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MAGMA COPPER COMPANY

SAN MANUEL DIVISION
SAN MANUEL, ARIZONA

Oreb_ody ,

Disseminated mineralization in monzonite porphyry and quartz monzonite.

Principal Sulphide Minerals: Chalcopyrite, chalcocite, pyrite and molyb-
denite. The grade of the ore is less than 1%. .

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

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

Mine Power

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

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

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



No.1 Shaft

Depth: 2,833 ft. (For the Third Lift.)
Dimensions:  25'=~5 7/8" x 6' =~ 4 Compartments:

2 Hoisting, 6'=5%" x 6'~0",

1 Manway, 5'-0 1/8" (Below 1475).

1 Service Cage, 5'-0" (Below 1475).
Ventilation downcast.

Structural steel sets in reinforced concrete.

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

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

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

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

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

No. 3A-3B Shafis

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

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

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

Reinforced concrete curtain walls between each compartment, with 3'-
7%" x 4' windows in each set.



" No. 3A=3B Shafts -- continued

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

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

Headframe:

Coarse
Ore Bins:

Fine
Ore Bins:

Loading
Pockets:

Automation:

Hoists:

'"bapacity: 23 tons with + 4.0% moisture.

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

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

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

Diameter: 65"
Height: 81'-6"; top of bin 107' above collar.
Capacity: 10,000 tons total.

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

One in 3A; one bei6;-2075"1ével,-cépécify ¥Ai;560 tons,
One in 3B below 2075 Level, capacity = 1,500 tons.

Bottom - dump Corten steel ghkips, with allas
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running on solid rubber tires.
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Dimensions: 35'=5" long, 6'~1" wide, 6'~3" deep.
Weight: 30,000 1bs. (Approximate)

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

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

Drum Shaft: 27" diameter through drums.

Hoisting Speed: 2,800 fpm,

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

Service hoists are equipped with an 18-passenger cage and 45 cubic ft.
skip combination with solid rubber tires running on timber guides.
Hoisting rope is 1-1/8". The cage and skip are counterbalanced by an

8,400~1b.

counterweight in the shaft manway,



No. 3A-3B Shafts=--continued

Primary
Crusher:

The 460" x 50' crusher building houses three 42 x 65

gyratory crushers. There are three 96" x 62'-0"

pan feeders, with a capacity of 1,500 tons per hour;

one fed from the 3A, one from the 3B and the other

from the 3C coarse ore bins. At 3A and 3B, 48" con-
veyor belts transfer the crushed ore from the crusher
building to transfer towers (222'), and back to the fine
ore bins (421'). At 3C, 48" conveyor belts transfer

the crushed ore from the crusher building to transfer

‘towers (169'), and back to the fine ore bins (365").

Skip dumping, fine ore bin capacity, and transfer belts
are viewed on closed circuit television. The entire
automated crusher is monitored from control panels at
each crusher location.

Ro. 3C-3D Shafts

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

Depth:

Dimensions:

3C

3D

2,859 ft, The sinking and furnishing of this shaft was
completed April 12, 1971, lloisting from 3C
started in August, 1971.

3,700 ft. Shaft sinking is in progress.

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

compartments.

Ventilation exhaust shafts.

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

partment.

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

Headframe:

Skips: .

Automation:

Structural box members of Corten seeel.

15" diameter fabricated steel sheaves.

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

solid rubber tires running on Corten steel box-section
guides,

Capacity: 29 toms.
Dimensions: Length, 37'~4%"; Width, 6'-8"; Depth 6'-3%";

Weight: 30,860 1bs,

Same as 3A-3B.



" No. 3C-3D Shafts -~ continued

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

Hoisting Speed: 2,800 fpm.

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

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

No. 4 Shaft

Depth: 2,730 ft.

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

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

Man and supply shaft, and downcast ventilation.

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

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

Hoist: Double drum.

15" diameter, 90" face drums.

2~1/4" hoisting rope.

Maximum hoisting speed: 1,500 fpm.

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



" Neo. 5 Shaft

Depth: 4,384 ft. at final sinking.
Dimensions: 25' diameter inside the concrete lining.

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

Man and supply shaft, downcast ventilation.

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

9' diameter, 103.5" face.

1-3/8'" hoisting rope.

Hoist speed: 1,925 fpm.

Skip capacity: 5.5 toms.,

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

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

15" diameter, 105" face.

2-1/8" rope.

Hoist speed: 1,856 fpm.

Man cage: Similar to that at No. 4 Shaft,
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POSTS: 12" x 12" x 10'-4"
CAPS: 12" x 12" x 10!
Sets on 5' centers.

CREWS: Single Heading -~ 3 men.
Two Headings - 4 men.
L4=40 holes diillied per ocet.
50 1bs. + of Ammonium Nitrate
primed with a stick of 60%
Amogel per hole., Usually

fuse blasted.

] E’“ﬂg@@ﬁ' ﬁww%*g;c& i@ﬁ’g? ~ 45# Rail for Development.

- 90# Rail finished track.

Der E‘sg@;ﬁ@'gcy [ﬁ}“gﬁ?ﬁ' - If 75# rail is used, 64" is the grade.
45# rail for Development.
75# rail finished track.

B e T R I R T O

Rail Measurements

3-3/4" for 45# rail.
4-~13/16" for 75# rail.
5-5/8" for 90# rail.
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4" or 6" W,F, arch caps and
9'-6" posts for initial
ground support.
Sets on 5' centers.
Crews same as Timber Haulage Drift.

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

Concretle Ladder Drift - 1f 75# rail is used, 64" is the dev'pt grade,
45# rail for Development,
75# rail finished track.

Concrete Heaulage Drift - 454 rail for Development
' 90# rail finished track.
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Gravity Flow Transfer Raise

4' x 4' inside.

LINING:

6" x 8" cribbing,
armored with 3" x 4" x
1/4" steel angles and
""-irons.

INCLINATION:

63°

LENGTH:

48"

CREWS :

2-man crews advance

two raises at once,
using 3" stopers.

14 holes drilled 5' deep;
35 1bs. 60% Amogel used
per round, detonated
with electric caps.
Ventilation with com-
pressed air.

Trans fer Raise Stations are cut

by the regular drift crew
using the same equipment

they use to drive the drift.
They are cut as the drift head-

ing is advanced.

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

concrete.
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Grizzly Level Prim¢  Development Drifs

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

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

with a stick of 607% Amogel per

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

Initial Ground Support:
4" Steel Set (GC-3) or
6" Steel Set (GC-~1)

=]

CONCRETE PANEL DRIFT

= CONCRETE FRINGE DRIFT
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45# rail and steel ties for
Development and Finished Track.
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' In November, 1964, the surface mixing and underground distribution
operations were automated. The operation of the batch plant, in-
cluding the diversion of the concrete to the various levels, is en-
tirely contreclled by one man located in a central monitoring station
on the surface. The aggregate ismoved from underground storage bins to the batch plant by conveyor
belt. Truck-delivered bulk air-entraining cement is transferred from the truck by pneumatic ele-
vater into either the 500-bbl. or 800-bbl. cement silo. Mixers are 1-1/4 cubic yard double com-
partment. Mixwater is chilled to 48°-55° by a refrigeration plant in the summer. Dispersing and
retarding agents are added with the mix water. Mixers discharge through a screened hopper into 8"
heavy-duty pipes suspended in No. 1 Shaft. Concrete discharges through a header into remixers on
the various levels, which fills 2.5-cubic yard portable placers. The placers discharge pneumatic-
ally through a header and 6" slick line behind plywood or steel forms.
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From 2,500 to 7,000 cubic yards of concrete per month
are poured on a two-shift-per-day, five-day-per-week
basis. Forming is alsc done on two shifts, five days

per week.

