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THE HISTORY AND DEVELOPMENT OF
THE SAN MANUEL DIVISION
MAGMA COPPER COMPANY

Magma Copper Company’s San Manuel Division is
located in the south-east part of Pinal County, Arizona,
about forty-five miles northeast of Tucson. Seven head-
frames and the dome-shaped Red Hill serve as land-
marks for the mine area.

The concentrator, smelter, sulfuric acid plant, electro-
lytic refinery, administration building, and other plant
facilities are located seven miles southeast of the mine
area adjacent to the community of San Manuel.

The district was prospected prior to the Civil War,
but there was little or no ore production until 1881, The
chief producers were the Mammoth and Mohawk mines.
Gold, lead, zinc, and some vanadium and molybdenum
were the main recoverable metals at these properties. At
least two exploratory churn drill holes were drilled in or
near the San Manuel ore zone in 1917. The copper con-
tent indicated by these holes was not sufficient to en-
courage further exploration at that time.

In 1942, through the efforts of the property owners,
James M. Douglas, R. B. Giffin, Victor Erickson, and
Henry W. Nichols, all of Superior, Arizona, the Recon-
struction Finance Corporation and War Production Board
authorized the United States Geological Survey to investi-
gate the property.

The survey confirmed the owners’ original conception
of the probable existence of important copper mineraliza-
tion and, by its recommendation, the Bureau of Mines
was authorized to put down a limited number of churn
drill holes. This test drilling started in November, 1943,
and was continued until February, 1945, when seventeen
holes had been drilled for a total of 15,844 feet.

Magma Copper Company obtained an option to
purchase the property in 1944. In September, 1944,
Magma exercised its purchase option, and additional
adjoining claims held by the Apex Lead Yanadium Mining
Corporation and the Quarelli family were purchased. Ad-
ditional claims were located and in December of that
same year, Magma undertook additional exploration by
churn drilling.

The San Manuel Copper Corporation was incorpo-
rated in August, 1945, and all of the property acquired
by Magma Copper Company in the district was deeded
to San Manvel. The corporate structure was changed in
1962 to include the San Manuel property as a Division
of Magma Copper Company, rather than a wholly-owned
subsidiary corporation. In 1969 Magma was merged with
Newmont Mining Corporation and operates today as a
wholly owned subsidiary of Newmont.

Exploratory churn drilling essentially was completed
in early 1948, and underground exploration and devel-
opment was started in March of that year.

On July 10, 1952, the Reconstruction Finance Corpo-
ration authorized a loan of $94,000,000 to San Manuel
for mine development and plant construction.

TIGER MINE IN THE 1940'S

In early 1953 Utah Construction Company and the
Stearns-Roger Manufacturing Company (a Joint Venture)
was awarded a contract for the design and construction
of the entire surface plant, including the concentrator,
smelter, and railroads.

The concentrator was completed in September, 1955,
and began trial runs on stockpiled and mine development
ores. Smelter and remaining plant construction was com-
pleted in late 1955, except for minor cleanup work. The
smelting of copper concentrates was started January 8,
1956. Five shafts had been sunk and over twenty miles
of drifting had been completed to prepare the first lift
for production. On January 23, 1956, the Mine was in
production with the first stope undercut completed.

The 1475, or first level, was mined to completion
early in 1965. The 2075‘, or second level, along with
the 2375’ or intermediate level, is now being mined.
The 2675 level is under development.

In 1968, Magma purchased nearby mining claims to
an orebody of similar size and grade to the San Manuel.
Top of this second orebody lies 2,500 feet deep and will
be opened for exploration on the 2950 level.

Since production started in 1956, the mine and plant
have undergone two expansions.. The first in 1965
boosted production from 30,000 to 40,000 tons of ore
per day. In 1971, an expansion was completed that in-
creased production to 60,000 tons of ore per day.



THE SAN MANUEL MINE

The original San Manuel orebody is part of o mass of
mineralized rock, chiefly a granitic-oppearing monzonite
and a similar, though finer-textured, monzonite porphyry.
This large zone of mineralization is covered for the mosi
part by unmineralized conglomerate, a younger rock than
those comprising the mineralized zone. The crebedy, or
portion of the general mineralized mass, contoining ap-
precioble copper sulfide minerals, in addilion to iron
sulfides, covers an area over one mile long by one-half
mile wide.

The original orebody in the northerly portion appears
to be o tabulor mass up to 400 feet thick with its long
dimension bearing northeast and lying ot an angle of
55° from horizontal to the southeast. This aftitude per-
sists down dip for about 2,400 feet where it flattens and
then rolls upward te form a cross-sectional fish-heok
shape. Within this part of the orebody there is a pro-
nounced thickening, and it is the vpper one-third of this
southeast portion, starting some 1,100 feet below the
surface, that waos selected for initial mining operations.
Of this 1100-foot thickness from the first mining level to
the surface, there is an average of about 430 feet of
ore and &70 feet of unmineralized overburden.
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The thickness of the overburden and shape and size
of the orebody combine to make open pit mining im-
practical. For these reasons the underground block caving
method of mining was selected. The monzonite in which
the ore occurs is well fractured, caves readily and crushes
to a size that is easy to transport.

Block caving entails the undercutting or removal of a
horizontal slice of ore of sufficient area (stope block) so
that the unbroken ore above will not support itself, but
will cave and slough into the undercut. As the broken ore
is drawn, removing support from the ore above, caving
extends to the surface, the overburden or waste rock
following the ore down. When the waste rock reaches
the undercut horizon, drawing is stopped and the stope
block is finished.

The caved ore from the undercut horizon is drawn
on the grizzly level through a series of closely spaced
draw raises. The grizzly level which is the control level,
is 15 feet below the undercut. On the grizzly level the
ore passes through the grizzlies which consist of rails
spaced 14 inches apart over the top of each transfer
raise.

Two transfer raises funnel the ore from eight draw
raises to one common loading station on the haulage
level which is about 60 feet below the grizzly level. A
loading station serves two transfer raises, each of which,
when full of ore, holds 55 tons. The ore stored in the
raises is transported by an underground electric railroad
system to the ore hoisting shafts.

Loading operations from the transfer raises to the
ore cars are controlled through steel chutes and air-
operated chute gates. The ore cars have a capacity of
about 12.5 tons, and each train is made up of 15 cars
or 185 tons per train, pulled by a 23-ton, 250-horsepower
trolley locomotive. One of these trains is dumped every
4.4 minutes. The electrical power system supplying the
trolley is 275 volt DC with rectifier stations so sitvated as
to maintain full voltage throughout the haulage system.

The underground track for the haulage system is 36-
inch gauge with 70-pound rail through the panels. On
the main lines between the mining area and the hoisting
shaft, 90-pound rail is used to accommodate the heavy
traffic and higher speeds,

At each of the four ore hoisting shafts, 3-A, B, C, and
D, the trains pass through a rotary tipple on the haulage
level which dumps three cars at a time. The cars,
equipped with rotary couplings, do not have to be dis-
connected as the tipple turns 180° to dump the ore
into the 1500-ton pocket or underground storage bin
adjacent to each shaft and then rights itself,

The ore is drawn from the bottom of the pocket into
a measuring pocket hopper which in turn discharges into
skips for hoisting to the surface. The bottom dump ore
skips, which hold from 21 to 28 tons of ore, are hoisted
to the surface and discharged into four 5,000-ton surface
storage bins, which in turn discharge onto pan feeders
that carry the ore to the four gyratory crushers located
nearby. Discharge from the crushers is moved by con-
veyor belts to four 10,000-ton surface storage bins await-
ing transportation to the Plant.

Two ore hoisting shafts, 3-A and 3-B, are equipped
with 6,000-hp hoists with 15-foot diameter drums. These
hoists can be manually or automatically controlled. The
operating hoisting speed is from 2500 to 3000 feet per
minute. The 3-C and 3-D hoisting shafts are equipped
with 7,000-hp hoists having 15-ft. diameter drums, hoist-
ing at 2,850 feet per minute. The hoisting cables are
2-Y inches in diameter. The hoisting shafts also serve
for ventilation up-cast.

SHIFT CHANGE AT #4 SHAFT

Nos. 1 and 2 shafts were sunk early in the program,
and from these shafts the first mining lift was developed.
No. 1 shaft, steel and reinforced concrete lined, now
serves for concrete supply and hoisting of development
waste rock and downcast ventilation. No. 2 shaft, sunk
for exploration and quick development, has been aban-
doned.

No. 4 shaft, steel and concrete lined, serves as a
downcast ventilation shaft and as a service shaft for
men and supplies. Men are lowered and hoisted at the
rate of 100 men per trip; and timber, powder, and other
supplies necessary for the mining operation are lowered
to grizzly and havlage levels through this shaft.

No. 5 shaft is equipped for service and development
hoisting. The double drum service and supply hoist is
powered by two 1000-hp DC motors and is capable of
carrying 100 men per trip in its double deck cages. The
double drum rock hoist is powered by one 1000-hp DC
motor with power supplied through a 1000 KW static
Thrystor. The rock skip capacity is 5.5 tons. It is a down-
cast ventilation shaft.

Other facilities at the mine include mechanical and
electrical shops, modern timber framing shed, timber
treating plant, warehouse, and change rooms. Mine air
compressors provide 51,600 cubic feet per minute of
compressed air for rock drills and other air-driven tools
underground and on the surface.

Limestone and high grade silica for metallurgical use
is mined from two separate quarries. Limestone is mined
from a quarry site 6 miles south of the plant and hauled
by truck. Silica is mined at a site 17 miles north of the
plant and is hauled by the San Manuel Arizona Railroad
to the flux crushing plant.



THE CONCENTRATOR

The primary crushing circuit located at the mine site
is designed with 4 gyratory crushers. A panel board
located for each crusher and an intercommunication sys-
tem provide control. Iron detectors are installed on con-
veyors for the removal of tramp iron. The final product
of the mine crushing plant is conveyed to four 10,000-ton
receiving bins for loading into ore transportation cars.

Ore iransportation from the Mine to the Plant is by
rail shuttle service in 100-fon capacity bottom-dump rail-
road cars. The one, 36-car train is pulled by 1800-horse-
power, 125-ton diesel-electric locomotives. The six mile
ore transportation track is standard gouge, 132-pound
rail and was constructed with liberal curves and no
grade.

At the 20,000 ton coarse ore receiving bin at the
Plant, the train is run over the bin and fours cars are
dumped at a time through bottom-dump air operated
gates with compressed air furnished by the locomotive.

From beneath the receiving bins, ore is fed by 48“
manganese steel pan feeders and belt conveyors into
four seven-ft, standard cone crushers at the rate of
1000 tons per hr. to each crusher. Magnets are sus-
pended at the head of the conveyor to remove framp
iron. Crusher feed passes over double deck grizzly
screens where undersize material is bypassed directly to
fine ore bins. Screen oversize is conveyed to a series of
secondary crushers. The crushed ore from fthe secondary
crushers is conveyed and distributed to seven tertiary
seven-ft. cone crushers, each preceded by mechanical
screens to bypass the undersize material to fine ore bins.

The crushing plant is designed with all crushers on
the same level. A panelboard on the operating floor and
an intercommunication system provide complete control
from one point. A 30-ton overhead crane with a 5-ton
auxiliary hook services the crusher floor.

The final product from the crushing plont, all less
than one inch, is delivered by belt conveyor at the rate
of 3,500 tons per hour to two 54-inch wide tripper con-
veyors. The tripper conveyors run over the top of the
70,500-ten copacity fine ore bin in the concentrator
building. The trippers travel the length of the bin distrib-
uting the ore at an even rate. Seal belts cover the slots
through which the ore is discharged, to provide a dust-
free atmosphere.

The ore is drawn from the bottom of the fine ore kin
by a system of belt conveyors onto gathering conveyors
which feed the rod mill sections at the rate of &0,000
tons per day. A weightometer both registers and controls
tonnage to each grinding section.

The concentrator is divided into thirteen grinding sec-
tions, ten sections each consisting of one 10* x 13° rod
mill, and two 10 x 10" ball mills, and three sections each
consisting of cne 12'6* x 16° rod mill and two 1278 x
14* ball mills. Ball mills are operated in closed circuit
with 20-inch cyclone classifiers. Oversize material from
classification is returned to the ball mills for additional
grinding.

All grinding sections are operated from a central
control room equipped for remote control, also an inter-
communication system and « radio circuit help provide
control. The grinding bay is serviced by a 173-fon crane
and a 275-ton crane which are capable of toking out

fully charged rod or ball mill for repairs. Two 10-fon
cranes serve for lighter and faster service.

SECOMDARY CRUSHING PLANT AT SAN MANUEL

The classifier overflow goes to distribution boxes
where, with reagents added, it is distributed to 40 cubic
foot rougher flotation cells, and to 300 cubic foot rougher
flotation cells, with a retention time of nine minutes. The
copper-molybdenum minerals float to the surface of the
pulp in each cell ard are gathered in froth launders. The
material not floated in these cells is called tailings, and
is piped by gravify to the tailings thickeners where ap-
proximately 24,000 g.p.m. of reclaimed overflow water
is returned to the mill for reuse, The thickened underflow
is discharged to the tailings pond where the excess water
is decanted and returned to the mill for reuse.

The mineral concentrate is pumped from the rougher
flotation cell launders through cone classifiers in closed
circuit with eight 8 x 12’ regrind ball mills, then dis-
tributed to 276 forty cubic foot cleaner flotation cells.
The tailings from this flotation are returned to the ball
mill circuit or back to the primary cleaner cells. The final
copper-molybdenum concentrate is pumped to a thick-
ener. The thickened concentrate goes to the molybdenum
recovery plant.

Molybdenum sulfide is recovered by flotation in an-
other series of flotation cells, after which the concentrate
is filtered, dried, and conveyed to drum storage. Tailings
from the Molybdenum flotation process is the copper
sulfide concentrate. It is thickened, filtered, dried, and
conveyed to the concenirate storage bins in the smelter
building. Overflow water from the thickeners joins the
refurn water to the mill circuit.

—_—
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PRECISION ANODE CASTING AT SAN MANUEL SMELTER

THE SMELTER

Copper concentrate, averaging aobout 28% copper
and about 10% moisture, is drawn from storage bins by
conveyor belts and is fed to each of three 102-feet long,
brick, suspended-arch reverbatory furnaces through hop-
pers located along the sidewalls.

The concentrate is smelted ot temperatures of approx-
imately 2700° F using nafural gas or light oil for fuel
interchangeably. Combustion air is preheated for higher
efficiency and fuel conservation,

Slag is skimmed from the reverbatory bath into rail-
road slag pots of 380 cubic foot capacity for hauling to
the slag dump.

Malte, composed of copper, iren, and suifur is tapped
into 300 cubic foot ladles and transferred by 60-ton
overhead cranes to one of six Pierce-Smith type convert-
ers. Three converters are 13° x 35° and three are 15" x
35°.

A high silica flux s added fo the converter bath to
form a slag which is refurned to the reverberatory furn-
aces. Compressed oir is blown through the bath, oxidizing
the sulfur to sulfur dioxide and leaving metallic or blister
copper. Several charges, slag taps, and blowing cycles
over an 18-hour period are required to finish a batch of
115 - 130 tons of blister copper in each converter.

Molten copper from the converters is transferred by
ladle to one of four holding furnaces where finish blow-
ing and slagging is performed. Final excess oxygen is
removed by injection of reformed notural gas or propane
in the poling process.

— —

The finished or “fire refined* copper, about 99.7%
pure, is poured by an automatic, computer contrelled,
system which delivers a precise weight of molten copper
into anode molds on one of two revolving casting wheels.
The molds are copper castings weighing approximately
5,700 pounds and are poured as needed. A releasing
agent prevents the anodes from adhering to the molds.

Single anodes are poured on the smaoller wheel and
removed by an operator controlled mechanism fo a
quench tank for cooling. On the larger wheel two anodes
are autematically poured and removed to a conveyor for

cooling by water sprays.
The anodes are removed by fork Iift to the yard

where they are inspected and loaded into bolsters for
transport by 20-ton straddle carrier to the electrolytic
refinery. The bolster racks are designed to hold the cor-
rect number of anodes, at proper spacing, for direct
charging into the tank house refining cells.

THE SMELTER POWER PLANT

Approximately 20% of the Division electrical power
requirements are generated at the smelter power plant
which has a capacity of 23,600 KW.

Guases from each reverberatory furnace pass through
two waste heat boilers which furnish steam ot 475 psig
to the power house. There are three steam turbine gen-
eraters, one rated at 13,600 KW and fwo rated at
10,000 KW. In addition there are five turbine compressed
air blowers, three rated 30,000 <fm and two 45,000
cfm. The electricity feeds into the nearby utility substation
and can be rovted to the mine or plant facilities for
emergency power.
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SMELTER EMISSION CONTROL SYSTEMS

The two independent sources of gas emissions from
the smelter are the reverberatory furnaces and the con-
verters. Each source produces o unigue emission and must
utilize a unique control system.

