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IN SITU COPPER MINING IN THE UNITED STATES:
CASE HISTORIES OF OPERATIONS

By Jon K. Ahiness® and Michael G. Pojar?

ABSTRACT

The copper industry has had a long and interesting history associated with leaching,
involving vat, dump, heap, and in situ methods. The Bureau of Mines has also had an
interest in copper ieaching and has researched the techniques of solution recovery, par-
ticularly concentrating on in situ methods. In situ mining is a relatively low cost method
and has been proven commercially successful by nine operations, It has been most com-
monly used for final recovery in old workings at the conclusion of conventional mining
operations. , : ' o '

This report brings together information about 10 commercial in situ operations as well
as 14 experimental projects. These 24 sites comprise most of the in situ copper mining
activities that have taken place in the United States. Background information, geology,
ore preparation, solution application, and recovery and processing are provided for each
operation. Production data and tables summarizing the engineering statistics for each
operation and an extensive in situ mining bibliography are included.

Mining engineer, Twin Cities Research Center, Bureau of Mines, Minneapolis, MN.
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FREEPORT

FREEPORT EXPLORATION COMPANY
A Division of Fresport Minsrals Company

DOUGLAS R. COOK
PRESIDENT

Mr. F.T. Graybeal
Chief Geologist
ASARCO Incorporated
180 Maiden Lane
. New York, New York 10038

Re: In Situ Leach Tests, Santa Cruz Project,

Dear Fred:

%ﬁﬁﬂn
'z

Valley Bank Plaza

South Virginia & Liberty
P.O. Box 1911t

Reno, Nevada 89505
Phone (702) 323.2251
Telex 910-395-7008

November 2, 1984

Arizona

This is to advise that Freeport would be willing to discuss a proposal
for in-situ leaching tests by the U.S.B.M. as discussed in your letter to
‘Mr. J.D. Sell. We have concerns, however, on the following matters:

(1) We must consider carefully the environmental risks and

liabilities of such an operation.

Also, such a test should

not adversely affect the extractibility of copper by con-

ventional mining methods.

(2) We would appreciate any thoughts you may have on how to
characterize the in site leaching tests so as to avoid
stigmatizing the Santa Cruz project as being a "marginal

leach deposit.”

However, for outr part, we are interested in expressing 2 general

interest in this concept.

DRC/cr
cc:

Very truly yours,

Douglas R. Cook

RECEIVED
NOV ~ 5 1984

EXPLORATIG DEPARTMENT
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‘ Exploration Department

Frederick T. Graybeal
Chief Geotogist

October 10, 1984

Mr. J. D. Sell, Manager
Southwestern Exploration Division
Tucson, Arizona

In Situ Leach Tests
Santa Cruz Proiject, Arizona

Dear Mr. Sell:

I received a call from Bill Larsen of the U. S. Bureau
of Mines laboratory in Minneapolis. Following the Reagan
denial of the ITC petition for relief from copper imports,
several meetings were held in the USBM regarding low cost,
low capital techniques for copper recovery and Larsen in-
dicated there is a low key, but broadly-based support
within the USBM for in-site leach research on copper depo-
sits. He called to determine whether we were interested
in this work.

I told him we had an extremely large, moderately well-
drilled oxide copper deposit at depths in excess of 1,000 ft.
which would be amenable to such work. I advised that we man-
age exploration on the project for a jeint venture and that
I would approach our partners to determine whether they would
be willing to have in-situ test work conducted on the deposit.
I made it clear that Asarco had no funds available for this
work.

Larsen said they will be considering several deposits
for a test and that the kind and amount of work remained to
be determined. Funding, if it is available at all, might not
be forthcoming until 1986.

Would you please inguire of Freeport if they are inter-
ested in a 100% USBM ~ funded in-place leach research program
at Santa Cruz. Advise them this is merely an expression of
general interest in the concept as a great number of details
would remain to be determined (extent to which our exploration
data would be made public, involvement of Hanna-Getty and
environmental problems).

Dowy, R. Cook ‘ Very truly yours,
(o) 32525Y %T /0 e 4[) - RECEIVED
fevn 12l 0 R 178 2 Lo
il P 2ex 177 F. T. Graybeal CCT 15 1984
Reno , MV FT8 3™ i : : S
cc: W. L. Rurtz EXPLORATICH DEPARTMENT

ASARCO Incorporated 180 Maiden Lane New York, N.Y. 10038 {212) 510-2000
Telex:ITT 420585 RCA 232378 WUI 62522 Cables: MINEDEPART Telegrams: WU 1-25991



W ' ' v Southwestern Exploration Division

March 8, 1985

FILE MEMORANDUM

In-Place Leaching Review
~Santa Cruz Project
Arizona

A

Mr. Colen, et al (see memo to R.L. Brown, Feb. 7, 1985, attached), will”
be in Casa. Grande the week of March 11, 1985, to review the Hanna-Getty
data. -

They wish to review the Asarco-Freeport data at that time.

Asarco will show them The Lands data only with logs, assays, cross-
section, and plan map of drill holes in the NE quarter of Sec. 13,

T6S, R5E only, i.e., holes involved are SC-19, 22, 24, 35, 36, 37, 38,
39, 40, 46, 47, 49, 51, and 52 (14 holes).. No other data at this time.
No copies to be given to them nor can they make copies.

They can look at the available core, but ‘they cannot take any of the
core.

Though they may verballze about many things, the present Asarco-
Freeport status is:

1. we will not give up any equity in the deposit, and

2. - if Colen, et al, can present a proposal and raise
the necessary funds for 100% of the proposed work,
"i.e., suggested ten million dollars for the on-going
research, then the deposit may be made available for
that research.

No further information should be given to them at this time, nor promlse

in the. future, nor even verba11z1ng of what: other data (reports) Asarco

may have on the dep051t.
None of the data we show them should have any Hanna-Getty information,

nor is it our desire to mention any knowledge of any Hanna—Getty
. information.

JDS:mek : /////// James D. Sell
Att. .

ce:  W. L. Kurtz
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" February 7, 1985

- ASARCO Incorpora

MEMORANDUM FOR: R. L. Brown . - FEB 11 i

| SW Exploration
Santa Cruz Project ploration

Arizona

- I met today with Henry R. Colen, Joe Wargo,
Frank M. Monninger, and Dave Baughman regarding in-place
leaching of oxide copper at Santa Cruz. Mr. Colen and
Mr. Wargo are both principals in the San Francisco Mining
Associates. They propose formation of a company based on
the Santa Cruz deposits and possibly the Casa Grande deposits
of Hanna-Getty. This company would sell a certain amount of
stock with proceeds used to finance a $10 million in-place
leach test. The technology would partly incorporate
Occidental's techniques developed at Van Dyke for which a
modest royalty would be paid. Supervision would be through
Ray Huff Associates and an associated company called ISL
Ventures, Inc. ISL is at least partly bankrolled by Coeur
d'Alene Mines. : .

I showed these gentlemen a number of cross.sections and
a drill map from The Lands. They were not shown any data
relating to the Casa Grande Deposit. Mr. Colen has talked
‘briefly with Tom Osborne regarding the proposed company
and, although Asarco does not presently wish to give up:
equity in the Santa Cruz deposits there is no harm done by
letting Mr. Colen proceed at his own risk with these discussions.

Mr. Colen has not yet seen the Hanna-Getty data but hopes
to in the near future and would do so in Casa Grande. At the
same time he would come to Tucson to review Asarco's data in
greater detail at which time we would have him sign a Confiden-
tiality Agreement. I have phoned Doug Cook of Freeport to
advise him that Colen and Wargo have briefly seen limited data
and that we will protect all further reviews with a Confiden-
tiality Agreement. : e

/iB ;‘(k;»?jz(z‘f{{l2</

F. T. Graybeal Y
Attach.

Kurtz w/encl.
. Sell w/encl.

cc:

(G-
o



ISL VENTURES, INC.

IN SITU LEACHING OF GOLD AND SILVER

- 235 MONTGOMERY ST., SUITE 2300, SAN FRANCISCO, CA 94104
TEL. (415 433-7491

31 January 1985

In-Situ Leaching

Because of the very serious situation that exists today in
the United States with regard to its mining industry, there is a
strong feeling that something practical must be done to alleviate

the problem.

To many of us professionals, one logical‘abproach is the in—
situ leaching of metals, bringing capital and operating costs
down to where we can be competitive internationally in metal

productions.

The application of ingenuity, high technology and the will-
ingness to assume risks is what made the mining industry great in
the past.. Our reluctance to continue in - this fashion has done

much to exacerbate our problems today.

- The importance of in-situ leaching of metals is emphasized

by the following:
1) Potentially lower capital and operdting costs.,
2) Considerably reduced environmental impact since the 6nly

ground disturbance is the drilling of holes. The eafth is not

~opened, nor the waste rock removed.



- 3) The time of development of a mining area is considerably

reduced.

4) The strict definition of the term "ore" is greatly

expanded and our metal resources may thereby be enlarged.

 Our-group is involved inzthis field with regard to precious
. metals (ILSL Ventures, Inc.) and copper (The Copper Company). We
will be seeking additional assistance from private industry and
from.theILS. Government tb’make this approach a reality and to

make our mining industry healthy once more.

b, NI .
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Henry R. Colen
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HENRY R. COLEN

PRESIDENT

ISL VENTURES, INC:

IN S[’fU LEACHING OF GOLD AND SILVER

235 MONTCGOMERY §T. SUITE 2300, SAN FRANUCISCO, CA 94104

TEL. (415 433-7-491 ~

Telephone (415) 433-7491
Cable: SEMA San Francisco )

JOSEPH G. WARGO

Executive Vice President

SAN FRANCISCO MINING ASSOCIATES
2300 Russ Building
235 Montgomory Street
San Francisco, California 94104

FRANK M. MONNINGER

<. ' Vice President of Operations
£h Coeur o Mines

CORPORATION

416 RIVER STREET, WALLACE, ID 83873/{208) 556-1121

Telephone: (303) 278-7633

DAVID BAUGHMAN
Mining Engincer

72 RAY V. HIUIFIF
@ & AsSOCIATES. INC.
'N-SJTU LEACH’?‘E E

P.O. Box 1310 .
Golden, CO 80402  Telex: 450561




February 7, 1985

' ASARCO Incorporai

MEMORANDUM FOR: R. L. Brown | L .  FEB11 16

| ~ SW Exploration
Santa Cruz PrOJect ploration

Arlzona

- I met today with Henry R. Colen, Joe Wargo,
Frank M. Monninger, and Dave Baughman regarding in-place
leaching of oxide copper at Santa Cruz. Mr. Colen and
Mr. Wargo are both principals in the San Francisco Mining
Associates. ' They propose formation of a company based on.
the Santa Cruz deposits and possibly the Casa Grande deposits
of Hanna-Getty. This company would sell a certain amount of
stock with proceeds used to finance a $10 million in-place
leach test. The technology would partly incorporate
Occidental's techniques developed at Van Dyke for which a
modest royalty would be paid. Supervision would be through
Ray Huff Associates and an associated company called ISL
Ventures, Inc. . ISL is at least partly bankrolled by Coeur
d'Alene Mines. : o : :

I showed these gentlemen a number of cross.sections and
-a drill map from The Lands. They were not shown any data
relating to the Casa Grande Deposit. : Mr. Colen has talked
‘briefly with Tom Osborne regarding the proposed’ company
and, although Asarco does not presently wish to give up
equity in the Santa Cruz deposits there is no harm done by
letting Mr. Colen proceed at his own risk with these discussions.

Mr. Colen has not yet seen the Hanna-Getty data but lopes
to in the near future and would do so in Casa Grande. At the
same time he would come to Tucson to review Asarco's data in
greater detail at which time we would have him sign a Confiden-
tiality Agreement. =~ I have phoned Doug Cook of Freeport to ‘
advise him that Colen and Wargo have briefly seen limited data
.and that we will protect all further reviews with a Confiden-
tiality Agreement.v‘ : :

Ay e f ;. . ,‘ //
fi T. Graybeal J
Attach.

. Kurtz w/encl.

cc: ]
' Sell w/encl;

(S
o



ISL VENTURES, INC.

IN SITU LEACHING OF GOLD AND SILVER

235 MONTGOMERY ST. SUITE 2300, SAN FRANCISCO, CA 94104
TEL. 415 433-7491 .

31 January 1985

In-Situ Leaching

Because of the very serious situation that exists today in
the United States with regard to its mining industry, there is a
strong feeling that something practical must be done to alleviate

the prdblem.

To many of us profeééionals, one logical abproach is the in—
situ leaching of metals, bringing capital and operating costs
down to where we can be competitive internationally in metal

productions.

The application of ingenuity, high technology and the will-
ingness to assume risks is what made the mining industry great in
the past. Our reluctance to continue in-this fashion has done

much to exacerbate our prbblems'today.

The importance of in-situ leaching of metals is emphasized

by the following:
1) Potentially lower capital and operating costs.
2) Considerably reduced environmental impact since the dnly

ground disturbance is the drilling of holes. The earth is not

opened, nor the waste rock removed.



~3) The time of development of a mining area is considerably

reduced.

4) The strict definition of the term "ore” is greatly

expanded and our metal resources may thereby be enlarged.

- our group‘is involved inlthis,fieid with fegard to»precious
metals (ISL Ventures, Inc.) and copper (The Copper Company). We
will be seeking additional assistance from private industry and
from the U.S. Government Eo make thisbapproach a reality and to

make our mining industry héalthy once more.
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HENRY R. COLEN

PRESIDE NT

.ISL VENTURES, INC:

1IN SITU LEACHING OF GOLD AND SILVER

235 MONTGOMERY ST. SUITE 2300. SAN FRANCISCO. CA 94104

TEL. 415 433-7491

.. ’ Telephone (415) 433.7491
. . . Cable: SFMA San Francisco )

 JOSEPH G. WARGO

Executive Vice President

» i SAN FRANCISCO MINING ASSOCIATES
- . ) 2300 Russ Building
' 235 Montgomery Street
San Francisco, California 94104 o

FRANK M. MONNINGER

o Vice President of QOperations

.(f‘l)l'p,). e
CORPORATION

“Mines

416 RIVER STREET, WALLACE, ID 83873/(208) 5561121
Telephone: (303) 278-7633

DAVID BAUGHMAN
Mining Engineser

) BAY V. iuFF

$Z ASSOCIATES, INC:

G ”

P.O. Box 1310
Gotden, CO 80402 - Telex: 450661‘
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" ‘Exploration Department

Frederick T. Graybeal
Chief Geologist

June 7, 1985

Mr. J. D. Sell, Manager
Southwestern Exploration Division
Tucson, Arizona.

In-Place Leach Resume,'

Déar Mr. Sell-:

As we discussed today over the phone, you will ask
Mr. Kreis to prepare a draft resume of the in-place leach
process as it relates to oxidized porphyry copper deposits.
I'm thinking of something which is 5-7 pages long, single
spaced, with all the appropriate diagrams. Mr. Kreis
should feel free to plagiarize from any report in the
Tucson Office files including those by Don Davidson.

. : Once Mr. Kreis has prepared the first draft, which

he should begin without delay, it should be circulated
to you, Mr. Kurtz, Mr. Brown, and I for review. I may
also send a copy to Don Davidson. The final version will
be sent to John Howerton, for distribution to various
congressional staff members who are evaluating the
possibility of government funding for in-place leach
research. A transcript of a recent hearing involving
Senator DeConcini and Bureau of Mines Engineers which
was provided by John Howerton is attached for your
general interest. This provides some idea of what has
‘been said - not all of it correct.

Very truly yours,

A

F. T. Graybeal

ATTACH. - ASARCO Incorporated
CC: W. L. Kurtz JUNT O moo
John B. Howerton
R. J. Muth ' SW Exploration

‘ ASARCO Incorporated 180 Maiden Lane New York, N.Y. 10038 (212) 510-2000 «
Telex:ITT 420585 RCA 232378 WUI 62522 Cables: MINEDEPART Telegrams: WU 1-25991
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Washington Otflos
June 7, 1985

e
)]

Messrs. R.J. Muth
T.C. Osborne

R.L. Brown
F.T. Graybeal o///
NEW YORK OFFICE o

REcElvED - VIA TELECOPY
R E ,

JUNT 1985
 EXPLORATION DEPT.

Attached are the responses from the Bureau of Mines to questions
posed by Senator DeConcini at the time of the hearings on the

Bureau's appropriations.

"~ Jolin B. Howerton

Attachment

(7))
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QUESTIONS SUBMITIED BY SENATOR DENNIS DECONCINI

Question: Whst can you tell me about a process of mining
copper called, "solution mining," that is, pumping water out of
drill holes? .

Answer; Solution mining, or in eitu mining as it is commonly
called in copper recovery operations, is a mining method where leach
solutions are injected from the gurface-into an ore body in {te
original geologic setting., Tha leach solution diasolves tha soluble
minerals in the ore which are then pumped to the surface for’
processing. In situ mining is & broad term that describes both
Werue" 4n situ mining which recovers unmined. underground deposits
from a surface operation using drill holes to inject and recover the
leach solutions, and the "modified" in situ technique that ia used
to increase resource recovery from previously mined operations where
mineral values still remain in the deposit after underground mining
is complered.

