .
11,652 .

2
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Table 3-2 ind. .tes that Hecla's annual growtn rates for the period

1964-1974  compare unfavorably with other companies in its industry group,
except in net operating assets and invested capital (which can be related
primarily to the large investment in the Lakeshore Property).

TABLE 3-2.
Anhual Growth Rates for 1964-137U: Lelncted Ce~panies

Ler Share Datz*

-

M .o
Met : Cask:  Ket on Invested
Sales Income Earnings Fiow Assets Capital
HECLA =1 -4 -5 -5 15 13
AMAX INC 10 7 6 8 13 13
ASARCO 1IN 8 8 7 9 10 11
CHROMALLOY 26 15 13 19 27 25
FOOTE MINERAL - 13 3 8 12 12 1
HANNA MINING 6 y 4 D | 8
INTL NICKEL S = 5 * ¥ 12 12
NEWMONT MNG 35 12 12 15 60 18
TEXASGULF 17 15 . 15 19 16 14
Weighted ' o s
Average 11 7 7 9 14 13

*Least square growth rate
[ ]

NOTE: Data from Financial Dynamics Services, Investors Management Sciences,
Inc., 1975. .

Table 3--3 shcws Heecla's position in  its industry group in selected
areas. Its percentage of industry categories is small. Hecla did not
improve its position relative to the other companies during the ten-year
period.
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TABLE 3-3.
Industry Group Comparison
As % of Industry Group¥

Sales Pretax Income Cash Flow Gross Assets _
1964 1969 1972 1974 1964 1969 1972 1974 1964 1969 1972 1974 1964 1969 1972 1974

HECLA 11 1 0 2 1 1 1 2 1 1 1 11 1.1
AMAX INC. 23 25 22 18 14 15 16 14 17 17 18 16 18 20 19 19
ASARCO INC. 32 25 19 21 17 20 12 11 17 20 13 14 20 16 13 14
CHROMALLOY 119 13 12 1 4 7 3 1 4 6 4 1 4 6 6

FOOTEMINERAL 1 3 3 2 0 1 1 1 1 1 1 1 1 3 2 1
HANNAMINING. 7 6 6 4 5 5 9 3 6 6 8 3 6 6° 5 4

INTERNATIONAL ‘ ‘
NICKEL 30 22 23 26 51 28 28 38 ug 26 30 34 39 33 33. 32

NEWMONT MINING 1 2 6 8 6 1 17 11 5 11 13 12 6 7 11 1"
TEXASGULF y 8 6 9 3 13 9 18 4y 14 10 16 9 11 10 11
¥Metal s-Miscellaneous

- NOTE: Data from Financial Dynamies Services, Investors Management Sciences,Inc., 1975.
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¢: I ' a . LSTORICAL DEVELOPMENT OF THE PROJECT

ﬁ, 1" .2 On 11 February 1969, Hecla and El Paso Natural Gas Company entered into
’ =. an agreement for the development of the Lakeshore property. This acquisition
© wWas considered a major step forward for Hecla in its continuing expansion
.. efforts in the non-ferrous metals field; it was to strengthen the company on
a long-term basis. The company indicated, however, that it would be
confronted with substantial borrowing during a period of historically high
.. interest rates for financing the Lakeshor e venture.

‘'« . The prcjelt was Cescriged as s major-size, porphiry-tyre de-osit.
- Hecle's exaninction 13d eomen.zed in Cothber 1568; it led o the agreements
’ - by which Hecla acguired the 50% interest., Hecla agreed (o operate t{he

- property; and advance all funds required to bring tihe property into
production.
The company's participation in development of the Lakeshore property was

estimated then to involve future capital expenditures of approximately
$100, 000, 000.

‘ In 1970 the firm announced as its major achievement the progress
. realized in planning and development at the Lakeshore copper property. It
anticipated that the first development ore would be extracted in mid-1971,
: The cost of the Lakeshore 'property, plant and equipment was placed at
. $15,876,826 for Hecla at year end, with all finanecing ocomirg  from iateraal
eompaty resourses. 'leclu's goel uas to assure the long-term future of the

" -company as an independent and diversified producer of non-ferrous metals.

_ Tne first indications of &' finds problem czme in 1970,  Lower prices :in
silver, lezd, ard zifc affected nel income at Hecla. A stock dividend of 2%
was paid in August 1970 as compared to cash dividends of 70 cents per share
paid in 1969. This assisted in conserving funds needed for financing
preproduction costs at the Lakeshore copper property. Also, there were
losses connected with Hecla's planned program of buying silver futures, minus
$431, 000 during the year;  provizion was made for possible additional
. after-tax losses of $700,000. There was a decrease in net working capital of
- $1,137,893 which followed a decrease of $2,334,122 the year before.

Ang
L4

The investment in the Lakeshore copper property was $26,367,728 at the
end of 1971. A revised estimate of the ultimate cost of the project was
$125,000,000. The company made interim financing agreements with several

_banks to provide - loans 'up  to an aggregate cf $11,00C,000 and additional
-interim financing was contemplated. . Anticipated startup was late 1971,

Difficulties increased .for Hezls in 1972, Tz e were equity lossed in
crandus  Mines, [d, and an extraordinary charge of $545,000 related to
-Hecla's portion of rescue and rehabilitation costs at the disatrous Sunshine
mine fire 1in May. - There was a loss of operating income from the Sunshine
.mine during the lazt eight months of the year, decreased production from the
.bucky Friday Mine, increased treatment charges by smelters, and inereased
labor and Supply costs without sufficient off-setting increases in metal
prices.

(3



In 1972, a crec  agreement was reached with me, . commercial banks to
provide the firm with up to $42.0 million in revolving credit loans. Upon
completion of the development and construction period at Lakeshore, the
revolving credit loans were to be converted into 5-year term notes, .payable
in semi-annual installments. The credit agreement for Hecla -contained
certain restrictions on the payment of cash dividends, and required
maintenance of a consolidated net worth of $42.0 million. -

There was a new agreement with E1 Paso Natural Gas Co., providing -for
joint -participation in financing development at Lakeshore. Each company was
to advance equal amounts of the estimated total pre-production cost,
-including start-up costs and working capital, of $140,0 million. Startup was
in early 1975. The Lakeshore property continued as "Hecla's most important
venture," even though copper in 1972 represented only 6.2% of sales income.
Silver (37.8%) and lead {34.8%) continued to make up most of the ' company's
sales.

Fixed assets (properties, plant, and equipment) had increased to
$55, 684,721, of which $45,280,918 pertained to Lakeshore.

Good progress in mine development and plant construction was attained at
Lakeshore during 1973. Metallurgical plant design was 78% completed at year
end. Firm purchase agreements were completed for nearly all process
machinery and for most plant construction materials. The work force
increased from 748 persons to 1,131 by year end. The mine was projected to
come into full production of approximately 65,000 tons of copper per annum
beginning in mid-1975. The total costs of the project were now estimated " ‘to
reach $170,000, 000, including working capital. Company borrowings amounted
to $11,340,000 at year end and the credit agreement with participating banks
was amended to increase the available 1loan funds for Lakeshore to $48.0
million. The company was required to maintain an average of $4,500,000 in
compensating balances with the lending banks.

Under the amended agreement E1 Paso provided all funds for development
of the Lakeshore property from 1 January 1973 until it equalled certain
defined expenditures contributed by Hecla through 31 December 1972.
Thereafter, Hecla and El Paso would share all costs equally. The estimated
cost of the project increased from $140.0 million to $170.0 million because
of a change in oxide ore mining plans, a higher final cost estimate for a
sponge iron plant, addition of a pelletizing plant, a six-month extension of
the plant start-up date and an increase in projected required working
capital. Hecla's cumulative investment in the Lakeshore copper property was
$51,545,414 at year end 1973. Interest expense and commitment fees incurred

in connection with the credit agreement during the construction period were .

being capitalized as part of the project cost.

At Lakeshore, there were problems with late material and equipment
deliveries and a shortage of experienced miners during 1974. El1 Paso
participated in financing the project, newly estimated to be $185,000,000.
Hecla's share exclusive of interest, was expected to be $30,000,000. Company
borrowings amounted to $20,640,000. . PLOTIO
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At 1974 yearenu Lakeshore mine preproduction work was 75% completed,
design of the surface metallurgical plant facilities was 83% completed.
However, Plant start-up was moved to the third quarter of 1975. The mine was
being developed to produce 9,000 tons per day of sulfide ore and 6,000 tons
per day of oxide ore. ‘

In 1975 Hecla's sales of concentrates and products was approximately
$29-3 million, up slightly over 1974, but net income dropped from $8.4
million that year to $5.9 million in 1975. The decrcase was primcrily
actributable toglower silver prices, substantially increased cpirating, and
smelter treatment costs, a recuction 10 net gain frcm s3le of recurifies, aad
a signifizant incrisse iy tre coupany's share in equity net losses of 35.4%
owned Granduc Mines, Ltd. .

At Lakeshore, preproduction mine development and plant construction were
95% completed at year end. Start-up of the operation was to begin in January
1976. Cement copper was to be pelletized and shipped to smelters of ASARCO,
sixty percent of this copper to be sold to ASARCO and forty percent returned
on toll and marketed through Brandeis, Goldschmidt & Co., Inc., metal
merchants. The Southwire Company was c take the cathode copper.

Hecla announced that at the then current copper price, the Lakeshore
mine operation would not realize a profit. Total project expenditures tc end
1975 were $177,771,000, including working capital and start-up costs.

Hecla borrowi:gs for its share of costs at Lakeshore amounted to $43.2
million at end of 1975. The remainder of its share of cosks was financed out
of current earnings. The average weighted interest rate, including
cormitment fees paid during the year, was 8.729.

Table 3-4 summarizes Heclas' sources and uses of funds cver the entire
period of Lakeshore exploration and development, 1966-75. Tt vividly
illustrates the appetite of the Lakeshrore project for Hecla operating and
borrowed funds. :



Table 3-4.

Sources and Uses of Funds
Hecla Mining Co.,
Cumulative 1966-75, million dollars

Sources of working capital

Net income
Depreciation,
depletion, amortization
Increase in ' »
deferred income taxes’

Bank borrowings

Sales of securities

Decrease in assets
(principally Granduc)

All other

Total

Uses of Working Capital

Purchase of stock

(Sunshine, Day, Granduc)
Dividends
Lakeshore investment
Advance royalty

payments, Lakeshore
Other property additions
Payment on notes to banks
Net increase in other assets
Net increase in working capital

Total

Million Percent
dollars of total
51.3 40
4.3 '3
17.1 13
43.2 33
6.2 5
2«3 2
5«5 y
129.9 100
3.9 3
13.6 10
94,1 T2
2.0 2
6.7 5
4.3 3
0.4 1
4.8 y
129.8 100
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The technical i financial development of the Lakeshore project from
the first drill hole through production are summarized in the following

1966
1967-58
1969

1970

1971

1972

1973

; summary and in figures 3-12 and 3-13.

SUMMARY OF LAKESHORE PROJECT DEVELOPMENT

Discovery, El1 Paso Natural Gas, prefeasibility studies.
Diamond drilling by El Paso, examination by Hecla.

()% kgreciaetts E1 By -He:la-Papago Indian Tribe. FEeola gels 5C%
interesc for 1,000,00¢ shares. Papagc Indian Tribe leases on a
royalty basis. Hecli'pperator and to advance all fuisis required tec
develep the propertiy. det income to be divided equally,
Pre-feasibility indicates 473 million tons, 0.75% Cu 3,000 ft. by
4,000 f¢t. Drilling: 101 holes, 150,000 ft. ‘Twin declines
started. Bulk Samples of oxide taken for leach test.
Metallurgical testing of sulfide completed. Preliminary
engineering assigned to P.J. Expected projsct cost: $10C million.

(2)* Flanning and engineering, underground development, leach
testing and pilot plant treatment, water and power development
consideration of mine and processing alternatives, financial
studies. Surface drilling 234,000 ft. Declines 63% completed.

s

L J

Drilling: 59,000 ft. (cumulative 319,000 ft.). Declines 80%
completed plus cross cuts. 0ld El Paso segregation plant coverted
to pilot plant. Pilot rezst-leach—electrowin plant completed.
Pilot oxide-ore-leack ‘Plan.’ reary complece. Surface construcion
work: office, changehouse, warehouse, water system, power supply.
Preliminary engineering report, Parsons-Jjurden Corp. Engineering
contracts let for detailed design. (Completion due - mid-1972.)
Production estimated late 1974,

(3)% Credit agreement (Dec.) (Prior Porrowing of $9 million under
interim financing.) Revolving credit 1loans up to $42 million
(includes refinancing interim loans) and compensating balances.
Upon completion of development and contruction revolving credit
converted into 5-year term notes. New arrangement with E1 Paso for
Joint  participation in financing effective upcn  receipt of
favorable tax rulings from IRS. El Paso to contribute expenditures
to equal Hecla. Total project cost estimate: $140 million.

(4)* Declines complete, 45,000 ft. af undergrotnd  cpeniugs
conplzte. ' Suifice orebody is’developed. Oxide orebody development
delayed by poor ground conditions. Decision to hoist oxide ore
through sesvarate shaft instead of ore pass transfer to decline.
Work on ver:ical shart underway. Drilling 17,000 ft. to explcre
lease and surrounding claims. Cumulative drilling 388,000 ft.
Process development work for metallurgical plant completed except
for some vat 1leach work. Design engineering continued.
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Metallurg. | plant 78% complete (Dec.). . _w arrangement with El
Paso effective Jan. Joint participation. All funds from El Paso
until investment equal to Hecla. Project cost estimate $170
million. Costs including working capital. Cost increased due to
change in oxide ore mining plans, higher cost than anticipated for
the sponge iron plant, addition of pelletizing plant, six month
delay in start-up date, increased working capital. Start-up
Scheduled mid-1975. Outstanding Hecla loans (Dec.) $11.3 million.
Amended credit agreement (Dec.) increases available loans from $42
million to $48 million.