REVERB EMISSIONS

The emission gasses from the reverberatory furnaces
contain large amounts of dust, particulates, and water
vapor and small amounts of sulfur dioxide (less than 2%
SCO2 by volumel. For control of the particulates the gases
pass through o three-module electrostatic precipitator.
At least 98°% of the particulate matter is removed and
returned fo the furnaoces. The normal plume from the
515" western smelter stack is composed of approximately
2% sulfur dioxide, 15% water vapor, and 83% inert
natural air components.

SAN MANUEL SULFURIC ACID PLANT

e

CONVERTER EMISSIONS

Emission gases from the six converters contain greater
amounts of sulfur dioxide [3°% to 7% by volume) and
lesser amounts of moisture and dust. All converter emis-
stons are passed to the sulfuric acid plant which is cap-
oble of recovering approximately 943 of this sulfur.

The gas collection system in the smelter includes water
cooled converter hoods, balloon settling flues, and high
velocity flues. Converter operations are scheduled to pro-

vide reasonobly continuous flows of relatively strong
sulfur dioxide to feed the acid plant.

An electrostatic precipitator removes dust before the
gas is passed through cooling and humidifying towers
and then through o bank of 8 mist precipitators to re-
move all remaining solids and acid mist.

A

-

A AR N

[ 4




-

“a kg

4 .

A i b A Qs MAMAE 21 6wt

B M salaaial akale An s had A A4 sad) L

A uk

REMOTE AIR MONITORING STATION NEAR SAN MANUEL

The resulting clean and dry sulfur dioxide gas is
split into two trains, or modules, where it is compressed
and passed through beds of a catalyst, vanadium pen-
toxide, which converts it to sulfur trioxide.

The sulfur trioxide passes to towers where it is ab-
sorbed into circulating sulfuric acid. The resulting saturat-
ed acid is then concentrated to 93%-94% commercial
grade for storage and transport to market.

The plant has a production capacity of approximately
2,000 tons per day of sulfuric acid. Storage is provided
at the loading docks for 20,000 tons. Neutralizing facili-
ties are provided for any amounts of acid, including, if
necessary, the entire production. A limestone slurry is
mixed with the acid and the resulting gypsum slurry is
introduced into the on-line tailings disposal stream from
the concentrator,

When the sulfuric acid plant is in full operation the
eastern 550-foot high smelter stack is dead. Minor tail

gases from the two stainless steel acid plant stacks are
invisible.

An average of the controls over the two emission
sources at the smelter results in an overall 70% positive
control of sulfuric dioxide and 98°% positive control of
particulates, well within the air quality control standards
imposed by state and federal governments.

AIR MONITORING

As a precaution that ambient air standards will not be
violated during adverse weather conditions an extensive
system of eight continuous air monitors measures and
records air quality conditions throughout the area of the
smelter's influence. Special computer programs produce
guidance information about potential air pollution epi-
sodes. The data is monitored in the Smelter Operations
Center and standing operating procedures provide for
reduction or curtailment of smoke producing operations if
necessary to maintain ambient air standards.
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OVERHEAD CRANE WITH CATHODES IN TANK HOUSE

THE ELECTROLYTIC
COPPER REFINERY

The San Manuel Refinery with annual capacity of
215,000 tons of electrolytic copper was completed in
Cictober, 1971,

The rod plant produces 125,000 tons of continuous
cast, 5/16" diameter copper rod per year. The balance
of the production is in the form of cathode copper, either
as full plate or sheared to smaller sizes, meeting specific

cusfomer requirements, The continuous cast rod is shipped
in coils of from 6,000 lbs. t0 18,000 Ibs. in gross weight
by rail and/or truck. Cathodes are shipped in bundles
of appropriate size and weight to facilitate materials
handling and leading.

Process and Facilities

Refining takes place in the tankhouse. Smelter anodes
are loaded in refining cells with 4'* spacing with copper
starting sheets suspended between the anodes. Electrolyte
containing 48 grams per liter copper and 185 grams
per liter sulfuric acid, with solution temperature controlled
at 150°F, is circulated through each cell at the rate of
4 te 5 gpm.

Electric current is applied in g series-paralleled system
to provide 21,000 amperes per cell. The DC voltage per
cell is nominally 0.23. This provides a current density of
slightly over 22 amperes per square foot of cathode
surface. In the elechro-refining process, copper ions go
into solution at the surface of the anode. At the same
time, copper ions are deposited from the eletrolyfe on
the surface of the cathode. As the anode is depleted, the
cathode grows in thickness and weight. Anodes are re-
placed after 28 days in circuit. Each anode charge pro-
duyces two pulls of cathodes. Under normal operating
condilions, an anode weighing 795 pounds produces two
cathodes weighing 330 Ibs. each. The remaining 137
Ibs. of anode after 28 days exposure is washed and re-

turned to the smelter converters for recycling. Cathodes
are washed and transferred to the rod casting pland,
shear building or shipping docks.

Soluble impurities and copper which tend ko concen-
trate in the electrolyte are controlled within strict concen-
tration limits in the electrolyte purification (Liberator)
section, The process of purifying the electrolyte is a modi-
fication of the commercial electrolytic refining process.
Insoluable lead anodes are used with copper starting
sheets as the cathode. Copper jons in the electrolytic

deposit on the cathode, thereby depleting copper in the
electrolyte. Impurilies setfle to the bottom as sludge or
partially plate out in the low quality Liberator Cathode.
Impure cathodes and the sludge are recycled to the
smelter,

Copper starting sheets interspaced between the an-
odes of the start of the 14-day cathode cycle are pro-
duced in the stripper {or starting sheetl section of the
tankhouse. In the stripper section, rolled copper blanks
with prepared surfaces are interspaced between copper
anodes. Electro-deposition occurs in the same manner as
the commercial sections. Blanks are pulled after 24 hours
depositien and the thin copper desposits are stripped
from the blanks. Approximately 5,400 starting sheets
weighing approximately 12 pounds each are produced
per day. Two loops cut from starting sheet stock are
automatically attached to each of the starting sheets and
copper suspension bars inserted to complete the starfing
sheet assembly.

Impurities in anode copper either go into solution in
the electrolyte or setfle to the bottom of the elecirolytic
cell as slime. The slime which contains various impurities
including precious metals is washed from the cells of the
end of each 28-day ancde cycle. It is collected and frans-
ferred to an acid leaching, filtering, and drying section.
The dry slime is sampled and packed in plastic lined
drums for shipment to a precious metals refinery for re-
covery of gold, silver, and sefenium metals values.
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Continuous Rod Casting

Refined copper, in the form of cathodes, with dimen-
sions approximately 38’ x 38’ and weighing approxi-
mately 330 pounds are transferred to the casting house.
Approximately 125,000 tons per year are melted and
cast into 5/16" and 13/32" diameter rod.

Cathode melting takes place in a gas-fired shaft
furnace. Molten copper flows through a heated launder
system to a 15-ton capacity holding furnace. The holding
furnace is equipped with an automatically controlled gas
firing system to control pouring temperature of the molten
copper.

Molten copper is fed to the rod casting machine at
a controlled rate of near 30 tons per hour by rotating the
holding furnace. The molten copper flows into a casting
ladle which directs the flow into the cavity of the casting
wheel. The copper casting wheel is 96’ in diameter with
a rim cavity specifically designed and machined to pro-
duce a casting with 5§ square inches cross-sectional area.
The entire casting assembly is water cooled and lubri-
cated to produce a smooth casting.

The copper casting formed on the casting wheel is
continvously withdrawn and fed to a large multiple stand
rolling mill which reduces the original casting in 12 step
reductions to 5/16" continuous rod or 10 steps for
13/32" rod. After leaving the rolling mill, the rod is
pickled in a dilute sulfuric acid solution, washed and
coated enroute to the coiling mechanism. Equipment is
provided to coil and package the rod in various weight
coils required by the customers. Packaged coils of fin-
ished rod are weighed and loaded directly into boxcars
for rail shipment or to trucks for truck shipments.

Y N N
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FINISHED 8-TON LAID COILS AT 5/16" CONTINUOUS CAST MAGMA ROD
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QUALITY CONTROL IS ESSENTIAL IN PRODUCTION OF MAGMA COPPER

METALLURGY

The Division Metallurgy Department maintains service
for assay, quality control, testing, and research for all
operating divisions. Laboratory equipment and methods
include x-ray fluorescent spectrometer, atomic absorption,
optical emission spectrometer, gas chromatograph, wet
chemical and fire assay, non-destructive testing, micro-
scopy and physical metallurgy.

Four modern, fully equipped laboratories serve the
Division, cne of which is a quality control unit located at
the continuous rod costing plant for production testing
of finished product.

OTHER PLANT

The flux preparation plant is lecated between the
smelter and concentrator buildings and includes receiving
bins and crushers for handling limestone ond silica flux.
A lime kiln for calcining limestone, and a slaker provide
metallurgical lime for the concentrator.

Cther plant facilities include @ machine shop with
locomotive service and repair pifs, electric shops, carpen-

The metallurgical department operations include ore
assay, process materials assay, product quality determina-
tion, stack gas analysis, weight and measure standards,
process efficiency analysis, equipment wear and failure
analysis, lubricant controls, combustion analysis, and re-
search on new processes and products.

Extensive use of electronic dota processing is utilized
for metallurgical determinations and a teletype network
gives prompt informalion at operational control points
throughout the Division.

FACILITIES

ter, and truck shops, warehouses, time offices, and
change houses.

The San Manue!l Arizona Railroad Company, a wholly
owned subsidiary of Magma Copper Company, operates
on thirty miles of stondard gauge railroad from San
Manuel to connect with the Southern Pacific Railroad
ot Hayden, Arizona. The depot is just north of the smelter-
refinery gate. SMARRCO is a licensed interstate carrier.

— 12—




SAN MANUEL, ARIZONA

THE TOWNSITE

To provide adequate permanent housing facilities for
the construction period, as well as the future productive
life of the mine, an agreement was made with the Del
E. Webb Construction Company and M.O.W. Homes, Inc.,
under which they were to finance and build a community
suitable for the accommodation of San Manuel’'s em-
ployes.

Active construction was started in mid-1953, and by
late 1954, the community of San Manuel, consisting of
1,000 homes, shopping facilities, and hospital, was com-
pleted. Magma Copper Company acquired the property
early in 1955, Additional houses were built in 1957 and
in 1971 bringing the total to 1,276.

The community at San Manvuel, Arizona, contains
modern homes, shops, and surfaced streets, on the
sloping west side of the San Pedro Valley. To the east
are the Galiuro Mountains, while to the west are the
Santa Catalina Mountains.

San Manuel was conceived and built for those who
work for Magma Copper Company, as well as for those
in related activities — merchants, police officers, clergy-
men, and others.

The main shopping center covers 32 landscaped
acres off McNab Parkway. The shops located there offer
San Manuel a wide variety of merchandise and services.
This is supplemented by a second shopping center located
in the lower part of the town.

The townsite properties are managed from the San
Manuel Townsite Office of the San Manvel Division of
Magma Copper Company.

The San Manuel Division Hospital, a half-million
dollar institution which maintains the very latest equip-
ment, and a complete medical staff services the needs of
San Manvel and vicinity.

Within the hospital there is a completely equipped
surgery, nursery, two obstetrical rooms, emergency room,
x-ray room, x-ray developing room, a patients’ wing of
30 beds, doctors’ offices, laboratories, therapy rooms,
reception room, waiting room, offices, kitchen facilities,
and dining rooms.

In this sume area is located the Administration Build-
ing which houses the various management, accounting,
purchasing, and personne! offices.

San Manvel elementary schools, Mammoth elementary
school and San Manuel High School and Junior High
School serve the Mammoth School District, which includes
students from San Manuel, Mammoth and vicinity.

Five schools were completed at a cost of more than
than $5,000,000 for buildings and equipment. The Schoo!
Board is elected by the registered electorate without re-
gard to property ownership.

A 10,000-book library ‘t2rves the town of San Manuel
and supplements the school libraries. The library has
gradually expanded from a small one-room area in the
Community Center building to its own quarters with over
1,500 square feet of floor space.

Parks, playgrounds, community center, and swimming

pool facilities are provided by the Townsite for the resi-
dents of San Manvel.

— 13—



Type

Gangue rock

Metallic minerals

Copper content
Molybdenum sulfide content

Gold and silver contents

Orebody

Fracture paftern
Mineral occurrence

Description
Thickness

Support
Water
Temperatures

Capocity
Mining method
Underground haulage

Hoisting

Bin capacity
Primary crushers

STATISTICAL DATA

ORE DEPOSIT

Dessiminated copper

Quartz monzonite porphyry

Pyrite, chalcopyrite, chalcocite, molybdenite, silver and gold
Abouf D.?sn,,l'ro

About 0.025%

Trace amounts

OREBODY

The control as to size and shape of the orebody is an economic cutoff based on
copper content of the mineralized rock. Therefore, that porfion considered
economically feasible o mine appears in the more northerly porfion as «
tabular mass up to 400 feet thick with its long dimension bearing northeast and
lying at an angle of 55° from horizontal o the southeast. This aftitude persists
down dip for about 2,400 feet where it flattens and then rolls upward to form
a cross-sectional fishhook shape.

Iniricate, three-dimensional network

Desseminated through the gangue rock

OVERBURDEN OR CAPPING

Gila conglomerate and weakly mineralized monzonite
Averages &70 feet

MINE OPENINGS

All ground requires support, either timber, steel or concrate
Mewly-opened areas may show appreciable flow. Orebody drains rapidly
Moderate

MINE PRODUCTION
62,500 tons daily
Block caving
Electric frolley locomotives; ore car capacity, 12.5 tons; 15 cars per frain, 180
trains per day
Hoisted through four vertical shafts
First hoisting level 1475 feet {now completely mined out}
Intermediate hoisting level, 1775 ft.
Second hoisting level, 2075 feet
Hoists: 2 - 4000-hp, double drum
2 - 7000-hp, double-drum
Hoisting speed: 2500 to 3000 fpm
Capacity of skip: 21 to 28 tons
Run-of-mine ore: up fo 14 inches

ORE CRUSHING

Four ore receiving bins hold 5,000 tons each
Four gyratory crushers 1,000 fons per hour each

ORE TRANSPORTATION — MINE TO CONCENTRATOR

Storage

Ore moved
Railway construction
Type of Cars
Capacity of car
Cars per frain
Locomotives

Coarse ore bin
Secondary crushing
Tertiary crushing
Fine ore bin

At mine loading point — four 10,000 ton bins

Rail shutte service, 18 round trips daily

Six mile, standard gauge, 132-pound rail, level, minimum curves with liberal radius
Bottom-dump, air-operated

100 tons or 72 cubic yards

36

4 ALCC 1400hp Electric-Diesels

ORE CRUSHING {PLANT)

20,000 tons capacity

Four 7-foot standard cone crushers, 400 tph each
Seven 7-foot short-head cone crushers, 360 iph each
702,500 tons capacity

—14 —



Concentrator
Rod mills

Secondary Grind

Flotation
Concentrate regrind
Cleaner concentrate

Molybdenum plant

Gold plant

Copper concentrate

Reverberatory products

Matte to converters
Converter products

CONCENTRATION OF ORE

62,500 tons per day capacity

Ten 10’ x 13' rod mills and three 126" x 16° rod mills; primary grind in open
circuit

In closed circuit with 20-inch cyclone classifiers; twenty 10’ x 10" and six 126"
x 14’ ball mills with twenty-six sets (122) 20-inch cyclone classifiers

1056-40 C.F. and 63-300 C.F. mechanical cells.

Eight 8’ x 12* ball mills

1300 to 1500 tons of concentrate to molybdenum plant for recovery of moly-
bdenum

Products — 90% MoS2 concentrate ready to market and 28 % copper concentrate
to smelter storage bins

Products — Precipitate with gold assey of more than 1000 ounces per ton, and
silver assay of more than 1500 ounces per ton

SMELTING OF COPPER CONCENTRATE

289% final copper concentrate io one of three natural-gas fired, side-feed,
reverberatory furnaces, 32’ x 102¢, 34' x 102' and 3&' x 102",

Matte at 32% to 35% copper

Slag, to slag dump.

Waste gases — about 50% of contained heat recovered by two waste-heat
boilers on each furnace. Flue dust recovered from gases by a three compartment
electrostatic precipitator before entering 20' x 515’ stack.

Three 13’ x 35' and three 15‘ x 35 Pierce-Smith type converters.

Slag, return to reverberatory furnace.

Waste gases to electrostatic precipitator and contact acid plant.

Blister copper, delivered to 4 anode holding furnaces where it is blown and poled
prior to casting into 795 and 760 pound anodes.