True" in situ mining has a number of important advantagea over
conventionsl open-pit methods., fThere is no major surface
disturbance with this technology; it is potentially safer, less
energy intensive, and affects the envirvonment in fewar ways thsn
conventional methods. JIn situ mining has the potentisl to bring
currently uneconomic, low-grade deposits into production at today's
copper prices,

Question: Are there any copper deposits in the United States
that could be dissolved or recovered by using this process? If so,
where? How large are these resourceal’ . '

Answer: Yes, the traditional copper producing states of
Arizona, Nevada, New Mexico and Utazh all have deposits that are
prime candidates for in situ mining methods. Arizona alone has at
least two billion tons of 0.4 percent copper ore with the potential
for recovery by in situ mining methods. There are curreatly two
operations in Arizona that are recovering copper by modified in situ
leaching methods. The Lakeshore and the Miami Mines are recovering
copper by in situ mining of previously block cavad (underground
mined) areas. A third operation, the San Manuel Mine, is actively
pursuing plans to Implement a modified In situ leach program to
recover copper in the caved oxide materials located over the main
sulfide ore body. While none of these are true in situ mining
operations, i,e,, recovery of mineral valuts from an unmined deposit
from the surface, they do present a m2ann to economically recover
mineral values not recovered by underground mining metheds. In
addition, most active Arizona, New Mexico, Nevada, and Utah copper
operations have a heap leaching copper recovery ¢ircuit in their
processing plants or have copper oxides that are amepable to.
recovery by leaching technology. An estimated 6.6 million short
tons of copper is contained in Arizona oxide deposite and .
approximately 20 million ehort tons of copper is contained {n mixed
gulfide~oxide deposits, located in Arizona. An additional 7.2
mitlion short tons of copper is estimated to be contained In oxide
resources in other Western states. In addition, because thé in situ
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wining method can be used at both large and small deposita, there

are gignlficant reserves in presently uneconomic smaller deposits
that could be nined by in situ methods.

‘In-~gitu mining of copper has generally been limited to oxide ores.

Sulfide copper minerals are generally much more difficult to leach,
Sulfide mineral deposits, such as the ¢ommon porphyry copper
deposits, are alao much more impermeable than oxide mineral
deposits, inhibiting the circulation and recovery of leach
solutions. :

Question: Are we spaaking of sxzeable amounts of copper that

could be recovered by this proccdure’

Answer: Yes. We are not privy to all ore reserve astimates but

‘believe the quantity 1s in excess of 25 million short tons of

copper, Since 1980 copper production from heap and dump l2ach
operations have accounted for 15 to 20 percent of Arizona's toral
copper production. The trend is for increased usage of leaching
technology in general and in gitu leaching in particular because of
the relatively low production costs associated with this method,

“Question: 1s this a technology that has any future?

Answer: Yes., In sityu mining has potential for recoverxng certain
forms of ¢opper, uranium, gold, and other mineral commodities,

Question: Has the Bureau or anyone else done any apprecxable
research on "golution mining?" 1If not, why not?

Answer: The Bureau has long recognized the potential of

- solution minlng and the need for research to overcome the technical

obstacles limiting the ugse of this pew mining wethod. The Bureau
began research in this area in 1972, first concentrating on
advancing blasting technology to improve in;aitu copper leaching
efficiency. From 1977 to 1983, the Bureau's effort focused on
1mprov1ng technology and restoration methods for the recovery of
uranium by in situ mlnlng. More recently the Bureau's program has

.emphasized a more fundamantal research effort related to fluid flow

in rock, to understand the in situ leaching process gnd to
conceptualize advanced in gitu mining systems, -

Scveral of the majot copper companies have conducted limited, site 7 ,,ij%V/L
specific in situ minfng research. 1In the early 1970's, Kennecott 0 et

‘had pajor resesrch program to develop in situ mining technology for

its copper deposit near Safford, Arizona. The Kennecott research
was discontinued because of unresolved technical obstacles such as
sustaining an adequate concentration of copper in the recovered
solutions; confining the leach solutions within the ore body; and &
depressed copper market. Ranchers Exploration and Development

- Company, Phelps Dodge Corporation, Anaconda Minerals Company, and

Cyprus Mines Corporation have done i{n situ research but it was s:tef
apecxflc for the development of a particular deposit, HMod{fied in
situ mining is being conducted at che Lakeshore and Miami wminea in

Arizoaa,
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Question: Assuming adequate technology can be developed, is it
possible that in situ mining of copper could be carried out more
economically than the present method of operating U. S. open pit

copper mines?

Answer: The nining of copper by in situ methods could be mora
economical -compared to present open pit mining methods if technical
obstacles to achieving an acceptable percent of copper recovery can
be overcome., In situ leaching would have basic cost advantages
because {t does not require the loading, hauling and crushing of
ore, moving and storage of waste materials, and extensive milling
operations that conventional surface and underground mining
requlre, : L ~

. Question: Has the Bureau sponsored any ressarch snd development
in this field in the past? 1Is further R & D required? Do you _
presently have any funds budgeted to continue these R & D efforts.
1f not, what would it cost to test the process at some particular
site? What kind of reasarch would this entail?

Answer: Since the early 1970's, the Bureau has augmented its in
gitu research effort with numerous cooperative agreements with
industry to help advance this technology. Currently, the Bureau is
¢onducting long-term investigations of the technical obstacles which
must be resolved before fiald tests could be undertaken. It isa
planned that these Investigations will continue over the next
several years at the currant level of funding of approximately $500K
per year, No demonstration projects are planned at this time. If {t
were determined that a demonstration project would be appropriste,
the planned laboratory tests would still have to be completed before
starting any small scale pilot tests and later pre-commercial stage
demonstration to prove technical feasibility,  Estimating the future
coats of such small-scale pilot tests and pre-commercial stage
demonstrations is not possible at this time because the costs would
depend on the outcome of the laboratory investigations aimed at
overcoming currently known technical obstacles.

Question: In your view, could in situ leaching prove to have
fewer adverse environmental efiects than present recovery methods?
Please explain the environmental benefita and/or concerns relative
to solution mining. : :

Answer: In situ copper mining has the potential to be safer,
less energy intensive, and have fewer environmental cffects than
conventional technology. ¥For example, there are no tailinga
disposal areas developed by in situ methods, and no open pits or
. dumps would be created. Since the copper ie in solution and ready
for modern hydrometallurgy techniques, no smelting oqiifffi{f%ijﬁuld
be required. : : :

The biggest technical concerns with in situ mining are the ability-
to recover and contain the leach solution so as to prevent
groundwater contamination and to sustain adequate metal
concentrations in the recovered solution, A rignificant portion of
recent Bureau rescarch has addressad this problem for both copper

and uraniun, The objective of this research i3 to contain the leach -
solutions within the mineralized rone during in situ and to flush



‘today's coppar prices.
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the zone freec of leach solutions at the conclusion of mining in
order to minimize the impact on the quality of the surrounding.
groundwaters and maximize yvesource recovery.

Question: .Are there any known mineral depoaits in Southern
Arizona that might lend themselves to in situ leaching?

Answer: The copper resources of Southern Arizona have the
greatest potential for advancing in situ mining technology. Large
scale "oxide" deposits are appropriate for advancing this technology

~in copper by using modified in situ technology to recover copper

from Noranda's Lakeshore Mine, Inspiration’s Miami Mine, Newwont's
Sdin Manuel Mine, Phelps Dodge's Safford Mine, ASARCO's Casa Grande
Mine, and the Hanna-Getty 0il Joint Venture st Casa Grande. In
sddition to copper, other Arizona mineral deposits such as gold,

“silver, and uranium may lend themselves to in situ mining methods,

Question: Could you provide for the record an eatimate of the
cost of the recovery of copper.per pound by solution mining versus
open pit wmining? . .

- Answer: It is very difficult to estimate the coats of a
conmercial scale true in situ mining operation; however, {f the
technology were developad and R&D costs not included, the Bureau
beliaves that the costs of recovery of coppar per pound by true in
situ mining would be 25 to 30 percent less than by open pit mining.
In situ pining technology has the potential to be competitive at

Question: What is the likelihood of the transferral of
knowledge from other applications or techniques in the movement of
flulds?

Answer: The transferral of advanced knowledge from other
applications and the evaluation of techniques to in situ mining has

‘been an ongoing and integral part of the Bureau's research program,

For example, the Bureau has utilized advanced oil field drilling and

completion technology in its research, which resulted in five Bureau

patents, In addition, results of this research have potential

“aprlications in other areas., Research on the movement of fluid

through fractured crystalline materials would have potential
application to the radicactive waste disposal problem. “Results
obtainad through Buresu research on in situ mining could be used in
conjunction with research results from other government agencies and
private industries to gain an understanding of fluid flow in mineral

‘deposits. Information gained from understanding and controlling

fluid movement in rock could have significant and direct application
for reducing mine dewatering problems in metal, non-aetal and coal
pining operations, There is also a significant potential for the
development of advanced geophysical techniques to locate fluids in
fractursd rock which would have direct application to the detection
and location of fluid movament in hazardous waste dunps,
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ASARCO Jbs

" Exploration Department

Frederick T. Graybeal
Chief Geologist

June 7, 1985

Mr. J. D. Sell, Manager
Southwestern Exploration Division
Tucson, Arizona

In-Place Leach Resume

Dear Mr. Sell:

As we discussed today over the phone, you will ask
Mr. Kreis to prepare a draft resume of the in-place leach
process as it relates to oxidized porphyry copper deposits.
I'm thinking of something which is 5-7 pages long, single
spaced, with all the appropriate. diagrams. Mr. Kreis
should feel free to plagiarize from any report in the
Tucson Office files including those by Don Davidson.

Once Mr. Kreis has prepared the first draft, which
he should begin without delay, it should be circulated
to you, Mr. Kurtz, Mr. Brown, and I for review. I may
also send a copy to Don Davidson. The final version will
be sent to John Howerton, for distribution to various
congressional staff members who are evaluating the
possibility of government funding for in-place leach
research. A transcript of a recent hearing involving
Senator DeConcini and Bureau of Mines Engineers which
was provided by John Howerton is attached for your
general interest. This provides some idea of what has
been said - not all of it correct.

Very truly yours,

AT, My

F. T. Graybeal

ATTACH. ASARCO Incorporated

CC: W. L. Kurtz JUN1 C 1o
John B. Howerton , '
R. J. Muth ' SW Exploration

ASARCO Incorporated 180 Maiden Lane New York, N.Y. 10038 (212) 510-2000
Telex:ITT 420585 RCA 232378 WUI 62522 Cables: MINEDEPART Telegrams: WU 1-25991
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Henry G. Kreis -
ASARCO Incorporated

June 24, 1985

SOLUTION COPPER MINING

Throughout the twentieth century the American Mining industry has sought and
developed lower and lower cost methods of recovering copper from the ground.
With the current, severely depressed copper prices, the need for lower cost
methods is more critical than ever. The American mining industry needs a
radically lower cost method, and it needs it now before such a method is
developed and implemented by foreign competition.

So]ution mining of copper from soluble copper deposits is such a low cost
method, and it has been used to a limited degree in conjunction with con-
ventional mining methods. Solution mining is the only type of domestic ,
copper mining that is profitable at today's severely depressed copper prices.
But, for the most part, current day solution mining technology limits its use
to extracting soluble copper from rocks broken up but not consumed by conven-
tional mining operations. Thus its present and continued use is strongly
dependent on the continuing use of conventional mining methods. For without
a.continual supply of broken up rock to process, solution copper mining

would no longer be feasible using today's technology.

‘The future of solution copper mining, and perhaps that of the American copper
mining industry, rests in developing the technology of applying solution mining
to rocks undisturbed by conventional mining methods. That is to say, soluble
copper would be extracted fromrock in its natural state; and after solution
mining ceased, the rock would still be in .its natural state less, of course,
its former copper content. Beveloping the technology to solution mine copper
from rock in.its natural state would free solution copper mining from its
dependence on. conventional mining technigues that are currently unprofitable.
"Most importantly, it would allow the development of a large number of soluble
copper deposits in the western U.S.A. that are sitting idle because they are
not profitable with conventional mining methods, nor are they in a situation . -
that will cause them to be broken up by an adJOInlng conventional mining
~operation.

This paper is being written to encourage further interest in the field of
solution mining; and, more specifically, to encourage developing the tech--
nology to solution mine copper from rock in its natural state. An under-
standing of the technology and applications of solution copper mining is most
easily achieved starting wuth some of the basic geologic characteristics of
a copper deposit.




Geology

The geologic characteristics of a copper deposit are a contributing factor to
how the deposit is to be mined. There are, for-example, two general classifi-
cations of copper minerals that determine how the copper is to be recovered
from the rock.

The most important classification, with respect to the topic of this paper, is
a group of minerals in which the contained copper metal can be dissolved in
water containing ‘1% acid. The mining industry calls this group of soluble
-copper minerals--''oxide' minerals. 1t is from this group of minerals, the
oxide minerals, that present day solution mining recovers copper, and this
process is-called "“leaching'' by the mining industry. - Commonly ‘leached, oxide
minerals are chrysocolla, azurite, malachite, atacamite, .and chalcocite.

The second copper mineral classification is that of the 'sulfide' group. All
of the sulfide minerals, with the exception of chalcocite, are insoluble in
water containing 1% acid. The most common minerals of this group are chalco-
pyrite, bornite, and chalcocite. It is from these minerals that conventional
mining recovers copper. {in the future, technology may find a way to dissolve
these minerals so.that theseé minerals too can produce copper by solution
mining methods.

Besides the types of copper minerals, there is another geologic feature of
importance to solution mining. It is the presence of fractures. Without
fractures the copper bearing rocks would be totally impervious to water, and.
solution mining would be impossible unless the rock was mined and crushed to
the size of .sand. The fractures allow the ingress-egress of the water solu-
tion so that it can make contact with the copper minerals, dissolve the copper,
and move the dissolved copper outside the rock to a place where the copper can
be recovered from the solution. :

A1l copper bearing rocks are naturally fractured to some degree, and it is
this fracturing upon which the future of solution mining rests. Too little

is known about natural fracturing in copper deposits, to know if it will

allow solution mining of its copper. We do know that rocks fractured, broken,
and moved during mining operations readily allow the ingress-egress of leach
solutions and, thus, are very amenable to solution mining. Whether or not
natural fracturing is suitable for solution copper mining can only be
determined by field test work. This will be discussed later in this paper.-

Solution Mining Methods

Solution copper mining today is a simple and anexpensnve process. It involves
putting water with 1% acid on top of copper bearing rock that has been fractured,
broken, and moved during conventional mining operations. The solution flows by
gravity through the rock pile, dissolving copper as it passes.. The copper
bearing solutions flow out the bottom of the rock pile where they are collected
and sent to a processing plant. The most popular, large-scale processing plant
is a solvent extraction-electrowin plant.  This type of plant removes the

copper from solution and puts it in a directly saleable form of copper, and it
does this at low cost.




Adapting this solution copper mining to natural rock, rock not broken by a mining
operation, will require developing new techniques of solution application and
recovery. Because most copper deposits-are 100's of feet beneath the surface
~of the ground, solution application and recovery would most likely be done
with the use of drill holes, say six to twelve inches .in diameter. Solutions
would be put into the copper bearing rocks with injection drill holes, and

the resulting copper bearing solutions would be collected in recovery drill
holes. '

The actual solution mining process would be as is shown in Figure 1. In this
figure the water solution of weak acid leaves the injection drill hole and
moves out into the rock through natural fractures, Step A. In Step B the
“solution comes in contact with the soluble copper minerals (oxide copper
minerals), and the copper is dissolved. The solution, now loaded with copper,
continues through the fractures, Step C, and collects in the recovery well
where it is pumped to the surface of the ground, Step D. - In Step E a plant,
most likely a solvent extraction-electrowin plant, extracts the copper from
solution, and. the copper free solution is returned to the injection well,
"Step F, where it will repeat the process.

- The solution mining process is a rélativey simple process, but not all of the
steps shown in Figure 1 have been proven to work. Both the copper recovery
plant (Step E) and the dissolving of copper (Step B) are proven processes
widely used in the mining industry today.  While injection and recovery wells
have not been used in the commercial production of copper, there is sufficient
technology in the minerals and petroleum industry to believe they will work
satisfactorily. What remains to be proven is: (1) the fractures are such

that they will allow commercial quantities. of solution to move through thée rock
(Steps A and C), and (2) the solution will move through the rock in a sufficient
abundance of fractures to make contact with most of the copper minerals. These
two factors are very poorly known in our current state of knowledge, and only
field testing and pilot plants will demonstrate whether they will work on a
commercial basis. ‘ ' :

- Developing the Technology

The -‘American copper mining industry has made attempts to develop solution mining
of copper from rock in its natural state, but these attempts were never carried
out with sufficient work to determine whether or not the process is commercially
feasible. The attempts were made by large corporations on big, Arizona copper
deposits. In one case, at Miami, Arizona, solutions from an injection well
moved through the rock dissolving copper and collected in a recovery well. The
test was successful and justified plans for a more comprehensive, fifteen
million dollar continuation of test work. However, falling copper prices and -
an adverse land situation caused the termination of test work in 1980.

Since the termination of that test, there has been little or no follow-up work
on that deposit or any other American copper deposit.  The reason being the
depressed copper prices and the flood of imported foreign copper. American
companies have been scrambling to get out of the copper business, and those
remaining in it, are struggling to survive. Those surviving in the copper
mining business will recognize the inherent difficulties of developing a new
~ mining technique such as solution mining copper from natural rock.

.:‘-3--




e Frewns A JSorwgron Ccz"f"*'/‘ Mersini G
| - | sown W cross 1o %, |

g€ g‘*i'ﬂ‘

07' .

‘ 4
’y e/

Y J o
?)_*f/ 2 R
. | Y e {;\ A . v!'?
, ,{57\ ; 7 (/OJ &3« i
.. v o el
na /‘(’j;,’? i 4
A TV iz
,S( N [Sozvens EXTrscronis 509
B . LLECTRIVIN Prriot] i :
L L 7 ] -
e it i SerleE or
f?l - GriosHd
i .

sensona B

s TEP 64;' .so;f“:‘v‘m from reao ww wakl poes imbo mations/ Lonitorin..
| (B) St contocts cogin wivsnad md Lissoloss cqpnoa
© Coyf.)«f/zm&; roladTn maue Lo recovany wtll:
D) Copron- bemring Sobum poes o %w\j /M
0 CWM rpeorennd o saboakle %’w |

@ S(J_ZMJ‘LIO% be - reBoirmed %)Mo& M‘V/ ﬂ?"‘é%




" One obvious answer to this problem is for @ number of companies to pool their
soluble copper deposits and some risk capital in a joint venture to develop
and operate solution copper mines. But the times are not conducive to
dinitiating such a venture. Alternative answers to this situation would have
to include some sort of direct or indirect help from the United States
Government. In formulating answers to the problem, industry and/or government
will need to know about the step-by-step process ‘involved in developlng
solution copper mining and the cost of each step.

