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PRELIMINARY OPERATIONS AT
METAL MINES.

EXPLORATION AND DEVELOPMENT
WORK.

INTRODUCTORY REMARKS.

1. After the prospector has discovered indications of
the existence of a deposit of valuable mineral, the question
is: How shall the deposit be recovered? The mining en-
gineer is called upon to answer this question. A certain
amount of exploration work is necessary before the best
method of working can be decided upon.

2. Even after a mine is partially opened, a system of
exploration or searching for ore should be continually. car-
ried on in virgin (undeveloped) ground while the ore already
found is being extracted. Otherwise the superintendent
may find himself without ore to work upon, and the owners
are then liable to become discouraged and cease operations.

3. It is apparent, therefore, that not only when com-
mencing development work, but at all times subsequently,
the mining engineer must carefully observe and familiarize
himself with every geological and physical feature of his
property which may be disclosed from time to time, in order
to act intelligently regarding the system of working under-
ground and to decide upon the dimensions and character of
any surface improvements which may be required.

4. Necessity of Test Openings.—If no previous
work has been done beyond the location of the vein, and

§ 40
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2 PRELIMINARY OPERATIONS § 40

the positive or probable position and value of ore-bodies are
not known, test openings should be made before deciding
upon permanent improvements. Many costly errors have
been experienced in erecting large hoisting works and mills
or in making other extensive improvements without suffi-
cient knowledge of what the vein contained.

5. Location of Test Openings.—Itis usually well to
carry on the exploration with an idea of determining the
character of the vein below the most promising outcrop-
pings, if any exist. At times the entire surface of the vein
is so weathered and low grade that the best point can not be
determined. In such a case, the openings will be made near
"the center of the claim, or where they are accessible to
wagon roads and have a good dumping-ground.

METHODS OF EXPLORATION.
6. General Classes.—There are two general methods
of carrying on exploration work:
1. By drilling, which is usually done with a diamond
drill.
2. By means of ordinary mine openings, such as shafts,
tunnels, inclines, etc.

CLASSES OF DEPOSITS.

GENERAL DIVISIONS.

Z. For convenience of treatment, ore-bodies can be
Jdivided into two general classes:

(@) Those of a comparatively uniform nature, such as
iron ore, salt, gypsum, etc., the profitable mining of which
depends upon the ability to produce large amounts of a
uniform product at a small cost per ton. With this class
of formations the size and character of the deposit is of
great importance.
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(/) Formations in which ore occurs in pockets, either
scattered through the country rock, as some of the deposits .

——————_Surface

FI1G. 1.

of lead, zinc, etc., or in broken vein material, as illus-
trated by the Eureka Consolidated Mine, near Eureka,

Nevada. (See Fig.1.)

EXPLORATION OF UNIFORM DEPOSITS.

8. When bodies of ore of a uniform nature are being
explored, there are two methods which may be followed:
either small drifts may be driven through the ore, without
being timbered, and subsequently either enlarged to the size
of the ordinary working drifts and timbered or abandoned
altogether and allowed to cave; or the regular working
drifts may be driven at once and timbered. In either case
the exploration drifts should be so driven as to divide the
ground into approximate rectangles and so to determine the
form and value of the ore deposits. This method has been
followed in the exploration of many iron deposits, and if the
mine is to be worked by the caving process, the exploration
drifts are abandoned and allowed to fill up. The advan-
tages of having them driven are:

(a) The character of the ore has been determined at

each point.
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() By continuing the drifts into the walls of the
deposit, any parallel ore-bodies or portions of the deposit
hidden behind horses of rock have been discovered. These
deposits might have been lost in subsequent working had
this precaution not been taken.

(¢) The extent and form of the deposit has been deter-
mined, which enables the engineer to select the most efficient
method of mining.

9. In cases where the general form of a deposit has
been determined by means of the diamond drill, it may be
best to lay down a regular system of mining, and to carry
the main drifts of this system well ahead of the stoping,
timbering as the work progresses; in this way the explora-
tion work and the advance portions of the regular mining
are carried on simultaneously, avoiding the expense of
enlarging the exploration drifts before timbering them.

10. False Walls or Horses.—It is always best to
continue some of the exploration drifts into the walls of the
deposit, for it frequently happens that a deposit has false
walls, or is divided by horses of rock; then again, ore-bodies
frequently occur as parallel shoots or chimneys of ore. In
cases where the ore deposit is of considerable extent,it is
frequently sufficient to simply run out the successive levels
and carry cross-cuts through the ore deposits upon these
levels; but if the deposit is a somewhat narrower vein, it
may be necessary to drive raises or winzes connecting these
levels at intervals, thus dividing the ore into rectangles in
both the horizontal and vertical planes.

11. Flat Deposits.—In many of the Mesaba mines
the ore deposit lies nearly parallel to the surface, being of
great extent, but not very deep. In such cases the explora-
tion work may be carried on by sinking test pits or small
shafts through the overlying material and the ore deposit.

12. Soluble Material.—Owing to the fact that some
minerals are soluble in water, the exploration work and
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subsequent mining have to be carried on in a special
manner. This will be treated under the subject of Metal
Mining.

EXPLORATION OF “POCKETY"” DEPOSITS.

13. In exploring deposits which occur as pockets, it is
necessary to drive drifts through the material, following
any indications which may be discovered and which would
lead one to believe that the ore might lie in a certain direc-
tion. In such cases, the exploration drifts are frequently
very crooked, and are usually accompanied by a great many
raises and winzes. It will be seen that no regular rule can
be laid down for the examination of such formations; but
the engineer must use his judgment, guided by the general
practice of underground prospecting, as treated in Pros-
pecting. Even when prospecting irregular deposits, it is
best to lay out the work according to certain principles,
and to divide the ground as nearly as possible into
rectangular blocks. This is to facilitate drainage and to
furnish a means for the handling of material to or from
the stopes.

METHODS OF OPENING UP MINERAL
DEPOSITS.

VEINS OR BEDS CROPPING TO THE SURFACE.

14. Veins of this character may be worked:

By sinking a shaft or slope on the vein and following its
dip.

By shaft in foot or hanging wall and cross-cuts driven to
the vein. (See Figs. 2 and 3.)

By adit or tunnel from the lowest point at which the vein

- crops.

By tunnel through the country rock from the lowest point

available in an adjacent valley.
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F16. 2. Fi6. 8.
DEPOSITS NOT CROPPING TO THE SURFACE.

15. Among this class of deposits may be mentioned
most of the beds in the limestone at Leadville, Colorado, and
in many other sections of the West; the lead and zinc ores

Ore-body.

Zinc-blende, ore-bodies, and fiint rock.
Clay and shales,

Galena in limestone with bitumen
Flint rock. .
Bituminous slate and coal.

F16. 4.

of the Mississippi Valley; also the blanket and saddle reefs,
together with most deposits of iron, salt, gypsum, etc.



8§ 40 AT METAL MINES. 7

These deposits are usually prospected for by drilling or
sinking shafts, and at times sufficient information is ob-
tained by the drill to lay down the permanent system of
mining.

(Deposits not cropping to the surface usually have to be
worked by means of shafts or inclines. Of course there
are rare instances in which a tunnel or adit may be driven
from some adjacent valley.)

Fig. 4 is a vertical geological section representing one of
the many forms in which zinc (or zinc and lead) ores are
deposited. The surface being comparatively level, open-
ings must necessarily be made through vertical shafts.

RELATIVE ADVANTAGES OF THE DIFFERENT
FORMS OF OPENING.

INCLINES.

16. Advantages.—Some of the advantages of sink-
ing on the vein are:

That the value of the deposit is determined as the work
progresses.

The course of the vein is known at each point.

The ore-body may be explored by drifts in both direc-
tions from the incline.

It is frequently the case that the ore taken out in this
development work pays all or part of the expenses.

17. Disadvantages.-—Some of the disadvantages of
sinking on the vein are:

The water has to be removed by mechanical means (as
with a shaft).

The opening is usually at such an angle that a skip has
to be employed.
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SHAFT.

18. Advantages.—Some advantages of developing by
shaft are:

Timbering in a shaft is easier to place and keep in repair
than in an incline.

The shaft may be considered a permanent opening and
treated accordingly.

An incline in the vein requires pillars of ore its entire
length to support the roof, while a vertical shaft in the
foot-wall requires no pillars, and a vertical shaft in the
hanging wall requires only small pillars where it passes
through the vein, hence a greater proportion of the deposit
can be removed with a vertical shaft than with an incline
in a vein.

A cage can be used and the cars brought to the surface.

Shafts can be carried to great depths (some of the Michi-
gan copper mines are now operating to 5,000 feet and are
proposing to sink to 6,000 feet or over).

Examples occur where, owing to irregular or ‘‘pockety "
deposition of ore within a vein, vertical shafts are desirable,
since levels may be driven from them at any point where
necessary for convenient and economical working.

An example of the above irregularity is shown in Fig. 1,
which is a vertical longitudinal section of a portion of the
Eureka Consolidated Mine near Eureka, Nevada. The ore
in this mine is not deposited between two well-defined walls
of a vein, but is found in a zone of crushed and shattered
limestone along a great fault. The phenomena of ¢ pockets,”
of greater or less magnitude, are quite common among
mines, especially when the ore is in limestone.

19. Disadvantages.—Some of the disadvantages are:

The shaft and cross-cuts are all dead work.

The value of the vein is determined only at points where
it is cut by cross-cuts, and has to be exposed afterwards by
drifting and by winzes or raises.

The vein may change its dip and leave the shaft so fast
that the length of the cross-cuts would render them more
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expensive than sinking a new shaft. At the same time,
driving can be done so quickly and cheaply now that this
does not carry the weight it once did.

When the shaft is situated in the hanging wall, it is neces-
sary to leave pillars of ore surrounding it at the point at
which it intersects the vein.

The water has to be removed by mechanical means (as in
the case of inclines). _

By locating the shaft as in Fig. 2, the length of the cross-
cuts may be reduced. Such a shaft should cut the vein at
one-half of its ultimate depth, so as to average the lengths
of the cross-cuts. But at times the nature of the hanging
wall is such that it can not safely carry the shaft.

ADIT OR TUNNEL IN THE VEIN.

20. Advantages.—Some of the advantages of an
¢ adit” in the vein are:

The vein is prospected as the work progresses.

Being in the deposit, it often pays its own way.

It unwaters the mine.

No machinery is required to hoist the ore, as the cars can
be trammed out through the **adit.”

All the ore above can be stoped out and run down into
the cars by gravity.

21. Disadvantages.—Some of the disadvantages are:

The adit will only serve to remove the ore above its own
level. :

The adit does not explore the ground at either side of the
vein.

CROSS-CUT TUNNEL THROUGH THE COUNTRY ROCK.

22. Advantages.—Some of the advantages of a tun-
nel are:

No machinery is required to hoist the ore.
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All the ore above the tunnel can be stoped out and run
down to the cars by gravity.

It unwaters the mine.

It explores the ground to one side of the deposit, and if
other veins or deposits exist, will pass through them.

23. Disadvantages.—Some of the disadvantages of a
tunnel are:

It may pierce the vein in a worthless portion, or miss it
entirely, on account of a fault or change in the pitch of the
vein.

A tunnel is all dead work.

It will only serve to remove the ore above its own level.

GENERAL REMARKS.

24. Comparison of Shaft and Tunnel.—In the case
of a tunnel, power haulage is used only when very heavy
tonnages have to be handled, and it is much cheaper than
hoisting (about one-third). If the region is remote and
the freight rates very high or fuel expensive, it may be
better to drive a very long tunnel than to try to get machin-
ery for a shaft. When capital is scarce, a tunnel has the
advantage that there are no pumping expenses. The trans-
porting capacity of a tunnel is very much above that of a
shaft or incline of the same size.

25. The cost of driving a tunnel is usually about one-
third that of a shaft of the same dimensions. That is, a
tunnel can be driven 3 feet for the money it would cost to
sink a shaft of the same size 1 foot, and if the formation is
very wet, more than 3 feet of tunnel can be driven in the
same time and for the same money required to complete
1 foot of shaft.

26. In very bad ground a shaft may be easier to keep
in line, and will not require retimbering as often as a
tunnel.




8 40 AT METAL MINES. 11

27. Exploration of Vein.—Sinking in the vein and
an adit in the ore both explore the vein as the work pro-
gresses.

If an adit on the vein is not possible, and the value of
the vein has been determined, by sinking along it, a shaft
or tunnel through the country rock may be used to operate
the mine. The information gained from the preliminary
work will enable the engineer to select the best location for
the new opening. )

28. Two Openings.—The first or exploration opening
in the ore may be used as a means of ventilation or escape,
in case of an accident to the shaft or tunnel. In some
localities the law requires two openings.

29. Tunnel as Artificial Surface.—Since a tunnel
will only serve to remove the material above its own level,
and as a shaft can be continued down to a great depth, if
the mine is likely to be deep, it may be best to sink a shaft
at once, though the tunnel can be used as an artificial sur-
face to which the water may be pumped from below; cars
may also be hoisted to its level and then run out.

30. Location of Opening.—The shaft should be so
located as to give ample room for dumping and for the
handling of timber and supplies.

The entrance of a mine (tunnel, shaft, or incline) must be
placed so as to be above all freshets, have ample dump room
for waste material, and be able to deliver the ore so as to
dump it into cars, wagons, bins, or upon the upper floor of
the mill.

31. Use of Skips.—If skips are used to hoist the ore,
the shaft can follow the vein anywhere from vertical to as
flat as the skip will draw the rope after it, sheaves or guide-
wheels being placed in the top or bottom of the shaft to
guide the rope at points where the skip-road changes its
angle.

32. When skips are employed for hoisting ore in shal-
low mines, the men have to travel in and out on man engines
F. VI—2
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or by means of ladders or stairs. In deep mines, special
slope carriages are sometimes provided, which run on the
skip-roads, and in which the men are hoisted.

33. If an incline is used, it is best to place it in the foot-
wall, so that the ore can always be handled down to the skip
or carriage.

34. Size of Opening.—Before sinking a shaft, some
estimate should be made as to the size required, for the ex-
pense of enlarging a single-compartment shaft and making
a two-compartment shaft of it (including the timbering)
is more than one-half of the cost of a new shaft of the
required dimensions.

35. Influence of Character of Ore on Mine
Opening.—The character of the ore to some extent deter-
mines the manner in which it must be brought to the sur-
face and handled. Thus, most iron and copper ores can be
brought out in skips as well as in cars, for the extra dump-
ing will not injure the ore. On the other hand, if the ore
contains valuable and brittle minerals, as silver sulphides,
etc., the extra handling would result in the loss of much
fine and very valuable material. In such a case the ore
must come from the stope to the mill or smelter with as
little handling as possible.

This may rule out an’incline between 35 degrees and 90
degrees from the horizontal, as being too steep for cars and
too flat for cages. Slope carriages may be used to bring
cars out of inclines, but they require a large amount of
head room, which means the driving of a very high incline.

36. Workings of Neighbors.—At times a deposit is
exposed by the workings of neighbors, and such informa-
tion will have an influence on the best method of opening
up a mine.

The matter of drainage; of pumping or hoisting through
openings, if any, existing in anadjoining property; of joint
operation through a common opening by two or more com-
panies, are questions which may arise, and can be equitably
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adjusted upon the basis of benefit accruing to each party
interested.

37. Financial Resources.—Another important fac-
tor, financial resources, is ever present, and enters into all
calculations. A meager treasury may influence the adop-
tion of plans not otherwise satisfactory.

In this connection, let it be remembered that mining should
be treated as a commercial enterprise,and not altogether as
an opportunity for indulging some pet theory of engineer-
ing. Superintendents have been known who have insisted
upon a certain scale of operations regardless of profit.

38. Prejudices or Hobbies.—Foremen employed for
a time in some very large or prominent mine occasionally
form an idea that the methods of working followed there are
¢“the only infallible ways,” and perhaps may be disposed to
cater to their prejudices forever after, without due consid-
eration of the real requirements.

39. System of Sampling and Assaying.— Devel-
opment work should be accompanied by a careful system
of sampling and assaying, in order that the engineer may
know the character and value of his reserves.

In any case, the prudent engineer will keep his preliminary
openings well ahead of his work, so as to always have a
reserve of ore in sight.

SHAFTS AND SHAFT LININGS.

GENERAL ARRANGEMENT.

40. Classes.—Shafts may be divided into permanent
and temporary, or shafts of a definite predetermined capac-
ity and those sunk for exploration purposes.

41. Number and Size of Compartments.—When
practicable, all shafts should have two compartments, one
for hoisting and one for ladderway and pumpway. Some
small prospecting shafts, sunk to prove the existence of a
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body of ore, have but a single compartment, and if a large
body of ore is discovered, the prospect shaft will probably be
given a secondary place, the ore being removed through a
larger and better located opening, either a shaft or a tunnel.

42. It is always cheaper to hoist in balance, that is,
with two cages, one of which is ascending while the other
descends, and so lessening the work of raising the loaded
cage. With a single shaft, this requires three compart-
ments, one for pumpway and ladderway and two for hoisting.
If there is a reasonable probability of a large output, it is
best to sink the three-compartment shaft at once. The size
of the hoisting compartment is determined by the size of the
cage or skip to be used.

43. Number of Shafts.—If it is desired to remove
the deposit quickly, several shafts will be required, each
shaft having its own hoisting equipment.

44. It iscommon practice, where several shafts are sunk,
to remove the ore quickly, to have no ladderway in the
hoisting shafts, thus reducing the danger of fire (the ladder
compartments always being the hardest in which to fight
fire), special ladderway and pumpway shafts being provided
for the mine.

45. Arrangement of Compartments.—If several
rectangular compartments are used, it is best to place them

F1G. 5. F1G. 6.

side by side rather than in a compact block, as the former
arrangement gives the grcatut resistance to crushing.
(See Figs. 5 and 6.)

46. Form of Shaft.—When shafts are to be t{mbered,
they are usually rectangular.
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When the lining is composed of brick, stone, or iron, the
form is usually round or elliptical, as this gives greater
strength with these materials than would be afforded by
the square or rectangular form.

The objection to the curved outline is that all the area is
not available for hoisting.

47. Shaft Templet.—Before commencing to sink,
the shaft site should be graded off level by cutting away all

F16. 7.

inequalities of surface, and long sills should be laid on each
side of the proposed opening. Cross-pieces are framed into
these sills, making a rectangular frame (Fig. 7), which con-
stitutes a templet of the shaft, and serves as a foundation
for whatever timbering is required at the collar. Its inner
surface is lush with the inner face of the shaft curbing. If
square sets are to be used, a very substantial support for
commencing may be obtained by laying the first wall and
end plates on top of the templet and allowing the hanger
bolts to go through. This should be attended to as early
as convenience will permit, so that further details of the
work can be arranged at the collar of the shaft.

