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Ore Hoisting
in the Butte District

N MANY mining districts future

developtients are uncertain. A

mine or district may show either

long life or prove to be a fhzzie.
Txceptional confidence, however, is
evident in the future of the Butte dis-
trict; this attitude is substantially shown
in the fact that one conservative cor-
poration has installed complete new
hoisting plants designed for a depth of
5,100 ft., which is the generally accepted
maximum depth of single-stage hoisting
for cconomical operation. This trend
toward deeper mining is significant, as
the deepest shaft in the district at
present is 4,000 ft, !

New structures designed for future
deep-hoisting conditions must provide
for new reguirements aud possible
chianges in transportation, hoisting, and
preparation of run-of-mine ore. For
example, preparatory treatment plants
with a gravity feed or conveyor belt
system to the skip bins of the head-
frame may be installed in the near
future.  These may not only prove
necessary but highly profitable. Fore-
casting developnients in mining is at
hest an uncertain and difficult task that
requires  an  intimate  knowledge of
existing and past conditions. Its
tmportance in the design of steel head-
fravtes cannot be stressed {oo much, and
can be fully realized only by men who
have followed mining and witnessed the
rapid growth and radical changes in
sme of the important mining districts.
e general dimensions of a headframe
van usually be determined if the method
of hoisting is known; hut jf hoisting
conditions are to be changed within the
fife of the structure, future develop-
ulents and changes must be considered,

Three generally accepted methods of
handling ore and waste through shafts
sre employed in the Butte district;
munely, cars to cages; cars to skips;
kip pockets to skips, With the excep-
i of a few propertics where huckets
wre employed, the cars to cages method
15 used almost exclusively in the smaller
Mites,  The Anselmo, Lexington, Gaold-
“mith, and the Ocphan Girl are so
“tuipped,  Where caging is used exclu-
sively, trips of two, three. and four
decks or cages are emploved, depending
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on the vertical clearance of the head-
framme.  This practice is a factor
influencing the height of headfranies.
Automatic skip dump loisting has
superseded cage haisting at the larger
properties,

Many of the mines, however, resort
to the cage method to transport waste
to the surface when stope filling is
temporarily suspended. In the method
of stope filling commonly used, waste
transfer chutes open into the stopes to
he filled, and a regular system of waste
transfer from level to level is employed,
except where cuough barren develop-
ment is under way to furnish the waste
vequived for the stopes in the block
Lelow.
able varies and seldom is equal to the
amonnt required in any one block, fl-
ing which is obtained from barren
raises. «rifts, crosscuts, shait sinking,

As the amount of waste avail..

fire Regerves

Structural Engineer,
Anaconda Copper Mining Company

and wmderground  sorting  is  trans-
ported from level to level within the
mine to wherever it is needed. An
auxiliary to the main hoists, known as
the “chippy” lift or hoist and equipped
with cages to handle waste, men, and ,
supplies, provides interlevel service for
these operations. Where the amount
of barren rock exceeds filling require-
ments, the surplus is transported to the
surface either in cars run onto the cages
or in skips to the skip bins, Under-
ground, waste rock is generally dumped
directly into the skips from the cars,
Before any waste is dumped into the
skip bins, they are emptied of ore, as the
waste goes directly to the dump.

It some of the mines vein mineraliza-
tion may he erratic or tow-grade, The
expense of cutting large stations and
skip pockets under such circumstances
is inadvisable. In other instances, the

Mig. 1—iactors inftaencing the
deslgn of a headtrnme
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135"

Flg. 14—The Blnck Rock No. 3 headfrnme

of the old Kimberly type. A flat hoist-
ing rope is employed.

Fig, 14 shows the design of thie Black
Rock headfraine erected in 1915 at No.
3 shaft, The structure is built of H
sections, and is 135 ft. high. Sheaves
are 12 ft. in diameter. The simphcity
of its details is appareut.

