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"SAND FILLING AT THE COPPER QUEEN"

In 1877, a scout attached to the U, S. Cavalry located a mining claim on
a showing of oxide copper ore just a few feet south of the present route of U. S.
Highway 80 as it circles the business district of Bisbee. Since that time, 4O |
shafts have been sunk, nearly 1,000 miles of crosscuts driven, and well over a
billion dollars worth of copper, lead, zinc, and precious metals extracted from a
mineralized zone about 9,000 feet wide by 13,000 feet long.

Today, the Copper Queen Branch of the Phelps Dodge Corporation employs
some 750 men in its underground mining operations at Bisbee. Three production
shafts, the Campbell, Cole, and Dallas, service over 100 stopes currently being
mined from the 500 Cole level in the southwest to the 3100 Campbell level in the
northeast. Several other shafts are used for pumping and ventilation.

Orebodies are intermittent, and vary in size from a few hundred tons to -
in exceptional cases - over a million, with the majority in the 20,000 to 30,000
ton category. The host rock is the Paleozoic limestone, which dips 20° to 30° to
the northeast, and the preponderance of ore occurs as a replacement of the lower
Escabrosa (Carboniferous), the Martin (Devonion), and the upper Abrigo (Cambrian)
limestone beds.

The shape of the orebodies is nearly always influenced by the bedding of
the limestone which they replace. Deposits in the thin, shaly beds of the Abrigo
are practically always tabular in conformance with the limestone beds. In the
Martin, with its dirty but more massive beds, the deposits are usually bedded but
have greater relative thickness than in the Abrigo. Deposits in the clean Esca-
brosa limestone are usually thick and massive, with a tendency for the vertical
dimension to be greater than the horizontal, but even they plunge with the bedding,

although normally at a greater angle.
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The type of limestone in which the deposits occur also influences the
ground conditions for mining purposes. Orebodies found in the Abrigo and Martin
limestones usually require some timbered method of mining due to the poor bond
between the beds along the shaly partings, whereas the thick, massive orebodies
of the Escabrosa usually stand better and thus permit some open type of mining.

At the present time, some 87% of stoping is by square-set methods, and
the remainder by open cut and fill. Ore is broken by holes drilled with push feed
machines, and blasted with prilled AN-FO. Muck is transferred to chutes by air
or electric slushers, and transported to the shaft pockets by rail haulage. Stope
miners work under an incentive system, with standards, in terms of tons per man
shift, based on the type of mining and conditions in the stope. Exploration and
stope development programs require the drilling of 7,000 to 8,000 feet of diamond
drill holes and the driving of about 2,250 feet of drifts and raises per month.
Although the mine is not wet, several fault areas make about 4000 gpm.

Sand filling at the Campbell shaft began May 1, 1964, as a result of
production efficiency studies made during 1963, The usual factors of faster
filling, better ground support, and a reduction in the amount of raising and
drifting required by the use of development waste for stope backfill, recommended
the change to hydraulic fill. The fact that Campbell development was rapidly
moving to levels below current stoping, so that some supplemental source of fill
material must soon be made available, was also an influential consideration.

Compared with meny other mines using hydraulic sand for stope backfill,
the Copper Queen enjoyed a number of advantages: a plentiful supply of sand due
to tailings from an 18,000 ton per day concentrator, the existence of relatively
little-used service compartments in each shaft for installation and maintenance
of sand lines, and stoping areas within a reasonable distance of the shafts yet

sufficiently far from the pump stations to permit sand and slimes carried in water
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draining from the stopes to settle in the ditches before reaching the sumps.
Possibly the major drawback to the use of sand fill in Bisbee was the erratic
nature of the orebodies. Although some similarities exist, no two stopes are
alike, and to obtain the maximum benefit from hydraulic fill, supervision must
plan the work much more carefully than would be the case where regular orebodies
allow the development of standardized mining and filling schemes.

By the end of 1964, it had become evident that the change to hydraulic
fill at the Campbell had been worthwhile. Although some time was required to
teach bosses and miners the new techniques, efficiency in those stopes which had
passed through at least three mining cycles using sand for back fill had increased
13%. Raises and drifts for waste fill had been eliminated, as experience had
shown sand could be placed as much as 120 feet above level lines without difficulty.

A good example of the support provided by hydraulic fill was given by an
area on the 2700 Campbell which had been extensively stoped by a combination of
square~set and cut and fill methods, and required the constant services of two
repair crews merely to maintain access for ore haulage. Two unused raises were
bulkheaded, a filter wall built along one end of the area, and 5,500 tons of sand
pumped to tighten the old gob. No further repair work has been needed in this
section.

Experience in this area and others has shown that from 30 to 60 tons of
sand are required per 100 tons of original fill to tighten old gobs in stopes which
have not caved.

At the Copper Queen, particularly strong emphasis has been placed on care-
ful and thorough preparation of stopes for fill, not only because sand spilled in
the drifts is an expensive nuisance, but so that once filling is begun in a stope,
it may be concluded as rapidly as possible and the sand crew moved to the next

working place.
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Although an effort is made to see that several stopes are preparing for
fill at any given time, precise scheduling is not practical due to differences in
crew experience and work rates, the complexity of most orebodies, and the intricacy
of some bulkheads. Often, to avoid elaborate bulkheading, an attempt must be made
to completely mine out a section of indeterminate size before filling. However,
the system has been designed to meet occasional abrupt increases in sand require-
ments. Considerable storage capacity is available, and sand lines are of sufficient
size to pass sand at high rates without greatly accelerating wear.

The rate at which sand is run underground is controlled by manually-
operated rubber sleeve valves located at the surface tank discharge. In stopes
with limited drainage, or with only a small area to fill on each mining floor (so
that turbulence created by the sand entering the stope tends to prevent settling),
rates may be held to as little as one dry ton per minute. In largér stopes, the
sand may be allowed to run at rates up to 2.5 tons per minute.

With the exception of a few serious breakouts involving considerable
tonnage, all of which could be traced to errors or oversights in bulkheading, the
average amount of spill per stope has not exceeded one-half of one percent of sand
run.

It is now felt that any stope can be sand filled provided the cost of
preparatory work is warranted under the circumstances. For instance, a stope on
the 2833 level of the Campbell in heavily crushed and broken ground could only be
filled by completely lining the four sides and bottom with burlap. Although
pgeparation of this section required a week's work and considerable burlap, the
alternative of filling with gob would have involved at least five weeks work by
four men to repair an old gob raise and three weeks work by two men to reopen a

drift on the level above.
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The encouraging results obtained from sand filling at the Campbell led to
the decision to extend the new method to the other production shafts. The Dallas
system, servicing the lower Cole levels as well as the Dallas mine, began operation
in May of this year; the Cole system, supplying sand to upper levels of that shaft,

was placed in service during September.

Sand Preparation

In the sand preparation plant located at the collar of the Campbell shaft,
800 gpm of concentrator tailing at MS% solids are deslimed and partially de-
pyritized to produce about 65 dry tons of ;and per hour.

Although the character of the mill tailing is primarily dependent on the
area currently being mined in the pit, and may vary from a pulp high in slimes and
difficult to process for sand to a relatively coarse material readily amenable to

treatment, the average screen analysis is as follows:

Mesh %
+ 65 12
+ 100 10
+ 150 8
+ 200 9
+ 325 13

- 325 48
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After two-stage wet cycloning, the screen analysis is approximately as

follows:
Mesh %
+ 65 16
+ 100 43
+ 150 11
+ 200 12
+ 325 13
- 325 35

The percolation rate of this deslimed sand varies from 6 to 9 inches/hour.

Pyrite in the tailing averages sbout 18%, but on a day-to-day basis may
range from as low as h% to over 30%. To avoid a possible generation of heat and
S50, by oxidation of pyrite in the £ill, it was felt the amount of pyrite in sand
placed underground sﬁould be limited to a maximum of lh%, with an average of no
more than 10%. On the other hand, it is not desirable to eliminate all pyrite
from the sand since in time it will tend to cement the £ill. For these reasons,
pyrite is removed from only a portion of the pulp handled by the treatment plant.

About 1/5 of the normal flow of mill tailing, passing through an 18"
diameter concrete pipe within 50 feet of the shaft on its route to the settling
ponds, is pumped directly to a distribution menifold supplying three 10" hydro-
cyclones. Overflow from this first stage of desliming, at 25% solids, is returned
by gravity to the mill tailings line a short distance downstream from the plant
intake. First stage underflow, at 70% solids, falls through 3/8" mesh screens
into a sump, where it is diluted to 50% solids. A frother and a collector are

added to the diluted underflow from two of the cyclones, and this pulp flows by
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gravity to a b-cell flotation machine with the intermediate cell partitions re-
moved, for pyrite recovery. Pyrite concentrates, at L0% solids, and with an
average assay of about 0.80% Cu and 87% FeS,, are pumped through a 3" polyethylene
pipe to one of two settling ponds about 400 feet south of the plant.

Underflow from the third first-stage cyclone bypasses the flotation
machine to combine with the flotation tailing. This pulp is diluted to 25% solids,
is passed through a 3/8" mesh screen, and is pumped to three 10" hydrocyclones atop
a 15' diameter by 20' high steel storage tenk. Underflow from the second stage of
desliming, at 70% solids, falls into the tank where it is held in suspension by a
60" diameter, 6-blade, 150° pitch, rubber-covered, turbine-type propellor, rotated
at 64 rpm by a 30 hp mbtor.

A flocculant is added to the second stage overflow, which, at 10% solids,
is transferred by gravity to a 30! diameter by 15' high steel tank. Here slimes
settle toward a central cone in the tank bottom from whence they are discharged at
35% solids to join the first stage overflow for return to the tailings line. Clear
water overflowing the tank rim is caught in a full peripheral launder and conducted
to an 8,000 gallon surge tank, from which it is pumped to an 800 gallon head tank
LO' above the plant. The head tank supplies an 8" pipe header running the length
of the plant just under the peak of the roof. Use of a head tank and large header
prevents a minor adjustment in dilution water to one of the sumps from being re-
flected in flow to the other sumps.

With the exception of pump gland water, sufficient water is reclaimed to
completely supply plant needs.

Piping arrangements permit recirculation of pulp from the sand storage
tank to pumps feeding the second stage cyclones so that the extremely slimy tailing

occasionally encountered may be passed through a third stage of classification.



-8 -

A 6" thick reinforced concrete pad was placed in the bottom of the sand
storage tank to serve as a wearing surface, and to date has shown no deterioration.
To eliminate a rhythmic surging of the pulp in the tank in tempo with the propellor
rotation, four 1/2" thick by 15" wide vertical steel fins, or vanes, were bolted to
the inside of the tank 90O apart. Twelve 1/2” inlets for compressed air are spaced
around the bottom of the tank to provide agitation in case of power failure or if
the agitator must be stopped with a tank full of sand.

Reagents are hauled from large mixing and storage tanks at the concentra-
tor to 1200 gallon ground-level storage tanks at the sand plant, and are forced
from these tanks up to rotary bucket-wheel feeders in the plant by air pressure.

If pH of the mill tailing reaches levels detrimental to pyrite flotation, barren
tail water from the nearby precipitation plant with a pH of about 2.7 is added to

the flotation machine feed as required.

Shaft Lines

Shaft sand lines are victaulic-coupled 4" Schedule 4O steel pipe lined
with 3/8" thick rubber of 45 Shore A Durometer hardness, and were installed exactly
on plumb using shaft plumbing equipment and a template. The majority of joints are
21' - 0" long, but a sufficient number of 10' - 6" and 5' - 3" increments were used
to permit exit on the different levels without use of special lengths. Each joint
is separately supported by at least one heavy clamp-type hanger welded into place
so that replacement pipe will also be plumb.

At about 152' intervals in the Campbell and Dallas shaft lines, restrict-
ing orifices lined with an sbrasion-resistant ceramic were installed (Figure 1).
These orifices eliminate excessive velocities in the shaft columns by converting
one long drop into a series of short free-fall full-flow steps. Periodic inspec-
tions have shown no appreciable wear to date in either the rubber-lined pipe or

ceramic orifices.
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Sand is routed from the shaft lines to main distribution lines on the
various levels by removing a short length of shaft pipe and swinging a rubber-

lined ell feeding the level line into its place.

Level Lines

Over six miles of 3" Schedule 40 plain end pipe were required to complete
the primary network of level sand distributioﬁ lines (Figure 2). Level lines are
installed in 5', 10' or 20' lengths; curves are made with standard 36" radius
sweeps, bent from 3" Schedule 40 pipe to 5°, 15°, 30° and 90° angles in the pipe
shop. The plain end couplings used are rated at 12-1/2 tons end pull. Each Jjoint
of pipe is individually supported by a clamp-type hanger to facilitate replacement.

Usually a "wye", controlling the direction of flow by simple plug valves,
is installed in the sand line in or near the area being filled to allow diversion
of the flush water run before and after every pour of sand. Although a "wye" may
not always be needed in some of the larger stopes, its use will minimize sand loss

in the event of a serious leak.

Whenever possible, sand is conveyed from the main distribution lines to
the stope being filled through 100' lengths of flexible polyethylene pipe connected
with victaulic couplings. This plastic pipe is rated at 50 psi working pressﬁre,
but pressures as high as 70 psi have been handled without incident providing addi-
tional couplings are placed over the pipe about 6" on each side of a connection and
the entire joint wired together.

An effort was made to reduce pipe wear by particular attention to four
factors:

1. Elimination of foreign material and tramp oversize in the sand.

2 Retention of sufficient slimes in the sand for pipe lubrication.
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3. Running sand at the highest practical density. (of course, this
also increases the tonnage of sand delivered at a given velo-
city and decreases the amount of drain water to be handled).

L. Positive control of line velocities.

Although some portions of the level lines have passed more than 40,000
tons of sand, no pipe has worn out to date., In fact, the only four instances of
pipe failure in the level lines could all be attributed to improperly made connec-

tions with the pipe failing to butt tightly.

Stope Preparation

To prepare avstope for sand fill, the mine foreman first marks the loca-
tion of the filter bulkheads required. Then, side lagging are removed and loose
rock cleaned from the stope walls at their juncture with the bulkhead.

Typically, filter bulkheads to contain sand in the stopes are builtzby
nailing 2" x 10" lagging, gepped about 3", between the 8" x 8" or 10" x 10" stope
posts. A 7-1/2 ounce burlap, purchased in 54" wide by 100 yard long rolls, is
stapled over the lagging in loosely-draped horizontal strips working from the bottom
of the bulkhead upwards and with each ascending layer lapped about 4" over the one
beneath.

Gaps between the lagging are staggered on adjacent sets to permit as
nearly continuous drainage as possible. If the filter bulkhead is less than two
sets wide, 3" x 10" lagging, with 10-1/2" gaps left between the individual lagging,
will be placed vertically between caps or girts and covered with light poultry
fencing before burlapping. When filling has been completed, additional 3" x 10"

lagging will be inserted in the gaps.
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The sides of a bulkhead are sealed to the stope walls by tightly fitted
2" boards trimmed to approximately fit the ground contours. Since no drainage is
desired at the edges of a bulkhead, a roll of burlap will be wedged into the crevice
between the ends of the boards and the ground, and the entire joint covered by an
additional double thickness of burlap.

