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ARIZONA DEPARTMENT OF MINES AND MINERAL RESOURCES AZMILS DATA

PRIMARY NAME: SIERRITA MINE

ALTERNATE NAMES:
SIERRITA OPEN PIT
CYPRUS SIERRITA

PIMA COUNTY MILS NUMBER: 243

LOCATION: TOWNSHIP 18 S RANGE 12 E SECTION 7 QUARTER SE
LATITUDE: N 31DEG 52MIN 17SEC LONGITUDE: W 111DEG 08MIN 53SEC
TOPO MAP NAME: BATAMOTE HILLS - 7.5 MIN

CURRENT STATUS: PRODUCER

COMMODITY:
COPPER SULFIDE
MOLYBDENUM SULFIDE
SILVER
GOLD
RHENIUM

BIBLIOGRAPHY:
ADMMR SIERRITA MINE FILE
E&MJ AUG. 1970, JUNE 1975, P. 98,
E&MJ AUG. 1970, P 70, FLOT-MILL-FEED CAP



DUVAL SIERRITA CORPORATION

Economic Geology, Volume 77, November 1982, Number 7, "Contrasting Evolutions of Hydro-
thermal Alterdation in Quartz Monzonite and Quartz Diorite Wall Rocks at the Sierrita
Porphyry Copper Deposit, Arizona, By R.K. Preece III and R.E. Beane, Page 1621.



ARIZONA DEPARTMENT OF MINES AND MINERAL RESOURCES

INFORMATION FROM MINE CARDS IN MUSEUM

ARIZONA MM 2655 FERRO=-MOLYBDENUM ALLOY
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DUVAL SIERRITA CORPORATION
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Skillings Mining Review, December 30, 1967, p. 16
" " " January 20, 1968, p. 18
February 17, 1968, p. 12
March 23, 1974, p. 19
May 18, 1974, p. 15
July 13, 1974, p. 1, 16-20 (mine blasting)
November 9, 1974, p. 28 (conveyor belting)
February 22, 1975, p. 19 (personnel)

Mining Engineering, February, 1968, p. 21

" i April, 1968, p. 28
April, 1973, p. 42
Y i June, 1974, p. 55 \
December, 1974, p. 65 (crushing parameters) \
January, 1975, p. 50 (personnel) \

E/MJ, Vol. 164, No. 8, August, 1963
" February, 1968, p, 161
" June, 1973, p. 38

" January, 1975, p. 78

Mining Congress Journal, June, 1968, p. 19
" " i November, 1974, p. 108 (steel cable belting for mine)

The Mines Magazine, October, 1970, p. 4-10

Mining Magazine (London), March, 1971, p. 192
b i June, 1974, p. 469 (personnel)

Mining Annual Review 1974, p. 307 - . R —
Economic Geology, Volume 75, Aug. 1980, #5, "The Evolution ot FracLure-h > ]
bi?ir’]cy within t?\)ef Ruby Star Grangdiom'_ te, Sierrita Porphyry Copper Deposit, Pima Co.,
Az. by Frederick M. Haynes and S.R. Titley, Page 673.



ABSTRACTED FROM ADMMR ACTIVE MINES DIRECTORY, 1992 {2§77ﬂﬂ1

CYPRUS COPPER COMPANY
(A subsidiary of Cyprus Minerals Company)

P. 0. Box 1126, Green Valley, AZ 85622 - Phone 628-4000.

Cyprus Sierrita Corp.
Sierrita T18S R12E Secs. 7, 8, 9, 10, 16, 17
Twin Buttes T18S RI3E Sec. 5

P.0. Box 527, Green Valley, AZ 85622 - Phone 791-2950 and 625-4800 -
Employees: 1130 plus 50 Triple Nichol Inc. contract employees - Sierrita,
Esperanza and Twin Buttes open pit copper-molybdenum mines - 95,000 TPD
concentrator - The inactive Esperanza open pit - 17,500 TPD concentrator -
Ferromolybdenum plant - Rhenium plant - Oxide leach, solvent extraction -
electrowinning plant - Dump Teach, solvent extraction - electrowing plant -
Located 30 miles south of Tucson.
Vice President & General Manager Gene Consalus
Manager, Administration Mark Wilson
Manager, Mining D. L. Prahl

Manager, Metallurgical Processing M. H. Khan
Manager, Human Resources Craig Patrick
Plant Manager Bob Comstock

Mine Superintendent Leon Hardy

Oxide Superintendent Ramon Hernandez



ABSTRACTED FROM ADMMR ACTIVE MINES DIRECTORY, 1991

CYPRUS COPPER COMPANY
(A subsidiary of Cyprus Minerals Company)

P. 0. Box 1126, Green Valley, AZ 85622 - Phone 628-4000.

Executive Vice President .......ccvviiiiiininnn. James C. Compton

Vice President Technical Services .........cccvven.n. Ron Kellner

Cyprus Sierrita Corp.