SCHEMATIC DIAGRAM OF
CONCRETE FLOW SHEET
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5' minimum dizmeter,

unlined.

15'-0" above grizzly.
Driven after grizzly
drift is concreted.
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2-man crew drives several raises
at once. 11 to 24 holes drilled
47 to 6' deep. 27 1lbs. ammonium
nitrate with each hole primed
with a stick of 607 Amogel.
Electrically blasted.
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Excavation only; 8'-4" x 8'-0" between
draw points; 9'-6" x 8'-0" at draw
points.

Rock bolts and wire mesh used for pre-
concrete supporkt.

Size: 5' wide, 6-3/4' high finished drift
with concrete reinforced at the draw
points only.

Z2-man crews used. 13 to 21 holes drilled
67 deep. 30 1bs. ammonium nitrate with
each hole primed with a'stick of 607
Amogel powder used per round; electric
primer blasted. Drilling is done with

Jackleg. Ventilation with air mover.



Drill ring |

v Pillar between
¢ grizzly drifts.
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UNDERCUT PROCEDURE

Undercut drifts are 5x 7 timbered with 6" round posts and 6" x 8" caps.
These drifts are driven over the tops of all the draw raises, 15 ft. above the
grizzly drift floor at right angles to the grizzly drifts. Access undercut
drifts are driven parallel to the grizzly drifts over the tops of the north-
ernmost and southernmost draw raises, and in blocks with five ormore grizzly
lines, an additional access undercut drift is usually driven across the cen-
ter of the block. Corner raises are driven unless the rock is relatively softe-
or where the block joins an older block. Undercut pillar work usually begins
before the drifts are all completed to prevent excessive drift repair and
maintenance.

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

Undercut pillar crews start the cave by drilling and blasting out a pil-
lar between drifts or at a boundary of the block. The pillar crews retreat
away from this initial cave, breaking the ground into the caved area. Before
each -pillar is blasted, the drift is widened on one side about four ft. and
timbered if necessary. The remaining pillar, about eight ft. thick, is drilled
ocut to a height 0£13 f£t. asbove the floor of the undercut, and the pillar and
widened drift are shot. The timber is drilled with wood augers and shot with
the undercut round, Generally, a 15-ft. section along the drift length is
taken with each blast (from one draw raise to the next). Care is taken to
insure that the pillar is completely broken by drawing off sufficient broken
muck to observe the effect of the blast before the next adjoining pillar is
shot. Millisecond delay electric caps are used in pillar blasting, and are
wired in series - parallel, with not more than 25 primers in any one series.
Circuits are tested with a galvanometer before being connected to the power
source. All blasting lines go through an interrupter switch and from this
switch to the main pillar blasting switch, which is a completely independent
circuit.

TIMBER: :

Round posts and 6" x 8" caps with 6" x 8" stringers or sills over
raise tops. :

2" x 12" side and back lagging.

Raise tops temporarily covered with 2" lagging.

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

45% N.G. powder or émmonium nitrate, primed with a stick of 607 Amogel
is used with millisecond electric blasting.
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GENERAL MINE OPERATING DATA

Operating Shifts per Day 3
Operating Days per Week 7
Operating Days per Year (8 holidays) 357
Production per Day, Tons 62,500
Production per Year, Tons 22,312,500
Active Undercut Area, Sq. Ft. - 446,000

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

Block Dimensional Data:

Block Width ‘ 140!
Block Length ' 90' - 240!
Present Average Block 140" x 180"
- Ore Height above Undercut Floor 100' - 600'
Distance Undercut Floor to Grizzly Level Floor 15"
Distance Floor Haulage to Floor Grizzly Level . 60"
Grizzly Bar Spacing 14"
Grizzly Bar Material _ . Salvaged 90# Rail.

Draw Points (Average per Month):

. Active 1,350
High Pack ' 65
Held for Repair ' 80
Held for Grade _ : 80

Total Draw Points 1,575

Types of Explosives Used:

Secondary Blasting ~- 457 (No. 3) Amogel in l-inch x 6" sticks or 60%
(No. 1) Amogel in 1~1b. bags. Initiation is with zero delay electric
blasting caps. These are connected into a trunk line to a central un-
derground location where blasting switches are located.

Primary Blasting - In the larger headings an ammonium nitrate explosive
is used, except in wet holes. Initiation is by a l-inch x 6" stick of
60% Amogel which, in turn, is ignited by a fuse cap.

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

All other development, except transfer raises, uses ammonium nitrate with
regular delay electric blasting caps. Transfer raises load with 60% Amo-
gel only.

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

'




Mining Equipment:

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

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

Smaller headings use feedleg drills with2'or 4' single stage legs
and stoper drills with 18" steel change.

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

Undérground Haulage Data:

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

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

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

Width, overall: 6'=0",

Height above track: 5'=6".

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

Track gauge: 36", : :

Car loading through air-operated guillotine undercut gates.

Car Dumps:

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



VENTILATION

530,000 cfm goes down #4 and #1 Shafts from the surface.
180,000 cfm goes down #5 Shaft from the surface.
55,000 cfm Miscellaneous Intakes, in addition to shafts.

140,000 cfm - SubLevel (1715-1775 Levels).
570,000 cfm - 2nd Lift (2015-2075 Levels).

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

2nd Lift - Four hi-speed Axivane mine fans: One MXC, 2075 450-hp, 1160
rpm, 6' diameter; one VXC, 2015, 450-hp 1160 rpm, 6' diameter;
one VXC, 2015, 200-hp, 1160 rpm, 6' diameter.

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

COMMUNICATIONS

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

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

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

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

DRAINAGE

Newly opened areas show an appreciable flow of water which is c&}rried out
of the working area by air-operated sump pumps, with a capacity of 150
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gpm at 100' head. Mine underground was planned so that water drains
\ either to No. 1 Shaft or to 3A and 3B Shafts.

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

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

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

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

SURFACE ORE TRARNSPORTATION

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

plant, level track.

CHANGE ROOM NO.I

Accommodates 1,900 employees with lockers, showers, and toilet facili-
ties., Heated with gas space heaters.
In the same building is the foreman's office, time office, mine survey

office, safety engineer's office, dispensary, lamp room, and dust-
counting laboratory.

'CHANGE ROOCM NO.2

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



COMPRESSOR HOUSE

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

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

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

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

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

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

NO.1and NO. 4 YARDS

Surface installations in this area include amachine shop (including car
repairs), electric shop, drill repair shop, a blacksmith shop, truck
maintenance shop, framing shed, carpenter shop, warehouse facilities,
timber - treating plant, salvage area, pipe shop, cylinder repair shed,
sand-blasting shed, paint shed, fire marshal shed, mine rescue training
center, fuse and cap storage tunnel, batch plant, (including mix water

cooling plant and additive storage tanks), standby power plant, compres-

sor house, No, 1 and No. &4 hoisthouses, potablewater treating plant and .

changeroomns.