48. Foundation for Head-Frame (Gallows-
Frame).—A very common custom in starting a shaft is to
grade around the mouth (collar) with excavated rock, and
when a head-frame (gallows-frame) is needed, to lay the sills
on ‘‘made " ground. Especially is this the case when the col-
lar of the shaft must be raised to provide dumping facilities.
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This plan works fairly well, when only light hoisting machin-
ery is used, until the dirt has had time to settle and become
firm. But if there is immediate need of a permanent, sub-
stantial head-frame, the sills should have a solid foundation
prepared for them. This can be accomplished without
serious expense by commencing ordinary stone walls, with
wide bases in firm ground, and carrying them up as the
grading (filling) progresses, being careful to fill in around
the walls with fine dirt and to throw the coarse rock some-
where else.

The head-frame should always have a foundation inde-
pendent of that carrying the shaft timbers.

49. Removal of Material During Sinking.—What-
ever the size of the shaft, the first few feet are excavated in
the same manner; that is, the earth or other material is
thrown out by hand.

If the shaft is small, it may be carried down 90 to 100
feet with a windlass, and then, if it is a small prospecting
shaft, a horse-whim may be used for the next 100 or 200
feet.

But if it is intended to use an engine, the sooner it is in
place and ready to assist in the work the better.

50. Sinking by Hand.—Small one or two compart-
ment shafts can be sunk by hand cheaper and almost as
expeditiously as by the use of power drills, there not being
room to properly operate the power drills. Only two miners
can drill to advantage on an area of 20 square feet. A
larger area gives each man more room, and in an ordinary
two-compartment shaft a machine can be used to advan-
tage, or two gangs of men can work at the same time.

51. Disadvantage of Having to Hoist Material.
—One reason that shaft sinking is so much slower than
drifting is that the material blasted has to be cleared away
after each shot before drilling can be resumed. Then all
the tools and men have to be hoisted out before each shot,
while in the drift the tools are simply taken back a safe dis-
tance and covered with something to protect them.
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52. Sump.—In sinking, a sump should be carried in
advance, so as to have some place in which the water can
collect and from which it can be pumped.

53. Hood or Trap-Doors.—A hood is often provided
over the miners’ heads to protect them from falling stones.
For the same reason, and to keep out rain or snow, shafts
are often provided with trap-doors at the surface.

54. Pentice.—If a shaft is to be prolonged while the
upper part is still in usc, protection for the miners may be

FiG. 8

obtained by opening only that portion of the shaft area not
under the hoistway for a distance of 12 to 15 feet, and then
widening it out the entire size of the main shaft. Thisleaves
a roof of rock (‘‘pentice”), Fig. 8, that shields the men.
When another lift has been sunk, the pentice is cut away,
and another started for the next drop. The hoisting is by
underground engine or by bucket and windlass. This
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method may be employed in cases where the entire lift can
be left untimbered during sinking.

55. Protection by Temporary Floor.—Where the
nature of the ground requires timbering, either immediately
or very soon after the opening is made, the shaft is con-
tinued its full size and timbered, the miners being protected
by a temporary floor placed below the cage or skip landing.
When this method is followed, the water coming down the
shaft must be trapped and carried to the sump, either at
one side of the shaft or at some point on the working level.
One advantage of this method is that in case it is desired to
use the shaft immediately after its completion, the timbering
will be ready to receive the cage-guides and everything in
shape for immediate use.

SHAFT TIMBERING.

REMARKS.,

56. Time for Lining and Support of Timber.—
All shafts should be lined during sinking, or as soon there.
after as possible. In case timbering is used, each set may
be supported in hitches cut in thé walls; several sets or a
section of the timbering may be supported on reachers
placed across the shaft every 25 to 30 feet, or the sets may
be hung from above by means of bolts or pieces spiked to
the inside of the shaft timbers.

57. Character of Timber.—Dressed timber is always
best for underground work, but in the case of small pros-
pecting shafts, hewed or even rough logs may be used.

58. Stability Rather Than Strength —Ordinarily,
shaft timbers are not expected to bear any great strain from
the pressure of the ground, this weight being carried by the
shaft pillars when the shaft penetrates the deposit, the
timbers only being called upon to keep the ground in place;
hence, stability rather than strength is what is demanded.
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59. Hoisting Speed.—Shafts for skips or cages require
heavier timbering than those for buckets, and the greater
the hoisting speed the heavier must be the timbering.

60. Loose, Watery Ground.—When a shaft passes
through loose, watery, or shifting ground the lining is some-
times subjected to a great crushing strain, especially when
an attempt is made to dam back the water and confine it to -
the strata passed through. In such cases very heavy tim-
bering will be required, 24" X 24" or even 24" X 30" timbers
being sometimes employed.

CRIBBING.

61. Cribbing of Round Logs.—In the case of crib-
bing, the lining is built up of logs or pieces of timber laid

F16. 9.

one upon another, log-cabin style. The cribbing may be
made from round timber 5 or 6 inches in diameter, framed
by cutting shoulders on each stick, as indicated in Fig. 9.
The depths of these shoulders vary according to the size
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of the timber, but should not be less than 1 inch. Timbers

from 6 to 8 inches in diameter, split once, will answer, if

they are more easily procured than the smaller round sticks.

In using the split timber, the round face is usually placed

next to the ground. All splinters must be carefully trimmed

from the inside (next the shaft) to prevent catching on the
- clothing as the men are passing up and down.

62. Use of Stulls.—When the sinking has advanced as
far as safety will permit, a stout stull 4, Fig. 9, is placed
across each end of the shaft. These stulls are level with
each other. Their ends rest in hitches cut in the sides of
the shaft, and they are adjusted by plumb-lines coming from
the surface. When in line with the upper timbering or the
collar of the shaft, the stulls are blocked or wedged firmly
into place. Cribbing is then built upon them, log-cabin
style, up to the stulls supporting the next upper section of
cribbing or to the collar of the shaft. Any vacant space
behind the cribbing is filled. with excavated material or
blocks of timber as the work progresses. Wedging or
blocking is sometimes necessary behind the cribbing at the
corners of the shaft, to adjust them to plumb-lines hung
from the surface and to retain them firmly in position.
After the section of cribbing is complete, sinking is resumed,
and when ready to timber again other stulls are set as before
and another section of cribbing built up.

63. Stations and Ladders.—Upon reaching a point
from which it is intended to drift, the last stulls should be
put in just above the station or drift entrance; possibly no
timbers will be needed in the short distance from there to
the bottom of the station, but if necessary it is best to place
other stulls just below the station and set posts in each
corner reaching from the lower to the upper stulls. Lag-
ging is placed behind these posts on all sides, except the one
open towards the drift. If water is present or expected, the
shaft must be continued deep enough to afford a suitable
sump. A landing station for the drift is then obtained by
means of a trap-door or platform level with the floor. Every
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shaft should have ladders, firmly spiked to the timbers, as a
means of exit in case of accident to the hoisting apparatus.
During sinking, chain ladders, about 15 feet long, should
always be used to hang from the last rungs of the stationary
ladder to the bottom of the shaft. They are not injured by
blasting.

64. LightCrib-
bing of Sawed
Material.—In cer-
tain districts (espe-
cially inlead and zinc
mining), owing to
scarcity of round
timbering suitable
for cribbing, miners
find it cheaper to use
sawed material,
2" x 4", 4" x4’ or Fi16. 10.

4" X 6", depending upon the nature of the ground and the
depth of the shaft. Framing
is not necessary for the
2°X 4". Their ends can be
lapped and spiked together
as illustrated in Fig. 10.
Cribbing of this character

- will be materially strength-

ened by nailing a 1" X 4"

strip 1 down each corner

of the shaft. The larger
sawed timbers require fra-
ming similar to the round

. ones.

—_

65. Joint to Resist

Heavy Pressure.—When

cribbing is used in large

shafts, or where very heavy

Fio. 1L pressure is expected upon
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the timbers, the form of joint shown in Fig. 11 is used at
the corners of the sets, .1 being one of the timbers and 5
the complete joint. The rows of cribbing may be laid one
upon another, enclosing the shaft in a solid box of timber,
or they may be so placed as to have a bearing upon each
other at the ends, leaving a space of only 2 or 3 inches
between the adjacent timbers. The thickness of the crib-
bing in large shafts usually varies from 10 inches to 14 inches.

66. Cribbing for Large Shafts.—A good form of
cribbing for shafts that have to carry a great strain is shown

Fi1G. 12,

in Figs. 12 and 13.  The partition pieces or buntons A4, A,
Fig. 12, should be 8 or 10 inches thick horizontally, and their
vertical thickness the same as the cribbing. The ends of
the buntons rest in gains cut 4 inch deep in the sides,
as shown in Fig. 13.

} The buntons should

break joints with

the wall-plates; that

is, the center of any

‘{bunton should be

opposite the division

between the twa ad-

joining wall-plates.

Fi6. 13. This prevents any

single row of cribbing from bulging out. The special
advantage of cribbing is its superior strength. It may be
used in shafts of almost any size. If the side-pieces or
wall-plates are so long and hecavy as to be unwieldy in
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one length, they may be made in sections, the joint being
behind one of the partitions or buntons and the location of
the joint being altered between two different partitions
with each row of cribbing.

67. Cribbing for Small Shafts in Good Ground.—
When sinking comparatively small shafts through fairly
good ground, cribbing
framed as shown in Fig. 9
may be used. The depth
of the shoulder on each
stick may be so gauged
as to leave a space of
from 1 inch to 3 inches
between the rowsorcrib-
bing. The framing is
simple and the timbers FiG. 14.
are easily put in. This system is especially suited to shafts
of two compartments, where hoisting is done with buckets.
The partition is frequently made by spiking 2* or 3 planking
to 2" X 4" vertical strips, which are carried down the inside
of the shaft, as shown in Fig. 14, A, /I being the 2’ x 4"
strips. Where a cage is to be used there may be trouble in
lining up the successive rows of cribbing sufficiently true to
allow the cage-guides to set evenly.

Fi1G. 15.

688. Three-Inch Plank Employed as Cribbing.—
In small shafts using buckets, a lining of 3-inch plank, framed
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as shown in Fig. 15, is sometimes employed; the planks are
placed edge to edge and secured by blocking behind them

= e -

—— - —————————

light wires.

FiG. 16.

with waste material, no spikes
being necessary. Thisis really
a form of cribbing and may be
used in a three-compartment
shaft in good ground, but it
is not stable enough for use
in a cage shaft. It is best,
in placing plank, to arrange
the pieces so that those on the
ends break joints with those
on the sides.

69. Plank Lining for
Small Shaft.—Fig. 16 illus-
trates a lining for a small
shaft through which ore is
to be hoisted with a bucket,
and which is intended only
for prospecting or for tem-
porary use. Theliningis made
of a 2-inch oak plank and
is joined as shown in the
illustration. In the plan of
the shaft a box can be seen in
one corner, which is intended
for carrying the electric-light
wires. The illustration shows
the shaft partially in section
and partially in elevation. If
the ground has a slight tend.
ency to displace the lining,
it may be necessary to carry
wooden strips down each cor-
ner of the shaft similar to
those used for the electric-

The shaft in the illustration is 3 feet 6 inches
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outside of the timbers, and is used for mining zinc where
the material passed through is clay. When the shafts are
abandoned, most of the timbering is recovered, owing to the
fact that the clay will stand without lining for a few days.

SQUARE SETS.

70. Advantages.—The method of timbering known as
‘“square scts ”’ has certain advantages, among which may be
mentioned:

There is less difficulty in plumbing the shaft and in fitting
the cage-guides.

The timbers are more readily repaired than when the
shaft has been lined with cribbing.

If, during sinking, it becomes necessary to use forepoling,
there is little trouble as compared with the sinking of a
shaft by means of cribbing.

Z1. General Description.—Fig. 17 is a perspective
view showing three sets and their posts. Some of the

FicG. 17.
timbers have been removed to illustrate the styles of joints.
A set proper for a 3-compartment shaft is composed of two
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wall-plates ., A, two end-plates B, B, and two center girts
or buntons C, C. Where the shaft is expected to have to
resist considerable end pressure, the sets are sometimes
framed as shown in Fig. 18, the end-plates being halved into

Fi6. 18

the wall-plates, and sometimes a small miter being employed
at the corner. The sets are placed at suitable distances
apart, usually about 5 feet, center to center. Vertical posts,
teaching from one set to another, are placed in mortises at
the corners of the frame and at the ends of each cen-
ter girt, making 8 posts in all for a 3-compartment
shaft.  Where the pressure of the ground is not
expected to be very heavy, 10" X 10" timbers may be
used for the wall-plates o1 and the end-plates B, but
in the case of heavy ground or great pressure, larger
timbers will be required. The center girts C are
usually of the same dimensions as the wall-plates,
and the posts are a trifle smaller, being 8" X 8" or
8" x 107, where the other timbers are 10’ X 10"
Ordinarily, 2-inch plank, set vertically, answers for
lagging, but in the case of heavy pressure it may be
nccessary to employ 3-inch plank. The sets are sus-
pended by means of hanger bolts made of round
iron rods, bent to a hook shape on one end and
having a thread and nut on the other end, Fig. 19.
There is one hanger for cach compartment in the wall-
plate, and in shafts of ordinary width (4} feet in the
clear) there may be two hangers to each end-plate,
making 10 hangers in all for a 3-compartment shaft. For
- work, the hangers may be made from g-inch iron.

Fi1G. 19.
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Square-set timbering is commenced- by laying the first set
on sills at the shaft mouth. Hanger bolts are inserted from
below, with the thread end upwards, and on coming
through are secured above by heavy cast-iron washers and
nuts. The wall and end plates for the next set are then
lowered, hangers being inserted through auger-holes, with
the hook ends upwards and their lower ends being secured
by nut and washer. The hangers on the second set can
then be hooked on to those of the first set, the side and end
plates brought into position and temporarily blocked, posts
set up, and the hanger bolts tightened sufficiently to hold
them. One or both of the center girts are laid in their places,
and the set is finally lined in position by means of heavy
plumb-bobs suspended in each corner. The hangers are
screwed up tight and the whole frame securely blocked.
Along the center line of the back of each wall and end plate
2" x 2’ strips are nailed,
and the lagging planks
are allowed to stand up-
on these strips, being so
prevented from drop-
ping down behind the
timbering. All vacant
spaces back of the lag-
ging should be filled in
with excavated mate-
rial or blocks of timber.
The arrangement of
hangers can be seen by
referring to Fig. 20,
which shows one side of
a shaft with the timbers
and hangers in place.
Each set of timbers
should be blocked firmly
enough to hold after-
wards without the aid
of hangers, but as a matter of safety, they should be left in

F. VI3

FIG. 20.



28 PRELIMINARY OPERATIONS § 40

for fromn 75 to 100 feet from the bottom of the shaft while
sinking. Upon reaching a point from which it is intended to
drift, an opening of suitable height may be obtained by put-
ting in one set with long posts extending from roof to floor
of the proposed station or level. These posts should be of
the same thickness and width as the wall and end plates.

72. One Style of Joints for Square Sets.—Al-
though there are several slightly different styles of framing
. joints for square sets, the
method shown in Figs.
21 and 22 has been select-
ed for illustration. The
ends of the wall and end
plates are shown at B and
A, respectively, Fig. 21.
They are made to over-
lap by cutting down one-
half of each, asshown. E
shows the end of one of
the pieces framed ready
for the joint, the framing
of the ends of both plates
being alike. The view at
C shows the outside of the
back of the set, 4 being
Fic. 21. the end-plate and A the
wall-plate; /7is one of the posts which separates the sets.
It will be scen that the posts aré mortised into the sets, and
in the form of joint illustrated the timbers have a miter-
joint /). This necessitates cutting tenons on the ends of
the posts, but makes a neater joint, for the posts appear to
simply rest upon the sets.  Sis a 2" X 2° strip nailed along
the back of the center of the outside of each timber in the
set. The lagging is set upon this strip.
All framing on the posts /7 can be avoided by making
their mortises the full size of the timber, instead of as
shown in Fig. 21. The same may be said of the mortises
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for the center posts at the ends of the center girts C and D,
Fig. 18. In Fig. 22 the framing of the center girts is shown.
It will be seen that the mortises do not extend into the ends
of girts, consequently shoulders are necessary on the posts,
as shown at 4. Under ordinary circumstances, there is no
objection to making tenons on the ends of the posts. In
Fig. 22 it will be noticed that one center girt goes in from
below and the other from above. The advantage of this
feature is, that if the timbering has to be kept close to the
bottom while sinking, the girt going in from below can be
-left out temporarily, so as to allow more room for the work-
men. When it is desired that there shall be no tenonson the
ends of the posts, it is necessary to continue the mortises into

the ends of the girts. It will be seen that in the form of
joint shown in Fig. 22 considerable chisel work will be nec-
essary, especially in forming the corner at B. The work
of the joint can be very much simplified by sawing
straight through and removing the corners B. This has
been done in the framing of the timbering, as illustrated in
Fig. 17. The timbering shown in Fig. 21 can also be sim-
plified by leaving out the miter at [, thus doing away with
the tenons on the posts. After the posts of a set (framed
as shown in Figs. 21 and 22) are in place, they keep the
girts from coming out. When the joints are framed as
shown in Fig. 17, any of the girts can be taken out without
disturbing the posts.
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Z73. Aim in Framing Joints.—It is the aim in
framing all mine timbers to cut the joints in such a man-
ner that the pressure of the ground will always keep the
sets in place without the use of spikes or bolts, for the water
of the mine always tends to rust iron fastenings, and in
some localities the water is of such a nature as to rapidly
dissolve them.

Z4. It is also aimed to so construct the timbering that
any piece can be removed and replaced with a new one by
simply taking the packing from behind the lagging, and so
allowing the set to be spread apart. The other sets above
and below are blocked in place while the operation is pro-
gressing. The longer the wall-plates (4, Fig. 17) used in
the shaft, the heavier must be the girts or buntons and end-
plates (B and C, Fig. 17).

Z75. Size of Timber Sometimes Employed. —
Large shafts for prolonged, rapid, heavy hoisting require

Fi6. 23,
very heavy timber. In such cases it is common to use
14" X 14" timbers with 3-inch plank lagging even in very firm
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ground, but in some cases timbers as large as 24" X 30"
have been employed. Sometimes diagonal braces are framed
between the posts of the set.

76. Clay Dam.—When the upper part of a shaft is
very wet, it is possible to construct a double lining with a
dam of clay between the two parts; such an arrangement
is shown in Fig. 23. This has proved very effective for the
purpose of keeping the surface water out of the shaft.