(5)* Delays in equipment deliveries, shortages of materials and
Supplies. Mine preproduction work 75% complete (Dec.). Plant

. facilities 83% complete (Dec.). Support facilities 96% complete

1975

(Dec.). Plant startup schedule 3 Qrt. 1975. Rate 65,000
tons/year, 30,000 tpy of copper in cathodes and 55,000 tpy of
precipitates to contain 35,000 tons of copper (64%). Total project
cost estimate: $185 million. Higher due to higher mine
development costs and one month extension on start-up. Plan to
mine the thin high grade sulfide (tactite) first, thicker, 1lower
grade portion 1later; oxide simultaneously with sulfide. Cathode
copper to go directly to fabricators of copper wire, tubing, ete.
(Southwire). Cement copper to ASARCO smelters. Funding of the
project Hecla/El Paso equalized early in 1974. Borrowings total

$20.6 million (Hecla). Credit agreement contains restrictions on .

payment of cash dividends and requires maintenance of consolidated
net worth of $48 million. Interest and fees in connection with the
credit agreement are capitalized.

(6)* Preproduction mine development and plant construction 95%
complete. First shipment of copper cathodes Jan. 26, 1976. At
the 1975 price for copper the operation will not realize a profit
(avg. producer price 63.54 cents per pound in 1975). Start-up
began in January. Production plans 11,000 tons per day sulfide ore
and 6,450 tons per day oxide ore. Both ore flows to 17,500 TPD
fine ore crushing plant. Oxide ore to 6,450 TPD vat leaching plant
which produces 55,000 TPY of precipitates containing 35,000 TPY
copper metal. Sulfide ore treated in 11,000 TPD flotation
concentrator producing 430 TPD of concentrate. Concentrate is
treated in a roasting, leaching and electrowinning plant to produce
30,000 TPY of electrowon cathode copper. Roasting produces 200 TPD
of by-product sulfuric acid which is consumed in leaching. The 250
TPD of leach residue to filtered and converted to sponge iron for
use in precipitating iron from the vat leaching solutions.

(7)* Full production rate expected during 1976. Cement copper is
shipped to ASARCO smelters (60% sold to ASARCO under a long term
agreement, UO%.marketed through Brandeis Goldschmidt & Co. Inc.

* Numbers in parenthesis refer to project developnent shown in
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figure 3- .2,

DISCUSSION

In its industry group, the Hecla Mining Company represents only about 1%
in .sales, pre-tax income, cash flow and gross assets, for the period

: . 1964-1974. It is not one of the larger firms.

For the ten-y~ar period, Hecla had negative growth rates in Sules, &b
income andg earnings. Hovevar, the edmdany nas growa in net opereting assoets
and invested cupitel, wmainly becaus: of its participation with E1 Faso in the
[.akeshore projec:.

The Lakeshore copper property has proved to be much more costly tizn
articipated, and is late coming into production. Initially, the project was
to represent an investment of approximately $100,000,000 and to begin
production in 1974, with the first development ore to be extracted in
mid-1971. The 1975 estimate of the ultimase preproduction cost yas
$195, 000, 000, including start-up costs and $8,300,000 bf working capital. Iz
was estimated that additional working capital of approzimately $10.0 million
would be required to finance in-process and in-transit materials and accounts
receivable. Full production is not expected before mid-1977,

Through 1971 Hecla financed the Laleshore project witk internal furas.
As  a result the couipany sivopped paying cash dividends in 1970 and has paid a
2% stock dividend in August of each year, 1970-1976. At erd of 1975 the
average number of shares outstanding was over €,700,000: in 1966 there had
bsen only 2,456,651 shares outstanding. In 1972 it wss necessary tc obtain

:  debt financing. Hecla's investment in the Lakeshore property in 1975 totaled

$104,300,000 with related borrowings of $43,200,000 outstanding at year end.

Overall, the effect of the Lakeshcre project to date has been debt
acquisition, stock dilution, halt of cash dividends, decrezses in working
capital (1969-72), and the buildup of assets not yet matched by 3
corresponding increase in sales. These eroblems can bte traced to the current
depressed condition of copper prices and to the technical and marketing
problems of Lakeshore,

The number of employees at Hecla hzs increased frcm S00 in 1969 to more
than 2,500 by the end of 1975. This is reflected in the ratios of sales to
employees and assets to employees. Industry ratios were up, especially in
1970-74; but Hecla's sales-to-employee figures were down. Its assets to
employee ratio was relatively the same in 1970-75, since assets and number ¢f

emplcyees were hoth increzcing at thi® “ime. Szie3 and profit changes were

lower in the late' 1960's and early 197C's, since there was no contribution
from Lakeshore and there were adverse effects from price pressures, price
dbntrols, the Sunshine Mine fire disaster in 1972, and unprofitable
operations of Granduc Mines. There was a favorable change in 1974, primarily
due to significantly improved silver and lead prices, which mcre than cifset
increased operating and smelter treatment costs. This trend was reversed in
1975-76 with net operzting losses at Lakeshore.



A strong featur .f the‘company has been its pr._ it margin, which has
been consistently higher than the industry median. Its main weakness seems
to be in not significantly increasing its sales. Sales of concentrates and

preducts in 1965 were $21.4 million; by 1975 sales were still only $29.3
million.

The firm's lack of real growth, in part due to its large investment in
the Lakeshore project without any returns to date, is shown in its declining
net income per share. :

In today's stockmarket (January 1977), the Hecla Mining Company's ccmmon
is selling at approximately $12 a share. Its range for 1976 was $10.80 to
$17.25 with a price-earnings ratio of 14. The estimated cash value of the
stock dividend in 1975 was $0.37. The book value of a capital share in 1975
was $9.96. Evidently, investors in general must believe that the company
will have more than a normal rate of growth in the future, possibly because
of the Lakeshore mine coming on stream. More than a nominal contribution
from the Lakeshore Property is going to be required for Hecla to improve its
financial position and growth rate. This contribution, in turn, will require
a recovery in copper prices, an industry wide problem. At the present copper
price, the Lakeshore mine operation will not realize a profit.

ECONOMIC FEASIBILITY 1976

The following rate of return (DCF-ROR) computation is based on realistic
estimates of cash flows of the Lakeshore project for the years 1969-1990. It
is not known what rate of return was actually expected by Hecla, or what
assumptions were used in 1969 and earlier, with respect to the Lakeshore
project. It seems reasonable to infer that cost estimates of required
venture capital were greatly underestimated. In addition, todays'
unexpectedly low copper prices are an added burden on the project.  Assuming
copper prices increase 10% each year and operating costs increase 6% each
year, the estimated DCF-ROR for the project is 5 to 6% on an investment of
$185.0 million. The 1976 "hindsight" analysis of cash flows rate of return
and present value is summarized graphically in figure 3-14. At  a
capitalization rate of 11% the project would have a Net Presert Value (NPV)
of minus $47.9 million. Conditions must be quite different from the future
Hecla projected when it was determining whether or not to invest in the
Lakeshore Project in 1969. Copper prices were trending upward then, and the
recent recession and period of rapid inflation had not set in.

Another point to consider, looking backward, is whether the Hecla Mining
Company chose the right field in which to "diversify." For spreading or
eliminating risk, the company under ideal circumstances might have wanted "an
uncorrelated project. But, copper is fairly closely related to the firm's
other non-ferrous products. Price trends for silver, copper, lead and zinc
were all closely related between 1965 and 1975. Returns on investments in
projects closely related to the firm's basic products and markets could be

expected to be highly correlated to returns on the remainder of the firm's
assets. ;

My
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~ One might ask ... this point why Hecla has continued with the Lakeshore
project. Looking at the situation in 1975, and considering all prior costs
associated with Lakeshore as sunk costs," the picture probably looked

. - brighter for Hecla, especially with improvements in the economies of the

United States and the rest of the world. If in 1974-75 it was assumed an
additional $35.0 million, including start-up costs and working capital, was
n2eded to be invested by Hecla and E1 Paso in Lakeshore, that the trend of
copper prices would be upward (say 6% a year), that operating ccsts would
rise about 4% a year, and that at least 47,000 tonz-per-year of coppe:  could
be produced, an ertimated DCF-ROR of riore than 50% could be expected on tio
adcitional investmenc. In 2dditior, =zsih flous are high in the carly  years
of production, waich would =allow for the payoff of the lcans incurred ia
financing the project. The 1976 incremental investment analysis iy
summarized graphically in figure 3 15, .

CONCLUSIONS

Hecla's large investment in the Lakeshore corper property has weakened
its financial position in the 1970'z; however, its current ratio remains
satisfactory and its profit margins are good. Its diversification efforts
have not yet been fruitful, but the Lakeshore project has the potential to
add to the future strength of the company by recovering a great part of the
relatively large investment required in the last five years.

Thz firm's futura profits are closeW tied‘'ic the movements in silver

prices, and will come to depend more and more on the recovery of copper
priees,

ASSUMPTIONS FOR ANALYSIS 1976

"Hindsight" Feasibility Analysis

1. The tactite zone of Lakeshore will be mined first, and the zone wili
last through seven years. In later years, sulfide cre will be
produced from the disseminated sulfide zone.

2. All initial investment is made prior %o mid-1976, and full
production starts mid-1976. Realistic tonnage if 47,000 TPY of
copper; if 65,000 TPY are reached, results are more favorable.

3. Percentage depletion allowance for copper continues, at 15%.

4. Copper prices will rise at a2 cca-~tant amiua. .ate of 10%;  ali
Copper at Lakeshore can be sold.

5. Operating costs (less depreciation) will inflate at sz constant rate
of 6% a year after 1976.
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Replacement worn-out equipment is done av .riginal cost, by the
end of the last year of its life. o

/

The estimated equipment replacement schedule, with salvage value, is !fﬁg

as shown for investment and salvage after 1976.
Working capital is fully recovered at the end of operations in 1950.

U.S. corporation tax is 48% of taxable income; state tax amounts
to another 3% of taxable income.

Manning requirements and labor costs in 1976 are estimated at a
total of 1,200 personnel and $16,337,000, respectively.

Mining development costs are $7 million; these costs will be
expensed during the preproduction period. Completed studies, pilot
plants, bonuses, and past exploration costs amount to a total of
$6,200,000; the 1latter amount has been expensed but must be
recaptured for tax purposes. It will be matched by an equal amount
of depletion foregone in 1976-1977. Additional drilling costs will
be approximately $5 million in the preproduction period.

Total capitalized cost has been estimated at $185, 000, 000,
Depreciation is based on straight-line annual depreciation for

fifteen years is approximately $12,333,000.

Bank loans are negotiable; no major interest charges are considered
in operating years.

Allocated General and Administrative costs and estimated seliing and
delivery costs are computed at $1,000,000 a year.

ASSUMPTIONS FOR ANALYSIS 1976
"Hindsight Incremental Investment Analysis

The tactite zone of Lakeshore will be mined first, and the zone will
last through seven years. In later years, sulfide ore will be
produced from the disseminated sulfide zone.

Additional investment of approximately $35 million (including
starting costs and working capital) is made prior to mid-1976, and

full production starts mid-1976. All other investment considered as
"sunk cost."

Percentage depletion allowances for copper continue at 15%.

Copper prices will rise at a constant annual rate of 6%; all copper
at Lakeshore can be sold.
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5. Operating costs (less depreciation) will inflate at a constant rate

of 4% a year; in 1975, initial annual cost was estimated at
$34,417,000.

6. Replacement of worn-out equipment is done at original cost, by the
end of the 1last year of its life time. The estimated equipment
replacement schedule, with salvage value, is as shown for investment
and salvage after 1976.

7. Working capital is fully recovereqd at the end cf cpera.ions ir 1990.

8. U.S. curporation tax is 43% of taxable income; state taxes =zhount
to ancther 3%’of taxable income. :

Q. Mannihg requirements and labor costs in 1976 are estimated at =
total of 1,200 personnel and $16, 337, 000, respectively.

10. Completed studies, pilot plants, bonuses, and exploration costs
before 1975 amounted to a total of $6,200,000; the latter amount
was expensed but nwust be recaptured for tax purposes. It is matched
by an equal amount of depletion foregeone in 1976-1977.

11.  Annual depreciation for fifteen years is approximately $12, 333, 000,
assuming total ‘investment of $185.0 million.

i2. Net income losses in 71983-1990 provide tax benefits.

13.  Bank loans can be raid off in even amounts from cash flcws in peried
1977-1982; intersst charge is°5.772% ‘

CURRENT DEVELOPMENTS

Operating losses at Hecla's Lakeshore project were expected to continue
into the fourth quarter of 1976, due to high start-up costs. Stockholders
were told by the company that full production in both oxide and sulfide mines
may not be a reality until the second quarter of 1977. (Production levels
had reached 50% of capacity by mid-1976. )

The total cost of the project to July 1, 1976 was $198.0 million,
including $11.0 million of working capital. f4n additional $9.0 million of

working capital was estimated to te required by the end of 1976.

In October 1975 Lakesiiore's uxide wine wao reported operating close to
rated capacity; however, the sulfide mine reached only 50% due to problems
in controlling the caving of the ore.