Development Test Program

Solution copper mining can only be developed and tested on a soluble copper
deposit in the field. There is no way it can be simulated on a computer,
done in a laboratory, or done in the:ground .where a copper. deposit does not
exist. A suitable soluble copper deposit must be selected. Once this task
has been accomplished, test work will proceed in two distinctly separate
steps with the success of the first step, Phase !, Justnfytng the second,
Phase I1.

Phase | wull establish that commercial amounts of solution can move through

the fractures in the natural rock from. the injection well to the recovery well.
Once this is accomplished, Phase Il will evaluate how well the solution is
going through the rock and recovering copper. Both Phase | and Phase |1 will
take five years to complete, and the total cost will be $18,000,000. The
completion times.and costs of each phase are summarized in Table 1. The

actual test setup for each phase is displayed in Figure 2 and Figure 3.

" Success in Phase |1 would lead directly into a small scale solution copper
operation that would gradually develop into a full scale operation commensurate
with the size of the copper deposit. ' L

Table 1. Development Test Program

Phase Objective Test Setup Time Cost

| Establish and measure One injection 13 yrs. $3,000,000
the flow of solution well and two
from the injection recovery wells
well to the recovery set in copper
well. bearing rocks.

11 Demonstrate ability ~ Two injection 2% yrs. $15,000,000
of solution to ' wells and six
recover commercial recovery wells.

amounts of copper.

Total 5 yrs. $18,000,000
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Full Scale Operation

A typical full scale operating solution copper mine is envisioned as having
300 injection and recovery wells. In addition there would be several dozen
monitor wells about the periphery of the operation to insure safegquarding

the environment and preventing the loss of valuable copper bearing solutions.
From 10,000 to 40,000 tons per year of saleable copper would be produced.

The actual amount of production would be determined by the size of the

"~ deposit and the rate at which the solution can-extract the copper from the
rocks.

The total capital cost to develop such a mine is estimated at $50,000,000 to
~-$100,000,000. Unlike the all-at-once lay out of capital for developing a
conventional mine, a solution copper mine would develop with an expenditure
of $20,000,000 at a time as solution copper mining proved itself commercially
successful. ’

The operating costs of a solution copper mine are estimated at 20% to 40% less
than the cost of conventional mining. More importantly, solution copper mining
offers the potential of operating profitably at today's depressed copper prices.

The cost efficiency of solution copper mining is due to the simplicity of the
method. Compared to a conventional copper mine, one ton of saleable copper
from a solution copper mine will eliminate -the need to mine 750 tons of waste
rock and copper ore, the milling of 150 tons of copper ore, and the costly
smelting and refining of copper from 3 tons of concentrated copper minerals.
Since there are tremendous amounts of soluble copper reserves in the western
United States, the total cost savings of ut:luznng solutlon copper mining
could be enormous.

A Test Deposit

Choosing a soluble copper deposit for the test development of solution copper
mining will be a relatively easy task since there are dozens of such deposits
in the western United States. In Arizona alone, there are more than a dozen
large deposits collectively amounting to well in excess of 15,000,000 tons of
copper. Owners of these deposits include the Kennhecott Copper Corporation,
ASARCO. Incorporated, Phelps Dodge Corporation, Freeport Copper Company
(Freeport - McMoRan), Newmont, Hudson Bay (acquired Inspiration Consolidated
Copper Company), Van Dyke Copper Company, Getty 0il, and Hanna Mining Company.

Amongst all the soluble copper deposits, the best suited deposit is in central
Arizona just west of the town of Casa Grande. It has ideal technical charac-
teristics including a highly soluble copper mineralogy (atacamite and chryso-
colla), fracturing, a favorable host rock lithology, isolation from acquifers,
and an excellent location. Furthermore, it contains in excess of 5,000,000
tons of copper in soluble form which makes it the largest known soluble copper
deposit in the world. The ownership of this deposit is divided between two
joint ventures composed of Asarco-Freeport and Hanna-Getty. The Asarco-
Freeport joint venture is known to be interested in solution copper mining.

In fact ASARCO Incorporated allowed the U:.S.B.M. to conduct some very prelim-
inary solution mining test work on its soluble copper reserves. So it is

T8




highly llkely that most or all of this deposit could be made available for the
~ test development of solution copper m:n;ng

Summary and Conclusion

Solution mining of soluble copper from undisturbed natural rock would be a
tremendous technological and economical breakthrough for the mining industry.
It has the potential of being economic at today's copper prices, and could
make profitable mining operations out of many copper deposits that would
never have been mined conventionally, even at high copper prices.

The technology of solution mining copper. from natural rock has yet to be
totally proven. Steps B and E in Figure 1 have been proven to work time and
_again in the solution mining of copper from rocks broken during conventional
mining operations., Steps D and F are widely used in industrial operations
other than solution copper mining, and are expected to be readily adaptable
to solution copper mining. Steps A and C have yet to be tested and proven.
Steps A and C are simply the process of moving the solution through the
fractures in the rock in such a way that commerc1al amounts of copper become
dis5olved .in the solution.

The only way to test and prove Steps A and C is to conduct test work on a
soluble copper deposit. A two phase test is proposed. Phase | (Figure 2)
will test the amount of solution that can move through the rock fractures.
Phase 1| will take 1% years to complete, and it will cost $3,000,000. If
Phase | is successful, Phase Il (Figure 3) will be conducted to prove
commercial amounts of copper can be recovered by the solution mining process.
Phase |l will cost $15,000,000 and take 2% years of time to complete. . |f
Phase t! is successful, the test work program will be gradually upscaled with
"continuing success until a full scale solution mining operation is achieved.

The best and largest soluble copper deposit upon which to conduct Phase | and
Phase |l test work is located near Casa Grande, Arizona. This deposit contains
over 5,000,000 tons of copper in highly soluble copper minerals.. A joint
venture of Asarco-Freeport owns a large portion of this copper deposit and is
interested in solution copper mining. The joint venture would consider any
proposals to allow Phase | and Phase || to be conducted on its property.

It is recommended that the copper industry and/or the U.S. Government find a
way to conduct Phase | and Phase Il test work. There are basically three

ways for the test work to proceed. First is for one company having sufficient
financial resources and a sufficiently large soluble copper deposit to justify
taking the risk. But, the chances of this happening are highly unlikely, for
no one company or joint venture has undertaken this challenge or has indicated
the intent to do so. A second way is for a half dozen companies to pool their
soluble copper deposits and financial resources in-a large joint venture.
Unfortunately, such a joint venture is as difficult and risky to organize and
operate as is the task of developing a new mining technique. A third way is
for the U.S. Government to develop the technology to a point where industry

is willing to invest in the utilization of such technology. This point would




be at the successful completion of Phase Il. While it will cost $18,000,000
to reach this point, the Government stands to reap the benefits of this
expenditure many times over and over. For, if solution copper mining of
natural rock is as profitable as it potentially can be, there will be plentiful
amounts of profits for taxation. Additional benefits would include a return

to profitability in the domestic copper industry, and lower cost copper for
the consumer. _ :

-10-



FIGURE 1

SOLUTION COPPER MINING
SHOWN IN CROSS SECTION
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. | FIGURE 2
PHASE 1 TEST OF SOLUTION FLOW
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w Southwestern Exploration Division

July 2, 1985

F. T. Graybeal
New York Office

H. G. Kreis' Report:
Solution Copper Mining

Attached is H. G. Kfeis' report on Solution Copper Mining in reply to
your request.

Kreis has covered the whole ball of wax and |'m not sure this is what
you wanted. However, | believe the Figures show the process quite
well.
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JDS :mek " James D. Sell
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cc: W. L. Kurtz
H. G. Kreis
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Henry G. Kreis
ASARCO  incorporated

June 24, 1985

SOLUTION COPPER MINING

Throughout the twentieth century the American Mining industry has sought and
~ developed lower and lower cost methods of recovering copper from the ground.
With the current, severely depressed copper prices, the need for lower cost
methods is more critical than ever. The American mining industry needs a
radically lower cost method, and it needs it now before such a method is
developed and -implemented by foreign competition.

Solution mining of copper from soluble copper deposits is such a low cost
method, and it has been used to a limited degree in conjunction with con~
ventional mining methods. Solution mining is the only. type of domestic
copper mining that is profitable at today's severely depressed copper prices.
But, for the most part, current day solution mining technology limits its use
to extracting soluble copper from rocks broken up but not consumed by conven-
tional mining operations.. Thus its present and continued use is strongly
dependent on the continuing use of conventional mining methods. - For without
a continual supply of broken up rock to process, solution copper mining

would no longer be feasible using today's technology.

The future of solution copper mining, and perhaps that of the American copper
mining industry, rests in developing the technology of applying solution mining
to rocks undisturbed by conventional mining methods. That is to say, soluble
copper would be extracted from rock in its natural state; and after solution
mining ceased, the rock would still be in its natural state less, of course,
its former copper content. Developing the technology to solution mine copper
from rock in its natural state would free solution copper mining from its
dependence on conventional mining techniques that are currently unprofitable.
Most importantly, it would allow the development of a large number of soluble
copper deposits in the western U.S.A. that are sitting idle because they are
not profitable with conventional mining methods, nor are they in a situation:-
that will cause them to be broken up by an adjoining conventional mining
operation. ' ’

This paper is being written to encourage further interest in the field of
solution mining; and, more specifically, to encourage developing the tech-
nology to solution mine copper from rock in its natural state. An under-~
standing of the technology and applications of solution copper mining is most
easily achieved starting with some of the basic geologic characteristics of

a copper deposit. '



Geology

The: geologic characteristics of a copper deposit are a contributing factor to
how. the deposit is to be mined. There are, for example, two general .classifi-
cations of copper minerals that determine how the copper is to be recovered
from the rock.

The most important classification, with respect to the topic of this paper, is
“a group of minerals in which the contained copper metal can be dissolved in
water containing 1% acid. The mining industry calls this group of soluble
copper minerals--""oxide' minerals. 1t is from this group of minerals, the
oxide minerals, that present day solution mining recovers copper, and this
process is called ‘'leaching' by the mining industry. - Commonly leached, oxide
minerals are chrysocolla, azurite, malachite, atacamite, and chalcocite.

The second copper mineral classification is that of the '"sulfide'' group. All
of the sulfide minerals, with the exception of chalcocite, are insoluble in
water containing 1% acid. The most common minerals of this group are chalco-
pyrite, bornite, and chalcocite. |t is from these minerals that conventional
mining recovers copper. In the future, technology may find .a way to dissolve
these minerals so that these minerals too can produce copper by solution
mining methods.

Besides the types of copper minerals, there is another geologic feature of
importance to solution mining. it is the presence of fractures. Without
fractures the copper bearing rocks would be totally impervious to water, and
solution mining would be impossible unless the rock was mined and crushed to
the size of sand. The fractures allow the ingress-egress of the water solu-
tion so that it can make contact with the copper minerals, dissolve the copper,
and move the dissolved copper outside the rock to a place where the copper can
be recovered from the solution.

All copper bearing rocks are naturally fractured to some degree, and it is
this fracturing upon which the future of solution mining rests. Too little

is known about natural fracturing in copper deposits, to know if it will

allow solution mining of its copper. We do know that rocks fractured, broken,
and moved during mining operations readily allow the ingress-egress of leach
solutions and, thus, are very amenable to solution mining. Whether or not
natural fracturing is suitable for solution copper mining can only be
determined by field test work. This will be discussed later in this paper.-

Solution Mining Methods

Solution copper mining today is a simple and inexpensive process. It involves
putting water with 1% acid on top of copper bearing rock that has been fractured,
broken, and moved during conventional mining operations. The solution flows by
gravity through the rock pile, dissolving copper as it passes. The copper
bearing solutions flow out the bottom of the rock pile where they are collected
and sent to a processing plant. The most popular, large-scale processing plant
is a solvent extraction-electrowin plant. This type of plant removes the v
copper from solution and .puts it in a directly saleable form of copper, and it
does this at low cost.



Adapting this solution copper mining to natural ‘rock, rock not broken by a mining
operation, will require developing new techniques of solution-application and
recovery. Because most copper deposits are 100's of feet beneath the surface
of the ground, solution application and recovery would most likely be done
with the use of drill holes, say six to twelve inches in diameter. Solutions
would be put into the copper hearing rocks with injection drill holes, and

the resulting copper bearing solutions would be collected in recovery drill
holes.

The actual solution mining process would be as is shown in Figure 1. In this
figure the water solution of weak acid leaves the injection drill hole and
moves out into the rock through natural fractures, Step A. In Step B the
solution comes in contact with the 'soluble copper minerals (oxide copper
minerals), and the copper is dissolved. The solution, now loaded with copper,
continues through the fractures, Step C, and collects in the recovery well
where it is pumped to the surface of the ground, Step D. |In Step E a plant,
most likely a solvent extraction-electrowin plant, extracts the copper from
'solution, and.the copper free solution is returned to the injection well,

Step F, where it will repeat the process.

The solution mining process is a reéelativey simple process, but not all of the
steps shown in Figure 1 have been proven to work. Both the copper recovery
plant (Step E) and the dissolving of copper (Step B) are proven processes
widely used in the mining industry today. While injection and recovery wells
have not been used in the commercial production of copper, there is sufficient
technology in the minerals and petroleum industry to believe they will work
satisfactorily. What remains to be proven is: (1) the fractures are such

that they will allow commercial quantities of solution to move through the rock
(Steps A and C), and (2) the solution will move through the rock in a sufficient.
abundance of fractures to make contact with most of the copper minerals. These
two factors are very poorly known in our current state of knowledge, and only
field testing and pilot plants will demonstrate whether they will work on a
commercial basis.

Developing the Technology

The American copper mining .industry has made attempts to develop solution mining
of copper from rock in its natural state, but these attempts were never carried
out with sufficient work to determine whether or not the process is commercially
feasible. The attempts were made by large corporations on big, Arizona copper
deposits. In one case, at Miami, Arizona, solutions from an injection well
moved through the rock dissolving copper and collected in a recovery well. The
test was successful and justified plans for a more comprehensive, fifteen
million dollar continuation of test work. However, falling copper prices and

an adverse land situation caused the termination of test work in 1980.

Since the termination of that test, there has been little or no follow-up work
on that deposit or any other American copper deposit. The reason being the
depressed copper prices and the flood of imported foreign copper.. American
companies have been scrambling to get out of the copper business, and those
remaining in it, are struggling to survive. Those surviving in the copper
mining business will recognize the inherent difficulties of developing a new
mining technique such as solution mining copper from natural: rock.

_3_
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One obvious answer to this problem is for a numbe¥ of companies to pool their
soluble copper deposits and some risk capital in a joint.venture to develop
and operate solution copper mines. But the times are not conducive to
initiating such a venture. Alternative answers to this situation would have
to include some sort of direct or indirect help from the United States
Government. In formulating answers to the problem, industry and/or government
will need to know about the step-by-step process involved in developlng
solution copper mining and the cost of each step.

Development Test Program

" Solution copper mining can only be developed .and tested on a soluble copper
deposit in the field. There is noway it can be simulated on a computer,
done in a laboratory, or done in the ground where a copper deposit does not
exist. A suitable soluble copper deposit must be selected. Once this task
has been accomplished, test work will proceed in two distinctly separate
steps with the success of the f;rst step, Phase |, justifying the second,
Phase 1|1.

Phase | wnll establish that commercial amounts of solution can.move through

the fractures in the natural rock from the injection well to the recovery well.
Once this is accomplished, Phase I} will evaluate how well the solution is
going through the rock and recovering copper. Both Phase | and Phase Il will
‘take five years to complete, and the total cost will be $18,000,000. The
completion times and costs of each phase are summarized in Table 1. The

actual test setup for each phase is displayed in Figure 2 and Figure 3.

Success in Phase Il would lead directly into a small scale solution copper
-operation that would gradually develop into a full scale operatlon commensurate
with the size of the copper deposit.

Table 1. Development Test Program

~ Phase Objéctive Test Setup - Time Cost

i Establish and measure One injection 1% yrs. $3,000,000
the flow of solution well and two
from the injection recovery wells
well to the recovery set in copper
well, bearing rocks.

i Demonstrate ability Two injection 2% yrs. $15,000,000
of solution to wells and six
recover commercial recovery wells,

amounts of copper.

Total 5 yrs. $18,000,000
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‘Full Scale Operation

A typical full scale operating solution copper mine is envisioned as having
300 injection and recovery wells. In addition there would be several dozen
monitor wells about the periphery of the operation to insure safeguarding

the environment and preventing the loss of valuable copper bearing solutions.
From 10,000 to 40,000 tons per year of saleable copper would be produced.

The actual amount of production would be determined by the size of the
deposit and the rate at which the solution can extract the copper from the
rocks.

The total capital cost to develop such a mine is estimated at $50,000,000 to
$100,000,000. Unlike the all-at-once lay out of capital for developing a
conventional mine; a solution copper mine would develop with an expenditure

of $20,000,000 at a time as solution copper mining proved itself commercially
successful. a :

The operating costs of a solution copper mine are estimated at 20% to 40% less
than the cost of conventional mining. More importantly, solution copper mining
offers the potential of operating profitably at today's depressed copper prices.

The cost efficiency of solution copper mining is due to the simplicity of the
method. Compared to a conventional copper mine, . one ton of saleable copper
from a solution copper mine will eliminate the need to mine 750 tons of waste
rock and copper ore, the milling of 150 tons of copper ore, and the costly
smelting and refining of copper from 3 tons of concentrated copper minerals.
Since there are tremendous amounts of soluble copper reserves in the western
United States, the total cost savings of utilizing solution copper mining
could be enormous.