Wherever caps or girts enter the bulkhead from the area to be filled,
they are wrapped loosely with short pieces of burlap which are ruffled back against
the bulkhead before the horizontal strips of burlap are applied.

If the section to be filled lies over a previous sand fill, a trench
about 15" wide and 24" deep is dug down in the old sand and the bottom layer of
burlap brought down into and across the trench and covered with loose sand.

If the section to be filled lies over solid ground, a trench about 24"
wide will be dug along the inner toe of the bulkhead until a solid footing is ex-
posed. The bottom layer of burlap is brought down across the trench and its edge
glued to the ground with an inexpensive waterproof plastic cement. If the bulk-
head must be erected at the edge of a raise, the trench will usually be dug a set
or two out in the stope and burlap will be carried from the toe of the bulkhead
across the floors to reach the trench.

Occasionally, to avoid extensive bulkheading or to obtain a tight f£ill in
a stope which is caved, one or more extraction raises will be sealed with solid
timber bulkheads 8" thick and covered with a double thickness of burlap. Water is
drained from the fill through 10' sections of 12" diameter 14 gauge steel pipe,
with 2" holes punched in it on 3" centers, which are wrapped in a single thickness
of burlap and erected over an opening in the raise bulkhead. Brief runs of sand
are made until the bulkhead is covered to a depth of 15 to 20 feet, then full-scale

filling is resumed.
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Leaks

Minor leaks encountered while running sand are usually stopped by thrust-
ing patches or wads of burlap into the leaking area; major leaks may require that
sand be stopped until the necessary repairs can be made.

Occasionally, stope sections in broken ground have been particularly
difficult to fill due to inaccessible leaks in the hanging wall. In such a case,
shredded rock wool insulation scattered on the surface of the pulp as it drains
toward the leaks is drawn down to seal crevices and cracks. At one time cotton
gin refuse was used in a similar manner, but since that material is highly in-

flammable, it has been replaced by the rock wool.

Communications

Dependable communications between the surface plants and the stopes being
filled are vital to satisfactory sand filling. At the Campbell, the regular mine
phone system was extended into the stoping areas, and an additional 3-wire network
servicing powered signal horns was installed in parallel to it. Portable tele-
phones and horns in the stopes are connected to the basic network with extension
cords.

At the Cole and Dallas, telephone and horn signals are carried by a net-
work of salvaged 2l-conductor cable. Several of the idle circuits in this cable
will be used for transmission of remote control signals when the surface facilities

are automated.

Running Sand

Before starting sand underground, the surface plant operator admits com-
pressed air at about 15 psi to the sand lines for a few minutes. Reception of this

ailr at the stope end of the line is evidence that the line was adequately flushed
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following the previous pour. While waiting for a report from the stope, the
operator injects an air-water spray to repulp settled sand in the tank bottom cone
discharge just above the main sand valve, and checks and records density of the
pulp in the storage tank. As sand is run at near critical densities gn accurate
determination is important.

To begin running sand, the operator flushes the line with water for from
1 to 4 minutes, depending on the distance from the shaft to the place being filled,
in order to wet the line and purge any sand left from the last pour. He then opens
the sand valve and closes the flush water valve. Sand is always run in a closed
system with no outlet to atmosphere, and pressures at the top of the shaft line
normally range from 15" to 25" Hg vacuum.

To stop running sand underground, the operator opens the flush water
valve, then closes the sand valve. Flushing is continued for from 1-1/2 to 5
minutes, and is followed by compressed air for from 5 to 8 minutes to break the
vacuum in the shaft. line and to force the plug of flush water through the level

lines.

Sand Trucks

Sand fill is transported from the preparation plant at the Campbell shaft
to the surface storage facilities at the Cole and Dallas shafts in tank trucks
built from 25-ton muck trucks no longer used by the pit department. To convert a
pit truck to a tanker, the bed was removed, the frame lengthened and drive line
extended, and a steel tank, W-shaped in cross-section, and approximately 15 feet
long, 8 feet high, and 10 feet wide was installed. The W cross-section was re-
sorted to after a V-shaped section used in early experiments resulted in an ex-
cessively high center.of gravity once the tank sides had been steepened sufficient-

ly to shed sand.
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Pulp, at 68 to T0% solids, is held in suspension in the tanks by com-
pressed air passing through slitted hose jets spaced at 15" intervals lengthwise
along the double-bottoms of the tank. Compressed air is furnished by a six-cylinder
industrial gasoline engine with three cylinders compressing air and three cylinders
providing power, which is mounted on one side of the truck. The compressor is
rated at 87.5 CFM at 100 psig at sea level, but in service actually supplies 150
CFM at 20 psig.

Sand trucks are loaded with about 38 tons of pulp, or an equivalent 26
dry tons of sand, at the Campbell plant in about 2.5 minutes through a spout ex-
tending from the side of the sand storage tank over a manhole in the top of the
truck tank. The 1.3 mile haul to the Dallas tank, against a 260' rise in elevation,
requires about 8.5 minutes; the 2.1 mile haul to the Cole tank, against a 320' rise
in elevation, requires about 11.0 minutes (Figure 3).

Trucks discharge through a pair of 6" manually-operated rubber-lined
valves at the rear of the tank in about 3.5 minutes. The last few tons of sand
are flushed from the trucks by water jets permanently installed in the forward end
of the tank. Flush water is obtained froﬁ a quick-coupling hose connected to the
plant supply. The amount of water added in flushing is Jjust abouf sufficient to
balance evaporaticn losses and reduce the pulp density to the 68% solids normally

run underground at the Cole and Dallas.

Cole-Dallas Surface Plants

Surface facilities at the Cole and Dallas shafts are generally similar:
one or more large storage tanks with a service tunnel underneath which contains
the "Xmas tree" valving for admission of sand, flushing water, or compressed air

to the sand line leading underground (Figure k4).
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The upper Cole tank has an effective capacity of 460 dry tons of sand;
the lower Cole tank, 240 tons; and the Dallas tank, 300 tons. The three tanks are
connected by piping which permits transfer of sand by gravity as required; thus
up to 700 tons of sand are available at the Cole and 1,000 tons at the Dallas
without operating the sand plant or hauling sand. Adequate storage capacity 1is
important, since mill shutdown days do not coincide with those of the mine,
occasionally both sand trucks may be temporarily out of service, and from time
to time the total sand production of the treatment plant is needed at the Campbell.

Sand is held in suspension in the storage tanks at the Cole and Dallas
shafts by air agiﬁation. Air is distributed through a circular 4" pipe header to
12 individually regulated manifolds, each supplying from 7 to 9 air jets positioned
on 24" centers across the bottom of the tank. These jets or vents are made from 6"
lengths of scrap 1" air hose, with one end plugged, and a short 3/4" pipe nipple
inserted and clamped in the other end (Figure 5). A 3/4" long slit in the center
of each hose opens when air pressure is applied and closes when pressure is re-
leased, so that sand cannot filter back into the manifolds. With this arrangement,
agitation may be stopped when fill is no longer needed underground; the tanks are
refilled, and when fill is again required in the mine, the settled sand may be
repulped in 20 to 30 minutes.

To avoid an undesirable drain on the regular mine supply, compressed air
for agitation in the Cole and Dallas tanks is provided by auxiliary 600-CFM
electrically-driven compressors mounted on rotary drills which have been retired
from active service in the pit.

Determination of pulp density with this type of agitation is not quite
as accurate as with the mechanical means used at the Campbell plant, so the density

of sand sent underground at the Cole and Dallas is normally held to a maximum of

68% solids.
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Personnel

Mine timbermen have been trained to operate the various phases of the
sand system. At the Campbell, one timberman is stationed with the two regular
stope miners in the place being filled, while a second timberman operates the
preparation plant and regulates the flow of sand underground. Timbermen are em-
bloyed in a similar manner at the Cole and Dallas shafts, but the surface plant
operators at these divisions will soon be replaced with automatic controls, where-
by a signal from the sand man underground will initiate the proper sequences of
compressed air, water, and sand flow.

Metal and plastic sand pipes are run from the main distribution lines
into stopes preparing for fill by the two timbermen during lulls in the filling
program. Stope preparation and cleanup of any sand spilled are almost always done
entirely by the regular stope crews. Exceptions to this general rule include
filling around old fire areas where the workings are prepared for fill by repair
crews, and filling stopes which have been completed. In the latter case, stope
crews are often moved immediately to new working places, and the abandoned stope
is prepared and filled by the sand men as time permits.

One shift boss is assigned full time to supervise pipe installation,
oversee treatment plant operation, aid in instructing other shift bosses and
miners in the proper methods of stope preparation, and coordinate production and
delivery of sand to meet requirements of the various shafts.

A second shift boss is also used, when available, to aid in the instruc-
tion of new miners in stope preparation.

Through November 1, 1965, 120,000 tons of sand had been placed in 168
stope sections. Recent consumption of sand has averaged 13,500 tons per month.
5. C. Holmes

Bisbee, Arizona
(NOT FOR PUBLICATION)
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AUTQMATTON AND ELECTRONIC CONTROL
AT
... THE COPFER QUEEN CONCENTRATOR¥*

By

Philip F., Allen, Mill Supt.,
Phelps Dodge Corp., Bisbee, Ariz,

SUMMARY

This paper will briefly discuss the instrumentation and control equipment
in use at the Copper Queen Concentrator. With mining men everywhere searching for
new and better ways of increasing production efficiency and reducing costs, it is
to be hoped that some of the material in this paper may prove useful to that end,

The following equipment will be described:

l. Dumping control cdevices at Primary crusher,
2. Closed circuit television,

3. Automatic Tripper car.

4, Pulse feeding of reagents,

5 Miscellaneous installations.

In gradually improving operating efficiency through Automation, Instru-
mentation and Control, progress has been slow but deliberate, Each installation
has had to prove itself before another is considered and although much advance
thinking is done prior to finalizing ideas, actual fabrication is delayed until
the previous installation has been completely tested and proven sound.

1 - DUMPING CONTROL DEVICES
AT THE PRIMARY CRUSHER

The primary crusher is a 48" double discharge gyratory and delivers the
crushed ore directly onto two pan feeders by means of short chutes., New feed is
brought to the crusher in trucks of either 25-ton or 35-ton capacities. Traffic
signals at either end of the crusher building control dumping, When the signal
light at the end of the crusher building is green, the truck backs in and elevates
the bed to discharge the ore. When a red light is showing at this point, the truck
driver understands that he is to remain away from the dumping position until sig-
nalled by either an amber or green light, The amber light allows the driver to
back in to dumping position but elevation of the truck bed must wait until the
signal is green,

* Presented at the 1961 Metal Mining and Industrial Minerals Convention, American
Mining Congress, Seattle, Wash,, September 10-13, 1961,
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THE STORY OF BISBEE AND THE COPPER QUEEN

From the time when the Bisbee (or Warren) District began to produce ore
(about 1880) until the end of 1951, the district had mined almost 55 million
tons of ore containing over 5% billion pounds of copper, 50 million dollars
worth of gold, 563 million dollars worth of silver, over 300 million ponnc{é
of lead and over 360 million pounds of zinc, or a grand total of mineral
wealth amounting to over one billion dollars. This would indicate an average
value of 20 dollars per ton of ore, which puts the district in the bonanza
class, as distinguished from the low=-grade porphyry copper districts with their
three to four dollar ore.

Since 1951, the Copper Queen underground mine has produced 2,852,57) tons
of copper ore from which 297,319,674 pounds of copper have been recovered.

This copper at the prevailing price of the metal, had a gross value of about
$96,600,000, The value of gold and silver by-products, and of some lead and
zinc produced in 1952 and 1953, would bring the gross value of Bisbee's pro-
duction (not includihg the new production from the Lavender Pit, which amounted
to 11,174,020 tons of ore and 157,225,506 pounds of copper) to about $100,000,000
for the five year period since 1951. The higher price of copper during this
period brought the gross value of the new ore to about $35 per ton.

To be sure, the net profit to the operators in producing this mineral
wealth is only a small fraction of the gross metal value of over l.l billion
dollars. Such gross value was only attained after many processes outside the
State of Arizona were performed and the final product transported to markets.
The discovery of ore in the Bisbee district was made by an American Army Scout
% James H. McClintock,"Arizona®", and Rickard's’ "History of American Mining."
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named Jack Dunn, in August 1877, when he located a claim called the Rucker,

near the Mexican border. Dunn's location was named after J. A. Rucker, an army
officer, to whom was given a share in the claim., The Copper Queen deposit was
discovered by Hugh ;Jones in 1877, and a c¢laim named the Mercey was located by
George Tf\;érren, after whom the district is named, on Dec. 27, 1877. This claim
was re-~located as the Copperi Queen by‘ George Z}Eddlemann and M. A. IiIerring on

Dec. 15, 1878, The original locator, Jones, abandoned his discovery because he
saw nothing more than "copper-staine;i rock"s A little copper furnace was erected
by Warner Buck on the Robb claim owned by B. D. Rea of Tucson, and some matte
was produced unprofitably "in 1878. The Copper Queen prospect was purchased by
John BaJ.ler and William M‘artin, of San Francisco. They were successful con-
trators, but entirely ignorant of mining; they had, however, the advice of two
competent men, Ben Williams and Lewis Williams, the sons of John Williams of
Globe. John Williams had been a Welch miner and was now a pé.rtner with Judge
Dewitt Bisbee in the noted brokerage firm of Bisbee, Williams & Co. of San
Francisco., Bisbee sponsored the new company of Ballard & Martin, and the town
was named in his honor. Under the direction of the Williams Brothers, George
Center built a smelting-furnace, a 36-inch water-jacketed cupola, in 1880. This
little smelter treated an ore yielding 23 percent of copper, and for a time did
well. The fuel was English coke, brought by way of San Francisco.

In 1881, James 1Douglas came to Bisbee and obtained an option on the Atl'anta
claim, which was next to the Copper Queen. In developing the Atlanta, Dr. Douglas
was unsuccessful at first in finding ore, and after he had spent $70,000 in ex-
ploratory work it was proposed by his associates to discontinue operations, but
on his advice they agreed to advance $15,000 more for development, with the
understanding that if this renewed attempt failed to discover sufficient ore,
they would abandon the venture. Sinking was resumed, and within a few feet
the Atlanta workings penetrated a great orebody, which proved later to be the

basis for a magnificent copper enterprise.
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Meanwhile, Ballard and Martin had exhausted the ore in the Copper Queen:,
and in 188l litigation was threatened between them and the owners of the Atllanta,
whereupon the two mines were joined in the name of the Copper Queen' Consoli-
dated Mining Company. This was in 1885, and Douglas, who was acting for the
firm of Fhelps, Dodée & Company, became the moving spirit of this company.