It has been indicated that without an increase in the current 1level of
copper prices, it will not be possible for Hecls to recover its total
investment in the project. Profitable operations, however, will allow Hecla
to pay off financial obliga:zions incurred in funding the project.
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FIGURE 3-4 ISOMETRIC OF SULFIDE CAVING SYSTEM

/ FIGURE 3-5 ISOMETRIC OF OXIDE CAVING SYSTEM
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Hecla is expecte. to incur an overall lecss sor 1976. Long-range
prospects still depend on the success of the copper project, and trends in
silver prices will continue to have a major impact on Hecla's overall
profits.
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QUESTIONS

In view of the cyclical nature Oof copper prices, the nature of
underground mining operations, and the requirement for compley
ore-processing at Lakeshore, what assumptions and expected rate of
return would have been ne essary for you to reccmmend that Hecla
enter the joint venture? '

What are the simi'arities andg differences in considerations with
respect to a mining venture in the United States (like Lakeshore)
and one in a foreign country (like Cuaj Peru) ?Would you trade
a financial interest in Cuajone for an equal one in Lakeshore?
Justify your answer with a Ssummary of the risks involved.

& » : - . .
Do U.S. 1income tax laws and regulations favor an Investment in
mining in the United States or in a foreign country? Explain.

As a hanker, what factors weuld yor1 eramine closely in reviewing an
Hecla request for a loan to Support Lakeshore?

Wnat aspects of the operation at Lakes“cre were most affected by
inflation in the 1970's?

What are yéur estimates of future copper prices and operating costs
at Lakeshore? How will they impact on the profits of Hecla?

Was there a point in time that Hecla could have withdrawn from the
project at Lakeshore? Would you have rccommended it? Explain.

How do the earnings and benefits of the "average" Lakeshore employee
compare with those of a SPCC employee in Peru?

- What changes in the price and cost Ssumptions would yvou make in

evaluatios of tha Lakesthore Ceposit?

Do you think that some of the mining,processing and marketing
problems encountered in the development of Lakeshore could have been
avoided? What strategies might have helped?
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Do you think the assumption with regard to salvage on -this project
is warranted? Explain.

Given the importance of the Lakeshore project to the economic
survival of Hecla,do you think that too much unproven technology was
built into the project? Explain.

What copper price is needed to make the Lakeshore project "economic?

Do you think that Hecla should have diversified in commodities other
than copper?

.What strategies are open to Hecla when the high grade ore runs out?
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WISSER AND COX

CONSULTING GEOLOGISTS
88 NEW MONTGOMERY STREET
SAN FRANCISCO

PHONE YUKON 2-1436

June L, 1957

Mre Jo Do Mason, President
Transcontinental Resources, Ltde
1158 Melville Street

Vancouver, British Columbia

Deaxr Sir:

We hand you herewith the original and five (5)
jdentical duplicates of a summary report current to May 1,
1957 on the Lakeshore Copper project. Since preparing this
report, investigation of an iron by-product has been under-
taken which bids fair to increase the outcome per ton by
an amount between one and three dollars per ton. A report

covering markets, processing costs and iron reserves will be
completed by June 12, 1957,

An exploration proposal covering Transarizona holdings

has been prepared for your consideration and is forwarded under
separate cover,

Respectfully subnitted,

Jleegu 4



WISSER AND COX

CONSULTING GEOLOGISTS

LAKESHORE PROPERTY
TRANSARIZONA PROJECT

May 1, 1957

SUMMARY 3

Transarizona Resources, Incorporated, comtrols three miles along a miner-
alized intrusive comtact south of the Slate Mountains in Pinsl County, Arizona.
Oxidized copper deposits with a high magnetite content in calcareous rocks, occur
in Pive areas on Tramsarizona property. At the Lakeshore ore body there is drilled
off, with a 1500' length, 2 million tons gradimg 1.76% copper after allowence for
open pit mining dilution. The association of copper with magnetite allows other
ore bodies to be preliminarily located by geophysicel means. Eight magnetic
anomalies along a mineralized contact remaim to be explored; of these two are
knowa to comtain copper-magnetite mimeralization. The mineralized belt extends
two miles to the south and en additiomal mile to the north beyond the Lakeshore
property. Application has been made to the Papago Indiam tribe for a prospecting
permit for these and other favorsble mineralized areas in the surrounding 36
square-mile region.

Metallurgicel work done in a cooperative program with the U, S. Bureau of
Mines has developed a process combining a corditioning roast with flotation to
recover more tham 90% of the total copper imto a marketable metallic copper flo-
tation comcentrate. Preliminary cost estimates, based om leboratery scale pilot
plant, indicate a direct cost of copper of mot to exceed 1lh.k¢ per pound before
write-offs and cost of marketing. Including write-off and open smelter schedule
marketing, the estimated cost of copper is 21¢ per pound.

-Capital requirements to bring the Lakeshore property imnto production are
estimated at $1,300,000 in plent erection, service facilities and operating capital.

Because this is a process untried at a commercial scale and because substantial
exploration possibilities remain at Lakeshore, it is recoumended that a minimum of
$l50,000 be expended in pllot plant metallurgicel work and in further exploration
at the Lakeshore property. Pilot plant work should be dome at a scale of not less
than 50 tons per day. Exploration work should comprise both airborne geophysical
end diamond drilling on the known anomalies.

Presuming that such expenditure substantiates the preliminary cost estimates
now possible, there is indicated an operating margin of 8.65¢ per pound of copper
or $2.51 per ton ore. Om & 330,000 tons per year basis, there will be an annual
operatingprofit of $871,000.00. The time necessary to recapture the expenditures
will be 1.5 years. There will remain 1,510,000 tons of ore at the end of the
recapture period which should yeld a profit of $4,000,000. Because these figures
include write-offs over the total life of 6.0 years, the ratio of profit to in-
vestment is 4.0 to 1. This proforma estimate is made with a price of copper
at 30¢ per pound. For each 1l¢ change in the copper market, price,
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the proforma operating profit varies by $100,000per year., This proforma estimate is
based solely mn proven reserves without regard to probaeble ore or exploration
possibilities defimitely known. No provision is made herein for income taxes.

Therefore, subject to confirmation of these estimates by pilot plant work,
the Lakeshore property appears to have good profitability and to be a legitimate
and reasonably comceived mining venture.

REAL ESTATE: There is attached hereto a map of Arizoma locating the Lake-
shore property and a gemeral index map of the Lakeshore area, showing the property
held by Transarizona. Briefly, reviewing the owmership status » there are five
underlying agreements which are controlled by Transarizona Resources.

The first of these is the Treasure State option in which Transarizona holds
an undivided 85% interest from Freeman and McClure, The option is for an indefinite
period of time from the Treasure State Mining Company, a Montanta corporation. It
calls for a minimum royalty payment of $1000 per month and production royalties on
a sliding scale ranging from 25 to 12 depending upon the price of copper. The
tekeout price on a royalty basis is »000; the take out price on a cash basis
is $300,000. There has been paid under this option to the end of April, 1957,

- Payments fall due on the 8th of each month. They are made to the First
Nationmal Bank of Arizona, Phoenix, Arizona, as escrow agent.

Transarizona is the bemeficiary of an 85% undivided interest in that Indien
land lease held by Freeman and McClure, originally comprising the S% of section
25 and the N% of section 25, T10S, RUE, Gila Meridian, lying in Pinal County,
Arizoma, entirely within the Papago Indian Reservation. This lease is ratified
by the Secretary of the Interior and is a standard-form Indian lease, calling
for a 10% royalty with mo take-out price on mineral production. There are certain
minimum annual rentals under this lease which, although complicated, aggregate
about $1500 a year. There was paid as a bonus for this lease, $5,8000 to the
Papago tribe. On May 3 » 1957 the Papago tribe ratified a proposal to exchange
part of this land for adjoining lemds as indicated on the attached index map.
The reason for this exchange being the greater probability of mineral om these
lends. In order to effect this tramsaction it was necessary to pay the Indians
an additional bonus of $2400. The land exchange must still be ratified by the
Secretary of the Interior.

Transarizona Resources holds directly an option fiom Theodore Drake of Coolidge,
Arizona on the Slate group of 3 patented anmd 19 unpatended claims. The Drake
option must be exercised on or before the 19th day of June, 1957. Thereafter a
minimum monthly royalty of $250 per month is due on or before the 10th day of each
month. Royalties under this lease are 10% of the net smelter returns. The takeout
Price is as follows: When the lessee shall have paid the lessor a total of $151,000
in royalties or advance royalties » he shall be granted am option to purchase the
properties for $5000. Under the underlying Freeman-McClure-Transarizona agreement,
Freeman and McClure automatically acquire 10% interest in this Slateoption.

Transarizona holds an undivided 85% interest in a water prospecting permit
granted by the Papago tribe to all of the lands within a radius of three miles
of the collar of the Arizoma shaft, as indicated by dashed line on the attached
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index map. This can be interpreted as an exclusive right to prospect for water,
but is not necessarily so.

Iransarizona and Freemen end McClure have made application for a prospecting
permit on 1 township or 36 square miles surrounding the Lakeshore mine. This,
as shown on the attached map, is divided imto four guarter townships. Und er the
rules which now apply to Indian lands » this must be placed for public bidding. °
We have made such a request to have the lands brought to public bidding and it
probebly will be 60 days to 4 momths before such bidding actuelly can take place.
It 1s important therefore that as little publicity be given to this venture as
possible, until such time as the lands are bid for and obtained. '

The pertinent items as to loeation, accessibility end available facilities
at the Lakeshore property are as follows:

1. Property is located 26 miles south of Casa Gramde on a first order
gravel roed which is under comtract to be paved dur 1957, When
the paving is completed, the property will then lie 1% miles from
mile 25 of the Casa Grande-Sells paved highway.

2. The area is flat or gently sloping desert amd it is feasible to build
a road with very little expense to any part of the area. There is no
surface water. There is very little surface vegetation except desert
plants,

3. The nearest rail shipping point is the Southern Pacific Railroad
main line at Casa Grande, Arizoma.

L. There is no telephone available or possible at the property.
9. The closest power lines are 20 miles airline from the property.

6. The closest gas line is the main 8-inch lime to Ajo which passes
11 miles north of the property in Santa Rosa Wash. The property
can be served either by the Tucson Gas Company, if a plant were
to be built in Pima County, or by the Natursl Gas Service Company
or Arizoms if it is located in Pinal County. You will note that the
county line more or less bisects the existing property.

To An adequate supply of Papago Imdien labor is availsble. There is
very little skilled labor in the area.

8. Adequate warehouse stocks for most machinery are carried in Casa
Grande. Major mining supply houses are located in Tucson end Phoenix
which are not more tham % hour by air from the property.

9. It is feasible to build a light plane air strip with minimum expense
at the property.
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10, Two existing test wells, both intersecting more than 200 feet of
wvater saturated gravels and a pumping well three miles distant from
the property lead us to believe that am adequate water supply can be
developed. However, we have not conducted pumping tests and until
such tests are conducted, it will not be positive to state the precise
amount of water available. We are guided im these thoughts by the
opinion expressed on our behalf by the U. Sy Geological Survey Ground
Water Division geologist in charge, Leo H. Heimdl.

11l. The elimate of the area is the usuel southwest Arizoma desert
climate, It is even temperatured in winter with occasiomal flooding
storms. It is hot-temperatured reaching 115 degrees or higher during
the summer, with occasional rain storms and flesh floods to be expected
in August end September. In gemeral, however, the climate is agreesble
and not unduly severe. Frosts are unkmown.

WORK PERFORMED

Physical work has been performed om the Lakeshore property itself, other
then Metallurgical work, during the periods May 18 to September 20, 1956 and
March 15 to date. The work dome may be divided into six categories,

Surveying

Starting with the U, 8. land subdivision monuments, a close tramsit chain
traverse of third order accuracy, has been carried aroumd the originsl Treasure
State claims and Indian lease, resulting in the fimal location of 6 permanent
bench marks from which surveying may be taken off im any direction. Transit
control has been extended to the south over the Slate group. There is no tran-
8it control to the north. A topographic map of the Lakeshore mime aree has
been prepared. A geologic and planimetric mep of the Slate mime 1s in preparation.

Geological Work

A recomnaissance of the entire 50 square mile ares around Lakeshore, on a
scale of 1 inch equals 1/2 mile was completed by M. W. Cox. A detailed geologic
map of the original holdings on the scale of 1" to 200° has been completed. A
detailed geologic map of the Slate group area, at 1" - 200' is in progress.
Detailed geologic maps of the mine workings and a composite geolpgic map of the
areas immediately surrounding the Lakeshore mine on a scale of 1"'- 40' has
been completed. The results of this work has, and will be portrayed on plans
and sections.

Geophysical Work

A ground magnetometer survey utilizing a Schmidt type magnetometer has
been completed on the original square mile Indian lease, the more or less 1/2
square mile area immediately north of the lease and a similar survey is in
progress on the Slate group. Part of this work was done in comtract by United
Geophysical Corporetion, the balance by Scott Allen, Lyle Dunn and 8id Ellis.
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employees of Tramscontinental Resources. The work is in veried orders of pre-
cision. In the center block the traverses are 200 feet apart, with 4O and 100
foot ground stations. In the south end a similar grid is in progress. In the
porth end, the traverses are 300 feet apart with 200 foot cemter ground statioms.
Further geophysical work im the north end is indicated,

Physieal Exploratiom

Three types of physical exploration have been conducted on the property;
underground work, drilling amd trenching. Two deep tremches, put just north
and south of the main shaft at the Lakeshore property involved the moving of
some 15,000 yards of aluvium and the mining of 2700 toms of ore for test purposes.
The greater part of this ore is still available at the property for testing.
These tremches had a meximum depth of 4O feet and a maximum length of 40O
feet. They are detalled and summarized in the summary report of September
15, 1956. Additional shallow trenching has been done by bulldozers in the
S8late group in conmection with the magnetometer work. This trenching is
simply to cleam up old pits amd known mineralized outerops for geologic mapping.