A Test Deposit

Choosing a soluble copper deposit for the test development of solution copper
mining will be a relatively easy task since there are dozens of such deposits
in the western United States. In Arizona alone, there are more than a dozen
large deposits collectively amounting to well in excess of 15,000,000 tons of
copper. Owners of these deposits include the Kennecott Copper Corporation,
ASARCO Incorporated, Phelps Dodge Corporation, Freeport Copper Company
(Freeport - McMoRan), Newmont, Hudson Bay (acquired Inspiration Consolidated
Copper Company), Van Dyke Copper Company, Getty 0il, and Hanna Mining Company.

Amongst all the soluble copper deposits, the best suited deposit is in central
Arizona just west of the town of Casa Grande. It has ideal technical charac-
teristics including a highly soluble copper mineralogy (atacamite and chryso- -,
colla), fracturing, a favorable host rock lithology, isolation from acquifers,
and an excellent location. Furthermore, it contains in excess of 5,000,000
tons of copper in soluble form which makes it the largest known soluble copper
deposit- in the world. The ownership of this deposit is divided between two
joint ventures composed of Asarco-Freeport and Hanna-Getty. The Asarco-
Freeport joint venture is known to be interested in solution copper mining.
In-fact ASARCO Incorporated allowed the U.S.B.M. to conduct some very prelim=
inary solution mining test work on its soluble copper reserves. So it is

-8 -



hlgh]y likely that most or all of this depOSIt could be made available for the
test development of solution copper mining.

Summary and Conclusion

Solution mining of soluble copper from undisturbed natural rock would be a
tremendous technological and economical breakthrough for the mining industry.
It has the potential of being economic at today's copper prices, and could
make profitable mining operations out of many copper deposits that would
never have been mined conventionally, even at high copper prices.

The technology of solution mining copper from natural rock has yet to be
totally proven. . Steps B and E in Figure 1 have been proven to work time and
again in the solution mining of copper from rocks broken during conventional
mining operations. Steps D and F are widely used in industrial operations
other than solution copper mining, and are expected to be readily adaptable
to solution copper mining. Steps A-and C have yet to be tested and. proven.
Steps A and C are simply the process of moving the solution through the
fractures in the rock in such a way that commercnal amounts of copper become
dissolved in the solution.

The only way to test and prove Steps A and C is to conduct test work on a
soluble copper deposit. A two phase test is proposed. Phase | (Figure 2)
will test the amount of solution that can move through the rock fractures.
Phase | will take 1% years to complete, and it will cost $3,000,000. |If
Phase | is successful, Phase |l (Figure 3) will be conducted to prove
commercial amounts of copper can be recovered by the solution mining process.
Phase Il will cost $15,000,000 and take 2% years of time to complete. |f
Phase 1! is successful, the test work program will be gradually upscaled with
"continuing success until a full scale solution mining operation is achieved.

The best and largest soluble copper deposit upon which to conduct Phase | and
Phase 11 test work is located near Casa Grande, Arizona. This deposit contains
over 5,000,000 tons of copper: in highly soluble copper minerals. - A joint
venture of Asarco-Freeport owns a large portion of this copper deposit and is
interested in solution copper mining. The joint venture would consider any
proposals to allow Phase | and Phase || to be conducted on its property.

It is recommended that the copper industry and/or the U.S. Government find a
way to conduct Phase | and Phase |l test work. There are basically three

ways for the test work to proceed. First is for one company having sufficient
financial resources and a sufficiently large soluble copper deposit to justify
taking the risk. But, the chances of this happening are highly unlikely, for
no one company or joint venture has undertaken this challenge or has indicated
the intent to do so. A second way is for a half dozen companies to pool their
soluble copper deposits and financial resources in a large joint venture.
Unfortunately, such a joint venture is as difficult and risky to organize and
operate as is the task of developing a new mining technique. A third way is
for the U.S. Government to develop the technology to a point where industry

is willing to invest in the utilization of such technology. This point would



be at the successful completion of Phase 11. While it will cost $18,000,000
to reach this point, the Government stands to reap the benefits of this
expenditure many times over and over. For, if solution copper mining of
natural rock is as profitable as it potentially can be, there will be plentiful
amounts of profits for taxation. Additional benefits would include a return

to profitability in the domestic copper industry, and lower cost copper for
the consumer.

-10-
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August 9, 1985 RECEIVED
AUG 12 1985
MEMORANDUM TO: Mr. R. L. Brown ' EXPLORATION DEPARTIENT

USBM In Situ Leach Test
Santa Cruz Project, Arizona

Funds may be available through the U. S. Bureau of Mines (USBM)
for a government-funded, field-based, production-scale, in situ
- leach research program on one or more oxide copper deposits.
Senator DeConcini (D, Ariz.) is attempting to have such funds ex-
pended on a deposit in Arizona. A proposal to do this work would
be included in the Department of Interior Appropriations Bill to be
drafted this September by the Interior Subcommittee (McClure of
Idaho is chairman) of the Senate Appropriations Committee. The
expenditure would start in October 1986.

An in situ research program apparently has some support among
other senators on the Interior Subcommittee, but a site for the
program has not yet been selected. Two criteria seem important in
the selection. First, Congress and USBM personnel view the mission
of the USBM as one of pure research; applied research is considered
to be the responsibility of industry. Horton, Director of the USBM.
has stated that the companies involved should do or pay for this sort

of research and DeConcini has replied that the companies don't have
" the money. Because the research program will benefit the owners of
the deposit to be tested a second criterion is that the owners make
an in-kind contribution to the project of financial value beyond
merely providing the deposit. Other items to be considered include
the extent to which the deposit is typical of other oxide copper
deposits (so the data can be applied widely) and the nature of
environmental impact.

- Messrs. Muth and Howerton have brought the Santa Cruz property
to the attention of the DeConcini staff as a possible candidate
for the in situ research project. Points in favor of Santa Cruz
are as follows:

1.) Typical. The deposit is typical of the majority of
copper oxide deposits in the western USA in terms
of rock types, copper mineralogy, and grade. Thus,
the data from a research project might be more widely
applicable than from other deposits.

2.) Size. Santa Cruz may be the largest oxide copper deposit
known. If research demonstrated that a full scale op-
eration could be economic the project would provide long
term employment. Further, the size of the project permits
a small part to be dedicated permanently to research

without impacting the remaining reserve, a concept which
will be discussed below in greater detail.



3.) Grade. The grade is low enough so it is unlikely
that the deposit will ever be physically mined at a
reasonable copper price; there are no options to
produce copper from Santa Cruz other than by in situ
leaching. This may also be construed negatively
because lower grade means less copper produced and
reduced profitibility. However, the unusual length
of the oxide copper intersections may generate a
higher volume of solution flow than in other deposits
offsetting the low grade.

4.) History. Santa Cruz is undisturbed by previous mining.
Leaching of copper from the rubble above numerous former
block cave operations as at Miami, Lakeshore, and else-
where has been demonstrated to be an economic process
and operating data are available. However, there is no
in situ production of copper from undisturbed oxide
copper deposits and to my knowledge in situ tests have
been made on only 3 undisturbed porphyry copper deposits
utilizing wells for both injection and recovery (Bluebird,
Van Dyke,and Safford). None of these data are available.
Most known large oxide copper deposits are undisturbed
and in situ research on these is still required. Results
from this research would likely yield data applicable to
the numerous undisturbed sulfide deposits present in
Arizona, N. Mexico, Utah, Nevada, California, Montana,
Washington, Maine, Wyoming, and perhaps other states.

5.) Environment. Oxide copper mineralization at Santa Cruz
is isolated from the aquifers in the Casa Grande Valley
by an impermeable conglomerate. Thus, it is anticipated
there will be no communication between the dilute acid
solution used to leach copper and the near-surface aquifers.

6.) Ownership. Perhaps a minor point, but Santa Cruz is owned
by 2 companies, both U. S. corporations, so the immediate
benefit would accrue more widely than in some of the
other deposits.

Several other oxide copper deposits have been mentioned as
candidates for in situ research including:

1.) Johnson Camp. The presence of the Cyprus SXEW plant is
mentioned as an important cost-saving in a research
project. However, surface plant components to treat
pregnant solutions from an in situ test are available
as off-the-shelf items with some salvage value, so
some of the front end cost may be recaptured at the
end of the project. Further, much of the Johnson
Camp ore jis somewhat atypical, occuring in a carbonate
gangue and in shale. Leaching of copper in carbonate
host will generate gypsum - anhydrite and reduce per-
meability and high acid consumption will increase
costs. Also, much of the Johnson Camp ore has the
option of physical mining at reasonable copper prices.

-2
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2.) Lakeshore. Lakeshore is favored by Gordon Miner,
Deputy Director of the USBM (and former Hecla engineer
who worked at Lakeshore) due to the presence of a
SXEW plant, relatively high grade, and an active
leaching operation. Copper is presently recovered by
leaching rubble above a block cave zone and a quasi-
in situ research program has reportedly been approved
for another part of the deposit from which solutions
would be recovered by induced artesian flow into ;
underground workings. However, Lakeshore is. somewhat
atypical because of the higher grade (the quasi-in
situ test is in a zone defined by a 0.7%Cu cutoff) and
at reasonable copper prices has the option of being
physically mined. Finally, Noranda, the operator at
Lakeshore, is not a U. S. company and from a national-

istic viewpoint it seems U. S. tax dollars should benefit

domestic corporations where reasonable.

3.) Casa Grande. In many respects Casa Grande would be a
reasonable candidate and might have a better chance of
being economic by in situ due to its high copper grade.
The grades however are atypically high and since the
oxide zone overlies a high grade sulfide zone block
caving is an option at reasonable copper prices. Also
the oxide copper zones are not as broken or as thick
as the Santa Cruz zones which might reduce the apparent
attraction of Casa Grande based on grade alone.

4.) Sacaton. The underground block at Sacaton is high grade
and might also stand a better chance of success by in
situ than Santa Cruz. However, grades at Sacaton are
higher than most other oxide copper deposits and it has
the option of possible underground development at a
good copper price. ‘

There is no single oxide copper deposit which is outstanding in
aspects, but on average Santa Cruz seems as attractive as any
an in situ research project. I recommend a proposal be made
the USBM to conduct an in situ research project at Santa Cruz

as follows:

l.) Asarco-Freeport would donate a 200x200 ft. block
within the area of oxide copper mineralization to
the U. 8. Government for research by the USBM on
in situ leaching of copper. (perhaps the option of '
several smaller blocks should be proposed).

2.) Asarco-Freeport would donate the services of a geologist
and/or engineer to the project as needed for a 4 year
period. '

3.) The USBM would guarantee to conduct a 4 year in situ
research program to leach oxide copper including
operation of two 5-spot leach tests at a cost of $15.8
million, not including government overhead (20% for
the USBM alone). The design, cost, and scheduling of
this test is outlined on Table I and is the same as

-3-



that outlined by Dr., Donald Davidson in 1980 with
costs escalated by 42%. The purpose of the test
would be to demonstrate economic feasibility of the
technology. The USBM may conduct research of its
own design for as long as desired. Further, the
USBM is entitled to all proceeds from the sale of
all copper recovered from the 200x200 ft. block

(a 200x200x1000 ft. block from which 0.20% Cu is
‘recovered will produce 14 million lbs. Cu).

4.} All data would be available to Asarco-Freeport when
obtained and the USBM would be free to publish or
otherwise make public any and all data as they see
fit.

Asarco and Freeport will need to have obtained internal approval
and have delivered the proposal (previously reviewed by Messrs.
Muth and Howerton) to the DeConcini staff prior to September 6th
when Congress returns from recess. There is fair optimism that an
in situ research program will be included in the Interior Appro-
priations Bill and at the moment Santa Cruz seems to have strong
backing of the DeConcini staff, basically because Messrs. Muth and
Howerton approached them with the idea before anyone else. ‘I am
strongly in favor of a full in situ leach test of the type out-
lined on Table I and I presently see no alternative for a near-
term test other than by the proposal described above. Actual
costs to Asarco and Freeport would be the geologist and engineer. .

There are obvious uncertainties. The USBM may propose alter-
natives to the 4 year test outlined on Table I or want to make
changes during the 4 year project. Additionally, it seems probable
to many that the USBM will get funding for a full-scale field test,
but it is not clear that the site will be part of the Interior
Appropriations Bill. 1If funding is approved without a site it is
likely that numerous groups will appear with proposals to test
their own oxide deposits. My opinion is that a permanent field
- laboratory in the middle of a world class oxide copper deposit
might provide strong inducement to select Santa Cruz. The amount
of the deposit given under the above proposal to the Government
would be about 1% of the area within the 500 ft. drill grid and
more like 0.2% of the total volume of known oxide mineralization.

I have previously réviewed'all of the above with you and
Mr. Kupsch. 1If the proposal is acceptable as outlined we should

~contact Freeport immediately and, if necessary, I can stay in Reno
on Thursday, August 23rd, to discuss specifics with Freeport staff.
cc: R. J. Muth

ol
L
F. T. Graybeal '
J. B. Howerton

W. L. Kurtz/J. D. Sell

attach.



IN SITU LEACH TEST PROGRAM FOR SANTA CRUZ PROJECT

- TABLE I:

. PHASE 1l: Objectives are to measure permeabilities of different rocks;
determine injection and production rates; assess effect of
acid strength on permeability; test effect of hydraulic
fracturing on permeability; develop correlations between
geologic logging and permeability. :

8 months -~ $1,199,000.

PHASE 2: Objectives are to determine directional variations in per-
meability; demonstrate communication between two 10 inch wells;
test chemistry of copper leaching.

7 months - $1,186,000.

PHASE 3: Objectives are to demonstrate that with continuous acid injection
and fluid production adequate copper loading can be achieved and
maintained; measure solution recovery, obtain data on long term
leaching chemistry and experience with corrosive fluids; all
tests conducted in two 2-spot patterns.

8 months - $1,683,000.

PHASE 4: Objectives are to operate two 5-spot patterns and surface
solution process facility capable of handling 50-100gpm flow;
_demonstrate long term copper loading and solution flow rates;
obtain cost and design data for integrated subsurface - surface
extraction; assess economic feasibility.

24 months -~ $11,786,000. -
Time: 4 years
. Cost: $15,854,000
Months
FUNCTION 5 10 15 20 25 30 35 40 45 50
PHASE 1:
Assess $1.199M
permeability
PHASE 2:
Inter-well flow El,lgaﬁ
- and leaching ,
PHASE 3:
2-spot leaching $1.683M
PHASE 4:
Two 5~-spot $11.786M
leaching tests

August 1985




: Exploration Department

August 27, 1985
F. T. Graybeal
New York Office

Santa Cruz Copper
USBM In-Situ Leaching

On Tuesday, August 13, 1985, Messrs. Anzalone, Crowell and | met with
Patty Lynch, legislative assistant to Arizona Senator DeConcini.

According to Ms. Lynch the USBM does not want to name the Santa Cruz
deposit as the place they will make a test, but rather will write a
budget proposal that states they will conduct the test at a suitable
site. Therefore, if the budget is approved, Asarco will need to
lobby hard to convince the USBM that Santa Cruz is the test site.

{/ﬁé{ﬁzf:f

W. L. Kurtz
WLK:mek

cc:  S. A. Anzalone
D. E. Crowell
J. D. Sell




High Grade Reserves

Northwest
Southeast

Total

ASARCO-FREEPORT

H.G. Kreis J D
December 1985
Rev. 12/6/85:

Soluble Copper Reserves iﬂi

!

§

w

9y

Ore (>0.25% Cu) Waste (<0.25% Cu) Total N %
Tons Grade Tons Grade Tons Grade $‘6
(Millions) (% Cu) (Millions) (% Cu) (Millions) (% Cu) _t:___
54 0.87 21 - 0.15 75 0.66 760 50
35 0.65 5 0.17 40 0.58 440 25¢
89 0.78 26 0.15 115 0.63 2540t

Mineralogy

Moderate Grade Reserves

Northwest
Southeast

Total

Mineral Inventory

Total

Tons . " Grade Thick. Ft.-% Top

_ Atac. Chry. Cc
(Millions) (% Cu)  (Ft.) Cu (Depth) (%) (%) (%)
150 0.50 700 350 1500 30 55 15

50 0.56 400 220 2000 45 45 10
200 0.51 600 300 1700 35 50 15
Tons Grade Thick. Ft.-%

(Millions) (% Cu) (Ft.) Cu

800 0.43 L61 198

Known ‘fnventory
Potential Inventory

District Wide lnventory
of Soluble Copper

(A11 Owners)

1.1 billion tons at 0.6% Cu (6.5 million tons Cu)
0.9 billion tons at 0.8% Cu (7.2 million tons Cu)

Total

2.0 billion tons at 0.7% Cu (13.7 million

tons Cu)



H.G. Kreis V A9
December 1985
| Rev. 12/6/85
ASARCO-FREEPORT

Soluble Copper Reserves

High Grade Reserves

Ore (>0.25% Cu) Waste (<0.25% Cu) " Total

Tons -Grade Tons Grade Tons Grade

(Millions) (% Cu)  (Millions) (% Cu) (Millions) (% Cu)
Northwest 54 0.87 21 S 0.15 75 0.66
Southeast - 35 0.65 5 0.17 Lo 0.58
Total 89 0.78 « 26 0.15 . 115 0.63

L leppetigseyg)

Moderate Grade Reserves

Mineralogy

Tons . " Grade Thick. Ft.-% Top Atac. Chry. Cc

(Millions) (% Cu) (Ft.) Cu (Depth) (%) (%) (%)

. Northwest 150 0.50 700 350 1500 30 55 15
Southeast - 50 0.56 400 220 2000 45 45 10
Total 200 0.51 600 300 1700 35 50 15

Mineral Inventory

Tons . Grade Thick. Ft.-%
(Millions) (% Cu) (Ft.) Cu

Total 800 0.43 461 198 |
| _ I sl | @
7 J all oy fOelied
;(4/ . o crelod S

Jp/a?§4_ _ o Tk #5.