In 1890 he engaged Louis D. R}icke'bts as his assistant, and their association
continued for 17 years. )

The Copper Queen Company extended its territory by acquir:mg the Goddard
properties and by purchasing outlying claims including the Neptune and Lowell
groups. The Irish Mag ard one or two other desirable claims, however, were
involved in litigation because the owner, an Irishman named J ames; Daley, was
a fugitive from justice, and a Mexican wife became claimant to his belongings.
Eventually the Supreme Court of the Unlted States recognized her title, which
soon afterward passed to Martin Costello/Tombstone. He was willing to sell
for $500,000 and Douglas was willing to take a bond at that price provided he
could expiore the property by extending the underground workings of the Copper
Queen mine, whereas Costello insisted that the work be done from the surface of
the Irish Mag, so that hé could have a shaft in case the deal fell through.
When these negotiations failed, in 1901, the Irish Mﬁg was purchased by a group
from Michigan and Pennsylvania in the name of the Lake Supe:fior & Western De-
velopment Company, which later became the Calumet & Arizona Mining Go. s the

leaders of which were the Hoatson Brothers, Thomas F. Cole, George E. Tener,
Chester A, Corigdon, and Charlt;s Briggs. Thiscompany subsequently acquired
additional territory and eventually became one of the leading producers of
copper in the Southwest. Litigation over apex rights would have ensued between
this company and the Copper Queen @f Douglas had not possessed the sagacity to
arrange with his neighbors to waive any extra-lateral rights in favor of the

common law, whereby each company waived any claim to ore in depth that was



Page L

vertically outside its side and end lines. At the same time an agreement was
made giving each company free access, for information, to its neighbor's under-
ground workings. This not only ensured peace but also the opportunity to become
informed concerning discoveries of ore, all of which redounded greatly to the
prosperity of the district, and to the esteem in which Dr. Douglas was held

by his fellow-engineers.

Only oxidized ores were worked by the Copper Queen until 1893, when con-
verters were added to the smelting plant. As early as 1886 a film of matte
floated on the bars of copper and the quality of the metal suffered so much
that the direct method of smelting had to be abandoned, whereupon matte was
made; and reduced in the converter. In 1908 the mine began to produce some lead,
and in 1916 some ginc. Since those dates, the district has produced over 312
million pounds of lead and over 366 million pounds of zinc. Gold, amounting to
over 1.9 million ounces and silver amounting to almost 81 million ounces, have
also been produced by the district since operations began.

# The first smelter of any importance was erected at Fairbanks on the
Southern Pacific Railway, 37 miles northwest of Bisbee s and for several years
ore was packed thither on mules and burros. In 1888 a railway was built by the
mining company from Bisbee to Fairbanks, but in 1900 plans were made for the
new reduction works at Douglas, and the El Paso and Southwestern Company, con-
trolled by the Phelps Dodge interests, constructed the necessary railroad:.The
Copper Queen smelter at Douglas went into operation in 1904, being supplied
principally by the Copper Queen mines with rich carbonate ores of smelting grade
until 1932.

The blowing-in of the smelter in 1904 was a milestone in the company's
history. From a single water-jacketed cupola no higher than a men, its smelt-
ing plant had now grown into the most modern structure of its kind in the world.

# Parsons' "The Porphyry Coppers"
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Containing five blast furnaces and four barrel-type acid-lined converters,

the new works covered three hundred acres with a fifteen mile network of
standard gauge railroad tracks connecting smelter, power houses, machine shops
and foundry. It was built to handle a production of more than a hundred million
pounds per year, but through the years it was constantly enlarged to meet even
greater demends upon it. This camp became a thriving town - and in honor of
the man who had done so much to develop copper mining in the southwest, it was
named Douglas. .

In 1917, the name Copper Queen Consclidated Mining Company was changed to
the Phelps Dodge borporationa‘ad the assets of FPhelps,Dodge & Co., were trans-
ferred to the new corporation.

When the other porphyry mines began to cut an important figure in the copper-
mining world, the attention of Dr. Douglas and his associates was naturally
drawn to the large mass of granite or monzonite porphyry which had intruded into
the limestone, in past geoiogic eras, and with which had been associated the
copper-bearing solutions that were responsible for the formation of the rich
limestone "replacement"_f orebodies. As ear_:_l.y as 1909 exploration of the porphyry
intrusion was undertaken, first by extending_ the underground workings in the
limestone sections of the mines, and later by churn-drilling from the surface.
Two orebodies separated by a mass of rock too J.ean for profitable exploitation,
were proven. The so-called West, or Sacrament; Hill orebedy, was richer, on
the average, and the odverburden was thinner, ranging from 50 to 350 feet with
an average of 250 feet. Steam shovel operations began in 1918.

Sacramentz Hill was - before it succumbed largely to the steam shovels -

a bold precipitous hump standing in the center of Mule Gulch. Its crest was
dark brown from stains of iron; it contrasted sharply with the reddish schist
on one side and the gray limestones on the other. The demolition of it was a

most spectacular project.
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In September, 1929, shovel operations were finally suspended after moving
15,000,000 cu. yd. (equivalent to about 30,000,000 tons) including ore and waste.
As the ratio of waste to ore was 2,75 to 1, about 8,000,000 tons of ore was
shoveled during the period 1923 to 1929. At least three million tons of ore
remained to be won. A glory-hole method was developed that recovered this ore
economically. In the meantime, mining of the East porphyry orebody was started.
In spite of some misgiving on account of the wet and sticky character of the ore,
a block-caving method adapted from Morenci practice was put into successful
operation, and a substantial part of the ore going to the concentrator in 1930
and 1931 came from this section of the mine.

The old underground sections of the Copper Queen mine have been mined by
the use of both square-setting and top-slicing methods, or modifications thereof.,
The high grade of the ores mined permitted these more expensive mining methods.
The Denvn Mine, which was taken over by the Phelps Dodge Corporation in March 8,
1947, also used the square-set and pillar system, the pillars being mined by the
Mitchell slicing method developed at Bisbee. The Dem; Mine had originally been
owned by Lem Sh;ttuck and Mauriee' Denn. In the early days, Lem Shattuck, like
almost everyone in the district, picked up a number of claims s including one
southwest of the "Copper Queen"., When the boom hit Bisbee, he interested some
Minnesota investors in helping him sink a shaft on his property. At the three-
hundred-and=-fifty foot level, the shaft dug inté a body of high grade ore which
continued all the way down to the eleven-hundred foot level and made the "Shattuck"
renowned as the "biggest little mine®™ in the erea. Then with Maurice Denn and
others, he owned another group of claims to the northeast where no one expected
to find ore; but Shattuck sank a shaft to the seventeem~hundred foot level and
again ran into an enormous body of sulphide ore.

Ore Bodies *

The first discovery of copper ore in the district was in the old open cut

# From Cark Trischa's article in the Arizona Bureau of Mines Bulletin #145,
pages 38-l1.
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on the hillside above the Bisbee Post Office. Except at the White Tailed Deer
Mine, it was the only copper outecrop in thé district. The ore here was mala-

chite and azurite (copper carbonates), which for many years was the only kind

of ore found or mined. As work progressed downward and southeastward, second-
arily enriched sulphides and finally primary sulphides of mineable grade were

found.

The ore bodies of the district are arranged in the semicircle around
Sacramento Hill and also radiate outward from this center. A commonly accepted
idea about the replacement ore bodies in the limestone is that they are tabular,
wider than they are high. The idea originated at a time when mining was done
mostly in the western portion of the camp. Here oxidation and erosion shrank
and cut down the height of some of the ore bodies of this area. In the extreme
eastern ore area, height is generally greater than length or width. Oxidation
progresses in intensity from southeast to northwest., In small portions of the
Campbell area, however, oxidation has penetrated as deep as the 2,300 level.

Practically all of the ore bodies of the district had a central core of
of somewhat siliceous pyriteb containing small amounts of copper around which
sulphides of copper énd iren occurred. In the fine grained pyrite core, the
pyrite is”eox'rmnljr"shattered and becomes ore because of the deposition of small
veinleté of copper sulphides in the breaks and éraeks. Hematite is frequently
assoclated with the ore along its contact with the limestone. Magnetite is
intimately mixed with the pyrite and chalcopyrite in certain areas. In the pro-
cess of replacement the grain structure, bedding, and the included unreplaced
chert lenses of the limestone are frequently beautifully preserved in the result-
ing sulphide.

Porphyry Ore Bodies p

There was a fairly large mineralized area within the stock of Sacramento

Hill. These ore bodies were secondarily enriched by chalcocite and were partly
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in the porphyry mass of Sacramento Hill and partly in the contact breccia around

it. The protore contains less than 0.50 percent copper. The stock of Sacramento
Hill was highly silicified, sericitized, and pyritized, and the small amounts
of chalcopyrite and bornite in the protore are responsible for the copper of the
secondary enrichment.
Ore Guides

Granite~Porphyry dikes and sills are guides to ore: By following them on
both sides ore may be encountered in the embayments.

Fracture zones, where they are rather steep and dip more or less normally
to the bedding, are well worth following if they are at all mineralized.

Manganese oxides as outerops or along fracture' zones can be used as guides.
Silica breccia and hematite, or both, are usually closer to ore than manganese.

Limonitic gossans and calcite=filled cracks in the limestone over oxidized
slumped ore bodies are direct guides and point down to the possible ore.

Copper Queen Concentrator %

Because of the sulphide character and the low grade of the ore in Sacra-
mento Hill, a concentrator was deemed necessary. Experiments preliminary to
the design of such a plant were commenced as early as 1916 in a small test plant
constructed for the purpose nesr the mine. Early in 1918 H. K. Burch was en-
ployed to supervise the design of a 3 ,OOOQton mill to be constructed at a site
about two miles south of the mine on the slope of the Mule Mountains. Besides
affording gravity flow of the ore through the concentrator, the site was ex-
ceptionally well situated with respect to disposal of tailing on the valley
floor below.

Many obstacles delayed the completion of the mill until 1923. First, the
Government declined to release steel necessary for construction; then in 1919
important changes in the design of the plant were made; in 1920 the strike of

railway employees in the United States held up shipment of materials; and

#* Parsons "Porphyry Coppers"
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finally in 1921 the general curtailment in copper production caused a complete
' suspension of construction, which remained in force until January 1, 1923,
However, on April 1, 1923 the first unit of the plant was put in operation, the
nominal capacity having in the meantime been increased to 4,000 tons per day.

At the start the éoncentrator provided a combination of gravity and flo-
tation treatment, flotation constituting an intermediate process between
"roughing" and finishing" concentrating tables. Although a number of Porphyry
Copper mills had by this time discarded tables, the reason they were retained
at the Queen mill was because it was not planned to obtain rich concentrate and
a high ratio of concentration. Coarse concentrate was more readily handled at
the smelter, and moreover there was the supposed need of iron-bearing minerals
at the smelter to flux the large quantitiés of highgrade ores that were mined
from the carbonate orebodies at Bisbee and smelted without concentration.

As the minerals of copper and iron in the sulphide concentrating ore were very
intimately associated it would be necessary,if they were to be separated, to
grind exceedingly fine, and fine grinding is a costly operation. Early operation,
however, indicated that radical changes were desirsble. Within a year, the
gravity tables were discarded, leaving the flotation cells as the only concen-
trating devices in the plant. The next change was the introduction of finer
grinding to permit the removal of more of the gangue constituents of the ore.
From these changes came a saving of freight on the concentrate, a reduction in
smelting costs, growing out of the treatment of a smaller tomnage, and a re-
duction of slag losses because of the removal of worthless slag-forming elements
in the furnace charge.

The ore mined from the Sacramento Pit increased in grade as the lower
horizons of the deposit were reached. For example, the first five years of
operation produced an average grade of 1.65% copper as compared with 2.04% for
the last four years. The concentrate grade was increased from 7 - 8% copper to
13 - 15%. An excellent recovery was made from the start, averaging better

than 88%.
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Heap Leaching s

In one respect the Sacrame;xto Hill project is unique among the Porphyries,
and that is the process of heap-~leaching. Heap-leaching itself consists es-
sentially of: (1) piling run-of-mine ore on a gently sloping hillside to form
a bed; (2) M"irrigating" this heap with slightly acidulated water; (3) collecting
the water (which, in percolating through the heap, has acquired a burden of
copper in the form of a solution of copper sulphate) in a pond at the foot of
the bed ; (L4} passing the pregnant solution over scrap iron to precipitate
the copper; and (5) collecting and drying the mudlike precipitate of "cement
copper to be fluxed and melted to produce comparatively pure metal, A dis-
tinctive feature of the process is that the foregoing sequence of operations is
repeated for a particular section of a heap with long intervals intervening
during which the sulphide minerals oxidize by contact with atmostpheric oxygen.
The consequence is that a period of years is required to effect a satisfactory
extraction, a feature that militates against wider utilization of the method.

Ever since early in 1900, experimentation and research have been devotéd to
the heap-leaching of Bisbee waste dump and low-grade ore piles in the district,
and a considerable amount of low-cost copper has been produced by the process.

Zinc=Lead Deposits

Records of the earlier mines of the Bisbee distriet show that zine and
lead occurred throughout the district in areas mined for copper. The zinc and
lead production of Bisbee since 193%has come largely from the Eastern part of
the district, particularly the Campbell and Junction areas. Near the borders
of the Campbell copper orebody, sphaleritey and galena.y become increasingly
abundant.

The deposits vary greatly as to size, shape and mode of occurence, but in

general they may be classified as follows:

% Parsons' "Porphyry Coppers®. -
Sphalerite - Zinc Sulphide - 67.1% Zn and 32.9% S.
Galena - Lead Sulphide - 86.6% Pb and 13.4% S.
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Deposits along structural breaks.

Deposits peripheral toBarren siliceous=pyritic bodies.

Deposits intimately associated with, oxr peripheral to,

rather massive pyrite-copper ore bodies.

Deposits associated with porphyry.

The Phelps Dodge Corporation annual report for 1951 has this to say re-
garding the lead-zinc ores at Bisbee:

"During the year, the change~over from lead-zinc ores to the

mining of copper ores as the major source of production was

brought to eompletion. This change~over was started in the

previous year as a result of the exhaustion of lead=-zinc ores

of importance. The tonnages mined in 1951 totaled 490, 18l tons

of copper ore and 40,426 tons of lead=-zinc ore",

Conclusion

For }j2 years, until 1932, the Copper Queen Company relied on smelting ores
from its carbonate mines to produce its copper, but since 1927, the Porphyry
ores - milling and leaching - have contributed the preponderant proportion of
the output. The absorption of the Calumet & Arizona Company by Phelps Dodge
in 1931 gave the Corporation enormous proved bodies of ore of direct smelting
grade, and there is the ever present possibility of finding still further

bonanzas in the famous old district.
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During the last 15 years underground pumping has averaged approximately
4,000 g.p.m. consisting of 250 g.p.m. of mine acid water from natural ground water
leaching in thé 0ld pit and underground workings, 1,000 g.p.m. of contaminated water
and the balance of clean potable water from high pressure water zones intercepted by
crosscutting and diamond drilling in the deeper workings.

Prior to modifications started in 1959 one 1500, one 1000 and two 600 g.p.m.
centrifugal pumps elevated the water from the 3100 level Interior station to the
2966 level and then by pipeline to the Caﬁpbell shaft where it was collected with
water pumped from the Denn and Campbell shafts. Two 2000 and four 1200 g.p.m. cen-
trifugal pumps delivered water from the 2966 station to the 2700 level and across by
pipeline to the 2700 Junction Pump Station having five 1500 g.p.m. centrifugal pumps
for the 500 ft. lift to the 2206 level main pumping station.