Sierrita T18S R12E Secs. 7, 8, 9, 10, 16, 17

P.0. Box 527, Green Valley, AZ 85622 - Phone 791-2950 and 625-4800
- Employees: 942 - Sierrita open pit copper-molybdenum mine - 1,000
TPD concentrator - The inactive Esperanza open pit - 17,500 TPD concentrator
- Ferromolybdenum plant - Rhenium plant - Dump leach - Solvent extraction
- electrowinning plant - Located 32 miles south of Tucson.

Vice President & General Manager .............c..... T.J. 0'Neil

Manager, Administration ........cciiiiiiiiiiiiiiiiiiiane, Mark Wison

Manager, Mining .....eiiuiniiiin e reinnnnneennneeenns D.L.
Prahl

Manager, Copper Operations .........ccvvivuiinvnnn Bob Comstock

Manager, Molybdenum Operations ................ M.H. Khan

Manager, Human ResOUrCesS .........iuiiininininnnnnnn Craig Patrick

Mine Superintendent .ccissvisssnonvnasrvmrassnsssnnonsnrenss Leon

Hardy



ABSTRACTED FROM ADMMR ACTIVE MINES DIRECTORY, 1990

CYPRUS COPPER COMPANY
(A subsidiary of Cyprus Minerals Company)

P. 0. Box 1126, Green Valley, AZ 85622 - Phone 628-4000.

Executive Vice President ...cusssssssasnnwssnnss James C. Compton

Vice President Technical Services .........ccivvivnn.. Ron Kellner

Cyprus Sierrita Corp.

Sierrita T18S R12E Secs. 7, 8, 9, 10, 16, 17

P.0. Box 527, Green Valley, AZ 85622 - Phone 791-2950 and 625-4800
- Employees: 942 - Sierrita open pit copper-molybdenum mine - 1,000
TPD concentrator - The inactive Esperanza open pit - 17,500 TPD concentrator
- Ferromolybdenum plant - Rhenium plant - Dump leach - Solvent extraction
- electrowinning plant - Located 32 miles south of Tucson.

Vice President & General Manager ...........ccvuenn. T.J. 0’Neil
Manager, Administration ........ ... i, Mark Wison
Vamagers HININ0 cessssnanswnsanenma e s s mmaosmas e s u e D.L. Prahl
Manager, Copper Operations ........cevevvenennenns Bob Comstock
Manager, Molybdenum Operations ................ M.H. Khan

Manager, Human Resources .........eiuiivrinennennennn Craig Patrick

Milie SUPEFTOLENUBIT «oens 55 s ns ommn w5 e 5w amme s o we sws Leon Hardy



ABSTRACTED FROM ADMMR ACTIVE MINES DIRECTORY, 1989

Cyprus Sierrita Corp.

Sierrita T18S RI12E Secs. 7,8,9,
10,16 & 17
P.0. Box 527, Green Valley 85622 - Phone 791-2950 and 625-4800 - Employees
942 - Sierrita open pit copper-molybdenum mine - 1,000 TPD concentrator -
The inactive Esperanza open pit - 17,500 TPD concentrator -
Ferromolybdenum plant - Rhenium plant - Dump leach - Solvent
extraction- electrowinning plant - Located 32 miles south of Tucson.