Anodes charged per day
Cathodes pulled per day

REFINERY PRODUCTION (DESIGN CAPACITY)

Average weight — Anodes

1974
1974
1974

1974
1974
1974

Commercial Sections
Starting sheet section
Starting sheets per day

Employees

Payroll

Fringe Benefits
1974 Hospital & Medical Costs
Arizona Purchases
Arizona Taxes

....................................................
................................................
..............................................................
............................................................

.......................................................

.............................................................
................................................................
..........................................................
..................................................
.......................................................
..........................................................

........................................................

coo. 795

........................................................

............................................................

.... 135

.......................................................

... 760

........................................................

Tons
650 Tons
Tons

795 Pounds
Pounds
5,400
2,700
12 Pounds
46
45
3,780

5,200

$ 66,070,927

$ 7,500,000

$ 4,739,925

$ 45,492,902

$ 15,230,912
115,400 Tons



STRING OF SULFURIC ACID TANK CARS START TO MARKET VIA SMARRCO

San Manuel Arizona Railroad Company
WHOLLY OWNED SUBSIDIARY OF MAGMA COPPER COMPANY
A COMMON CARRIER

incorporated September 1953

Track mileage San Manuel-Hoyden Junction 29.42 miles
Freight carried 1974 729,152 Tons

Locomotives 4 ALCO 1600hp

Eleciric diesel road switchers
2 EMD 2000hp

Electric diesel road switchers
Employees 35

Schedule Operates daily to Hayden Junction connection with Southern Pacific.
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GENERAL INFORMATION

MAGMA COPPER COMPANY

A Subsidiary of
Newmont Mining Corporation

San Manuel Division
San Manuel, Arizona 85631
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This booklet contains basic information re-

lative to the geclogy, engineering, statistics,

etc. pertaining to the Magma Copper Com-
pany San Manuel Mine. The techniques and
information described herein are continually
undergoing change as new, improved methods
are discovered, but the booklet, for the most
part, is an accurate assessment of operations at

the property.

Geology

The San Manuel Orebody is a large, low
grade disseminated orebody in which primary
chalcopyrite mineralization has been deposited
as an elliptical, hollow cylindrical shell whose
present longitudinal axis trends in a northeast-
erly direction and plunges gently to the
southwest. Interior to the cylindrical ore shell
proper is a marginally mineralized zone of
monzonite porphyry rock showing K-Feldspar
Biotite alteration. Thickness of the elliptical ore
shell itself {as defined by an 0.50% Cu cutoff}
varies fromn 100 to 1,000 feet and the entire

system of mineralization-alteration of which the
ore shell is a part, is known to have a longitudi-
nal dimension of some 8,000 feet, with major
and minor cross-sectional axis of about 5,000
and 2,500 feet respectively. This system of
mineralization-alteration is believed to have
been formed in conjunction with the intrusion
of a Laramide monzonite porphyry into the
pre-Cambrian porphyritic quartz monzonite
basement rock {the Oracle granite}, and these
two igneous masses comprise the major host
rocks of the orebody.

Intrusion of the Laramide porphyry and its
accompanying mineralization-alteration
phenomena apparently occurred along a cen-
tral longitudinal axis which originally was much
steeper than the present axis. After the total
cylindrical system was formed, it underwent
periodic rotation to the northeast and con-
comitantly was bisected at an acute angle by
the San Manuel fault, a normal fault with post-
fault rotation, producing two offset segments as
presently known. The segment in the lower
plate is known as the San Manuel Orebody
while the segment in the upper plate has been
called the Kalamazoo Orebody.




Production Control

Before secondary development is begun,
cross sections through the orebody are
diamond drilled by contract drillers under the
direction of the Geology Department. Core is
logged and assayed. This information, as well
as drift sampling, mapping, experience factors,
etc., are ufilized to predict grade, production ef-
ficiency, extraction and weight problems.

Production Engineers, using this informa-
tion, production requirements, and stope
availability, assign quotas to the operating
crews. These quotas are designed to maintain
the desired production and grade for the mine
and an optimum rate of draw from each area
and draw point.

Various factors are involved in determining
the desirable rate of draw. If not pulled fast
enough, a draw point or area may take weight
and cave. If pulled too fast, a draw point may
pipe through to waste prematurely. Some
areas contain too much oxide or too little re-
coverable copper and production may be cur-
tailed here to maintain a relatively uniform
grade for the mine output.

Quality control is effected by a sampling
program which is basically computer-
controlled and is another function of the Pro-
duction Engineers.

Tonnage drawn from each draw point is
tabulated daily by computers in the Data
Processing Section. When the computer de-
termines that sufficient tonnage, usually 200
tons, has been extracted from a given draw
point since the last sample, it issues a sample
card for that draw point.

When production records and assays indi-
cate a stope is approaching depletion, regular
sampling procedures are normally suspended.
At this time, the production engineer initiates
procedures which include close visual inspec-
tion of ore drawn and special sampling. The
engineer manually orders samples on a much
more frequent basis, perhaps daily, according
to production pressures and the characteristics
of each area.

Development drift samples are taken by
the Geology Department while mapping the
headings. Production area samples are taken
by four full time samplers working a 6-day
week, who are capable of taking more than
300 samples a day.

Samples are assayed at the plant site under
the direction of the Quality Control Depart-
ment.

Conventional wet assaying is being phased
out by atomic absorption and X-Ray fluores-
cence equipment which transmits results direct-
ly to the computer. The computer processes
the data and can transmit results via teletype di-
rectly to those portions of the operation need-
ing rapid analysis.




No. 1 Shaft

Depth: 2,829 ft. {for the Third Lift.)
Dimensions: 25’-5%" x 6"*—4 Compart-
ments:
2 Hoisting, 6'-5%" x 6'-0".
1 Manway, 5'-0 % x 6'-0".
1 Service Cage, 5'-0" x 6'-0".
*—Inside Concrete

Ventilation downcast.

Structural steel sets in reinforced concrete.

Headframe: 100'-6" to® sheaves.

Two 12’ diameter steel sheaves
with wear liners.

Skips: Two, 4-ton capacity each, in counter-

balance, Kimberly type.

Hoists: Main Hoist, two 200-hp motors, dou-

ble drum.
Rope speed = 800 fpm, with Lebus
wind.
Rope size = 1%".
Service Hoist: single drum, 200-hp.
Rope speed = 545 fpm.
Rope size = 1".

This shaft is used to hoist rock from the de-
velopment headings. Manway compart-
ment contains main pump discharge col-
umns carrying most of the water pumped
from the mine and power transmission
lines. The service compartment has three
8-in. heavy-duty pipes for passing con-
crete from the automated concrete batch-
ing plant at the collar of the shaft to the
underground mining levels and 1 pump
ine.

3A-3B Shafis

Twin ore hoisting shafts.

Depth: 2,310 ft. {for the Second Lift.)

Dimensions: 29’ x 7’ inside concrete.

Four compartments, each
&'-6" x 7°-0".

Ventilation exhaust shafts, 195" apart.

Structural steel sets poured in reinforced
concrete for smocth lining. Reinforced
concrete curtain walls between each
compartment, with 3'-7%" x 4" win-
dows in each set.

In each of the two hoisting compartments steel
hat-section guides are of Corten steel.
These guides are supported every three
it.

Timber guides in service compartment are
supported every 6'-0".

Headframe: 181’ to¥ sheaves.

14’ diameter cast steel sheaves.

Coarse
Cre Bins: Diameter: 607
Height 66'-6"; topof bin 92’
above collar.
Capacity: 750 tons total.

Loading Gates: 2 on each track per
bin, air operated.
2 loading tracks.
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3A'3B Shqﬂs, continued

Fine
Ore Bins: Diameter: 65’
Height: 81’-6"; top of bin 107’
above collar.
Capacity: 10,000 tons total.
Loading Gates: 6 on each track per
bin, air operated.
On same two tracks as
coarse ore bins.
Loading

Pockets: Two in 3A; one below 1775 Level;
one below 2075 Level, capacity
= 1.500 tons. One in 3B below
2075 Level, capacity = 1,500
tons.

Skips: Bottom-dump Corten steel skips, with
alloy steel liners and impact rail-
mat, running on solid rubber tires.

Capacity: 23 tons with + 4.0% mois-
ture.

Dimensions: 35’-5" long, 6'-1" wide,
6'-3" deep.

Weight: 30,000 Ibs. (Approximate)

Automation: Skip loading and hoisting are

fully automated. Skip load-
ing and dumping are
viewed on closed circuit
television, and the car
dumping and hoisting sys-
tems are monitored on a
control panel.

Hoists: Double drum with Lebus wind; au-
tomatic or manual operation; 15’
diameter drums having a 109"
face, spooling 4,700 ft. of 214"
rope in two layers.

Drum Shaft: 27" diameter through
drums.

Hoisting Speed: 2,800 fpm.

Two 3,000-hp DC motors equipped
with MG set consisting of one
4,000-hp motor and two
2,500 KW DC generators.

Steel plate flywheel, 44 tons
(approximate) for 80% power
peak equalization.

Service hoists are equipped with an
18-passenger cage and 45 cubic ft. skip
combination with solid rubber tires run-
ning on timber guides. Hoisting ropes are
1" at 3A and 114" at 3B. The cage and
skip are counterbalanced by an 8,400-Ib.
counterweight in the shaft manway.

Primary

Crusher: The 460’ x 50 crusher building

houses three 42 x 65 gyratory
crushers. There are three 96" x
62’-0" pan feeders, with a
capacity of 1,500 tons per hour;
one fed from the 3A, one from
the 3B and the other from the
3C coarse ore bins. At 3A and
3B, 48" conveyor belts transfer
the crushed ore from the
crusher building to transfer
towers(222'), and back to the
fine ore bins (421").




3C-3D Shafts

Identical ore hoisting shafts. 3C is 195 ft. north
of 34; 3D is 195 ft. south of 3B. Height of
the headframe is 200 feet.

Depth: 3C = 2,859 ft. The sinking and fur-
nishing of this shaft was com-
pleted April 12, 1971. Holsting
from 3C started in August, 1971.

3D = 3,713 fi. Shaft sinking is com-
plete.

Dimensions: 22°'-0" inside diameter, circular,

concreted.

Two ore hoisting compartments,
service cage, manway and
pipe compartmenits.

Ventilation exhaust shafts.

Steel box-section Corten guides supperted
every 12 {t. in hoisting compartment.

Douglas fir timber guides in service compart-
ment supported every 6 tt.

Headframe: Structural box members of Cor-

ten steel.

15" diameter fabricated steel
sheaves.

Skips: Bottom-dump Corten steel skips, im-
pact rallmat alloy steel liners, with
solid rubber tires running on Cor-
ten steel box-section guides.

Capacity: 29 tons.
Dimensions: Length, 37-4%"; Width,
&'-8"; Depth 6'-3%"; Weight:
30,860 lbs.
Automation: Same as 3A-3B.
Hoeists: Double drum with Lebus wind; au-
tomatic or manual operation, 15’
diameter drums havinga 109"
face, spooling 2 %" wire rope.
Hoisting Speed: 2,800 fpm.
Each hoist has two 3,500-hp DC
motors powered from a MG set
consisting of one 6,000-hp 514
rmp synchronous motor driving
two 2,800 KW generators. MG
set has no flywheel.

3C

Service

Hoist:  Single drum, manually operated,
powered by a 250-hp DC motor
capable of handling a 8,000-1b.
load at a depth of 3,600 ft. Ad-
justable DC voltage for driving
the hoist motor will be supplied
by silicomatic [-power conversion
equipment converting AC to DC
power through silicon control
rectifier cells. Speed is 800 fpm.
Rope sizeis 17




3C'3D ShQﬂS, continued

Primary

Crusher: At3C, 48" conveyor belts transfer
the crushed ore from the
crusher building to transfer
towers (169)’), and back to the
fine ore bins (365’). Skip dump-
ing, fine ore bin capacity and
transfer belts are viewed on
closed circuit television. The en-
tire automated crusher is moni-
tored from control panels at
each crusher location.

No. 4 Shaft

Depth: 2,729 ft.

Dimensions: 26'-6" x 14'. Structural steel sets
are poured in concrete for
smooth lining.

Two cage compartments, each 14’ x 8'; two
rounded end compartments for manway,
pipes, electric cables and ventilation.
Manway compartment also contains the
main compressed air line supplying the
mine.

Man and supply shaft, and downcast ventila-
tion.
Cages: 2 decks, 50 men per deck.
Inside dimensions: 6'-9%"” x 13’-6".
Rated Capacities: 20,000 lbs. supplies
per deck.
12,000 lbs. men per deck.
Cage Weight: 24,000 lbs. (approxi-
mate)
Headframe: 109 to® sheaves.
Two 14’ cast steel sheaves.
Hoist: Double drum.
15’ diameter, 90" face drums.
2%" hoisting rope.
Maximum hoisting speed: 1,500 fpm.
Single reduction drive, two 700-hp DC
motors equipped with MG set
consisting of one 1,750-hp AC
motor and two 600-KW DC
generators. Hoisthouse equipped
with 30-ton crane, with 5-ton aux-
iliary.




No. 5 Shaft

Lining: 24" thick reinforced concrete lining.

Depth: 4,123 ft.

Dimensions: 25 fi. diameter inside the con-

crete lining.

Of the four hoisting compartments, two will be
used for handling men and supplies, and
two will be used for hoisting waste rock.
The shaft will also have compartments for
manway, pipe lines, electric cables, and
concrete transportation lines.

Man and supply shaft, downcast ventilation.

Hoists: Double drum production hoist pow-

ered by one 1,000-hp DC motor.

9" diameter, 103.5" face.

13£" hoisting rope.

Hoist speed: 1,925 fpm.

Skip capacity: 5.5 tons.

A static thrystor rated at 1,000 KW will
replace the normally-used MG set
to supply power to the produc-
tion hoist motor.

Service
Hoist:

Double drum service hoist (for men
and materials), powered by two
DC motors. each having
1,000-hp.

15’ diameter, 105" face.

2%" rope.

Hoist speed: 1,856 fpm.

Man cage: Similar to that at No. 4
Shaft.

Headframe: 157 ft.
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Standard
Grade Line T
C-1 or Turnout Cap
4
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s 63[' »
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Shele \ Drain Ditch

Compl Track
4’ Rallast below tie

Dev'pt, Track

Posts: 12"x12"x10'-4"

Caps: 12"x12"x 10/

Sets on 5’ centers.

For the lower levels, we are in the process of
changing to a set having a longer cap and
posts having less batter. T/R {completed}
will be 6" lower.

Crews: Single Heading—3 men.

Two Headings—4 men.

44-48 holes drilled per set.

50 1bs. + of Ammonium Nitrate
primed with a stick of 60%
Amogel per hole. Initiated by
electric blasting caps 0 to 12
delay.

Timber Haulage Dirift

45# Rail for Development.
90# Rail finished track.

Timber Ladder Drift

[f 75# rail is used, 64" is the grade.
45# rail for Development.

75¢# rail finished track.

Rail Measurements

334" for 45# rail. —

4-13/16" for 75# rail. 1 I
55" for 90# rail. X

il
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Devpt Track / o2 \ ' Drain Ditch

\ Compl Track

4" Ballast below tie

4" or 6" W.F. arch caps and 9'-6" posts for ini-
tial ground support.

Sets on 5’ centers.

Crews same as Timber Haulage Dirift.

On the lower levels, the concrete drifts will
have a 1’ flat spot in the crown, to allow
passage of wider equipment. Completed
T/R will also be 6" lower.

Initial Ground Support: 4" Steel Set (HC-3) or

6" Steel Set (HC-4)

Concrete Ladder Drift

If 75# rail is used, 64" is the dev’pt grade.

45# rail for Development.
75# rail finished track.

Concrete Haulage Drift

45# rail for Development.
90# rail finished track.
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Pillar

Isometric Diagram of a Block
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Gravity Flow Transfer Raise

4’ x 4’ inside.

Lining: 6" x 8" cribbing, armored with 3" x 4" x
3/16" steel angles and ““T”-irons.

Inclination: 63°

Length: 48’

Crews: 2-man crews advance two raises at
once, using 3" stopers. 14 holes
drilled 5’ deep; 35 lbs. 60%
Amogel used per round, deto-
nated with electric caps. Ventila-
tion with compressed air.

Transfer Raise Stations are cut by the regular
drift crew using the same equipment they
use to drive the drift.

They are cut as the drift heading is advanced.

Raise Stations are steel pony sets on top of
special drift sets. Lined with non-
reinforced concrete.

Center Line of Haulage Drift and Raise Station

{‘Haulage Level

20411%°

60"
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Grizzly Level Primary
Development Drifts

Grade Line

+ I
&
O
Steel Ties 45# Rail

GP3

Concrete Panel Drift

Excavation only:

Eock bolts and steel straps GC-3, GP-3 are
used as pre-concrete support.

Size: 10"-3" % 9’-1".

Each round marked on face by Boss.