Tail water from the 1800 level precipitation plant handling mine acid water
to recover some of the contained copper, was collected in the 2200 level overhead
sump. Here dilution water and hydrated lime were added to raise the pH to 6.7.
Sometimes as high as 3500 1bs/hr. of lime were added during the rainy season
although 200 to 350 lbs/hr. was normal. The resulting mixture containing iron
hydroxides was pumped by either one 1250 g.p.m. or one 1000 g.p.m, power pump through
a separate column to the surface. At one time this water, because of its high solids
content, was wasted. However, in 1954 with the starting of the Lavender Pit leaching
operation 600 g.p.m. was used as makeup and the balance was wasted,

Another 2250, one 1500, one 1000 g.p.m. power pump and one 2000 g.p.m. cen=
trifugal pump handled the balance of the water through another column to the sur-
face, Due to a relatively low solids content the water was usable in concentrating
and nothing more than acceptable for cooling towers, underground drill water and

most general uses other than for drinking, bathing or steam boilers.
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In 1955 work was started building bulkheads above the 1800 level Junction to
divert, contain and control mine acid water to reduce peak flows resulting from the
rainy season which impaired the efficiency of the 1800 level precipitation plant and
increased the consumption of lime used for neutralization. This storage system
proved invaluable after abandonment of the Junction as a production shaft made a com=
partment available for a pipe column to pump the mine acid water directly to the sur-
face precipitation plant.

Removal of the underground precipitation cells which utilized an old steam
pump station and the pouring of several concrete bulkheads, provided a 300,000 gallon
elevated sump. Two 300 g.p.m. 1925 ft. head, 6-stage centrifugal pumps are each fed
by a 2-stage booster pump which, in turn, has a positive suction head from the sump.

All pumps, valves and piping are of type 316 or 316 low carbon stainless
steel with the exception of the 1800 ft. 6 inch base supported column of fiberglass
reinforced plastic construction and surface lines of cement asbestos.

These pumps are automatically primed with thermal protection on both pump
and motor and operate from sump electrodes for unattended operation. Signals from
the pumps are remotely indicated in the surface power plant along with the recorded
inflow on a 30 day strip chart and sump water level as relayed from capacitance
probes in a parshall flume and pump sump respectively,

Hydrated lime consumption at the 2200 level pump station was reduced to
50 1bs/hr. which was needed to neutralize the 25 g.p.m. of acid water seeping through
the ground from the 1800 level sump. An automatic pump was installed on the 1900
level to collect this seepage and return it to the 1800 level through a 3 inch stain-
less steel column with the resulting elimination of lime addition on the 2200 level.

Segregation of mine acid water below the 1800 level was impractical both
from a volume standpoint as well as requiring a complex collection system. The
balance of the drainage is of two types: clean water for almost any use purchased
utility water is used for; eand dirty water - a combination of ditch water, mine acid

water and some clear water for dilution along with required amounts of hydrated lime.
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Clean water is stored behind the 3100 level - 9 crosscut bulkhead and
metered into the 3100 level Interior sump where it is elevated to the 2966 level and
in turn to the 2700 level by the existing routing. On the 2700 level the water is
controlled into the sump by a float operated diaphragm valve with relief being be-
hind the 12 crosscﬁt bulkhead storage which accumulates with the natural flow of
700 g.p.m. behind this bulkhead. Another float valve regulates the flow from this
storage to supplement the 2966 level water maintaining the 2700 level sump at the
proper level for operating one of two 2000 g.p.m., 2900 ft. head, 6-stage, 1750 H.P.
centrifugal pumps formerly used as standby protection, which elevate the water to
the surface and by pipeline to the vicinity of the power plant. The pipeline "Y's"
at this point and all of the water that is not used in the surface pumping plant
continues on to the clean water pumps at the concentrator.

Segregation of dirty water begins on the 2966 level and two TOO g.p.m. 310
ft. head vertical pumps were installed to handle this water to the 2700 level with
connection into the pipeline to the Junction shaft and the previously existing system
to the surface. 600 g.p.m. of the flow is diverted at the shaft collar for makeup
water to the precipitation plant while the balance is delivered to the tailing thick=
eners where the solids settle out and the water is added to the reclaim water system
at the concentrator. The intentional pumping of solids in suspension has not appreci=
ably increased pump maintenance and has more than compensated for the handling of
settling sump sludge as previously practiced.

Clean water is stored underground during shutdown periods and only suffi-
cient water is pumped to the surface to supply the precipitation plant and other
continuous requirements. Normal pumping is reduced by two-thirds resulting in a
considerable power savings and increases available water from storage during operat-
ing periods by 300 to 400 g.p.m. T00,000 gallons can be stored from a 600 g.p.m.
natural flow behind the 2200 level bulkhead before overflow will take place through
raises and crosscuts to the 2700 level storage. The 2700 level has an additional

flow of 700 g.p.m. and as its capacity of 2,000,000 gallons is reached the overflow



é ’ Page L

passes through previously unwatered natural courses to the 2966 level and 3100 level
storages. Flow behind the 2966 level bulkhead amounts to 200 g.p.m. plus serving as
a surge reservoir of 1,700,000 gallons for the 500 g.p.m. from the Campbell shaft
sump. The capacity of the 3100 level storage is not known since natural water
courses provide the main storage for the 1700 g.p.m. delivered from this source prior
to closing the bulkhead door. Over 150 p.s.i. pressure has built up behind the bulk~
head and water has been stored for over 1k days. After TO p.s.i. has been attained
the 3100 level pumps are by-passed and water is delivered to the 2966 level pump
station under this pressure. Concentrator demands deplete this reserve over an 8 to
12 month pericod.

A1l underground pump stations, with the exception of the 2200 level Junction
are locally automated using sump electrodes for stopping and starting each pump and
remotely indicated at a control panel located in the surface power plant. Sequential
time delay on starting eases the electrical load after power outages. Pumps requir=
ing a suction 1lift are primed through individual priming chambers on a continuous
basis from vacuum tanks operated by compressed air piloted eductors. All bearings
6n 3600 r.p.m. and vertical pumps are equipped with thermal and vibration protection.
Vibration protectors have short time delays to avoid false signals due to underground
and pit blasting. Individual control panels on each pump have signals indicating
malfunctions of a hot pump or motor bearing, vibration and failure to prime which is
used to facilitate trouble shooting by the pump maintenance crew consisting of an
electrician and machinist. |

The 2200 level pump station is not automated primarily because of the size
and complexity of power pumps. However, improvements to the air charging system
reduced the operation from two men to one. Presently this is the only manned station
underground requiring a pump operator on each shift with a jigger boss and two
repairmen on day shift.

The 1750 h.p. pumps on the 2700 level Campbell are the only pumps started

remotely from the power plant because of the severe electrical starting load. Due to
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their relative size and importance of supplying the only clean water from underground,
supplemental protection of separate priming tanks and automatically controlled cyl-
inder operated check valves to reduce water hammer and prevent reversal of flow on
normal shutdowns or power failure have been added.

Field scanners located at each underground and concentrator pump station are
synchronized with scanners in the power plant telemetering desired signals to the
indicating and control panel. Signals shown for each pump indicate if it is ready,
running, melfunctioned or has been placed on "Hold", The "Hold" option provides the
operator with control to prevent a pump from starting and is most frequently used to
adjust the electrical load after power outages. Release of this "Hold" feature will
not start a pump unless all local control conditions are satisfied. Loss of the
station priming system, control voltage, pump malfunction and high or low water con=
ditions are audible alarm signals which the operator may silence leaving a lighted
signal until he has remedied the particular condition or has contacted maintenance
personnel and corrective action is taken.

Paging telephones are located at every pump station, power plant, electric
shop, mechanical office, underground maintenance shop and Campbell shaft collar, pro-
viding adequate communication.

Pump sump and head tank water level indicators provide the necessary infor-
mation to the operator who remotely controls strategic valves dispatching water to
locations of need in the order of assigned priority. Normally the pumps and distri=
bution valves will function without attention as the system is designed on a "Fail
Safe" basis with first consideration given to the safety of the underground mine.
However, good operators at the power plant are invaluable in keeping the surface
water distribution running smoothly.

The booster pump on the return water from the tailing dam is controlled over
power line carrier from the power plant. The return water pump station is auto-
matically controlled although no indications are telemetered. Proper interpretation

of the recorder in the power plant on a magnetic flow meter in the return water line
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will indicate improper function of the system and necessary action is taken to re-
store normal operation. Pump malfunctions, low or high water sump, low pH and under-
feeding of hydrated lime are reported by a siren and flasher at the top of the tail-
ing dam for the operator to see and take remedial action.

The precipitation plant pumps are automatically controlled locally rather
than remotely indicated as plant personnel are chiefly concerned with their operation.

The Lavender Pit drainage pumps are not automated because sump locations are
temporary and pumping seasonal.

Since this system has been completed water shortages at the concentrator
have practically been eliminated, purchased utility: water has been reduced by
6,000,000 to 8,000,000 gallons per month and 23 less pumpmen and operators are

presently required.

Bisbee, Arizona
October 8, 196k
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PHELPS DODGE CORPORATION
- GOPPER QUEEN BRANCH, MINES DIVISION

Milling Practice at the New Lead-Zinc Concentrator
of
Phelps Dodge Corporation at Bisbee

R. C. Thompson,
Mill Superintendent

The lead-zinc mill of Phelps Dodge Corporation, Copper
Queen Branch, Mines Division, is located about three miles from
the main hoisting shafts of the Junction and Campbell mines at
Lowell, Arizona, All of the ore treated in the mill is obtained
from these two mines,

The mill was designed for an all flotation treatment
of 450 tons of lead-zinc ore per day, and has been operated at
that capacity since the start of milling operations on November
17, 1945. At the present time, an expansion program is under way
whereby the mill capacity will be doubled., This article des-
cribes the original program only and presents results of the 450~
ton operation.

GENERAL DESCRIPTION

The milling plant consists of an ore receiving bin,
and three steel-constructed buildings housing, respectively, the
primary crushing equipment, the secondary crushing cquipment, and
the ore storage bins, grinding, flotation, and filtering equip-
ment. : -

The mill site is the same as was used for a previous
copper concentrating plant which was operated over a period of
years and then dismantled. There remained from this operation
some milling equipment, a reservoir for mill water supply, rail-
road tracks, tailings disposcl ponds, znd a steel-constructed
building, all of which were incorporated in the design of the
present lead-zinc mill., The location plan of the plant layout
.is shown in Figure 1,

The flow sheet of the mill is based on the conven-
tional lead-zinc treatment scheme; however, several innovations
were made necessary in order to utilize the existing building.
Placing of equipment was also govcrned by the design of the
building; thus making the mill unique in many respects. A brief
description of the mill building as adapted to the flow sheet
points out the compactness of the installation and some of its
unusual features.
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The first floor (Figure 2) houses the grinding equip-
ment, with connecting conveyors for ore feeding, also an air
compressor, two vacuum pumps, lead and zinc concentrate storage
bins with individual conveying systems for loading the two kinds
of concentrates., Filtering of concentrates is done on the
second floor with the concentrates discharging directly into the
concentrate storage bins, On this floor are located the lead-
and zinc filters, two diaphragm pumps, sample filtering equip- -
ment, sample preparation room and a change room for the mill
employees. The flotation machines are located on the third floor,
at elevations allowing a gravity flow of the lead and zinc concen-
trates to the thickeners. The annex to the building contains a
freight elevator and provides space for all reagent mixing and
feeding, also storage of reagents and grinding balls.,

All of the water used for milling purposes is pumped
from the Junction Mine znd none of the water used is reclaimed,
Power is brought to the mill from the Company Steam and Diesel
Power Plants at 2200 volts and is transformed to 220 and 110 volts
for mill use. '

ORE _TREATED

The lead and zinc generally occur in the ore as galena
and sphalerite, while the iron occurs mainly as pyrite. Angle-
site and cerussite have been noticed on rare occasions in amounts
sufficient to be observed on the pilot tables. - The sphalerite
varies from a straw-colored variety to a coal-black variety as
seen in the ground condition under the microscope, with varying
iron content. Of the sphalerite which enters the lead concen-
trate, the light-colorec varieties predominate. The major portion
of copper exists as chalcopyrite with bornite next in frequency
of occurrence., Chalcocite is sometimes present in small amounts,.
Quartz and clacite are the predominating gangue., Ores from various
sections of the mines show marked differcnces in association of
minerals and texture, Some ores are so fine grained as to defy |
liberation of the mineral with any practical grind, and others are
fairly coarse grqined. In milling, the practice is to grind to
coorexiiotely 685 iilnus 200 mesh as a compromise to the demands of
the various orcs. “8phalerite-pyrite locking is generally more
severe than that between other minerals. Activation of Sphalerite
in place by copper salts, tarnished galena surfaces, locking of
minerals, and excessive finencss of sphalerite all play & part in
reducing the selectivity of the mineral separations.

MILLING PRACTICE

A flow sheet of the mill is shown in Figure 3. It
gives a comparatively complete picture of the progress of the ore
through the various stages of treatment, An outline description
of the flow sheet follows. ‘



PHELPS-DODGE CORPORATION ~COPPER QUEEN BRANCH- MINES DIVISION

REAGENT
MIXING FLOOR

REAGENT
FE EPlNG F]LOOR

FIG. 2

MILL BUILDING
"CROSS SECTION

136

/\~

to'—9" .

@ -4

ORE BINS :

i
A A

| v

1H-o"

BAaLL. MILL AND
CLASSIFIER

9
= N

|
1O .
e T

. ELEVATOR

4 1 ' ' I i
% Q""_, - S ,w‘i;‘_-'!,[-‘ R pon o .,5::‘~_,;-".;’f;;‘;:'-:;,;?::r"::i] a}ri L ‘ 140']\
> 3 T o i

t N L=

»

|
1
)

|
|
Y PR D IS AL A
v |
|
LY ‘
T
o

pi

et -

y
b
)i
)i
]

N
O -~
1
0

- ‘ 8-0 ra ol ZV -0 4
b > - [ o]
i ! f i
| o
BISPED, ARVZ - e 04 O ey
AZA A, 4945




Unloading and Crushing

Ore is received from the mines in 50-ton capacity
gabled-bottom side-dump cars. Loaded cars ere weighed on a track
scale in the mill yard. The cars are dumped into the recelving
bin, a concrete and steel hopper-bottomad bin in an excavation
beneath the ore haulage track, The receiving bin is simply a
dumping pocket and was not designed to provide any appreciable
ore storage. The ore track accommodates 28 loaded cars above
the bin and zn equal number of empties below, and serves in lieu
of 2 coarse ore storage bin.