A general drawing of the structure at
the No. 4 shaft of the Pitismont mine
is shown 1 Fig, 15. The headirame is
of the A type and unusually massive for
its height of 50 ft. ‘T'he foundation for
thie structure was built up with the slag
from the Pittsmont smelter, Ileadraoom
beyond a low lhmit was not needed, as
the method of hoisting employed at that
time was “cars to cages.” Wilh the
introduction later of automatic skip-
dumping arrangements, additional head-
toom hecame necessary, Several mines
avoided erecting new struclures by con-
structing a 40-f1. level (see Fig. 17) or
adit to the shaft and by putting in steel
“sunken™ skip bins around the shaft,
Electric motor lorries. operating over
a short trestle, tram the ore from the
skip bins on the 40-ft. level Lo the load-
ing bins.

During 1927, three of the important
mines, the Mountain Consolidated, Bel-
mont, and Badger State, were equipped
with new surface plants designed for
hoisting from a depth of 5,100 ft., the
accepted maximum deptls of single-stage
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hoisting, General details of these head-
frames are shown in Fig, 16. They are
125 ft. high from shaft collar to sheave
center, and are designed for automatic
skip dumping i two compartments,
Their construction is of the rolled-
section type, and convenience of erec-
tion was an important factor in their
design, Sheaves over the main hoisting
compartntents are 12 {t, in diameter,
and over the chippy compartment, 10 ft,
in diameter. All sheaves are placed at
the top of the frame. At the Badger
State and Belmont, three hoisting com-
partments  are  employed, two for
balanced skip hoisting, and one com-
partment for the chippy cage. A
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Fig, 13—Headframe ot No. 1 ahotle of
ihe Pittamont wmlne

fourth compartnient is used for pipes
and cables. At the Mountain Con-
solidated, live compariments are to be
used: two for Dbalanced skip hoisting,
otie compartment for the chippy, one for
pipes aund cables, and one for ventila-
tion. Ore at these three installations
is hoisted by 1-in. steel ropes in auto-
matic  scli-dumping  skips of 7-ton
capacity. The skips are suspended
beneath a bonneted single-deck cage.
Four-deck cages are used for man trips.
Main posts or frout columus are 14-in.
f1 columins; and guide columns are
10-in. H sections. The hack legs are
also 14-in, H sections. Main struts and
diagonals are rolled H sectious,

Statistics Pertaining to Headframes in the Butte District

Ore Ore Helght  Welght Disim-
) ) Capac- T¥epth Hoiatipg of n? eter Llze and
. Weight in ili of I peed, Head- Head-  of Typo. ol
Pounda Bkip, 8haft, Feet per {rame, frame, Sheaves, Haofsting
Shaft Cage 8kip  Tone Feet Minute Feet Poun Feal Hope
4,000 8.500 5 1,800 3200 36.42 4700 10 7§¥x i, At
4,000 10,500 1 3,500(0y 2,800 12%.5 256,000 12 1}” diam., rd.
4000 19,500 7 3.400(a) 2,600 129.5 256000 12 1} diam., td.
3800 8900 5 4007 2250 tid Tipiber T Y
3,900 8,500 5 3,200 2,600 40 Timber 0 ** diam,, rd.
3.800 10,000 14 1.800 2,600 152 250,000 10 * diant,, rd.
3,800 10000 o 2800 2,600 152 50000 10 * diam., rd.
3,850 8,960 5 3400 2800 160 38000 fo "x ", fiat
4000 10,000 7 300 2,600 94 65000 10 6’ x§*, Aot
3.850 8,960 5 1400 1500 o0 192000 10 67 x " flat
d.. . 3,800 8,500 5 1800 30600 141 346,425 12 *dism., rd
Muountsin Co .. 4,000 10,500 7 3,600¢a) 2,800 129 5 236,000 i2 * diam., rd
Mountain Con. (old) 3,850 8,900 5 3,500 LOOO 100 Timber 10 “dipm., rd
Mountain View.... 4000  If,000 § 600 2,200 40 183,000 74 x 1", fat
Never Bweat....... 1,200 5,700 33 LECD 2,600 190 313,000 10 ism., rd
Originah.,,........ 3,900 7,800 4 yeo0  ds00 112 38000 1o dism., rd
Orphan Girl 3030 No aluga ., 5,000 1,500 I0 19,000 I dipm., rd
Pgunuylvnnm. 3,500 8,500 3 3,400 1,800 100 3000 12 , diam,, 1d
Piltsmont.. 1,250 3,875 5 1,600 2,600 58.5 41,500 8 " x §, flat
Bt. Lawrenc 3,900 7,000 7 3100 |,000 97 113008 10 " xj".ﬂat
Bpeculator.. 1.100 tl,000 5 1,800 2,200 0 42,200 19 14" dism., 1d.
Btewart., .. 1500 8,500 5 800 2,200 100 292,000 10 13 diam., rd.
Tramway......... 3.5850'0 8,500 H LEGG 2,800 100 35,000 12 1§ diam., pd
Weat Coluna...... . { L] } No skips 2,200 1800 S0 0000 10 47 A