Two-man crews, or 3 men in two headings.

44-48 holes drilled 6’ deep.

40 Ibs. ammonium nitrate primed with a plastic
booster per hole. Initiated by electric

blasting caps 0 to 12 delay.
Ventilation with fans and tubing.

Initial Ground Support:
4" Steel Set {GC-3} or
6"Steel Set {GC-1}

Non-reinforced
Concrete

? 1st Turnout Cap

4" Ballast befow e

Concrete Fringe Drift

45# rail and steel ties for
Development and Finished Track.




A

Cement Elevator ———————]

Batch Plant —=~ _“yLv.e

Convey®’
deod 1SS V- SN S A ey (sl e e oo A =
S8 % ~ e i X
3, =
;’ 2N Mixers
== A '
Underground Storage- il
sand and aggregate 4
il Header
i
4
i
L
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Slick Line Header

Empty Placer
Placed Concrete

Schematic Diagram of
Concrete Flow Sheet

In November, 1964, the surface mixing
and underground distribution operations were
automated. The operation of the batch plant,
including the diversion of the concrete to the
various levels, is entirely controlled by one
man located in a central monitoring station on
the surface. The aggregate is moved from
underground storage bins to the batch plant
by conveyor belt. Truck-delivered bulk air-
entraining cement is transferred from the truck
by pneumatic elevator into either the 500-bbl.
or 800-bbl. cement silo. Mixers are 1% cubic
yard double compartment. Mixwater is chilled to
48°-55° by a refrigeration plant in the summer.

[EANE

Header

A/ =S s

Dispersing and retarding agents are

added with the mix water. Mixers discharge
through a screened hopper into 8” heavy-duty
pipes suspended in No. 1 Shaft. Concrete dis-
charges through a header into remixers on the
various levels, which fill 2.5-cubic yard porta-
ble placers. The placers discharge pneumati-
cally through a header and 6" slick line behind
plywood or steel forms.

From 6,000 to 8,000 cubic yards of con-
crete per month are poured on a three-shift-
per-day, seven-day-per-week basis. Forming is
also done on three shifts, seven days per week.
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Gravity Flow Draw Raise

Size: 5’ minimum diameter, unlined.

Length: 15’-0" above grizzly. Driven after
grizzly drift is concreted.

Crews: Z-man crew drives several raises at
once. 11 to 24 holes drilled 4’ to

6" deep. 27 lbs. ammonium ni-
trate with each hole primed with
plastic booster. Electrically

blasted.

Undercut Level

SN

Sy 7
§
PN

A AT Ko o T
Bl 4
- -
._\_L
N T o

- 5 / g
Grizaliy Level / D g————

S
Eamas
\

Gravity Flow Grizzly Drift

Excavation only; 8'-4" x 8'-0" between draw
points; 9'-6" x 8'-0" at draw points.
Rock bolts and wire mesh used for pre-
concrete support.
Size: 5’ wide, 6% high finished drift with con-
crete reinforced at the draw points only.
2-man crews used. 13 to 21 holes drilled &’
deep. 30 lbs. ammonium nitrate with
each hole primed with plastic booster
used per round; electric primer blasted.
Drilling is done with Jackleg. Ventilation

with air mowver.

-
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Progression of Undercutting

Typical Block




Undercut Procedure

Undercut drifts are 5 x 7 timbered with 6"
round posts and 6" x 8" caps. These drifts are
driven over the tops of all the draw raises, 15 ft.
above the grizzly drift floor at right angles to the
grizzly drifts. Access undercut drifts are driven
parallel to the grizzly drifts over the tops of the
northernmost and southernmost draw raises.
Undercut pillar work usually begins before the
drifts are all completed to prevent excessive
drift repair and maintenance.

Undercutting can start at any position in the
block, but usually is begun against an older
caved block and retreats to a solid corner or
comers.

Undercut pillar crews start the cave by drill-
ing and blasting out a pillar between drifts or at
a boundary of the block. The pillar crews re-
treat away from this initial cave, breaking the
ground into the caved area. Before each pillar
is blasted, the drift is widened on one side
about four ft. and timbered if necessary. The
remaining pillar, about eight ft. thick, is drilled
out to a height of 13 ft. above the floor of the
undercut, and the pillar and widened drift are
shot.

The timber is drilled with wood augers
and shot with the undercut round. Generally, a
15-ft. section along the drift length is taken with
each blast (from one draw raise to the next).
Care is taken to insure that the pillar is com-
pletely broken by drawing off sufficient broken
muck to observe the effect of the blast before
the next adjoining pillar is shot. Millisecond
delay electric caps are used in pillar blasting,
and are wired in series—parallel, with not
more than 25 primers in any one series. Cir-
cuits are tested with a galvanometer before
being connected to the power source. All blast-
ing lines go through an interrupter switch and
from this switch to the main pillar blasting
switch, which is a completely independent
circuit.

Timber:
Round posts and 6" x 8” caps with 6" x 8"
stringers or sills over raise tops.
2" x 12" side and back lagging.
Raise tops temporarily covered with 2"
lagging.
Crews:
2-man crews drill 10 to 18 jackleg holes,
and 20 to 30 stoper holes per shift,
depending on draw raise spacing
and ground condition. Undercutting
proceeds on a 3-shift, 6-day per
week basis.
In blasting 60% Amogel Explosive in 1" x
12" stick is used with millisecond
electric blasting.
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General Mine Operating Data

Operating Shifts per Day 3
Operating Days per Week 7
Operating Days per Year (& holidays) 357
Production per Day, Tons 62,500
Production per Year, Tons 22,312,500
Active Undercut Area, Sq. Ft. 446,000

Draw Point Spacing:
17.5' East-West x 15" North-South

Block Dimensional Data:

Block Width 140
Block Length 90'-240°
Present Average Block 140" x 180"
Ore Height above

Undercut Floor 100°-600"
Distance Undercut Floor to

Grizzly Level Floor 157
Distance Floor Haulage to Floor

Grizzly Level 60’
Grizzly Bar Spacing 14"

Grizzly Bar Material Salvaged 90# Rail.
Draw Points {Average per Month]:

Active 1,590
High Pack 65
Held for Repair 80
Held for Grade 80

Total Draw Points 1,815

Types of Explosives used:

Secondary Blasting—60% (No. 1} Amogel in
1-Ib. bags. Initiation is with zero delay
electric blasting caps. These are con-
nected into a trunk line to a central un-
derground location where blasting
switches are located.

Primary Blasting—In the larger heading = 50
lbs. + of Ammonium Nitrate = primed
with a stick 1'%" x 12" 60% Amogel Ex-
plosive per hole initiated by electric blast-
ing caps, O to 12 delay.

All other development, except transfer raises
and undercuts, uses ammonium nitrate
with regular delay electric blasting caps.
Transfer raises load with 60% Amogel
only.

All blasting is done at the middle and end of
each shifi.
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General Mine Operating
Data, continued

Car Dumps:

In the dumping cycle the motorman pulls
through the dump and spots three cars in
the dumper without uncoupling. Carstops
rise and lock the train in position. The
motorman activates the dumper which
rotates 180° and retums to the upright
position and the operation is repeated.
Three cars are dumped in about one min-
ute, or five minuies per train of 15 cars.
Developiment cars are designed to fit the
dumper, but because of their length and
type of coupling, they must be uncoupled
to dump.

Traffic can flow in both directions through a
rotary dump, bui dumping is done in one
direction only.

Mining Equipment:

Big drifts use a San Manuel-made remote con-
trol jumbo with three 8 booms and three
3" drifters with 6" feed shells. The booms
are hydraulically operated and are pow-
ered by two 1% gpm, 11,000 psi hydro-

pumps that feed into a hydraulic manifold.

Mucking is done by a rocker shove! with a steel
flight conveyor dumping into 10-ton
bottom-dump development cars. The
cars are switched by an 8-fon, 40-hp {or
9-ton, 40-hp} storage battery locomotive.

Smaller headings use feedleg drills with 2" or 4
single stage legs and stoper drills with 18"
steel change.

Mucking is done by Cavo Rubber Tired 320
overshot direct into muck car, and a 310
1 yrd. hopper type mucker all air motor
powered.

Underground Haulage Data:

Haulage locomotives are 23-ton, 4-wheel
trolley type; each locomotive with two
125-hp, 275-volt DC motors. They haul
tifteen 12 to 13-ton working load cars.

Ore cars are 300 cu. ft., 15-ton box-type with
one stationary coupling and one rotating
coupling.

Length center to center of coupling: 17’-6”.

Width, overall: 6'-0".

Height above track: 5'-6".

Couplers: Rotary and non-rotary couplers
equipped with rubber cushioned draft
gear.

Track gauge: 36".

Car loading through air-operated guillotine
undercut gates.




Ventilation

460,000 cfm goes down #4 and #1 Shafts

from the surface.

364,000 cfm goes down #5 Shaft from the

surface.
78,000 cfm Miscellaneous Intakes, in addi-
tion to shaifts.
92,000 cfm—Sub Level (1715-1775
Levels).

612,000 cfm—2nd Lift (2015-2075 Levels).

147,000 cfm—3rd Lift and Sub Level De-

velopment.

Sub-Levels—Three hi-speed Axivane mine
fans: One MXC, 1715, 200-hp, 1160
rpm, 5’ diameter; one MXC standby,
1775 200-hp, 1160 rpm, 5’ diameter;
and one MXC, 2315, 200-hp, 1160 rpm,
5’ diameter.

2nd Lift—Four hi-speed Axivane mine fans:
one MXC, 2075 450-hp, 1160 rpm, 6’
diameter; ine VXC, 2015, 450-hp 1160
rpm, 6’ diameter; two No. 5 Shaft Drift,
2015 Level, 450-hp. 1,160 rmp, 6’
diameter.

Auxiliary ventilation air is directed through
operating blocks by means of ventilation
doors and Axivane 20-hp, large-volume,
low-pressure, low-speed mine fans. Indi-
vidual working places are ventilated by
10-hp and 20-hp high-pressure, high-
speed fans through 24" ventilation pipe or
with venturi type air movers. 60-hp fans
are used to supplement the major fans in
problem areas.

Communications

On the haulage levels, haulage trains and sup-
ply trains are moved on direct orders from
a dispatcher by the use of a radio phone
system. In addition, radio phones are in-
stalled in repair shops and at vantage
points for use by supervision.

Draw and haulage operations are coordinated
through the dispatcher by an audio pag-
ing system.

A standard telephone system consisting of
seven circuits aids in coordinating hoist-
ing, maintenance, and service facilities
between the surface and the mine
underground.
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Drainage

Newly opened areas show an appreciable flow
of water which is carried out of the work-
ing area by air-operated sump pumps,
with a capacity of 150 gpm at 100" head.
Mine underground was planned so that
water drains either to No. 1 Shaft or to 3A
and 3B Shafis.

Mine Water = 7,000 gpm, principally from the
2nd Lift.

Mine water is pumped approximately eight
miles to the Plant site for use as Mill water.

Potable water is pumped from San Pedro wells
to the Mine for domestic use.

Surface Ore Transportation

Cars: 100 tons capacity, 35 to 40 per frain.
Locomotive: 125-ton, 1,600-hp, diesel-
electric.
Trackage: 132-lb. rail, 7-mile haul to receiving
bin at reduction plant, level
track.

Change Room No. 4

Accommodates 1,900 employees with lockers,
showers, and toilet facilities. Heated with
gas space heaters.

In the same building is the foreman’s office,
time office, mine survey office, Environ-
mental engineer’s office, dispensary,
lamp room, and dust counting laboratory.

Change Room No. 3

Accommodates 1,000 men and has office
facilities similar to #1 change room. This
change room is located in the #3 Shaft
Area near #5 Shatft.




Compressed Air

Delivering 110 Ibs. air pressure for approxi-
mately 100 psi mine working pressure.

No. 4 Compressor House

Five 3,500 cfm compressors, delivering at 100
Ibs. air pressure, each equipped with
600-hp synchronous motor.

One 1,936 cfm—2350-hp synchronous motor.

One 1,596 cfm—2300-hp synchronous motor.

Total —21,032 cfm, delivering at 110 lbs. air
pressure for approximately 100 lbs. mine
working pressure.

Three natural gas powered compressors each
having a 3,200 cfm capacity. ““Outdoor”
type.

No. 3 Shaft Hoist House

Two 7,000-cfm centrifugal compressors, each
equipped with 1,500-hp motor, deliver-
ing at 110 1bs. air pressure.

Total compressed air= 44,632.

No.1 and No. 4 Yards

Surface installations in this area include a
machine shop (including car repairs),
electric shop, drill repair shop, a black-
smith shop, truck maintenance shop,
framing shed, carpenter shop, warehouse
facilities, timber-treating plant, salvage
area, pipe shop, cylinder repair shed,
sand-blasting shed, paint shed, fire
marshal shed, mine rescue training
center, fuse and cap storage tunnel, batch
plant (including mix water cooling plant
and additive storage tanks), compressor
house, No. 1 and No. 4 hoisthouses, pot-
able water treating plant, and
changerooms.

There are storage areas for all material used in
the mining operation.

Steel: Variety of structural shapes for shop
fabrication jobs and mine ground
support.

Timber: 12" x 12" drift timber.

2" and 3" lagging, various lengths.

6" and 8" cribbing, pre-framed.

Pole posts—Texas pine for undercut
timber.

A large explosives magazine is maintained to
supply the mining operation.

A planned maintenance and lubrication
schedule is followed for all surface and
underground operating equipment.
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Mine Power

Power is supplied to the Mine No. 3 Hoist
Area Substation at 115 Kv from the Plant Sub-
station over a feeder approximately 6.5 miles
long. The Mine feeder conductors are 795
MCM ACSR with a current carrying capacity of
900 amps.

The No. 3 Hoist Area Substation Main
Transformer is rated at 50/66.5 MVA, 115/46
Kv, 3-phase. This transformer supplies the 46
Kv bus at the Substation and the feeder to the

No. 1 and No. 4 Shaft Area located approxi-

mately one mile away. The 46 Kv bus at the
Mo. 3 Hoist Area Substation supplies several
banks of single phase 46/2.4 Kv, 2,500 Kva
and 7,500 Kva transformers for all surface and
underground power requirements in this area.
The 46 Kv feeder to the No. 1 and 4 Shaft
Area feeds three secondary substations supply-
ing all surface and underground requirements.
These include Mo. 1 and Mo. 4 hoists, com-
pressor building and all service requirements.

Metal Production —
San Manuel Only

1973—12 months of operation.
Average Daily Mine Production,
Dry Tons 62,000
Copper Production, Tons 140,000
Molybdenum Sulfide Concentrate,

Tons 4.790
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CLOUDBURST FORMATION
SAN MANUEL AREA W.ES.
PINAL COUNTY, ARTIZONA

18 1967

AUG

S. C. Creasey and others who have worked out the geology
of the San Manuel area place the Cloudburst formation in the
Laramide, yet state that it is post-mineral with respect to
the San Manuel porphyry copper orebody. Creasey (USGS Bull.
1218, p. 55) states: "Fragments of the porphyry are common
in the fanglomerates of the Cloudburst Formation, and fragments
of altered porphyry derieved from the San Manuel ore deposit
occur 1in the Cloudburst Formation southeast of the deposit
in the area bounded by the San Manuel and Mammoth faults."

This post-mineral sequence of andesitic clastic and
volcanic materials is an enigma in southern Arizona where
the Laramide Silver Bell type of andesitic flows and clastics
pre-date the emplacement of most of the porphyry copper
orebodies. On August 10, Jim Briscoe and I spent the day in
the San Manuel area investigating the character of the
Cloudburst formation.

In the wash Just south of Mammoth Wash (see ATTACHMENT A),
Creasey shows & long dike-like sliver of granodiorite porphyry--
probably genetically associated with the Sen Manuel mineralization--
faulted into Cloudburst fanglomerate and volcanics. At the
point noted on ATTACHMENT A, we found a clearly exposed
intrusive contact between fanglomerate and granodiorite porphyry.
The fault shown by Creasey does not exist at this point, and it
seems clear that the "faulted sliver" is, in fact, a dike
intruding the Cloudburst. The fanglomerate is moderately
altered in contact with the relatively fresh granodiorite and
containg iron-stained shears parallel the intrusive contact.
Further reconnaissance in the locality showed that several
granodiorite dikes intrude the Cloudburst here, and locally
the Cloudburst materials are altered in contact with these
dikes. No mineralized fragments of porphyry or Oracle granite
were seen outside the alteration in the Cloudburst immediately
adjacent the dikes.

Excellent exposures of the Cloudburst are found in Tucson
and Cloudburst washes north of the St. Anthony mine. Here,
well-indurated and pervasively epidotized clastics and flows
appear to have undergone the aerial metamorphism which surrounds



¢ ®
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major porphyry copper deposits in the Southwestern United
States. Feldspars are altered and ferromagnesian minerals
chloritized. The propylitic alteration (epidote, oc-

casional disseminated grains of pyrite) clearly pre-dates

- the mid-Tertiary dikes and veins that cut through the area.