' Ore is transported from the recelving bin by a 34-inch
pan conveyor to a steel grizzly having 2-inch spacings. The con-
veyor is 45 feet between head und tail sprockets and is on an in-
cline of 22 degrees from horizontal. The conveyor speed may be
varied between & and 14 feet of travel per minute., Grizzly over-
gsize is crushed to 2-1/2 inches in an 18 x 36 inch jaw crusher,
The crusher operates at 240 R.P.M. and is driven by & 75-H.Ps
motor through Texropes. Crushed ore end grizzly undersize are
delivered to a 30-inch conveyor belt whigh passes under a magnet
and discharges onto a 3-x 8 foot vibrating screen, ahecd of a
3.foot cone crusher. The cone crusher is driven by a 150-H.FP.
motor through Texropes and 1s set to deliver, with a siagle pass,
& product containing 85% minus 1/2 inch. The screen undersize an
crusher nroduct are transported by a 24-inch inclined conveyor to
an elevated 850-ton ore bin, which was originally one of cuv old
Blaisdell tanks, 29 ft., 6 in. x 11 ft., of reinforced concrete
construction, Denth of the tank was increased to 17 feet by add-
ing a ring c¢f 5/l6é-inch plate. A stecl-framed housing was erec-
ted uver the tank and four feeders installed in the bottom to com-
nlete the conversion into an ore bin with a live capacity of 850
tons, .

Grinding

Ore 1s drawn from the bin by four conveyor feeders and
is delivered to the ball mill by a 20-inch conveyor equipped with
a welghtometer., The grinding unit consists of a 7 x 7 ft., grated
end ball mlll operating in closed circuit with an & x 23 ft,
duplex rake classifier, The mill, driven by a 200-H.P. moior,
operates at 23 R.P.M. Forged stecl balls are used, with the dail
make-up nropertioned at 60% two~inch cnd 40% three-inch balls. -
The ball load is maintained at a level about two inches below the
center line of the mill, Ball consumption has averaged 1.2
pounds per ton of ore ground. Classifier overflow is mainteined
between 32 and 35% solids with a sand return circulating load
around 400%. Table 2 shows the grinding product.,

Flotation
Classifier overflow is pumped with a 3-inch sand num:
) . 3 5 pun - sand pum:
gowb sumpllng box ahgad of the lead %lotation circuit on thé tﬁft
loor of the mill building. The pump operated at 1200 R.P.il.
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against a head of 45 feet. Figure 3 shows the general arrangement
of the flotation flow sheet in which thirty~two 43-inch x 43-inch
"Sub-A" cells and one 10 x 10 ft. conditiocner are enployed,

A bank of twelve cells constitutes the lead circuit with
feed entering the No, 4 cell, The circuit consists of a roughing
section of six cells, =a scavenging scction of three cells, concen-
trate cleaning and recleaning secticns of two and one cells respec—
tively. Cells #4 to #9 inclusive nroduce a rougher concentrate
which flows by gravity to the No. 2 cell. Cells #2 and #3 perform
the first cleaning operation and produce a concentrate which is
cleaned in the No. 1 cell, wherc the final concentrate is Pro=-
cuced, Cleaner end recleaner tails return to the rougher section.
Concentrate from the scavenger cells, #10, #11 and #12 are re-
turned to the rougher scction and enter Wo. 6 cell. The lead
tailing from No. 12 cell flows to the conditioner tenk where it is
conditioned approximately 13 minutes, and then is split betwecn
two parallel banks of ten cells eachn, which comprise the zinc
flotation circuit.

Feed enters the No. 3 cells of the two zinc banks.
Rougher conentrates from cells #3 and #4, go to No. 1 for cleaning
and from #5, #6, and #7 to No. 2 for cleaning. Scavenger concen-
trate from #8, #9 and #10 returns to the No, 5 cell, The first 1.
or 2 cells, depending upon the zinc content of the feed, produce-
finished concentrate, and tailings from these cells join the ori-
ginal feed to the zinc section in the No. 3 pells

In both circuits all middling products are returncd to
the differcnt cells by gravity flow in launders., Elevations of-
the lead banks, conditioner tank and zinc banks of flotation ma-
chines permit a gravity flow of pulp through the entire flotation
installation and of the final cencentrates to the thickeners,

Reagents

A mixture of sodium carbonate, thiocarbanalid and zinc
sulphate 1s added to the ball nill by means of a dry reagent
feeder, Additional zinc sulphate, as a 15% solution, and sodiunm
cyanide, as a 10% solution, are also added to the ball mill.
Cresylic acid and sodium ethyl xanthete arc added to the classi-
fier overflow as the pulp enters the pump sump. Additions of
sodium ethyl xanthate are also made to the Nos. 7 and 10 cells in
the lead bank, Sodium carbonate is added mainly to produce the
desired alkalinity. The pH value of the mill water is 8.2 and
lead circuit feed is maintained from 7.6 to 7.8. Thiocarbanalid is
used as the collector with a little sodium ethyl xanthate used
intermittently, Thiocarbanalid has proved to be more selective
and to produce a higher grade of concentrate than xanthate,

Hydrated lime and copper sulphate are added to the
lead circuit tailing as it flows to the conditioner., Lime is
added by means of a dry feeder but preparations are now under way
to change the method to a milk of lime addition, Copper sulphate
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is added as a saturated solution, overflowing from a lead-lined
box. Lime is added in amounts to .ive a pH of 9.8 to 10.0 in the
zinc circuit feed.  To accomplish this, 2 to 6 pounds are added
per ton of original feed, with the average about 3 pounds.
Cresylic acid and sodium ethyl xzanthate are added to the pulp
from the conditioner as it enters the No. 3 cell in the zinc cir-
cuit. Potassium amyl xanthate is added to the No. 6 cell and at
times cresylic acid is added to the No. 6 or 7 celle

Three laboraztory concentrating tables are Incorporated
in the flotation flow shect; one on lead circuit + iiing, one on
finished zinc concentrate, and one on flotation final wailing;
These pilot tables present at all times a relisble picture of the
performance of the different circuits and enable the operator to
quickly note changing conditions throughout the plant,

Reagents are mixed on the day shift in quontities ade-
quase for 24 hours of cperation. The mixing tanks are piped for
air agitation, and are connected to smaller drums located on the
feeding floor below, Single and double stainless steel feeders
are used for all wet rcagent feeding and 18-inch cone type feeders
for the dry reagents. Tacilitics for close measuring and distbrib-

uting of the varicus reagents are very goed, Table 4 swomarizes

(&)

reagent information for operaticns to date, .

Concentrate Handling

Finished lead and zinc concentrates flow by gravity to
two 29 ft., 6 in. x 11 ft. thickeners which were constructed by
installing mechanisms end superstructurcs on two Blajisdell tanks.
The underflows from the thickeners, at from 55 to 65% solid:. are
delivered by diaphragm pumps to a 3-disc filter for lead and a 6-
disc filter for zinc concentrate. The lead filter discharges the
concentrate directly into a storage bin of 200 tons capacity. The
lead concentrate is conveyed from the bin by means of two connect-
ing conveyors which deliver the material to a car loader when load-
ing box cars, or over the side of gondola cars when that tyve car
is supplied. The zinc filter discharges concentrate onto zn 18-
inch conveyor which delivers the material to a bin for box-car
loading, or to & cross conveyor which discharges directly into a
gondola car when that type of car is being loaded. The zinc con-
centrate storage bin has a coonelty of 400 tons. Vacuum for file
tering is normally maintaincd cround 21 inches of mercury by a
16 x 12 inch single cylinder vacuum pump, cenverted from an air
compresscr. The cverflows of the concentrate thickeners »ass to
settling ponds which in turn produce waste overflows., )

shortly after the start of operations and at the re-
quest of the smelters, the method of shipping concentrates was
changed from box car to gondcla shipments. This was the cause of
some concern for it was thought thot cxcessive losses in tronsit
would result from the use of open gondola cars, especiaelly in the
case of the zinc cencentrate where the distance to the smelter is
1100 miles.
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Gondola shipments have proved cntirely satisfactory,
however, and now the goendole type of car is actually preferred
to the box car for concentrate C%ipping. Of a tetal of 232

ars of zinc concentrate shipped to date, 191 were gondola cars,
dna the average le=s in transit for all shipments wos 189 pounds
per car,

Tailings Disposal

Approxinately two-thirds of the total tonnage milled
leaves the plant as waste tailing. This tailing pulp flows by
gravity through a d-inci line constructed of transite and wood
pipe to an old tailing Jund 3200 feet from the mill. The pond has
an arca of u>wromedtaly 2,500,000 square feet and a border about
10 feet in height encloac: the pend. No further horder building
will be required for a long period of time, so the mill tailing
is simply soilled into the pond and a ClCCf overflow drawn off
through a weir, No tailing water 1is recovered,

Sampling and Testing

A sample of the crushed ore as it discharges into the
storage bin is munuully collected 2t 30 minute intervals. This
somple is dried and the moisturc contcnt annlied to the mine ship-
ment scale weights for the dry ore receipnt figure., Welghtometer
tonnage, as bhall mill daily feed, 1s adjusted to meet the ore
receipts, ©OShift sanples are ngun at 30 minute inte v”ls, of the
flotation feed, lead vunoont““te, zinc concentrate, and mill
tailing., The feed and tailing sanmples are cut by electrically
controlled automatic sanplers and the concentrate samplces cre cut
by hand. Lead and zinc concentrate shipment samples and car
welghts supply mctal statistics for use in cneLkLng rill produc-
tion calculations. All sample pulps are prepared for assaylng in
the sample nreparation room ot the mill snd the sacked pulps are
sent to the mine assay office for assay.

Dust Control

rade to provide working conditions
the health of the employees. ALL

Every effort i
that are not injuriouv t
chutes, Juncilon boxes, and crushing uqul”m’nu are enclosed and
connected to the dust cellecting system. guipment for the control
of dust created in crushing cperetions con51uts of =~ 6500 C.F.M,
exhauster and o 7-fecot ary collector., Dust settled in the col-
lcctor is intermittently discharged onte the stream eof ore con-
veyed to the fine ore bin. In +1ltur1ng lead concentrate, it
developed that a small amount of the material, as finc dust, was
carried back into tlhie nrill by an uprising currcent of air through
the lead concentrate storage bin. A hooded énclosure around the
filter, with connections to an ecxhauster, has proved cffective in

’C) rn

i 23

v controlling tivls cendition.
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The nature of the concentrate loading operations is

such that some dust escapes arcund the loading arsa, and makes

the matter of clean-up of great importance in minimizing the

hazard of lead Luntum1natlon. In this connectron, the Ireguent
o

washing of floors is insisted u)on, also the wearing of rubber-
ized 6chog in performing certain concentrate loading operations.

Approved resglra;c $ are furnished men engaged in
ore unlOJOan, crushing and concentrate loading.

MILL_ DATA

In the following tables are shown data covering rec-
sults obteined to date, frou November 17, 1945 to March 19, 1946.
olnce this four months! period represents tho break-in period of
a new mill, subsmqubnt cperaticns will no Joubt result in addi-
tional improvements in mutallurgy.

Table 1 summarizes metallurgical data for the mill
operations to date,

lable 2 prescnts sereen analysis of mill feed and
grinding products

Table 3 prcqento screen assay analyses of a nmonthly
composite of mill products,

Table 4 shows the rcagent consumstion for operations
to date.,

Table 5 shows the power distribution for operations

Table 1

Metallurgical Data
November 17, 1945 =~ March 19, 1946

Wet tons of ore milled ' 528 7%eOO
Percent of moisture 1.82
Dry tons of ore milled 51916.19
Operating days 121
Dry tons milled per cperating < 4R9.06
Bry tons milled per R/ hours of running tinme 466, 45
K.W.H, per ton of ore nilled 20037
Ball conbamthon per ton of ore millcd 1.23
Dry tons lead concentrate produced (Smelter

hucejﬂt@) 6409.,029
Dry tons zinc concentrate produced (Smelter

Receipts) 11614.830
Percent moisture lead filter product 840
Percent moisturc zinc filter product Fséd
Ratio of conccntratLon lead concentrate 8,1005
Ratio of concentration zinc concentrate be698
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Precduct Analysis

OQunces_ per ton Percent

Gold Silver Copper Lead Zinc ron
Heads 0,017 342 0.82 6.1 13.60 9.93
Lead Concentrate 0.059 15472 hehA9  A3.46 9,64 12.99
Zinc Concentrate 0,014 384, 0479 .75 50,96 6428

Tailing 0,010 0.95 0413 0.66° 1.55 10,60

Product Reccovery

, Gold Silver | Copner Lead Zinge Iron
Lead Concentrate 43,62 56479 67,77 83,70 8,75 16,15
Zinc Concentrate 18,73 25 sld, 214 6L 9,60 83,82 1hel5
Toiling 37.65 18,07 10,62 6,70  TJ43 69,70

rable 2
Typical Sereen Analyses of Mill Feed and Grinding Products
Percent of Total Weight

Classifier

Mesh Mill Feed Mill Discharge Classifier Sand _Overflow
« 525 in 13.75 - - =
L mesh 43,62 12.94 - -
6 746 193 -
8 /pu’79 lo[{»o = -

10 3. 74 Ll.24 - -

14 3,76 Le'74 - -

20 2.93 & 30.85 -

28 2.1-5 2.98 4087 -

35 - 2 4e98 Tl -

48 1«65 7.80 2+9% -

65 - L« 56 10.97 12.70 4o 01
150 1«38 8o 47 3,08 10,19
200 1436 Eeli7 he58 1204
"000 ' 8046 24-94 9044 67018

,‘»' .
Table 3

Screen Assay Analyses - Month Commosite

Screen Size Percent Assays —~ Percent- Metal - Percent of Total

Mesh Weight Copper Lead Zinc Copner Lead Zinc
Heads ,

Ol’l 65 3.40 O. 22 0074 3091 1003 O./+O 1007

on 100 6,50 0.29 L.37 653 2,70 147 3«60

on 150 10.30 0.53 2.05 10,90 7o 48 334 .11 .

on 200 13.00 0.54 Re65 14420 9.53 5.50 1497
thru 200 66450 0.67 Be 50 13:21 79.26 _89.29 _71.:23

700,00 ' 100,00 100,00 300,00
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Screen Size Percent Assayvs - Percent  Metal ~ Percent of Total
Mesh Weight = Copper Lead Zinc Copper  Lead Zinc

Lead Concentrate

on 65 Del0 15433 8.8 3¢50 Os32 0,03 0.05
on 100 0.30 15.33 8.35 3.50 0.97 0.05 Bl
on 150 1.60 10.96 24.00 5edy 3. 69 0.72 La2'l
on 200 540 7.08 36,29 b1 DsF 3,66 5,01
thru 200 92,60 hadb 55.2% 5.94 86,97 9555 _93,52
100.00 100,00 100.00 100,00
Zinc Concentrate
on 65 0.60 1.65 7,88 39,58 132 1,70 Ced5
on 100 2.80 082 3¢35 47,40 3.07 336 2651
on 150 9.20 0.80 345 48,63 981l 11.44 846
on 200 14440 0.92 2.96 49.76 17 - 57 15,36 13,54
thru 200 7300 0.70  2.59 54.39 _68,13 _68,12 _75,04
100.00 160.00 100.00 100,00
Tailing
on 65 Le 40 0.15 0.94 a7 3.93 4 e 29 8.89
on lOO 8.00 0019 (/-9() 10/4-9 9.05 8-21 9-75
on 150 3.1 10 0.24 1.18 La23 15,83 13.58 11.16
on 200 12.00 0.19 0.69 1.08 Lo 57 11.0%7 10,60
thru 200 6450 Q.15 G.94 113 5762 285 _59.60
100.00 160.00 160,00 1C0.00
Iable 4
Reagent Consumption
Pounds per ton of ore milled Point of addition
Sodium cyanide ' C.67 Ball Mill
Zinc sulphate (25.5%) 1.85 Ball Mill
Sodium carbonate 0.36 Ball Mill
Thiocarbanalid Osl2 Ball Mill
Lime (Hydrate) " 3424 Lead circuit tailing hox
Copper sulphate 1.78 Lead circuit tailing box
Cresylic acid OeR4 Classificr overflow
: Zinc circuit cells 3, 7
Sodium ethyl xanthatc Del2 Classifier overflow

Lead circuit cells 7, 10
: Zinec circuit cell 3
Potassium amyl xanthate 0.05 Zinc circuit cell 6
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Table 5

Power Distribution

KaWoH, Per Ton of Ore Milled Parzent of Toia

Unloading and crushing lad
Grinding 979
Flotation 6 60
Concentrate handling 0e95

Miscellaneous .61

Total 20437

Supplement

Since the preparation of this article, the mill capacity
has been doubled and the flow sheet for the zinc cirsuli®s chongeds
Doubling the capacity was effected through duplication of the ori-
ginal installation for fine grinding and flotation, addition of a
75-foot thickener and an 8-foct, é-inch, é-disc filter for zino
concentrate handling, and changes in the lead concentrate handling
scheme to provide for the greater tonnage of lead concentrate
produced. Operations to date with the increased tennoge, indicate
a slight improvement in metallurgy. Recoveries of all meta’s are
approximately the same as shown in the preceding data ond grade
of the zine concentrate has been raised,
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OPERATIONS AT THE COPPER QUEEN MINES™
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F. W. NELSON
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September 19, 1929,



Block Caving and Glory Hole Mining Operntions
at tke Copper Queen Mines.