Underground work consisted of erecting a temporary headfreme, slebbing
for sampling purposes, two crosscurte on the 152 level ard hoisting some 23 tons
of broken rock for leach testing.

Drilling by Trensarizona was all performed by dry rotary methods. Trans-
arizona and its predecessor, Consolidated Uranium, have drilled a total of
some 90 holes in the maim area and am additiomal 11 holes im the surrounding
ares for exploratiom purposes. All the results of this drilling, maps, cross-
section and detailed assay plams and drill logs, are reported in the summary
report of September 15, 1956, amd will not be repeated herein.

Metallurgicel Work

During the first period of activity, detalled invegiigation of all the
possible varieties of sulphuric acid leaching of Lakeshore ores were investigated.
These activities came to a complete stop om September 20th. They msy be most
charitably reviewed by saying that technically trickle or heap leaching was the
most successful, but at such a high cost per pound of copper that economically
the processes are not applicable to Lakeshore ores. At this time, segregation
metallurgical work was begun which has been very successful and it is reviewed
separately in this summary report.

Planning and Estimation

In the summary report of September 15, 1956, there were gathered together,
in as complete a form as feasible, all of the cost estimates necessary for mining
and processing plants and operating information. This information is not
repeated herein except to utilize the results thereof as they are appliceble to
the changed economical conditions imposed by segregation metallurgy. On January
20, 1957 outcome and capital requirements for Lakeshore property were reviewed.
They are again reviewed herein as a result of theseprevious detailed studies.
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GEOLOGY & NATURE OF ORE DEPOSITS:

The Lakeshore copper property lies on the southwest flank of the Slate
Mountains in the Sonors desert province of Arizona. It lies some 20 miles
porthwest of the Silver Bell mine of Americem Smelting & Refining Company, which
in turn lies some 20 miles morthwest of the copper properties of Pima Mining
Company, Banmer Mining Compeny and Duval Sulphur Company in the Sierrita Moun-
tains. The Slate Mountains are composed of preCambrian achists overlaim by a
think sequence of limestones, quartzites and shales. These include members of
the Apache, Martin, Escebrosa and Naco formatioms of preCambrian or lower
Paleozoic age. Overlying the limestones with marked unconformity are 5,000
to 10,000 of clastic and volcenic rocks of Cretaceous (1) age. All of these
rocks are invaded by a quartz monzonite stock, having an area exposed to the
surface of roughly 3 square miles.

South of the Lakeshore Mountains is a wide desert flat between Slate
Mountains end the Santa Rosa Mountains. Santa Rosa Mountains are underlain
by preCambrian gneisses and dioritic rocks that are overlein umconformably by
a thick boulder comglomerate of undated, but probably Cretaceous, age.

While in general the mountains ranges trend north-south the structural
trends of the region are definitely northwest. Interior structure of the
ranges is not reflected im their shape. Their shape is due to very recent
range front faulting which is entirely post-ore in age. Both the Santa Rosa
and Slate Mountains are rugged in topogrephy, arising a maximum of 1500 feet
about the general desert area. The bedrock slope in the general fromb pediments
of the range is 200-500 feet per mile. However, the surface slope on pediments
emd aluvium is only 50-100 feet to the mile, so that at a distence of 1 to 2
miles from the range fromt, the bedrock is buried beneath 200-500 feet oxr more
of aluvium. '

As may be seen on the attached general index map, strong northwest faulting
breaking homoclinal dips in the sedimentary and volcanic rocks is imtruded by
quartz monzonite and satelite jptrustions. The western margin of the quartz-
monzonite intrusive is very strongly faulted amd closely sheared in a number of
places. This contact can be followed for a distance of sbout 3% miles. The
general faults zones into which the monzonite is intruded cen be either traced
or inferred an additional mile and a half to the morth and 2 miles to the south.

Mineralization occurs along this general northwest, southeast drend for
the entire distance known. Within the intrusive mass, there is some dissemimated
copper mineralization in the north end of the known belt, and numerous quartz-
chalcopyrite, tetrahedrite velns vith a northwest strike within the monzonite.
However, the monzonite in itself 1s not very heavily mineralized, and it can,
in no place visible at the surface, be described as a possible "porphyry” dis-
seminated minerslized mass. The principal mineralizatiom occurs on the faulted
zones on the west side of the intrusive and in limestone, shald and quartzite
contacts to the west of the monzomite. Two types of mimeralization are present; -
chalcopyrite-magnetite scarns in the 1imestone-shale rocks, now almost com-
pletely oxidized, and quartz-copper mineral veinlets, mow completely oxidized,
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-which appear to originally have been quartz , cholcopyrite, pyrite veinlets, vith
a very low pyrite and sulfur content. Intense breaking along the mineralized
zone has resulted in extremely deep weathering. Little or no sulfides have been
found to the depth of exploratiom which is 575 feet in one area. Because of

the limey and argillaceous gengue in which copper has been deposited, the copper:
has not been transported but fixed as silicate, carbonate, metallic copper,
copper oxides, with probebly very little transportation.

The principal ore body is the Lakeshore deposit which is in oxidized stock
work zome whose shape is determined by faulting and shearing along the quartz-
monzonite contact. It is elongated in a morth-south directionm, dips to the
east underneath the monzonite. The ore body has a high magnetite content and
is easily discsznable from magnetic geophysical worke.

Scern and replacement type copper deposits are known at the Isabella,
Slate and three other properties southeast of the Slate mine.

In the general vacinity of Lakeshore and to the north and south are a
large mumber of more or less east-west tension veins ranging from a few inches
to a few feet in width and conteining complex mineralization in a quartz gangue.
Pyrite, chalcopyrite, galena and spahalerite are either visible or can be in-
ferred in the gossans from those veins. While none of these deposits seen are
in themselves commercially valueble, they do indicate the strong continqation
of mineralization both in the north end south of the area where copper mineral-
ization of commercial importeance is kmown. Similar quartz gossan veins are
found along the flanks of the Sante Rose mountains to the south. Because of the
distribution of limestones, Cretaceous volcanics and pre-Cambrian gneisses
across the valley between the Slate Mountains and the Santa Rosa Mountains, it
is necessary to infer strong regional structures in this erea. The area has no
outerop other than a few isolated hills of limestones.

PROVEN RESERVES :

There are no chenges in the proven reserves at the Lakeshore mine from
the summary report of September 15, 1956. After allowance for dilution and
mining, to a maximum depth of 250 feet, end within the area completely drilled,
there was estimated at that time 1,528,000 tons grading 1.76% copper with an
average waste: ore ratio of 1.3 to 1. To this may be added, as proven ore, in
the extension of the pit to an additional 4o-foot depth and the extemsion of
the pit from section N-385 to section N-764, 510,000 tons with & 1.75% grade
after mining dilution. In round figures, therefore, the proven reserve at the
Lekeshore property is at this time 2,000,000 tons grading 1.76% copper minsble
as an open pit with approximately a 1.30 to 1 weste/ore ratio.

EXPLORATION POSSIBILITIES:

We feel that a feir statement is that exploration possibilities for sub-
stantially larger tonnages of the same type of ore known at the Lakeshore mine
and for ores amenable to segregation metallurgy in the limestones are excellent.
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Within the same geological zone as occurs the Lakeshore ore body, magnetometer
work indicates at least eight other magnetic targets of exploration interest.
During the 1956 work, two of these targets were explored indicating the magnet-
ometer anomalies reflected copper magnetite mineralization of considerable size
and of e grade comparable to the Lskeshore ore body., No further work has been
done on these largely because they are in a limestone gangue and at that time
the metallurgical process visualized sulphuric acid leaching which would not
be applicaeble to limestone ores. ‘

A little mver three miles of the favorable quartz monzonite-sediment con-
tact is now controlled by Transarizone Resources. This same contact extends to the
north and the south, at least a mile and a half in each direction. There is
known mineralizatiom at the north emnd of the Tramsarizona property, im the Slate
group of the Tramsarizona property and kmown mineralization at least a mile to
the south of the Slate group. While it is not possible to make a tommage esti-
mate of inferred-ore at this time, ome should realize that the order of manitude
visualized will be in the range of a few million tons of grade similar to that
at Lakeshore. It is emtirely possible, however, that several such ore bodies
may be found and that the ultimate reserves of the area may well reach 10
million toms or more.

At the completion of the geological and magnetometer work now im progress,
targets for exploration drilling may be selected. This drilling can in large
measure be done with rotary methods, but in some areas it may be necessary to
diamond drill. The amount of drilling which is required, requires an ecomomic
- judgment as to how much drilling ought to be done and what reserves ought to

be indicated or disproven prior to building a plant in this area. It would
appear that a minimum of $40,000 to $50,000 in drilling presemts itself at
this time.

Up to this point we have discussed possibilities in what might be determimed
the Lakeshore mineral belt, the larger part of which is now controlled by Trans-
arizona Resources. There are, as outlined under gemeral description of geology,
interesting exploration possibilities within the four l/h townships indicated
on the attached index map. We suggest that if this groumd becomes available to
us for exploration that airborne surveying should be undertakem. This should
involve complete photography of the area, preferably in color, preparation of
an index map and flying by electromagnetic and magnetic methods of about 18
square miles of the immediately adjoining area to the south and some to the
north. The principal type of mineralization which may be expected is more or
less the sort of thing found in Lakeshore, that is, copper-magnetite and quartz-
chalcopyrite mineralization that is deeply oxidized. However, it is not without
possibility that concealed within the valley flats to the south of Lakeshore
is a second porphyry intrusive such as is visible at the Lakeshore mine and it
cannot beruled out that porphyry or disseminated type minemlization may be
encountered in this area.

Both the southwest slope of Slate Mountains end the northeast slope of
Santa Rosa Mountains comtain innumerable small copper showings. The presence
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of so much smoke in an ares and the fact that the primcipal mimeralization in
this ares and many other areas of the southwest, such as the Pima, Duval and

San Manuel areas Hes along the ramge fromts, all combine to indicate that the
ground between Lakeshore mine on the north end of the Santa Rosa Mountains is
extremely interesting from a long range exploration stamdpoint.

MINING METHODS AND COSTS:

Methods applicable to the Lakeshore property are fully discussed in the
summary report of September 15, 1956, They may be summarized by stating that
the ore body is of such a shape as to be amensble to low cost opem pit mining,
e very small smount of imitial stripping is necessary to begin opemtions. The
ore is proven to break easily into reesonsble sized fragments, to drill eesily
and to take a very low powder comsumption. Prelimimary pit plans were drawn
up on September 15; mo further work has been done along this line nor is any
other work necessary until such time as a decision to plece the property in
production is made.

It is estimated that it will be necessary to move & maximum of 500,000
yards from the known Lakeshore ore body and a mimimum of 150,000 yards in order
to start production. We estimate that this may be contracted for a price not
to exceed 30¢ a yard imcluding placing a minimum of 100,000 yards in tank base
heaps and diversion dems. We have previously assumed that all of the yardage
will be stipped initially, end we therefore allocated a distributed cost of
10¢ per ton of ore against this yardage. '

) In the summery report for September 15, 1956, we estimated a direct cost
per ton handled during the first year of 61¢ a ton, and thereafter a 46¢ per tonm,
assuming that the company does its own mining. We have discussed the basis of
these bids with numerous comtractors and feel that a comtract price per ton

of ore delivered to the crusher of somewhere around $1.30 a ton will be realized.
We will hereafter use this figure for estimating pwrposes. The details of these
estimetes are contained in the report of September 15.

METALLURGICAL METHODS AND COSTS:

Since the details of the flow sheet best suited to Lekeshore ore have yet
to be determined, it is necessary to outline the possibilities and to make a
selection of the most probsble flow sheet for estimating purposes.

The verious combinations of methods which seem reasonsble at the present
time ave as follows: (1) segregetion-furnacing followe by flotation to yleld
a metallic copper product for the smelting market. (2) segregation roasting
followed by ammonia leaching to yield pure metallic copper for the metal powder
market. (3) from either of the above, a by-product of magnetite comcentrate
vhich may be nodulized for the irom-ore merket, or reduced to metellic iron
for the sponge iron merket for use as a precipitant in the leaching plants at
the major copper properties of the Southwest. In ader to have & basis for
'estimeting we are using the first possibility, that is, calcining followed by
flotation as the method which will be followed. We will assume that iron can
be marketed as a by-product, but will estimate the outcome therefrom separately.
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Details of these various possibilities and their detailed costs are included
in the analysis of segregariom metallurgy which accompanies this memorandum.

There are a number of areas of probaebly improvement of metallurgy over
test date as of this date. First is substitution of Asrofall grinding for
conventional pre-stage crushing. Information submitted to us by Aerofall
engineers indicates that it is entirely féesible to take pit run material to
a -65 mesh in an Aerofall mill with a crushing cost of nmot to exceed 20¢ a ton.
This is not much over half the estimated cost of grimding in a comventional
mill, and in addition hes the advantage from our standpoimt that the effluent
- material from the mill will be completely dry and it will mot be mecessary to
artifidally dry it prior to feeding it to the furnace. We do not yet kmow the
maximm through put rate amd the lowest fuel im put rate to the calcining fur-
paces. This will be determined by further metallurgical work. We a= motcyel
cértain of the best degree of grind and the optimum flotetion comditions which
are best determimed by pilot plamt work om at least a 50-tom basis. While flo-
tation metallurgy results to date have been excellent, we feel they can still
be improved. Of course, if the smmomia leachimg work beimg done at the Univer-
sity of British Columbia indicates the probebility of makimg, in opea vessels
without pressure, a good extraction of copper amd it's precipitation by hy-
drogen as metallic copper, this mey completely eliminate flotation from an
economic standpoint alone.