% Cu (6.5 million tons Cu)
% Cu (7.2 million tons Cu)

District Wide [nventory
of Soluble Copper

(A11 Owners)

Known inventory 1.1 billion tons at 0.6
Potential Inventory 0.9 billion tons at 0.8

Total _ 2.0 billion tons at 0.7% Cu (13.7 million tons Cu)
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December 1985 (¢opn ot

| | & e
ASARCO-FREEPORT

Soluble Copper Reserves

High Grade Reserves

Ore (>0.25% Cu) "~ Waste (<0.25% Cu) Total
Tons Grade Tons Grade Tons Grade
(Millions) (% Cu).  (Millions) (% Cu) (Millions) (% Cu)
Northwest 54 0.75% 21 . 0.15 75 0.58
Southeast 35 0.65 5 : 0.17 Lo . 0.58
Total 89 0.71% 26 0.15 115 68"
‘ 0,58

%Grade of SC-19 ore cut in half

Moderate Grade Reserves .
» - ‘ Mineralogy

Tons . " Grade Thick. Ft.-% Top Atac. Chry.-Cc

(Millions) (% Cu)  (Ft.) Cu  (Depth) (%) (%) (%)
‘Northwest 150 0.50 700 350 1500 30 55 15
Southeast ‘ 50 0.56 400 220 2000 45 45 10
Total 200 0.51 600 300 1700 35 50 15
Mineral Inventory

Tons Grade Thick. Ft.-%

(Millions) (% Cu) (Ft.) Cu
Total 800 0.43 461 198

District Wide Inventory.
of Soluble Copper
(A11 Owners)

Known Inventory 1.1 billion tons at 0.6% Cu (6.5 million tons Cu)

6% C
Potential Inventory 0.9 billion tons at 0.8% Cu (7.2 million tons Cu)

Total 2.0 billion tons at 0.7% Cu (13.7 million tons Cu)
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ASARCO-FREEPORT

Soluble Copper Reserves

High Grade Reserves

Ore (>0.25% Cu) Waste (<0.25% Cu) Total
Tons . Grade Tons Grade Tons Grade
v (Millions) (% Cu).  (Millions) (% Cu) (Millions) (% Cu)
Northwest 54 0.75% 21 - 0.15 75 0.58
Southeast 35 0.65 v 5 ’ 0.17 Lo 0.58
Total 89 0.71% 26 - 0.15 115 068
2.5

*Grade of SC~19 ore cut in half

Moderate Grade Reserves

Mineralogy

Tons . " Grade Thick. Ft.-% Top Atac. Chry. Cc
(Millions) (% Cu) (Ft.) Cu (Depth) (%) (%) (%)
‘Northwest & 150 v 0.50 700 350 1500 30 55 15
Southeast 50 0.56  L0o 220 2000 k5 45 10
Total 200 ~ 0.51 600 300 1700 35 50 15
Mineral Inventory
Tons Grade Thick. Ft.-%

(Millions) (% Cu) (Ft.) Cu

Total 800 0.43 L61 198

District Wide Inventory
of Soluble Copper

(A1l Owners)

u (6.5 mitlion tons Cu)

Known Inventory 1.1 billion tons at 0.6%
8% Cu (7.2 million tons Cu)

c
Potential Inventory 0.9 billion tons at 0.8% C

Total 2.0 billion tons at 0.7% Cu (13.7 million tons Cu)
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Exploration Department

Frederick T. Graybeal
~ Chief Geologist :

Decémber 20, 1985

Dr. Willjam C. Larson
United States Department
~of the Interior

Bureau of Mines

Twin Cities Research Center
5629 Minnehaha Avenue South -

- Minneapolis,-Minnesota 55417

Santa Cruz Copper Deposit
Pinal County, Axrizona

" Dear Bill:.

_ There was some discussion at the December 6, 1985 in situ .
meeting in Tucson whether sufficient data were available to .
select a site for an in situ demonstration project. It is
"Asarco's opinion that more than enough data are available to
‘support the selection of Santa Cruz and to demonstrate its
superiority to all other sites proposed for testing. To be
of maximum assistance, we are providing you with additional
information which you did not have available to you for de-
 tailed study prior to the meeting. Some of this information
~including all geologic and structural logs will be forwarded
to you by Mr. H. G. Kreis from our Southwestern Exploration.
Division in Tucson.

: Regarding the grade of Santa Cruz, attendees at previous
in situ meetings have been inclined to emphasize the singular
importance of high grade. While we do not agree with this
opinion, we. emphasize that within the Santa Cruz reserve of
"800 million tons averaging 0.43% Cu there is a high grade zone
which' contains ‘54 million tons averaging 0.87% Cu. -Standing
alone, this .internal zone is the highest grade of all suitable
candidates on the list you distributed at the December 6th
‘meeting. ‘As we-had not stressed this aspect of Santa Cruz in
previous meetings, we would ask that you consider it carefully:
now.

- ASARCO incorporated 180 Maiden Lane New York, N.Y. 10038 {212) 510-2000
. Telex:ITT 420585 RCA 232378 WUI 62522 Cables: MINEDEPART Telegrams: WU 1-25991

-}



Following review of data from sites proposed by other
companies at the December 6th meeting, we are more convinced
than ever that Santa Cruz is the outstanding candidate. Your
list clearly demonstrates that the majority of all deposits
. would be leached by pumping solvent down from a surface in-
stallation, not up from underground workings. Your list also
demonstrates that the majority of deposits would be subjected
to Class 3 well permitting procedures.. Santa Cruz falls with
the majority in both cases, emDha5121ng the wide appllcablllty
and general benefit to the copper industry of data from a
research project at Santa Cruz. :

Several attendees at the December 6th meeting also commented
on the advisability of drill hole or core permeability tests
- to determine the best candidate for full scale research. Our
view is that these data would not in any way identify which
- deposit is the most likely to succeed economically, but would
at best serve only to establish design parameters for the full
" scale test. We believe that economic viability can only be

‘determined after completion of a 1-2 year full scale 5 spot test

. designed to measure solution loading and recovery as a function
of time. We also believe this to be the perception of the
Congressional sponsors of the appropriation. Perhaps too much
emphasis has been put on selecting a deposit which has the best
- chance to succeed; we agree that such a result would be desire-
able for many reasons, but this is a research project and an
important aspect of the data collected from the project is that
they be useful - not just of interest - to the copper industry
as a whole, Santa Cruz stands far above the other deposits in
fulfilling the dual objectives of economic success and wide
utility of the data. And, since we believe the intent of the
program is to focus expenditures on a single site, Santa Cruz
seems the logical choice.

Finally; I received your note of December 13 and appreciate
your comments. I will talk to Hank Kreis about getting core to
you for lab work. With best W1shes, '

' Very truly yours,

ﬂ \ /%MJ ‘@ﬁ(j

F. T. Graybeal

cc: Gordon-Miner

/"



bcc: R. J. Muth w/att
. T. C. Osborne w/att
"R. J. Kupsch w/att .
W. L. Rurtz/J. D. Sell/ H. G. Kreis w/att
J. B. Howerton w/att
T. E. Scartaccini w/att

Blind Note: We will discuss but not send core as requested

in Larson's. letter until at least early January 1986. I

don't want site selection based on a few permeability measure-
ments of an infinitesimal part of the deposit when the gross
aspects are those of greatest relevance.

/—-\C)

F. T. G.



United States Department of the Interiorg ECEIVED

~ BUREAU OF MINES OEC 1 81385
‘TWIN CITIES RESEARCH CENTER : g '
5629 MINNEHAHA AVENUE SOUTH ' EXPLORATION DEPT. -

MINNEAFPOLIS, MINNESOTA 55417

December 13, 1985

Mr. Fred Graybeal
Chief Geologist
ASARCO Inc.
180 Maiden Lane .
New York, New York 10038

Dear Fred:

I certainly enjoyed our discussions on in situ mining last week. Hank Kreis

did an excellent job in briefing me on the Santa Cruz deposit. He must have

spent a significant amount of time preparing the cores for display. I really
appreciated his efforts, and yours, for putting the presentation together.

I don't see any problems from a technical point of view in preparing and
conducting whole core tests as we discussed at the core warehouse on
Thursday. Sample preparation on selected split cores would require some
-~ special handling before leaching tests could begin, but we would like to start
conducting tests when you are ready. Our lab is essentially. ready to go. One
or two core boxes from selected locations would be more than suffxcxent to
begin expemments. Max's v of 10 . Aorleld ~ 3 ' piecas aboik “‘—“L"q

Fred, 1 apprecvated your comments at the end of the meeting on Friday. I would
like to see this technology advanced to the commercial level as quickly as
v posswb]e especially for copper.

Thank you again for your hosp1ta11ty on Thursday and for hostwng the 1ndustry
meet1ng on Frxday.

] Sincerely, : | »

WILLIAM C. LARSON Group Superv1sor
In Situ Mining



ASARCO

Exploration Depariment
Southwestern United States Division

January 31, 1986

Dr. Wllllam C. Larson
United States Department of the Interior

Bureau of Mines ASARCO Incorporated
Twin Cities Research Center » _
5629 Minnehaha Avenue South S FEB 3 1886

Minneapolis, MN 55417
Sw Exploration
Dear Bill:

Santa Cruz Copper Deposit
Pinal County, Arizona

During the past couple of weeks I have been obtaining core for your laboratory
tests. I made a trip to the Santa Cruz storage building and selected pieces
of .Santa Cruz core. These pieces of core accompany: this letter. I also
went to the Sacaton Mine and obtained several pieces of whole, NC-H) sized
core with copper oxide mineralization. This Sacaton core will be sent

‘to you if you want it for testing.

During the month I tried to locate scme large diameter core (6" diameter)
of Sacaton copper oxide mineralization. This core was not consumned by
the metallurgical work that was being done on the sulfide mineralization
at the time. Consequently, it ended up as decorative pieces in offices
and hames. I have not been able to find any of it yet, but there is
probably a piece that has been sitting in someone's back yard for the

- last 15 years.

Finding pieces of core suitable for your test work was more of a problem
than I had expected. As you know, the core was broken to begin with and
then it was split for assay. Consequently, a 4" long piece of core with a
uniform diameter throughout its length is a rarity.

These pieces of core are not at all representative of the permeability of

of the Santa Cruz copper deposit. They are the hardest, most solid pieces

of core that were obtained during the drilling program. They are repre-
sentative of less thant 2% of the Santa Cruz core, and they are representative
of the least permeable looking core. Unfortunately, there is no way to obtain
a piece of core that would be representative of the permeability. This gets
back to the fact that all of us agree on -~ the permeability can only be
determined from tests on rock in place.

* ASARCO Incorporated P. O. Box 5747 Tucson, Az 85703-0747
1150 North 7th Avenue (602) 792-3010



Dr. William C. Larson -2 January 31, 1986

The selected pieces of core were chosen to give a variety of cambinations
for rock type, copper mineralogy, and copper grade. These cambinations
are summarized in the following table:

Santa Cruz Core Samples

} Rock .. .. Copper Est. Cu Core
Hole Depth Type Mineralogy Grade Size
sC-19 1260 Granite Chrysocolla Average NX
‘ 1270 = Granite =  Atacamite High NX
- 1279 Granite Atacam. & Chry. Av.-High NX
1686 Granite Atacamite “Av.-High NX
1750 Granite . Atacamite High } NX
SC-46 1622 Porphyry Atacam.» Chry. High HQ
1727 - Porphyry Chrysocolla ~Av.-High HQ
1786 Porphyry .Chrysocolla Av.-Low HQ
SC-52 1266 Granite Chrysocolla - Av.-High HQ
1289 Granite Atacamite : - Average HQ
1361 Granite - Chrysocolla - - Low . HQ
1390 Granite Chry.>>Atacam. Av.-Low HQ
SC-61 2171  Granite o
Breccia Atacamite Av.-Low NX

The green copper oxide mineral in Santa Cruz core is generally atacamite; but the
mineralogy should be checked for the possibility of dioptase or brochantite.
Both dioptase and brochantite are green minerals that look like atacamite.

Bill, if you need more core or ;J.f, there is anything else I can do to help
you, please let me know.

Sincerely,
S ank
Henry G. Kreis

HGK/gb

Enclosure

cc: FIGraybeal

WLKurtz
JDSell
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Exploration Department
Southwestern United States Division

February 12,1986

Dr. William C. Larson

U.S. Department of the Interior
- Bureau of -Mines

Twin Cities Research Center
5629 Minnehaha Avenue South
Minneapolis, MN . 55417

Dear Bill:

In regard to our telephone conversation of February 10, the following
information may be of help to you.

Permission to drill wells in the State of Arizona is obtained by
applying to the Arizona Department of Water Resources in Phoenix.
Mr. Dick Gessner at 602-255-1581 is the person to whom inquiries
should be directed. Tom Carr, at 836~4857 in Casa Grande, is a good

contact to help expedite applications for drilling in.the Casa Grande
area.

Water quality permits must be obtained from both the Arizona Department
of Health Services (ADHS) and the EPA. The contact at ADHS in Phoenix
is Lyndon Hammon, 602-257-2262..  The EPA Region IX contact in San
‘Francisco is Carol Truitt, 415-974-8347.

Sincerely,

2

Henry G. Kreis

Senior Geologist
HGK :mek

bl.cc: F. T. Graybeal
W. L. Kurtz/ J. D. Sell

ASARCO Incorporated P. O: Box 5747 Ticson, Az 85703-0747
150 North 7th Avenue . - . (802) 792-3010 -
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Ty 7
ﬂ%ﬁt HE 1 bgroet
New York, March 20, 1986 ASARGO incorporated

AR 2 4 1685
MEMORANDUM FOR: J.D. Sell

SW Exploration
In Situ Test

Santa Cruz Project
Arizona

The attached advertisement was published to alert potential
contractors that the USBM will issue a detailed description of
the design and engineering study in April. Because the Casa
Grande area is mentioned and ASARCO is known to have several copper
deposits in this area it is possible that ASARCO may be
contracted by potential contractors for geologic data. This
could lead to a possible conflict of interest or other situation
in which selection of Santa Cruz as the test site could be
compromised if some, but not all, contractors ask for and
receive data from ASARCO.

I called David Askin, the contract specialist, for advice;
he commented that Bureau personnel had discussed this subject
at length and suggested that all inquiries be directed to
him at the Bureau of Mines. Please inform me of any inquiries

the Tucson office may receive. <€§; /I” /{ﬁ
F.T. Graybeal .

Attachment

cc: W.L. Kurtz
R.J. Muth
J.B. Howerton
J.L. Woods
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- Manager, Southwestern

Exploration Department . April 30, 1986
Frederick T. Gfaybeal v _ /'\SARCO LU_QOTQOTEIt}u

Chief Geologist
r A K o~
HMAY B 15

Mr. J.. D. Sell ,
e SW Exploration

Exploration Division

Tucson Office

In Situ Affairs
Santa Cruz Project, Arizona

Dear.Mr. Sell:

I called Bill Larson.of the USBM in Minneapolis yesterday
and asked that all requests to H. G. Kreis for advice, core,
reports, or any support work be directed to you. You would
then determine whether and how much time Mr. Kreis should
devote to these requests.

I asked Mr. Larson to advise his staff of this change
in communication linkage. It is likely that some USBM staff -
may still call Mr. Kreis directly and Mr. Kreis should be
told to report all requests from the USBM to you. Any or
all of you, Mr. Kreis, Mr. Kurtz, and myself would then
decide how to proceed.

I would like to cooperate with the USBM in all p0551ble
ways on this project and at the same time get Mr. Kreis'
Superior East work completed and summer work assignments
settled. Once the USBM in situ Request For Proposal is
issued and various contractors have received it, hopefully
by mid-May, we will have a better perspective.

Very truly yours, \éCié:)

F. T. Graybeal

FTG:mx

ccC: W. L. Kurtz

- s

ASARCO Incorporated 180 Maiden Lane New York, N.Y. 10038 (212) 510-2000
Telex:ITT 420585 RCA 232378 WUI 62522 Cables: MINEDEPART Telegrams: WU 1-25991
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Exploration Department

Frederick T. Graybeal
Chief Geologist

July 18, 1986 'RECEIVED

JUL 2.1 1986

Mr. Lewis V. Wade EXLRATON DEPIATT

Research Director ,

U.S. Department of the Interior
Bureau of Mines:

Twin Cities Research Center
5629 Minnehaha Ave. S.
Minneapolis, MN 55417

Memorandum of Agreement
Santa Cruz Project, Arizona

. Dear Mr. Wade:

Enclosed are 5 signed copies of the Memorandum of

- Agreement covering the Santa Cruz Project. Please note that
pages 1 and 5 have been revised to reflect that the Memorandum
of Agreement is between the USA and the Santa Cruz Joint
Venture. This joint venture is a project in which ASARCO
Santa Cruz Inc. and Freeport Copper Company each hold a 50%
interest.. Accordingly, representatives of both companies

have signed the Memorandum of Agreement.

Asarco is manager of the Santa Cruz Joint Venture, and
correspondence should continue to be addressed to our offices.
Would you please return two of the signed copies to me after
approval by the Assistant Director. .

Very truly yours,

F. T. Graybeal

FTG:mr
Att.

cc: W. L. Kurtz (w/att.)
R. J. Muth (w/att )
A, Park

ASARCO . Incorporated 180 Maiden Lane New York, N.Y. 10038 (212) 510-2000
‘Telex:ITT 420585 RCA 232378 WU 62522 Cables: MINEDEPART Telegrams: WU 1-25991



MEMORANDUM OF AGREEMENT
: BETWEEN :
THE UNITED STATES OF AMERICA
AND
THE SANTA CRUZ JO]I\TT.VENTURE

This agreement, made and entered into this day of
1986, between the United States of America, acting through the Department of
the Interior, Bureau of Mines (here1nafter referred to as the. Bureau), and
The Santa Cruz Joint Venture
7 (here1nafter referred to as the Cooperator), w1tnesseth
that it is agreed and understood as fo]]ows

1. Cooperation: The Bureau and the Cooperator agree to cooperate and
collaborate for the purpose of conducting data acquisition field tests at the

Santa Cruz site near Casa Grande, Arizona.