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

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

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

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

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

METAL PRODUCTION—San Manuel Only
» 1971 - 12 months of operation.

Average Daily Mine Production, Dry Tons 44,500
Copper Production, Tons 145,000
Molybdenum Sulflde Concentrate, Tons 4,150
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DONALD A. CUMMING

Level Engineer
MAGMA COPPER COMPANY
San Manuel Division
San Manuel, Arizona
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General

The San Manuel orebody is composed of double levels or 1lifts at 300-~ft.
intervals in the north limb of the U-shaped oregody (Fig. 1). The south
limb, or main orebody, is mined in 600-ft, lifts. Each lift consists of two
levels, generally called the Draw or Caving level and the Haulage level.
These levels are 60 ft. apart. All of the drifting is through either a por-
phyry or a quartz monzonite of disseminated mineralization, with occasional
areas of diabase or rhyolite.

Since the first major mine development, this Company has continually
looked for ways of improving its drifting methods. The presently planned
increase in production to 60,000 tons per day, and the lack of trained per-
sonnel available, requires new development methods that will allow us to
maintain this high production rate. In order to finish the drifting on the
2015 and 2075 levels, a total of 59,000 ft. is required, or two years at our

present rate.

Ground Support Used

The ground support for drifting has been standardized for simpiicity.

In block ?reas where the ground will later be caved, or in areas of excep-



tionally bad ground, concrete is used as the final support; therefore, 4" or
6" H-beam steel arch sets are used as the initial support. (See Fig. 2.)

The only exception to this would be on the haulage levels, where ground con-
ditions dictate that 12" square timber sets may be used with little or no
secondary timbering required. Drifts outside of the cave area are supported
by either the 12" square timber sets (Fig. 3), 12" H~beam caps with 12"

square timber posts, or 6" x 8" WF ventilation drift arch sets., (See Fig. 4.)
Spacing of all sets is 5 ft., but varies to suit the ground conditions.

All turnouts are also standardized. These are 12" steel caps with 12"
square timber posts. Turnouts on the haulage level have a radius curve of
either 165 ft. or of 300 ft., while on the draw level they are all of a 105-
ft., radius. (See Fig. 5.) Pre-concrete turnouts with 8" x 12" WF steel caps
on 10" sqﬁare timber posts may also be installed, should it be required on

either level,

Equipment Used

1. The Drilling Jumbo

The first jumbo used was a 2-boom machine with manually oper-
ated booms and drifters mounted on screw feed shells., This machine
is now inoperable, and we presently have:

a. Three 2-boom jumbos, one remote control and the other two semi-
aﬁtomatic. The semi-automatic are equipped with remote control
of the booms, screw feed machines, and manually positioning
shells. The other is completely remote controlled with chain

feed machines, and capable of drilling vertical holes. One of



these jumbos will drill an average round in about one hour and
15 minutes.,

b. Five 4~boom jumbos. These are double~deck rigs and are all
semi-automatic. They have scfew feed machines with backhead
controlled rockdrills mounted on shells that are manually pos=-
itioned. Drilling out with these jumbos is a 2~man operation.
They will drill a standard round in about 45 minutes.

c. Eight 3-boom, completely automatic jumbos, the majority of
which were designed and fabricated for our methods through the
cooperative effort of our operating, engineering, and mechanical
departments. These jumbos use chain feed machines. The jumbos
can drill vertical holes, and were designed to be used by one man.

They will drill a standard round in about ome hour.

The 17 jumbos described above provide each level a spare and
one available on surface for overhaul. The term "semi-automatic'
describes the jumbos that have hydraulic remote control positioning
of the booms while the shells have manual horizontal and vertical
positioning. Each of the jumbos has either a screw feed or chain
feed machine. The screw feed are 3" bore machines with the auto=~
matic feed motor built into the drill itself, mounted on screw feed
8-ft. aluminum shells. The chain feed drifters are also 3" bore
machines attached to mounting plates that slide on shells made from
two reinforced channels welded together. There is an air-vane
motor with right angle drive through worm gears at the front end of
the shell driving the chain Which is attached to the mounting
plates., The drifter and feed are then éontrolled individually. We

now have 73 drifters, with 50 in use and 23 as replacement units.
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All drilling is with 1" Q.0. drill steel with tapered ends and
rubber collared shanks. The bits are 1-5/8" diameter tungsten car=-
bide. Our drill steel has a life average of about 300 ft., and at
present we are experimenting with a smaller diameter drill steel

and smaller bit size.

Blasting

Ammonium nitrate is used whenever possible. It is loaded into
the hole using a Company-made loader=hopper. (See Fig. 7.) The
hopper is a conical steel container coated with yellow epoxy enamel
and holds 50 1bs. of the prills, It is joined from the bottom to
a non-corrosive stainless steel ejector by a 12-ft. black semi~
conductive hose. The ejector is hooked to an air outlet and blows
the prills through semi-conductive hose into the hole., The whole

unit is grounded while using.

The Mucking Machine

Originally the drift crews had been using Eimco 21 mucking mach=
ines which involved considerable hand mucking in our 12-ft. wide
drifts. (Figs. 2 and 3.) A faster mucking machine was selected to
eliminate this hand mucking and be transportable in our timbered
drifts. Although other models met these requirements, the Eimco
4L0H was tried on a trial basis and proved even more successful than
anticipated. This particular machine with its one~half cubic yard
bucket allows our operators to 1oad'a 230 cu. ft. car in about five
or six minutes. The steel flight conveyor was chosen over the belt
conveyor because of its high capacifies, reduced maintenance, and

our type of muck. The Company does own one belt conveyor model.

el
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There are now 17 of these machines on the property, with a spare on

each level and one in the shop for reconditioning and overhaul,

The Drop Bottom Dump Cars

We presently have 108 of these cars. In selecfing the cars to
go with the bigger mucking machine, we took the following into con-

sideration:

-8, A car that would fit in the #4 Main Service Shaft. The cage

had a width of 6'-9%" and a length of 13'-6".

b. A car that would fit the rotary ore dump, should it be re~
quired to dump thére. The dump has an overall length of 52'-6"
and will dump cars with a side height of about 5'-8",

¢c. A car that would allow maximum clearance in our timberéd

drift.

The car selected is 6'-0" wide, 5'-7" high, and 13'-2" long.
It has a capacity of 230 cu. ft., To use this car, the #l Shaft was
designated as a waste hoisting shaft. A bottom dump pocket was cut
in this shaft on each level, where dumping and closing wheels were
installed., Each draw level also has an ore pass raised from the
haulage level where the cars may be dumped. The ore dumped here
is loaded into the 15-ton production cars and hauled to the rotary
dump, thus providing two ways of dumping the development muck on
each level.

The change in mucking machine, the large drop bottom dump cars,

and the addition of remote control and semi-automatic jumbos improved

our efficiency by more than 40%.

Battery Locomotives

The drift crews use 27 of the 4-ton, 2-motor storage battery

i B



locomotives., Each locomotive is assigned two 48-cell, 25-plate
type 55X storage batteries with a voltage output of 96 volts. One
of these batteries is placed on charge every shift, while the other
is being used on the motor. The bétteries have a weight of about
five tons, giving the battery locomotive a combined weight of nine
tons. With a 2,000 1b. pull, these locomotives are capable of a

speed of 5 mph.