MARKETING OF PRODUCTS :

A very decided unknown in the Lakeshore outcome is the best market for
products to be made. Two products are possible - copper and irom. Discussing
first the copper, we have two possibilities.

There is en assured market for copper concentrates at some one of the
10 smelters in the general southwestern United States. In this event, how-
ever, one may saticipate a ninimum of l&% énd a maximum of 6% a pound of coppexr
marketing charge. Since Lakeshore will produce somevhate between 40 and 50
tons a day of 30% copper concentrate by flotation, there will be no problem of
fPinding a smelting outlet for this amount. Any larger amount of copper might
be very difficult to find smelter room.

The preparation of copper metal powdéw:' and copper chemicals either from
the flotation concentrate or directly from a precipitate, made by Dr. Forward
in the emmonia leaching process, offers other markets which would return a
higher cents per pound of copper manufactured to the Lakeshore eperation. The
magnitude of such markets is not greast, howevery it is probably that not all
of the Lakeshore production could be marketed even to the most favorable cir-
cumstances in western United States as copper powder for chemical and paint
processing.

There are two possible markets for irom as & by-product from the Lakeshore
property. You will note that it is probably that roughly 10% by weight of the
feed to the plant will result as an irom concentrate. If this material is
nodulized, it will become & premium grade of premium character feed for blast
furnace operations and can be marketed as irom ore ab somevhere around $17



WISSER anp COX

CONSULTING GEOLOGIBTS

-11-

to $16 a ton. If however the fimely divided comcemtrates were reduced with
coke to spone irom they could be marketed at a value of about $35 a ton for
precipitation of copper im acid leaching circuits. The market for such mat-
erial is almost unlimited in the southwest at the present time since the
price of tin cans for this purpose has now reached $45 a ton, f.0.b. Globe,
Axrizona.

CAPITAL INVESTMENT :

We see no reason to change the estimate made om January 20,1957 of plant
costs for the lLakeshroe property which is repeated herewith.

Capital required for a 1000 ton per day (380,000 tons per year) plant &t
Lakeshewe mine is divided into 3 categories: It is presumed that risk capital
to the omset of actual plant layout is elsewhere epportioned only partly -
against Lakeshore property. '

1. Cost of Treatment Plant
(no allowance for Irom recleiming)

As Detailed $ 905,500.00
2, Operating Capital - 60 days - 250,000.00

3. Sextice & Invento ,
8o Gas Line 90,000.00
g.g Inventory 50, 000.00

Total Capitel required to install and
operate Lakeshore Plamt $1,295,500.00

PROFORMA. OUTCOME

In view of the uncertainties inherent in a new metallurgical process,
any estimate of outcome is made under a group of assumptions. The assumptions
made are as follows: (1) the operation will be on e 330-day per year basis,
(2) mining will be done by comtract at 1000 tons per day, (3) metallurgy
will utilize conventional grinding and furnacing followed by flotatiom. No
installation will be made to recover iron at the initiation of operations.
With these assumptions the following proforma outcome seems reasonsble.

Investment: $1,300,000
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Projected Revenue:
Net Smelter returas, open conbract
fob mine, per ton mill feed,

@ 30¢/4# Cu and 90% recovery - = = = = = =~ $ 7.66/ton 2k .50¢/# Cu
Lees - operating costs, including

royalty peyments, and deprecistion- - - = = 5,022/ton  15.85$
Operating profit before depletion and

income taxes - = = = - = = = = = = = --- 2,64 /ton 8.’5#/# Cu

@1000 tons per day (330,000 tons/ years)
Annual Operating Profit is: $871,200.00

Payout period: 1.5 years

Proven Reserves depleted

during payout period: 490,000 tons
Proven Reserves remeining: 1,510,000 tons

profit: (1,510,000 x $2.64) - $k,000,000.00
Profit period: U.5 years.

Total production period, proven reserves: 6.0 years
Ratio of profit to investment: 4/1

Notes: 1. For each 1¢ change in copper market price pro
forma profit veries $100,000.00 per year.

2., Pro Forma based solely on proven reserves
without regard to probeble ore and exploration
possibilities definitely known on present
properties.

3. Depreciation recovers initial investment over 1ife of 6.0 years.
Respectfully submitted,

/M«M/&

Menning W() Cox, for

WISSER & COX, Consulting Geologists
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COPPER SEGREGATION PROCESS - METALLURGY

SUMMARY REPORT

TO

MAY 1, 1
SUMMARY STATEMENT
PROCESS ¢

The segregation process for non-sulfide copper ores involves heating

the finely crushed ores with controlled amounts of salt coke and water to T00° C
by means of an indirect fired stainless steel rotary caleiner to maintain a

controlled atmesphere. The ore is held at temperature for 12-15 minutes, then
cooled to minus 200°C before water quenchinge Copper is chemically econverted
from the oxide, sulfate, silicate or carbonate form to the metallic state with
the presence of the coke or caxrbon monoxides

The process wes developed by Minerals Separation, Ltd. and Union Miniere
du Hant Kantange between 1924 and 1931; it wes patent protected, Together with
the U, Se Bureau of Mines, ve have been working on this process since Septenmber,
1656 and have developed & number of improvements in processing and appplication.
Ve, therefore, are now applying for peteat protection outside of the United
Statese

DEVELOPMENT & RESULTS:

Work begun in September 1956 using nickel alloy "ponbs" containing a
500 gram charge. These bonbs were revolved over patural ges burners and brought
up to T00° C, the ore charge, with the reagents pre-mixed, was then introduced.
The ™bomb" was then continuously revolved over the flame with the temperature
maintained at TO0© for one houre The bomb and charge was then cooled in a water
bath, The bombs were sealed for control of atmosphere during quenching. Seome
60 tests were made to werk out the optimum for the reagents, temperature, particle
size, time, etce

A 6 inch "Pilot Plant® rotary furnace was then installed to see if the
 "homb"™ tests could be duplicated in continuocus feed equipment. This plent wes
run on a batch basis for several months teo learn furnace characteristics and
mechanicel problems, A grinding and flotation circuit was then incorporated
into the "Pilot Plant® and run in cenjunection with the 6 inch furnace on a
_continuous basis.

The contimous "Pilot Plant” tests have been run on & representative sample
from the Lekeshore Mine designated at #4ho Heeds The above tests have given an
extraction of 88 to 90% of the coppers The most recent Pilot Plant Test #154
was run on a continuous basis from 10300 AeMe - 2:00 PeMe OR April 25, 195T.

The feed size to the furnace was -10 mesh with a retention time of 15 minutes
at 7oo° Co (25% ore cross-section in tube). The furnaced product was ground
to about T0% minus 200 mesh and then floated. Reagents to the furnace were

_ 0.8% Coke - 1.7% NaCl and 3% H,0/. The reageuts used in flotation were 0002
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pot o4 - 1,06 ppt xanthate 350 - 0.04% ppt, MIBC - 4.O% ppt Lime. Results were
as follows:

PRODUCT %Ccu %Fe RATES OVERY
Furnace Feed 2.09 23.0 1,155 lbs/min
Class. O'flow 2.40 2h 4 1,03 " " -29.0% solids
Flot. Teils 0.31 22,6 1.0 " " -20.76 "
Concentrates 21,6 11.0 89.01

(one cleaning Only)

Table Concentrate 0011 68.0 52,00
Table Tails 0.37 15.0

There are only enough cells in the pilot plant to make one cleaning on the
concentrate. (See Flowsheet).

Dr. Frank Forward has done some preliminary testing using the "ammonia
leach" process and has made an extraction of 88-90% of the copper in 30-60
minutes by grinding to T5% minus 200 mesh. It is a matter of comparing the
economics of this process against the costs of flotation and smelting. A higher
grade copper concentrate can be produced by the ammonie leach method or even a
pure copper product. A study is being made of the precipitation of copper b
802 technique, H2 precipitation and electrolysis. (See Dr. Forward's reportg..

FUTURE PROGRAM

The future program is to set up a 24" Bartless-Snow indirect fired furnace
in conjunction with a 50=60 ton grinding and flotation circuit and process
2000 tons of representative ore from the Lekeshore Mine. The purpose of setting
up this larger Pilot Plant is to obtain accurate cost figures, to establish oper-
ating technique and to work out the mechanical handling problems. We now have
available for lease a "24" Bartlett-Snow furnace owned by Calera Mines in Garfield,
Utah, There is a 60-T0 ton flotation plant available for lease in Tucson from
Don Lieberman.

We also propose to set up a laboratory in conjunction with the above
pilot plant to carry on test work on other copper ores and also to do testing
on nickel orese

More test work should be done on producing an iron concentrate as a
bi-product either from tables or megnetic concentration or both. The Lakeshore
orc conteins between 15-20% Iron as magentite. A 68% iron concentrate has been
made in the lab. from the tailinge product. A study would also have to be made -
of the marketing possibilities for the iron.

ECONOMICS OF PROCESS - ESTIMATE

Using the reagent consumption from the test work to date and cost figures
from furnace consultants and manufacturers, we would have a total furnacing cost
of $1.21 per ton of ore. Using the reagent consumption from the flotation pilot
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plent we would have a flotation and grinding cost of $0.72 per ton of ore. It
is reasonsble to assume that the flotation reagent consurption would be lowered
somewhat with a return of reagents from tailings thickener water. The ball
and liner consumption will be very low per ton of ore since 50% plus of the
furnaced material is minus 100 mesh.

Following is detail of Cost Estimates:

FURNACE OPERATION:

Fuel (gas) @ 2.5 million b.t.u./Ton

@ 26.5¢ /M. cu. ft. 0.66
NaCl = 1.7% @ T.00 /Ton 0.11
Coke - 0.8% @ 20,00 /Ton 0.16
Maintenance & Operation 0.28

_ $ 1.21

GRINDING & FLOTATION:

Power, Service & Overhead)
not included - see Cox Report)

MIBC - 0,10 ppt 0.02
Kax - 350 - 1.0" 0,33
Lime - 4,0 0.04
Ball & Liner Consump. 0.08
Labor & Maintenance 0.25

$ 0.72

FURNACE & VARIABLES TESTED,

The furnace used in the "Pilot Plant" operation is a test unit that was
designed and built by the U. S. Bureau of Mines in Boulder City, and the Potash
Corporation in Henderson, Nevada, The furnace was trucked to the U. Se Be Mo
test plant in Tueson, where it was re-designed and rebuilt for "salt-coke
segregation” testing. The tube is 6" in diameter, constructed of stainless
steel #316. The length of the tube inside of the fire box or "Heat Zone" is
5* T"e The furnace is force fed by means of a hopper and a "ribbon" screw
feeder to maintain an air seal. The cooler section of the furnace consists
of a length of 6™ pipe 5% 8" long that is flanged to the stainless steel furnace
tube. The feed from the cooler tube drops into a hopper that is kept under water
for an air seal. (See Furnace Drawing). For the "Pilot Plant" operation, the
water seal was accomplished in the well of an "Esperanza" drag classifier. The
segregated or furnaced product was then conveyed, by means of the drag, to the
ballmill.

Many variables have been tested both in the lab tests and in the 6"
pllot plant. Following are the variables tested to date:
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1. Reagents - Selt & Coke: Various amounts of sale and coke and com-
binations thereof have been tried. The amount of salt required for Lakeshore
ores is between 1.5 - 2,0% On highly silicious ores we have used as low as
0.6% with good recovery. We used CP sodium chloride for the first testing
but later found that a low grade salt was satisfactory. We are currently
using a low grade salt tailing (92-93% NeCl) from Carlebad, No.Me We have
used petroleum coke produced by Great Lakes Carbon for most of the testing.
The coke is ground to minus 48 mesh. We did try the Carter "fluid coke" but
the results were inferior. This was probably due to the extreme fineness
causing coke loss, Further testing should be done on low grade coal, etce to
determine the effect, The optimum for coke in Lakeshore ores is between 0.6 -
1.0%. The coke has been varied from 0.25 to 2.0%. The coke requirement is
apparently controlled by the amount of reducable minerals present. The salt
in this process apparently forms a copper chloride and the coke or carbon
monoxide reduces the copper to metallic forme

‘ 2, Water: Tt has been found that the water content is fairly critical,
or that is, has to be controlled within 1%, The water has been varied from O.

- 6%, The optimum for Lakeshore i1s between 2.5 - 3¢5%e The water is apparently
necessary to start the reaction in furnace.

3. Time: The retention time required at optimum temperature has not
been firmly established. We have varied the retention time from 20 - 60 min-
utes. We are currently using a retention time in the heet zone of 30 minutes.
This is approximately 16 minutes warm up and 14 minute retention at T00° C. Fur-
ther test work should be done on this to determiae just how much retention time
is necessary at optimum temperature. If most of the heat zone could be used
as werm up with a short time required at maximum temp. you would of course have
much better fuel efficiency.

4, Temperature: The temperature has been varied from 600 - 8500 C.

The maximum temperature required on Lakeshore ores is 700° C. We are currently
operating between T00 - T725° Co inside temperature. Sufficient test work has

been done to fairly well establish the temperature optimum on Lakeshore ores.

5, Feed Rate & Ore Cross-Sectlon: The feed rate has been varied in
the 6" furnace from 38 - 100 pounds per houre. The controlling factor for feed
rate is the ore cross-section possible. We have varied the ore cross-section
from 10-30% of furnace tube. We currently have a 25% ore cross-section feeds OFf
course, the retention time will undoubtedly vaery somewhat with the amount of
cross-section. Further work is necessary to establish just what the maximum
feed rate and ore cross-section is. Another controlling factor im practice,
using a larger furnace, would be weight suspension.