2. Description of the Work: Field tests will be conducted at the Santa

;Cruz site by a Bureau selected Contractor. This field testing will include,
but sha]] not be limited to the fo110w1ng
| a. Down-hole permeability tests, such as doub]e packer water 1n3ect1on
~ tests or multiwell drawdown tests.
b. Core drilling (minimum core diameter 1.75 incnes). Approximately 200
feet of core will be obtained. .. .
c. Multiwell hydrology tests for understanding the site nydrology.
d. Downhoieigeophysical logs as may be required to.characterize the
denosit. | |
The data acquired from these tests wi]] be used by the Contractor to
design commertia] scale and pilot seale in situ copper mining 6perations for
the Santa Cruz site. The results ofatne data acquisition tests and the
commercial and pilot scale mine designs wf]] be published by the Bureau»or its

'

Contractor.



3. Bureau's Contribution: The Bukeau will select, and provide funding
for, a Contractor to conduct the data acquisition field tests and develop the
in situ mine designs. .

4. Cooperator's Contribution: The Cooperator shall provide access to

the Bureau's Contractdr for the'pufpose of conducting data acquisition field
tests at the Santa Cruz site. The Contractor, however, shall be required to
provide advance written notice to the Cooperator of the exact field tests to
be}conducted and the proposed tesfing timetable so that én:agreeab1e schedule
can be worked out. The Cooperator shall also assist the'Contréctor, as
needeq,'in obtaining any and all permits required for conducting the data

acquisition field tests.

5. Title to Property: Any and a]i propertylaﬁd equipment of whatever
‘nature or kind furnishéd by either party in cohnection with work under this
agreement is and shall remain the property of the party furnishinq such
property and equipment.

6. Ownérship of Data and Records: Al1l original notebooks, data sheets,

record charté, graphs, or other records maintained by the Bureau which are
kept during, or arise out of, the work done pursuant to this agreement éha]]
be the property of'the Bureau. Copies of such materials may be released
outside the Bureau upon approval by the Directof.

The Freedom of Information Act (FOIA) and ‘its amendments have resulted in
an increasing number of requests from outside the government for copies of |
information and data submitted to FederaT agencies, If ihformation and data
provided by the Cooperator to the BureaUFUnder this agreéhent contain informa-
tion that‘the Cooperator believes should be withheld from such reduestors,

under the FOIA, on grounds that it - is "trade secrets and commercial or

-2-



confidential® ((b) (4) of the FOIA), the.Cooperator should identify all such
ThformatiOn so that if the ihformation and data are ever tHe subject of an
FOIA request, the decision by the responsible Federal official to disclose ar
withhold can be made promptly. 1f the Cooperator considers parts of the
information and data withholdable under the FOIA, the Cooperator shall put the
following notice on thé title page: | _.
“Some parts of this document, as identified on individual pages;
are consideréd by the submitter to be privi1eged'or'confidentia1
trade secreté or commercial or financial information not subject | R
, to mandatory disclosure under the Freedom of Information Act. |
Matefia] considered privileged or confidential on such grounds is
contained on;bages (specify page numbers).*"
The Cooperator shall mark each individual item considered privi1eged or
confidential under the FOIA with the’fo11owing notice: |
. ' - “These data or informati'on are considered conﬁ'dent_ia] or
| priVi]eged, and not subject to mandatbry disclosure under the
Freedom of Information Act." |
A11 information and data which are not so designated may be subject to

automatic public disclosure if 1t.15'réquested under the FOIA. It must be

emphasized that under the FOIA no information is automatically exempt from

bub]ic disclosure. However, no disclosures under FOIA will be made without a

tarefu] and exacting evaluation by the Bureau, giving due regard to the need
for safequarding material considered by the submitter to be privileged or
confidential. The Bureau's policy is to withhold whenever possible, material
“that is genuinely priviieged'or confidential. |

7. Publication: It is understood that a major purpose of the work

-3-




performed by thevBureau is to obtain information that may be made available by
fhe Bureau to industry and the_pub]ic through publications or otherwise. The
Cdoperatqr shall not announce, bub]ish, or otherwise disclose information or
conclusions resulting from the work performed or observed by the Bureau or by
the Cooperator under this'agreement, untf] after réview for technical accuracy
by the Bureau. .Such,review will not be unreasonably delayed. |

Any announcement or publication of work under'this agreement by either
party shall recognize and give credit in the text and on the title page to the
- cooperation of the other party, un]ess réquested otherwise.

8. Officials Not to Benefit: No member of or Delegate to Congress shall

be admitted to any share or pért of this agreement or to any benefit that may
arise therefrom. |

9. . Liability: The‘Cooperator.agrees to be reéponsib]e for its own acts
and.thé results thereof,band will assume all risk and Tiability to itself, its
.agents or’emp1oyees, for any injury to persons or property resulting in any
ﬁanner from the conduct of its owh operations and the operations of its agents
- or employees under this agreement and for any loss, cost or damages, or
expensés resulting at any time from any and all causes due to any act or acts,
negligence, of the failure to exercise proper caution, or by itself or fts
3emp]oyeés while octupying or visiting the premises under and pursuant to this
agfeement. Furthermore, the United States Government agrees to be responsibie
as to and under fhis égreement to the extent of and by the authority set forth
in the Federal Tort Claims Acts, as amended (28 U.S.C. 2671-80.(1976)) and
will have no other 1iability. | |

10. Terminafion: This agreement shall expire on.September 30, 1987 but

may be extended ‘for additional periods by written agreement between the

-4




parties hereto, provided, however, that it may be terminated at any time by
either party giving written'notice of termination to the other party at least
thirty (30) days prior to the date fixed in such notice.

Where the operation of this agreement extends beyond the current fiscal
year; this agreement is expressly conditioned and contfngent upon the Congress
making appropriation for neceésary expenditures hereunder after~such'chrrent
year shall have expired. In Case such appropriétion as‘may be necessary to
carry out this agreement is not made, the Cooperator hereby releases the

Bureau from all 1iabiiity for failure to perform due to the failure of

Congress to make such appropriation.

3

IN WITNESS WHEREOF, the parties:hereto have made and executed this

agreement as of the day and year first above writien.

THE UNITED STATES OF AMERICA

By

LEWIS V. WADE, Bureau Representative
- Research Director

Twin Cities Research Center

THE SANTA CRUZ JOINT VENTURE
ASAKZOSantaCx_uzInc.

o AT Manbesl
Name F T émy&‘aa,/
Title Upe Presideat
Freeport Copper Conmpany

By

Name

Title

APPROVED:

" Assistant Director--Mining Research, Bureau of Mines
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sadvertising and
" Aiblic Relations

AR

I R T e
ot ot o dot il

MEETING
REPORT

a

’
’

" 31320 N. Campbell Ave.
“Tucson, Arizona 85719
1607} 373.7000

Client ASARCO Incorporated Meeting Location Asarco Tucson
. Art ¥Waller : - Tom Scartaccini
Attending Agency Attending Client :
Prindle Gorman - William Kurtz, Verle Martz,
. James D. Sell
Attention William K. Murray L  Datedctcber 15, 1986

Agency Staff

!

" The purpose of the meeting vas to  provide agency personnel with
background on the new leaching operation and landfill project near Casa
Grande.

Oxide Leaching

This is a research project vhich is being done by Asarco and Freeport
McMoRan, Inc. as the Santa Cruz Joint Venture. It is being funded by
the Bureau of MNines, The project ig called "in situ mining
technology." The process involves injecting a leach solution (in this
case diluted sulfuric acid) into the earth to extract minerals (in this
case, copper oxide) from an ore body that remaing essentially intact.

The basic technology has been used to mine uranium but has never been
ugsed in the copper industry. 1If the research project is successful, it
vill result in a new method of non-labor intengive mining of quality
copper (see attached news release for specifics.) '

The basic exploration and determination of the size of the ore bady has
already been done. A company known as SAI vill be doing the actual
vork. Initially,  they wvill dig twvo drilling vells. ~ Fluid will be
“injected into one well and (hopefully) pumped up through an adjacent
{75 =~ 100 ft away) vell, ‘"after having passed through the rock. The
initial studies v¥ill be done only vith wvater and are meant to establish
vhether or not there can be "communication® between . the two- wells.
Tests «¥ill then be done with diluted sulfuric acid vhich will dissolve
the minerals and then be pumped up through the adjacent well. ¥hat is
not known is whether or not the fluid may spread throughout the ground
instead of traveling to the exit well. Hovever, the water table in
the area is of very poor, non-potable quality and Asarco’s exploration
department - feels that the chances of contamination are  very meager,
gince present theories indicate that fluids vill move to vhere ' sucking

(pumping) is. )
o

| " ASARCO Incorporated C)OJ W‘% /\pt/ |
00T 271586 | {w

SW Exploration o @}/Lg//




" The entire testing procedure will take about 14 months and development -

‘

-vhat had been done on the froject thus far.

"The 1initial idea for turn#ng Sacaton

If this is successful, it wvould be possible to mine 800 million tons of
.43% copper and 54 willion tons of-..87% copper from this site. ¥hen
the ore body has been exhausted, the site would be clogsed down and

~there would be no evidence of a mining project. During the wmining
process a solvent extraction-electrovinning plant would be built on-

site to extract the ore and form copper cathodes vhich can then be sent
to be made intoc copper rods or wire. (The smelting process becomes
unnecessary. )

The research projecf vas éet in motion by Senator Deconcini ‘after
Preaident Reagan turned down trade restrictions on' foreign copper

imports. It 1is an effort to find a vay to make the Awmerican ‘copper
industry competitive vwith foreign copper producers. - However, the:
foreign copper . producers are alsc beginning to conduct reaearch into‘

this type of mining.

Drilling is scheduled to begin in January, possibly sooner. Results
from the initial testing should be available in April or May of 1987.

of a handbook vill begin in September of 1987. Hovever, - the overall

. program .is actually a five-year program. This is the pilot testing

section.

Different types of leaching procedures are already being done  at San

Manuel and Morenci. At Casa Grande there vill be evaporation ponds, but

no tailings ponds or a pit.

Sacaton Landfill

The second hour of discusaxon vas devoted to, the Sacaton landfill and

o a landfill vas not Asarco’s
vever, no one can remember who it
, 8ince they vere in the metal and
bage business. But the more they
the better the idea sounded.

but that of a private individual.

vas, Asarco dismissed itiat fir
mining . business and not the
thought about it and got intp

At this point, they have red experts in the fields of geology and
hydrology (and hydrogegiogy) to investigate and analyze the site
looking for possible. prgblems While the full report is expected next
month, 1initial findipgs are that the site ig perfect to function as a
landfill. '

The pit is 3,000 feet in diamegter and 1,000 feet deep. It wvould take
35 - 58 years to fill it up. he pit is completely surrounded by
impermeable rock and the nearest vater table is a mile avay. It vould
take 15,000 sto 20,000 years fpr any pollutants (if any managed to

penetrate  the granite) to reach that vater, vhich is of low quality

anyvay.

N



FILE

Southwestern Mining Department

October 27, 1986
MEMORANDUM

T0: T. E. Scartaccini
FROM: V. C. Martz

RE: Waller Advertising and Public Relations, Santa Cruz In situ

On October 27, 1986, Jim Sell and I met with Art Waller and Prindle
Gorman of Waller Advertising and Public Relations. Mr. Waller indicated
that he had been directed by W. K. Murray to develop a press release on
behalf of Asarco in regards to the Santa Cruz in situ leaching project.
Mr. Sell gave a brief overview of the project explaining that the Santa
Cruz Joint Venture was essentially involved in this project only
through providing the site. The contractor for the formation testing
phase of this project will be SAIC. This came as_a surprise to Mr.
Waller and Ms. Gorman who prior to this meeting, believed Asarco would
be performing the work. It was also pointed out that acid would not be
“used in this phase of the project. The purpose of this phase is to
determine formation characteristics using potable water as the media.
Mr. Sell suggested William Larson and Daniel Millenacker of the U. S.
Bureau of Mines be contacted for further information. Mr. Waller in-
dicated that he would also contact Senator DeConcini to incorporate his
jnvolvement in the development of this proaect for the forthcoming

news. release. .

I pointed out to Mr. Wa11er that it was very important that the release
be carefully worded in order to eliminate the possibility of negative
interpretations in the Casa Grande area. I pointed out that this was

" not Asarco's project but Asarco was cooperating with the U. S. Bureau
of Mines in their project. Mr. Waller indicated he would make every
effort to word it in such a manner that it would be interpreted in a
positive sense but could make no guarantees as to what would actua]]y

be printed by the news med1a
Yute (5=

V. C Martz

VCM/kh
cc: JDSell-gmg

AGARCO \ncmpomeo :
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' ' ok
m Southwestern Exploration Division o

October 16, 1986

To: J.D. Sell
From: H. G. Kreis

U.S.Bureau of Mines Meeting
October 9, 1986

Santa Cruz Project

"Pinal County, Arizona

-

On October 9th | met with Don DaQidson, Ray Huff, Jon Ahlnesé, Dan Millenacker,
Ralph Weeks, and John Edwards (see attached list of business cards). | showed
them the Lands area of the Santa Cruz Project and the locations of the holes

‘with the best copper oxide intercepts. After that l.gave them a review of the

Santa Cruz geology and showed them some representative copper oxide core.
Following my presentations, they brought me up to date on their activities.

The only new -information concerns Hanna-Getty. Hanna-Getty is making their
deposit available to the Bureau of Mines for test-work, and the Bureau of Mines
notified our New York office of a meeting they had with Hanna-Getty. The
Bureau of Mines is aware of the abundant data Hanna-Getty has developed, par-
ticularly groundwater data. |t was mentioned that the Bureau of Mines would
consider doing test work on the Hanna-Getty deposit just to get their data.
The Hanna-Getty groundwater data would save the Bureau of Mines a lot of time
and money. Furthermore, the Bureau of Mines wants a comprehensive knowledge
of the groundwater situation, because the potential for groundwater. pollution
is the foremost environmental concern of the Bureau of Mines.

The U.S. Bureau of Mines' proposed in situ test work -may affect our ability to
acquire the Hanna-Getty deposit. Test work on the Santa Cruz deposit and now
possibly on the Hanna-Getty deposit may help Hanna-Getty in: their. efforts to
sell their deposit. |If the U.S. Bureau of Mines' test work demonstrates the
commercial viability of in situ leaching, it will be substantially more
difficult for Asarco-Freeport to.acquire the Hanna-Getty deposit than it is
right now. | think we should review the feasibility of acquiring the Hanna-
Getty deposit at this time.

9 6. B

HGK:mek A H. G. Kreis
Attachment (Business Cards)

cc: W. L. Kurtz
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DANIEL J. MILLENACKER

HYDROLOGIST

U.S. BUREAU OF MINES

TwiN CITIES RESEARCH CENTER

5629 MINNEHAHA AVE. SOUTH (612) 725-4588

MINNEAPOLIS. MINNESOTA 55417

725-4500

P

JON K. AHLNESS

MINING ENGINEER

U.S. BUREAU OF MINES

S629 MINNEHAHA AVE. SOUTH
MINNEAPOLIS, MINNESOTA 55417
PHONE: 612.725-346

7254500

N

Dr. Donald H. L/aviason, r.c.

Section Manager, Technology Development
Applied Technology Division

Science Applications Intemational Corporation
8400 Westpark Drive, MclLean, Virginia 22102 (703) 821-4833

- RAY V. HUFF, P.E.
i President :
RAY V. HIUIFIF.
ASSOCIATES, INC. "]
IN-SITU LEACHING ENGNEERS

- PO, Box 1310 F
- Golden, CO 80402 - Telex: 450661

.

:)>>> Davy

JOHN EDWARDS .

Senior Process Engineer

; Davy McKee Corporation

2303 Camino Ramon ' ,

: P.O. Box 5500 Tel: (415) 866-1166
San Ramon, CA 94583 Telex: 470670




Southwestern Exploration Division ' \] D S

October 16, 1986

To: J. D. Sell

From: H. G. Kreis

Permeability Tests
Hanna-Getty Deposit
Santa Cruz Project
Pinal County, Arizona

'As‘you know, Hanna-Getty performed a permeability test(s) on its Casa
Grande West Deposit, and the results showed a permeability unfavorable
to in situ leaching. | discussed this test work with Dave Lowell.

Dave Lowell researched the permeability test work that Hanna-Getty

performed on their copper deposit. 'He talked with the people that

ran the permeability tests, and they said the test was very poorly done.

These people told Dave that the test results were not meaningful

because of the poor work. Dave has concluded the results were meaning-

less, and he believes the Hanna-Getty deposit remains an ideal candidate "
.for in situ leaching.

9 G o

HGK:mek . : H. G. Kreis

cc: W. L. Kurtz
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m Southwestern Exploration Division

October 16, 1986

To: W.L. Kurtz

From: H.G. Kreis

Gold Deposits/Prospects
Codelco, Chile

| spoke with Orlando Alvarez C., Superintendent of Geology, and Roman
Flores V., Chief Exploration Geologist, both from the Chuquicamata
Division of Codelco. According to them, it is Codelco company policy
‘not to develop gold deposits. Consequently, they have some gold
deposits and prospects that will be farmed out to othér companies.
They have a 20 million ton deposit averaging 0.06 opt Au, which |
believe is ‘at El Salvadore. They also have a good prospect at
Chuquicamata.

Codelco uses A.S. Radtke as a consultant for work on gold deposits
and J.D. Lowell for copper deposits. Lowell goes to Chile three to

four times a year and spends 30 to 40 days a year consulting for Codelco.

A

H. G. Kreis
HGK:mek
Attachment (Business Cards)

cc: J. D. Sell

Jbs
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Exploration Department
Southwestern United States Division

November 18, 1986

Mr. Ray V. Huff, President
Ray V. Huff and Associates
P.0. Box 1310

Golden, Colorado 80402

Dear Mr. Huff:

As you requested, I have reviewed the Santa Cruz drill hole information and
have selected an appropriate interval in which to cut core for the USBM. It
is in drill hole SC-46 from 1506' to 1800'. The interval contains both
chrysocolla and atacamite-brochantite type copper mineralization in biotite-
quartz-feldspar porphyry.