6. Fans

All drifts are ventilated with 20-hp or 10~hp series 1,000
Axivane high-pressure, high-speed fans, mounted horizontally in a
top corner of the drift. These fans draw air from the main pas~
sageway and ventilate the heading tﬁrough 24~in. diameter spiral
lock vent pipe (10-hp fan gives 8,000 cfm and 20-hp fan gives
12,000 cfm). The drift crews are now using 82 of these fans, with
50 of them being 20-hp. These are usually installed by a con-

struction crew.

All of the above equipment is an investment of over two million
dollars, and therefore it would seem best that we coordinate our drift
crews and systemize our method of drifting to increase our efficiency,

rather than consider a complete change to the drift boring equipment.

Drift Working Cycle

In order to complete a cjcle from and to a clean drilling face in our

average timbered drift, the work would be as follows:

( =6=
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Drilling and Blasting

Drilling will be either a one-man or 2-man operation, depending
on the jumbo used. The round is drilled using a "V" cut of two or
four holes. These cut holes are deeper than the rest of the round.
The relievers are also inclined slightly to ease the burden on the
next holes. An average round would consist of 52 holes with ten
lifters, eight or nine baék-holes, and five rows of‘holes in be~
tween (Fig. 8).

Each hole is primed with a 1-1/4" x 6”'stick of Amogel 607
powder and a White Sequoia safety fuse with a No. 6 cap, and
loaded with ammonium nitrate. Generally, all lifters are loaded
with Amogel only and, if the ground is wet, a 1-1/4” x 12" special
gelatin 407 powder is used. The round is then timed and fired

using igniter cord attached to the copper igniter on the fuse.

Booming the Cap

A flatcar containing the cap is pushed up against the muékpile
and uncoupled from the motor. A roller (Fig. 9) is placed on the
last cap in, and a 1/2" diameter cable 50-ft. long is placed over
the roller with one end clamped to the cap to be installed and the
other to the coupling on the battery locomotive. The locomotive is
then used to raise the cap to the same height as the cap already in.
The posts on eitherAside of the last two sets have steel wrap around
hip boom hangers (Fig. 6) on them. These hangers are secured in the
rear of the post by a pin, and supported in the front by a 2" x 12"
x 12" cleat nailed to the post. A 6" H-beam boom 12 ft. long is
then pushed out under the open ground a.required distance and blocked

down. The crew then slides the cap out on top of these booms, spots

" »
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it on centerline and grade, blocks it down, then tightly lags the

opening in between with 3" x 6" x 5'-0" lagging.

Mucking

Due to the overhang of the conveyor on the mucking machine,
it must be pushed in by separating it from the battery locomotive
by a flatcar. The conveyor is faised hydraulically and set down
to its proper level, resting on steel jacks. In o}der to load the
long cars, the mucking machine coupling is attached to a sliding
draw bar that provides three positions while loading. In order to
keep the mucking machine close to the muckpile, channel type slide
rails (Fig. 10) 10 ft. long are used, fitting directly over the
rails and moved ahead with the mucking machine bucket. After muck-
ing out, the mucker is thoroughly cleaned by the drift crew, and
the loaded cars are transported to a carpool heading where they are
picked up by tram crews, dumped, and returned. A standard round
would involve loading about eight cars. With the setting up,
barring down, switching of cars, and tearing down, it would take

two men about two hours to completely muck out.

Putting up the Posts

The timber posts, though heavy at times, are relatively easy to
install, They are placed up against a cleated saddle in the cap
(Fig. 6), put on a 2-in. in one foot batter, and blocked up using
our standard 3" and 2" blocks. They are then lagged up the sides
using a 2" x 12" x 5'-0" lagging. A cleat is placed on each of the
posts installed to hqld the steel wrap-around hip hangers to be

moved up before booming the next cap.



5, Miscellaneous Work

The drift crews advance by installing 10-ft. sections of 45-1b,
rail, The 10-ft. slide rails are used for the intermediaté dis-
tance in front of these sections.. These rails are installed using
standard steel ties. As the drift crew advances, the track crew
keeps the permanent track to within 30 ft. of the face using the
permanent pinon ties and crushed slag ballast. This permanent
track is either 45 1b., 70 1b., or 90 1b., and the track crew would
usually install 120 ft. at a time. -

Ventilation is kept close to the working face by installing 24"
diameter vent pipe in 20 ft. or 10 ft. sections. A rubber boot with
stainless steel adjustable boot straps is used to insure airtight
joints. The present trend is to have construction crews install this

when the drift crew is not working the heading.

Drift Crews

The required quota of the drift crews has jumped from 2,400 ft. per
month in September of 1968 to the 5,000 ft. per ﬁonth quota for October of
this year. (See Fig. 11.) Though we are now able to maintain our quota,
we have not increased the combined fpm/s to where they were at the beginning
of 1969 when we had 72 drift miners, or six crews. We now have 12 crews and
118 drift miners. Since the 1969 period, as crews were added to the drift
force, the total footage, as well as the fpm/s, dropped slightly. This was
due to the weakening of all crews by the addition of untrained individuals.

To eliminate this problem and keep our efficiency at a respectable level, we



began training individuals "on the job'" and experimenting with the drift
crew sizes., These individuals are classified as miner trainees.

The trainees work with the drift crews while not participating on their
contract. When the individual has been tréined in each phase of our drift-
ing operation, and has been checked out by the supervisor, he is placed in a
pool maintained to fill temporary and permanent vacancies. In March of this
year the Company began experimenting with the drift crews in an effort to
increase efficiency. The following was studied:

1. All drift crews up until then had their cars dumped from a "pool"
by service crews. To increase efficiency would therefore mean
adding men to obtain better service. It was decided to have a ser-
vice crew dump the muck for the experimental crewonly, and when not
doing this, they would work as supply trammers for that crew.

2. A way tokeep the experienced miner at the face as much as possible.
This can be accomplished by having someone else do the less-skilled
work, such as changing batteries on the locomotive, tramming sup-
plies to and from the face, and moving the jumbo and mucking machine.
The service crew could do this when not hauling muck cars.

3. To supply a trainee to this crew to be trained in our methods.

This would partially help increase the crew footage while learning,

and certainly help create miner material for future expansion.

The first effort made was to combine several of the crews to make a
9-man crew in five headings, working seven days a week and three shifts per
day, with a trainee and supply crew. This would develop specialists in each
phase of the cycle, with a 3-man drill-and-blast crew, a 2-man cap crew, a
2-man muck crew, and a 2-man post crew. Each phése of this operation depends

on the other, and involves too large an area (five drift headings) for the
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special crews to cover. It did increase our efficiency, but was still not
satisfactory in the overall performaﬁce. During this preliminary experiment-
ing, very close communication was maintained with the miners and thé super-
visors involved. It was from this communication that the 5-man crew, 3-
heading method we are now using was.developed—-and perfected to the satis-
factory performance we now have. The average efficiency of this crew is
constantly rising...the highest yet being a 1.71 fpm/s average of the three
crews studied, which for the same period is much higher than the fpm/s of

the 3~ and 4-man crews. (See Fig. 12,)

The 5-Man Drift Crew

This crew consists of five miners, two supply men, and a miner
traihee. The supply men haul and dump all the loaded development cars
an&, as a result, can spend about one-half of their time helping the
drift crew, The trainee in this crew is there primarily to learn, but
does help increase the efficiency of the crew. The crew is given three
headings to work. It uses one jumbo, one mucking machine, three motors,
and 13 development cars. The men are divided into two groups and try

to work the headings in the following mammer.