Briscoe is strongly of the opinion that the Cloudburst
here is very similar to premineral andesitic sequences in
the Picacho Peak and Owl Head Buttes areas. Likewise, I
feel that this Cloudburst sequence closely resembles the
Picacho Peak succession, and is similar to certain
portions of the Claflin Ranch-Silver Bell andesite breccia
interval as seen in the Silver Bell Mountains. Certain
portions of the Cloudburst in its name-sake wash are also
very reminiscent of parts of the Fresnal conglomerate as
seen above the Jupiter mine in the Babogquivari Mountains.

A rinal stop was made in Section 4, of T9S, R16E
over Quintana's Kalamdzoo deposit to check an indicated
granodiorite porphyry-Cloudburst fanglomerate contact.
Contact relationships were not clear here, but the
fanglomerate appears to be considerably younger than that
seen north of the St. Anthony mine. The matrix is punky
and the fanglomerate overall is crumbly. No epidote or
other sign of hydrothermal alteration is present. Possible
granodlorite porphyry fragments were found midst the
vastly predominant Oracle granite detritus.

We suggest that the well-indurated Cloudburst seen
north and southeast of the San Manuel mine is, at least in
part, pre-mineral. We also suggest that the fanglomerate
in the Kalamazoo area is of much later origin---possibly
Pantano-Minetta equivalent. A long traverse up Cloudburst
Wash to the western edge of the area mapped by Creasey
would probably turn up evidence one way or the other.

In discussing this situation with John Kinnison, I
found that John has previously stated his dissent of the
inclusion of the Kalamazoco area fanglomerate within the
Cloudburst. Kinnison (memo to J. H. Courtright, May 19,
1966) refers to this fanglomerate as possible lower Gila.
Indeed, even Creasey and Leo Heindl (USGS Bull. 1141-E)
cannot agree on a triangle of outcrop just east of Red
Hill--~-the former calling it Gila and the latter it
Cloudburst!

égavw47 . boﬁjz;i
BARRY N. WATSON

BNW/mcg
Attachment
cc: JABriscoe w/attachment
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AMERICAN SMELTING AND REFINING COMPAH;

{ 4 elowws
AD AND RETURN .Y ¥

I 10 sk son Arizona
- January 11, 1967 PREPAI(%: ANSWERS ... HANDLE
FILE 20720 INITIALS
R
TO: J. H. COURTRIGHT o @Rl
AU
FROM: J. E, KINNISON
SAN MANUEL FAULT
Direction of Displacement JﬁﬁEs

F
| studied in the field, during the spring of 1964, the San £39,14 i
Manuel fault, and concluded that it was a normal fault with the 367
throw directly downdip. My reason was an ‘''indirectt''one.

A similar fault, 11 miles north of San Manuel, and approx-
imately parallel to it, is cleanly exposed near the junction of
Putnam and Camp Grant washes. Shear cleavage in the fault zone,
and antithetic tension joints indicate the movement, and a second
exposure contained beds of !'Gila Conglomerate'' which could be
matched and showed a slight normal slip in these tension joints.
Xerox copy of my field sketches is attached,

The San Manuel fault is best exposed in Smelter wash, 3 miles
southwest of the mine. Joints in the ''Gila" are most numerous near
the San Manuel fault, and dip in the direction of tension. This,
compared to the Putnam wash fault, seemed sufficient to regard the
San Manuel as a normal fault., Sulfides (mostly pyrite) in old
churn drill holes on the Purcell group, considered also with a
few NE fissures with sericitic alteration and a little live limonite,
seemed rather conclusive that the faulted segment of San Manuel was
on her claims, downdip above the fault.

Jo E. KINNISON
JEK/ kw
Attachment



S .
[ i L L . B o

n D L' l . ‘ " o éwy 5“/ //MM M/ﬁ.s% N 7¢_\ :“'.f ‘ : ‘- , ,, .
| IR SR Re., o T A R T
c’5/"’ a/ /ow-an_

7/.:_ oy | "'.L R SR

. . . A
o v . L4 _—
. S P

‘r

"”

| | oNne ef 1o 437[”;9“’_,#“4/& bJ"' BIM(’&-/
| S . oo . ) F SLovfn m cwrele above. -. ’," . : 4 - .'
DR R - h’/argec/) //. sc/’Fdf-eam’q,_._‘ [ SENIINER

. Faral/, styas —aﬂ/z/AA— e T .
' , o Wall j,y ed a/aWn B R
Vo : S 10 Pl50 - Pt fhete foults ore N o o ,l ‘

S C Fension  angl A be- ... CcoPY . oF - i
R ool fppe 7 e
L okt thepempipetear — “"Z“D S*‘ETC“E?,_

i ) . O 44 "rarfe— " beads, R pﬂng of ‘964’ ;

(over) = K

S Fra c/ya.ﬂb/«/ ,"ﬂ/ﬁ-"‘/’ j ,

’ ﬁéw 3/4 /?7//6‘5 %J/mq‘m

o zad Xposure - Lo )7 jolare. PR A
7074 wel) exposes, 4./ Sresdiron Y i o L :".
0/[ ﬂh-?[”Z.Ae-/)c /q;/// /ﬁoye_me,p!,, g }\ o S ‘f'j
S,éowrz é{y afs*/mjazséqb/é; 0 ¥ .k ‘

JEEE
[RERIEE

bee/s -5 ”0"”70/ igu/%j/f/@ " o ' y . | - ',';
o LR [k
. N - R, Vo4

. ,~' B => ) ’r . i R h
G T ThmSend el e W L
CoL i ERESN | SN ‘. - o ‘ J’a/(c?ﬂa/éér‘/;, t




¢ 4

Geology of the San Manuel Mine

by J. D. Pelletier
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GEOLOGY OF THE SAK MANURL MIYE

ROQCKS

AT T RIS T

The San Manuel orebody is a dissemineted.coppsr deposit in

quartz mongonite, monzonite porphyry, and disbzgs,

Quartz moznzonlte, which ig Pr%Cmnbz“ianli-- age, is exposed in

an arsa including No, 1 and No, 4 shafis and exmtending sbout 2,400 fest
goutheast from No. 1 shaft, I{ 1s alse exposed in the bhottom of No. 2

shaft and in a2 zone roughly 500 to 1,200 fest scutheast of No, 2 ahali
having its long dimensicn aleng 2 northeast-scuthwest axis, Churn drille
ing has shown all these exposurss io be parits of a conbiguous mass of
guarbz nengonits lyiang within and beneath the ore zone,

Iate Cretacsoustmonzonite porphyry comprises the bulk of the
remzining rock encouwntered below the conglomerabs., In general, the por-
phyry cccurs in two large masses that ave separated by a projection of
quartz monzonite scuth of Ne. 2 shalt, The porphyry wasses converge o
the sagt, The north aves of porphyry is a chest-like” mass lying above
quartz ronzonits, The soubh avea has pob besn botbomed by any Jdvilling

south of the orsbody and may be a ﬁ'tm:kel" Mounenibe porphyry also ocours

as dikes cuttin ng guerbz menzonite. These dike. . ocome wore numsrous with
proximity to the larger masses of porphyry and gonerally trend northeasi=
soubthwegt,

Several diabase dikes, intrusive Into guarig monzonite and
nonzonite porphyry, have been exposed in the zins opemings, ALL the

digbage dikes are wineralized similarly te the rocks they intrude.

: References and rotes appear at the end of the papers
PP B
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Andesite porphyry dikes heve besn noted in a few instances,
Some of these dikes are wmraineralised while obhers ars 1ightly mineral-
ized with pyrite., The minepalization and hydrothermsl alteration in all
cases are of a different character than that of the intruded rbcka Andesite

perphyry is probably, as Schwartz5 sugpests, the inbrusive equivalent of

@gg_;avaﬂs;gggmgguﬁh@“g;g§§@y§§§m§9rmati@hs the mineralization being of
a later age than the ore mineraligetion.
The Cloudburst formation was cut by No. 34 and No. 3B shafts -

and by drifting on the westernmost part of the 1475 Level.. This formation

contains two members., The upper member iz 2 conglomerate rade up malnly

of quartz monzonite fragments bub containing some fragments of all the

older rocks in the ares. The matrix tends to be arkosics but granitic
sand and gravel are not uncgmmen; The conglomerate is poorly cemsabed
but relati%ely well sorted céhpared with the overlying Gila(?) conglom-
erate, having beds of sand and gravel alternabing with beds of largsyr
bovlders, Slickenslides are frequently seen on bedding planes, Tuff beds
are foumd in ths conglomerate and in the underlying member which is ot
posed of interbedded flows, flow breccias, and conglomerate. Whers nob
distorted by drag\adjacenﬁ to the San Manuel faulb, the average strike
of the conglomerate is N 5° W and the average iz i3 30° to the sast.
The contact of the Clowibursy fbrmatiﬁn with the cverlying
Gila(?) conglomerate in No. 34 shaft was an uncornformity. In No. 38
shaft the contact was marked by an irregular tuff bed but here, and in
the exposures of this contact on the 1475 Level, the bedding of the twe
formations is parallel or very nearly parallel and, in the 1475 Lewel
exposures, it was not possible to pln~point the exact contact dus to |

the similarity of the two formations,
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small tuff bed near the betbton of 34 shaf? was mineralized

with pyrite and a trage of chalcopyrite, This mineralization ls later

in age than the ore min@rélization since the Cloudburst formation is not /
mineralized where it is seen in depositional contact with minerallzed |
porphyry on the surface,

Rhyolite dikes were intersected in several places om all the
levels of the mins, Rhyolite is not mineralized by hypogene copper mine
erals bub iz occasionally stained by migratory chrysocholla whers the
dike is in, or close to, the zone of oxidation. Chlerite was noted
coating joint faces of several rhyolite dikes, Rhyolite dikes ars kuown
from surface exposures to intrude the Cloudburst formzbticon but do not
intrude Gila(?) conglomerate.

Gila(?) conglomerate was cub in the upper parits of shafts Nes,
2, 34, and 3B, and on the 1475 Level southwest of No. 2 shaft. Fragments
composing the uppsr portion are derived mpainly from basic flow rocks
while the lowsr beds ave devived from granitic rocks. The Gila(?} con~
glomerate conbeins no hypegene mineralization or alte?ationa. The averags

gteike is N 50° W and the average dip is 359 %o the northeast.

STRUCTURE

The ocldest of the important post-minsral faulis is the San
Manuel fault, In its underground ewposures, this fault has an average
strike of N 66° W and en average dip of 26° t; the southwest,

Typically, there ave from ome to thres fest of red gouge and
slickensides on the fanlt surface, On the footwall side, immsdlstely

bansath the red slickenasides, are from five to [ifteen fest of gray gouge
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with irregular slick faces aligned more or lsss parallel to the fault
and sometimes containing harder fragments with slightly rounded edges.
Beneath the gouge, the underiying rock is badly fractured and grades
into less fractured, normal rock about 50 to 100 feet, below the fault
surface,

The conglomerate found in the hanging wall in exposures east
of the Hangover fault is not badly disturbed bui contains s few small
slips close to the fault surface, West of the Hangover faulti, besides-
showing small slips adjacent to the San Manuel fault, the Gila(?) and
Cloudburst conglomerates show considerable drag for a distance of.300
feet above the plane of the 3an Manuel fault,

There are 2 number of faults which strike N 20° W %o N 250 W
and dip steeply to the east. These faulis exhibit varying amounts of
normal fault movement and are younger in age than the San Manuel fault,
The most important of these are known as the Bast fault, the West fault,
and the Hangover fault, the latter being in reality a zons of faulﬁingo

A large reverss fault lying between the north and south limbs
of ore was intersected by drifting on the 1475 and 1415 Levels. This
faulb, which is known as the Vent Raise fault, strikes N 59° 4 and has a
dip which varies from vertical to about ?Oo to the southeast. On the
1475 Level, the Vent Raise fault cut the sast fault or a branch of the

Zast fault and is therefor considered to be younger than the neorthwesterly

striking, easterly dipping system of faults,

MINRALIZATION AND HYDROTHeRMAL ALT/RATION

The ore liss within a2 minsralized zone having a width on the



To define ore, an arbibresry assay cub-off of 0.%F oo > 1s used,

Ihe upper and wegbern porticons of the orsbody are separated
into two branches by an avea of lean, wesldy slieved hanging wall rock,
These tHwo branches comverge ab depth so that, in cross mection, they way
ba likened toc a "U¥ er ®V" leaning %o the northwsst. The uorthwesterly
limb of ore is referred %o as the North orsbody and the southsasterly
limb as the South orebody,

The Nowrth orebody has a sivike of about N é0° B and dips spprox-
imately 50° to the southeast, The western portion of the Scuth orebody
has a strike very nearly parallsl with that of the North orebody, or
N 60° E, which gradually swings sbout to the east where the strike is
approximately N 45° E. The dip of the Seuth crebody is variable, the

portlons arching under

upper porbtions dipping southeast, and the lower
to the northwest and Joining the Nerth orebedy, To the esst, the cen-
tral aresa of lean material gradually diminishss to a core and then dis—
appears as the two limbs join to form a single mezs of ore,

The main primary minerals are chaleopyrite, pyrite, and quarts,
with minor amounts of melybdenibe, These minerals are distributed quan-
titatively inte three sones which are known ac tho ops zone, the hanging
wall zone, which liss betwesen the North and South orsbodies, and the
footwall zone, which surrounds the ore and hanging wall zones,

The ore zone, which averages approximstely (.80% copper, con-
tains most of the chalcopyrite, quartz veinlets, and molybdenite, Pyrite
is present in aboub squal proporbions to chalccpyrite, The yellow sule

fides avre fipely dizssminated through the rock bt alsc sppear as veinlets

or, mare often, scattered on frastures, Molylimite uwsually forms a
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glick coating on frachtures or accompanies quarbts vsinlsts and ig prasent
in gufficient cquantity to be reccversd metallm*-gi@llyo The ore zone ie
altered by a “acaz?icimopyritcace:ha.lcogsyrite“é’ type alterabtion which is
recognized in underground exposures by the modsrate gray coleor of the
rock, the presence of altered bub easlly recsognizable bletits, and the
presence of pyrite and cheleopyrite in moderabe quantitiss.

The hanging wall zone is simply 2 loan version of ths ore zone
with lesser amounts of all the prisary minerals, This zone ls gradat-
onal with the ore gone and the amount of mineralization is dependent on
the distance from the cre gone, Alberation here is classed as "merginal »
biatite“é type and is recognized by the dark gray gppearance of the roeck,
fresh-loocking biotite, and weak pyrite-chalcopyrite mineralization,

The footwall zone is radically different from the ore zone
except for the areas where it grades imtoc ore., FPyrite is the chisf min=
gral here and cccurs in much greater gquantities than in the ore zone,

The strongest pyrits iz found south of the ore zone where it compoazes
about 107 to 20% of the rock by weight, North of the ore zome the pyrite
conbtent is somewhat less and gradually diminishes %o a very small amount
about 1,500 feet north of the ore zone., Chaleopyrite is ravely sesm in
the foctwall zone, and then usually as a2 tarnlsh or pyrite, Quaris velne
lots are very reve and molybdsnite does not occur in vislble guantlties.
The footwall zone is altsred by “hyolz'omicaapyrite"é type alteration which .
is characterized by the light grey appearance of the rock, absense of
recognizable biotite, and the abundance of pyrite,

A distinctive chlorite! alteration oceupies an irreguler zone |
within the South orebudy, having ite long dimension in a novkheast-

southwest direction, parallel to the long dimenszion of the South orsbedy,
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The chlorite iz found chiefly as a ceating on fracture surfoces which is
locally very strong, and, in a few places, permsates the rook.

It was originally thought that a clese relationship existed
batween chlorite alteration and the bstter grade of copper minerelization.
A compavison of this zone of chloribe slieration with the betier than
average grade ore shows wany broad similarities, though mot always In
detail. Due to the fact that chlorite also altevs poet-mineral rhyolite,
it is belisved that any similaritles that exist ave dus %o a mubtual
stroctural contrel rather than a mubtual source of wmineralisation,

Ore occurs similarly in quartz monzonite, monzonite porphyeyr,
and diabase, in & zone which iz voughly coincident with the conbact of )
the large sheet-like mass of monzonite porphyry with the intrudsd quarts ,
mongonite, This relationship dees not hold trus at the sastern end of
the orebedy but here the ore is diminishing in crossesection. It is
difficult to relate the ore directly with the intrusien of porphyry N
since 1t shows no preference for gither rock and does not ocour similarly
where the large mass of porphyry to the scuth intrudes quartz menzonite,
It may bo theorized that the similarity in shape of the sheot-like mags
of porphyry and the ore zone, as well as the later chlorite alteration, .

may be due to & mubwal, though unimown, structural econteol.