Vice President & General Manager .......ceeeeeveneenenns T.J. 0'Neil
Mamsger, AAMINISEration sesesrvannessss sssnmnssvosrrasns K.D. Comer
Manager; Miming ccsssvensnsnssnnnnannnspunsessnasssonsns D.L. Prahl
Manager; Copper 0perations ....iceiesessessssnvnsansonmns R.R. Dorfler
Manager, Molybdenum Operations .........coevveiuiienennn M.H. Khan

Manager, Human ReSOUrCEeS ......c.ovvieuvrnenernnnnnnnnnnns A.J. Murray



ABSTRACTED FROM ADMMR ACTIVE MINES DIRECTORY, 1988

CYPRUS COPPER COMPANY

9100 E. Mineral Circle, P.0. Box 3299, Englewood, CO 80112 - Phone (303)
643-5000.

Executive Vice President .........cciiiiiiiiiiint. F. Steve Mooney
Vice President & COMLYOTIEr «.ernssvsvnenmossunsnnsnverunn Daniel Zang
Sierrita T18S R12E Secs. 7,8,9,
16 & 17

P.0. Box 527, Green Valley 85622 - Phone 791-2950 and 625-4800 - Employees
859 - Sierrita open pit copper-molybdenum mine - 1,000 TPD concentrator -
The inactive Esperanza open pit - 17,500 TPD concentrator - Ferromolybdenum
plant - Rhenium plant - Dump leach cementation plant - Solvent extraction-
electrowinning plant - Located 32 miles south of Tucson.

Vice President & General Manager .........coevivvuvninnnnnn. C.G. Janes
Manager; Administration sas..esvessserermosmnnnes s Don Murray Jr.
Mafager, MINING «..covussviisssavnsassoassasnndns nuannann W.A. Gibson
Manager, Copper Operations .........cociiiiiiniiniennenns R.R. Borfler
Manager, Molybdenum Operations ..........coieviininn, Michael Fraser

Manager; Human RESOUTCES ....sssvesssssussansnsssunanssns A.J. Murray



AKIZONA DEPARTMENT
' OF
ENVIRONMENTAL QUALITY

1110 West Washington Street » Phoenix, Arizona 85007

Janet Napolitano - (602) 771-2300 » www.azdeq.gov Stephep A. Owens
Governor Director

NOTICE OF THE PRELIMINARY DECISION TO ISSUE AN vg‘ 1 =

INDIVIDUAL AQUIFER PROTECTION PERMIT A4/

Public Notice No. 02B-06 APP Published on July 7, 2005

In the Arizona Business Gazette

Pursuant to Arizona Administrative Code, Title 18, Chapter 9, Article 1, the Director of the Arizona Department
of Environmental Quality (ADEQ) intends to issue an individual Aquifer Protection Permit to the following
applicant: .

Phelps Dodge Sierrita Incorporated Mine
6200 West Duval Mine Road
Green Valley, Arizona 85622

Phelps Dodge Sierrita Incorporated Mine
Aquifer Protection Permit (APP) No. P-101679

The Phelps Dodge Sierrita Mine is located near the Town of Green Valley, Arizona, in Pima County, over
groundwater of the Upper Santa Cruz Basin, as described below using the Gila and Salt River Baseline and
Meridian:

Sections 8, 9, 13, 16, 17, 19, 20, and 21; parts of Sections 3-7, 10, 11, 14, 15, 18, and 24; Township 18 South,
Range 12 East. .
Sections 17-20, 29; and parts of Sections 16, 21, 28, and 30; Township 18 South, Range 13 East.

The permit will authorize activities related to the Phelps Dodge Sierrita Mine mining operations. The permitted
operations include open-pit copper mining and related leaching operations, and related molybdenum producing
operations. Permitted facilities include leach rock deposition areas; leach solution ponds, dams, sumps,
impoundments, and associated conveyance systems; and stormwater, process overflow and upset condition
impoundments. ‘

On August 17", 2005, beginning at 9:30 a.m. ADEQ will conduct an Open House and Public Comment Hearing
at the Desert Hills Social Center, located at 3660 South Camino Del Sol, Green Valley, Arizona.

Open House

At 9:30 a.m., prior to the Public Comment Hearing, ADEQ will conduct an Open House in order for the public to
discuss the Sierrita Mine draft Aquifer Protection Permit (APP) with ADEQ staff members.

Public Comment Hearing

Beginning at 10:30 a.m., ADEQ will conduct a Public Comment Hearing to accept comments from the general
public regarding the Sierrita Mine draft APP. '

The draft permit, Fact Sheet, and related documentation are available for public review, Monday through Friday,
8:30 a.m. to 4:30 p.m., at ADEQ, 1110 West Washington Street, Records Management Center, Phoenix,
Arizona, 85007. Please call (602) 771-4380, or e-mail at RecordsCenter@azdeqg.gov, to schedule an
appointment to review the file. ' ' o

Persons may submit comments on the proposed action, in writing, to Jeff Emde, ADEQ, 1110 West Washington
Street, MC 5415B-3, Phoenix, AZ 85007 within forty-five (45) days from the date of this notice.