Group 1 -- Three miners, or two miners and a trainee:

S Load 4Blast R
| | | }

Gel powder§Prmers|  [Blow Holes Guard | |Gel (apé Svpplies
1 I | |

Y

Drill Out ' Boom Cap
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Group 2 -- Three miners, or two miners and a trainee:

r——"" Muck ou{ “"‘——“}
l | ¢ R

Starl Mucking | | Musc. Diglitch | | Setup Nexd Head
! f L |
b Pul inPosls |——r

Group 2 may not have the posts in and the face ready to drill by .
the time Group 1 is ready to start drilling. Group 1 would then move
into the next heading and start whatever work is required in that head-

- ing, even if it is work usually performed by Group 2. With the very
able supervision assigned to these crevs, the work is coordinated very
effectively to work each of the three headings equally over a period of
a week. We now have four such crews working two shifts and involving

40 miners, eight trainees, and 16 supply trammers.

The 3-Man Drift Crew

This crew consists of a leadman and two miners, and is used in
headings where speed is important, and in turnouts where the workload
is increased due to the area to be excavated. This crewuses one jumbo,
one mucking machine, one motor, and eight cars. When driving a single
heading, a 1.67 fpm/s quota is expected.of this crew, or one complete

cycle per shift. The average 3-man crew can meet this quota. However,
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when driving a turnout, this efficiency will naturally decrease, hence
the low fpm/s average as shown in Fig. 12. We now have three such

crews working on three shifts (27 men).

The 4-Man Crew

This crew has two headings to work, and consists of a leadman and
three minérs. They are divided up into two men per heading with the
work cycle coordinated by the leadman. The crew has one jumbo, one
mucking machine, two battery locomotives, and eight cars. A weekly
advance of 120 ft. is expected from this crew on three shifts. This
is 1,67 fpm/s. The efficiency is highly dependent on the headings
being in opposite phases of the cycle. Should one of the headings
have trouble with bad ground or éuppliés, it usually throws both head-
ings off. As shown in Fig. 12, a high efficiency is possible from such
a crew, however the average cover the period studied showed about 1.35

fpm/s. We are ncw working four of these crews on three shifts.

Crew Comparison

All three of these crews may be needed, depending on where and
what is required at the time. In a situation where the drifts are
available, the 5-man crew appears slightly better. (See Fig. 12.)

The following compares crews on costs and performances.

Number of Men Per Crew 3 4 5
Total Equipmenﬁ Cost $105,000 $135,000 $175,000
Equipment Cost/Crew Size $ 35,000 .- 8 33,750 $ 35,000
Footage per Manshift 1.1 1.3 1.5
Total Footage per Shift 3.3 5.2 7.5
~~continued
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| 3 4 5

Manpower Costs:

Leadman @ $36.56 36.56 36.56

Miner @ $34.16 68.32 102.48 170.80

Supply @ $30.64 30.64

Total $104.88 $139,.04 $201.44
Labor Cost/Ft. per Shift $ 31.90 $ 26,80 $ 26.80

Equipment Cost/Ft.
per Shift $31,800 $26,000 $23,300
The above figures indicate that on a labor cost per foot basis
both 4~ and 5-man crews are equal, however the lower equipment cost
per foot indicates that fututre expansion may be possible without pur-

chasing of new equipment with the increased use of the 5-~man crew.

Supervision

All drifting at the mine is scheduled by the Planning Section of the
Engineering Department. The execution of fhe schedule is under the juris-
diction of the General Mine Foreman. (Fig. 13.) The manpower on each
shift is controlled by the Shift Foreman, Technical control of the drift-
ing is by the Development Engineer on the level. The Level Foreman and
the Foreman receive their orders from the Development Engineer through the
Shift Foreman. The drift supervisor comes under the immediate jurisdiction
of the Foreman. Three crews is the desired maximum for each supervisor,
or about 15 men, since it is felt that efficiency will vary directly with
the supervision provided..

Every week a work schedule (Fig. 14) is put out by the Development

Engineer indicating the footage expected from each crew, the boss assigned,
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where this crew works, the number of men and the ‘equipment to be used. On

the bottom of this schedule is indicated the availability of all equipment
and drifts for the pipefitters, mechanics, track crew, electrical, and venti~
lation crews. In this way, all equipment may be serviced, and the miscel=~
laneous work in the heading brought up to date without interrupting the
drift crews. Everyone concerned receives a copy of this at the end of the

preceding week,

Cenclusions

The only conclusion that canfbe'reached is that we must always look for
improvement. The experimenting mentioned above in both cases showed improve-
ment over what we previously had. The important thing is to not sit back and
be completely satisfied with the older methods. On a comparison to a drift
borer, with the same investment in conventional equipment and excluding labor
costs, our drift crews can come to within 75% of what the manufacturers pre-
dict of their equipment .. .and the drift crews are presently only coming to
within 75% of what supervision expects of them. An advantage of the drift
borér is that all of its footage would be in a single heading.

There is no doubt that drift boring with improvemeﬁts is the method of the
future. SanManuel, at least for the near future, is committed to the conventional
methods, To then perfect this method to obtain the maximum from the equipment and
manpower is the immediate goal. Several minor changes may bemade in our equipment
to achieve this goal. The crew experimenting has proved successful, but more

important, indications are that there is still room for improvement.

A special "thank you" is extended for the completion of this paper to

all Mine Departments at San Manuel.
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Surface subsidence related to draw from the San Manuel mine has
been under constant observation and study by a number of people from
the beginning of production to the present writing. Magma Copper Com-
pany personnel have observed the cave area more continuously than any
other group, and documentation on the progress of cave is recorded in
Company files in the form of semi-monthly reports, monthly reports,
special reports of unusual phenomena, ground photographs, aerial photo-
graphs, topographic maps, contour maps, transit surveys, etc., forming
a substantial backlog of raw data of which this paper hopefully will
arrive at a coherent summary. Allied to this surface observation are
15 years of basic production data which includes, among other things,
data on rock fragmentation, heavy ground conditions, production effi~
ciencies, powder consumption,‘repair, high pack, core recovery, etc.,
much of which is beyond the scope of this particular summary.

Previous summaries of early cave action and subsidence phenomena
have been written by Magma personnel and they include at least two
reports by J. D. Pelletier (1) (2) and one by L. A. Thomas (3). Ad-
ditional early observations on the cave by outside workers include
two master's theses under the auspices of the University of Arizona
written by Griswold (4) and McLehaney (5). A later theses by Hatheway
(6), also under the University of Arizona, discusses his observations
on the mechanics of subsidence and the type of mass wastage units
which form within the cave area. Many workers representing the United
States Bureau of Mines have taken part in some phase of observing sub=
sidence phenomena at San Manuel, and while most of their work is un-
published, one paper by Johnson and Soulé (7) describes a method used
to measure surface subsidence during the years when the cave area was
relatively small. A comprehensive program of mapping the fracture
pattern exposed in the First Level drifts was carried out by E. D.
Wilson, who reported his conclusions in two consecutive references
cited (8) (9).
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In this report, the sections dealing with the early part of First
Level history which include "The Initial Failure of the Gila Conglom=-
erate" and parts of "The Continued Growth of the South Orebody Cave
Area" are the result of observations recorded at the time by J., D.
Pelletier., The remainder of the report is largely a summation of
previously unpublished observations and conclusions recorded in Com=-
pany files by L, A. Thomas and M, A, Enright. No real attempt has
been made to include the commentary of outside investigators, except
insofar as certain raw data provided by the United States Bureau of
Mines appeared pertinent. R

No general discussion of the geology of the orebody is included
here although the regional structural setting is introduced as being
necessary for an understanding of the mechanics of caving as they are
to be presented in this paper. The gross geologic setting is primar-
ily the concept outlined by Lowell (10), but the physical character=-
istics attributed to the rocks comprising the orebody are the respon-
sibility of Magma observers.