77. Forepoling.—Whenthe groundis very wet and the
bottom has some tendency to rise, it may be necessary to

F16. 4.

resort to forepoling, as illustrated in Fig. 24. In case this
is started from the surface, the first set 4 A will be put in
position and the lagging D fastened toit. Thesecond set//
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is placed in position and suspended from the set above,
either by bolts or by strips of wood spiked on the inside, as
shown at /' /. Pieces of wood are then secured to the lag-
ging a little above the second set, as at C. These pieces
are called ‘¢ tail strips.” Lathes or spiles X are then driven
in front of the tail-pieces and behind the set timbers, the
points being forced out into the earth, as shownin the illus-
tration. This enlarges the bottom of the opening and
gives plenty of room for the placing of the next set. In
Fig. 24 the method is illustrated as applied to a small pros-
pecting shaft. /A is one of the sills laid on the earth to
support the timbers G, G, from which the sets are suspended.
The hanger pieces /" may be composed of 2" X 4" timbers,
and those of the upper set are allowed to extend to the tim-
bers G, to which they are securely spiked. The supports

FiG. 25.

for the next set below would be spiked to the other two tim-
bers of the set / /. In large shafts hanger bolts are used,
as illustrated in Fig. 20. B, B are the posts which are placed
between the sets.
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78. Breast-Boards.—At times it is necessary to plank
the bottom in order to keep it down. (See Fig. 25.) In
such a case the material is removed a little at a time, always
carrying a sump in advance of the work, from which the
pump can draw the water. The boards used to keep down
the bottom of a shaft are called breast-boards, and the oper-
ation of using them is called carrying breast-boards. In
some cases where forepoling is used, the sets may be bridged
in a manner similar to that illustrated for tunnel sets. (See
Art. 111,)

79. L-Shaped Shaft.—At the Forman shaft on the
Comstock Lode, an ‘‘L "-shaped shaft was used, as illus-
trated by Fig. 26. This is not an easy form to excavate or
keep in repair. The only seeming advantage it can have is
in regard to the position the pipes, water column, etc., have
relative to the hoisting compartment. This form of shaft
has not become a favorite among mining men. The style
of joints and methods of fastening planking are clearly
shown in the figure, @ being the posts; &, the long wall-
plate as seen from inside of shaft; ¢, inside edge of long
end-plate; d, inside edge of short end-plate; ¢, a detail of
framing at corner.

SPECIAL FORMS OF TIMBERING.

80. Polygonal Shafts.—In some localities, polygonal
timbering with as high as from 12 to 16 sides has been used
in shafts. (See Fig. 27.)

In cases where the pressure of the ground is great and
this style of timbering is placed layer upon layer like crib-
bing, it forms an extremely strong structure, but is very
hard to repair or replace.

81. Circular Shafts.—Circular shafts are sometimes
timbered, but they are usually lined with iron or masonry.
The increased scarcity of large timber, its short life, and
the rapid corrosion of iron fasteners have led to the use of
masonry or iron for permanent ways.
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82. Timbering in Swelling Ground.—When a
shaft is timbered through ground that has a tendency to
swell, it is not intended that the lagging should resist the
swelling, for in that case the entire structure would be
crushed, but the lagging is made just strong enough to
keep the ordinary material in place, and when it is seen
to be bending or breaking (from the swelling of the mate-

Fic6. 27.

rial back of it), a portion of the lagging is removed and some
of the swelling ground excavated so as to relieve the pres-
sure. No timbering could be made strong enough to resist
the swelling of some ground, but by relieving the strain
from time to time no trouble need be experienced. -

83. Drip Boards.—Shafts sunk through wet strata
are likely to give more or less annoyance by constant drip-
ping from the timbers, unless means are provided for lead-
ing the water behind them. Dripping can be prevented by
using a double lining and packing the intervening space
with clay; yet, owing to the scarcity of clay, at least in the
vicinity of gold and silver mines, other methods must
usually be adopted.

Light strips #* X 1’, fitting neatly between the posts, may
be nailed on the front edge of wall and end plates, and two or
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three 4-inch auger-holes bored through the lagging in each
compartment. These holes are started at the rear edge of
the plates and point diagonally downwards through the
plank lagging. Inextreme
cases it may be necessary
to set inch boards (4,
Fig. 28), reaching from
the under front edge of
one plate to the upper
rear edge of the next one
i below.
After the hanger bolts
are withdrawn, considera-
ble water will pass through their remaining holes to the
slanting boards below, should such an arrangement be
desirable.

FiG. 28.

MASONRY AND METAL SHAFT LININGS.

84. General Form of Masonry Linings.—The use
of masonry in a shaft presupposes ground that will stand
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for a couple of weeks without support. In some cases when
but little pressure is expected upon the shaft, the walls are
built straight, as shown in Figs. 29 and 30, but it is usually
best to give them a curved outline, as shown in Figs. 31
and 32. In some cases, masonry linings are circular or
elliptical. :
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85. Support of Masonry Linings.—The masonry
linings used to be supported upon wooden cribbings or

FiG. 81. FiG. 32.

wedge curbing built in bell-shaped cavities cut in the shaft
walls, but now cast-iron rings made in segments are used,

Fi1G. 88.
as shown at C, Fig. 33. As the second portion of the
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masonry is constructed from below, the ledge or rock D
is cut away, a little at a time, and the masonry carried up
so as to support the ring C. Sometimes blocks of artificial
stone are substituted for iron rings. In this case the blocks
are given beveled bearing in the rock, as shown by A4,
Fig. 34. By this means much of the downward pressure
(caused by the weight of the lining) is transferred into a

Fi1G. 3.

thrust in the direction of the arrow C. The portion B is
cut away as the masonry is built up from below.

In Fig. 33, A represents the loose soil near the surface
and Z the rock through which the shaft passes.

86. Filling of Space Back of Masonry.—All the
space back of the masonry should be securely filled, either
with excavated material or with grout work. At times the
waters carry in solution material which will tend to cement
the filling together, and in that case grouting will be unnec-
essary.

87. Masonry Built at Surface or Supported from
Surface.—Somecetimes masonry linings are built in sections
at the surface and lowered into place. In other cases, the
masonry linings have been built on top of a shoe or casing,
the lower portion of which was shod withiron. The weight
of the masonry would force this casing into the earth and
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the workmen would excavate the material from beneath it,
more of the lining being built on at the surface as the sinking
progressed.

Sections of the stonework have also been supported by
means of iron rods from above.

88. With a shaft 13 feet in diameter on the inside, a
brick wall four half-bricks thick was used.

89. Comparison of Masonry and Metal Lin-
ings.—Masonry is heavy to support and is as expensive as
iron; for these reasons iron has been substituted in many
cases. It is estimated that under ordinary circumstances
the initial cost of iron in place is equal to that of masonry
and twice that of wood; but the cost and maintenance of
the iron is one-third that of the wood and nearly the same
as the masonry, if the shaft is dry.

90. Metal Linings.— Metal linings may be of cast
iron made up in sections, or they may be composed of sheets
of mild steel, strengthened by rings or frames of I beams,
channels, or other structural shapes. When a metal lining
is used in a shaft, it is usually built on in sections at the
bottom, and in that case the sections are, at least tempo-
rarily, supported from above. Sometimes the sections are
built on at the surface, the lining being forced down as the
work progresses; at other times the linings are built from
below up in sections of 25 or 30 feet, the sections being
supported in hitches, very much as in the case of masonry.

91. Railroad rails may be bent into rings and planking
fitted behind them. This makes a very good form of lining
for a temporary shaft.

92. Concrete is the best packing to use back of metal
shaft linings.

93. Water-Blast.—If the strata passcd through con-
tain gas, the space back of the masonry or metal linings
should be provided with vents or relief-valves, for if the
pressure of gas in spaces back of the lining were suddenly
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relieved (by the escape of the
gas), the gas in some open space
farther back in the ground might
force water into the connecting
passage against the shaft lining
with such force as to destroy it.
This action is called the water-
blast. :

94. Metal Lining for
Small Shaft.—Fig. 35 illus-
trates a metal lining for use
in a small shaft, where the
hoisting is done by means of a
bucket. In this case the lining
is composed of %-inch plates
supported on 14" X 13" x 8°
angle-irons. A layer of oak
plank is placed between the sec-
tions of lining; oak guide strips
made from 1" X 4" strips are
placed in the shaft as shown.
The object of this is to keep the
bucket from swinging against
the angle-irons. This form of
lining has been very successfully
used in zinc mines where the
overlying material was simply
clay, the shafts not being very
deep. The linings are usually
recovered when one shaft is
worked out, and hence may be
used in another.

95. Use of Metal and
Masonry Linings at Metal
Mines.—Metal or masonry shaft
linings are not often employed
in metal mines, though there are
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a few locations in which they have been installed and have
proved very successful. In most cases, and especially in the
United States, timber has proved cheaper and better than
either masonry or metal for a short time. One reason for
this is that many of the metal mines are kept open only for
a few years, and where this is the case the life of the timber
lining is sufficient to serve during the removal of the ore.

96. Cage-Guides.—Fig. 36 shows two methods of
framing the ends of cage-guides and of securing the
guides to the shaft timbers.

In shafts where cages or

skips are used, the guides

should be so joined that

there is no likelihood of

their warping or projecting

beyond their plane and

thereby jamming the cage

or skip, which is a very

dangerous occurrence and a

great strain on the cable.

It has been the common

practice for years to over-

lap the ends of the guides FIG. 3.

and secure them with a single lag-bolt, as shown at A, Fig.36.
An improvement on this plan, with a view to greater
safety, joins the adjacent ends of the sections with a simple
tongue and groove, the ends of each being secured with a lag-
bolt, thus rendering them doubly secure. This is shown at
B, Fig. 36. Spikes or nails should never be used in securing
cage-guides, as it requires too much time to remove a sec-
tion for repairs.

97. Trap-Doors. —When trap-doors or covers are
used at the top of a shaft, they should be inclined so that
any material falling upon them will have a tendency to
glance, thus reducing the liability of its crushing the doors.
Stops should be provided to prevent the doors from remain-
ing open, so that in case no one is at the surface to open
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them when the bucket comes up, it will simply lift the doors
and pass through, the stops immediately closing the doors,
and thus preventing anything from falling down the shaft.
When doors are used on a shaft, some special means of ven-
tilation must be provided.

TUNNELS AND TUNNEL LININGS.

GENERAL CONSIDERATION.

98. Divisions.—Tunnels, like shafts, may be divided
into two classes: permanent, and temporary or prospecting
tunnels. The advantages and disadvantages of tunnels, as
compared with other forms of openings, have been treated
elsewhere. '

99. Grade.—All tunnels should have a grade towards
the mouth sufficient to afford drainage. One foot in 200 is
usually considered about right for this purpose. The theo-
retically perfect grade would be one on which the work of
returning the empty car to the face would be exactly equal
to that of bringing the loaded car out again; but owing to
the fact that timber and supplies have to be trammed in
and that the track is not always in uniformly good condi-
tion, this perfect grade can never be attained, though for
most purposes the one mentioned above approaches it very
closely. In the case of short tunnels where the tramming is
done by hand, it is sometimes customary to use a grade of
1 foot in 100.

100. Safety.—As a rule, the workmen run far less risk
in driving a tunnel than in sinking a shaft, as there is no
danger of anything falling upon them from a great distance,
as is the case when working in a shaft, and the material and
water are disposed of with less machinery.

101. Size.—The size of a tunnel is determined by the
desired output, and may vary from 4}’ X 6’ to 8’ X 10', or
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even larger. Fixed rules can not be given as to when tunnels
should be built for single and when for double track; the
probable character of the ground, with its consequent ratio
of expense between driving moderate and large-sized tun-
nels, is variable; this, together with the estimated output
and length of a tunnel, produces an endless variety of com-
plications. The tendency is towards double tracks for
short tunnels, and a single track, with switches at the pass-
ing points, for long ones. To illustrate the difference in
cost, the following estimate is given: Suppose a tunnel driven
in fairly good ground to cost $20 per foot for single and $28
per foot for double track dimensions; if the length is 300
feet, the total difference in cost is $2,400; but if the length
is 3,000 feet, there is a difference of $24,000. A double track
might be worth the smaller amount, while it would not
justify the larger expenditure. All tunnels should be wide
enough to allow ample room for an air-pipe on one side and
for the men to pass moving cars in safety. Where the
deposit or vein is parallel to the face of the hill and compar-
atively near the surface, it may be worked to advantage by
driving a number of short parallel tunnels to the deposit.
This reduces the distance of underground haulage, and in
the long run may be the cheapest means of working such
deposits.

102. Form.—Most tunnels driven for mining purposes
are lined with timbering, and hence have a rectangular or
nearly rectangular form. The style of timbering and form
of joints are largely determined by the importance and
expected life of the tunnel, more care being bestowed on
these details if it is necessary that the tunnel be kept open
and in use for many years.

103. Some Examples of Mining Tunnels.—At
Freiberg there is a series of tunnels driven to drain and
work the mines, the aggregate length of which is something
over 24 miles; at Clausthal there is a similar series over
11 miles long; in Cornwall, Wales, there is a series over
30 miles inlength. The Sutro Tunnel, in Nevada, which was

F. VI.—}
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driven to drain the great Comstock Lode, is over 5 miles
long; and there are at present, completed or in process of
completion, a great number of other long mining tunnels;
but in all cases the tunnels referred to have been driven long
after the mines proved their value by a continued output,
the tunnels being driven' to facilitate the working of the
properties. There is hardly a case on record where a long
tunnel has been driven for purely prospecting purposes that
has proved a paying investment.

104. Drilling.—When rock is encountered in a tunnel,
the first drilling is usually done by hand, and in the case of
a prospecting tunnel this may continue throughout the work;;
but if it is intended ultimately to install an air-compressor
plant, or if the work is of sufficient magnitude, it will be
best to install the plant and use power drills from the first,
as with their aid much more rapid driving can be done.

105. Tunnels Connected with Interior Shafts.—
Tunnels are sometimes connected with interior shafts, in
which case there must be suitable space for handling cars
and material. It is a good plan to make the station at the
shaft of as small an area as possible (on account of incon-
venience in timbering large openings), and provide room for
cars by widening the tunnel, putting in one, or if need be,
two, side-tracks leading away from the station and connect-
ing with the main line at their outward termini. If the
tunnel is double-tracked, side-tracks will hardly be needed.

LININGS.

TIMBERING.

106. Posts and Breast Caps.—In the case of a pros-
pecting tunnel in firm rock, little or no timbering may be
required, but all permanent tunnels should be lined, no
matter how hard or firm the strata they penetrate. In the
case of a fairly firm roof, a few posts with breast caps may
be used, as shown by Fig. 37.




§ 40 AT METAL MINES. 45

107. Square Sets.—In somewhat more yielding
ground a simple form of square sets will answer, as shown

FicG. 8.

by Fig. 38. In a prospecting drift, the caps B and the legs 4
may be composed of sticks about 6 inches in diameter, and

FiG. 38.

the sill C, made from a similar stick, hewed to about 3 inches
thick, the width remaining the same as the diameter of the



46 PRELIMINARY OPERATIONS § 40

posts. The joints cut in the cap and sill for the legs to bear
against should never be more than one-third of the depth
of the timber.

This form of set will resist pressure from either top or sides.
Where the floor of the tunnel is fairly firm, the sill C may
be omitted, the bottoms of the posts being set in small pits
or hitches. :

When sills are used, the posts should be dressed on the
inside to give them a good bearing against the notches cut
in the ends of the sills.

108. The posts should always be given a slight inclina-
tion, as shown in the illustration, for this gives the set the
strongest form to resist pressure from above and from the
sides. When it can be obtained, round lagging is to be pre-
ferred; but in its absence, cither split lagging or plank may
be used.

L]
109. Starting a Tunnel.—In starting a tunnel, it is
usually carried into the bank as an open cut until sufficient

FiG. 89.

depth for the face is obtained. If the material is not strong
enough to be undercut, it may be held in place temporarily
by building two sets, as shown in Fig. 39, and driving long
lagging over the tops of them and into the earth beyond.
Now, by weighting the back end of these laggings- with
stones, they can be made to carry the earth resting upon
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their forward ends until another set has been placed before
the two already mentioned. From this point the work can
be carried on by forepoling, in case the ground is at all bad.

110. Placing a Set.—In placing a set, the timbers
are first erected and temporarily held in place by blocking
placed against the roof or sides, or by a strip of material
nailed to the next preceding set. In a case where the
ground is fairly good, but lagging is required on the sides
as well as the top, it is placed commencing at the bottom
and working up, all the space between the wall and the
lagging being packed with excavated material. It is some-
times better to use blocks of wood for packing above the
lagging on the roof than to use excavated material. Great
care should be taken, in blocking the sets permanently into
place, to see that the load comes upon them at the corners
and not in the center of the sticks, as, were the latter the
case, the sticks would be almost certain to break.

111. Bridged Sets.—In case it is necessary to use
forepoling, the sets are usually :
bridged. Fig. 40 illustrates
a set having bridges on both
top and sides. A are the
posts; B the cap; C the sill;
D the side bridging; £ the
top bridging, and £ the piece
used to keep the bridge away
from the set proper. It will
be seen that this leaves spaces
about the regular set. If the
character of the ground is
such as to indicate the neces-
sity for forepoling, one of
these bridged sets is placed in F16. 40.
position and the lagging extending forwards from the pre-
ceding set placed outside of the bridge.

112. Spiling.—Lagging intended for spiling should be
cut about 18 inches longer than ordinary, the front ends
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being pointed and the rear ends left square; such lagging is
driven through the space marked /A in the set. The ends
of the lagging are forced out and into the earth of the

Fi1G. 41.

sides or top of the drift by means of tailing pieces, as shown
in the horizontal section at X, Fig. 41, or in the vertical sec-
tion at /V, Fig. 42. In this way the material can be kept

Fi1G. 42.

from caving into the opcning until a sufficient distance has
been gained to introduce another set. After the new set is
in position, the tailing picces can be knocked out and the
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lagging allowed to settle against the bridge of the new set.
In case it suddenly becomes necessary to introduce spiling
and a bridged set has not been placed, it may be possible to
force spiling under the lagging already on top of the set,
and thus to gain sufficient distance for the introduction of
another set which has been bridged.

113. Breast-Boards.—Spiling or forepoling is espe-
cially adapted to wet, heavy ground. As a rule, such
ground stands fairly well after the water is once drained
out. In case the ground partakes of the nature of quick-
sand, it may be necessary to support the breast of the drift
with boards braced from the nearest sets. This is called
carrying breast-boards.