(@) Hoisting tnatallation designed for depth of 5,100 it,
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Fig. 1T—A 40-tt. level installation

At the Mowstain Consolidated mine
(see Fig, 10}, the hoist house was first
placed closer to the collar of the shaft
than it now is, Subsequent examination
showed the first sit¢ to be unstable as a
result of stoping operations. The new
building was therefore erected on the
brow of the hill, as shown in the figure,
The position of the old hoist building is
indicated by the dotted outline. In the
foreground is the -old engine room,
Idler towers, provided with sliding
idlers and a vertical adjustiment, are in-
stailed in all three headframes to carry
the ropes. -

The year 1897 marked the first use
of steel in the design of headframes in
the Butte district, when the first steel
structures were erected at the West
Colusa shaft and the St. Lawrence mine,
Sinee then many other steel headframes
have been erected, and they are now
common in the district,

+

Fig. 16—Gonoent deslgn of headframes at
the Mounintn Consolidnted, Relmont, sad
DBadger State shafts

The chart shown in Fig. 1 indicates
most of the points considered by the
designer or tine manager In planning
the type of structure that will most effi-
ciently meet operating conditions. At
present nearly all of the large producing
mines are equipped with steel head- )
frames. Underground conditions that
influence the design of head structures
can be approximated from an article by
C. M. Harrer that appeared in the
July 30, 1927, issuc of Engineering and
Mining Journal. - :

At those properties where motor
trams or lorries are used, the skip bin
serves as a storage hopper. Capacity &
of the lopper is determined by the
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Fig, 2—The Orphan ¢irl mins

ground may be heavy and difficult to
support over large excavations. The
method of hoisting ore under such con-
ditions witl therefore be the cars-to-
skips method. The contents of the
loaded cars on the varions levels are
dumped directly into the skips, which
are spotted about 6 in. above the level
of the turnsheets, This does not nec-
essarily imply that the whole mine is
thus served. Only certain levels are
operated in this manner, others being
equipped with skip packets, Where ore
reserves can be fairly closely estimated,
and where they indicate the advisability
of a skip pocket, the ground permitting,

_large stations with skip pockets under

the station sills are driven off the shaft
wlien opening new levels, .

Hoisting details are therefore depend-
ent upon underground conditions and
operations, such as the extent and con-
tinuity of the orebody, the method of
opening up levels, the mining method,
and the transportation of ore to the
shaft stations. The grades and size of
orehodies are considered in relation to
market couditions in determining the
daily tonnmage rating of the mine and
the planning of operations,

Methods of transporting the are fron
the colfar of the shaft to the loading
bins are listed in the chart, shown in
Fig. 1. Hand tramming car directly to
terminal  bins  presupposes a sharp
velicf in topography, such that the top
of the loading bin will be approximately
oft a level with the collar of the shaft.

Flga. 2 and i —Tie Never Swent el
Original hesdirnmen,  The Intter I to
the right.
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This method is used at only a few small
mines, leases, and prospects, but was
extensively employed in the early days
when fow leadfratiles were in vogue
and tonnages were comparatively small.
A variation of the method that is used
at several properties consists of a head-
frame of medium height and a “high-
line” or trestle that connects the head-
frame with the loading bins or railroad
cars, At the Anselino mine no terminal
binkers are used, the contents of the
loaded cars being dumped directly into
railroad cars from a tipple arrangement
ont the “high-line.”
wooden headirames, with the exception