Introduction

Two routine techniques have been used over the years to study the
development and growth of the cave area. Initially, subsidence pins
were set in place over the orebody on a 100-ft. square grid system,
with installation being accomplished by both the U. S. Bureau of Mines
and Magma personnel. Over the years nearly 1,000 of these pins were
set and each one surveyed for coordinate position and original eleva=-
tion. A triangulation net was established for the purpose of sight-
ing on each pin when the ground began to move and traverses were no
longer safe. Regular transit or theodolite surveys of the pins were
made until September, 1961, by which time the cave area had grown so
large and so many pins had been destroyed that the system was aband=-
oned. In the beginning, transit surveys were made every two weeks as
detectable slump developed at the surface. Later, monthly surveys
were initiated and as the cave area grew and deepened, quarterly and
finally semi-annual surveys became the established routine. Some of
the advantages of the pin grid/transit survey technique included:

(1) horizontal component of movement was readily discerned and meas=-
ured, (2) small sag on the order of 0.1 ft, was easily detectable,
and (3) a fine control system was available for mapping cracks on
foot, to almost any degree of detail which the observer might desire.
The obvious disadvantages, of course, are the tedious job of triangu-
lation and plotting hundreds of separate pin locations and the even-
tual destruction of pins by cave action which ultimately left the in-
terior of the cave with almost no recognizable control points.
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Therefore, coincident with the start of Second Level production,
semi-annual flights of the cave area were begun and a topographic map
‘of the area was produced by photogrammetric methods. The advantages
of this method include fine resolution of the interior topography and
an excellent view of the larger peripheral tension cracks. However,
small cracks cannot be seen and horizontal components of movement are
not readily measurable by this method.

THE STRUCTURAL SETTING

In order to explain the caving phenomena which have occurred due
to production from the San Manuel mine, it is necessary to consider
the characteristics of the rock types which are related to the ore-
body. Hence, a brief description of the gross geologic setting is
pertinent.

As conceived at the present time, the San Manuel orebody is the
lower half of what was originally an elliptical (in cross-section)
cylinder some 8,000 ft. long with major and minor cross-sectional
axes of 5,000 and 2,500 ft. The cylinder was comprised of a central
core of monzonite porphyry rock which had been intruded into, and was
therefore surrounded by quartz monzonite rock (Oracle granite) with
the economic ore zone generally occupying the elliptical contact zone
between these two rock types. After emplacement, the cylinder was
diagonally sliced along its long dimension by the San Manuel fault,
which separated it into halves, moving the upper half some 8,000 ft.
down dip and bringing a wedge-shaped blanket of Tertiary conglomer-
ates into position over the lower segment of the cylinder. IHence,
the San Manuel orebody with which this report deals is seen to be the
lower half of the bisected cylinder, with the igneous host rocks cap=~
ped by a varying thickness of Gila conglomerate which lies above the
major structural feature of the San Manuel fault. Thus the rock col-
ums which are set in motion by draw are not homogenous masses of ig-
neous rock reaching to the surface, but comsist rather of both igneous
and sedimentary components in varying proportions separated by the San
Manuel fault. Since the physical characteristics of the igneous and
sedimentary components of a given rock column are very different from
each other, the pattern followed by caving and subsiding ground has
reflected these physical differences and given rise to some of the
phenomena which are to be described in this report.

The igneous rock masses in which the orebody occurs are structur-
ally incompetent rocks, with the monzonite porphyry generally more
incompetent than the quartz monzonite, Both have been closely frac=-
tured, strongly altered, and disrupted by several major post-ore
fault zones. Structurally speaking, considering the size and shape

""Subsidence and Related Caving Phenomena . . . San Manuel" -4~

of mineralized ground and the degree of fracturing exhibited, the ore=-
body and its inner porphyry core could be considered to be a macro=-
breccia comprised almost entirely of angular fragments (with no sig-
nificant rotation) separated from each other by poorly bonded fracture
planes which are usually coated with non-cementing alteration products
such as sericite, chlorite, various argillaceous products, or fault
gouge. In the monzonite porphyry rock, the size of the angular frag-
ments ranges from=<3" to 24", or perhaps occasionally more. Quartz
monzonite fragments, normally less angular than porphyry and less
closely fractured, may range in common sizes from 3" to 6", to bould-
ers several feet across. The compressive strength of such an environ-
ment cannot be great and those investigations to determine numerical
values for it which have been carried out (normally by personnel from
the U. S. Bureau of Mines) have shown some extremely low values. Pan-
cake-type instrumentation installed on 1415 Level in Panel 8 Fringe
Drift showed that rock in the drift was crushing and the timbered
drift beginning to cave at only 1,500-1,600 psi, This is perhaps the
absolute minimum value for compressive strength in monzonite porphyry
but it serves to illustrate how little strength the porphyry exhibits
in gross aspect when it is placed under compressive stresses. A re-
liable average value for stress required to cause failure in porphyry
is probably not known, nor is it known for quartz monzonite.

In contrast to this igneous enviromment below the San Manuel fault
plane, the sedimentary beds of Gila conglomerate which lie in the up-
per plate must be considered to be very competent rock, relatively
unfractured despite some local weaknesses due to throughgoing post-
Gila faults or tuff beds concordant with the attitude of the enclos=-
ing strata. In the course of 15 years of operating experience at the
mine, it has been clearly demonstrated that the Gila is capable of
standing in a vertical escarpment 300 ft. high for many years and that
where several hundred feet thick, it is capable of arching over spans
several hundred feet across.

SUBSIDENCE DUE TO FIRST LEVEL DRAW
SOUTH OREBODY

A. The Mining System. A '"checkerboard" pattern of umdercut blocks,
210" wide and a multiple of 30' or 35' in length, was chosen as
the mining method by which to initiate production, for it was
felt that such a system would give a maximum area in both direc-
tions from which caving action could withdraw support from under
the massive Gila conglomerate. The east portion of the South ore-
body was chosen as the location for the first blocks because,
among other advantages, it was cut by two major post-Gila faults
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B.

which were believed, and later proved, to be helpful in creating
an initial breakthrough in the conglomerate. Undercutting began
with Block 7-1 on November 24, 1955 and progressed sequentially
through Blocks 9-1, 6-2, 8-2, and 5-3 at an average rate of 1,055
sq. ft. per day. After the completion of Block 5-3 undercut on
June 15, 1956, a sufficient number of draw raises were available
for the desired production rate of 30,000 tpd and undercutting was
temporarily halted. At this point the five undercut blocks had a
total undercut area of 260,400 sq. ft., and an area within their
undercut perimeter of 627,000 sq. ft. [The "undercut perimeter"
is that line which circumscribes the entire area undercut. In the
case of a checkerboard system, the area within the undercut per-
imeter must necessarily be much greater than the-area actually
undercut.] This area was deemed sufficient to cause failure in
the Gila conglomerate capping and the initiation of a successful
surface subsidence.