B

The Location and Extent of the Porphyry Ore Bodies

The outlines of the Porphyry ore bodies, as to vertical and
horizontal extent, have been determined principally gy churn drilling
and to a lesser extent by underground prospecting. In a number of cases
this underground work has been used largely to check the accuracy of the
churn drill hole sampling, The recoveries in steam shoveling Sacramento
Hill and also in the underground cu&ing have tended further to show the
eccuracy of this churn drill sampling.

AAs far as known, the Copper Queen has four Porphyry ore bodies.
All of these ore bodies are related to the so-called Sacramento Stock.
The porphyry ore bodiss are designated by their position with reference
to the mast Ore body, which»is cut by the Secramento Shaft and which ex-
tends northward under the remaining high portion of Sacramento Hill. This
ore body extendz vertically from about the 200 level fqr & depth of about
250 feet. A portion of this ore body cannot be mined without jeopardizing
the Sacramento Shaft and tﬁe surface plant. Those caving blocks which are
now laid out are far enough from the shaft to make it secure during the
life of these blocks.

Extending from the lower portion of the bast Ore Body in the
direction of the Lowell Depot is the Southeast Extension ore body. This
body extends from about the 500 level to the 1200 level. The ore body is
about 100 feet in width and averages 450 feet in length down to the 950
level. The dip is at about 70° to this depth. Near the 950 level the

ore body tends to flatten out into a large inverted cone shaped mass which
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a8 far as knowny hes its apex near the 1200 level.

The third ore hedy lies to the northeast of the Sacramento Shoft
end extends from about the 600 to the 800 levels. No underground develop-
mont'has been done on this ore body, known as the Northeast Extension of
the mast Ore Body.,

The best known of the Porphyry ore bodies is the Sacramento Pit
or West Ore Body. This ore extends to the 400 level or about 135 feet be-
low the bottom of the present lower bench of the Pit,

The grade of the ore in these ore bodies is nof uniform. In-
cluded in the milling ore are irregular masses of high grade material,
There are also horses, or bodies of waste.

Extent of Stoping Operations in the

Porphyry ore bodies prior to the Steam
Shovel and Caving Opverations

Before it wes decided to steam shovel the West Ore Body, o stop-
ing section had been 1aid out on the 400 level, but this was abandoned.

On the 200 and 300 levels of the Bast Ore Body, & small amount
of material was mined underground.during the operation of the pilot mill
for the Warren Concentrator,

The most extensive stoping operations were =zbove the 1000 level
in the Southeast Extension, where a large tonnage of the higher grade por=-
phyry ore was top sliced and a lessor amount extrzcted by square setting.
The lower grade material around these timbered stope$ will probably be
caved with difficulty.

The General Principles and Practice in Block Caving

Caving was probably discovered when the first miner encountered

heavy ground. Later, caving was practiced in some cases where the cry for
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tonnage became too urgont.upon the Boss and he resorted to "pulling the
Lagging". Caving =s 2 mining method has & number of variations, but time
limitation prevents a discussion here of any cher then Block Cavinge
Block caving, by which most of the low grade copper ore in Ariz-
ona is being mined, is a development since nzbout 1910. In this system the
extent of the ore body must be determined in advance. The developﬁent
program does not permit prospecting but merely serves as a check on conclu-
sions zlready drawn. If the ore body is very large it is mined in o large
number of scctions or blocks. The horizontal end vertical extent of a
given block is determined by the character of the ground to be caved and
also by the length of time permissible for the development of the block.
The verticel heights of caving blocks have been increased very materially
in recent years where the 'shape of ore bodies has permitted such an increase.
This is due in part to the elimination of hond tramming and also to stand-
ardization of the caving systems to suit local con&itions. In the South-
east Bxtension orc body the height of the caving blocks has been increased
from 60 feet on the 600 level to 125 feet on the present 850 caving level.
The 1ift below the 1000 level will probably be about 150 feet. Lxcept for
the earlier stopes the heights of the blocks have been limited by the pos-
ition of the ore. In the East Ore Body the lifts will be such as to take
in the entire thickness of the orebody. The meximum height will be about
250 feet. In any caving opcration where the height of the caving block
to be taken is being considered, the possibility of greatly increased re-
pair costs because of the longer life of the stope must be compared with

the lower initial development cost.
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The horizontal dimensions of a caving block mzy in part be de-
termined by the size and shape of the orebody. It is also advisable to
kave the production coming from.a number of sources rather than a vefy
few. This will give a more uniform tonnage préduction and also a more un-
iform grade of ore. In eny ore body the size of a caving block nmust be |
determined by trial and error. Very few errors are allowed. In the Copper
Queen the approximate size of the caving blocks has been 100 feet by 125
feet.

When the size and position of the caving blocks have been deter-
mined, the layout of the haulage level must be decided upon. In some cases
the haulage level position may be such as to utilize a level already opened
up in prospecting or in mining other ore bodies. If such a level is util-
ized, the expense and time of running = new shaft pocket may be saved. Or-
dinarily, old mine levels are not designed to handle the large tonnages
and at best considerable alteration is necessary. Most of our limestone
drifts are about 6 feet by 8 feet in cross-section. The porphyry haulage
drifts average about 8 feet by 9 feet in cross section. In the Copper Queen
caving operations, a reise of less than 60° pitch has been found unsatisfrc-
tory. Knowing the .elevation of our grizzly level, the spacing of the houl-
age drifts can be determined. Wheﬁ the haulage drifts arc complete those
haulage raises to be used in the first caving block are run to the grizzly
level., The grizzly level muy have been driven beforc the raises are complete
in order to save time., When the haulage raises and the grizzly levels are
‘completed, the work of driving the fingers or openings from which the caved
ore is to be extracted is begun. The first fingers run are those around the
margins of the caving block, becruse these openings are to be extended up-
ward through the entire thickness of the ore. These openings are not timber-
ed any more than is necessary and are ordinarily stull raises. All of these'

vertical raises are connected by horizontal openings at regular intervals,
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In some districts, such as at Ray, shrinkage stopes are run through
the entire thickness of the ore nround the margins of the block. In such
practice the broken ore must not pack and the ground must be of such character
@8 to poermit long openings. Becruse the shrinkage stopes are empty when undes-
cutting is started the entire mass of ore ﬁay drop as & unit. In such cases,

- the grizzly level is completely caved in and redevelopment becomes necessary
under very trying conditions. This ﬁossibility of the block coming in as a
unit has necessitated the present practice of weakening rather than removing
the side support of the caving block. Morewyver, the cost in such practice is
less.

When the cutoff or boundary stopes are complete the work of under-
cutting or removing the support beneath the block is begun, The undercutting
level is ordjmarily about 16 feet above the grizzly level timber., This feat-
ure makes it possible to have a support of solid ground above the place from
which men will later extract the caved nre. The support beneath a caving
block is not removed at ons time. Small units are removed as rapidly as ad-
visable, starting from one corner of the block. The determination of the rate
nt which undercutting should be dnne is based on judgment. If undercut too
rapidly, the block dnes not tanke weight and cause a crushing action above the
area undercut. If not undercut rapidly en6ugh, the weight in the undercut
portion may be transferred into the rem:ining pillars and make their removal
dangerous or impossible. Where solid pillars are left »n the undercut level,
a support is given to the ground to be caved and the weight is transferred
to the grizzly level and these openings are apt to be closed. It is essential

that all support must be removed from beneath any caving block.



When the blnck has been prepared as described above, the solid
ground in the block should start to cave due tn its own weight and lack of
support. The tendency is to form 2 dome having its maximum height near the
center of the block., Any dome is dependant upon the support cround its base
for its stability. In the caving block we have deliberately weakened thié
support and the successive domes collapse s théy tend to form. This col~
lapse or sloughing is slow at first but accelerates until the block as =z
unit collapses, and brenks up. The coarseness of this broken material effects
the cost of drawing off of thé orc in the block. In some cases the material
is fine.enough to pass readily through the fingers and on to the grizzlies,
In other cases where the material is very coarse, a greet deal of blasting is
required to get the boulders through the fingers. When such ﬁaterial reaches
the grizzlies, further blasting of the boulders mey be required or at least a
double jack massage.

As I have already stated, the amount and the grade of the ore in a
given caving blockx is determined by prior prospecting., After the block is
caved, the problem »of recovering the estimeted pounds of copper in the block
.presents itself,

The glass model which I have here may be used to illustrate the
method used in recovering the estimated pounds of copper in a caving block.

I realize that the conditions and the character of the material mined from
underground are not exactly comparable to those of the model. 1In spite of
this, however, the fundamental principles involved in removing material from
this quel should be the same as those used in rcmoving ore from an underground
caving block,

Let us assume that someone has a number of diamonds which they wish

to give to us in a rather novel manner, under the following conditionss
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The diamonds ~re mixed with 100 pounds of white sand and the mixture
placed in the bnttom of this model. On top of this material red sand is ploced
so as to fill the box. We are to be allowed to remove only 100 pounds of mat-
erial through the numerous openings in the bottom of the box and the diamonds in
this 100 pounds of material are to be ours. Of course, wc have no desire to
include any of the red sand in our 100 pounds of material and before long we con-
clude that the best method of recovering only the white sand is by removing a
smell amount of material from each opening in regular sequence.

In a caving block, the openings in the bottom of tﬁe nodel compare
with the fingurs of the caving block above the grizzly level. The white sand
is the ore and the red sand fhe capping or barren material. The diamonds are
the copper. If in the above illustratﬁon no limit were placed on the amount of
material we could remove, we could have taken all the material in the box and
have recovered all of the diamonds. The unfortunate thing is that in the il-
lustration and also in block caving the amount of material to be removed is
limited.

In block caving, records of the amount of ore drawn from each finger
are kept and also a record of the grade of this tonnage. BEach finger has a
certain tonnage and amount of copper to be recovered. In the case of individuel
fingers, the pounds of copper recovered may be above or below the estimate. For
én entire block, however, the recoverics as = rule approximate that of the esti-
mate., In each stope there is a man whose sole duty is to keep a'record of the
amount of ore drawn from each finger. He also taxes samples of the ore drawn on
his shift. From these data records of the stope production are kept and those
places from which ore is to be drawn are designated.

A blnck is not abandoned until the grade of the ore becomes so low

as to make its extractinn unprofitable.
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Block caving operations nt the Copper Queen were started during the
Spring of 1925 on the 600 level of the Southeast Extension ore body. Since
that time caving levels have been worked out on the 650 and 725 levels. The
present 850 level will be worked out early in 1930.

On the 600 and 650 levels, the iorenci timbered slide was used with
modernte success. On the 725 level these slides were discarded and a layout
devicged locally employed. On the 850 level the spacing of the fingers was in-
creased and this inovation has tended to materially decrease repair costs. The
850 level will also see the complete elimination of hand tramming. During the
development of the present caving practice the heights of the caving blocks have
been incrensed as much as permissible by the pitch of the ore body. The first
blocks were 50 feet in height and the present 850 level has blocks 125 feet in
height. On the 950 caving level the layout to be used will be identical to the
fiast Ore Body stope which I will later describe. It should also be mentioned
that the tonnage production of the Southeast Lxtension ore bodies has shown a
gradual incrense without any material increase in the size of the stoping areas,
Also, the production at the present time is much more uniform than in the earlier
operations.

In order to clarify some of the points that I have tried to bring out,
it may be well for us to inspect the layout of one of the caving blocks of the
Bast Ore Body. 1In this block work has been done toward its development on 4 mine
levels, the 500, 400, 300 and 200. The motor haulage is on the 500 level which
will serve all of the present blocks of the tast Ore Body as well as the West
Ore Body Glory Hole operations. All of the workings on the 500 level are new
and have been driven in the past two years. The shaft pocket into which the

ore is dumped from this level is new and has a capacity of nearly 1,500 tons of
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ore. The ore is loaded into the skips cn the 600 level. The grizzly level is on
the 400 aﬁd some pf the old workings have been utilized to advantage. To facil-
itate operations, the cutoff or boundary stopes of the tlock have been driven from
the 300 and 200 levels. In other words, these cutoff stopes were driven upward
from the 400 to the 300 level and then from the 300 level to the 200. Or the north
side of the block, these openings extend above the 200 level a short distance. On
the 400 level our grizzly drifts are spaced at 4uU foot centers and are run at right
angles to the haulage drifts below and directly above the haulage raises, which are
also at 40 foot centers alongvthe haulage drifts.

Openings into the grizzly drifts from below are spaced at 20foot centers
along the drift. These openings are covered by rails spaced at 16" centers so as
to prevent large boulders from entering the haulsge raise. From the grizzly open-
ings are driven upward at right angles to the grizzly drift so that they will
intersect the undercut level at a point 8 feet above the grizzly drift timber, on
20 foot centers. These openings are known as "fingers" and are the holes through
which all of the broken ore is extracted. These fingers are connected on the
undercut level by horizontal openings. The blocks of solid ore remaining on the
undercut level after the fingers have been connected are known as "pillars". These
pillars must be removed before the block will cave. Into each of the pillars a
"stub" drift is driven in order to facilitate the removal of the pillar. ‘hen the
cutoff stopes were complete the "shooting" in of the block was started as shown.
Two pillars have been shot in each three days by a gang of four men. Holes are
drilled outward into the pillars from the various openings and also upward. The
holes are then loaded and all of those in the two-pillars are blasted simultaneously
with electric detonators,

After the pillars are shot in as much broken material as possible is
drawn out from the fingers beneath the pillars, if this is not done, no room re-

mains for more rock to break up and weight may be transferred to the grizzly drift
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below. Aftoer this swell has been drawn off, it may be some time before more orc
can be drawn unless the block has started to erush. This general ceving does
rot begin until about two-thirds of the block has been shot in, except in cases
where the ground is very heavy.