Northern Regional Office Southern Regional Office
1515 East Cedar Avenue * Suite F « Flagstaff, AZ 86004 400 West Congress Street « Suite 433 « Tucson, AZ 85701
’ (928) 779-0313 (520) 628-6733

Printed on recycled paper
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DUVAL - SIERRITA CORP

NJN WR 1/17/86: It was reported that Duval Corp. Sierrita MIne (f) Pima Co.
has been processing 1 8.000 tons of ore thru its crushing plant and mill.

MG WR 5/2/86: Attempted to visit new managers at the Sierrita mine but they were
not available. Did drop off some ADMMR publications. The name of the operating
company is Cyprus Sierrita Corporation.




Duval -Sierrita Corp.

Vito Brussolo stopped at office to update his activities. He will
continue at Duval's Sierrita Mine, however, his title has been
changed to Engineer Consultant with General Services Administration.

VBD WR 6/11/76

Jim McCarty, Duval's Manager at Battle Mountain, Nevada called re:
Jaws regulating the treatment and sale of gold saying they had closed the
copper mine but had acquired a 10 million ton gold property.

GW WR 12/14/77 a.p.

MG WR 9/18/81: The Duval Corp. is constructing a rhenium extraction plant
at Sierrita mine (Pima County). Plans are to recover rhenium from off-gases
produced in roasting MoSZ.

NJN WR 1/7/83: It was reported that some of Duval's precipitates from
Sierrita are being shipped to Battle Mountain, Nevada. There they are
redissolved. Some of this solution goes to make CuSO, for the moly
flotation circuits, while the rest is run thru Battle Mountains'

SX plant to produce cathode copper.

KAP WR 12/9/83 ,
A paper on Duval's rhenium recovery circuit was given at the AZ Conference of
the AIME meeting in Tucson on Dec. 5, 1983. Some details of interest include
the following: Current copper ore production at hthe mine is running between
42,000 and 72,000 tons per day at 0.35% copper and 0.03%Mo. Rhenium is recov-
ered from the flue dust produced at the molybdenum roasting plant where MoS
is converted to Mo0,. Before raasting the molybdenum concentrate contains
180 ppm rhenium. Apgroximate1y 10 pounds of rhenium per day is obtained from
the acid mist reduction circuit of the roaster flue gas treatment plant.
The contained rhenium in the acid colledted from mist reducer is extracted by
resin ion exchange methods nand purified by successsive pecipitate steps
to produce reagent grade ammonium perheniate. The plané is currently idle
due to depressed consumption of the rhenium product.

MG WR 12/21/1984: ASARCO is Tooking at the Sierrita mine (Pima Co.)
as a possible purchase from Duval,

i
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PIMA COUNTY

DUVAL SIERRITA CORPORATION

Dir. of Mining - August 1971 - 1,250 employees.

GWI QR 9/71
171

Duval-Sierrita near capacity.
GWIQR Oct-Dec

The Duval Sierrita Mine was in full production.
GWI QR Jan.-March'72

Sierrita continues production having reached full production.
gures 25,727,195 T Ore, L6,568,480

Active Mine List - October 1972 - Empl. 1250 (1971 fi
T Waste, 63,049 T Cu)
GWI WR 7/9/74

Kaiser-Marconaflo are supposed to be experimenting at Duval Sierrita.

Tucson Star carried an article regarding Pima County Board of Supervisors approving law

suit against State to attempt to force an increase in mine valuations at Sierrite, Twin

The law firm selected by County is Johnson, nayes and Dowdall,
The County's

Buttes and Pima mines.
The attorney handling the case is Anthony D. Terry of Phoenix.
expert witness will be Alfred Patrick, Jr., Professor of Mineral Economics at Colorado

Ltd.

VBD WR 10/9/74
Took pit tour and

School of Mines,
Duval Sierrita mine visit with K. Lamb, Bob Zache and Don Jones.
GWI WR 12/17/74

examined large boulders for drilling contest.
GNI WR 3/8/75

Trip through Duval Sierrita mine and mill and the new moly smelter.