Tnitial Failure of the Gila Conglomerate. The first evidence of
failure in the conglomerate occurred on April 7, 1956 when a large
volume of air began to discharge out of the collar of Churn Drill
Hole 101 which was located within the undercut area of Block 7-1
(Plate 1). The hole had been plugged since its completion at the
San Manuel fault plane (350 ft. below the surface and 770 ft.
above undercut level), and the sudden appearance of air discharg=
ing at the collar showed that the debris forming the plug had
fallen away, probably into a small void created just under the
fault plane. Since the undercut at this point had been completed
about 2% months earlier, the indicated average rate of progress
of the cave upward through the monzomite porphyry rock columm was
approximately 10 ft. per day. At the same time, total draw from
the draw raises beneath the churn drill hole averaged 75 vertical
ft., giving an indicated average draw rate of about one ft. per
day and an indicated average expansion in the porphyry of 117%.
Daily plumbing of CDH 101 was started in an attempt to record the
progress of cave upward through the conglomerate beds. The rec-
ord of these probes shows that the conglomerate was periodically
spalling off at the bottom, failing in tension along bedding
planes. The first detectable surface cracking occurred on May 7,
1956 at a point 35 ft. outside the vertical limits of Block 7~1
when the average draw from the block had reached 8% of the total
rock column. The crack occurred along a bedding plane in conglom-
erate although on the same day plumbing of CDH 101 showed that the
actual cave had progressed only 33 ft. upward into the beds, leav-
ing 319 ft. of conglomerate which had slightly sagged, but was not
yet significantly broken. During May, 1956 bedding plane cracks
continued to form at the surface and, in fact, bedding plane crack-
ing related to the draw from Block 9-1 (the second block undercut)
appeared on May 15th, 1956, 80 days after completion of undercut-
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ting there when draw from that block had reached 127, of the total
rock column. The higher percentage of extraction required for the
sag to reach the surface over Block 9-1 may have been due to the
fact that it had a greater thickness of conglomerate in its total
column.

In late May and June, tension cracks concentric to the gen-
eral center of draw began to form, and by the end of June they
had expanded outward in all directions until an oval area 1,800
ft. long by 1,400 ft. wide had been defined whose outer margin
was comprised of cracks dipping vertically to steeply outward
from the mining area. These cracks were independent of structure
in the conglomerate except where fault planes in the conglomerate
inclined in nearly the same attitude as the cracks, the cracks
followed the fault planes for some distance, (See Plate 2.)

A plumbing of CDH 101 on June 12, 1956 found the depth to
cave at 225 ft. below the surface over Block 7-1. Thus, in the
65 days of elapsed time since the cave had reached the base of the
conglomerate, it had progressed upward into the conglomerate + 125
ft., or an indicated rate of two ft. per day.

Developing in conjunction with the surface pattern of crack-
ing was the first measurable subsidence of ground. A broad, shal=-
low slump developed over the general mining area and by May 18,
1956 (11 days after the first cracking) it had reached a maximum
of 0.59 ft. in the area just north of Block 8-2. By May 28, 1956
it was 0.76 ft., with the area showing maximum readings expanding
easterly toward the south edge of Block 7-1. June 12, 1956 recorded
1,44 ft. maximums in a pattern similar to that of May 28th, as
shown in Plate 1. Note that the June 12 readings were taken at
the same time as the last plumbing of CDH 101, and subsidence in
the vicinity of the churn drill hole on this date measured 0.70
ft., even though 225 ft. of conglomerate remained essentially un=-
broken there. By mid-June it became apparent that the area show-
ing detectable slump was bounded by the tension cracks concentric
to the general center of draw, and that maximum values for the
slump were also centered over the general mining area. An accel-
erated rate of change in the subsidence area set in during June,
for by July 5 and July 26, maximum readings had reached 4.32 ft,
and 5.01 ft. respectively, with the deepest parts of the subsidence
area localized just south of Block 7-1. This area remained the
deepest part until March, 1960 when the pattern of draw shifted
it to the east over Block 6-3., Note the uniformity of action
shown by the developing cave area as it formed, for the subsiding
mass, with one exception, never showed any tendency to develop
individual centers around individual blocks, but rather settled
slowly as a unit within the area outlined by the concentric ten-
sion cracks.
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As subsidence progressed, certain of these outermost tension
cracks became the limiting boundary of subsiding ground and even-
tually they developed into the prominent scarps which outlined much
of the mature cave area.

The single exception to the pattern of broad general subsi-
dence of the developing cave area occurred over the west edge of
Block 9-1 where on June 16, 1956 an area about 100 ft, in diameter
suddenly broke through to the surface with the "plug" dropping
approximately 30 ft. (See Plate 2.) Concentric temsion cracks
soon formed around the rim of this isolated breakthrough, so that
it resembled a small duplication of the subsiding area as a whole
within which it itself occurred. This exceptional case occurred
in the newly developing subsidence area for the simple reason that
a pipe rose to the surface along the general plane of the East
fault, one of the throughgoing post-Gila structures which was
effective in inducing local weakness in the cohesion of the con-
glomerate beds. The fact that it so occurred points to the wisdom
of designing the initial blocks in a caving system to utilize the
known planes of weakness to induce an original collapse at the
surface. The pipe rose through 670 ft. of igneous rock plus 450
ft. of conglomerate and collapse occurred when average draw from
the block had reached 177 vertical ft., or 15.7% of the total
rock column (9,000,000 cu. ft. of igneous rock withdrawn). Since
the collapse absorbed only 30 vertical ft., the expansion in the
porphyry column calculates to approximately 25%-30%, assuming
insignificant expansion in the massive Gila beds. Block 9-1 had
been under draw for + 135 days at the time of collapse, so the
indicated average rate of progress of the caving action upward is
approximately 8.3 ft. per day. In view of the observations made
by plumbing CDH 101, it is likely that this 8.3 ft. average act-
ually consisted of a factor of several times that rate per day in
the igneous column, a brief interruption of progress at the San
Manuel fault plane, and an eventual continuation through the Gila
beds at a much slower but continuous rate made possible by the
weakening influence of the East fault.