OXIDATION AND SECONDARY B ICHMENT

The upper portlons of the orsbody, with the emeeption of the

vestern end, and much of the central lean hanging wall zoms h&w boen -
cxidized or partially oxidized,

The chief minerals resulting from oxidation and envichment ave
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chrysocolla, chelcecite, and verious iron oxides. Cuprite, nabive copper,
and black copper cxides are frequently seem where the ocxidiged zons gr&d@g
into the chalecocite zone. Copper carbonates ere very rare, only one

small specimen of malachite having been recognized in all the deifting
that has been dong.

In order to better understend the ovsrall oxidation pabtiern of
the area, as mine openings and diamond drilling make m@re daba available
considerable thought has been directed toward separating and classifying
gtages and types of oxidation.

Tt is possible to separate oxidized rock into two general
types depending upon the color that the iron oxides lmpart %o the reclk,

The first type, idemtified by a desp red or reddish-brovm
color, is seen at the surface, in the upper paris of shafte No. 1 and
No. 4, apd in diamond dvill holes exiending above the top of the sulfide
ore at the east end of the Scubth crebody.

This type of oxidatlion which comprises much of the oxidized
ore zone, with the chief ore mineral belnmg chrysocolla, i1s characierized
by complebe or nearly complets oxidation of the copper minerals and a
relatively sharp line of demarcation between the oxide ore and t?e
underlying sulfide. The absence of leaching and migvetion of copper
from the oxidized zonme to form an appreciadble enriched chalcocite zone
is quite marked in the Ssn Mamuel orebody. Thus, the chalcocite zone.
with variable amounts of oxidation and local enrichment Is not important -
tonnage-wise so that, metellurgically speaking, the ore can be mined as
clean sulfide with a minimum of mixsd sulfide-oxide ore.

Ozidation of this type ocourred in at least three stages:

first, during the erosiocnal cycls preceding depesliion of the Qouvdburst

y
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formation; sscond, during the srosional cycle preceding deposition of

the Gila(?) conglomerate; and, third, during the present crosional cycls.

Much of the oxidized ore explored by churn drilling in the ecentral and

eastern portlons of the mine is probably "red® iype oxidation.

The second type of oxldation is characterized Ly the yellow to
tan color of the rock vhich is probably due to a lack of hemabite and

1
the presence of limonite and goethite and is typleal of all ths oxidized
ground encoutbered in the desper mine opsnings,

Oxidation of the sul-
fides iz not always complete and many rether large areas of primary sulf

fide rock or partially oxidized rock are surrcunded or nearly surrounded

Mya/

1 /e
by Yyellow" type oxidation. The outer mavrgins of this oxidebion gener— ‘//

ally contain chalcocite as well as primary sulfides and much irven oxide. !

T N— e
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stain, but very few oxide copper minerals, dnrichment is very slightafl .
if any, The capber content is usually not increased to any marked degree
and oceasiconally is less than that of thse primary ore, Chalcoecite, and .
sometimes natlve copper and cuprite, occur along the top and sides of -
deep tongues of this *yellow® oxidation in aboub the same guantities iQ/
which they are found beneath them so that there is often an inversion of

the normel sequsncs of oxidation with primary ore lying above secendary
ore which in twrn overliss oxidized ors

Deep tongues of Yyellow" oxidation are known to follow rhyo-

like dikes, the San Manuel fault, and other northwesterly-trsnding post-
mineral faults,

In somes cases no structural control is svident bub it

may bs surmised that the path of oxidation was controlled by loecal dif-
ferences in permeability of the rock,

This type of oxidation invades the suifide ore locally along

certain faults and in scme fringe areas, but has not been found to ba of
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particular economic importance. The intensity of oxidation of ore min-
erals and the volums of such maberial relative to the volume of sulfide
ore is sc limited thabt it does not affect stape layout or draw, The
distinctive coloration and mineralogical chamcteristics do, in fact,
provide a marker and gulde for the stope enginesrs in evaluating their
drav dats in some instances,

"Yellow? oxidation extended much deesper between the btwo limbs
of ore than in the ore itself and extended decpsr than previous oxidations
so that, in cross-section, the oxidized zone has the shape of a trough
with its sides impinging on the two limbs of core,
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SAN MANUEL COPPER CORP. |

- DEPT. ARIZONA

CROSS SECTION THRU OREBODY
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SAN MANUEL COPPER CORP .

DEPT. ARIZONA

LONGITUDINAL SECTION THRL
NO2 AND 3B SHAFTS
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MAGMA COPPER COMPANY

SAN MANUEL. DIVISION
B8AN MANUEL, ARIZONA

' Orebody

Disseminated mineralization in monzonite porphyry and quartz monzonite.

Principal SulphideMinerals: Chalcopyrite, chalcoc1te,pyrlteandnmlyb-
denite. The grade of the ore is less than 1%.

Overburden: 0 to 1,900 ft. thick. Average over the Southeast (Main)
Orebody is 670 ft. thick, and comnsists mainly of a very
competent rock called Gila Conglomerate.

[The last two pages of this booklet show sections of the orebody.]

Mine Power.

Power is supplied to the Mine No. 3 Hoist Area Substation at 115 Kv
from the Plant Substation over a feeder approximately 6.5 miles long.
The Mine feeder conductors are 795MCM ACSR with a current carrying cap-~
acity of 900 amps. .

The No, 3 Hoist Area Substation Main Transformer is rated at 50/66.5
MVA, 115/46 Kv, 3~phase. This transformer supplies the 46 Kv bus at the
Substation and the feeder to the No., 1 and No. 4 Shaft Area located ap-~
proximately one mile away. The 46 Kv bus at the No. 3 Hoist Area Sub-
station supplies several banks of single phase 46/2.4 Kv, 2,500 Kva and
7,500 Kva transformers for all surface and underground power requirements
in this area,

The 46 Kv feeder to the No. land 4 Shaft Area feeds three secondary
substations supplying all surface and underground power requirements.
These include No. 1 and No. 4 hoists, compressor building and all ser-
vice requirements. In addition, at the powerhouse substation in this
area, provision is made to tie in the mine standby generating system to
the 46 Kv system.
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' No.1 Shaft

Depth: 2,833 ft. (For the Third Lift.)

Dimensions: 25'-5 7/8" x 6' -~ 4 Compartments:
2 Hoisting, 6'=5%" x 6'-0",
1 Manway, 5'-0 1/8" (Below 1475).
- 1 Service Cage, 5'-0" (Below 1475).

Ventilation downcast.
Structural steel sets in reinforced concrete.

Headframe: 100'~6'" to & sheaves.
Two 12' diameter steel sheaves.

Skips: 4-ton capacity in counterbalance, Kimberly type.
Hoists: Main Hoist, two 200-hp motors, double drum,

Rope speed = 800 fpm, with Lebus wind.
Rope size = 1-1/8",

Service Hoist, single drum, 200~hp.
Rope speed = 545 fpm,
Rope size = 1",

This shaft is used to hoist rock from the development headings., Manway
compartment contains main pump discharge columns carrying most of the
water pumped from the mine and power transmission lines. The service
compartment has three 8~in, heavy-duty pipes for passing concrete from
the automated concrete batching plant at the collar of the shaft to
the underground mining levels.

~

No. 3A-3B Shafts

Twin ore hoistiﬁg shafts.
Depth: 2,305 ft. (For the Second Lift.)

Dimensions: 29' x 7' inside concrete.
Four compartments, each 6'-6" x 7'=0",

Ventilation exhaust shafts, 195' apart.
Structural steel sets poured in reinforced concrete for smooth lining.

Reinforced concrete curtain walls between each compartment, with 3'-
75" x 4! windows in each set. -
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No. 3A-3B Shafts -- continued

In eachof the two hoisting compartments steel hat section guides are of
Corten steel. These guides are supported every three ft,

Timber guides in service compartment are supported every 6'-~0",

Headframe:

- Coarse
Ore Bins:

Fine
Ore Bins:

Loading
Pockets:

Skips:

___ _runmning on solid rubber tires.

Automation:

Hoists:

181' to & sheaves.
14' diameter cast steel sheaves.

Diameter: 60" .
Height: 66'~6"; top of bin 92' above collar.
Capacity: 750 tons total..

Loading Gates: 2 on each track per bin, air operated.
2 loading tracks.

Diameter: 651
Height: 81'-6"; top of bin 107' above collar.
Capacity: 10,000 tons total.

Loading Gates: 6 on each track per bin, air operated.
On same two tracks as coarse ore bins,

Two in 3A; one below 1775 SubLevel, capacity = 1,100 tons;
one below 2075 Level, capacity = 1,500 tons.
One in 3B below 2075 Level, capacity = 1,500 tons.

Bottom - dump Corten steel skips, with alloy steel liners,

Capacity: 23 tons with + 4.0% moisture.
Dimensions: 35'-5" long, 6'-1'" wide, 6'-3" deep.
Weight: 30,000 1bs. (Approximate)

Skip loading and hoisting are fully automated. Skip load~
ing and dumping are viewed on closed circuit television,
and the car dumping and hoisting systems are monitored
on a control panel.

Double drum with Lebus wind; automatic or manual operation;
15' diameter drums having a 109" face, spooling 4,700 ft,
of 2-1/4" rope in two layers.

Drum Shaft: 27" diameter through drums.

Hoisting Speed: 2,800 fpm.

Two 3,000-hp DC motors equipped with MG set consisting of
one 4,000-hp motor and two 2,500 KW DC generators. Steel
plate flywheel, 44 tons (approximate) for 80% power peak
equalization.

Service hoists are equipped with an 8 - passenger cage and 45 cubic ft.
skip combination with solid rubber tires running on timber guides,
Hoisting rope is 1-1/8". The cage and skip are counterbalanced by an

8,400~1b.

counterweight in the shaft manway.



Primary
Crusher:

e e

. No., 3A-3B Shafts ~~ continued

The 265' x 50" crusher building houses two 42 x 65 gyratory

crushers. There are two 96" x 62'-0" pan feeders, with
& capacity of 1,500 tons per hour; one fed from the 34,
and the other from 3B coarse ore bins. 48" conveyor
belts transfer the crushed ore from the crusher building
to transfer towers (222'), and back to the fine ore bins
(421'). Skip dumping, fine ore bin capacity, and trans-
fer belts are viewed on closed circuit television. The
entire automated crusher is monitored from control panels
at each crusher location.

Neo. 3C-3D Shafts

Identical ore hoisting shafts, 3C is 195 ft. north of 3A; 3D is 195 ft.
south of 3B. A

Depth:

Dimensions:

3C

3D

2,859 ft. The sinkingand furnishing of this shaft was
completed April 12, 1971. Hoisting from 3C
-started in August, 1971.

3,700 ft. Shaft sinking is in progress.

22'-0" inside diameter, circular, comncreted.
Two ore hoisting compartments, service cage, manway and pipe

compartments.

Ventilation exhaust shafts.

Steel box-section Corten guides supported every 12 ft. in hoisting com-.

partment.

Douglas fir timber guides in service compartment supported every 6 ft.

Headframe:

Skips:

Automationg

Structural box members of Corten seeel,.
15" diameter cast steel sheaves.

Bottom ~ dump Corten steel skips, alloy steel liners with

solid rubber tires running on Corten steel box~section
guides, :

Capacity: 29 tonms.

Dimensions: Length, 37'-4%"; width, 6'~8"; Depth 6'-3%";

Weight: 30,860 1bs.

Same as 3A-~3B.
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No. 3C-3D Shafts =- continued

Hoists: Double drumwith Lebus wind; automatic or manual operation,
15' diameter drums having a 109" face, spooling 2~1/4"
wire rope. .

Hoisting Speed: 2,800 fpm.

Each hoist has two 3,500-hp DC motors powered from a MG set
consisting of one 6,000 -hp 514 rpm synchronous motor
driving two 2,800 KW generators., MG set has no flywheel.

3C

Service

Hoist: Single drum, manually operated, powered by a 250-hp DC motor
capable of handling a 8,000~1b. load at a depth of 3,600
ft. Adjustable DC voltage for driving the hoist motor
will be supplied by silicomatic I~-power conversion equip -
ment converting AC to DC power through silicon control
rectifier cells.

No. 4 Shaft

Depth: 2,730 ft.

Dimensions: 26'-6" x 14', Structural steel sets are poured in concrete
for smooth lining. ‘ :

Two cage compartments, each 14' x 8'; two rounded end compartments for
manway, pipes, electric cables and ventilation. Manway compartment
also contains the main compressed air line supplying the mine.

Man and supfly shaft, and downcast ventilation.

Cages: * 2 decks, 50 men per deck.
*  Inside dimensions: 6'-9%" x 13'-6".
Rated Capacities: 20,000 lbs. supplies per deck.
12,000 lbs. men per deck.
Cage Weight: 20,000 1lbs, (approximate)

Headframe: 109 ft. to & sheaves.
Two 14' cast steel sheaves.

Hoist: Double drum.

15' diameter, 90" face drums.

2-1/4" hoisting rope.

Maximum hoisting speed: 1,500 fpm.

Single reduction drive, two 700-hp DC motors equipped with
MG set consisting of one 1,750~-hp AC motor and two 600~
KW DC generators. Hoisthouse equipped with 30-ton crane,
with 5~ton auxiliary.



No. 5 Shafs

Depth:

Dimensions:

o °

4,368 ft. at final sinking.

25' diameter inside the concrete lining.

0f the four hoisting compartments, two will be used for handling men and
supplies, and two will be used for hoisting waste rock. The shaft
will also have compartments for manway, pipe lines, electric cables,
and concrete transportation lines.

Man and supply shaft, downcast ventilation.

Hoists:

Service
Hoist:

Double drum production hoist powered by one 1,000-hp DC
motor,

9' diameter, 103.5" face.

1-3/8" hoisting rope.

Hoist speed: 1,925 fpm.

Skip capacity: 5.5 toms.

A static thrystor rated at 1,000 KW will replace the norm=
ally~used MG set to supply power to the production hoist
motor. :

Double drum service hoist (for men and materials), powered
by two DC motors, each having 1,000-hp.

15" diameter, 105" face.

2-1/8" rope.

Hoist speed: 1,856 fpm.

Man cage: Similar to that at No. 4 Shaft.
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Mine surface map showing caved areas.
1" = 800"
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POSTS: 12" x 12" x 10'-4"
CAPS:; 12" x 12" x 10!
Sets on 5' centers,

CREWS: Single Heading - 3 men.
Two Headings =~ 4 men,
44-48 holes drilled per set.
50 1bs. + of Ammonium Nitrate
primed with a stick of 60%
Amogel per hole. Usually
fuse blasted.

Timber HGUIGge_ Drifi- 45# Rail for Development,
S -~ 90# Rail finished track,

Timber Ladder Driﬂ' ~ If 70# rail is used, 64" is the grade..
: : 45# rail for Development,
' 70# rail finished track.

. Rail Mleasurements

3-3/4" for 45# rail.
- 4-5/8" for 70# rail.
5-5/8" for 90# rail.
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4" or 6" W.F, arch caps and
9'-6" posts for initial
ground support.
Sets on 5' centers.
Crews same as Timber Haulage Drift.

Initial Ground Support
4" Steel Set (HC-3) or
6" Steel Set (HC-4)

If 70# rail is used, 64" is the dev'pt grade.
45# rail for Development.
70# rail finished track.

45# rail for Development
90# rail finished track.
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BLOCK DEVELOPMENT Grsfiﬁy Flow Transfer Raise ®

8'-9" to 18'-9" to
b of 2075 b of
Haulage ' Panel
Drift 17'-6" Drift
= - P : ;
Last Raise Round
Top of Grizzly Drift Sill .7 17 . Base Rail

4' x 4' inside.

LINING: 6" x 8" cribbing,
armored with 3" x 4" x 1/4" steel
angles and "T"-irons.
INCLINATION: 63°
LENGTH: 48"
CREWS: 2-man crews advance
two raises at once,
using 3" stopers.
14 holes drilled 5' deep;
35 1bs., 60% Amogel used
" per round, detonated*~
with- electrluwcaps.”
Ventilation with compressed air.

Transfer Raise Stations are cut by
the regular drift crew using the
same equipment they use to drive
the drift. :

They are cut as the drift heading
is advanced,

Raise Stations are steel pony sets
on top of special drift sets.
Lined with non-reinforced con-
crete,

% of Haulage Drift

g e Rse. Sta. &

Cf; Bearcr Set
»‘}65 C-6104
: SCZ Cc-6111

S

-\ SN ALD GTALE

LG A
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}‘Gsrizzﬂy Level Primu“ Development Drifts @ -

- Excavation only:
Rock bolts and steel straps
GC-3, GP-3 are used
as pre-concrete support.
SIZE: 10'-3" x 9'-1",
Each round marked on face by Boss.