It should be borne in mind that after a pillar is shot in, that portion
of the undercut level is abandoned and all further mining is done from the griz-
zly level. In undercuytting, menways are always provided akead of the pillars to
be blasted as a means of escape, These mecns of escape are very important and
greatly facilitate the handling of supplies. The last pillars in a caving block
are usually the most difficult to bring in, especially if the block is taking
excessive weight. Here speed is essential,

On the undercut level as little timber as possible is uged., Any tim-
ber that is used must be.blasted out whern the pillars are shot in.

After the block has been entirely undercut and shot in, the task of
drawing the broken materiel onto the grizzly level and also keeping the various
openings in repair presents itself. The goal is then to recover all of the est-

imated pounds of copper in the block without any excess tonnage. .

The glory Hole Operation

The mining of the lower portion of the Sacramento Hill or West Ore
Body by steam shoveling presented a number of haulage problems which probably
would give an increase in mining costs and also a decreasing #roduction. For
this reason it was decided to recover this ore from underground by means of Glory
Holes, To recover this remeining ore it was calculated that six glory holes could
be so spaced that most of the ore could be drawn out on the 400 level. When mine
ed out these glory holes will leave a crater with slopes of about 459, From the

400 level to the 500 level, large haulage pockets have been brought up directly
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beneath ench glory hole from a large loop drift. The vertical distance from the
500 haulage level to the 400 is 90 feet; from the 400 to the bottom of the Pit
is 135 feet,

The haulage drift to serve the glory holes was driven from the 500
lgvel of fhe Sacramento Shaft over 2000 feet. When the loop was completed, the
six haulage raises were driven. These raises have five compartments for the first
50 feet above the h&uiagc level.. above this height the size of the raise was cut
down to about 8 by § feet. These rdises are raw, but the chute fronts on the 500
level are heavily timbered and reinforced with rails and boiler plate, and thé
collars below the 400 level are lined with reinforced concrete. On this con- .
crete coliar 80 pound double rails were placed so as to leave 20" openings be-
tween them. Above the grizzlies a heavily fimbered'opening wes made measuring
about 10 feet in width by 15 feet in length ;nd 8 feet in height. This timber is
supplemented by steel rails and flat cable. ' This protection is needed because of
the large boulders which may fall from the Pit and also because of the large
;mount of blastiﬁg needed to breakx the boulders. In front of the grizzlies and
bulldozing chaﬁbers, an L shaped square set, 8 post raise was run up a distance
of 90 feet above the level. These r4i%es could not be heled to the surface be-
cause the steam shovels were still operating above them.. In these reises 5 foot
posts were used. To remove the timber from the completed raise one-half of the
posts on each floor were drilled, but in no case were posts above each other
drilled on adjoining floors. All of the drilled posts were then blasted, using
a nunmber of delay electric primers, the upper timber being shot f}rs?..vfhg.brpken
timber was then withdrawn from the 400 10#91 without any materiai difficﬁlty:

The hole so'stripped was over 10 feet in diameter and.came within 40>feet qf the
surface. Churn drill holes were then sunk from the Pit above the top of each

underground opening. Several of these churn drill holes were blasted simultancously

Ll
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and an opcning madc to the surface.

When production started a number of churn drill kolss were spaced arcund
the openings and were blasted. The resulting boulders were very large and those
which could be reached on the surface were drilled and blasted with pluggers by
Mexicans working on ropes in life belts, As the craters opened up the slopes be-
carme less steep and more opportunity was given to break the large boulders before
they entered the glory holes. Also, a larger proportion of the ground was broken
with the pneumatic drills. As the glory holing operation progresses, the use of
the churn drills in breeking ground will diminish because of the increasing anount,
of ground toward the bottom of the holes.

We should bear in mind that in the Glory Hole operation, all of the ore
is broken by drilling and blasting where as in the caving operations, the bulk of

-

the ‘orec is broken and crushed by its own weight in caving.

Motor Haulage and Porphyry Production

Our present motor haulrnge levels are on the 500 and 1000 levels of the

Secramento. The 500 level hauluge will serve the entire East Ore Body and «lso

he Glory Hole oper-tions of the West Ore Body. Three 6-ton trollcy motors arc
used on this level and each pulls 60 tons of ore in 4-ton cars. On the 1000 level
}% ton cars are employed and are pulled by storage battery motors:.

When the block now being caved in the East Ore Body reaches full produc-
tion, its tonnage output should be 1000 tons per day. The production of the Glory
Holes will be 2000 tons per day and the production from the 1000 level of the boutk-
east Extension, 1500 tons per day, It seem probable that these tonnages will be

increased as the operation develops.

9/30/29
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ESTIMATED COST
OF
INSTALLING EXHAUST BLOWER IN SACRAMENTO TUNNEL

Cutting Blower Station $ 400.00

Cleaning out approximﬁtely 600 feet of drift 200.00
Installing 4 doors and 3 tight brattices
(Including Blower Bulkhead and Air Locks) 400.00
Repairs on 300 Level and Slabbing on 300 and Sacramento
Tunnel Levels 100.00
6 Power Poles - Sacramento Collar to Portal of Tunnel 240,00
Wire and Cable 620.00
Cut-Outs 60.00
New ZZOO.Volt_Starter 305.00
0il Switch 75.00
Labor - Elechricians 150.00
Labor - Mechanical 150.00
Contingencies 135,00
Total . $2,835.00

There will be ho expense for blower or motor on above job, since it is

proposed to utilize some which are already on hand.
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LEAD SMELTING PRACTICE AT COPPER QUEEN
SMELTER

paper Delivered bty H.L. Humes, tefore a meeting of the
Copper Queen Smelter Club, Octoter 17th, 1929.

The Lead Smelter consists essentially of an automatic ore sampling
and crushing plant, storége bins, one Dwight-Lloyd sintering mechine, one
.nine hearth Queen type roaster, one tlast furnace, two 50-ton lead drossing
kettles, lead bullion casting equipment, furnace dust flues, and tag house

for collection of lead fume.

The ore agd concentrate; are obfained principally from lease and
custom shippers, and to some extent from the Company's own mines at Bistee.
Limerock, copper converter slag, scrap irom, pyrite, and a copper irony-limey
_ore from Bisbee are used &s fluxes on the furnace charge to obtain a fluid
_slag. Coke is turned in the blast furnace to accomplish the smelting and
reduction of the tlast furnace charge.

All ore to be handled through the crushing and sampling plant is
dumped direetly from railroad cars into & 50-ton steel hopper, with & pan
feeder discharge, which feeds the ore onto a Duplex conveyor belt. This btelt
delivers the ore to a #7% Gates gyratory, sef to crush to 2% inches ma ximum.
The crushed ore is then elevated to tho top of the sample mill bty a kucket
elevator, and is discherged into a 60 inch Snyder cutter, which autometically
cuts out 1/5 of the lot of ore being sampled. This is the main sample. This
1/5 cut passes over a shaking feeder to a #32 Telsmith crusher set to crush
to-% inch maximum, then to a 42-inch Snyder cutter, where a 1/5 cut of the
main sample is made. This 1/25 or 4% of the original lot of ore is then
passed over a shaking feeder to a set of 24" by 12" rolls, set to crush to

1/8-inch, and then drops through a bank of riffle samplers, which can te ad-
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justed to take cuts from % to 1/32 of the 4% samplo. This final samplc is in
duplicate; the first sample is sent to the bucking room, and the floor sample
is held pending settlement with shipper. The réjects from the riffle sampler,
drops to the belt leading to the sinter mixes.
The sample mill is so arranged that the ore may te handled in four
ways:
1. The entire lot, coarse and fines, spread over coarse ore teds.

5. All fines screened out for the Dwight-Lloyd sinter mixes, and coarse,
to ore beds. ‘

3. Loaded in railroad cars for stock. The entire lot of ore, or either
the coarse or fines separately can be loadcd into cars.

4. Crushed to 3/8 inch for Dwight-Lloyd sinter mixes, or into reilroad
cars. ‘ '

After crushing to 2% inches in the gyratory, oxidized leéd ores pass
over a 4' bty 5' Hummer electrically vibrated screen, the oversize from which
is conveyed to a shuttle conveyor atove the coarse ore bins, where the ore is
spread evenly over the full lemgth of the ted. There are usually three coarse
ore teds of about 500 tons capacity each. The undersize from the screen, which
is minus % inch, is discharged onto & conveyor btelt running over fhe sinter
mix bins, and is spread evenly over the full length of ted by a tripper. A
small cross conveyor is provided to convey material from the tripper to rail-

road cars. There are two teds of 500 tons capacity each for Dwight-Lloyd

‘sinter mixes.

If the ore is a sulphide, the oversize from the screening operation
is crushed in a Symons vertical disc crusher set to 4 inch, and both crushed
product and screen undersize, discharge ontp the conveyor leading to the
sinter mixes.

.,“ééﬁéentrates are béné’sémpled}ahd shoVeled int¥ a Nopper with a

screw feeder discharge, and drops onto the conveyor leading to the sinter mixes,
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where it is tedded in mixes of correct analysis for sintering. Another small
hopper is also provided to handle dust, beg house cinder and other reverts
which go to the sinter mixes. The crushing plant is also used to crush
Dwight~Lloyd sinter, retﬁrn foul slag or settler tarrings, matte and uncrushed
flux. If flux is elreedy crushed, it is hand sampled and dumped in & 50-ton
hopper, which discherges bty means of a pan feeder onto conveyor telts leading
to the tins over the sinter machine and tlast furnace., Coke is also handled
through the same hopper.

The correct mixing of the various constituents in the coarse ore
and sinter mixes must te carefully done to obtain good smelting results. voun-
veyors run in tunnels underneath these two sets of tins, and the mixes are
carefully discharged through slots in the bottom of the tins, in a manner to
prevent segregation. As an additional preceution, a Stedman disintegrator s
provided on'tﬁe_sinter mix side. The disintegrator consists of two cagss with
manganese steel kars, revolving in opposite directions, which treaks up lumpy
concentrates and makes @ more uniform and thorough mix. The coarse ore mix,
sinter feeé mix, flux, coke, etc., all discharge onto an underground reclaiming
conveyor, teing of ceourse, handled separately, which delivers to a tucket
slevator taking the material to the top of the smelter tuilding proper. Bf a
system of conveyors, equipped with trippers, each material is delivered to its
proper tin, that for the sinter feed mix bteing located on the east side of the
tuilding above the Dw1ght—Lloyd 51nter1ng machlne while the other constituents
of the charge are delivered to one of the six blns above the last furnace. The
capacity of these tins are 30~ 50 tons dependlng on the material.

The purpose of the sinter machlne is to ellmlnate sulphur from the
charge, and to sinter or agglomorate the fines to make a coarse, porous cake

for blast furnace charge. Tt is necessary to eliminate some of the sulphur
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in the concentrates so that an excessive matte fall is not made at the blast
furnace. Again, if concentrates and fine ore are fed direct to the furnace,
there would be a large amount of dust made, and would also give trouble in fur-
nace operaﬁion, by offering considerable resistance to the ascention of the air
blast through the shaft full of charge.

The feed hopper for sinter mix is constructed with vertical parti-
tions part way down the bin to lessen segregation. The feed disoharges-from
the hopper onto a revolving distributing table, with adjustable plows to re-
gulate feeé, and fixed rabbles set to discharge the mix into a swinging spout.
Water is added to the charge on the table.

This swinging spout distributes a 4 inch bed of charge on the palleis
of the maéhine, in such a way as to have coarsest material on the bottom for
grate dressing, and the fines on top.

The machine itself consists of a pair of endless track circuits, in
which run pallets orvtruck—like elements, 24 inches long and 42 inches wide.
These pallets are provided with four wheels, which engage with the tracks at
all parts of the circuit. Two large sprocket wheels raise thepallets from
the return track underneath to the upper track, where the pallets are pushed
onwerd tangentially from the top of the sprocket wheels. The pallets have
herringbone type gfates on which the charge is laid down by the swinging spoqt‘
The pallets then pass under the muffle oil furnace where the top of the charge
is ignited, and at the same time, the pallets, with ignited charge, come under
the influence of the downward moving current of air.in the suction box, in-
duced by the suction draft of a 75 H.P. fan.' This suction box is 22 feet long,
by 42 inches wide. The speed of the machine is so fegulated that the sintering
and roasting action is éarried progressiveiy downward; until it reaches the

grates, by the time the end of the suction box is reaéhed. The pallets dis~
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charge the sinter cake into @ hopper, &and then descend by gravity on the lower
track, to again te picked up by the sprocket wheels to tegin a new cycle.

The fine ore in the charge offers considerable resistance to the
suction. To give the charge more porosity, some sinter and suction tox cleanings
are returned to the next mix. The addition of water to the charge also gives
more porosity, voids teing formed as the downward heat evaporates the water.

The sulphur in the feed will vary from 1l to 13%, and the sulphur
in the sinter produced will sverage about 337%.

The sinter machine has a capacity of from 75-200 tons per 24 hours,
with a speed of from 12-30 inches of pallet length per minute. The wide
_variation is caused bty fluctudtions of the physical character of the charge.

The sinter meechine produces about 20,000 cubtic feet of gas per minute
at 200-350 degrees Fahrenheit. This gas is discharged by the fan into the mair
header flue, and mixes with tlast furnace gas. It is necessary to mix these
two gases, &s the btasic blast furnace gas neutralizes any acid in the Dwight-
;LlOYd gas, and prevents the rotting of bags in the bag house.

The sinter discharges by gravity through a hopper into an electri-
. cally operated skip hoist. 'The skip hoist is connected so thet when six
Pallats bave discharged:into skip, -it is raised automatically to top of tlast
furnace bins,:8nd.sinter is dumped into tin, and skip drops tack to its
original position, The skip can ke raised, and sinter discharged into cars
on track telow mechins. Charge which goes %hfcugh grates is collected in
hoppers telow the machine, and is loaded into cars and returned to next sinter
mix.

The tlast furnace charge is made up from six feed bins of about 40
tons capacity each. These tins are discharged by means of pan ‘feeders under

close control of the feed floor opcrator, into an Atlas weigh car, each con-
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stituent of the 8000 pound charge being weighed to the nearest 10 pounds. The
charge car is fifteen feet long, motor driven, with tody of car suspended on
knife edges, and connected to a dial scale weighing up to 10,000 pounds. The
car runs over tracks atove top of tlast furnace, into which it is discharged,
after opening the 30 inch doors on top of furnace shaft.