Block 9-1 was also the location of some underground observa-
tions on cave angle and rates of progress of the early cave, which
were made from the 1285 exploration level driven some 105 ft.
above the First Lift undercut. These observations were necessar-
ily all made early in the history of the mine as the exploration
level was soon destroyed by draw. The plan map of Block 9-1
(Plate 3) shows the location of the block and the exploration
drift with the drill holes which tested the early angle of cave
from 100 to 400 ft. above undercut. Vertical sections through the
drilling are included as Plates 4 and 5. Note that in its early
stages the caved limit actually arched inward over the block, and



APFROXIMATE L/IMITS oF CAVE

200° ABOVE UNDERCUT >>§\\’
Frrar & rPonTHS  Draw %

\

N\

N
4

Priare 3B
SAN MANUEL COPPER CORP.
DEPT. ARIZONA

Piaw Swowing. Dimrond _DRjic
Froses ZTare _Fiockh F-/
. Aspsr Laves

DRAWN ...~ ¢ DATE # -:' .-, DWG. No.
CHKD, DATE S-
APPD, SCALE /"=52'| AccT.
y
\
N
N
n
3
R
?
E
Q
:\
\
. X 3
N
<
3 3 ¢
. 8 3
N ! b
R N |
N
Q ? s
{ & 3
R L
) &
X <
|
] o T on T ICH L Vanrrican -L _____________
B e s g i S m AR
AVED  Crouny 4, Y NMonrns DRAW :
N
\
LY
1S
v
q
: §

MAGMA COPPER COMPANY

SAN MANUVIEL PIVISION

oerr. SAN MANUEL. ARZONA
Sacrion NYEW Tipoven
Ponre 5/ Brocax -/

ForSsr Loves

DRAWN /.2 2 DATE #22 4¢| DWG. No.
CHKD, DATK A

APPD, ecCALE/ S 5’ |AccT.




9
» 3 z
z (1o |G
:zi ‘§ \ g k
z0¢ |3 |3 <3
3 8 EENIN s =
y - 2 viol |
\ ': ) \) g°§ N § vls '?’ "gubsidence and Related Caving Phenomena . . . San Manuel" -13-
A § PR R N
v IR 1 G Rl i
] N MNos v HEL]
N % |V 'Y
{ NFH 1N o ‘
N E3° E N B that the square corners did not initially break out very far
. N ] NI 2 above undercut level. As a result, the rectangular shape of the
3 g g N EIEIE active draw area became rounded at the corners and slightly more
N AV FEAT constricted with increasing height. The illustrations shown are

applicable to the month of April, 1956 prior to the detection of
any cracking or sag at the surface and hence presumably before
any real pressure had been transmitted onto the porphyry by sag
in the conglomerate mass. No further testing of the shape of

the caved limit was possible, but subsequent observation of the
behavior of the surface suggests that the arching effect was soon
destroyed, for once the conglomerate began to sag, stresses were
applied to the porphyry wall in excess of its compressive strength
and it failed toward the block, resulting in an ultimate cave
angle which lay outside the vertical limits of undercutting.

This mechanism is believed to be the explanation for the very
large tonnage overextractions which were obtained from the init-
ial checkerboard blocks on the 1415 Level.

Tngonsrrcons. VEATIeRL Limsr

Before describing subsequent growth of the cave area, it
might be well to summarize the caving mechanism as it had occur=-
red to this point. In a paper prepared for presentation to the
Tucson subsection of AIME, J. D. Pelletier wrote a clear summary
of the action producing the initial breakthrough, parts of which
are appropriately quoted here:

"by piecing together information gained from a study
of the draw and by observation of subsidence at the
surface and weight patterns underground, the follow=-
ing caving action is thought to occur:

Beocn -/

< Immediately after undercutting, caving progresses
rapidly upward through the fractured porphyry of the
ore zone., The speed of caving is much faster than
the rate of draw and is limited only by the expan-
sion of caved rock within the block. In one instance
where we attempted to measure the rate of caving by
probing a diamond drill hole which passed through
an [active] block 100 ft. above undercut, it was
found that the cave had advanced past the drill hole

_ the first day after removing undercut pillars. Al-
though small arches 30 to 40 ft. across are observed
during undercutting, no arches are thought to persist
in the porphyry once the block begins to cave.

( Creranr Sacrion ﬂ"§

. « o Observations from the 1285 Exploration
Level driven 105 ft. above undercut showed that dur-
ing early stages of the draw the ground tended to
cave nearly vertically to slightly inward from the
block boundaries. The tendency to pull inward is
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especially notable in the corners of the block
and results in the cave assuming a [more] cir-
cular section in plan rather than continuing
the rectangular shape of the undercut.

. « . When 10% of the porphyry column has
been drawn, the cave has reached the bottom
of the conglomerate and its upward progress
is retarded. The conglomerate, because it is
not a fractured rock, caves very slowly and is
capable of standing in an arch for long per-
iods of time and over areas much larger than
our broadest blocks.

With continued draw from the blocks, a void
forms in the lower part of the conglomerate
column and the weight of the conglomerate above
the arch bears on the pillars surrounding the
block. The combination of this arch load plus
the weight of the rock column itself, exceeds
the compressive strength of the porphyry and
the rock fails toward the block. ... Failure
of the underlying porphyry allows the massive
conglomerate capping to sag and, when the lim-
its of strain are reached, the capping over the
entire mining area shears off in a bending
failure and subsides as a unit. Cracking of
the surface expresses itself in two ways:
first, in the central area where the surface
is under lateral compression, the cracks are
low angle breaks usually along bedding planes
. . . and second, at the outer margin of the
subsiding area, where the surface is under lat-
eral tension, steep tension cracks develop a
concentric ring pattern around the entire area.
These cracks dip vertically to about 70 de-
grees away from the subsiding area and develop
[by rotation] into fissures which sometimes
attain great widths and depths of several hun-
dreds of feet [i.e., to the base of the con-
glomerate columm]. With continued subsidence
the tension cracks become large scarps which
outline the area beneath which the porphyry
is failing in compression" , . .

The Continued Growth of the South Orebody Cave Area. By Novem-
ber, 1956, the maximum subsidence reached 29.2 ft. with the oval
pattern well established and nearly all activity occurring within
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the limits of the original coﬁcentric tension cracks. (Plate 6.)
Block 4-1 was undercut in November and by then total subsidence

represented 32.2% of total draw volume. June, 1957 recorded 86.6
ft. of subsidence south of Block 7-1 and, influenced by draw from

Block 4-1 and the very weak Vent Raise fault zonme coursing the
northeast side of the mine, the cave area expanded to the north
and tension cracks opened up further out over Block 4-1., Total
subsidence now represented 55.7% of the total draw volume, and a
new block (3-2) had been added to the producing blocks. On Nov-
ember 20, 1957 the surface over Block 3-2 collapsed over an area
of 28,600 sq. ft. (compared with an undercut area of 36,750

sq. ft.) and completely outside the scarp line of the main cave

area which existed at the time. Draw in 3-2 had reached an aver-

age of 159 ft., which represented 15.0% of the total rock columm.
The hole which formed (Plate 7, pagel7) was located about half

within the vertical limits of Block 3~-2 and about half outside in

a southwesterly direction toward Panel 4, and for several months
it remained separated from the rest of the cave area. At break-
through, the "plug" dropped perhaps 200 ft. vertically, indicat-
ing that a very considerable void had been drawn somewhere be-

neath., This block was located just under the lip of the conglom~

erate at the east end of the mine and it is probably the lack of
any substantial thickness of conglomerate which accounts for its
independent action at the surface and the obvious lack of "pres-
sure caving'" which resulted in a low tonnage extraction for a

virgin block. Large tension cracks had formed still further out
on both the north and south sides of the cave area in the inter-
val since June, 1957, though the main subsidence was still loca-
ted within the old perimeter and had reached a maximum of 134 ft,
Total subsidence now represented 67.0% of total draw volume.

The final observations on the progress of cave as it rose
through the 1285 Exploration Level were made in 1957. Note
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