6. Direct - Indirect Firing: The 6" pilot plant furnace now being used
is an indirect fired unit. Some test work has been done in the small "oombs "
attempting to simulate direct firing. No conclusive results have been reached
to date. T think the main hazard with direct firing is the possibility of
excess dust loss and that the necessary gases would be swept oute There is
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the possibility, however, of pre-heating the material in a direct fired furnace
and then edding the reagents and ®king the material to an i{ndirect-fired unit
for segregation with atmosphere contrel. Further test work should be done
along these lines since you would probably have better fuel efficlency.

F RO O e e ————

PROW SCHEDULE - FUTURE TESTING.

The program, as proposed for future process development, is to lease a
2L Bartlett & Snow rotary calciner and operate it for & period of 60 days and
process about 2000 tons of Lakeshore ore. The above furnace to be incorporated

into an existing grinding and £lotation plant capable of milling 60-T5 tons
per daye

A 24® Bertlett & Snow rotary calciner 18 avellable for lease from
Calera Mining Company in Gerfield, Utahe We can lease this furnace for
$2130,00 per month with an option to purchase with 90% of rental applying
on purchase price 1f we should decide to buy it A 60-T5 ton flotation plant
is available for lease from Don Iieberman in Tucson, Arlzona. We can lease

this mill for 4 months at $1500.00 per month. (See tentative lease agreements
in supporting date and diagramatlc sketch of Mill.)

The crushing facilities are not adequete in the Lieberman mill to crush
the ore to minus 10 mesh. There is a portable cmntractors crushing plant owned
by Ploneer Constructors that we have used in the past for erushing to 10 mesh.

We have purchased 10 mesh screens for this plant, We plen to take advantage

of the crushing area in the Iieberman mill to jnstell and operate the 2h"
furnace. (See Drewing)

There 1s app: tely 2000 tons of newly mined ore aveilable at the
mine for testing. This is a goed representatlve sample of the ore body.
Head sample L0 was cut from this 2000 ton ore pile.

The ore will be trucked teo the porteble crushing plant in Tucson and
erushed to minus 10 mesh and then hauled to the Lieberman mill and stored for
process testing. The Lieberman mill is located approx, 3 miles south of Tueson
on the Tucson-Sells highway.

We plan to design the mill so that the fumced product can be stored

4n a surge bin and then ‘teken to the grinding and flotation cireult or pulled
out for outside test worke

Tt is proposed to set up & smell testing hboratory' in conjunction with
the "pilot plant® so that we can .do test work on Lakeshore or other copper
ores and also do some testing on nickel ores.

The main purpose of setting up this larger "Pllot Plant™ is to be able
to arrive at some accurate cost figures, to esteblish operating technique and
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to work out any mechanical handling problems., Also to determine the applice-
bility of the process to nickel and other ores with the leboretory testing.

A breakdown of the estimated costs of the above program is attached.

Respectfully submitted,




TRANSARIZONA RESOURCES, INC.

LAKESHORE COPPER PROJECT

Outcome Estimate

1l Metallurgical Assumptions

b) 90% recovery into 40% concentrate from 1.76% Cue in headse

a) Based on operating only 90% of possible time at 30¢/1b. copper price.
¢) Xanthate flotation following segregation reducing roaste

2, Settlement Assmn{gtions

(2) AeSe& Re Open smelter schedule rates - El Paso, Texase.
(This can be improved by negotiation.)

(b) Recovery calculationss

1o (1.76%) x (20f) x (0.90) e 3L.T# Cu/Te of ore
2, Lo# concentrate or (2.5x3LeT#) =-T9e3i Cu/Te. of concentrate

(¢) 100 ton mill heads (79.3 x 100) 2 3.96 tons concentrate
b4

(d’ Payments s
(40% x 20# x 100) = (800f-20#) = T80# Cu/T. concentrate
(780 x 30¢=-3¢ = (T80 x 27¢) = $ 210,60 value per ton concens

Deductions
Smelting $ 10.00
Frédght & Trucking $.00 16,00 n omom

$ 19)4,.60 0 (] [

Net smeiter return per ton
of millfeed (194e60 x 3,96) = To66

|



3e erating Cost Estimate
1@ 330,000 Tons/year - 90% operating time)

Stripping

Mining (contracted)

Plant Services including local management

Power Plant

Non=-operating costs = includes royalty &
Head Office

Plant Operatings

Crushing
#*Furnacing

Grinding & flotation

Total Direct Costs

Plant depreciation @ 2,000,000 tons

Total Cost before Taxes

4, Indicated Cost per Pound of Copper

Direct cost per pound g%.sn
Depreciation ( %.1?2 )

Total cost of production

Per Ton

$ 0,06
1.30
0,36
020
Ol.k2

0,30
l.21
0,72

Smelting & Marketing cost - open schedule - estimated
- (This amount ellows no decrease due to negotiations)

Meximmm cost of copper

$ 45T
0,452
$ 5.022

14 42/# Cu

1,43

15.85

50

21.35¢ /#Cu.
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COST ESTIMATE ON FROCESSING PLANT

OR ION

S

1000 TONS PER DAY

' LAKE SHORE MINE

The following equipment prices are based prinecipally on "new"” items purchased
individually and the plant assembled at the mine site.

Crushi;g Section & Storages
mary crusher & Conveyors, etce

per estimate of 9/15/56.
Weightometers (2)
Rolls & motors, 68" x 24", used
Surge Bins & Conveyor Tunnels (2)
Freight & installation

Water Supplys
“Main pump, pipelines & 2 walls
1 - 200,000 gal, water tank, erected

Power Plants
HePo, Natural Gas, Direct Connected
2300 V. plus wiring, transformer
equipment -

2 Units @ $35,000
Freight & installation

Furnace Plant:
4 units per Murdoch estimate
1/10/57 - installed.

Feeders & reagent storage

Grinding Sections |
""Tﬁggftitﬁ:‘r 10 Mo to 100% - 65 M.)

1 - 8* Hardinge mill, used

1 - 60" Classifier or Cyclones
Surge tanks & agitators
Freight & installation

Flotation Section & Concentrate Storage

Conditioning tanks & agitators (2

10 - 48" Fagergren or Agitair roughers
8 - 48" Sube.A =~ 18's Cleaners, (used)
4 -~ 3" Denver vertical pumps

Feeders, samplers, etce

1 = 10* x 20* Dorrco thickener (used)

1 - 4 disk Eimco filter & vacuum pump

Freight & Installations

Carried forwardg

Cost

$ 47,800
10,000
15,000
15,000
39,000 $ 126,800

$ 30,600
6,000 36,600

$ 70,000
20,000 90,000

$150,000

10,000 = 160,000

15,000
15,000
15,000
10,000 55,000

$ 8,000

10,000
9,000
5,000
20,000
20,000 95,000

$ 563,400

.H.P.
Required

178
100

50

150
10
20

20
50
20
Lo

25

278

50

180

160
728



Brought forwards

Tallings & Water Returns
Return water tanks (2)
Return water pump & lines

Miscellaneous Plant Ttems (Est. 9/15/56)
Shop, office & assay lab. equipment
Transportation equipment

Bu:l.l%s H
enclosure =

60t x 150* @ $6.00/sq.fte
Other plant buildings
Add for larger powerhouse

Total Plant Estimates

10% Contingency
NET ESTIMATED PLANT COST:

Tf mining 1s contracted, additional exploration

and loading equipment required for Company uses

- Exploration Rotary Drill & chilia.ry
Equipment (new)

1 - Front End Loader (new)
Mobile Maintenance Equipment

Total Additional Equipmept:

* ¥ N H X K N * ® *

Maximum Estimated Plant Costsg

Mill Plant & Buildings
Ming Plant

Total Plant Costssg

March 4, 1957

Cost .

$ 563,400
$ 4,000

6,ooo 10,000
25,000
20,000
60,000
36,000

4,000 145,000

718,400

71,600

$ 790,000

$ 60,000

27,000

28,500

$ 115,500

$ 790,000

115,500

$ 905,500

B () P L
Required
T28
15 15
T43
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DEVELOPMENT OF THE ROAST-LEACH-ELECTROWIN PROCESS FOR LAKESHORE

W. A. Griffith
H. E. Day

T. S. Jordan
V. C. Nyman

Abstract

Hecla Mining Company has conducted an extensive six-stage experimental
program to develop the application of sulfate roasting, leaching, and
electrowinning to the production of cathode copper from the chalcopyrite
flotation concentrate produced at its Lakeshore, Arizona mine. This program,
culminating in the continuous operation of an integrated pilot plant pro-
ducing one ton of high purity cathode per day, has defined the limitations
of the process, revealed the important process variables and their effects,
established the metallurgical performance at optimum process conditions,
demonstrated the technical and economic feasibility of the process, and provided
engineering data for the commercial plant now being designed. In the proper
circumstances, this process appears to be a viable alternative to pyrometal-

lurgical smelting and electrolytic refining of copper.

W. A. Griffith is Vice President - Metallurgy for Hecla Mining Company, Wallace,
Idaho.

H. E. Day is Assistant to the Vice President - Metallurgy for Hecla Mining
Company, Wallace, Idaho.

T. S. Jordan is Senior Process Engineer for Hecla Mining Company, Casa Grande,
Arizona. : . :

V. C. Nyman is Senior Engineer for Hecla Mining Company, Casa Grande, Arizona.



Introduction

In 1969, Hecla Mining Company entered into an agreement to bring into pro-
duction the Lakeshore Mine, a potential major new copper producer located on
the Papago Indian Reservation in Pinal County, Arizona. Hecla recognized that
environmental protection pressures made it unlikely that existing custom
smelters would be able to agree to process the copper sulfide flotation concen-
trate which the mine would produce. Accordingly, Hecla considered it necessary
to plan for processing this concentrate to salable metal products at the mine
site. The process selected was the sulfate roast, leach, electrowinning process,
now referred to as the R-I-E process.

It is the purpose of this paper to explain why this process was selected,
to describe the process development program that demonstrated its technical
and economic feasibility, and to summarize the results of that program.

Process Selection

The following criteria guided the process selection:

1. The process must meet the pollution control standards proposed at the
" time by federal and state environmental protection agencies, and must have a
reasonable capability of adapting to more stringent standards should they be
imposed in the future.

2. The process should take advantage of the fact that the ore body con-
sisted of both oxidized and sulfide mineral portions that could be mined
concurrently. Practically, this meant it must incorporate conversion of the
sulfur in sulfide flotation concentrate to sulfuric acid for use in the treat-
ment of the oxidized ores.

3:~ The process should produce standard marketable copper shapes.

L, The process should be adaptable to relatively small scale operations
with minimum loss of efficiency. '

5. The process must have been reduced to successful commercial use.
Time was not available to develop and pioneer a new process, nor would this have
been prudent business for Hecla Mining Company. '

Of the several possibilities examinéd, the R-I-E proceés best met these
criteria.

Process Description

The process, as we will use it, is best shown in the pilot plant flowsheet
of Figure 1. It involves the slurry feeding of chalcopyrite copper concen-
trate into a fluid bed roaster wherein a sulfating roast is conducted by proper
control of air and temperature. In a commercial plant, the roaster gases, after
dust removal and cooling, will be converted into concentrated sulfuric acid in
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a conventional contact acid plant. The calcine is hot quenched and leached in
acidic spent electrolyte from electrowinning. The leach slurry is separated
into a clear pregnant solution and a barren filter cake in a conventional
counter current decantation and filtration circuit. Starter sheets are pre-
pared from the pregnant solution by electro-deposition on stainless steel
blanks, and copper is recovered as electrolytic cathode by deposition on
copper starter sheets. Spent electrolyte is recycled to leaching or is bled
from the circuit.

The process meets all selection criteria. The only gaseous effluent is
a roaster gas stream that is concentrated enough for conversion into sulfuric
acid at reasonable cost. The remaining sulfur, except for a normal acid plant
exhaust stream, leaves the system as a spent electrolyte bleed. Concentrated
sulfuric acid manufactured from the gas stream and spent electrolyte, which
is essentially a dilute acid product, are used in oxide ore leaching. Both
conventional pyrometallurgical smelting and electrolytic refining are by-passed
to produce electrolytic cathode copper. The R-I-E process suffers less loss
of efficiency as scale of operations is reduced than does pyrometallurgical
smelting. '

The R-I-E process is not new. It has been extensively described in the
 metallurgical literature and the basic patent utilizing a fluid bed roaster
was issued in 1957(1). Although the process has not been used commercially
in North America, it was successfully piloted by Bagdad Copper Company and
Dorr-Oliver, Inc. in 1957 2}, Subsequent process development work abroad led
to successful commercial installations in Zambia and Zaire, with over 300,000
metric tons of copper now being produced annually by this type of process in
Zaire alone.

The process has basic limitations or disadvantages which are well known.
Copper recovery is generally slightly lower than that achieved in reverberatory
smelting, converting, and electrolytic refining. Precious metals in the sulfide
concentrate are lost in the leach residue. Disposal of relatively large volumes
of copper bearing acidic spent electrolyte is required, since more acid is
generated in the electrolysis’ than is required in leaching. Although roaster
gases are of a strength adequate for autothermal conversion to sulfuric acid,
the gas strength is near the lower limit for autothermal operation. Because
of the limitations, the process is applicable only where the limitations are
not economically important or where low cost solutions to them can be developed.