114. At the first signs of yielding ground, the sets
should be bridged so that spiling may be commenced at any
time.

115. Driving a Tunnel by Wedging.—In some
cases in which the ground is a very fine quicksand or loam,
it has been possible to drive the drift by simply wedging all
or most of the material out of the way. In this case no
excavated material has to be trammed out. Fig. 43 illus-
trates this method of work. A are the posts of regular
bridge sets; 5 the caps; G the bridging pieces; /A the
tailing piece; C are ordinary spiling used to support the
top and sides of the opening; /) are wedges driven into the
face by means of a ram. These wedges simply crowd the
material away from in front of the excavation. In casethe
pressure becomes so great that the wedges can be driven no
farther, it may be necessary to bore a few auger-holes into
the face, and so relieve the pressure by allowing some of the
material to flow into the drift. The ram for driving these
wedges usually consists of a picce of timber swung from the
roof. /- represents wedges driven into the floor as fast as
those in the face advance. These wedges have to be driven
with a mallet, and are ultimately covered with a plank



50 PRELIMINARY OPERATIONS § 40

floor /. This method has been successfully used in a num-
ber of cases where the ground was extremely bad.

Fi1G. 43.

116. Amount of Material to be Removed.—
Where material is excavated from the face of the tunnel,
great care must be taken not to remove more material than
is necessary, for all additional material removed must cause
a shifting or sliding of the earth, which brings extra strain
upon the timbering.

117. Sprags and Special Braces.—In placing the
timbering of a tunnel, great care should be taken to see that
the sets are plumb and that all the joints have a good bear-
ing. If this is not done, strains will come upon the timbers
irregularly, which is almost sure to break them. When
there is danger of the sets being displaced by blasting,
sprags may be placed between them, as shown by C and D,
Fig. 44. In Fig. 44, .1 are the posts, B the caps, C the
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upper sprag (collar brace); D is the lower sprag (foot or heel
brace); £ and E represent diagonal braces, which are
sometimes used in swelling
ground where the strains come
upon the timber in a very
irregular manner. F repre-
sents the framing of one of
tinese diagonal braces. It will
be seen that they are halved
together in the center.

118. Distance Between
Sets.—The distance between
sets is determined by the char-
acter of the ground, and may
vary from a few inches to 7 or
8 feet.

119. Factors Which
Determine the Size of
Timber.—The size of the
timber depends upon the strain
it is expected to bear, but it is considered better practice to
increase the number of timbers rather than their size; that
is, to place the sets closer together while using the same size
timber. The principal objection to heavy timbers is the
great difficulty of handling and placing the sticks under
ground and their cost.

FIG. 44,

120. Advantages of Sawed Timber.—In all tun-
nels intended for permanent use, it is best to used sawed
timber, as it has the following advantages:

1. It is easier to frame and to replace.

2. It makes a much neater looking job.

3. The bark and greater part of the sap-wood being
removed, the timber is not so liable to rapid decay, and
in case decay should occur, the timbers are more easily
examined.
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121. Sizes of Timber in Common Use.—In tunnels
having an area of 4}’ X 6’ in the clear, it is common to use
8" X 10" posts and 10" X 12" caps, though sometimes the
posts may be 10" X 12” and the caps 12’ X 14". Thesprags

- would vary from 4" X 4" to
8" X 8", depending upon the
character of the ground.
Sprags should always be so
placed as to catch both cap
and post or post and sill.
fj 122. Simple Joint for
Sill and Post.—In simple
timbering, with sawed mate-
rial, the joint shown in Fig. 45 is sometimes used to join the
post to the sill. It will be seen that the post @ is simply
cut off square on the end and all the dréssing is done on the
sill &.

Fi1G. 45.

WATER.

123. Drainage.—The water flowing out from the
tunnel should be carefully provided for. In case the floor
is hard rock and the flow of water is small, it is sometimes
sufficient to excavate a small ditch at the side of or under
the track, the water being allowed to flow upon the bottom
of the tunnel. When the flow of water is large, or the bot-
tom of the tunncl is of sucha character as to be rapidly
washed away, it is best to provide a flume for the water.
This is usually placed under the car-track, as shown in the
illustration of the Ontario Mine Tunnel, Fig. 47. Great
care should be given to the proper drainage of a tunnel, as
the life of the timbers may be very much shortened by
changes in the flow of water from one part of the tunnel to
another in such a manner as to leave the timbers alternately
wet and dry.

124. When a tunnel is provided with a good flume for
carrying out the water, the grade can be reduced, and hence
the depth of the inner end of the tunnel below the surface
will be increased.
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REMOVAL OF EXCAVATED MATERIAL.

125. Remarks.—In the case of a small prospecting
tunnel in the neighborhood of 50 feet in length, thc exca-
vated material is usually removed with a wheelbarrow,
thus avoiding the laying of car-tracks. If the tunnel
is longer than this, it is generally provided with a track and
cars. At first the cars are pushed out by hand, but as the
length increases, mules are introduced and the cars drawn
out in trains.

126. Tracks.—A cheap track may be made by using
2’ X 4" or 2’ X 6” wooden stringers and spiking a band of

iron upon the edge of the stringers. It is best not to spike
the stringers to the ties, on account of the fact that where
stringers are spiked to the ties it is much harder to replace
either the track or the ties than where some adjustable fast-
ener is employed. Also, spikes corrode very rapidly in
mines, and their use should be avoided as much as possible.
Fig. 46 illustrates a method of securing wooden stringers by
means of wedges. At the left of the figure can be seen a
plan of a portion of the track; A are the ties; /3 the string-
ers; C the wedges. At the right of the figure there are
two illustrations showing the method of fitting the pieces
together.

Light-weight steel rails, weighing from 8 to 12 pounds
per yard, may be employed. Mines having a somewhat
heavier output sometimes use very much heavier rails under-
ground, a few power-haulage systems and skip-roads being
provided with 60-pound rails.
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127. Passing Points.—In ordinary tunneling along
the vein, occasional short switches will be necessary at pass-
ing points; and where there is stoping to be done overhead,
the roadway should be widened at intervals to make room
for storing timbers.

128. Frogs.—Cross-cut tunnels, upon intersecting the
vein, should have their tracks diverged by means of frogs
or other switches, so that cars can pass in or out, to
either right or left, without running onto flat sheets.

129. Ties.—The ties are placed from 24 to 30 inches
apart. Great care should be taken in laying the tracks in a
tunnel which is expected to be used as a permanent haulage-
way.

130. Cars.—The cars used for removing the material
from the tunnel are usually the ordinary mining cars having
a capacity of from 10 to 20 cubic feet.

SWELLING GROUND.

131. Definition.—Swelling ground may be wet or
dry, and usually gives but little trouble during excavation.
When the material is exposed to the air, chemical changes
set in which cause it to swell. At times, nothing seems
able to resist this swelling action.

132. Timbering.—In timbering an opening through
such ground, the best method seems to be to use fairly
strong timbering, and to excavate some of the material
behind it whenever the swelling begins to exert an unduec
pressure upon the sets. The lagging is usually light and
open in construction, and by its bending or breaking the
miner is warned that the sets are in danger of being crushed
and must be relieved. In other cases, the pressure is not so
great, and very strong timbering set close together will be
able to resist it without any special relief. Fig. 44 illus-
trates a form of timbering and bracing, already described,
which has been much used to resist swelling ground.
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133. Bridging or False Sets.—The term ‘ bridg-
ing " is sometimes used to designate a false set placed out-
side of the regular set to protect it against the action of the
swelling ground. This false set may be composed of as
heavy timber as the original set. Such sets were used in the
*Ontario Mine Tunnel, No. 2, near Park City, Utah, and the
following description is given substantially in the words of
Mr. J. H. Keetley, superintendent in charge:

134. Ontario Mine Tunnel, No. 2.—‘‘Relating to
our mode of timbering swelling ground, side pressure is
taken care of by the ordinary style of bridging. The tim-
bering over the caps is done with timber of the same size as
used in the set below, but is placed in the shape of an
inverted V, thus A, or similar to the rafters of a building,
with as many cross braces as are thought necessary. We
used two, also three side braces—one at the apex, the
other two near the foot. (Corresponding to collar and foot
braces.)

135. ‘“‘The foot of this set rests upon the cap directly
over the posts. We usually put from 1 to 2 feet of the
blocking on the cap at this point, and then put the A set
upon the blocks, thus permitting the taking out and raising
up of the regular set (by removing a portion of the blocks)

#This tunnel was completed in the latter part of 1894, and has a
total length of about 15,000 feet. The sectional area in the clear has
a height of 8} feet divided as follows: Tunnel proper, 6 feet high,
4 feet wide at the top, and 5 feet on the floor; below the floor, or car-
track, is a water ditch 2} feet deep and 5} feet wide on the bottom.
Although in some portions of the tunnel there was good dry ground,
in others there was swelling ground and floods of water. The flow
amounted to as much as 10,000 gallons per minute for some time, and
on one or two occasions, floods occurred which caused a temporary
cessation of work.

The car-track has 18-pound T rails and a 20-inch gauge. It rests on
sills 6° X 10°, covered with 3-inch plank, to which the T rail is spiked.
Tram-cars were hauled out in trains with mules. At distances of
1,000 feet in the tunnel, sidings were put in to allow trains to pass
each other.

Two air-drills were kept going in the face in eight-hour shifts. The
20-inch air-line (Fig. 47) was connected with a Root blower and used
sometimes for ordinary ventilation, but its chief function was to clear
away smoke after blasting; at such times it was operated as a suction-
fan and cleared the face in a few minutes.
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without disturbing the upper or A set in case your timbers
have settled downwards. This can be done at least twice
before it becomes necessary to raise the upper set.

136. ‘‘Besides, if we did not have the upper set, the roof
would have to be caught up with a false set while raising
the regular set; but, having the upper set, it can be easily
and quickly caught up with stringers, and the lower set
speedily raised without delaying traffic, and without put-
ting up a false set, which takes up much time. The apex
of the A set is 4 feet above the top of the lower (regular)
cap. This gives ample room for men to work above the
regular set and ease the roof and take care of their dirt
until it can be trammed away. Side bridging is used upon
the A, the same as upon the regular tunnel sets below.
We do not use sills in swelling ground, as we find that it
multiplies our troubles. We tried bases 3 feet square under
each post, some of rock and some of plank, but the heave
of the swell coming very unevenly would tilt posts off their
base and wreck the whole set so much that this method was
abandoned. The chief pressure on our timbers came from
the roof downwards. This was caused by the great weight
of water from above, percolating through the brecciated
strata; when this ground is relieved by drainage, I am sat-
isfied that the pressure will be less. Regarding soft run-
ning ground, the same methods were adopted as are
employed elsewhere in such cases, except that where the
ground was very heavy upon the spiling, and they could
not be driven in by hand, we shod them with 14-inch iron,
and drove them with a 33-inch Ingersoll drilling-machine
with 90 pounds of air, which proved quite successful.”

137. Fig. 47 shows a cross-section giving a front view
of an entire upper and lower set. A, 4 are the posts of the
regular (lower) set; 5 is the cap of the same; £, E is the A
or upper set, which has a cross brace /#; G, G is the bridg-
ing of the upper set, and A, A are the lagging. The sills/
are to support the 3-inch plank X, which forms the floor
of the drift and on which the car-track is laid. G, G are the
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bridging of the lower set. The dotted squares show the
position of the horizontal braces or sprags extending from
this to the next set. The set is lagged in the usual way,
except that the lagging is behind the bridging. The bridg-
ing really constitutes a shell, which partially protects the set

FiG. 47.

proper and greatly facilitates the excavation of ground in
the case of serious swelling. If only the usual tunnel sets
are employed, there is more danger of their being totally
crushed, and in excavating to relieve the pressure the road-
way would be blocked, thus interfering seriously with the

*
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traffic. C and D represent blocking placed over the regular
set and below the upper or false set and its bridging.

138. Special Form of Timbering.—A form of tim-
bering which has been very successfully used to resist
swelling ground is shown in
Fig. 48. It will be seen that
the general effect is to shorten
all the members, thus reducing
the transverse strain upon
each stick.

139. Posts in Center
of Tunnel.—In large tunnels
the roof may be supported by
braces, or additional posts set
in the center of the tunnel
This is illustrated by Fig. 49,

FIG. 48. which is a cross-section of the
timbering used in the Sutro Tunnel.

Fi1G. 49,
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SPECIAL METHODS.

140. Meccal Shield.—In very soft materials, tunnels
have been driven by forcing an iron casing through the clay
or other material, the permanent lining being built as fast
as the shield advanced.

1-41. Pneumatic Method.—The pneumatic process
has also been applied to tunnel work as a means of keeping
water from flowing into the excavation. (For generaldescrip-
tion of the pneumatic process, see Arts. 169 to 180.)
Large tunnels are sometimes driven in benches.

PRECAUTIONS TO BE TAKEN IN WET
FORMATIONS.

142. Advance Holes.—When tunnels are being driven
in rock which is liable to contain pockets of water under
great pressure, it is best to keep drill holes well in advance
of the work, both on the sides and before the face. Such
bodies of water have been discovered having a pressure due to
several thousand feet of head. By bursting suddenly into the
opening, the water has caused great damage and loss of life.

143. This precaution of drilling holes in advance of the
work should also be employed when approaching abandoned
workings which are liable to contain water.

144. Advantage of Draining the Ground.—When
driving a tunnel through material containing much water,
it is often best to proceed slowly, allowing the water time to
drain out of the formation, and so prevent any sudden rush
of soft material into the opening.

INCLINES OR SLOPES.

GENERAL CONSIDERATION.
145. Definitions.—A shaft, properly speaking, is a
perpendicular opening into a mine.
A tunnel or adit is an opening into a mine with sufficient
grade to make it self-draining.
Any other opening into a mine must have some angle

F. VI—
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between the two mentioned. Such an opening is called an
incline or slope.

146. Advantages.—An incline usually follows the
dip of the vein, and hence it is in the ore. On thisaccount,
inclines, like adits, when in the ore, may pay all or part of
the expense of opening.

147. An incline may follow the vein through its various
dips and angles, thus remaining in the ore and exploring the
deposit throughout its entire length. When an incline in
the ore is used, no cross-cuts are required.

148. One advantage of an incline is that pockets and
special self-dumping arrangements are more easily con-
structed and maintained at the head of an incline than at
the head of a shaft; and as in metal mining much of the
material is brought to the surface in skips, this fact alone
has caused the incline to be adopted rather than the shaft
in many localities.

149. Disadvantages.—The mine water has to be
removed from an incline by mechanical means, as with a
shaft, but it-is more difficult to arrange a pumping plant in
an incline than in a vertical shaft.

150. Where an incline is used, the miners must pass to
and from their work by means of ladders, stairs, or a man
engine, or be hoisted in special slope carriage. In a very
flat incline, men may ride in the mine-cars, or may walk, as
in a tunnel.

151. Location.—The site or location for the head
of an incline is selected, as in the case of a shaft, with
respect to the expected development of the mine and the
future location of buildings and other surface improve-
ments. In a steep incline the number of compartments
would be the same as with a shaft of equal capacity, and the
compartments are usually arranged side by side, that is, as
though the shaft had been laid down upon its side.
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152. The position of an incline with respect to the
foot and hanging walls has been considered in Art. 33.

153. Size.—The size of an incline, like that of a shaft,
depends upon its expected output and the pitch of the vein.
4} X 6’ in the clear is a very common size for the com-
partments. In flat inclines, care must be taken to see that
there is always sufficient headroom.

154. With a flat incline, it becomes impossible to sup-
port a very wide opening, hence more than two compart-
ments are rarely, if ever, seen.

155. Examples of Cases in Which Inclines are
the Best Form of Opening to Be Used.—In Fig. 50
there is illustrated a steep vein dipping into the face of the

F10. 80.

mountain in such a manner that the cross-cuts would have
to pass through a large amount of barren rock. If the shaft
were located above the vein, all the ore would have to be
hoisted very much higher than the outcrop, while if it were
placed below the outcrop, the cross-cuts would be of an ever
increasing length. In as steep an incline as this, skips
would probably be used for bringing out the mineral.
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Fig. 51 illustrates a case in which, no matter where the
shaft were located, the cross-cuts would be of an extremely
great length. Such a flat vein could be worked by means

Fi16. 51.

of an incline, through which the mine-cars were drawn out
in trains.

156. Location of Stations.—When a skip is used in
a flat slope, the station is placed on the back of the shaft,
the lateral drifts are above the incline, which is placed in

'//// /;7/

i)
F1G. 52. FIG. 53.
the foot-wall. In Fig. 52, 4 illustrates the incline and B

the station into which the lateral drifts open. In the case
of steep inclines, using either skips or cages, stations are
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constructed as in the ordinary vertical shaft, as illustrated
by Fig. 53.

157. Angle of Inclime.—An incline of about %70
degrees from the horizontal, using skips, has certain advan-
tages, as follows: In ashallow shaft (200 or 300 feet deep)
the friction of the rope on the guide-rollers does not absorb
much power, and as the weight of a skip is much less than
that of a cage, together with a car having a capacity equal
to the skip, it will be seen that skips hoisting out of bal-
ance have a decided advantage over cages hoisting out of
balance; while, if working in balance, the total weight sus-
pended on the ropes is less, and hence the strains on all the
working parts are less when the skip is employed.

158. When a skip-road has an angle of more than 70
degrees from the horizontal, it may be necessary to use top
rails or guides to keep the wheels on the track. With flat
inclines (from 25 degrees down to 5 degrees from the hori-
zontal) the ordinary mine-cars may be drawn out in trains.
This gives a great tonnage to a comparatively small
opening, the principle being the same as in hoisting with
multiple deck cages; that is, it is more economical to move
a great load at a slow speed than to move a small load at a
great speed.

159. Switches.—When cars are used, they may be run
into the lateral openings by switches from the main line.
This applies, of course, to low pitches where the ordinary
mine-cars are brought to the surface, and will necessitate
the making of the lateral drifts on one side rather than
above the main opening or incline.

160. Trap-Doors or Drawbridges.—If the grade of
the incline is too great for the convenient removal of the
cars by means of switches, they may be transferred from
station to incline by means of a trap-door or drawbridge,
which can be lowered into position or hoisted out of the
way by means of pulleys.
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FI1G. 54.
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TIMBERING FOR INCLINES.

161. Relation Between Angle of Incline and
Style of Timbering.—The style of timbering employed
in inclines depends principally upon the angle of inclination,
steep inclines being timbered like shafts and flat inclines
like tunnels. Inclines when steep are sometimes cribbed,
but they are usually timbered with some form of square
sets. The sets are often placed at right angles to the
hanging wall, but it is better practice to give the end-
plates a slightly greater angle than the perpendicular to
the walls, the advantage being that any downward move-
ment of the hanging wall will tighten the end-plates
and so resist further tendency to motion in this direction.
On the other hand, if the end-plates were perpendicular to
the vein, the tendency for their upper ends to move down-
wards would cause them to leave the roof and so weaken
the shaft timbering, thus leading to its destruction sooner
or later.