The charge consists of eight components:

1. Dwight-Lloyd Sinter - 43%,
2. Coarse oxide ore - 31%
3. Limerock 17%
4. Settler tarrings or
' foul slag - PE A
5. Converter slag (only used occasionally)
6. Screp iron - 244
7. Dross - 4
8. Coke (as per cent of ore plus flux
charged) - 1444

Note: The stove represents an average, and is varied from day to day,
depending upon the composition of the mix. . v~

Scrap iron and dross are weighed on a platform scale, situated on
feed floor, and charged direct into the furnace. The furnace has a capacity
of 250-300 tons of charge per day.

The blast furnace consists of a shaft 25% feet high, from the top of
the crucible to the feed floor. The tottom six feet of the shaft is composed
of fen steel water jackets. The side jackets rise vertically for two feet
from tottom, and then slope outward to form & tosh of ten inches from the ver-
tical, measured at the top of the four feet of slope. Above the jackets fire
brick is used to form the shaft of the furnacé, and is sloped outward to &
point 16 féet from the crucible, at which point, the shaft is 80 inches wide.
The furnace is 45 inches wide and 16 feet long, measured @t the tuyeres. Thé
ends of the furnece are vertical for their entire height.

There are four side jackets four feet wide to each side of the fur-
nace, with a total of 32 - 4 inch diameter tuyeres, the center line teing 15

inches above bottom of jackets. Air blast is supplied to the tuyeres through
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pipes leading to tustle pipes, and air main, connected to a €00 cutic foot
Comnnersville blower at the Power House.

The shaft rests on a crucitle which consists of a concrete tlock with
a depression in the top. This depression is lined with fire trick. The cru-
citle measures 30 inches decep, 38 inches wide and 15 fect long. This crucitle
block is covered on the sides and tottom with a riveted steel shell to prevent
the seepage of lead.

In operation, the ore column is carried at atout 10 feet from feed
floor, making atout 15% feet of charge in the furnace. The pressure of the
blast for this ore column vearies from 20 to 40 ounces, depending on the rate
of driving (or speed) of the furmace, on the tightness (or fineness) of the
charge, or on furnace irregulerities such &s high fire, or scaffolded charge,
or unbalanced slug enalysis.

The gas is drawn from the top of the furnace ty an offtake at the
side, just under the feed floor, and passes into the main header flue to mix
with the Dwight-Lloyd gas. The temperature of the gases from the top of fur-
nace is 150-200 degrees Fahrenheit.

The charge is dumped from the charge car onto & "V¥ type deflector,
just telow the feed floor, in the furhace, which throws the charge aguinst the
side walls. The coarse rebounds to the center of the furnace, and the fines
drop along the sides of the shaft. The charge is, therefore, loose along the
conter line of furnace, and offers less resistance to the penetration of the
air tlast.

The operation of the furnsce is controlled ty careful observation of
the condition of tuyeres, temperature of jacket cooling water, regularity of
descent of charge in the shaft of furnace, and the appearance and composition
of the matte and slag.

The metallurgy of the lead blast furnace is to accomplish the re-
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duction of lesd compounds into lead tullion, which collects the gold and silver.
The earthy or gangue constituents of the charge are so proportioned in the
mixes, that, bty the addition of fluxes in the charge car, a fluid clean slag

is obtained. A mette is formed consisting of artificial sulphides of copper,
lead and iron. The matte fall is maintained above 6-7 per cent, since lower
than this figure will give trouble inside the furnace, as the copper will
dissolve in the lead, and choke the crucibtle.

The furnace column may te divided into three different zones. The
upper zone is the preheating zone, in which water is driven from the charge.
The middle zone is the reduction zone, in which carton and carbton monoxide
gas acts on lead compounds to reduce them to metallic lead. In the upper part
of this zone, lead sulphide reacts with lead sulphate to give lead oxide and
sulphur dioxide

PtS « 3PbSO4 = 4Pb0 + 4502
This lead oxide reacts with additional leed sulphide to form metallic lead and
sulphur dioxide.
PbS ¢ 2P0 s 3Pt « 802
Some lead oxide also reacts with carton from the coke to form metallic lead and
carbon dioxide 2Pb0 + C = 2Pb « CO. At thisstage, cartonates, and some

sulphates tegin to dissociate.

it & btright red heat in the lower part of the reduction zone, carton
monoxide reacts with lead oxide to form metallic lead, and carton dioxide,
PkO + GO = COZ. Carton monoxide also reacts with hematite, iron oxide,
to form a lower oxide of iron and carton dioxide, Fe203 + CO = 2Fe0 + co2.
The oxide of iron, Fe0, unites with carbton to ferm metallic iron and carkon
monoxide. The metallic iron so formed combines with Galena (1ead sulphide),

forming metallic lead and iron sulphide, which is a constitucnt of the matte.
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The carton monoxide so formed 1s availakble for the reduction of additional
metallic oxides.

As may be seen, from the akbove reactions, metallic lead trickles down
through the charge over the entire furnace, and in so doing, collects the gold
and silver present in the charge.

Iron oxide, FeO, formed in this zone; in the presence of silica,
starts to form slag of low melting point, ﬁhich when it trickles through the
charge, comtines with the more refractory slag forming compounds to make the
final slag to be tapped.

Copper oxide unites with iron sulphide, literating iron, and forming
copper sulphide, another constituent of matte. Any remaining lead sulphide
goes to form the other artificial sulphide of the matte.

The lower or smelting zone of the furnace is marked by very high
temperature, and begins at about the top of the six foot jackets. Lead silicater
are not decomposed by carbton or carbon monoxide; btut at high temperatures, ars
fluxed bty iron oxide, FeO, and lime, Ca0, which combines with the silica to form
slag and literate lead oxide.

4 ted of coke atout one to two feet deep must be maintained at all
time at the tuyere line. The incoming air meets this ted of incandescent coke
and turns the carbon of the coke to carton monoxide. 4ny carbon dioxide formed
at this point, combines with additional carton to form carton monoxide.

4s may te seen, iron plays en important part in the chemistry of the
furnace. TIf the coke talance is low in the tottom of the furnace, there is
insufficient iron oxides reduced to precipitate metallic lead. This results in
high lead in mattes and slags, and is termed poor reduction.

Lead settles through the slag and matte, collecting gold and silver
from the matte snd slag, and accumulatés in the crucitle. Matte settles

through the slag removing lead, copper and silver, for which it has a higher

affinity, than has slag.
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The lead, matte and slag accumulate in layers in the 15 inch space
tetween tuyeres and taphole, and is tapped out at regular intervals. The slag
and matte are tapped from the furnace through a threé inch taphole in one end
of the furnace &t the bottom of the front end jacket, and 15 inches telow the
center line of tuyerss. Ordinarily, the lead is tapped from furnace through &
lead well at one side of furnace, three feet from front end. This lead well is
a 9" x 9" channel, extending from top of crucitle shell outside of jackets,‘
down through crucitle wall into bottom of crucible. The cruciblé is kept filled
with molten lead at all times. The lead rises in the well from the crucible,
due to the weight of charge and the pressure of the tlast exerted on the lead
_in crucible, and either overflows, or is tapped into half ton ladles on trucks.
These trucks are trammed to the 50-ton lead drossing kettles and dumped.

At the present time, the lead well is not used, the lead paséing out
into the first settler with the matte and slag. This is due primarily to the
amount of copper on the charge. The copper in the charge unites with sulphur
t$ form a matte, btut some of the.copper dissolves in the lead. When the lead
cools from @ red heat, this copper-lead mixture separates out of solution, and
forms what is called dross. When enough copper is present in the charge to
form a matte assaying over 25 per cent copper, a large amount of dross is formed.
This dross deposits on the sides of lead well, and in the crucitle, eventually
closing them up entirely. To obviate this evil, the lead well is closed off.

Separation of slag, matte, and lead is effected by the difference in
specific gravity of the three products. The specific gravity of lead bullion
is 11.0 - 11.3, matte 4.5 - 5.5, and slag 3.2 - 3.5. The lead, being the
heaviest settles to the bottom of the settler and is tapped through a l§ inch
hole &t the tottom of the side of thersettle£. The matte settles out on top of
the lead and is tapped through a 1% inch hole at & higher level on the settler
side than the lead top hole. The slag overflows at the end of the settler. &

secondary settler is provided to settle any matte and lead not caught by the
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first settler. The slag overflows from the secondary settler into slag pots of
12 fon capacity, from which it is poured on the dump. The average life of the
4" x 4' x 9' brick lined first settler is six weeks, and that of the secondary
settler three days. When it becomes necessary to change settlers, they are
drained, and the shell dumped. This shell, called settler barrings, is kroken
up and resmelted.

The matte and lead are tapped separately, from the first settler
into séucer shaped pans, which hold about one ton. The lead is dumped, still
molten, into the lead kettles. The matte is allowed to solidify, and is borker
through a 7 inch grizzly into reilroad cars to ship to the copper converter
department, or to return to the lead plant for further concentration of its
copper content.

The composition of the idesl slag for a lead furnace is silica,
(si02) 30%, iron and manganebe oxides (FeO =~ Mn0) 40%, and lime (Ca0) 20%, the
balance of 10% teing zinc, alumina, magnesia, sulphur, lead, copper, etc. This
smelter receives ores which are for the most part siliceous. Therefore, it
would te necessary to add large quantities of Plux, toth iron and lime, to
approximate this ideal slag. This is not feasitle from an economic standpoimnt ,
therefore in practice, the 'silica and lime are raised and the iron is lowered.

Lead in the slag and matte is maintained at as low an amount as
possibtle. One per cent and under of lead in the slag, and 11 per cent and
under of lead in the matte is considered as good work. The per cent of coke on
the charge is the main factor governing clean slag and matte, tut other factors
affect good reduction, such as poor furnace handling, unbalanced slag, too high
or too low air tlast, and too high or too low furnace charge column.

Typical metallurgical results are indicated for the month of July,

1929:
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Element Slag Bulliecn Matte
Gold 0z. per ton 0.002 0.78 0.02
Silyver " " L 0.43 269.01 67.74
Copper % 0.26 0.12 30.5
Lead % 1.00° 97.22 10.7
Silica ¢ 32.00
Alumina % 4.7
Iron - Manganese oxides ¢ 34.5 Iron % 28.3
Lime % - 19.3
Magnesia % 0.8
sulphur % - 1.0 22.0
Zinc % 4.0 3.5
Antimony % 1.52
Bismuth 0.16

Certain elements contained in lead ores cause considerable troutle
and expense in operating a lead furnace. Zinc is eliminated, finally, as zinc
oxide in the slag, and to properly flux this zinc oxide, expensive iron flux
must be added. Zinc oxide is very refractory, and increases the fluidity
temperaturé of the slag. When present in large quantities as sulphide, zincy
ores must be doutle or triple roasted, as zinc sulphide is most difficult té
oxidize. Zinc makes the specific gravity of slags higher, and that of matte
lower, resulting in poorer separation of slag and matte, with increases in metal
losses. The formation of scaffolds or "hangs" in the furnace shaft is greatly
eccelerated when high zinc is on the charge.

The presence of any appreciable amount of copper is undesiratle. Tt
requires more coke per ton of charge to obtain élean slag, and.also requires
roasting, sintering, smelting and converting of the copper iead matte produced.

Alumina, when present‘ovar 5 per cent, tends to mﬂke the slag thick,
and it also increases the formation temperature of the slag.

The presence of tarite results in very fluid slags, and would te a
desirable flux, were it not for its high specific gravity, which makes the
slags heavy, and thus hinders the separation of slag and matte.

Arsenic and cadmium make a very combustible fume in the bag house.

Antimony and to some extent arsenic, collect in the btullion, increasing the
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refining cost. Bismuth collects in the lead tullion practically altogether,
and greatly increases the refining cost.

The drossing and lead casting equipment consists of two 50-ton cast
iron kettles, set on cylindrical brick lined, oil fired furnaces, & small cast
steel kettle to sweat the lead out of the dross, steel taskets to drain the
lead out of the dross, siphon pipes, and moulds, etc.

The lead is heated to about 900 degrees Fahrenheiﬁ. The dross is
removed from the surface of the liquid lead by a large paddle and dumped into
the steel basket with perforated bottom. When full of dross, the vasket is
set in the small hot sweating kettle, where the entrained lead is drained. The
dross is dumped, loaded‘into a tuggy, and transferred to the feed floor. An
analysis of dross is as follows: Gold 2.10%; Silver 163.34%; Copper 18.80%;
and Lead 57.6%.

The lead is agitated with air to cool to atout 650 degrees F. The
air oxidizes copper, zinc, and some of the other impurities, which rise to the
surface. Additional dross &lso rises, with the lowered temperature. This
final dross is removed as before, and the lead is reheated to about 700 degrees
F., preparatory to casting. Smell conical samples are taken while the lead is
stirred. The siphon pipe is then inserted in the lead, and the pipe filled.

)
The valve'is closed, and the valve end thrown over the side of the kettle. A
distrituting pipe conveys the lead from the siphon pipe to the moulds. The
rate of flow is regulated by the siphon valve. Pigs of lead are cast weighing
95 pounds each, cooled with water, and loaded into railroad cars for shipment
to the refinery.

The gases from the furnace and sinteri§g machine carry a considerable
amount of lead and silver in dus? and fume. In order that dust may te settled

from the gas, large settling flues are provided. Fume will not settle out of

a current of moving gas, so that tag filtration of all gases is nécessary before
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entering the stack. The tag house is built up of four sections with two cellars
under each section. This permits the operator to work on one section while the
others are operating. The entire bag house has 1008 sixteen inch diameter, 28
feet long, wool tags, huﬁg vertically, and especially woven for this service.
The bags are tied on the tottom, around thimbles 5 inches higﬁ in the steel
floor tetween the tag section and the cellars. Two 30 H.P. fans are provided
t0 maintain a pressure of 0.2 - 1.5 inches of water in the cellars of the hag
kouse. The gases filter through the tags and pass to the stack. The fume
collects on the bags. The bags are mechanically shaken when the pressure
reaches 1.5 inches of water, to drop the fume into the bottom of the cellars.

The fume has @ very low specific gravity, weighing atout 17 pounds
per cutic foot. To handle this kind of material would te dangerous to the
health »f the operators. Fortunately, the fume is cembustitle, due to the
carkton soot from the coke,'and when burned thefé is formed a cinder of atout
4 the original volume, or 70 pounds per cubic foot. This cinder is porous and»
can bte dampened tefore loading. A typical analysis of bag house.cinder is:
Gold 0.033 oz. per ton; Silver 28.98 oz. per ton; Copper 0.43%; Lead 41.4%;
Sulphur 8.0%; Zinc 8.0%; Arsenic 1.00%; Antimony 1.30%. Cadmium over 15 per
cent makes a fume which cannot be handled in a bag house, due to the danger
of spontaneous combustion, and resultant loss of bags. Therefore, fume of this
character is withdrawn from the lead plant, and éold to a buyer of cadmium
tearing material.

The safety and health of employees is a very important factor in the
lead plant. All parts of the plant where fume is present are carefully hooded
and connected with a suction system maintained by a 25 H.P. fan. Men must
utilize special change rooms and lunch rooms. Monthly physical examinations
are made, and the results carefully recorded, so that treatment can ke given

at the first sign of lead absorption, btefore any actual poisoning begins.
C
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