¥ N PEI

Fige, 5§ nnd 8—The Granite Mouniain
headiranie is seen above. Relow Is the
surince plant nt the Speculator shatt,

of the old timher structure at the Bel-
mont mine, were huill to conform to
surface havel-trammring methods. Many
were subsequently partly or entirtly re-
constructed to adapt them to automatic
skip dumping,

Where the distance from the hoisting
plant to the loading bins is excessively
long, an interntedinte bin or hopper is
built at the hoisting plant. Ascending
(loaded) trips of cars (in cages) are
cmptied inte the bin or hopper by hand.
Special trammers foad from this bifi and
tramn to the loading bin. At present
cectric  motor  lorries  are
employed in this work, This method is
exemplified at the Orphan Girl mine,
west of the Montana State School of

. Mines. at Butte. A general view of this

property, showing terminal bunkers and

“high-line,” is preseuted in Fig. 2.
The older proven properties of the

large operating companies lave stand-

All of the early

usually ~

ardized their equipment to provide ore
discharge from the skip bin to the
loading bin through chutes or by a
niotor tram from skip bin to railroad
loading bin, the general topography
determining  the choice of eithey
arrangement, The increase of daily
tonnages to their present proportions
necessitated the installation of automatic
skip-dump hoisting arrangements, which
have been developed almost to the
exclusion of other methods, Transfer
from skip bin to railroad bin by chutes
is exemplificd at the Never Sweat,

Original, Speculator, and Granite Moun. -

tain properties, which are shown in

Figs. 3, 4, 5, and 6, Only two dis.
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Flg. T—fGeneral deslgn of the Origlnal
hendtrame
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tributing chutes are used in the Specula-
tor and Original installations, which are
so nearly alike that a description of one
will suffice for both, . ' .
General details of the headframe
structure at the Original property are
shown in Fig, 7. The steel headframe,
which was erected in 1902, is of the

built-up section type and designed for -

antomatic skip dumping. From the
skip, the ore passes down the “throat”
through two chutes or fingers, and
thence into two loading - bins, each

. having a storage capacity of 100 tons.

Chutes are lined with heavy plates,
The headframe is 127 ft, high from the
collar to the sheave center, and is a
distinct variation from the sill type of
structuire,  The present depth of the
mine is 4,000 ft., the deepest in the camp.
Weight of a cage is 3,900 Ib.—four
cages to the trip, The skip is suspended
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Flg, 8—Ilendframe at the KLeonard
No, 1 shaft
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tigs, ¢ and 10-—S8ketel: of {he new NDelmont

tnainllntion 1a seen aliave, Below 13 a

profile of the new Mountaln Consolidaten
surface plant,

under a bonneted cage, The weight of
the skip empty is 7,800 1b. Ten-foot
sheaves are used over the main hoisting
compartierts, with 14-in, ropes. Skips
are hoisted in balance. The Speculator
headframe is situated uphill above the
toading bins, which difference of eleva-
tion permits a correspondingly smaller
structure, 50 £t in height. Seven-foot
sheaves are used, with flat cable, Only
wne loading bin is available, and the
chifes  empty into either end of it
Deflectors are sometimes introduced to
~pread the ore uniformly,

Vig, 11—Dbelnita of tive Ela Oriu
surface plant

The headframe at the Leonard No. I
shaft, at Meaderville, is of special interest
in that the collar of the shaft and the sill
o the loading bin are on the same level.
Ihis necessitated an unusually  high
“lticlure to provide gravity flow from
e skip dump  through “chutes and
b distriluting lorry to the loading hin.
B shows the design of this strue-
e which is.the highest erected in the
listrier, being 141 ft. from shaft colfar
" center of sheaves and 152 ft. over
Al The frame was huilt by the Amer-
“an Bridge Company in the lieyday of
lln-_liustnu & Momtana Company in
5. The mine is served through a
“E-compartment shaft, two compart-
s of which are used for balanced
" hoisting, one  compartment of
Yiich s used for chippy cages, amd

A fouptly for heavy pump-colunn pipes

. r
ey

cables, and compressed-air lines,

Operations at the mine have reacherd
2 epth of 2,800 ft. Ore is hoisted in
Sl skips of the Kimberly type,