Vito Angelo Brussolo phoned that Duval Sierrita had mined 100,000 TPD under a new

GWI WR 7/21/75

set up.
Tour through all of the facilities except

Mine visit - Duval Sierrita mine.
the new clear plant. GWI WR 1/20/76

Bill Hardwick, John Jett & I drove to the Duval-Sierrita operation south of

Tucson where we were met by Gerry Irvin and Vito Brussolo, U.S. Engineer for

Strategic Services Copper stockpile, and the man who recommended that the
The

government loan is nearly paid off. Mr
facilities except the new clear pant which is being operated on an experimental
basis and is off limits to everyone except those working in the plant.

Federal Government participate in the development of this orebody.
Burssolo gave us a tour of all
VBD WR 1/20/76 [
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DUVAL SIERRITA CORPORATION

Duval announced that the Duval Sierrita operation would be scheduled for 72,000
tpd with primary expenditures rising from $88 to $100,000,000. This is supposed
to be the largest single mill installation in the U.S. The railroad has been
completed from Anaconda spur to the Duval property. GWI QR 12-1968

Duval Sierrita is going up ahead of schedule. GWI QR 3-1969

Active Mine List April 1969 - 542 men - S. H. Martin, Res. Mgr., Box 125, Sahuarita

Duval Sierrita construction and planning was going along as scheduled. GWI QR 9-1969

Duval is about ready to start milling at its new Sierrita pit south of Tucson, Arizona.
This is a planned 72,000 tpd milling operation with an average feed grade of 0.35
percent copper and 0.036 percent molybdenum. Total stripping ratio will be 1.53 to 1.0
at Sierrita., Taken from World Mining 12-69 p. 29

Active Mine List Oct. 1969 - 558 men - J.P. McCarty, Res. Mgr. Duval Corp.

Duval Sierrita began production. By fall this should be Arizona's largest tonnage producer
of copper ore. (not copper) GWI QR 4-1-70

5

Active Mine List May 1970 - 889 men - J. P. McCarty, Res. Mgr.

Mr. Kenrick L. Lamb is now Mine Supt. at Sierrita. FTJ WR 5-6-70

The Duval Sierrita Mine was dedicated during the quarter. GWI QR 6-30-70

Arizona with 53 percent of the copper produced in 1970 was followed by Utah, New Mexico,
Montana, and Nevada, and Michigan. The Duval Sierrita mine in Arizona, owned by Pennzoil
United Corp., was dedicated in June and achieved capacity production of 65,000 tons of
ore per day in October. Development of this mine was partly financed by loans from the
Government that will be repaid by deliveries of refined copper to the national stockpile.
Taken from Mineral Industry Survey '"Copper in 1970" 12-17-70

Active Mine List Oct. 1970 - 1102 men - J.P. McCarty, Res. Mgr.

The Pima District Mines continued their large production rate. Duval Sierrita is working
out the bugs in the new mill. GWI QR 10-1-70

Production at Duval Sierrita was approaching rated capacity. GWI QR 4-1-71
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d”d 6200 W. Duval Mine Road ° P. O. Box 527 « Green Valley, AZ 85622-0527

Sierrita &¥inc, (520) 648-8500

Arizona Conference of SME

2002 Spring Mineral Processing Meeting

Expert Grinding Control at Phelps Dodge Sierrita

James Rumph
Chief Metallurgist

DIVISION OF PHELPS DODGE MINING COMPANY



d”d 6200 W. Duval Mine Road ® P. O. Box 527 « Green Valley, AZ 85622-0527

Sierrita &¥/inc, (520) 648-8500

Expert Grinding Control at Phelps Dodge Sierrita

Introduction and History

Primary ball mill grinding control at Sierrita has, as it has in many locations, been a gradual evolution.
However, throughout this evolution, there was a fundamental shortcoming in all of the strategies attempted
and/or implemented. Sierrita has, in the last 9 months, developed a means to address this shortcoming. It
is that advance that this paper will discuss. But, in order to do this, it is necessary first to briefly discuss
historical strategies. Accordingly, a typical throughput vs. power draw response curve for a Sierrita mill
follows.