1

Two-man crews, or 3 men in two headings.
44-48 holes drilled 6' deep.
40 1bs, ammonium nitrate primed

with a stick of 607 Amogel per

hole, Usually fuse blasted.
Ventilation with fans and tubing.,

PRI 2P L

CONCRETE PANEL DRIFT

Initial Ground Support:

4" Steel Set (GC-3) or "‘f CONCRETE FRINGE DRIFT

6" Steel Set (GC-1)—0—

T
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\‘\
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45# rail -and steel ties for
Development and Finished Track,
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In November, 1964, the surface mixing and underground distribution

e s LD P operations were automated, The operation of the batch plant, in-

cluding the diversion of the concrete to the various levels, is en-

tirely controlled by oneman located in acentral monitoring station
on surface, The aggregate is moved from underground storage bins to the batch plant by conveyor
belt. Truck-delivered bulk air-entraining cement is transferred from the truck by pneumatic ele-
vator into either the 500-bbl. or 800-bbl. cement silo, - Mixers are 1-1/4 cubic yard double com-
partment. Mix water is chilled to 480~55° by portable refrigeration plants in the summer, Dis=-
persing and retarding agents are added with themix water. Mixers discharge thru ascreened hopper,
into 8" heavy~-duty pipes suspended in No. 1 Shaft. Concrete discharges through a header into re-
mixers on the various levels, which fills 1.5 cubic yard portable placers. The placers discharge
pneumatically through a header and 6" slick line into plywood or steel forms.
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From 2,500 to 7,000 cubic yards of concrete per month
are poured on a two-shift-per-day, 51x-day-per-week
basis. Forming is also done on two shifts, six days
per week.

SCHEMATIC DIAGRAM OF | . ,
CONCRETE FLOW SHEET @
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GRAVITY FLOW DRAW RAISE {\ ' Q CRAVITY FLOW GRIZZLY DRIFT
Size: 5' minimum diameter, unlined. % Q Excavation only; 8'-4" x 8'-0" between
Length: 15'-0" above grizzly. : K draw points; 9'-6" x 8'-0" at draw

Driven after grizzly drift is points. :

concreted, Rock bolts and wire mesh used for pre-

. concrete support. '

Crews: 2-man crew drives several raises , Size: 5' wide, 8-3/4' high finished drift

at once. 11 to 24 holes drilled
4' to 6' deep., 27 lbs. ammonium
nitrate with each hole primed
with a stick of 60% Amogel.
Electrically blasted.

with concrete reinforced at the draw
points only. '

2-man crews used. 13 to 21 holes drilled
6' deep. 30 lbs. ammonium nitrate with
each hole primed with a stick of 60%
Amogel powder used per round; electric
primer blasted. Drilling is dome with
jackleg. Ventilation with air mover.



UNDERCUT PROCEDURE

[R5t

DRILL HOLES

LAY sk SAL

CORNER RAISE

o LT

Drill ring of
holes to Bell
Raise if draw
raise is under-
size,

North-South Section [Alongside boundary)

Top of undercut DRILL HOLES 30" to 36" ring to ring. '
T
UNDERCUT e

DRIFT

. GRIZZLY
DRIFT |

DRAW RAISE

East-Wast: Section

[Across any intermediate
line of draw raises.]
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UNDERCUT PROCEDURE

Undercut drifts are 5x7 timbered with 6" round posts and 6" x 8" caps.
These drifts are driven over the tops of all the draw raises, 15 ft, above the
grizzly drift floor at right angles to the grizzly drifts. Access undercut
drifts are driven parallel to the grizzly drifts over the tops of the north-
ermmost and southermmost draw raises, and in blocks with five ormore grizzly
lines, an additional access undercut drift is usually driven across the cen~
ter of the block. Corner raises are driven unless the rock is relatively soft--
or where the block joins an older block. Undercut pillar work usually begins
before the drifts are all completed to prevent excessive drift repair and
maintenance. :

Undercutting can start at any position in the block, but usually is be=~
gun against an older caved block and retreats to a solid corner or corners,

Undercut pillar crews start the cave by drilling and blasting out a pil-
lar between drifts or at a boundary of the block. The pillar crews retreat
away from this initial cave, breaking the ground into the caved area. Before
each pillar is blasted, the drift is widened on one side about four £t. and
timbered if necessary. The remainingpillar, about eight ft. thick, is drilled
out to a height of 13 ft. above the floor of the undercut, and the pillar and
widened drift are shot. The timber isdrilled with wood augers and shot with
the undercut round. Generally, a 15~ft. section along the drift length is
taken with each blast (from one draw raise to the next). Care is taken to
insure that the pillar is completely broken by drawing off sufficient broken
muck to observe the effect of the blast before the next adjoining pillar is
shot. Millisecond delay electric caps are used in pillar blasting, and are
wired in series ~parallel, with not more than 25 primers in any one series.
Circuits are tested with a galvanometer before being connected to the power
source. All blasting lines go through an interrupter switch and from this
switch to the main pillar blasting switch, which is a completely independent
circuit.

TIMBER:
Round posts and 6" x 8" caps with 6" x 8" stringers or sills over
raise tops.
2" x 12" side and back lagging.
Raise tops temporarily covered with 2" lagging.

CREWS :
2-man crews drill 10 to 18 jackleg holes, and 20 to 30 stoper holes
per shift, dependingon draw raise spacing and ground condition.
Undercutting proceeds on a 3~shift, 6~day per week basis.

457 N.G. powder or ammonium nitrate, primed with a stick of 60% Amogel
is used with millisecond electric blasting.
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GENERAL RMINE OPERATING DATA

- Operating Shifts per Day 3
Operating Days per Week - 7
Operating Days per Year (7 holidsys) 358
Production per Day, Tons . 43,000
Production per Year, Tons 15,800,000
Active Undercut Area, Sq. Ft. . 368,000

Draw Point Spacing: ‘
17.5"' East~West x 15" North-South

Block Dimensional Data:

Block Width 140!
Block Length : 90" - 240!
Present Average Block 140" x 180"
Ore Height above Undercut Floor 100' - 600"
Distance Undercut Floor to Grizzly Level Floor 15!
Distance Floor Haulage to Floor Grizzly Level 60"
Grizzly Bar Spacing 4n
Grizzly Bar Material | Salvaged 90# Rail.
Draw Points (Average per Month):

Active 4 1,350
High Pack ' : 50
Held for Repair ' 80
Held for Grade 20

Total Draw Points 1,500

Types of Explosives Used:

Secondary Blasting ~- 45% (No. 3) Amogel in 1-1/8" x 6" sticks or 60%
(No. 1) Amogel in 1 -1b, bags. Initiation is with zero delay electric
blasting caps. These are connected into a trunk line to a central un~
derground location where blasting switches are located.

Primary Blasting - In the larger headings an ammonium nitrate explosive
is used, except in wet holes. Initiation is by a 1-1/8" x 6" stick of
607 Amogel which, in turn, is ignited by a fuse cap.

An 8-ft, length of fuse with a spitter cord fuse igniter on the end op~
posite the cap is ignited with a hot wire fuse lighter.

All other development, except transfer raises, uses ammonium nitrate with
regular delay electric blasting caps. Transfer raises load with 607 Amo-
gel only. :

All blasting is done at the middle and end of each shift.

-



Mining Equipment:

Big drifts use a San Manuel-made jumbo with three 8' booms and three
3" drifters with 6' feed shells. The booms are hydraulically oper-
ated and are powered by two 1-3/4 gpm, 11,000 psi hydropumps that
.feed into a hydraulic manifold.

Mucking is done by a rocker shovel with a steel flight conveyor
dumping into 10 -~ ton bottom - dump development cars. The cars are
switched by an 8-ton, 40-hp (or 9~ton, 40~hp) storage battery loco-
motive.

Smaller headings use feedleg drills with 2' or 4' single stage legs
and stoper drills with 18" steel change.

Development slushing is handled by air-powered, double-drum slushers.

Underground Haulage Data:

Haulage locomotives are 23~ton, 4-wheel trolley type; each loco=-
motive with two 125-~hp, 275-volt DC motors. They haul fifteen 12~
to 13-ton working load cars.

Ore cars are 300 cu. ft., 15-ton box-type with one stationary coup-~
ling and one rotating coupling. '

Length center to center of coupling: 17'-6".

width, overall: 6'-0",

Height above track:; 5'-6".

Couplers: Rotary and non-rotary couplers equipped with rubber cush-
ioned draft gear.

Track gauge: 36",

Car loading through air-operated guillotine undercut gates,

Car Dumps:

In the dumping cycle the motorman pulls through the dump and spots
three cars in the dumper without uncoupling. Carstops rise and lock
the train in position. Themotorman activates the dumper which ro-
tates 180° and returns to the upright position and the operation is
repeated. Three cars are dumped in about one minute, or five min-
utes per train of 15 cars. Development cars are designed to fit the
dumper, but because of their length and type of coupling, they must
be uncoupled to dump.



i

. VENTILATION

530,000 cfm goes down #4 and #1 Shafts from the surface.
180,000 cfm goes down #5 Shaft from the surface.
50,000 cfm Miscellaneous Intakes, in addition to shafts.

170,000 cfm - SubLevel (1715-1775 Levels),
530,000 cfm - 2nd Lift (2015-2075 Levels).

Sub-Level - Two hi-speed Axivane mine fans: OneMXC, 1715, 200-hp, 1160
rpm, 5' diameter; one MXC, 1775 200~hp, 1160 rpm, 5' diam-
eter,

2nd Lift - Four hi-speed Axivane mine fans: OneMXC, 2075 450-hp, 1160
rpm, 6' diameter; one VXC, 2015, 450-hp 1160 rpm, 6' diam-
eter; one VXC, 2015, 200-hp, 1160 rpm, 5' diameter; one #5
Shaft vXc, 2015, 450-hp 1160 rpm, 6' diameter.

Auxiliary ventilation air is directed through operating blocks bymeans
of ventilation doors and Axivane 20-hp, large-volume, low~pressure, low-
speed mine fans. Individual working places are ventilated by 20~hp, high-
_pressure, high~speed fans through 24" ventilation pipe or with venturi
type air movers.

COMMUNICATIONS

/

On the haulage levels, hau,age trains and supply trains are moved on
direct orders from a dispatcher by the use of a radio phone system. -
In addition, radio phones are installed in repair shops and at van-
tage points for use by supervision.

Draw and haulage operations are coordinated through the dispatcher by an
audio paging system,

A standard telephone system consisting of seven circuits aids in coord-

inating hoisting, maintenance, and service facilities between the sur-
face and the mine underground.

DRAINAGE

Newly opened areas show an appreciable flow of water which is c?rried out
of the working area by air-operated sump pumps, with a capacity of 150



gpm at 100' head. Mine underground was planned so that water drains
\ either to No. 1 Shaft or to 3A and 3B Shafts. ’

No. 1 shaft is pumping 3,200 gpm, principally from the 2nd Lift;
700 gpm, from 3B Shaft Bottom;
Present pumping is 3,900 gpm Total.

Mine water is pumped approximately eight miles to the Plant site for use
as Mill water.

To prevent surface drainage from entering the mine, surface washes lead-

ing to the cave area are either diverted or dammed up to hold the water
for evaporation.

SURFACE ORE TRANSPORTATION

.Cars: 100 tons capacity, 35 to 40 per train.
Locomotive: 125-ton, 1,600-hp, diesel-electric.
Trackage: 132-«1b. rail, 7 ~=mile haul to receiving bin at reduction

plant, level track.

CHANGE ROCM NO.1

Accommodates 1,900 employees with lockers, showers, and toilet facili-
ties. Heated with gas space heaters.

In the same building is the foreman's office, time office, safety engin~
eer's office, dispensary, lamp room, and dust-counting laboratory.

ICHANGE ROOM NO.2

Accommodates 1,000 men and has office facilities similar to #1 change
room. This change room is located in the #3 Shaft Area near #5 Shaft.



CONMPRESSOR HOUSE

Five 3,500 cfm compressors, delivering at 100 lbs. air pressure, each
equipped with 600-hp synchronous motor.

One 1,936 cfm ~ 350-hp synchronous motor.

One 1,596 cfm - 300-hp synchronous motor.

Total = 21,032 cfm, delivering at 110 1bs. air pressure for approximately
100 1bs., mine working pressure.

Four natural gas powered compressors each having a 3,200 cfm capacity.
“Outdoor" type.

NO.1and NO. 4 YARDS

Surface installations in this area include amachine shop (including car
repairs), electric shop, drill repair shop, a blacksmith shop, truck
maintenance shop, framing shed, carpenter shop, warehouse facilities,

_timber - treating plant, salvage area, pipe shop, cylinder repair shed,
sand-blasting shed, paint shed, fire marshal shed, mine rescue training
center, fuse and cap storage tunnel, batch plant, (including mix water
cooling plant and additive storage tanks), standby power plant, compres-
sor house, No. 1 and No. 4 hoisthouses, potable water treating plant, and
changerooms.

There are storage areas for all material used in the mining operation.

Steel: Variety of structural shapes for shop fabrication jobs and
mine ground support.

Timber: 12" x 12" drift timber.
-~ 2" and 3" lagging, various lengths.
6" and 8" cribbing, pre-framed.
Pole posts ~ Taxas pine for undercut timber.

A large explosives magazine ismaintained to supply the mining operation.

A planned maintenance and lubrication schedule is followed for all sur-
face and underground operating equipment.

METAL PRODUCTION=San Manuel Only
1970 ~ 12 months of operation.

Average Daily Mine Production, Dry Tons 43,227
Copper Production, Tons o ' 95,000
Molybdenum Sulfide Concentrate, Tons 2,960
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MAG4a COPPR COMPANY
San danuel bDivision
San iHanmuel, Arizona

~etober, 1963
Qs BUsL

I'isseninated minerslizition in mnzonite porp}wry ‘and quartz
monzonite, - :

Principal Snlxixido Minaralst Chaleomrif.e, Chalc&;ite_, Pyﬁt.o, :
wg lolybdenite, Y S

© QRu HESERVESS

' Sulphides z,57,9oo 000 tons at 0 T Guy o.oz HoSp
Uxides 130,000,000 ‘tons at 0,7003 Cu
Small amounts neovarablcs Ag a.nd Au,

ovmumm: C to 1.90u feet thialk, Amago over tho Smd‘.hmt.
: ore body 18 670 feet thick, and conaists meinly of
a veory smupstent rock ¢alled Gila Conglomerste,

{(shown as the lan two pages ot thi-panptﬂ.o%mucumaofuu
orebody.) =

A IMARY. DsVALOPHS

Mg, 1 SHAFT: |
Depth: 2,202 feet, (for Second Level) -/
Di.mansion;u 25Y ~ 5 7/3" x 6D -, Compartmentss
, 2 noisting, 6'~5 3/8" x 610"
1 manway, 5t x 6!
1 service hoist, 5! x 6!
Structurdl Steal Lets wd Leinfcreed Concrete, |

leadframa: 1 =07 W B shewves.,
Twe 120 4 water steql. sheaves,

dkipe: f~tor e:uiit. in ecounter-balance,

Hodut ¢ terdoar; tlodst, two 200-h.p. motors.
Rope upeed = L I,p.i., with LeBus wind,

Chippy Holst: Two speed -~ ramwtely controlied from the cage.



‘No. 1 Shafltb--=continued

Ventilation Downecast: Used to holst waste muck and for auxiliary
hwoisting, Manway compartment contains main
compressed air line supplying the mine, pump
discharpe-columa carmying most of the wtexr
puped from the mine, and power trananiasjon
lines. Service compartmant has three 8% ¢
heavy duty pipes for concrete tra.naportaﬁon.
Ventilatdon downcast 126,000 c,f.me

wOo JA~3B SHAFTS

Twin Ore Holsting Shafts, 1y5 feet apart.
Jeptins 2,705 fest. (For Second lLevel)

Minenalons: 297 » ¢+ inside oonerete,
Four coupiitments, e.:h 6'=6" x 7'<Q",

Yaentdlation jsxhanat, Shafis,

Structural Steel Lets buried in concrete for smooth lining,
Concrete curtain valls betveen sach compartment with 3'=73" x
4 vdndows in eacr set.