~

1682. Steep Inclines.—Fig. 54 illustrates a form of
timbering suited to steep inclines. It will be seen that the
joints and methods of securing the planking or lagging are
similar to those used in the ordinary square sets for vertical
shafts. The joint 4 is shown enlarged at B, a being the
wall-plate, & the stringer or sill at the top of the shaft,
and ¢ the cap on the wall-plate.

163. Flat Inclines.—Flat inclines are timbered like
tunnels. The posts are the timbers extending from one
wall of the vein to the other, and all the timbers are named
and framed as in the case of tunnel sets, the only difference
being that sometimes the posts are given a slightly greater
angle than the perpendicular to the pitch of the vein. One
distinction between the timbering of an incline and the
timbering of a tunnel is that in the case of an incline, sprags,
or foot and collar braces, are always required.
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SPECIAL METHODS OF SHAFT SINKING.

164. The following table illustrates the relative adapta-
bility of the various special methods of shaft sinking and
the materials for which they are best adapted:

[ ““Forepoling."”

‘“ Metal Linings.” (Forced down
without the use of compressed

Quicksand. 1 air.)

‘‘Pneumatic” Method. (Limited
to about 100 feet in depth.)

} ‘“ Poetsch ” Process. (Freezing
Method.)

Rock (hard or soft, but

‘“Kind-Chaudron " Method.
very wet). 1

Rock (hard or soft, but % ““Continuous” or ‘ Long-Hole”
not very wet). Method.

FOREPOLING.
165. Forepoling is really a modification of one of the

ordinary forms of shaft timbering, and has been described.
(See Arts. 77, 78, and 112.)

166. While forepoling may be well adapted for sinking
through moderately bad ground, there are some cases in
which it is very much better to adopt one of the special
methods.

167. Objections.—The objections to forepoling are:

1. In the case of particularly bad ground (in which it is
necessary to use breast-boards), the progress made by this
method is very slow.

2. After the shaft has been put down by forepoling, it is
sometimes difficult to replace or repair the lining.

3. When the forepoling method is used in quicksand,
there is considerable risk of losing the shaft altogether.
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METAL LININGS FORCED DOWN.

168. Manner of Doing the Work.— When metal
linings are forced down without the use of compressed air,
the work may be accomplished in one of two ways:

1. Where the ground is soft and contains but few boulders,
the linings are sometimes forced to bed-rock and the material
afterwards excavated or flushed out by means of water.
Sometimes a portion of the material is flushed out while
the linings are being forced down, or the material may be
pumped out by means of a sand-pump or sludger. In these
cases the shaft is full of water until the work is completed.

2. Men may enter the shaft and excavate the material
as the work progresses, the lining being forced down as fast
as they make room for it.

PNEUMATIC METHOD OF SHAFT SINKING.

169. General.—This method, which is used for both
shafts and tunnels, maintains a pressure of air within the
opening where excavating is going on sufficiemt to expel the
water, and is the outgrowth of the method of putting down
foundations for bridge piers by means of the pneumatic
caisson. Shafts have been put down by using a caisson
similar to that employed in bridge work, the roof of the
caisson being removed after the lining had been completed
down to bed-rock and the hoisting shaft passing right
through the original caisson.

170. Example of a Pneumatic Caisson.—Fig. 55
is an illustration showing the lower part of the shaft
timbering and the caisson as used while sinking. The left-
hand portion of the illustration @ shows the outside of one
end of the caisson and illustrates a position of the plank
sheathing; the right-hand portion of the illustration & is a
section and shows the air-shaft, or main shaft g, the roof
of the caisson ¢, and the heavy timber braces ¢, which are
placed across the caisson to keep the edges in place. The
caisson is the chamber f at the bottom of the shaft in
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which the men work, and it is kept free from water by
the air-pressure. The roof of the caisson ¢ in this case
is constructed of four layers of 12" X 12’ timbers laid intar,
pitch, or cement. Inside of the roof there is a 3-inch plank
lining, and all the joints are rendered air and water tight
by calking. A shaft or tube 4 feet in diameter is carried
up through the center of the shaft, as shown at g in the
illustration, and the air-lock is attached to and forms a part
of the top of this shaft, pressure tube, air-shaft, or main shaft,
as it is called. Two 4-inch pipes are carried to the caisson
chamber, one for supplying fresh air and the other for con-
veying the excavated material out of the shaft. The shaft
is sunk to the water-level without the use of compressed
air, after which the caisson is put in place and the shaft
lining (which is composed of cribbing) is commenced on the
top of the caisson and carried up as the work progresses.
The entire structure, lining and all, sinks with the caisson.
A sufficient pressure of air is introduced into the caisson
chamber to keep back the water, and men enter it through the
air-shaft g, Fig. 55, which is provided with an air-lock at its
upper extremity.

171. General Consideration of Air-Lock.—The
air-lock consists essentially of a chamber having two doors,
both opening towards the caisson. As a man comes to it
from the outside, the outer door is open, and he enters the
chamber. After closing this door, he allows the compressed
air from below to enter the chamber through a pipe and
valve, and when the air in the chamber has reached the
same pressure as that in the tube, the door leading to the
tube is opened and he descends to his work by means of a
ladder through the tube and into the caisson.

172. Position of Air-Lock.—The position of the air-
lock in regard to the caisson chamber is a point that has
been discussed a great deal. If it is placed at the bottom
of the air-shaft, the men do not have to climb the ladders
under air-pressure, and thus save a great deal of very fatigu-
ing work. On the other hand. if a sudden inrush of water
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occurs through a break in the side of the caisson or in the
air-pipes, it may be impossible for the men to escape through
the air-lock before the caisson is filled with water, and in
such a case they would be drowned in the caisson chamber.
If the air-lock is at the top of the air-shaft, the men can
escape into the air-shaft, and thus be safe from the rising
water. Some parties have compromised the matter by
placing the air-lock in the shaft at a point about half way
between the caisson and the top of the work when finished.

173. In the caisson illustrated in Fig. 55, the air-lock
is placed at the top of the air-shaft and forms a part of the
same; an illustration of the air-lock drawn to a larger scale
is given in Fig. 57.

174. Removal of Excavated Material.—Originally
the material excavated from the caisson had to be hoisted
through the air-shaft and stored in the air-lock until this was
filled; then the lower door connecting with the caisson

was closed, the outer door
: A — opened, and the material
: discharged.

175. Auxiliary Air-
Ve Lock.—This method was

. extremely expensive and

c ; led to the invention of an

. / auxiliary air-lock on the
4 side of the main lock, into
N which the material could
be placed. When this lock
wasfilled, it wasdischarged
without affecting the pres-
\ B sure on the main lock.
. This was accomplished by
A having the doors at the two
ends of the auxiliarylock so
constructed that theycould
L | not both be opened at the
FIG. b6, same time, and after the
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material had been placed in the lock, the inner door was closed
and the outer one opened. The general principle of this is
illustrated by Fig. 56, in which B represents the door lead-
ing from the main air-lock into the air-shaft; A4 the door
leading from the atmosphere into the main air-lock;
and G the two doors of the auxiliary air-lock. When in use,
the deor A is closed, the door B open, the door F open, and
the door G closed. Material is hoisted into the air-lock and
dumped into the auxiliary lock . When the auxiliary lock
is full, the door F is closed, the door G opened, and the
material slides out of itself. This device greatly cheapened
the pneumatic method of sinking, but it entailed a great
amount of labor in the hoisting of the material into the lock.

176. Aspirator.—The next improvement consisted in
the invention of an aspirator, by means of which the fine
material could be blown or aspirated out of the caisson.
This consisted in mixing the sand and gravel with some
water and feeding it to the mouth of a pipe connected with
the atmosphere. The pressure of air in the caisson would
drive a stream of material composed of water, air, and sand,
out through the pipe. By this means the material can be
easily removed.

177. Boulders.—If only a few boulders are encoun-
tered during the sinking, they are carried down in the caisson,
and, if the opening is a shaft, are removed and hoisted out
after the roof of the caisson has been cut away. If there
are a large number of boulders present, it will be necessary
to blast them and hoist the pieces out through the air-lock.

178. Shaft Lining.—The shaft lining as built on the
top of the caisson in the illustration is composed of timber
and built up as cribbing. The outside of the lining was
covered with 3-inch plank lagging placed diagonally, as illus-
trated on the left of Fig. 55.

179. Example of Air-Lock.—Fig. 57 illustrates the
air-lock as used in connection with the shaft illustrated in
Fig. 55. The air-shaft is 4 feet in diameter on the inside
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and is made of }-inch steel
plates. The flangesto which
the plates are riveted are
cast iron, and also form the
joints for the air-lock; the
upper section of the shaft at
any particular time being
employed as the lock, or, if it
is desired, the doors can be
placed on any lower section
and it used as the air-lock.
The action of the lock can
be explained as follows :

180. As shown in the
illustration, the door B,
leading from the air-shaft
D into the lock C, is open.
The upper flange of each
section of the air-shaft is
provided with an oval open-
ing to which the doors are
fitted. Thedoors are made
of cast iron and have hinges
made of angle-irons, as at
4, and hung on [ bolts, as
shownat /. A }-inch rubber
gasket is used to make the
joint between the door and
the flange, as shown at 4.
Each door has a plug-cock
or valve placed in it,
through which the air-pres-
sure can be relieved, and
frequently there are two
such valves, one of which
can be operated from each
side of thedoor. The joint 4
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between the two flanges f and ¢ is planed true, and an air-
tight joint made with the aid of packing. The two flanges
S and e are bolted together, as shown in the illustration.
When the upper section of the tube is used as an air-lock, the
holes intended for bolting the flanges together must be
plugged by means of short bolts and gaskets, as shown at a.
¢ is one of the plug-cocks in the door through which the air
can be blown off. If the man wishes to go out, he passes
through the door B into the chamber C and closes the door
behind him. Then, by opening a valve in the door A4, he
reduces the pressure in the air-lock to that of the atmosphere,
after which the door A can be opened, and he can pass out
without any trouble. Sometimes the door A is fastened from
the outside, and the men in the lock have to give a signal to
the attendant outside, who unfastens the door and opens
the air-cock c.

181. Weight or Power to Force Caisson Down.—
In order to force the caisson down against the air-pressure,
it is necessary to weight the entire structure. This may be
accomplished by filling the space between the air-shaft and
the cribbing with sand and stones, or, better still, by intro-
ducing some scrap-iron, such as old railroad rails. If the
weight thus supplied does not furnish sufficient pressure, it
may be necessary to use screws or hydraulic rams to force
the structure down.

182. Blowing.— Usually the filling or weighting of
the inside of the shaft is sufficient, but in case the shaft
lining tends to stick, it may be started by excavating the
material from under the caisson and then reducing the air-
pressure a few pounds. This is called blowing.

183. Tapered Form.— This will usually cause the
structure to settle as desired. By giving the structure a
tapered form, as shown in Fig. 55, the tendency for it to
stick in the earth is greatly reduced.

184. Water-Tight Joint.— When the caisson has
reached bed-rock, a water-tight joint may be formed as
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shown in Fig. 58. Sufficient rock is excavated to furnish a
bearing all around for the caisson shoe. Then a puddling of
clay % is forced under the bottom of the caisson against the
quicksand /. Next, a grout /2, composed of Portland cement
and gravel, is built against this puddling of clay and allowed
to set before the air-pressure is removed. Before the air

Fi1G. 58.

pressure is taken off from the caisson, but after the joint
under the caisson shoe has been made by means of the grout
at /%, the rock is excavated for some distance and the crib-
bing ¢, ¢built up asin the ordinary shaft. The space between
the cribbing and the rock, or the cribbing and the caisson,
is filled with Portland-cement mortar, as shown at g. The
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cribbing is built some distance into the caisson and joined
to the caisson, as shown at f, /. After this has been accom-
plished, the air-pressure may be taken off, the roof of the
caisson sawed out, and the cribbing continued up as in an
ordinary shaft. In Fig. 58, a, 4, ¢, and & are timbers of the
original caisson, & being the hardwood caisson planks which
form the caisson shoe.

185. Form and Depth of Shaft.—Shafts sunk by
the pneumatic process may be either circular or rectangular,
and may be lined with wood or metal. The pneumatic
process is limited to a depth of about 100 feet below the
water-level, as it has been found impossible for mento work
when exposed to a much greater air-pressure than that neces-
sary to resist this head of water.

186. Tunneling.—When the pneumatic process is
applied to tunneling, the caisson is replaced by a pilot tube
or pilot shoe. This work has been carried on very suc-
cessfully in a number of cases, but the pilot shoe is more
difficult to control, and owing to the fact that there is a
considerable difference of elevation between the top and
bottom of the tunnel, it is not always easy to keep the water
out by pneumatic pressure. There have been a number of
very serious accidents, which have cost many lives, while
trying to drive tunnels by this method.

THE POETSCH OR FREEZING METHOD.

PRINCIPLES OF FREEZING.

187. Conversion of Gas to a Liquid.—Before
describing the freezing process, it may be well to consider
the manner in which heat can be extracted from various
objects so as to freeze them. To convertany liquid to a gas
or vapor, as, for instance, to convert water to steam, requires
the application of considerable heat, and the greater part of
this heat becomes latent; that is, it is expended in separa-
ting the particles of the liquid and does not appear as heat,
or does not raise the temperature of the steam above that of

F. VI—¢
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the water. That is, if the liquid is converted to a vapor or
gas without raising its pressure, all the heat necessary to
cause the change of state from that of a liquid to a gas is
absorbed and does not raise the temperature of the resulting
gas. This heat is called latent heat. On the other hand,
when any gas or vapor, as, for instance, steam, is reduced
to a liquid, the heat given to it in the previous case is again
liberated. This same principle is true of all gases, and each
gas has a particular pressure at which it becomes a liquid for
any given temperature. Forinstance, water at the ordinary
pressure of the atmosphere is a liquid at all points up to
212° F., and at this point it .becomes a vapor. As the
pressure increases, the point at which water becomes a
vapor or gas rises.

188. Ammonia Gas.—Ammonia gas is not a liquid at
any ordinary temperature or pressure, but at a tempera-
ture of 50° F. it becomes a liquid under a pressure of a
little over 90 pounds per square inch above the atmosphere,
but when the gas is compressed and converted into a liquid,
the heat contained in it must be taken up by some outside
substance, as, for instance, cold water. After the gas has
been reduced to a liquid, it will remain in this condition as
long as the temperature does not rise above 50° F., or
the pressure fall below a little over 90 pounds per square
inch above the atmosphere. If the pressure is reduced, a
portion of the liquid will expand and become a gas, thus
raising the pressure again, but in so doing the temperature
falls and heat must be extracted from the surrounding
bodies in order to maintain the gas in that state.

189. Freezing by Means of Gas.—The principle
of freezing by means of ammonia is simply as follows:
Ammonia gas is compressed to a liquid, and the heat devel-
oped is absorbed by some fluid. The liquid gas is then
allowed to expand, and in so doing it cools the surrounding
objects. The surrounding objects may be brine or quicksand
(the gas being allowed to expand in the freezing tubes in
the soil), or the gas may be allowed to expand in pipes
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immersed in a brine solution, this brine solution being used
for a freezing solution after its temperature has been suffi-
ciently reduced. In order to return the expanded gas toa
compressor, it is usually pumped by means of a gas pump,
which actually produces a vacuum in the tubes in which the
gas expands from a liquid to a vapor.

APPLICATION OF FREEZING PRINCIPLES TO SHAFT
SINKING.

190. Original Process. — As originally invented,
this process consisted in the sinking of a number of tubes
through the quicksand or other formation to be frozen, and
then by maintaining the circulation of a freezing mixture
in the tubes, the entire mass of material surrounding them
was frozen solid, after which the excavation could proceed as
though the formation were solid rock.

191. Divisions. — There are now two distinct divi-
sions of the method, which may be considered as follows;

1. That which uses a freezing solution.

2. The modification brought out by M. Gobert, and in
which the ammonia itself is used in the tubes.

192. Use of Freezing Solution.—In the first case,
the tubes are subjected to a considerable pressure, on
account of the fact that the calcium chloride solution, used
as a freezing mixture, is much heavier than water. Now,
if the tubes should leak and any of this solution be allowed
to flow into the ground, it would form an uncongealable
mixture, thus interfering with, if not defeating, the opera-
tion altogether. One advantage of the calcium chloride
method is that the freezing solution is carried to the bot-
tom of the tube in its coldest condition and rises from there,
and on this account the frozen wall is thickest at the bot-
tom, where the greatest pressure will come upon it during
the subsequent sinking.

193. Use of Ammonia in Tubes. —In case the
ammonia is used directly in the pipes, it is introduced at the
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top of the inner tube as liquid ammonia. As the liquid
ammonia descends, it expands into a gas, and in so doing
absorbs heat from the surrounding objects. The ammonia
gas resulting from the use of the ammonia is returned to
the ice-machine or pump by means of a gas pump, which
exhausts the gas from the tubes in which it expands, and
this action results in a vacuum in these tubes. When the
gas is used in the freezing tubes, as in M. Gobert’s method,
there will be a vacuum in these tubes, which is exactly the
reverse of the conditions existing when a calcium chloride
solution is used. One advantage of this condition is that
should the tubes leak, the water would tend to enter them,
and would immediately become frozen, thus stopping any
further tendency towards leakage.

194. When the ammonia is introduced directly into the
tube, the freezing begins near the surface and proceeds
downwards. The advantage of this is that the upper por-
tion of the shaft is soon in a condition to begin work upon.
The disadvantage is that the wall of frozen material about
the shaft will be thinnest at the bottom, where the pressure
of the water in the formation is the greatest, and if the work
of sinking is pushed too rapidly the bottom of the shaft may
not be thoroughly frozen, which would result in serious leaks,
if not in a complete loss of the shaft.

195. Owing to the fact that a greater degree of cold
can be obtained by using the ammonia in the freezing tubes,
the work can be pushed more rapidly when this process is
employed, and on account of the fact that sinking may be
commenced sooner than in the first case, this method seems
to present many advantages.

196. Uses of Freezing Process.
process has two principal uses:

1. As a means of constructing a shaft through a bed
of quicksand, either near the surface or at a great depth
between rock formations.

2. In the case of rock formations where the flow of
water would be excessive, the water, rock, and all may

The freezing
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be frozen and the sinking progress without the need of
pumping.