Typical Sierrita Ball Mill Response Curve
325 ;
Ball Spit Point or
e Low Power Limit
300 - —_————— Power Target
o 275
250 -
225 T T T T
2350 2375 2400 2425 2450 2475 2500
Power Draw - kW

As can be seen, throughput rates drop more and more rapidly with increasing power draw. Though some
slight improvements in grind are seen with the lower throughputs, they are not sufficient to offset the
throughput loss, and the grinding efficiency drops proportionately. All operating strategies, including the
current one, are based on driving the power down by increasing the feed rate. The goal is to achieve as low
a power draw, with as high a throughput, as possible. Sierrita’s ball mills are overflow mills and the lowest
power to which they can be pushed, which is called the Low Power Limit, is that power at which the mills
eject, or “spit”, grinding balls. In practice, it is not feasible to operate right at the Low Power Limit since
minor process deviations lead to ball spitting. Sierrita’s current target is to operate at 25 kW above the
Low Power Limit.

DIVISION OF PHELPS DODGE MINING COMPANY



Since each of the 16 ball mills spit balls at a different power level, it is necessary to view this response
curve in terms of kW above the point at which the specific mill spits balls or kW above the Low Power
Limit. This will be called the Incremental Power Draw or IKW. The chart below shows Throughput and
Operating Work Index as a function of the Incremental Power Draw. As can be seen, the Operating Work
Index increases dramatically at higher Incremental Power Draws, quickly leading to uneconomic operation.

Typical Sierrita Ball Mill Response Curve

325 20
x
300 - 1 S
1 tph Renge
275 x
R + 18 o
E 2
250 - 17 =
owl ©
225 | 16 g
Low Power Limit (o)

200 14— : : : — 15

0 20 40 60 80 100 120

Incremental Power Draw (IKW )
(kW above Low Power Limit)

Earlier it was noted that all grinding control strategies ever used at Sierrita had a fundamental shortcoming.
This was an inability to measure the Low Power Limit as frequently as needed. The Low Power Limit
could only be measured by overloading the mill, making it spit balls, and noting the power draw at that
point. This resulted in a minor process upset, wasted grinding media, and the cost of hauling the spit media
out of the concentrator. And this limit is constantly changing. In harder ore, the mills spit balls at
significantly higher power draws than in softer ores. And other factors affect the ball spit point as well.
These include liner age, ball charge level, ore feed size, ore feed size distribution (% fines), and probably
many others.

During normal operations, it was not uncommon for the Low Power Limit to have to be moved up 45 kW
in a 24 hour period due to ball spitting caused by harder ore. And there was no mechanism in place to
move it back down quickly when the rock became softer. Operators might note higher throughputs and
push the Low Power Limit lower but this was very time consuming and the operators would have no good
measure of how big an adjustment to make. Operating practice at the time was to overload, and force to
spit balls, only those mills which had not spit for 7 days. Thus, the mills would continue to operate at
elevated Low Power Limits, often for days, well after the ore had become softer. As a result, the mills
were often operating at a true Incremental Power Draw of 30 — 70 kW instead of the target of 25 kW.
From the relationship depicted on the above chart, it is apparent that significant throughput was lost in this
way. This was the state of grinding control through May of 2001.

Years earlier, in 1993, a modern distributed control system (DCS) had been installed in the Sierrita
concentrator. Very shortly after that, supervisory grinding control capability had also been acquired in the
form of a rules-based expert system utilizing Gensym Corporation’s G2 software running on HP 9000
workstations. Over the ensuing 2 years, two approaches to grinding control were developed concurrently,
one self-contained within the DCS platform and a second residing on the supervisory G2 platform
interfacing with the DCS. These were tested against each other and found to be equivalent in terms of
grinding efficiency. Neither system addressed the shortcoming already outlined. Subsequently, due to
ease of use and operator familiarity, the DCS system was adopted and the G2 supervisory hardware
languished in a back office of the Sierrita Metallurgical Laboratory. These computers were not turned off
or disconnected but simply idled for the next 5-6 years.

DIVISION OF PHELPS DODGE MINING COMPANY



Low Power Limit Tuning

Then, in June of 2001, following the addition of two metallurgists to the Metallurgical Laboratory staff,
sufficient resources became available to once again address grinding control. The goal was to measure the
ore work index and ramp the Low Power Limit up as the ore got harder. This would prevent ball spitting
and process upsets. Then, as the ore got softer, the Low Power Limit would be ramped back down to take

immediate advantage of the increased throughput capability with softer ore. This is depicted on the chart
below. '

Low Power Limit \ s Bl
Goal

B

Operating Work Index e

Time b

However, this required a real time measurement of work index. This requirement was complicated by the
fact that there was no real time measurement of either feed size or product size. Particle Size Monitors
have been tried several times over Sierrita’s history and were found to be unreliable and hard to maintain.