Steal puides supporiad evary ihree fest in holsting QWI.
'I‘imbar guides in chipiy ccuipartment supported every 6'-0" |
Headfrae:  181' to b sheaves, 14 diamster cast steel sheaves,

Ore Hins: Dizmeter: - 60°
Height 661=6", top of bin 92' ahove nnull'
Capacdity: 5,000 tons total capacity,
Loeding Gates: 4 on each track per in, &rom.

iwoading ] '  ,Sh 5
Pocitets: Two: one beiow First Leval; one delow Second L‘vu'h
Capacity of each = 1,500 tons,

Sicips: Jottom~dump, Lake Shore Jeto sidps,

" ' © Capaacity: 2 tons dry ore; 2. tons wet ore.
Dimersions: 331-57 long, 611" wide, 616" deep,
Vieight: 30,000 lbs, (Appro:d.m’u) ' -

3B Shaft = 2075 Level

Autonation: Semi-automated car dumpding. Motorman positions and
dimps his owmn train in the lotary Dump Wy a sexries of
switches along the drift., Skip loading and hoisting
are fully automsted. Skip loading 4is viewsd on &
_alosed dircult television arrengemsnt and the entire

tomated system i3 mnitcrod oq ml panel.,
N




o, 3A:30 Shafte -continued

Fodstuy Nordber;; Uouble ﬁ‘hm, with LeBus wind; a.utomtio or
manual oporntlon- A5 diameter face drums with 3,700
feet ol 2;" rope capacity in two layers,

Orum shafvs« 27" dlameter through drunms,

Holating Jw 3,“30 Lepomo

Two 3,000-hyps D.C. motors equipped with l.G. set
conad sting of one i,000~h.p, motor and two 2,500 KW
D,Ca gmmwﬂa uml plate Mhedo .

Flywheal \/edght: 4/, tons (approximete) for 80% power
peak oqualization.

Chippy Hoists are equtped 1&&1& ‘an 8,400 1b, counterwsight, ruming
on timber guidee backed with A" \J.F. beam, Cozmtaxveight is '
equipped with safety dogs amd is hoisted vd.th a 2-part rope,

X 18 mn—rotatim,, 3/4% diameter,

R g ST

Jeptis 2,158 feet, (For Secornd Level)

Dimensionss 26'-6" x 14, Structural l’hﬂ. l.tl buried in conarete
for amooth lining,

Tvo cage cowmu, each 1,' x 8%; rounded end n.?artn-xt.- for
nanvay, pipes, slectric cables and ventilation,

Men and Supply Shaft and Downosst Veatilation = 370,000 o.f.m.

Cages: 2 decks, 50 men per deck
~ Inaide disensions: 694" x 131-6M,

hated Capacitiess ' ' .

X,0C0 1bs. supplies par deck,

12,00G 1lba. men per deck,

Cags Walght: 20,000 lbs, (Approximate)

Headframs: 109 feet to B sheawes,
" Two 14! cast sieel shetves,

Hoists Nordberg double drum,
15! dismetsr, 0" fase drums,
24" hoisting rope.
Haximan hoisting speed: 1,500 f,p.nm,
.)ingle reductinn d.rim, two mdpo D.C, motars
aquipped with .7/, set consisting of one 1750-h.p.
A.Ce motor and twa 600~AW D.C. generators. Hoist— '
house equipped ith 30-ton crane with 3-ten auxiliary,
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HLOCK DVELGPHT

G o _ o GRAVIYY i TRAKSFLA RALSE ; R
CEer 275 . 18egn
HERSEA N ' - to ol

- .

o PR

'G $Y-R AP GO
Tl é’,;t‘.l;ﬁ;n};'a f’r‘lft ai;ll N
4' X 4% inside,
LINLEGT 6" x 8" eriboin:
: armoraed vith 3" x 4" x bz," stan:

angles,
LHCLINATIGH: 63° -
. LENGTH: }
EFFICIENCY:  2-man crews oivesoo
. two raises at on.. _
L4 holes drt1iis. 5 decp;
30 lbs, 45% i Diuder
used par roiwsyl, 1otonated
with electrisit, only;
Vonuilated wit: wipressad
. alr.
. ADVAICK: S _per man-shift.

Transfer inise Stations gre by the
regular drift crew using the s:.m
oquipnent ‘thay use to drive tos idr fe.
Thay are cut as the drift head:.,; i3
advanced, :
Raise etationy are steel poy &uta on
top of spaalal drift sets, i.lue! wa-n
‘non-reinforced concrete,




lcavation only:

iock Bolts and stesl straps
used as pre-concrete support,
ColZise 13'eb" x 11160,

i“ach round marked on face i

by boss“ l’:ﬂ'{;‘“
WO Tan crews, ;‘;’:@ -
29 holes drilled 6' deep, o

& ibs, k.G. powder used
por round;.drilling done
with twoe 3" drifters on
hydraulic boom armsj
ventilation with fans amd
taning,

ALVANCES 1045 feet per Man—shdft.

Finished drift 8!~6" in diameter
with notr-reinforced concrete lining.

1415 or 2015 Panol Drify

| CORHETE

Cameny, sand, and aggregale are .rcy batched at a 300«ton surface
batch plamt, '

Concrete dry batch is nauled i1 four 1liscubic yard batches per
truck to the mixers., -

lixers are li~cubic yard dow'e drum, track mounted, paving type.
‘ Mix water s chilled to 38-4(* by portable refrigeration plants,

Ailr entraining, dispersing, wd retarding agonts are added with
the mix water. rimr disc. rges through a sereened hopper inte
two 8" heavy-duty pipee suaverded in No. 1 Shaft, Conarste
discharpes through a dischar e headesr into a romixer on the
Griszly Lewel, winich fills '.i-cudie yard Floarete portahle
plucers, Placers dischsrze snaumtically through a Floarete
needer and 6% slick line lnlo plywood or steel forns,

Frewm 3,000 to 4,500 cubic yards of concrete per month are poured
on a one shift per day, six iy week basis. Forming is done
on two shifts; six days per weei,
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(RAVITY FLOW GRIZZLY LRIFP

.‘}’.A‘é’ JTE FLOM DRAW RATISH

clig: Lt Hiwlam widbh,
mp widenad to 8¢ when r‘l.lla_ is
bldé"b%a

LENGTH:  15%0" above grizs7y.

o ldndng is weed.

Excavation only; 8! x §7.

Heak bolie and wire mesh used for
pre=concrete sunpm'to

SIZite 4" wide, &) high. Finished
drift with mn«sﬂ:‘mnfm@d conerebe., .
2=man crews used., 13 to 21 holes
drilled 6% deep, 30 to 40 lbs. N.G.

EFFICIENCY: Ze-man orew drives severa) ralses

t s 9 drdll powder used per round; drilling is
%r Gaooe 7 b9 13 holes o : - done with jacgkleg., 't’entilaticn with

air mover and tubing,

6'3 dﬁapo 20 lbﬂo Balts pQWﬂer
usaed psr mundo
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UNOEHCUT PHOCSOIRE

Undereut drifts are driver. v x 7% and are finbered DRlYy 88 nacess
sary with unframed o-Inch mund posts and 6% X 8" eaps or pole stulls,
The indtial drifiing iz alon: the tops of the oubter row of draw raises,
completaly circling the biock. Tn the [inal stage of wndercut drifbe
inz, parallel drifts are driven on 173 venters, confoming with the
drav reise spaeing, saross te Lope of the dray ralses, The wdercut
erew bella the top of saeh J-aw raise to a dicneter of 8 fesh as ib is

sroasged, ‘

Undereut pillar orgws start thz cave gy drilling and blagting oub
3 pillar between drifts c¢r 3t & bowwary of the block, The pilllar erews
vatreat away from this initi:l cava, brealdng the pround into the caved
arsa. Defore each plllar f» blasted, the drift is widened on one side
apout. ‘owr feet and tirbevsd 7 useassary, The remaining pillar, aboudt
% feev wide, and the back 7 th- widaned drift, are then drilled out to
a helght of 15 feeh ani shoet he tiaber ls drilled with wood augers
and shot with the wdercus - we . Jenerally, a 15-foot section along
¥t deifd length ig taben wi-b tooolasr. Care 1s taken to insure
that the piliay ia corgletal heslan iy drawing of f sufficient broken
ruek o ohsarve the affeet o 4 Lzet before the next adjoining pillar
12 shot. Millisscond delsy «'orir - cups are used in pillar blasting,
andare Wred n serlesepara’ cth not wore than 25 primsrs in any
o esries,  Cirouita are ter ciih o zalvanomster befere baing cone
nacted o the power souwres. ! »laviing lines go through an intesw
rupter gwitch and from this =t 4 %o the main pillar blasting switeh
which is & completely irdepender oireuit.

TIVMBER 2
Round posts and 6" x & caus with 6" x 8" stringers or
' 8ills over ralss ioya,
2% x 12" gide and bask lagging,
itslse tops temporarily wvered with 2" lagglng,

LFFICIENCY ¢

Z=man erews drill 10 te 18 Jaekleg holes and 20 to 30
atoper holes, depending on draw raise spacing and
ground condition,

10C T2 175 1be. LS. N.G. powder is used per ij’e

w

ADVAiiGis

104,96 square foet par lans-shift,
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GEHERAL, OPURATING DATA
Operating Shifts per Day

3 .

Operating Days per Waek 7

Opsrating Days per Year 358

FProductlon per Day, tons 35,000

" Production per Year, tons 12,530,000

Astive Undercub Arves, sq, ft, 343,088

Edercut Reserves, tons 75273,000

Draw Point Spaeing 17.5% past=ilost x 15% NortheSouth

Draw Points (Averags per lonth): : .
Agtive 1,175
High-Pack 4l
Held for Repailr a1
Held for Grade 10
Total Draw Pointe 1,307

Rats of Draw, Inches per Day 15

Tons of Ore per Pound of Fowder 10

Type of lixplosive Used: :

455 Amogel in dry arese; 40Y Gelatin in wet aveas,

Blasting for Block Develepssnt and secondary blasting is

done elsetrically from one umrbral location, Generally,
large drift headings, vhen dry, axe primed with regular
blasting caps and safely fuss, A1l blasting is done ab
the middle and ond of each ghifi.

Metal Predustion fHr 1962: '
Pounds of Copper Recoversi per Ton of Ore lined b ~
Gopper, pounds 168,416,024
Molybdenun Sulphide, pounds 4157020
Gold, ounces 15,025
Stlverr, ounces 302,953

BLOGK DIMENSIONAL DATA

Block Width I g

Block Length ga - 2‘39'35

Present Average Block UHY x 180°

Ore Hedght sbove Underevt Floow 1259 = 4000

Distance Undereut Floor to Grizzly Level Floor 150

Distancs Floor Haulage to Floor Grizzly Level GOt

Grizzly Bar Spacing ‘ It

Grizzly Bar Material L5# Rail

.

=



MANPGIER

Mine Workine Forcs Efficiengy Rates
Map-shifts per Dgy
Tons per Man-shifb

Based on 35,000 tons .5,  Tons| M.S.| Toms| WS, | To
of ore productlon per iper per | per | per | per | pex
day . Day,. [ MaSo | Bay | WS, | Day | M.S,
PRODUCTION: Drewing Ore 120 - 292

Hauling Ore 26 . 278

Hodsbing Ore - 28 A4 '

Total Production. et 264 1321
DEVELQPMENT Bloclt 1 62 | 566 ]

Frdmaxy 6 i 755 !

Totel Devalopment o 108 32
GEN'!L UNDERCROUND: Repair 18 ' 733 |

Selwvags 10 tsazj ?

Construction 7 ﬁ)lo ;

Track 15 | 239 "

Supply-Servics & Mise. | _95 | 372| @ |

Total Gen'l U?ground ool A78 ) 201
MING SLECTRICAL o | 8, | 415 g
HINE MECHANICAT, izﬁ 223 !
MR SURFACE. - 461 i

Totel Elot,, #och, 8fed —— — ﬁéi =

TOTAL MINE 833 |

g row

The above woriking fores is directed by 130 supsrvisors and an enginsering staff

of L5 Pﬁl‘mmalu

- a

 GMOSRGROUND MATLAGE DATA

Havlage ..ommtives are -ton, h-vhedl trolley fype. They haul

fiftmen l2-ton cara. J*ﬁlﬁmh,p., Zi5 volb D.Co

Ore cars are l5-ton boe-type with one stationary coupling and one

rotating coupling,

eanber o nenter of couplings 17167
Width, ovexells 6%=0%
Height above tuwwcky 5%=54
Trusk: Hetlonal Mallsabls Mime Car Truckj
1LY casb irewn whaels,
Couplars: BNational Malleadle Willison rotary and
DON-10 LATY Soupilens.
Rubber draft gesr for coupling ahock absorption,

Traclk geuge = 36", »
Dumips Rataz:‘;ippm w dumps three curs ab a 6@4




Ga

COIMUNICATIONS

Hawlage traims and suppiy biwins are moved on dirsst orders [rom
a Dispatgher by %Whe wie of a radio phone gysten. In addition,
radic phones are installed in repaly shops and at vantage points
for use by supsrvision,

Drew and haulage operations are scordimated through the Dispatcher
by en audic paging gystem,

4 standard telephone systam consistins of seven clroits aids in
covrdinating holsting, maintenance, and service facilities
hetwaen the surfarce and the mine undergrouwnd,

VENTILATION

490,000 e.f.n. poes down ,m nd /. Shafts: From Surface,

‘5’? 0 a.f.me - Voscallsreous Intakes in addition to Shafis,

200,000 gofem, » 1ot LifE (1415 and 1475 Levels)
2‘?{}5{)@9 mefumv v Fvl TASY (2015 and 2075 Lovels)

ST Lid 2L - T,-“ .ﬁf” 2wl vane mine fansg 200=h.po,
3 atar. One on the 1415 Vent
ﬁ rossout arg o o bhe 1435 Madn Crossound,

20 LAVEL - Three Joy Hisgpe 1 Axivans ndne fanss
One - Mein Cross b, 2075, Vo-hp, L1600 rpmm, 5% dlam,
One « Vent Grossed , 2015, 550-hp, 1160 rpm, 6¢ diam,
One = ¥eln Creoss-ut, 2015, 200=hp, 1150 zpm, 59 diam,

Spdliary vent i‘l ation aly i Jdirected <wongh operating blocks by
vears of vertilebion doory and Joy Axiwvime 20-h.p. large volums,
low pressure lo-spesd miss fans  Individual worldng places are
vartiiated b 20-h.p hi - oressuors, Wi -speed fans or air movers

with tubing.

DRALNAGE

Nevly openad areas chow -u apy waisble flow of wabor which drains
auickly., ine under wound was Jamad o tiet woler drains sither
Ww No. 1 Shaft ar to 34 and 3B shafts,

e
SN

Hoe o 3 Shafd is pumpine 2,000 ., principally frenm the 2nd Levels
38 Shaft de pwmping _ 900 #.. o e }3 Shaft Bottomg

Frega. punpdng s 3.000 gop.om, Total,

H
?

i1

'

ray rm
[

.

23
‘rﬁ
&

r@ pravert, swfzes drainige frovn smi;@;zﬁm the mine, surface washes
wding to the cave arss are 1 ter dfverted or dommed wp to hold

the water for evaporstion,

e G vv e



SIRLF.

ON

Cars: 100 tons oapacity, 35 to 40 per train,

locomotives 125-ton, 1,600 h,p, diesel-elsctric.

Traciage: 132-1b. rail, 7 mile haul to receiving bin at reduo-
tion plant, level track, '

Five Chioago=-Frwumtic 3,50C c.f.m muacrl, dalivering at
100-1b, air pressurs, each .qﬂpp.d with 600~h,p., synchronous

- motor,

One Wﬁc 1936 c.f.m. - 35.)-11.p. synchronous motor,

Ons Chiocago-Pnewmtic 1596 o.f.m, = X0=h.p. synchronous motor.

Total = 2,032 ¢, f.m., delivering at 100 1bs, air presmmre.

Accommodates 1,500 men with ml, mann, utl tomt rnci.litd.u..
Heated with gns space m

In the same bullding is the Perwnm's Offise, Time Office, Safetw

- Enginser's 0ffice, Mispensary, amd Lamp Heom.

X0, 1 AXD MO, s IAHDS

am-nuimuominthuammtwmsmp ilectric
Shop, Drill Repair Shop, Hlackmmith Shop, Truck IMntmancc Shop, .
Framing Shed, Carpsnter Shop, Warehouss facilities, Tirber Treat-
ing Plant, Salvage ares, Pips Shop, Car Repair Shed, Sand-Blast
Shed, msmd, H.nkhrsm&cd, lu.chocmTraininngtc, '
and Batch Plant, .

There are awago nc‘u for all material used in the mi.ning operatc!on.', '

teal: Vu-:l.oty of structural upu for chop "ahricat.ion

Jobs and mine growd support.
Timber: 12% x 12" drift ticber,

2" apd 3" lagging, various lengths,
6" x 8" gribbing, prefrumed,
Pole Posts - Texas pine for undercut timber,

A largo mq:loaim ugnim h mmm to cunﬂy the. min.i.ng oper=

ation, , i

Aﬂmpdni&mﬁl&ﬂmﬂ&mu !’o)lawod,t'u- all
aurlhon and uﬂmuﬂ opomung ; .
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HMARMA COPPER COMPARY
Sap Manuel Dlvision

LONGITUDINAL SECTION THROUGH NO. 2
ARD 3B SHAFTS, LOOKING NORIH4EST.
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