Ay g, 1930 — Engineering and Mining Jou

suspended beneath a cage, The weight
of the skips is about 8,500 lb.; ore load
varies between 10,000 and 10,700 b,
Four-deck cages are used for hoisting
men, eight men being hoisted on each
deck., A l4-in. round hoisting rope is
used in the skip compartiments, Present
rate of hoisting is about 3,000 ft, per
tiinute. Twelve-foot sheaves set 5 it
10 in. on centers are used over the main
hoisting compartments. The chippy
sheave, which is 6 ft. 9 in. in diameter,
is set 75 ft, above the collar of the
shaft on tie girders to the skip bin, The
twao skip bins have a capacity of 75 tons
each. Trom the skip bins, the ore
passes through chutes to the railroad
loading bin, which has a capacity of
1,500 tons and is fireproofed on the
exterior with gunite. The headframe is
made of built-up sections, Many en-
gineers, Lowever, now prefer the use
of rolled members in headframe con-
stresction,

The front pests are built up of two
12-in. channels, with 16-in. cover plates,
5 and 4 in. thick, laced on the inner
side.  Construction of the two lower
panels in the plaite of the back legs
consists of 12-in. channels, with a 16-in,
cover plate § in. thick, The third sec.
tion is made up of two 12-in. channets,
with a 16x#-in. cover plate; the upper
two sections are of 12-jn. channels,
laced on hoth sides. Main struts and
diagonal braces are constructed of two
channels with top and bottom battens,
and guide columns are made of two
12-in. channels, Skip bins are sup-
ported on colummns constructed of two
10:in. channels, laced on both  sides,
Total shipping weight of the headframe
was 346425 1h, Al sway brace
members in the first hent plane con-
verge toward the center of the struc-
ture.  This practice has been dis-
continued so0  that the lowering or
hoisting of sheaves within the lead-
frame may be facilitated, Formerly,
sheaves were hoisted outside the struc-
ture. Another feature that has also
been discarded is the “tied-in sili.” The
Leonard No. | headframe was designed
for a depth of 3,500 ft,, but at 2,800 {t.,
the present depth, it vibrates during
hoisting operations.
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An elevation drawing of the new Bel-
mont installation is shown in Fig. 9, and
the profile of the new Mountain Con-
solidated surface plant in Fig, 10. Both
instalations exemplify design based on
motor  transportation between skip .
pockets and Joading bins. The Belmont
has the longest lorry haul in the dis-
trict. At the Mouniain Consolidated a
cylindrical steel loading bin has been
installed. The general design of the
Elm Orlu headframe, which was erected

el s
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Flg. 13—Genernl design of the Dlack
Rock No, 1 hieadframe a T
P -

in 1912, is shown in Fig. 11. In 1915,
when the headirame was moved to a
new position, two additional back legs
were added to bring the resultant well
within the 75-ft. structure, In Fig. 12
is shown the design of the headframes
at the High Ore, Diamond, Never
Sweat, and Tramway mines, all of which
are identical. The structures are of
heavy construction, and 100 ft. high
from shaft collar to sheave center, They
are of the built-up section type. In the
Diamond and Tramway structures, skip
dump and bins are in front of the fore-
legs, whereas at the Never Sweat and
High Ore mines they are built within
the head structure and the skips dump
inward - instead of otitward. At the
High Ore mine the ore is transported
from the skip bins to the loading bin
by motor lorry, and at the Never Sweat
three-finger chutes extend from a com-
mon throat to the first ore bin; the
other bins are filled by motor lorry.
The two steel structures of the Butte
& Superior company .were adapted to
a variation from any other pre-existing
method of transportation between collar
of shaft and loading bins, The skip
bins discharge into cylindrical steel hins,
which in turn discharge onto a con-
veyor belt that passes through a picking
plant and discharges into loading bins,
In 1912, the first steel headframe. shown
in Fig. 13, was crected at the Black
Rock No. 1 shaft, It was designed for
a skip dumping outward, leaving the
space within the structure open, and is
of the built-up section type, 86 ft, 8 in.
from shaft collar to sheave center,
Sheaves 9 ft. 10 in, in diameter are’
used over the main hoisting compart-
ments, The skip dump is an adaption
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