197. Method of Placing Tubes.—The tubes are
put down into the ground in a variety of ways, depending
upon the conditions. If the material to be penetrated con-
sists of quicksand or fine gravel, a 10 or 12 inch casing may
be driven to bed-rock by means of an ordinary pile-driver.
The material within the casing is then flushed out with a
stream of water, a drill introduced, and an 8 or 10 inch hole
drilled for several feet into bed-rock. After this, ordinary
5 or 6 inch well casings, having plugs welded into their
lower ends, may be lowered inside of the outer casings and
have their lower ends placed in the holes drilled in the rock.
The casings first driven should now be removed, for if this
is not done the water between them and the inner well
casings, upon freezing, will crush the thinner pipes, so caus-
ing leaks. By this means, thin casings can be placed in the
ground without danger of breaking or buckling them.

198. Where the formation is rock, holes are simply
drilled to the desired depth, and the 5 or 6 inch tubes are
introduced without the necessity of driving down the larger
ones. Sometimes when the calcium chloride solution is to
be used, the outer casings, which are the first put down, are
flushed out and then their bottoms stopped by means of a
lead plug covered with alternate layersof pitch and cement.
The weight of the solution coming upon this plug tends to
force it down, and by making the last foot or so of the pipe
taper on the inside, this action can be made to tighten the

plug.

199. Connections of Tubes and Method of Circu-
lation.—After the 5 or 6 inch casings are in place, a small
pipe (from 14 to 2 inches in diameter, when the freezing
solution is used) is passed down the inside, so that its lower
end almost reaches the bottom of the 5 or 6 inch casing.
This inner tube is provided with a slot near its lower
extremity, and is connected at the upper end with the
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solution main from the refrigerating cistern, or with the
liquid-ammonia pipe, depending upon the system in use.

200. Where the ammonia is used in the freezing pipes,
the inner tube is sometimes composed of copper, and is pro-
vided with several slots at different points between the top
and bottom of the freezing tubes.

201. When the freezing solution is used in the freezing
tubes, the inner tube is usually composed of iron pipe, and
has slots near the bottom only.

202. Example of Freezing Process.—Fig. 59
illustrates the method used in sinking a shaft by the Poetsch
freezing process at Iron Mountain, Michigan. The freezing
solution was a concentrated c/loride of calcium solution,
and it was cooled to about 0° F. by means of an ice-machine.

Fic6. 60.

The solution entered the upper pipe at 4 and passed down
through the several inner tubes, up through the outer casings
and out at B, as indicated by the arrows. The ground was
frozen solid to the center of the shaft and for a distance
of about 13 feet outside of the tubes near the bottom.
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Twenty-six freezing tubes were used, and they enclosed a
circle 29 feet in diameter, the tubes averaging 3 feet 6 inches
center to center. The frozen quicksand resembled a com-
pact sandstone, and had to be excavated as though it were
rock. The excavation and the timbering were carried on
inside of the pipes, the shaft-lining being supported from
above until the work was completed. Fig. 60 isa view made
from a photograph, showing the junction of the frozen
quicksand and the rock ledge. This photograph was taken
90 feet below the surface.

203. Depth of Shafts.—Shafts have been put down to
nearly 300 feet in France by this method, and in some cases
the process has proved itself by far the cheapest and quick-
est method available.

204. No Pump or Pumping.—The pumping of
water from the shaft during the sinking is entirely avoided,
and the money saved in this way can go towards defraying
the cost of freezing the ground.

The workmen are not hindered by having a sinking pump
in their way, as would be the case were there water to be
handled.

205. Amount Frozen.—In some instances the pipes
have been driven well outside of the intended shaft area,
the intention being to simply freeze a wall of earth entirely
around the shaft. If this can be accomplished, the central
portion of the earth can be removed before it is frozen, but
in most cases the ground has to be frozen solid and then
blasted as though it were rock.

206. Temperature of Tubes in Ground.—When
ammonia is used in the freezing tubes, a temperature of
— 22° F. can be obtained, while if the calcium chloride solu-
tion were employed, — 13° F. would be about the best that
could be obtained. In actual practice, the temperature of
the brine solution in the tubes is not much, if any, below
0° F., from which it will be seen that the possible limit of
— 13°F. is never reached in the ground. Thisis largely due
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to the pipe connections and to the fact that the solution
returning to the machine can not be very much above that
descending through the inner tube. It is probable that
where the ammonia is used in the freezing tubes there is also
arise of temperature to something above — 22° F. owing to
the pipe connections, etc., but, nevertheless, by the use of the
ammonia in the tubes a lower temperature can be obtained
than when the brine solution is employed. From this it
will be seen that where the ammonia is introduced in the
freezing tubes, the freezing can be accomplished in a shorter
time.

207. Beds of Quicksand Between Rock Forma-
tions.—Sometimes during the process of shaft sinking, beds
of quicksand are encountered between the rock formations
at some distance from the surface. A shaft may be carried
through such troublesome formations with the aid of the
freezing process. The method of introducing the pipes
depends upon the character of the bed of quicksand and
upon the amount of water presentin the formation. When
water rises from the quicksand under great pressure, it will
probably be necessary to return to the surface and drill
holes surrounding the shaft, the freezing tubes being intro-
duced into these holes. The portion of the freezing tubes
above the formation to be frozen can be insulated with
some covering material, thus confining the freezing to
the desired portion of the shaft. When this process has to
be resorted to, the shaft is allowed to fill with water, and no
pumping is done while the quicksand is being frozen. Were
water to be pumped from the shaft during the freezing, it
might cause currents to flow through the quicksand, and so
interfere seriously with the process of freezing.

208. At times the quicksand bed is practically above
the drainage level of the district; that is, any water in the
troublesome formation has no tendency to rise into the
shaft. Under such circumstances, tubes can be forced
down from the bottom of the shaft. It is the usual practice
to enlarge the shaft at this point and to force the tubes
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down at a slight angle. (Inone case where a body of quick-
sand 60 feet thick was encountered, the shaft was enlarged
2 or 3 feet on a side and tubes forced down at a slight angle,
so that the lower ends of the tubes were from 3 to 4 feet
farther from the shaft lining than the upper ends. After
the tubes were in place, the body of quicksand was frozen
without any trouble.) If water flows down the shaft from
the rock formation above, it may be trapped into a sump
above the quicksand and pumped out during the freezing
process, but, as mentioned before, no water coming from
the bed of quicksand should be pumped during the freezing.

209. Position of Tubes.—As a rule, tubes are never
sunk inside of the area to be excavated. In some cases the
tubes have been put down at an angle from the bottom of
the shaft, as already described, and connected with pipes
leading to the surface. These pipes were then insulated
and the shafts allowed to fill with water, the freezing being
carried on from the surface and no pumping being done
during the process. The insulating material about the pipes
would keep the water in the shaft from being frozen.

THE KIND-CHAUDRON SYSTEM.

210. Excavation of Part of Shaft Above Water-
Level.—This system is applicable only to circular shafts,
and is undoubtedly the best where heavy feeders of water
must be contended with, which would render work in the
bottom of the shaft impossible. Ordinarily the shaft is
carried to the water-level by ordinary sinking methods, and
lined.

211. Process of Excavation.—The excavation is
effected in two successive operations. At first a cylindrical
hole of between 4 and 5 feet in diameter is bored. This is
usually called the guide-bore pit, and is kept at least 35 feet
in advance of the full-sized portion of the shaft. The guide-
bore pit is enlarged to the full size by a second or third
operation. The manner of cutting the excavation is the
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same in each operation,
but the removal of the
debris is accomplished dif-
ferently in the different
stages. In each case the
cutting-tool 7, 7, Fig. 61,
called a trepan, consists
essentially of a horizontal
bar of wrought iron, to
the under surface of which
are attached steel teeth, so
placed that as the bar is
rotated around the central
axis of the shaft, each
tooth, in falling with the
bar through the requisite
length of the stroke, gen-
erally from 10 to 20 inches,
cuts for itself an annular
portion of the bottom of
the shaft.

212. Rods.—Thetre-
pans, both large and small
(which, of course, work at
different times), are oper-
ated by the same rods,
which are made of pine,
and may be about 8 inches
square. The individual
rods are usually 60 feet
in length and are con-
nected by a screw-joint.
The elasticity of the
wood and its buoyancy
in the water give them
a great advantage over
iron rods.




86 PRELIMINARY OPERATIONS § 40

213. Operation of Rods.—The rods are operated by
a lever, walking-beam, or bob similar to that used in
handling the rope or rods in the ordinary American Well-
Boring Outfit (Arts. 83 and 89, Frrcussive and Rotary
Boring). The rods are connected to the bob by a strong
chain and swivel. Sometimes a flat hemp rope is used
in connecting the swivel to the end of the bob. The
bob may be operated by a crank and pitman, or by a
single-acting steam-cylinder attached directly to one end
of the bob. At a point somewhat above the water-level
a platform is arranged, and on this four men stand to
operate the levers or cross-bars, by means of which the
boring-bit or trepan is rotated. In operating the trepan,
the workmen turn it continually in one direction, and never
release the turning bars, either while the rods are ascending
or descending, for if the rods were released their natural
spring would turn the trepan back again, which would
result in uneven cutting.

214. Small Trepan.—The small trepan shown in
Fig. 61 is differently constructed, according to the nature
of the ground it is intended to cut. When intended for
cutting soft material, the bar in which the teeth are attached
is suspended by a fork of wrought iron, but where hard
rock is to be cut, the bar is forged in a single piece and
weighs from 18,000 to 22,500 pounds. The steel teeth fit
into sockets in the main bar, and are additionally secured by
pins, which are readily drawn out when the teeth must be
sharpened or renewed. The tool shown in Fig. 61 is capa-
Lle of advancing 8 feet per day in ordinary ground. The
arm A A is for the purpose of steadying the motion of the
tool, and is slightly longer than the lower cutting edge.
The teeth C, C on the ends of the arm A A4 widen the hole
slightly in addition to guiding the tool. When the small
trepan has been used for some hours, usually at the rate of
9 to 10 strokes per minute (though sometimes at 20 strokes
per minute), it is raised by a small hoisting-engine, the rods
being successively unscrewed and placed at one side.
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215. Removal of Debris.—The debris in the hole is
then removed by means of a sheet-iron bucket provided
with trap-valves in its bottom. This is similar to the sand-
pump used in connection with the ordinary American Well-
Boring Rig. (See Art. 62, Paper on Percussive and Rotary
Boring.) This bucket is called a sludger or sand-pump,
and is raised and dropped until it has become full of material,
which has passed in through the trap-doors or trap-valves;
the bucket is then raised and emptied. By repeating this
operation once or twice, the hole is thoroughly cleaned
before drilling is resumed.

216. Large Trepan.—The larger cutter, or trepan,
Fig. 62, usually weighs from 36,000 to 50,000 pounds, and is
formed of a wrought-iron bar having teeth attached to that
portion of its length which exceeds the diameter of the
guide-bore pit. It is guided by means of a cradle or iron
bar C, which fits closely within the smaller excavation.
When using the large trepan, a sheet-iron bucket is first
lowered to the bottom of the guide-bore pit. The teeth
on the large trepan are so set that they always cut the
bottom of the annular portion surrounding the guide-bore
pit into a sloping surface, so as to allow the fragments and
cuttings to roll into the smaller shaft, where they are caught
in the bucket previously mentioned. Sometimes scrapers
are provided, which drag around after the trepan and sweep
the material down the incline and into the bucket. When
sufficient drilling has been done to fill the sheet-iron bucket,
the trepan is raised and the bucket fished out and hoisted.
In this way the trouble of working the sand-pump or sludger
up and down is avoided.

217. Sliding Piece.—In order to avoid the tremen-
dous vibration which would be imparted to the rods by
tools of this great weight, a special arrangement is necessary
that will allow the heavy cutting-tools to fall free of the
rods. This is accomplished by means of a sliding piece
similar to the jars used in the American Well-Boring Rig,
the rods being simply used to lift the cutting-tool in order
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that it may fall and do the cutting. The bob carries the
rods down at a more rapid rate than they would fall through
the first few inches, and hence this allows the free fall of
the cutting-tool. Figs. 61 and 62 show the general dimen-
sions of a set of tools used for boring a shaft 14 feet in
diameter.

218. Tubbing or Lining.—After the boring is com-
plete, the shaft stands full of water, and it becomes necessary
to dam this water back into the strata before men can pass
down through the shaft. To accomplish this, the shaft must
be lined with cast-iron tubbing, which consists of consecu-
tive rings or cylinders from 4} feet to 5 feet in length.
These rings are bolted together by means of flanges on the
inside of the shaft, and the joints are made water-tight by
planing them or turning them perfectly true, and then intro-
ducing red lead or sheet lead between the successive joints
before the bolts are tightened. Fig. 63 illustrates a shaft
with the tubbing suspended above the bottom of the shaft.
The lower sections of the tubbing have to be thicker than
the upper ones, owing to the fact that they are called upon
to resist greater pressures. This thickness may be as much
as from 2§ to 3 inches, and the succeeding ringstowards
the surface are made gradually lighter.

219. Lowering of the Tubbing.—In order to facili-
tate the lowering of this enormous weight by means of the
rods and screws used for the purpose, a diaphragm or false
bottom £, Fig. 63, is attached by screws or bolts near the bot-
tom of the tubbing. This causes the tubbing to float on the
water in the shaft; a central tube G passes up through the
center of the shaft and is provided with stop-cocks at inter-
vals, through which a portion of the water may be allowed
to flow into the middle of the tubbing, so as to assist in the
descent of the entire structure. In this way only a small
portion of the weight is carried by the suspension rods.
The central tube G is called the equilibrium tube.

220. Water-Tight Joint.—In order to make a water-
tight joint at the bottom of the shaft, a device called the
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FI1G. 63.

moss-box is employed.
This is illustrated in
Fig. 63. The lower

. flange of the tubbing £

turns out in place of in,
asdoall the flanges above
this point. Below this
section is placed the sec-
tion 4, which is so con-
structed that it can slide
inside of £. The section
A is provided with a
flange which turns out
at the bottom. The
space surrounding the
section A is filled with
packed moss, as illustra-

" ted at C; metal guides

-

are placed at D, D, which
are so shaped as to force
the moss out against the
rock when the section £
is forced down over the
section 4.

221. During the
descent of the tubbing,
the section A is supported
by the bolts /A, and
simply hangs free in the
shaft. The annular por-
tion of the shaft bottom
surrounding the guide-
bore pit having been cut
square and true, as shown
in Fig. 63, a large pair of
scrapers, arranged like a
pair of lazy-tongs, is low-
ered underneath the tub-
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bing and connected by rods passing through the equilibrium
tube. This pair of scrapers can be operated by rods in such
a manner as to expand the blades or scrapers to the full diam-
eter of the shaft, as shown in Fig. 63. Then, by drawing
the points togethef, any pieces of rock or other material
which have fallen upon the seat provided for the moss-box
during the descent of the tubbing can be scraped into the
guide-bore pit. By the use of this tool, the surface is
cleaned just before the moss-box reaches the bottom of the
shaft. After the scrapers have cleaned the bottom of the
shaft, they can be folded up and passed out of the way into
the guide-bore pit.

222. After the seat has been cleaned and the scrapers
passed out of the way, the tubbing is allowed to settle on the
moss-box and the enormous weight of the entire structure
forces the portion £ down over the portion 4. This action
in turn compresses the moss C and forces it against the
sides of the hole, thus making a water-tight joint.

223. Cement Packing Behind Tubbing.—After
this has been done, the annular space between the rock and
the tubbing must be filled with cement or concrete. This is
accomplished by means of specially designed boxes called
‘*spoons.” The concrete is placed in these boxes and low-
ered to the bottom before it is relcased from the spoon. If
the concrete were poured down between the tubbing and the
rock, only the gravel or coarse sand would reach the bot-
tom, for the cement would be all washed out of the concrete
during its descent.

224. Pumping Out and Opening of the Shaft.—
After the entire space between the tubbing and the forma-
tion has been filled and time has been allowed for the
cement to set, the water inside of the tubbing may be pumped
out, the equilibrium tube G and the diaphragm / F removed,
and the joint between the moss-box and the formation exam-
ined. If the joint is tight and the boring has proceeded
some distance into firm rock, it may be unnecessary to put
in another water-tight joint or curbing, but if there is any

F. VI—7
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danger of a leak occurring, it is customary to sink the shaft
some distance farther, put in a wedge curbing or cribbing, and
build up one or two sections of tubbing to the moss-box, the
joint between the tubbing and the moss-box being carefully
wedged. No blasting should be done in sinking the shaft
until the work has progressed some distance below the moss-
box. If the cement back of the tubbing has been well placed
and the boring carried some distance in the good firm rock,
no additional water-tight joint would be required, and from
this point on in the shaft an ordinary shaft lining will be
all that is necessary. Sometimes, where the rock formation
is firm, circular shafts are not lined, as, for instance, when
sinking through a firm close-grained sandstone, or through
granite.

225. Advantages.—Some of the advantages of this
method of operation may be stated as follows: (1) No
pumping engine is required while sinking. (2) The fact
that no water is removed during the process of drilling and
sinking prevents the flow of currents of water, which have
a tendency to wash quicksand or other material into the
opening. (3) The water is made to assist in handling and
lowering the great weight of the tubbing. (4) After the
shaft has been sunk and the water dammed back, there is
no trouble from the water in the formation above.

THE LIPPMAN SYSTEM.

226. This system of sinking shafts differs but little
from the Kind-Chaudron method, the principal difference
being that the cutting is done at one
operation, the trepan being forked on
both ends; that is, it has a ¥ shape on both
ends, as illustrated in Fig. 64, 4 being
the diameter of the cutting. The tools
are made and hung in practically the
same manner, and the cutting teeth are
secured in a manner similar to that employed in the Kind-
Chaudron method. The debris is removed from the hole by
means of especially constructed sand-pumps or sludgers.
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CONTINUOUS OR LONG-HOLE METHOD.

227. Drilling.—The ordinary drilling time in a shaft
can not exceed one-third of the total time, on account of the
fact that the material has to
be all or partly removed
before the drilling can com-
mence again, and also ma-
chine drills can not work to
perfect advantage in close
quarters. These facts led
to the invention of the con- ‘%% *® 44 oy __ 2%,
tinuous process, which Fio. .
consists in drilling a number of diamond-drill holes over the
area of the proposed shaft, as shown in Fig. 65. These
holes are drilled from the surface for a depth of 200 or 300
feet and then filled with water or sand.
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228. Blasting.—The central holes marked a are
cleaned out for 3 or 4 feet, charged and fired. Then the
holes marked & are charged and fired, to square the sides of
the shaft. In this way the work progresses until the desired
depth is reached.