One of the major deciding factors was hole diameter. Most of the holes were
drilled with NX(NQ) size. Only SC-46 and SC-52 offer HQ(NC) size core holes
in the better acid soluble copper reserves. Drill hole SC-46 also offers

rock that drills with a minimum of problems and is good for setting a wedge.

The attached information on drill hole SC-46 gives some of the pertinent
facts about the past drilling events and present condition of the hole. . The
map shows the location of SC-46, the location of neighboring drill holes,
and a survey of the corners of the NE/4 Section 13. ~

I talked with Ralph Weeks on November l4th, the day after I talked with you.
He will obtain a drilling permit from the Arizona Dept. of Water Resources.
The permit will be for the NE/4 Section 13 rather than one for a specific
drill hole.

Sincerely yours,

2y /.
/%:/m,/:— A
HGK:mek Henry G. Kreis
Atts. Senior Geologist

Sell - Asarco

cc: J.D
J.K. Ahlness, USBM
D.H.
V.C.

Davidson, SAIC
Martz

* ASARCO Incorporated P. O, Box 5747 Tucson, Az 85703-0747
1150 North 7th Avenue (602) 792-3010
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H.G. Kreis
Nov. 17, 1986

DRILL HOLE SC-46

Coordinates: 64483.5' North
49496.5' East
1314.2' Collar Elevation
. Directional survey report available (0'-2490')

. . I
Drilling Statistics: -ahgucbw”zj‘
0-1084' 4" or 4%' casing in rotary drill hole )
1084'-2325"' HQ(NC) sized diamond drill core
2325'-2669' T.D. NQ sized diamond drill core
1080'-1313"' (and below?) used oversized reaming shell

Mud Program: My-Lo-Gel, CMC, soda ash; added Dick's Mud Seal at
1100', D-D at 1250', and diesel at 1850'.
Circulation: 1084'-2540", 85-95%; 2540'-2564",
40%; 2564'-2669', 0%.

Drilling Conditions:

No problems reported in shift reports of HQ portion
of drill hole. Magcobar mud reports available for
comments on drilling and mud program (Asarco file
data). '

Casing Pulled:

All the casing used in the HQ hole for NQ drilling
was recovered.

Geophysical Logs:

Available for 0-1087'; Birdwell. Suggest running
geophysical logs before the placement of a wedge
eliminates reentry into the lower part of the
drill hole.

Geology:
1506'-1800"', biotite-quartz-feldspar porphyry with
chrysocolla and brochantite-atacamite. Copper
grades vary from 0.2 to 6% Cu. See detailed geologic
log. .
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1) November 20, 1986

Mr. Bill KRurtz

Manager, Western USA Division
ASARCO Incorporated

1150 North 7th Avenue

Tucson, Arizona 85703

Subject: Santa Cruz Deposit Case Grande area of Arizona
Reference: Bureau of Mines Contract No. J0267001 SAIC Project No. 2-827-03-427
Dear Mr. Kurtz:

SAIC as the prime'contractor for the U.S. Bureau of Mines project to
develop a Generic In Situ Copper Mine Design Manual is tasked to work with the
site owner to obtain permits for field tests (coring, geophysical logging, and
permeability testing) to be conducted under Phase II Task B of the contract.

Ray V. Huff and Associates (RHA), our sub-contractor team member
responsible for well field design has identified specific tests and described
how they are to be conducted. For these tests our sub-contractor team member
responsible for permit applicaitons, Sergent, Hauskins, and Beckwith (SHB) made
an initial assessment of the responsible permitting agencies to be contacted
and the permits that will be required to conduct these tests. The RHA and SHB
reports are enclosed for your review and comments.

Based on this work it is SAIC's and SHB's recommendation that ASARCO
initiate the Intent to Drill ‘application procedure with assistance of SHB.
SHB's contribution to the process will be in the form of supplying the technical
data required to complete the application, and will also be available to discuss’
the details of the proposed field program with the ADWR.

Mr. Ralph Weeks of SHB will report to me for this work activity. He is
responsible for SHB permitting work on the contract, and should be ASARCO's
working point of contact. He can be reached at (602) 272-6848. Mr. Ray Huff
of RHA will support Mr. Weeks with regard to technical issues relating to test
methods and procedures. He can be contacted at (303) 278-7634. Please contact
me at (703) 821-4832 pertaining to any issues that you believe could impact
SAIC's contractural responsibilities to the U.S. Bureau of Mines.

If you are in agreement with our proposed test program and approach to
permitting these tests I would appreciate your responding in writing to this
effect to both SAIC and Mr. Jon Ahlness the Bureau of Mines Technical Project
Officer.

8400 Westpark Drive, McLean, Virginia 22102
: (703) 821-4600



Bill Kurtz

Page 2

November 20, 1986

I look forward to working with you and ASARCO on this project and am

very excited about the prospects of developing in situ copper mining as a viable
commercial process for producing copper.

ce: J.
F.
R.
Je
Jeo

DDD/ms

Ahlness-U.S. Bureau of Mines
Graybeal—-ASARCO

Huf £~-RHA

Weeks~SHB

Standish~SAIC

Sincerely,

W/»///QZ 4

Donald D. Davidson.
Manager, Technology Development and SAIC

Project Manager for U.S. Bureau of Mines
Contract J 0267001



ENVIRONMENTAL PERMIT REQUIREMENTS
PHASE'II,FIELDYTESTING PROGRAM
ASARCO-SANTA CRUZ PROPERTY
USBM CONTRACT NO. J0267001

1. Introduction

This document describes SHB's current understanding of
the environmental permit requirements for the perfor-
mance of the Phase II field testing  program at the
bASARCO—Santa Cruz property under a USBM Contract‘No.
J0267001. The details of the testing progrém are
described in an attached submittal by Ray V. Huff &

Associates, Inc.

It is our understanding that the proposed field program
will be conducted within the NE1/4 of Section 13, T6S,
R4E on private property under the legal possession of
ASARCO. Any variation in the location, scope of field
work or ownership of the property may cause the permit
requirements discussed herein to be insufficient for

obtaining regulatory permission to proceed.

2. Permit Requirements

The subject property lies within the Pinal Active
Management Area (PAMA), one of four regions in Arizona
establ{shed by the Groundwater Management Act of 1980.
Relative to the issue of acquiring permission to perform
the subject field tests, the 1980 enabling act insti-

tuted a system of groundwater rights and a 45-year

Task ID: 11/19/86
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Environmental Permitting Page 2
Generic In Situ Copper
Mine Design Manual
U.S. Bureau of Mines
SHB Job No. E86-273
Letter No. 4

managemeht program. The resulting management plan (ADWR,
1985)* 1identifies several rights to withdraw groundwater in
the PAMA. These rights range from exempt withdrawals, to
grandfathered water rights, to service area rights. As
stated by Mr. Thomas G. Carr, Area Director of the PAMA
staff of the Arizona Department of Water Resources (ADWR),
the subject ASARCO property holds a Type 1 Non-Irrigation
grandfathered right (Lawyers Title Trust No. 58-110104;
12/70). Due to this water right and the minimal amount of
groundwater to be withdrawn (about 14,400 gallons), the ADWR
will only require the owner to  apply for and receive
authorization to withdraw by filing a Notice of Intention to
Drill with their agency.

The Notice of Intention to Drill procedure is relatively
simple, and according to Mr. Carr, will not take over 60
days for the ADWR to approve or reject the application.
The ADWR has a standard application form available which

requires, at a minimum, the following information:

° Location by sectional description.

° Owner of land and well; name, address and telephone
number. .

° Name of contact person with telephone number.

*ADWR (Arizona Départment of Water Resources), 1985, Pinal
Active Management ~Area ' - Management Plan for First Manage-
ment Period 1980-1990.
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° PUrpose for well and withdrawal.
° Signature of owner.

° Proposed method of abandonment.

o

Type of pump; pump capacity.

° Well construction details and drilling method.

The drilling operation must be under the supervision of
an Arizona. licensed water well driller and the drilling
must occur within one year after the date of the applica-
tion. The driller is responsible to file a Well Drillers
Report (DWR-55-6-5/83) with the ADWR within 30 days -
after completion of drilling activities. <Construction
and ~abandonment standards shall be in accordance with
ADWR rules R12-15-811 and R12-15-816.

Mr. Roger Kennett of the Arizona Department of Health
Services (ADHS) was <contacted to determine whether the
proposed action would require any permits through the
ADHS. After describing the proposed field program to
Mr. Kennett, he concluded that no ADHS regulatory
requirements apply for the field testing program. His
agency would 1like to be informed as to the results of

field activity as a courtesy.

An 1initial contact was made with the U.S. Environmental
Protection Agency, (EPA) Region 9 in San Francisco. The
nature of the field testing program was discussed with

Mr. Nathan Lau of the EPA. Mr. Lau's initial impression

5. 7} SERGENT, HAUSKINS & BECKWITH
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was - that the field testing program will not require well
Class 5 (miscellaneous) permitting through the EPA-UIC
program. He stressed, however, that the EPA will not
pass judgement on the EPA permit requirements prior to

receiving a written description of the proposed action.

From our experience with related field testing programs
throughout Arizona, we believe that the permit require-~-
ments, or lack thefeof, that are discussed above
encompass all the environmental permit constraints that
will be. placed on the testing program at ASARCO-Santa
Cruz property. We will notify all project participants -
upon Treceipt of additional information concerning EPA

requirements.

3
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7] RAY V. HUFI- §
? ASSOCIATES. INC. §

' 303/278-7633 TELEX: 450661

Field Activities to be Conducted

under

USBM Contract No. J0267001

Introduction

Ray V. Huff and Associates, Inc. (RHA) is a subcontractor to
SAIC for USBM Contract No. J 0267001. Part of RHA's responsibi=
lities is to provide input to Sergent Hauskins & Beckwith (SHB)
for obtaining permits for field tests to be conducted under this
contract. This document will inform SHB of the proposed field
tests.

Field Tests

Field activities to be designed and conducted by RHA at
Lakeshore and Santa Cruz are as follows:

Core Hole Reentry

* One hole will be cleared-out at each deposit to a point
at or below the top of the ore. .

* Revert (or similar type mud or water) will be used
during clean-~out.

* A bridge plug will be set at the bottom of the cleaned-~
out portion of the hole.

* A wedge will be set on the bridge plug.

* A new hole will be started by drilling off the wedge.

Coring

* At least 200 ft of core will be obtained at each
deposit.

P. O. Box 1310, Goiden. CO 80402 8




* While coring, Revert (or similar type) mud will be
employed.
. Pumping Test

* If possible, an injection test will be conducted by injectinc
water into the hole.

* “If pumping is not possible, a pump will be installed in
the hole after coring and fluid pumped from the ore
zone.

Geophysical Wire-Line Logging

* Logs will be run to obtain porosity and water
saturation information.

* Flow profile log will be run while injecting water to
identify zones of fluid exit from the hole.

* Temperature log will be rn to determine temperature
gradients.

RHA expects these activities to be conducted between mid-
July and mid-August 1987 or earlier.

Equipment and Methods

During clean-out of hole a rock bit and drill rods will be
used. Drilling fluid will be water or mud. A conventional
mineral core rig will be employed throughout the fleld testing
activities.

In order to bridge the hole it may be necessarﬁrto plug’back

with sand. However if a suitable mechanical bridge plug is
available it will be employed instead of using sand. 1If the
bridge plug is employed a small amount of Cal-Seal (plaster of
Paris type material) will be placed on top. Cal-Seal will be
placed using a dump bailer. The dump bailer will be run into the
hole using a wireline on the core riqg.
, A conventional wedge will be set on the plug using drill
rods. Subsequently a deflected hole will be started using a rock
bit and drill rods. After the hole has been drilled some 30 or
40 feet from the top of the wedge coring will commence. A core
bit and triple-tube core barrel and rods will be employed. Core
{and core barrel) will be retrieved with a wireline. Sufficient
coring will be done to obtain 200 ft of core from each deposit.

Upon completion of the coring operation a pump will be



installed in the hole. This pump will be a progressive-cavity
type with a stator at the bottom of the drill rods and a rotor
installed through the rods on a drive shaft. The pump will be
placed near the bottom of the corehole.

If fluid from the deposit cannot be produced at a2 sufficient.
rate for a suitable time period, the pumping equipment will be
removed. Subsequently a pneumatic packer will be installed by
running it in the hole on the bottom of drill rods. When
properly placed near the top of the mineralized zone, the packer
will be inflated to iscolate the zone from the annulus above the
packer. ° A water injection test will be conducted. This test
will provide data for calculating permeability and "skin effect".

After the injection test is completed conventional wireline
geophyical logs will be obtained. These logs will include:

Bulk density
Neutron.
Sonic velocity
Resistivity
Caliper

* ok 4 * *

These logs should provide information on porosity, water
saturation and hole diameter variation. In addition a "spinner"
log will be run during injection of fluid to determine zones .of
fluid exit from the hole. A temperature log will be run to
determine temperature gradient.



November 26, 1986

TO: W. L. Kurtz -
FROM: V. C. Martz
RE: -Santa Cruz In S1tu - SAIC Proposal.

On November 25, 1986, Don Davidson of SAIC called 1in reference to the
proposal submitted to you dated November 20, 1986. Mr. Davidson
requested that a letter indicating Asarco's approval of the

proposed test. program and approach to permitting be submitted to
both SAIC and USBM. This approval is necessary prior to any further
work on these items. : o

I have reviewed the SAIC proposal and.agree with the approach to permitting.

Ralph Weeks and Dan Millenacker desire.a meeting on December 9, 1986,
at 10:00 a.m., at the Asarco Tucson office. This meeting will be to
review the proposal and begin work on the Intent to Drill Application.
If this date and time do not fit your schedu]e please advise.

M/}%‘

V. C. Martz
VCM/kh
cc: TEScartaccini
JDSel 1 <¢g)
RECEIVED
DEC 1 1486

EIPLORATON DEPARTHENT



Exploration Department
Western USA

W. L. Kurtz
Manager

December &, 1986

Mr. Donald D. Davidson
Manager, Technical Development
SAIC

8400 Westpark Drive

McLean, Virginia 22102

Dear Mr. Davidson:

I have just returned from an extended trip and have read your letter
of November 20, 1986, Subject: Santa Cruz Deposit Casa Grande area
of Arizona, Reference: Bureau of Mines Contract No. J0267001 SAIC
Project No. 2-827-03-427. | agree to your proposed test program

and permitting.

Very truly yours,,

W. L. Kurtz
WLK:mek

cc: J. Ahlness - USBM ~
R. Weeks - Sergent, Hauskins & Beckwith
F. T. Graybeal - Asarco
V. C. Martz - Asarco
J. D. Sell - Asarco . .
R. V. Huff - Ray V. Huff & Assoc., Inc.

ASARCO Incorporated P. O. Box 5747 Tucson, Az 85703
1150 North 7th Avenue - (602) 792-3010



Hole From
SC-19=% 1205
1620
SC-35 1898
SC-46 1506
SC=52 1236
1462
1776

*0f these drill holes only the core of SC-19 was photographed.
However, there are detailed structural logs available for all

To

1460
1770

2220

1800

1297
1547
1980

the other drill holes.

INTERVALS CONSIDERED FOR WEDGE-OUT CORING

Santa Cruz Project, Pinal Co., Arizona

Interval Cu
255} 0.63%
150 2.98
322 0.70
294 1.01
61 1.05
85 1.61
204 0.53

Copper

Mineral

Chry.,Atac.
Atac.

Chry.

Chry.

Atac.-Broch.

Chry.
Chry.,Cc
Chry.,Ce

Rock
Type

Remarks

Gr
Gr

Qmp

NX drill hole

NX .drill 'hole. .

NQ hole not usable-

to 2286!.

Qmp

Gr
Gr
Gr, Qmp

HQ drill hole

HQ drill hole

HQ drill hole.
HQ drill hole.
Remark: Substantial lost circulation problems in SC-52 between 1200' and 2060'.

H. G. | is
Dec. 5’ 1986

-cased surface

Substantial chalcocite
Some chalcocite.



H.G. Kreis
Dec. 4, 1986

DRILL HOLE SC-19

Coordinates: 65520 North, 49459' East
1310.9 Collar Elevation
Directional sQrvey report available (0-1300')

Drilling Statistics:

~0-1205% 33" |.D. casing, cemented at base, in rotary drill hole
1205'-2436"' NX size diamond drill hole
24361'-2826" T.D. BX size diamond drill hole
Remark: At 2436' the NX rods were dropped and became stuck.
The NX rods were used for casing during the BX drilling.

Casing Pulled:

The NX rods {(casing) were cut at 2400', 2350', and 2340'. The
NX rods became free above the cut at 2340', and apparently
2340' of NX rods were recovered. Thus, 96' of NX rods were
left in the hole from 2340' to 2436".

Mud Program:

Mud Gel and Dextrid with local use of Cellex, QBroXin, and
caustic.

Drilling Conditions:

No drilling problems were reported above 2436'. Lost
circulation problems reported at 1368'-1383', 1393'-1408!,
1530'-1536}, and at various depths below 2436', Bridging
occurred at about 2100' when the hole was 2436' deep.



H.G. Kréis
Dec. 4, 1986

DRILL HOLE SC-35

Coordinates: 64997.3" North, 49503.7' East
: 1313.7' Collar Elevation
Directional survey report available (0-2200')

Drilling Statitics:

~0-923' 3% |.D. casing, cemented at base, in rotary drill hole

9231-2286' NQ size diamond drill hole

2286'-2330' T.D. BQ size diamond drill hole

Remark: At 2265' the rods twisted off and were recovered. Hole

: was cased at 2286', and after the hole was advanced with

BQ drilling, the NQ rods (casing) slipped at least a
couple more feet down the hole. The hole was lost at
2330' because of bad ground conditions.