Though measurement of the work index was problematic, it was possible to measure work input,

i.e. kW-hrs per ton, on a real time basis. However, Sierrita’s operating practice was to use the cyclone
overflow density to adjust mill throughput to match the ore supply from the mine and crushing plant.
Therefore, when the ore supply was limited, cyclone overflow densities were lowered by the operator
which provided a finer grind with commensurate lower throughputs. Thus, production would be optimized
by obtaining higher metal recoveries on the limited ore available. Then, when the ore supply was
abundant, densities were raised which would provide coarser grinds but sufficiently higher throughputs to
more than offset the reduced recoveries and thereby increase metal production. This adjustment of mill
throughputs had an obvious, and significant, impact on the work input, thus rendering it useless as a
measure of work index.

This obstacle was overcome through the use of the cyclone overflow density as an empirical measure of
product size. From prior work, the impact of cyclone overflow density on product size and throughput was
moderately well established. This allowed a “Corrected Work Input” to be calculated on a real time basis.
This was simply the work input in kW-hrs/ton with a correction factor added based on the cyclone
overflow density. After some trial and error with the correction factor, a Corrected Work Input was
obtained which remained relatively constant through the range of cyclone overflow density changes and
corresponding throughput changes. The impact of feed size was simply ignored in the calculation under
the belief that, since Sierrita’s crushing circuit is closed, it would be sufficiently consistent as to not
introduce undue variability. In practice, the Corrected Work Input was typically half the magnitude of the
operating work index but proved to be a sufficiently good relative measure of the work index to serve the
purpose.
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In this way, adjustment of the .. .v Power Limit based on ore hardness became pussiute. This came to be
called Low Power Limit Tuning. With this strategy, a ball mill would be periodically overloaded and made
to spit balls. The operator would then electronically initiate a grind-out of the mill. This would both
unload the mill and cause the DCS to automatically note the power draw and Corrected Work Input (CWI)
at that point. These would constitute the “baselines” for the Low Power Limit and the Corrected Work
Input, respectively. Subsequently, as the actual Corrected Work Input varied from the baseline Corrected
Work Input, the actual Low Power Limit would be modified from the baseline Low Power Limit. The mill
power targets would be changed accordingly so as to stay always 25 kW above the Low Power Limit.

Since all grinding control then in use was self-contained within the DCS, the initial programming for Low
Power Limit Tuning was implemented on the DCS. It was first implemented on a single ball mill on a test
basis and was moderately successful. The Low Power Limit during normal operation was now tuned
according to ore hardness and so more accurately represented, day in and day out, the actual point at which
the mill would spit balls. As a result, the number of process upsets was reduced and throughput was
modestly improved. However, Low Power Limit Tuning did not completely address the shortcoming of
an inability to measure the Low Power Limit as frequently as needed. The many other secondary factors
affecting the ball spit point still led to inaccuracies requiring periodic “recalibration” of the Low Power
Limit baselines. As before, this could only be done by periodically overloading the mill and causing it to
spit balls.

Work Input Derivative Grinding Expert Tuning (WIDGET)

At the same time as some measure of success with Low Power Limit Tuning was being realized on a single
test mill, an idea was conceived for addressing the need for periodic recalibration of the baselines. Shown
below is a chart depicting the same relationship shown previously with the difference that the Operating
Work Index shown on the prior chart has now been replaced by the Corrected Work Input.

Typical Sierrita Ball Mill Response Curve
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As can be seen, the Corrected Work Input is very flat at the Low Power Limit then curves upward more
and more steeply with increasing Power Draw. The concept was that perhaps the mill power setpoint could
be raised a small amount, thereby moving the mill’s operation from point A to point B, as shown above.
The resulting change in the Corrected Work Input could be measured and the slope of the curve at that
point could be calculated by dividing the increase in the Corrected Work Input by the amount the power
was raised to induce that increase. The entire curve can be described by a second order polynomial
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equation, as shown on the c’ v taking the derivative of this equation, an er defining the slope
of the curve as a function ot u.c ...cremental Power Draw (IKW) is obtained. *

dCWI
dIKW
or

(dC_W_IJ = 0.00044IKW - 0.00031
dIKW

) = (2)(0.00022) (IKW) — (0.00031)

Then, by solving this equation for the Incremental Power Draw (IKW), an equation describing the
Incremental Power Draw as a function of the slope is obtained.