229. Advantages.—By this means the drilling is
accomplished in one continuous operation, after which the
sinking progresses by simply blasting and hoisting the rock.
This method is very much quicker than the ordinary prac-
tice of using power drills driven by air, but it is usually
somewhat more expensive. In cases where it is desired
to get the mineral on the market as quickly as possible, the
continuous process may prove very useful.

A COMPARISON OF THE DIFFERENT SPECIAL
METHODS OF SHAFT SINKING.
230. Pneumatic Method.—The pneumatic method
possesses some especial advantages as follows:
(2) The work of sinking commences at once and is con-
tinued without interruption until the shaft lining is com-
plete to bed-rock.
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(/) With the pneumatic process an air-compressor is the
only auxiliary machine required, while if the freezing process
is employed, an ice-machine will be required. A mining
company usually has an air-compressor already installed,
and in such a case no new machinery will be required.

NoTe.—It is always best to use electric lights in the caisson, and on
this account it may be necessary to install a small dynamo if the
company does not already have an electric-light system in operation.

(¢) One great advantage of the pneumatic system is
that the bottom of the shaft is always exposed and the
workmen know when they have reached a solid foundation,
while if the freezing process were employed, there is no
method of ascertaining the exact condition of the material
at the end of the freezing pipes until the shaft has been
excavated to that level.

(4) Inthe case of the pneumatic process, no blasting is
required while passing through quicksand, and the material
is brought to the surface by means of air-pressure.

231. The Freezing Process.—The freezing process
has some ad\}antages as follows:

(a) After the ground is frozen, the work progresses as
though the formation were solid rock, the material being
blasted and hoisted in buckets. The freezing process is
applicable to wet formations, whether the material be soft
or hard, while the pneumatic process is of advantage only
in soft material, for the continued blasting would damage
the caisson.

(6) The freezing process can be carried to practically
any depth, while the pneumatic process is limited to about
100 feet.

232. The Kind-Chaudron Method.—The Kind-
Chaudron method possesses some advantages as follows:

(@) The work of sinking commences at once, and is prose-
cuted without intermission until the full depth is reached

(%) This method is especially applicable to rock forma-



§ 40 AT METAL MINES. 95

tions which are very wet, but it is not applicable in the case
of quicksand, as are the freezing and pneumatic processes.

(¢) There is no danger to the men, as in the case of .the
pneumatic process, where the continued work under great
air-pressures materially reduces the health and strength of
the men.

(d) This process is only applicable to circular shafts,
while in the freezing or pneumatic processes, shafts of any
shape can be put down.

233. The Long-Hole Process.—The long-hole proc-
ess has the following advantages: Where the formation
is suitable for its use, it is undoubtedly the most rapid
of the sinking methods, and owing to the fact that the
drilling is completed before blasting begins, it may be
possible to employ a somewhat cheaper grade of labor dur-
ing the work of blasting and hoisting the rock.
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METHODS OF MINING.

1. Systems of Development.—After a body of ore
has been discovered and the preliminary operations have
shown it to be of sufficient importance to warrant develop-
ment, the engineer must decide upon the system to be
employed in this development. The system used depends
largely upon the character of the deposit, and all deposits
may be classified under the following divisions: (1) Open
work; (2) closed work.

2. The open work frequently goes under the name open-
cut or stripping mines.

3. Subdivisions of Closed Work. —Closed work
includes all underground operations and may be subdivided
as follows: (@) Narrow veins or lodes, such as many of the
gold, silver, or silver-lead mines, where the mineral occurs
in comparatively thin veins (usually less than 8 feet in
thickness). These veins may be at any angle with the hori-
zontal, such that the material will slide in the chutes.
(6) Narrow deposits or beds which are so flat that the mate-
rial will not slide in the chutes. (¢) Wide veins, masses, or
regular deposits in which the deposit is more than 8 feet
thick, and the dip of the formation may be anything from
vertical to flat, but the depth below the surface is such that
they can not be worked in the open. () Irregular depos-
its of mineral which occur either in broken formations or as
pockets in or on top of certain rocks, as, for instance, many
of the zinc and some of the gold and silver deposits.
(¢) Special methods.

§ 41
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OPEN WORK.

OPEN-CUT AND STRIPPING MINES,

4. Classes.—Mines of this class may be considered
under two heads: (1) Cases in which the outcrop of a vein

Fi1G. 1,

is worked as an open cut
or quarry and in which
the work may ultimately
be carried underground by
means of underground or
closed mining methods.
Fig. 1 illustrates the out-
crop of a vein of ore which
has been worked as an
open cut, but in which, if
the work is continued to a
great depth, the hanging

wall would ultimately cave in and fill the mine. (2) Depos-
its which partake of the nature of flat beds or veins parallel
to and so near the surface that they can be stripped and

warked as open cuts or quarries.

Fig. 2 illustrates the outcrop of a deposit belonging to the
second class and in which the outcrop could be worked and

Fic. 2

much of the overlying rock stripped back and the open cut
continued without any fear of endangering subsequent
closed work in the deposit at a greater depth.
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WORKING THE OUTCROP OF VEINS BY OPEN CUTTING.

5. Precautions. —When the outcrop of a vein or
deposit is to be worked as an open cut, certain precautions
should be taken.

(a) All the surface water should be kept from entering
the opening by carrying ditches around the mine in such a
way as to divert these surface waters.

(#) If the mine is ultimately to be worked from under-
ground, the open cut must not be carried to too great a
depth, for if the sides have a tendency to cave, they may
crush the roof left to protect the underground workings,
thus destroying the mine, if not causing a great loss of life.

(¢) 1If the vein material is of a porous nature, so that the
water would seep through it to the workings below, there is
danger of making the mine permanently wet by allowing
the surface water from the open pit to flow into it, and this
would cause an increased pumping expense as long as the
underground workings were in use. It is frequently the
best policy to continue the open work only to a point above
the natural drainage level, the portion of the ore between
the bottom of the open cut and the top of the underground
workings being left until just before the mine is abandoned,
when it is removed. This mass of material forms a reserve,
the value of which is pretty closely known.

WORKING BEDS OR FLAT DEPOSITS AS OPEN WORK OR
BY STRIPPING.

6. Where Applicable.—To this class of deposits
belong most of the quarries for building stone, gypsum,
many of the steam-shovel and milling iron mines, some of
the low-grade gold mines, silver-lead mines, zinc mines, etc.
The special arrangements and connections necessary for the
working of open-cut or stripping mines will be considered
later, under Special Methods of Mining. The question as to
how much of the overlying material can be removed with
profit, in order that the deposit may be worked in the open,
depends on a number of factors, as, for instance, the value
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per ton of the deposit, its thickness, the character of the
overburden, and the ease with which it may be removed and
disposed of. With low-grade material, such as iron or cop-
per ore, it is rare that more than twice as much overburden
is removed as the thickness of the deposit to be worked. As
a rule, the limits of open work are less than these, though
they depend largely upon local conditions.

OPEN-PIT MINES WORKED BY QUARRYING.

7. Some Noted Mines.—When the outcrop of an ore
deposit comes to the surface, it is frequently worked as an
open pit or quarry. Among the most noted open-pit mines
may be mentioned the Mount Morgan gold mine in Queens-
land, Australia, which has proved to be one of the richest
gold mines in the world, and the deposits of which are so
located that practically all the ore can be removed as open
cuts; the Treadwell gold-quartz mine in Alaska; the Span-
ish shaly gold mine of California; the Horn Silver silver-
lead mine of Utah; and the great conglomerate gold-bearing
deposits of the Black Hills in South Dakota. Many of the
iron, manganese, lead, and zinc deposits have also been
operated by this means.

8. The following are some illustrations of open-pit
mines: The ‘‘Tilly Foster” mine in New York State was
worked as an open pit until the hanging wall threatened
the destruction of the mine by frequent falls of rock. It
also exerted such great pressure upon the underground
workings that it was found impossible to recover much of
the deposit. As a result, a large amount of the hanging
wall was blasted down and hoisted out; the mine was then
continued as an open pit. Fig. 3 illustrates the method in
which both the rock blasted from the hanging wall and the
ore were removed. Cable tramways were used, and the
bodies of the ore-cars were taken from their trucks and
lowered into the mine. When filled, they were hoisted and
replaced upon the trucks, ready to be drawn to the dump



§ 41 METAL MINING. )

by horses. Fig. 4 illustrates a mine in which the material
was blasted down and then loaded into ordinary mine-cars.

FiG. 8

This was the outcrop of a vein dipping into the formation
at a slight angle.

9. Fig. 5 illustrates one of the pits of a large mine after
most of the ore had been removed and the railroad tracks
taken out. Originally the mine locomotive came in through
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FIG. 6.
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the tunnel a seen at the farther end of the opening. As
the workings gained in depth another adit was driven and
the dock & shown in the foreground constructed. The ore
was dumped over this dock and taken through the adit by
means of large mine-cars and a locomotive. In the illus-
tration a gang of men are scramming the mine, that is,
working out any small bodies of ore which had been left on
the sides during previous operations.

10. Advantage.—One advantage of this system of
mining is that the material can be blasted down as a series
of steps or benches (as in underhand stoping), and on this
account the stripping of the deposit need be carried on only
as the upper bench advances.

11. Disadvantage.—One disadvantage is that if the
deposit is to be worked as an underground mine in the future,
there is danger of the walls of the pit caving and so causing
great damage to the mine.

STEAM-SHOVEL MINES.

12. General Statement.—Where the ore or material
to be removed occurs in large flat beds, it is possible to strip
the overlying material, thus exposing the ore. After this
the ore is simply loaded on to ordinary railroad-cars by means
of the steam shovel. It is sometimes necessary to some-
what loosen the ore by blasting. When the steam shovel is
used for removing a deposit, it becomes necessary to take
off a layer a few feet thick over practically the entire area;
then the railroad track is moved and another bench or slice
removed.

13. Advantages.—The advantages of this method
are: (1) The ore can be loaded very cheaply. (2) The
output can be increased almost indefinitely by simply
increasing the number of shovels in use. (3) No hoisting
machinery is required.
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14. Disadvantages.—The disadvantages are as fol-
lows: (1) It sometimes becomes necessary to make ex-
tremely long and deep cuts to bring the railroad-cars
on to the surface of the ore, and this may overcome the
advantage of cheap loading. (2) On account of having to
strip a large area of the deposit before mining is commenced,
this method throws a great deal of dead work at the begin-
ning of the mining operations. (3) The entire area must
be kept free from water.

15. Objection to High Benches.—In the case of a
steam-shovel mine, if the successive benches cut by the

FiG. 6.

shovel are very high, it becomes difficult to properly sample
the ore and to keep the grade uniform. Fig. 6 shows a
steam shovel working on a very high bench of ore, above
which can be seen the stripping which has been done in
uncovering the deposit.

16. Back-Acting Steam Shovel.—Fig. 7 illustrates
a special form of stcam shovel which has been employed
for working comparatively thin beds of material. The
ordinary steam shovel strips the deposit, while the special
steam shovel is so constructed that it can excavate the
material which it has just passed over. This form of
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excavator has found an especial field in the working of phos-
phate deposits, but there is no reason why it can not be
applied to other deposits.

F1G. 7.

17. Working the Outcrop of Deposits.—At times
the outcrop of deposits having a slight dip can be worked
with the aid of the steam shovel, as, for instance, some of
the iron mines in the Southern States and many of the
manganese and similar deposits.

OPEN-CUT MINES WORKED BY THE MILLING SYSTEM.

18. Description.—This is a combination of open-pit
and underground work, and is applicable to shallow deposits
of great area, as the Mesaba iron-ore beds. Shafts or
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inclines are sunk at the edges of the deposit or in the coun-
try rock. From these, drifts are carried under the ore and
raises driven to the surface. The portion of the deposit to
be milled is first stripped, and the stripping progresses only
as more milling ground is required. After the deposit is
stripped and the raises have reached the surface, the miners
simply blast and work or shovel the ore into the raises,
through which it slides to the drifts below, from where
it is trammed in cars to the shaft or incline and hoisted to
the surface.

19. Output.—The output per man employed is very
much greater in the milling system than in any other in
which the ore is removed chiefly by manual labor; thus,

Fi1G. 8.

while from 4 to 6 tons per man per day is considered satis-
factory for underground mines, it is nothing unusual for
the production at milling mines to average 40 tons per
man per day, counting all the men both above and below
the ground, and twice this amount has been mined for
short periods under favorable circumstances. An open-pit
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milling mine presents the appearance of a series of inverted
cones or volcanic craters, into which the men are constantly
working the ore, as shown by Fig. 8.

20. Illustrations. —Fig. 9 shows a cross-section
through three raises in a milling mine. .l isthedrift; B,B,8B
are the raises, and C, C, C represent the manner in which

F1G. 9.

the ore will be broken down. This will continue until there
are ridges between the adjacent raises, as at [, D. After
this other raises will be driven half way between the pre-
vious ones, as illustrated by the dotted lines at £. This is
continued until practically all the ore above the drift has
been removed. Then another series of driftsis driven lower
down in the formation and the process repeated.

21. Advantages.—The advantages of thissystem are:
(1) The entire deposit does not have to be uncovered at one
time, hence there is not as large a drainage arca that must
be kept free from water as in the steam-shovel mines.
(2) No deep cut has to be driven for the cars to pass into
the mine.

22. Advantage of Working Qutside.—One advan-
tage that applies to all open-cut work is, that, as a rule, the
health of the miners is better when they are in the open cuts
than when forced to work underground, but at the same
time storms may seriously interfere with the work, and
mining would practically cease during severe winter weather.

F. VI8
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CLOSED WORK.

GENERAL PRINCIPLES OF UNDERGROUND DEVELOPMENT.

23. Factors That Have to Be Considered.—Ordi-
narily, before adopting a permanent plan of operation, it is
necessary to reconcile or make a compromise between two
very different things.

1. It is desired to secure returns from the mine in the
shortest possible time and to avoid entering upon very deep
sinking or long tunneling operations, from which no profit
can be expected within a reasonable time.

2. To so plan the development that it will fit in with
the other and larger workings, in case the mine grows and
proves profitable.

It is practically impossible to lay down general rules, as
each case forms a problem by itself; still these matters must
be carefully weighed and a system of working decided upon
in accordance with the facts as ascertained concerning each
particular property.

24. Levels.—The conditions governing the form of
opening to be used have been considered in Preliminary
Operations at Mctal Mincs. After having decided whether
the mine is to be worked through a tunnel, shaft, or
incline, or by means of a combination of two or more of
these openings, it becomes necessary to provide the main
underground passages leading to the openings through which
the ore is removed. These passages through which the
ore is brought to a shaft or incline are commonly called
levels. The level is really a drift, but has to be kept open
as long as there is ore tributary to it or until prospecting
and development work in that direction has proved that it
would be useless; hence it requires better timbering than
the ordinary drifts.

25. Distance Between Levels.—The distance be-
tween levels should be measured along the dip of the lode
or deposit, and not vertically, the object being to open up a
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certain amount of ground between the successive levels. A
safe working rule in regard to the distance between levels
is as follows: The richer and more irregular the deposit,
the closer together the levels must be run; while with low-
grade deposits, the levels can be farther apart. Ordinary
levels are placed about 100 feet apart, and, as a rule, they
should never be run closer than from 50 to 60 feet, meas-
ured on the dip. In the case of very rich deposits, which
occur in small pockets scattered through the rock, the
mining must be carried on by small passages following the
stringers of ore. This is sometimes called ‘‘ coyoting,” and
is after the Spanish-American fashion. Even when the
mine has to be worked in this irregular fashion, it is best to
run regular levels from the shaft or incline at certain points,
in order that the ground may be systematically blocked out
and that there may be stations or landings where the cars
can be brought to the shaft.

26. Position and Grade of Levels.—Main working
levels are often placed in the foot-wall and are connected to
the workings by means of cross-cuts. All main working
levels should, if possible, have a rise away from the stations
at the shaft, so that the loaded cars on their way to the
shaft will be assisted by the down grade, while the empties
returning to the workings are pushed against the grade. In
the case of levels, the grade is rarely less than 1 foot in 100,
as this affords good drainage.

27. Levels should be of ample size to allow headroom
and a clear passage for the workmen. When working levels
are driven along very wide veins, it is necessary to cross-cut
to the walls in order to determine the width of the deposit.
These cross-cuts may be driven at intervals of about 50 feet.

28. Connections Between Levels (Winzes or
Raises).—For convenience in handling ore, to explore the
ground, and for ventilation, upraises or winzes are driven
between the levels. Ordinarily, it is cheaper to drive an
upraise than to sink a winze, and where the formation is
very wet it has decided advantages; but in case a mine is
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extremely hot, it may be impossible for men to work at the
top of a raise, and then sinking winzes is necessary. Where
mines are laid out for a regular system of working, the
winzes are usually driven from 50 to 100 feet apart, though
sometimes the distance may be greater.

29. General Principles of Horizontal Develop-
ment and Connection.—There are two main principles or
systems of blocking out and developing metal mines: (1) A
more or less regular system of galleries, drifts, cross-cuts,
and winzes, in which the general scheme is based upon cer-
tain working rules. (2) A less regular and more flexible
system, consisting mainly in following the ore or indica-
tions of ore irrespective of systematic mining, or leaving
that to be introduced later. As has already been stated in
Preliminary Opcrations at Mctal Mines, development work
should always he done in advance of the mining, so that
there may be reserves of ore in sight.

30. Deciding Upon the System of Mining.—The
mine having been developed to a proper extent, the manner
of taking out the ore must be decided upon. It is evident
that no one system of taking out the ore can be applied to
all cases. Sometimes the situation admits of but one method,
but usually different engineers would disagree as to the best
method to pursue. It is necessary to bear in mind that ore
deposits are seldom so regular in shape and size or so con-
tinuous that work can be carried on as systematically as
indicated by the diagrams given in text-books. While modi-
fications may be advisable, it is always best to have a defi-
nite plan in view, in order that the work may be carried out
in a workmanlike manner and for the sake of economy, con-
venience, steadiness, and rapidity of output.

Chief among the conditions determining the choice of a
system of mining are the following: Width and inclination of
the deposit, amount of water, and the timber available.

31. Width of Deposit or Vein.—The most conve-
nient width of vein or deposit for all considerations, such as
timbering, mining, etc., especially when dealing with the
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precious metals, is about the same as that of the ordinary
drift or level, which may be taken at not over 8 feet. If the
vein is narrower than this, the result is practically the same,
since it is always necessary to cut enough material from the
wall to gain room for the men to work. When the width of
the deposit exceeds that of an ordinary drift, it becomes
necessary to use some of the special systems of timbering or
filling with waste material.