In the Lakeshore application, relaﬁﬁvely simple means are available to
overcome these deficiencies. This is best shown by the overall process flowsheet
for the Lakeshore project (Figure 2). All of the concentrated sulfuric acid
produced from roaster gases will be used in vat leaching of oxide ore. The
vat leaching operation will also absorb the spent electrolyte bleed from
electrowinning, utilizing the acid and recovering the contained copper by
cementation. The leach residue, which is a hematite concentrate containing un-
recovered copper and precious metals, will be converted into sponge iron. The
sponge iron will be used in the copper cementation operation, with resulting

il
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recovery of precious metals and any copper not dissolved in the R-I-E process.
All of the weaknesses of the R-I-E system are thus protected against in Hecla's
plans.

The Process Development Program

Objectives

Although the R-I~E process relies on proved technology and did not,
therefore, involve the invention or discovery and development of new tech-

niques, it did require a considerable experimental program. The objectives
of this program were as follows:

1. To determine what metallurgical performance might reasonably be ex-
pected from this process on our feed material.

2. To develop an understanding of the important process variables and
their interactions adequate for control and reasonable optimization of process
performance.

3. To obtain engineering data adequate for plant design and for reliable
" estimation of capital and operating costs.

4. To develop the nucleus of an operating force skilled in such operations.

Experimental Plan

With these objectives in mind, Hecla and Hazen Research, Inc. worked to-
gether to plan and carry out an appropriate program. The program, with respect
to this part of the processing, had six phases: '

l: Selection of a "stand-in" concentrate.

2. Laboratory roasting éxperimentation.

3. Six-inch fluid bed reéctor expérimentation.

L, Two-foot fluid bed reactor experimentation.

5. Continuous leaéh—electrowinninégexperimentation.

6. Integrated five-ton per day pilot operations.

The first £hree phases were carried out by Hazen's staff. The fourth and

fifth phases were performed by teams of Hecla and Hazen staff working in Hazen
facilities at Golden, Colorado. The final pilot plant was designed, built, and



operated by Hecla personnel at the mine site.
Any part of this extensive process development effort could in itself be

the subject of an interesting technical paper. The present paper can only
outline the program and summarize the significant findings.

Selection of a "Stand-In" Concentrate

The entire experimental program was complicated by the fact that the
only Hecla Lakeshore concentrate available for experimental use until after
startup of the final pilot plant was a few hundred grams from laboratory batch
flotation tests on diamond drill core samples. The solution to this problem
was to find a "stand-in" concentrate available in adequate quantities to serve
in place of Lakeshore concentrate through the early phases of experimentation.
In order to select such a substitute, the chemical and mineralogical charac-
teristics, particle size distributions, and roasting behaviors of several
available concentrates were compared to those of the available samples of
TLakeshore concentrate. This work established that the concentrate being pro-
duced commercially by Pima Mining Company from its mine near Tucson, Arizona,
is similar to Lakeshore concentrate in chemical composition and mineralogy,
_as shown in Tables I and II. The Pima concentrate contains slightly more of
some of the impurities likely to be harmful in electrowinning and is normally
slightly coarser in particle size. It was shown also to behave similarly to
Lakeshore concentrate in laboratory sulfate roasting experiments. This
material, made available to us through the kind cooperation of Pima Mining
Company, became our "stand-in" concentrate.

Laboratory Roasting Experimentation

Some exploratory laboratory roasting experiments were performed at
various temperatures and gas compositions on both Lakeshore and Pima con-
centrate in a small, rotating, Vycor tube furnace. Copper leach extractions
from the calcines were only about 90%, but indicated that the two concentrates
behaved similarly. This work demonstrated that it is difficult, if not im-
possible, to duplicate fluid bed roasting conditions in batch laboratory
experiments. The next phase of the program was undertaken in spite of the
poor extractions obtained.

Six-Inch Roaster Experimentation ¢

A series of semi-continuous exploratory roasting tests were made on Pima
concentrate in a six-inch diameter fluid bed roaster. The roaster was equipped
with external heating, a single-stage dry cyclone, and a bag dust collector
for the cyclone overflow. Dry feed was introduced into the fluidizing air
Stream. Bed overflow and dust cyclone underflow products were periodically



Table I - Comparative Chemical

Analyses of Concentrates

Concentration, %

Constituent Lakeshore Concentrate Pima Concentrate
Cu k.7 9 26.9 9
Fe 26.7 % 29.7 %
Total S 30.0 % 31.3 %
Zn 0.63 % 0.86 %
Pb 0.047% 0.18 %
As 0.01 % 0.02 %
Sb 0.25 9 0.60 %
Bi 0.025% 0.00%%
Mo 0. 0449, 0.14 9
MgO L5 ¢ 0.03 %
Ca0 1.6 % 1.64 ¢
A1203 7.0 % 0.93 %
Siop 5.7 % 4.oh ¢
Co2 0.39 % 0.60 %
Acid Insol 2.1 ¢ 8.1 ¢

Table IT - Visual Mineral Estimates
Estimated Volume, %

Mineral Lakeshore Concentrate Pima Concentrate
Chalcopyrite 70 75-80
Pyrite 5-7 5- 7
Sphalerite 2-3 1- 2
Chalcocite i 0.5-1.5 0.3-0.5
Covellite Trace Trace
Bornite 0,5-1 0.5- 1
Molybdenite Trace Trace
Native Copper 0.2-0.3 N.D.
Cuprite 0.1-0.2 - <0.1
Magnetite 1-2 0.1-0.2
Tetrahedrite-Tennantite O'i, 0.3-0.5
Hematite 0.2%0.3 Trace
Quartz 1-2 - -
Talc and Chlorites 10-15 8-10
Sericite 2-3 o (=
Epidote and Diopside 0.2-0.5 N.D.
Galena N.D. 0.3-0.5



removed from their respective collection hoppers and subjected to standardized
leach evaluation tests for water soluble and acid soluble constituents.
Although the roasting reaction is exothermic, the heat loss in this small unit
was such that supplemental heat was necessary.

Experiments were made at various roasting temperature levels over the
range of 650° to 750°C., and at ratios of feed sulfur to air over the range
0.09 to 0.115. Each of these test runs was generally over eight hours duration.

The furnace proved difficult to control, materials balances were poor, and
data obtained were therefore of questionable accuracy. Nevertheless, they
showed that roasting could be controlled so that 97% of the copper and only
2.4 of the contained iron in the bed overflow product was rendered acid
soluble, while generating a gas containing over 5% combined sulfur oxides.
These experiments confirmed that roasting temperature and the ratio of feed
sulfur to fluidizing air are the process control variables of greatest
practical importance, and provided indications of the nature of their effects
and interactions. They also demonstrated that at a normal space rate of about
1.5 feet per second, about half of the product would be recovered as cyclone
underflow product. Mineralogical studies of the roaster products showed that
. most of the insoluble copper remaining was copper sulfides in various stages
of incomplete decomposition, with no significant ferrite formation except at
high temperatures.

‘Probably the most disturbing result of these experiments was the indi-
cation that only about 90% of the copper, but over 10% of the iron, in the cyclone
underflow was acid soluble. This finding made it apparent that improvement of
performance on this portion of the product was essential to a successful R-I-E
operation.

Two—Fogt Fluid Bed Reactor Experimentation

The encouraging results -from the ,six-inch roaster were followed by con-
tinuous runs in a fluid bed reactor large enough to be slurry fed and to operate
autothermally. This unit had a reaction chamber two feet in diameter inside
the refractory and six feet three inches in height above the tuyere openings.

It was equipped with a system for feeding slurry at about 70% solids by weight,
utilizing compressed air and a special pozzle to obtain proper distribution.of
the feed over the fluid bed surface. The unit was equipped with abed overflow
for coarse product, a single stage dry cyclone for recovery of fine product,
and a wet scrubber system for recovery of dust from the cyclone overflow.
Temmerature control was by water injection.

The particular objectives of this phase of the work were to learn to
handle slurry feeding, to develop a solution to the problem of poor leach
results on that portion of the product recovered from the dry cyclone, to
develop a better understanding of the chemistry and the important process

8-



variables, to produce enough calcine for continuous pilot leach-electrowinning
operations, and to obtain data adequate for design of the final pilot plant.

This work demonstrated that slurry feeding, properly conducted, is
feasible for this process and is the preferred system.

Investigations conducted during this phase of the experimentation also
established that a satisfactory solution to the poor solubilization of copper
in the cyclone underflow product is recycle of this product, together with the
bed overflow stream, to a small secondary fluld bed reactor for retreatment.
Further decomposition of the unreacted sulfides occur during this treatment;
as well as agglomeration of the fines. The testwork also indicated that heating
of the secondary chamber reduced solubilization of iron.

Experimental runs over the temperature range 665°C. to 710°C., over the
air ratio range of 0.080-0.127 pounds of sulfur per pound of air at space
rates of 1.5 and 2.0 feet per second, with and without product retreatment,
and with and without heating of the retreatment reactor were conducted. Over
fifty tons of Pima concentrate were processed during a three-month period,
with the calcine being stocked for leach-electrowinning experiments. These
experiments showed that under proper operating conditions, 95% of the copper
.was rendered acid soluble.

Continuous Leach-Electrowinning Experimentation

The roasting experimentation having demonstrated that a calcine could be
produced from which a high leach extraction of copper could be obtalned, at-
tention was turned to the leaching and electrowinning operations of the process.

The particular objectives of this phase of the work were to determine
what recovery of copper could be obtained from the calcine by leaching with
spent electrolyte, to determine what quality of copper could be produced from
the resulting pregnant solution, to check the effects of accumulation of im-
purities in the electrolyte, to learn how to make starter sheets, to develop
an understanding of the important process variables, and to obtain the data
necessary to design an integrated pilot plant.

It was realized that only in a continuous operation, with recycle of
solutions and consequent build-up of impurities, could industrial practice
be simulated adequately. Accordingly, & small scale continuous pilot operation
was assembled in Hazen's facilities. This pilot operation included a series
of leach tanks, a liguid-solid separation operation, pregnant electrolyte
polishing filters, a starting sheet cell, an electrowinning cell, and
facilities for recycling and bleeding spent electrolyte. The starting
sheet cell did not actually produce starter sheets for the electrowinning cell,
but it did allow experimentation in starter sheet production and provided the
drop in electrolyte copper content that would exist in practice. The electro-
winning cell contained two commercial size cathodes and three anodes. The



plant had a capacity of about 13 pounds of calcine per hour, and operated con-
tinuously for about four months, producing about 5,000 pounds of copper.

During these investigations, the usual leaching variables of time,
temperature, acidity, etc., were investigated. Also, a variety of electro-
winning variables was studied, including variations in current density over
the range 14-20 amps per square foot, in-cell copper concentrations over the
range 15-35 gpl copper, additive utilization, effects of various electrolyte
impurities, and electrolyte flow characteristics. These pilot operations and
associated bench scale experiments provided data on acid consumptions in
leaching, leach extractions, current efficiencies, bleed requirements to maintain
acidity, thickener and filter capacities, and other information necessary to
define a flowsheet and design the final pilot plant. "~ More importantly, they
demonstrated that copper cathode of a quality equivalent to that of electro-
lytically refined copper could be produced. ’

Integrated Five TPD Pilot Plant

The final phase of the process development program was operation of a
continuous completely integrated pilot plant including all of the unit opera-
tions of the process. Such a pilot plant was considered essential to provide
the information necessary for design of a commercial plant, and to reduce the
risks involved in such a venture to a reasonable level.

Although the smaller scale experimentation had been extensive, a number
of technical questions had not been answered. Roasting had not been tested
on a scale large enough for smooth operations, for collection of good information
on the nature of dust collection problems, or for testing of some additional hy-
potheses as to how cyclone underflow dust should best be retreated. In view
of the problems so commonly encountered with dust collection systems on fluid
bed reactor gas streams, it was considered particularly important that the
complete gas cleaning system be piloted on a roaster large enough so that dust
loadings would approximate those of commercial installations. A wet gas
cleaning system having been decided upon, it was essential to determine that
all of the scrubber effluents could be'absorbed in the leaching circuit. It
was considered essential to operate under conditions that would reveal problems
associated with normal variations in the composition of feed concentrate. The
effects of discharge of hot calcine directly into the leaching circuit had to
be tested. The counter-current decantation system had not been precisely
defined nor tested, previous operations having been done on too small a scale.
A1l small scale electrowinning had been done on filtered electrolyte and it
was necessary to determine if less expensive clarification would suffice. In
view of the many conflicting views in the industry as to the importance of
flow rates and circulation patterns in electrolytic cells, it was considered
desirable to minimize scale-up risks by operating a prototype commercial cell,
and to demonstrate that quality copper could be made. It was important to
demonstrate the production and use of starter sheets. It was necessary to
determine what kind of electrolyte temperature control system was required.
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It was also necessary to make residue for sponge iron experiments and to make a
guantity of cathodes for market development.

All of the previous work having been done with "stand-in" Pima concentrate,
there remained the acid test of demonstrating performance of the process on
Hecla Lakeshore concentrate.

In addition to these individual technical matters, it was necessary to
demonstrate overall metallurgical and operating performance under conditions
that approached industrial practice. There was also a tremendous amount of
engineering design data to be collected for design of a commercial plant and
the need to develop a skilled operating crew, who could start up and operate
a commercial plant.

Hecla chose to design, build, and operate this pilot plant with its own
forces, even though staff weaknesses were recognized in all three of these
areas. It was anticipated that any mistakes made would be more than com-
pensated for by the value of the education that Hecla's staff would derive
from these efforts.