SGHL +0.00031
dIKW

0.00044

IKW =

or

IKW = 2273 WL +0.70
dIKW

Thus, by measuring the slope (dACWI/dIKW), the Incremental Power Draw at that point would be known
which, in turn, would define the Low Power Limit. For instance, if the IKW determined in the
aforementioned fashion was 40 kW and the average power draw during the test was 2390 kW (the average
of the actual power draw at “A” and at “B”), the new Low Power Limit would be 2390 — 40 or 2350 kW.
This would be the Low Power Limit at the time the test was conducted, i.e. under the ore conditions extant
at the time of the test. As such, it would constitute the Low Power Limit baseline for subsequent Low
Power Limit tuning. The new baseline Corrected Work Input is the Corrected Work Input at an
Incremental Power Draw of 0. As such, it is the intercept in the polynomial equation on the previous chart.
However, this equation represents the CWI-IKW relationship at one point in time and so, due to changes
over time, the intercept, or baseline Corrected Work Input, must be recalculated as part of each
measurement. This is done by inputting the IKW result into the polynomial equation shown on the chart
along with the average Corrected Work Input at “A” and at “B” (8.0 in the example shown below).

CWI = 0.00022 IKW? - 0.00031 IKW + New Baseline CWI
8.0 =0.00022 (40)>— 0.00031 (40) + New Baseline CWI

New Baseline CWI = 7.66 :
Since it was the derivative of the Work Input curve that was being used, this concept became known as
Work Input Derivative Grinding Expert Tuning or WIDGET. It was hoped that, in this way, the baselines
could be determined without the need to overload the mill and spit balls. Therefore, these recalibrations
could be conducted more frequently. Low Power Limit Tuning would then be in effect throughout the
period between baseline recalibrations by WIDGET. This combination would provide a Low Power Limit
which would be more accurate or, viewed another way, accurate a higher proportion of the time. This
would have the effect of both lowering grinding power consumption and increasing throughput.

Having established the base relationships, the next hurdle was the actual programming to test the concept
in operation. As mentioned earlier, all of the expert grinding control programming then in use resided on
the DCS including the test mill utilizing Low Power Limit Tuning. However, with the added complexity
of the WIDGET programming, implementation of these strategies on the DCS would be, at best, very
difficult. Therefore, the focus turned to the G2 supervisory control system acquired many years earlier.
This was still operational and, fortunately, there was a metallurgist on staff familiar with that system’s

DIVISION OF PHELPS DODGE MINING COMPANY



programming protocol. The 't agreement with the software supplier had e i0me years prior so
there was no help forthcomiu._ .. .1 that quarter.

The initial programming of both Low Power Limit Tuning and WIDGET was subsequently conducted
followed by four months of testing and fine tuning. Early in the testing phase, the developers’ worst fears
were realized when it became apparent that all of the mills did not operate on the same curve. In addition,
even the response curve of the individual mills changed with time. It is now believed that this is caused by
differences in the ball charge levels. Ultimately, this was dealt with by making the WIDGET strategy
“adaptive”. Shown below is the equation described earlier.

IKW = 2273 ACHWL +0.70
dIKW

The intercept of this equation (+ 0.70) is so small that it is insignificant in the calculation of IKW. It serves
only to assure the developers that the slope of the Corrected Work Input curve is 0 or flat at or near 0
incremental kilowatts, in this case at 0.7 IKW. This validates the experimental data on which the equation
is founded. When the intercept is discarded, the shape of the work index curve for a given mill is described
by a single factor, the slope (2273). The strategy was made to be adaptive by adjusting this slope based on
the results of the WIDGET tests. If a WIDGET test result showed a small IKW indicating the mill was
overloaded, the slope would be adjusted upward and vice versa if the test result showed an unloaded mill.
In this way, after many WIDGET tests, the slope would approach the actual slope for that mill at that time.

In practice, the amount by which the power is raised during a WIDGET test is 15 kW resulting in a
throughput drop during the test of typically 2 - 8 tph. The test t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>