Casing Pulled:

The NQ rods {casing) were cut at 1800', 1600', 1392', 1000', 940',
900', and 800'. The cut at 800' allowed 800' of rods to be
recovered. The rods below 800' were stuck and could not be
recovered. Consequently, the hole is cased from the collar to a
few feet below 2286', and none of the NQ rods {casing) can be
recovered. :

Drilling Conditions:

From O' to 2283' no drilling problems were reported. A bridge at
1550' to 1620' was encountered when the hole was at 1705'.
Apparently, hole problems started at 2283'. From 2286' to 2330'
there was a severe sanding problem and a lost circulation problem,
and the hole was lost at 2330' because of these problems. From
923' to 1870' the circulation varied from 70% to 90% return.

From 1870' to 2330' T.D. there was typically no circulation, but
several times slugs changed the circulation from no return to

50% return.



H.G. Kreis
Nov. 17, 1986

Dec. 4, 1986 (Rev.)
DRILL HOLE SC-46é

Coordinates: 64483.5' North, 49496.5' East
1314.2' Collar Elevation
Directional survey report available (0'-2490")

Drilling Statistics:

0-1084"' L' or L' casing, cemented at base, in rotary drill hole
~1084-2325' HQ (NC) sized diamond drill core

2325'-2669' T.D. NQ sized diamond drill core

1080'-1313' (and below?) used oversized reaming shell

Casing Pulled:

A1l the casing used in the HQ hole for NQ drilling was recovered.

Mud Program:

My-Lo-Gel, CMC, soda ash and walnut flour. Added Dick's Mud Seal
at 1100', 2550', and 2640'; D-D at 1250', and diesel at 1850' and
2560,

. : Drilling Conditions:

No problems reported in shift reports of HQ portion of drill hole.
Magcobar mud reports available for comments on drilling and mud
program (Asarco file data). Circulation: 1084'-2540', 85-95%;
25407 -256L4", L40%; 2564'-2669', 0%. The driller's reports made no
mention of using plugs to increase circulation.

Geophysical Logs:

Available for 0-1087'; Birdwell. Suggest running geophysical
logs before the placement of a wedge eliminates reentry into the
lower part of the drill hole.

Geology:

1506'~1800', biotite-quartz-feldspar porphyry with chrysocolla
and brochantite-atacamite. Copper grades vary from 0.2 to
2.5% Cu (one 7'sample at 5.76% Cu). See detailed geologic log.




H.G. Kreis
Dec. 4, 1986

DRILL HOLE SC-52

Coordinates: 65986.6' North, 50007.6' East
1310.1% Collar Elevation »
Directional survey report available (0-2450")

Drilling Statistics:

0-758' 4" or 43" |.D. casing, cemented at base, in rotary drill hole
758'-2040' HQ size diamond drill hole
"2040'-2497' T.C. NQ size diamond drill hole

.Casing Pulled:
A1l 2040' of NQ casing were pulled out of the hole,

Mud Program:

Mud made up of My Lo Gel, CMC, walnut flour, and soda.ash. From
1450* to 2497' feet about 50 gallons of diesel were used for every
5O0' to 75' of core. Plugs of Hyseal and/or Quickseal were used
many times to maintain circulation.

Drilling Conditions:

No significant drilling problems were encountered. An 80' buildup
of debris occurred at a depth of 1382' when the hole was shut down
over a two-day weekend. A 12' buildup occurred at 1830' after a
two~day weekend. The circulation was difficult to maintain, and
plugs (slugs) were run down many times. The circulation is
summarized as follows:

From To Return ' Remarks

763" 8711 90% Plug was run at 857' or 871!

871 960 60

960 1200 -80-90

1200 1370 0-30 On several occasions plugs
increased return from 0% to
30-60%

1370 1585 35

1585 1602 0 Plug was run at 1602

1602 1700 - 30

1700 2060 10-15 Cased at 2060

2060 2190 90

2190 2497 T.D. 0
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. : | ‘ | H. G.‘is o

Dec. 5, 1986

INTERVALS CONSIDERED FOR WEDGE-OUT CORING

Santa Cruz Project, Pinal Co., Arizona

Copper Rock

Hole From To Interval Cu Mineral Type Remarks
SC-19% 1205" 1460" 255! 0.63% Chry.,Atac. Gr NX drill hole

1620 1770 150 2.98 Atac. Gr NX drill ‘hole. — peoh wof agpucsctZen
SC-35 1898 2220 322 0.70 Chry, Qmp NQ hole not usable--cased surface

o to 2286'. '

SC-46 1506 1800 294 1.01 Chry., Qmp HQ dritl hole
v Atac.-Broch,
sC-52 1236 1297 61 1.05 Chry. T 6r HQ drill hole

1462 1547 85 1.61 % Chry.,Cc % Gr HQ drill hole. Substantial chalcocite

1776 1980 204 0.53 % Chry.,Cc % Gr, Qmp HQ drill hole. Some chalcocite.

Remark: Substantial lost circulation problems in SC-52 between 1200' and 2060'.

*0f these drill holes only the core of SC-19 was photographed.
However, there are detailed structural logs available for all

the other drill holes.
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H.G. Kreis
Dec. 4, 1986

" DRILL HOLE SC-19

" Coordinates: 65520' North, 49459' East
1310.9" Collar Elevation
Directional survey report available (0-1300"')

Drilling Statistics:

~0-1205' 33" |.D. casing, cemented at base, in rotary drill hole
1205'-2436"' NX size diamond drill hole
2436'-2826' T.D. BX size diamond drill hole
Remark: At 2436' the NX rods were dropped and became stuck.
"The NX rods were used for casing during the BX drilling.

Casing Pulled:

The NX rods (casing) were cut at 2400', 2350', and 2340'. The
NX rods became free above the cut at 2340', and apparently
2340' of NX rods were recovered. Thus, 96' of NX rods were
left in the hole from 2340' to 2436'.

Mud Program:

Mud Gel and Dextrid with local use of Cellex, QBroxin, and
caustic.

Drilling Conditions:

No drilling problems were reported above 2436'. Lost
circulation problems reported at 1368'-1383', 1393*'-1408",
1530'~1536"', and at various depths below 2436'. Bridging
occurred at about 2100' when the hole was 2436' deep.



H.G. Kreis
Dec. 4, 1986

DRILL HOLE SC-35

" Coordinates: 64997.3' North, 49503.7' East
1313.7!' Collar Elevation
Directional survey report available {0-2200"')

Drilling Statitics:

~-0-923' 33 |.D- casing, cemented at base, in rotary drill hole

923'-2286"' NQ size diamond drill hole

2286'-2330' T.D. BQ size diamond drill hole

Remark: At 2265' the rods twisted off and were recovered. Hole
‘'was cased at 2286', and after the hole was advanced with
BQ drilling, the NQ rods {casing) slipped at least a
couple more feet down the hole. The hole was lost at
2330' because of bad ground conditions.

Casing Pulled:

The NQ rods (casing) were cut at 1800', 1600', 1392', 1000', 940',
900', and 800'. The cut at 800' allowed 800' of rods to be
recovered. The rods below 800 were stuck and could not be
recovered. Consequently, the hole is cased from the collar to a
few feet below 2286', and none of the NQ rods (casing) can be
recovered.

Drilling Conditions:

From 0' to 2283' no drilling problems were reported. A bridge at
1550" to 1620' was encountered when the hole was at 1705'.
Apparently, hole problems started at 2283'. From 2286' to 2330'
there was a severe sanding problem and a lost circulation problem,
and the hole was lost at 2330' because of these problems. From
923" to 1870' the circulation varied from 70% to 90% return.

From 1870' to 2330' T.D. there was typically no circulation, but
several times slugs changed the circulation from no return to

50% return.



. M.u. RTELS
: . ' Nov. 17, 1986
Dec. 4, 1986 (Rev.)

DRILL HOLE SC-46

"~ Coordinates: 64483.5' North, 49496.5' East
: 1314.2* Collar Elevation
Directional survey report available (0'-2490")

Drilling Statistics:

0-1084" W' or 44" casing, cemented at base, in rotary drill hole
~1084-2325" HQ (NC) sized diamond drill core

2325'-2669' T.D. NQ sized diamond drill core

1080'-1313' (and below?) used oversized reaming shell

Casing Pulled:

A1l the casing used in the HQ hole for NQ drilling was recovered.

Mud Program:

My-Lo-Gel, CMC, soda ash and walnut flour. Added Dick's Mud Seal
at 1100', 2550', and 26L40'; D-D at 1250', and diesel at 1850' and
2560'. :

' : Drilling Conditions:

No problems reported in shift reports of HQ portion of drill hole.
Magcobar mud reports available for comments on drilling and mud.
program (Asarco file data). Circulation: 1084'~2540', 85-95%;
2540'-2564", LO%; 2564'-2669', 0%. The driller's reports made no
mention of using plugs to increase circulation.

Geophysical Logs:

Available for 0-1087'; Birdwell. Suggest running geophysical
logs before the placement of a wedge eliminates reentry into the
Tower part of the driil hole.

Geology:

1506'-1800', biotite~quartz-feldspar porphyry with chrysocolla
and brochantite-atacamite. Copper grades vary from 0.2 to
2.5% Cu (one 7'sample at 5.76% Cu). See detailed geologic log.




H.G. Kreis
Dec. 4, 1986

DRILL HOLE SC-52

~ Coordinates: 65986.6"' North, 50007.6' East
~ 1310.1'" Collar Elevation ;
Directional survey report available (0-2450")

Drilling Statistics:

0-758"' 4 or 43 |.D. casing, cemented at base, in rotary drill hole
758'~2040* HQ size diamond drill hole
"2040'-2497!' T.C. NQ size diamond drill hole

Casing Pulled: v
' ATl 2040' of NQ casing were pulled out of the hole.

Mud Program:

Mud made up of My Lo Gel, CMC, walnut flour, and soda ash. From
1450' to 2497' feet about 50 gallons of diesel were used for every
50' to 75' of core. Plugs of Hyseal and/or Quickseal were used
many times to maintain circulation.

Drilling Conditions:

No significant drilling problems were encountered. ‘An 80' buildup
of debris occurred at a depth of 1382' when the hole was shut down
over a two-day weekend. A 12' buildup occurred at 1830' after a
two-day weekend. The circulation was difficult to maintain, and
plugs (slugs) were run down many times. The circulation is
summarized as follows:

From To Return Remarks

763! 871! 90% Plug was run at 857' or 871!

871 960 60

960 1200 80-90

1200 1370 0-30 On several occasions plugs
increased return from 0% to

. 30-60%

1370 1585 35

1585 1602 0 Plug was run at 1602!

1602 1700 30

1700 2060 10-15 Cased at 2060

2060 2190 90

2190 2497 T.D. 0
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Exploration Department
Southwestern United States Division

James D. Sell .
Manager

December 12, 1986

Sterling S. Cook

Geologist, In Situ Mining
U.S. Dept. of the Interior
Bureau of Mines

Twin Cities Research Center

5629 Minnehaha Ave. South

Minneapolis, Minn. 55417

Santa Cruz Project
Pinal County, AZ

Dear Dr. Cook:

Your letter of Dec. 3, 1986, has arrived. It is good to hear that you and
Linda Dahl will be down to review and collect additional data during early
January.

As Asarco only has permission to store the core in the Casa Grande Copper
warehouse, we can only supply a key to the door as we did last time. Any
further fix up of the facilities at this time would have to be handled by

yourselves,

Hank's involvement in other work will preclude his working with you, but
we would hope that he could stop by during the late stages of your stay
to catch up on the progress and tentative findings.

Mr. Sal Anzalone, Chief Geologist of Mines, of which Sacaton is a part,
sees no problem on your examining the Sacaton pit area.

We also antlclpate that when the drllllng starts, some office facilltles
will be available at the Sacaton office.

Please contact Sal Anzalone (extension 232) and this department on any
other consideration. .

Sincerely,

( Dopeir L5280

JDS :mek ‘//j§7“ James D. Sell

&//,
cc: W.L. Kurtz

S.A, Anzalone

F.T. Craybeg8aRCO Incorporated P. Q. Box 5747 Tucson, Az 85703
1150 North 7th Avenue (602) 792-3010 .
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United States Department of the Interior oty Lo Vs

BUREAU OF MINES | Pesie, Az

TWIN CITIES RESEARCH CENTER
5629 MINNEHAHA AVENUE SOUTH
MINNEAPOLIS, MINNESOTA 55417

December 3, 1986

Mr. James D. Sell ASARCO Incorporated
Manager, Southwestern

Exploration Division ‘ , GEC S 1583
ASARCO Inc.
1150 North 7th Avenue Sw Exploration

Tucson, Arizona 85703
Dear Jim:

Linda Dahl and I would 1ike to come down to Casa Grande during the first 2
weeks of January. The purpose of our visit is to relog several diamond drill
cores and do some regional fracture mapping. We feel the relogging of cores
~is important because our knowledge-of in situ leachability has advanced since
the original logging of the core and many Santa Cruz holes haven't been exam-
ined with leachability as a primary concern.

The Casa Grande Copper Company has done extensive rock mass characterization
in their parts of the deposit. We want to know how extensive the fracture
system they identified is because the orientation of joints will affect the
regional hydrology. As part of this effort we would like to examine the Saca-
ton deposit. Could you arrange a 1- or 2-day period around January 8-11 when
we could work at Sacaton?

Since this visit will be much Tonger than our previous one, we hope it will be

possible to fix up the core shed a little bit. Electricity, logging benches, _— |«

a binocular microscope, and water are the minimum necessities for our work but y®4f‘uxﬁ-
we anticipate the need for desks, chairs, files, and toilets when work starts d&f“&'Jﬁ%“

on the contract. Can ASARCO prepare these facilities? ’jifiﬁi///
w A J""
Finally, we hope it will be possible for Hank Kreis to work with us during - (Lo

part of our stay. Our schedules are somewhat flexible and we are eager to v
work with you to find an optimum period for a 10- to 12-day visit during Jan- uJ”‘,kcJ
uary. Please don't hesitate to call me if you have any questions about our CbJ@'f\d’
proposed visit or the progress of our research at {(612) 725-4552. . dﬁ‘;g
el o
Sincerely, - dﬂ‘f¢xﬁ}f
. N l'—fbﬁb"'! ‘
Cde ool e
: |9
STERLING S. TOUK, Geologist Lo

In Situ Mining



Exploration Department December 18, 1986

Frederick T. Graybeal
- Chief Geologist

Mr. W. L. Kurtz
Tucson Office

. Atacamite ,
Santa Cruz Project, Arizona

Dear Mr. Kurtz:

The December 9, 1986 note by Mr. Kreis mentions several
unnamed copper SXEW operations which either use sea water or
which leach Atacamite in addition to Chuquicamata. It might
be useful for Mr. Kreis or Mr. Sell to identify these operatlons
as this subject will arise during discussions leading to
selection of a site for the full scale USBM in situ test.

Mantos Blancos in Chile is, I believe, one property
which recovers copper from Atacamite. When this list is
compiled, please send me a copy.

Very truly yours,

AT fagheol

F. T. Graybeal

FTG:mr
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Southwestern Exploration Division

December 9, 1986

To:  J.D. Sell

From: H.G. Kreis

‘Atacamite Leaching
Santa Cruz Project
Pinal County, Arizona

Today | talked with Roshon Bhappu at the Mountain States Mineral Enterprises
Technical Seminar, and | gained some of his opinions on the leaching of
atacamite and the Santa Cruz Project. Mr. Bhappu believes the chloride ion
will be a serious problem in the leaching of atacamite. Because of Bhappu's
concerns, Mountain States' Santa Cruz proposal to the Bureau of Mines was
based on ammonia leaching of copper rather than sulfuric acid leaching.

During the Technical Seminar, Gary Kordosky, Technical Director of the
Minerals Industry Division of the Henkel! Corporation, gave a comprehensive
talk on solvent extraction - electrowinning. Mr. Kordosky was asked by
Mr. Bhappu about the effect of the chloride ion on the SX-EW process. Mr.
Kordosky said the chloride ion presents no problem. He went on to say
that some copper S$X-EW leaching operations use sea water.

A month ago | spoke with Orlando Alvarez, Superintendent of Geology for

the Chuquicamata Division of Codelco, about leaching atacamite at Chuqui-
camata. Mr. Alvarez said that the chloride ion is not a problem with

their SX-EW plant. The solution is more corrosive, . but the corrosive
nature is successfully handled with PVC and fiberglass pipe and fiberglass
pumps. Mr. Alvarez also mentioned the use of sea water at some unspecified
SX-EW plant. '

A month ago one or two of the Bureau of Mines people {or consultants)
expressed a serious concern about the chloride ion problem at Santa Cruz.
| explained that we were also concerned. about the potential problem early
in our evaluations but found out there is no evidence of such a problem.

The concerns about the chloride ion need to be addressed. We should
encourage the Bureau of Mines to research operations in which the chloride
ion is a factor. Furthermore, it would be advantageous to find out the
types of materials that will withstand its corrosive effects. If the

Bureau of Mines does not choose to do this research, then we should consider
doing it ourselves. | don't care to see the integrity of the Santa Cruz

or the Hanna-Getty deposit compromised by a lack of information.

HGK:mek H. G. Kreis

cc: WL Kurtz
DE Crowell



Southwestern Exploration Division ‘ '\]M

December 22, 1986

Staff

In Situ Group - USBM
Santa Cruz Project

Dr. Sterling Cook and Dr. Linda Dahl of the in Situ group of the USBM,
Minneapolis, MN, will be in Tucson the afternoon of January 5, 1987.

They will present a slide show and discussion of their results on the
study of the Santa Cruz core.

You are all welcome to attend at the Asarco conference room, 3rd floor.

D. A. Melhado will supply the slide projector and screen.

C foarees LT Aot

JDS:mek 7" James D. Sel]

[

cc: W.L.Kurtz
S.A.Anzalone
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m Southwestern Exploration Division

January 8, 1987

_To: J.D. Sell
From: H.G. Kreis
USBM Test Work

Santa Cruz Project
Pinal Co., AZ

On January 5, 1987 Sterling Cook and Linda Dahl gave the Tucson 0ffice,
including you, a presentation on the results of their Santa Cruz core
leach tests. On the basis of the results Mr. Coo