The pilot plant flowsheet is shown in Figure 1. The roaster is a Dorr-

. Oliver fluosolids unit designed to Hecla specifications, is full commercial
height, and is essentially a vertical segment of a commercial unit with extra
insulation to keep the heat balance near that of a commercial unit. The
roaster is provided with a slurry feed storage system of the same 10 days
capacity planned for commercial operations, and equipped with a screening and
feeding system similar to that contemplated. Instrumentztion systems for
draft, temperature, and feed control are also identical to those planned for
the commercial plant. The entire gas cleaning system of a commercial plant,
up to the feed entry to an acid plant mist precipitator, is also included.
This includes a dry cyclone with facilities for underflow retreatment, the
cyclone being purposely sized for low efficiency to simulate commerc1al
plant 0perat10ns It also includes a wet vortex scrubber and cooling tower,
equipped with heat exchangers and an evaporative cooling tower. Purely in
the interest of good citizenship, the pilot plant gas cleaning stream is also
equipped with an ammonia absorption tower to remove the sulfur dioxide that
would be removed commercially in a sulfuric acid plant.

The leaching and washing circuit is equipped with leach tanks of three
different construction materials for teat purposes, with a three-stage counter
current decantation thickener system, a res1due wash filter, and a clarifier.

The tankhouse itself is fitted with a starter sheet cell and two full
size prototype commercial electrolytic cells. These employ the Barber-Webb
Paraliner and antimonial lead anodes that will be used commercially. The
tankhouse is, of course, also equipped with all of the necessary rectifiers,
bus bar, pumps, tankage, instrumentation, and other appurtenances necessary
to serve the cells.
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This pilot plant treats five tons of sulfide flotation concentrate per
day, and normally produces 1.06 tons of copper per day in the form of
cathodes. It is operated by a crew of 22 men, including two engineers, one
of whom was associated with the earlier experimentation. Technical work is
handled by a separate staff organization. The plant was in operation from
September, 1971 until February, 1973, and normally operated 90% of available
operating time. The plant was started up on Pima concentrate and then shifted
over to Hecla Lakeshore concentrate when it became available from concurrent
pilot concentrator operation working on development ore. The only noticeable
effects of this change in feed material was an increase in the moisture content
of the washed leach residue filter cake.

An extensive program of exploration of variations in process conditions
has been carried out in the pilot plant to further our understanding of the
technology and to better define optimum conditions. Performance at these
conditions has been determined. An improved system of retreatment of the
roaster cyclone underflow dust has been developed. Operating techniques
have been established, and design information adequate for plant design has
been collected.

There were actually very few surprises in this pilot operation, but there
were enough unexpected discoveries to confirm the wisdom of including this
' step in the program. '

Process Results

The Process Variables

In any process of even modest complexity there are an almost infinite
number of process variables and interactions of potential importance. In
a process development program aimed at getting into production, there is
no way.that one can research them all, but fortunately generally only a few
are of great importance metallurgically or economically. In the case of the
R-I~-E process, our work has established that the important variables are:

1. Roaster space rate.
2. Roaster temperature.

. Roaster feed sulfur to air ratko.

3
4. Pregnant electrolyte temperaturé.
5. Current density.

6

. Spent electrolyte composition.
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These and some others have been investigated in this pilot plant program,
with results described below.

Effects of Process Varigbles

Space rate is defined as fluidizing air velocity expressed in feet per
second, in the fluidized bed section of the roaster above the bed. The
effects of variations in space rate are largely physical. Changes in space
rate primarily affect roaster capacity and dust loading of roaster gases.
With a given roaster, variations in space rate are equivalent to variations.
in air input. Since, as will be shown later, control of process metallurgical
results requires maintenance of a reasonably constant ratio between concen-
trate sulfur input and air input, space rate determines capacity. Space rates
over the range 1.5 to 2.0 feet per second, were explored and 1.75 feet per
second was adopted as a design basis. There are no significant variations in
metallurgical performance attributable to space rate variations in this
range. As a result of variations in the dust loading of the gases, there
is a variation in the proportion of the total roaster product which is re-

covered via the dry dust cyclone. With proper cyclone product retreatment,
this presents no problem.

_ The ability to vary the space rate over the indicated range provides
flexibility to meet changing production demands.

. Temperature and Sulfur to Air Ratio - Although the chemistry of sulfate
roasting of chalcopyrite may be quite complex, and even imperfectly under-
stood, as a practical matter control of the process hinges upon control of
temperature and upon control of the ratio of feed concentrate to fluidizing air.
More precisely, it is the ratio of feed sulfur to fluidizing air which must be
controlled in order to accommodate normal variations in concentrate composition.

Since the effects of changes in each of these variables is different at
different leveéls of the other, a true understanding of process performance
requires a knowledge of their interactions. These effects are therefore best
shown by response surface. ;

Response surfaces showing the effects of variations in temperature and of
variations in sulfur to air ratio on copper leach extraction from the calcine,
iron leach extraction from the calcine,and sulfur dioxide content of the roaster
gases are shown in Figures 3, 4, and 5.», These response surfaces for copper
and iron leach extraction are for the final product of a roaster operation in
which the cyclone underflow product is recycled for retreatment with the bed
overflow product. Response surfaces for the bed overflow product alone, or the
cyclone underflow product alone are quite different. The cyclone underflow
product, which constitutes 50% to 70% of the total product, is highly dependent
upon retreatment procedure and can have a considerable influence upon the over-
all effect of the variables.
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The response surfaces for copper and iron leach extraction are based
upon standard laboratory batch leach tests used for evaluation of roaster
performance, and these leach extractions may not be exactly the same as
those observed in the continuous pilot plant leach circuit.

The response surface of copper leach extraction, Figure 3, shows that
under the process conditions employed, copper extraction is largely determined
by temperature, allowing a wide range of latitude in sulfur to air ratio.
Copper extraction increases as temperature decreases, but levels off in the
690° to T00°C. range.

The response surface of iron leach extraction, Figure 4, shows iron
extractions to increase as temperature decreases and is affected hardly at
all by sulfur to air ratio changes in the temperature range of ‘interest.

The response surface for SO concentration in the roaster gas, Figure 5,
shows & general increase in gas strength as the sulfur to air ratio increases
and as the temperature increases.

These response surfaces were obtained by calculating the quadratic
equation with the two independent variables of temperature and sulfur to air
. ratio using data from 22 runs, each run being of about 6 days duration.
The constants obtained are given in Table III. '

Pregnant Electrolyte Temperature - Probably the single most important
discovery resulting from operation of the integrated pilot plant was the dis-
covery of the harmful effects of the combination of high electrolyte temperature
and high iron concentrations in the electrolyte. The high electrolyte tempera-
ture (65°C.) was at least in part the result of quenching hot calcine in
electrolyte. The harmful effects of this combination were corrosion of cathode
hanger straps and of stainless steel starter sheet blanks. Corrosion of
cathode hanger straps became so severe during one period of operation that 100%
of the cathodes were being removed from the cell before the end of their normal
deposition cycle. Installation of water heat exchangers to hold electrolyte :
temperature below 45°C. solved the problem. The effects of electrolyte cooling
are striking and cathode dropping is no problem when proper temperature control
is maintained.

Current Density and Spent Electrolyte Concentration - When the pilot plant
was designed, information avallable to Hecla pertaining to the current density
that could be employed in meking good quality electrowon copper was the rule
of thumb that each gram per liter of copper in the electrolyte allowed one
ampere per square foot. Thus, if electrolyte was to be stripped to 15 gpl
copper, 15 amps per square foot could be used, and at 20 gpl copper, 20 amps
per square foot. This rule was developed by a sifting of many conflicting
statements made in the technical literature and by knowledgeable people in the
industry, coupled with some experimentation during earlier electrowinning
operations. Pilot operations have confirmed that this is a satisfactory concept
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Table III

Constants for Equations of Contours Shown in Figures 3, 4, and 5

2 2
7 = CO+C1X +C2Y+C3X +C4XY+C5Y
R °Cc
X = Roaster temperature 1000
¥ = Ratio lbs. sulfur/lbs. air
Z = % Copper % Iron : % SO2 in
Dissolved Dissolved © Gas Stream
when:
CO = +89.725 +6.767 +3.532
C1 = +27.788 -6.374 -3.486
CZ = +9.861 +0.427 +5,.774
C3 = -24.,145 +1.691 +2.873
.C4 = -19.604 +2.281 +4.174
C5 = -0.525 -0.758 -5.835



over the normal range of interest in what might be called conventional electro-
lytic cells. Experimentation with current densities up to 20 amps per square
foot and with spent electrolyte at 15 grams copper per liter has established
that current density can be increased to 17-18 amps per square foot without
harm to copper quality.

Metallurgical Performance

Studies of the process variables, such as those described above, led to
selection of optimum conditions for the process with an accuracy adequate for
design of the commercial plant. The metallurgical results demonstrated for
these near optimum conditions and projected for the commercial plant are sum-
marized in Table IV. The data given are the mean and range of results for
eleven test periods, covering a two-month period of continuous operations.
Also included, as a matter of interest, are metallurgical performance data
projected for this pilot plant before it was built and operated. The data
show that the process will be able to operate at a higher sulfur to air ratio
than originally anticipated, which means a smaller roaster, and that one
reasonably may expect recovery of more copper as cathode. Although the
electrowinning current efficiency is lower than expected, the experimentation
established that electrowinning can operate at a slightly higher current
 density so that no resulting increase in tankhouse size is indicated.

The quality of the electrowon copper being produced is shown by the analysis
of Table V. It compares very favorably with the analyses of recognized brands
of electrolytically refined cathode.

Conclusions

Overall, the pilot plant results are good confirmation of expectations.
The real proof of the success of any process development program is a suc-
cessful commereial plant, and this proof remains to be seen. At this point
in time, Hecla Mining Company feels that the process development program has
been a success. It has provided a firm estimate of commercial plant metal-
lurgical results and costs, a wealth of design information for the commercial
installations, a stock of the cathode product, and an undeniable demonstration
of the technical viability of the process. Equally important, it leaves Hecla
with a knowledgeable staff and the nucleus of an experienced operating crew to
start up and operate such a plant. »

Needless to say, a program of this ﬁagnitude involved many people and
organizations in addition to the authors. We are particularly indebted to the
fine professional staff of Hazen Research, Inc., especially to Mr. Peter N.
Thomas of that organization. We also owe a debt of gratitude to the staff
of Parsons-Jurden Corporation for advice and suggestions, to many others in
the industry who contributed to our knowledge, especially to Bagdad Copper
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Table IV - R-I-E Metallurgical Results

Observed
Projected Averagel/ Range

Process Conditions

Roaster temperature, °F. 685 — 685 - T00
Sulfur/air ratio 0.103 - 0.11-0.12
Space rate, ft./sec. 1.75 -— 1.50-2.00
Leach acidity, g/1 H,S0, 20 —-— 10 - 20
Leach time, hours 3 3 = =
Current density, asf 15 16.1 14.4-19.8
Spent electrolyte strength, gpl Cu 15 . 15.1 13.7-16.3
Feed Composition, % -
Cu - 27.3 26.5 25.1-27.2
Fe 27.2 26.5 ~ 23,8-28.0
S 31.0 30.L4 28.7-31.2
Process Results
. Percentage of feed Cu electrowon 78.2 80.2 77.5-83.3
Insoluble loss of feed Cu lost in
leach residue 5.0 3.8 2.9- 4.9
Soluble loss of feed Cu in leach
residue 0.1 - <0.05 0- 0.2
Percentage of feed Cu to bleed 16.7 16.0 13.0-19.2
Total 100.0 100.0
Percentage of feed Cu dissolved 95.0 9.2 95.1-97.3
Percentage of feed Fe dissolved 3.75 4.6 2.8~ 6.0
% SO, in roaster gas (dry basis) - 5.0 4.1~ 6.5
¢ S02 + SO. in roaster gas 5.9 5.2 k.3~ 6.8
Pregfiant sSlution composition Cu, gpl 55.0 56.7 51.2-64.8
Fe, gpl 3.5 8.7 3.4- 4.2
Current efficiency, % 85.5 76.2 71.5-85.2

1/ Average results of 66 days of operation at near optimum conditions.
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Table V - Typical Analysis of Lakeshore
Electrowon Copper Cathodes

Cu 99.94 9
0 0.014 %
S : 0.0044%
Ag 10 ppm
Fe <5 ppm
Pb 5 ppm
Sb <2 ppm
si 4 ppm
Se 1.4 ppm

Te © <2 ppm



Company, Nchanga Consolidated Mines, Ltd., Roan Consolidated Mines, Ltd., and
La Generale Congolaise des Minerais. Above all, the authors are indebted to
the metallurgical staff and plant operators of Hecla Mining Company, and to

a corporate management with vision and courage to back such an activity.

-21-



References

(1) R. M. Foley, Method of Treating Copper Ore Concentrates, U. S. Patent
No. 2,783,141, February 25, 1957.

(2) E. S. Howell, J. D. Grothe, B. H. McLeod, Bagdad Reports Metallurgical
Test Results on Copper Recovery Method, Engineering and Mining Journal,
Volume 158, No. 7, pp. 86-89, July, 1957.




)

T

American Miauing Congress

RING BUILDING ® WASHINGTON, D. C. 20036 @ TELEPHONE 202 - 338-2900

J. ALLEN OVERTON, JR., EXECUTIVE VICE PRESIDENT

Publication of excerpts or summaries of this paper, not to exceed one-third of the
full text, with appropriate credit line, by daily, trade or business publications is
welcomed. For any fuller publication, permission of the American Mining Congress,

Ring Building, Washington, D. C. 20036 is required.

DISCOVERY AND INITIAL DEVELOPMENT OF THE
LAKESHORE DEPOSIT IN ARIZONA*

by
H. E. Harper
Vice President - Exploration
Hecla Mining Co,, Wallace, Idaho
and
John R. Reynolds.

Superintendent of Exploration = Mining Division
El Paso Natural Gas Co., El Paso, Texas -

* Presented at the 1969 Mining Convention, American Mining Congress, San Francisco
California, October 19-22,