32. Strength of Walls.—In most cases the hanging
wall or roof is the one that has to receive attention, if there
is any weakness at all. By weakness is meant such unrelia-
bility that ordinary heavy stulls will not support the walls,
and it applies to soft, shaly rock, to rock that disintegrates
on exposure to the air, to broken country rock, etc., and
sometimes it may be applied to the next overlying slice of
ore. A system of heavy timbering by using frames, with or
without filling with waste material, may be necessary in the
case of a wide vein.

33. Inclination of Deposit.—This may vary from a
practically flat bed to a vertical vein, and it is evident that
this dip of the formation has much to do with the choice of
method or style of timbering for securing the walls.

34. Water.—It is very desirable to drain the slopes
from below; hence, if the mine is wet, this will require
working up from a lower level to a higher or providing
means for the escape of the water from the higher levels (if
underhand stoping is used). At times the water flowing
into the stope naturally seeps through to a lower level and
thus finds its way to the sump of the shaft.

35. Timber Available.—The amount, size, and qual-
ity of the timber to be had, and especially its cost, must be
taken into consideration, and this point may determine the
system of mining.

36. Amount of Ore Taken Out.—In mining for
metals, all the ore that can be handled with a profit is taken
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out. Pillars of paying ore are not left to support the roof or
sides. The method of timbering is therefore an important
consideration.

37. Excessive Handling.—An item of expense to be
guarded against is the excessive handling of ore in the
stopes. More than one shoveling is seldom, if ever, war-
ranted. It increases the expense very rapidly. Wheel-
barrows are frequently used for conveying the ore from the
miner to the loading places, but their use should be avoided
as far as possible.

METHODS OF EXTRACTION.

NARROW VEINS OR LODES.

38. Mining Systems in Use.—In regular veins and
steep beds one of two forms of stopes is employed. These
are underhand and overhead stoping. There is much
to be said for and against each, but each has its special advan-
tages. The various methods of extraction can be considered
under the following heads: (1) Underhand stoping in the
usual way, working downwards from a higher to a lower level
without the assistance of a winze connecting the two levels.
(2) Underhand stoping, beginning at the top of a winze and
working downwards. (3) Overhead stoping. (4) Miscella-
neous methods. Under this head will be considered the
various methods applicable to special deposits.

39. Underhand Stoping (Regular).—Fig. 10 ().
If the work extends along the strike of a vein, the miner
selects the points where the ore seems best, or if the ore is
continuously workable, he chooses points at a convenient
distance apart (say 150 to 200 feet) and begins to sink by
cutting out a block, 6 feet or more long, to a depth of 6 feet
or more. This gives the first stope floor. From this floor
work is continued each way, leaving tracks and timbers, if
any exist, overhead until a sufficient distance has been run
to allow room for cutting out the next (No. 2) floor. Work
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then goes on simultaneously on both floors each way, No. 2
being kept about 6 feet behind the upper floor until room is
gained on No. 2 floor to permit sinking to No. 3 floor, which
will be the same distance below as No. 2 is below No. 1. In
this way the work proceeds until the next main level is
reached or the ore gives out. If there is much waste rock,
plank or lagging platforms are laid upon stulls put across
the stope, and the waste material is thrown back on to these
platforms. The platforms must be secure enough to protect
the men on the lower floors. Asit is generally necessary to
employ stulls to support the hanging wall if the vein has any
considerable dip, the expense of hoisting the waste can be
avoided by using these platforms for its stowing. At first
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the material can be tossed up from one floor to the next
above, and so on up to the main level, but as the stope
deepens it will be necessary to use either a windlass and
bucket or some portable hoisting machine for removing the
material from the lower floors of the stope. It is also neces-
sary to install some form of pump, or to remove the water-
collecting in the bottom of the stope by means of water
buckets. In Fig. 10, (&) illustrates the system of underhand
stoping by the regular method.

40. Advantages.—The advantages of this system of
stoping are as follows: (1) The ore can be extracted at once
without waiting for the shaft to be sunk farther, and a lower
level driven underneath the point selected for opening the
stope. (2) The work of drilling and picking is easier than
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in overhead stoping. (3) When the roof and loose material
are secured, there is less danger of the ore and rock falling
upon the men. (4) It gives a better opportunity for sort-
ing the ore and avoiding the loss of small pieces and parti-
cles of rich ore than does overhead stoping. (5) If the mine
should be abandoned, the cost of driving the lower level is
saved.

41. Disadvantages.—The disadvantages are as fol-
lows: (1) The labor and expense of raising the water and
material to a higher level are great drawbacks, and in the
majority of cases would rule out this method of stoping.
(2) The water may be troublesome on the lower floors, and
even if means are provided for raising it or pumping it,
the bottom of the stope will always contain some water if
the mine is at all wet. (3) Much timber (stulls, planks,
boards, or lagging stuff) will be consumed in the platforms
and can not be drawn out or recovered. (4) If the stulls
give way and allow the dirt or waste upon them to fall, it
will cover the surface of the ore, and on this account, when
a mine has been worked by underhand stoping and is allowed
to stand idle for a time, the stopes are usually found in very
bad condition when work is resumed. (5) The miner has
no means of knowing the condition of the timbering in the
stope above. (6) If the timber supporting the waste gives
way, the falling material may cause much loss of life.

42. Underhand Stoping (Cornish).—Fig. 10 (a).
This method consists in driving a level @ to beneath the
point where the stope is to be started. Connection is then
made by raising from the lower or sinking from the upper
level, as at . This winze permits the material to be thrown
to the under level and drains the stope thoroughly. The
work of cutting out the floors and breasts begins at the top
of the winze and proceeds as in the former case, except that
the material is rolled or allowed to slide tothe winze, through
which it falls to the level below, from where it is trammed
to the shaft for hoisting.
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43. Advantages.—The advantages of this method
are: (1) Greater economy than the regular method of
underhand stoping, providing the lower level has already
been driven or must be driven. (2) Better ventilation and
an extra passage through which the men can escape in case
of accident. (4) The fact that the water is disposed ot
without an extra pump.

44. Disadvantages.—The disadvantages are: (1) As
the steps are made steep and may become a somewhat
rough slant, there is danger of the men falling from the
working places, or of loose rock falling upon the men. (2) It
leaves old stopes in bad shape; disadvantages (3), (4),
(3), and (6) of the regular system also apply in this case.
In Fig. 10, (a) represents a stope being worked by the under-
hand Cornish method; a is the lower drift or level, ¢ is the
upper drift or level, and & is the raise.

45, Overhead Stoping.—When this system of work-
ing is employed, the ground between the two levels is

PFic. 11,

blocked off with some degree of regularity. There are sev-
eral systems of applyingit. One is (after two levels have
been run to a considerable distance) to make raises from one
level to the other, as illustrated by 7, Fig. 11. After this,
the successive benches of the stope are started. Instarting
the first bench C, the men stand upon the timbering of the
drift A. After this one is advanced a sufficient distance,
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D may be started. and after that £. Where there is much
waste material, it is left in the stope on top of the drift
timbers and forms a platform upon which the men stand
while working. The ore is thrown down through the chutes
or passages provided for the purpose at intervals through
the waste material. It has been claimed that in overhead
stoping the drilling had to be done upwards. This is not
always so, for after a bench is started, the breaking may be
continued by breast holes, as shown at £, Fig. 11. In case
the entire vein is of sufficient value to be removed, a por-
tion of the ore may be allowed to remain in the stope as a
platform upon which the men can work, and after the sto-
ping has reached the next upper level, this broken ore may
be drawn out and hoisted.

46. Overhead Stope Carried as a Breast.—Fig. 12
illustrates a modification of the overhead stoping which is
frequently employed in the case of pitching veins, where

A

%

%
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the roof or hanging wall requires considerable support. The
main drift @ is driven, after which the portion of the roof
between & and ¢ is advanced as a breast or stope; the two,
b and ¢, are timbered as the work progresses. The hanging
wall is kept in place by the timbering of these raises and by
stulls placed in the space between them. One or both raises
may contain chutes for the ore, and one will contain the
ladderway. Any waste material is packed in the space 4
between the raises. In this way the face is advanced until
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the next upper level is reached. After these stopes have been
worked out between two levels, the pillars may be removed
in the same manner, the ore being sent down through the
same raise used for removing the ore from the rooms and
the roof being held in place by the timbering already men-
tioned, the packing with waste rock in the space 4, and the
placing of the stulls and waste rock as the removal of the
pillars advances. In case the ventilation is poor, a raise
may be carried in advance of the work to the next upper
level. While removing the pillars, the work is pushed with
all possible rapidity, and after it is accomplished the hang-
ing wall is allowed to settle upon the packing. When
advancing by this method, the holes are all uppers or breast
holes, and if the vein is thin, it is customary to remove a
portion of the foot-wall and then blast the ore down upon
the canvas or planking. If the foot-wall is very much
harder than the hanging wall, it may be necessary to remove
the hanging wall first and then blast the ore up, but this is
not considered as good practice as the method already
described.

47. The method illustrated in Fig. 12 is really a form
of breasting, or mining by breasts. When it is necessary
to fill the excavation with rock in order to support the hang-
ing wall, it may be necessary to continue a raise in advance
of the stope to the next upper level and to bring filling
material from some other part of the mine and send it down
to the stope. This is always the case when the vein is thick
and practically the entire deposit is of sufficient value to pay
for its extraction.

48. Overhead Stoping from Bottom of Winze.—
It is not always necessary that the shaft be extended and
the drift run under the stope before overhead stoping can
be commenced. Fig. 13 illustrates a case in which a winze
has been sunk and stoping commenced at its bottom. .l is
the winze; B the upper level; C is the drift, which, if the
shaft is subsequently carried down, will become the lower




22 METAL MINING. § 41

level. The disadvantage of this method is that the winze 4
has to be provided with a hoisting and pumping equipment.

FiG. 13.

The advantage is that the ore may be attacked by the over-
head method and thus more easily removed.

49. Overhead Stoping Without a Winze.—Fig.14
illustrates an overhead stope which has been carried up
without a winze. In mines where the entire vein is to be
removed and the deposit is practically vertical, this method
is frequently employed, the men standing upon platforms,
as shown, while they work. A sufficient amount of ore is
allowed to remain on top of the drift timber to protect it
during the process of stoping. When the stope has reached
the next upper level, this ore is drawn out and hoisted, and
at times not only the timber in the platforms may be recov-
ered, but the drift timber itself is sometimes removed. In
some mines this process was continued until there was a
stope over 500 feet high without a stick of timber in it and
from which every pound of ore had been removed.
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50. Application.—The methods of overhead stoping
illustrated in Figs. 11, 13, and 14 are especially applicable

F16. 14.

to vertical or very steeply inclined veins. The method illus-
trated in Fig. 12 is applicable to veins having an inclination
such that the ore will slide in chutes to the level a, and yet
where the formation is so steep that the hanging wall exerts
considerable pressure upon the timbering.

51. Special Timbering.—When mining in particu-
larly bad ground, it may be necessary to timber the entire
stope, and even to use lagging on the sides as well as the
top. This calls for special consideration in the timbering
and will be treated under the head of ‘“ Mine Timbering.”

52. Advantages of Overhead Stoping.—Some of
the advantages of overhead stoping are: (1) No hoisting,
pumping, or bailing is required in the block of ore being
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worked, as is the case when the underhand system, without
a winze, is followed. (2) Water gives no trouble in the
stopes. (3) Less timber is required, and much of that used
may be recovered. (4) In general, it is not only more eco-
nomical, but leaves the stope in more workmanlike shape,
and if the mine is temporarily abandoned, it will be found in
better condition for future work than if the underhand sys-
tem had been followed. (5) In the overhead system, gravity
assists in breaking the ore.

53. Disadvantages of Overhead Stoping.—Some
of the disadvantages of this system are: (1) There is
greater danger than in the underhand stoping, but as the
miner is always close to the roof, he can test its strength
by tapping, and if it sounds hollow, he can knock off the
insecure rock. (2) When overhead drilling is required, it
is more inconvenient than breast holes or downward drilling.
(3) In overhead stoping there may be greater loss of fine
ore, which becomes mixed with the waste material. This
can be obviated by laying down old canvas or board floors,
upon which the material is blasted. '

K54. When overhead stoping is continued in successive
benches, it has been likened in appearance to the under
side of a set of stairs, while underhand stoping appears like
the top of a set of stairs.

NARROW FLAT DEPOSITS.

55, Placing of Drifts and Levels. — Flat veins
having a continuous ore-body require lateral drifts placed
much closer to each other than the levels of an ordinary
mine. This is especially necessary on account of the fact
that the ore will not slide on the floor in chutes to the drifts
or levels, but has to be shoveled from the place where it is
broken to the car. On this account, lateral drifts may be
placed at about 35 or 40 feet apart, as shown in Fig. 15.
In this case, Sis the shaft; C, C, Care the lateral drifts in the
vein 17, and / and /"are two levels of the mine. The lateral
drifts are connected with the main level gangways £ and F
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through the raises D, D. This system divides the ore-body
into a series of blocks between the lateral drifts C, C. These
blocks are usually attacked from both sides, that is, from
above and below, the miner shoveling the broken ore into

L LJ
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the car on the track or to a platform ncar the track. The
waste material may be packed into the workings behind the
miners as they advance.

56. Method of Attack.—Fig. 15 illustrates two main
working levels £ and 7, which in this case are 30 feet apart,
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vertically. When the blocks between the drifts C, C are
attacked from both sides, it may be necessary to first drive
raises between the drifts, in order to drain the blocks. The
method of attack will then be as in the case of underhand
and overhead stopes; that is, the advance will be by
successive steps or benches until the entire deposit is

removed, the roof being supported upon the waste material
and timbering.

WIDE VEINS, LARGE MASSES, OR REGULAR DEPOS-
ITS MORE THAN 8 FEET THICK.

57. Introductory.—When large masses of valuable
ore occur at such a depth from the surface that stripping is
out of the question, it becomes necessary to work them by
one of the special systems for underground work.

58. Square Sets.—When the rich silver deposits of the
Comstock Lode in Nevada were discovered, the owners
found it impossible to remove the entire mass by means of
any known form of timbering, the necessities of the case

FiG. 16.

resulting in the invention of the square-set system of tim-
bering. The methods of making the joints and of placing
the timbers will be considered under the head of *‘Mine
Timbering.” When stopes are timbered with square sets, the
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work is carried on by means of an overhead system of sto-
ping, as shown in Fig. 16. Fig. 17 shows the appearance of
a stope timbered with square sets made from the round
timbers. Where the weight of the material is not too great
and the deposit is to be removed quickly, square sets may be

F1G. 17.

employed without any subsequent means of support. The
method of taking up the sets of an under stope upon those
of the lower stope will be considered in connection with
mine timbering. In case the pressure upon the timber is
excessive, or it is desired to keep the workings open for
some time, it may be necessary to either fill the space between
the sets with waste material or allow the broken ore to
remain temporarily between the timbers.

r. V9I—9
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59. Filling.—The
method of filling open-
ings with waste rock may
be carried on either by
using light timbering and
subsequently assisting the
timbering by filling the
space with rock, or the
mining may be done with
little or no timbering, the
filling being depended
upon entirely for holding
the material in place. It
might be well to give a
few illustrations of cases
in which the filling method
has been successful, as in
no two instances will the
conditions be exactly alike.

60. Transverse
Stoping With Filling.
—At the Cabezas del
Pasto copper mine, in
Spain, the filling system
has been used very suc-
cessfully. Fig. 18 illus-
trates a cross-section of
the deposit, showing the
levels and main drifts;
Fig. 19 is a plan of the
third level of the mine;
Fig. 20 is a longitudinal
section of the mine; and
Fig. 21 is an illustration
showing theorder of break-
ing the material. The
process is as follows: After
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exploring the deposit and determining its form and position,
the extraction shaft No. 8, the pump shaft No. 3, and the
rock shafts Nos. 1 and 7 were sunk. Cross-cuts were run
from the various levels (which were about 65 feet apart) to
the deposit, and the drifts 4, A were run along the hanging
wall of the deposit, following all the changes of direction,
and thus determining the exact boundaries of the ore.
Cross-cuts were also run through the deposit about 33 feet
apart. After this the main haulageway C C, Fig. 19, was
driven through the country rock of the hanging wall prac-
tically parallel to the deposit, and from this haulageway
cross-cuts were driven to connect with those which had
already been driven through the deposit from the explora.
tion drifts A, A, and winzes sunk between the levels.
The system of working then proceeded as follows: A
cross-cut 6 feet high and 6 feet wide was driven from the
hanging to the foot wall of the deposit, as indicated by
B in Figs. 19 and 21. After this cross-cut was completed,
rock was brought down from the surface to the next level
above and dumped through the winzes into the drift 4

Fi1G.21.

near the end of the cross-cut. The cross-cut was then
carefully packed or filled with this waste rock. The next
cross-cuts [, D, Figs. 19 and 21, were driven on each side
of the one which had been filled. These were then care-
fully filled and the cross-cuts £, £ were driven. After
these had been filled, the cross-cuts F, /7 were driven and
filled. This process was continued until a layer of ore
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6 feet thick had been taken from under the entire deposit.
Next, the drift A was also filled and a new one of the
same dimensions driven immediately above it. While fill-
ing the drift 4, chutes were provided through which the
ore from the new drift could be thrown down to the
cross-cuts connecting with the main haulageway C. These
chutes were lined with stonework built up of large blocks
without mortar. After the new drift on top of 4 had
been driven, a similar slice was taken from the ore by
driving and filling the cross-cuts 4, 4, ¢, f, as shown in
Fig. 21. A second cross-cut was not started until the
one next to it had been carefully filled. It was found
that the cost of driving the first cross-cut B was one and
one-half times as great as the cost of the succeeding cross-
cut on the same level. This is explained by the fact that
all the succeeding cross-cuts had one free face, that is,
one face next to the filling, and hence the blasting was
much easier. In all the succeeding slices, all the cross-
cuts after the first had two free faces, and hence the
cost of mining was only one-third that of driving the
first cross-cut B. The filling material was quartzite rock,
which was quarried from the top of a hill near the mine.
None of the small material from the quarry was put into the
mine for two reasons: First, it was much more expensive
to handle the small material underground, and second, the
small material could not be arranged in sufficiently close
order to prevent the settling of the roof, while the larger
pieces could be so thoroughly wedged in that little or no
settling took place.

61. Both walls of this deposit were of much softer
material than the vein material. Several levels of the mine
were attacked simultaneously, and it was found that the fill-
ing of the upper levels had become so firmly packed that
little or no difficulty was experienced in removing the entire
deposit. The illustrations show the condition of the mine
on July 1, 1891. The deposit to which this method was
applied is about 500 feet long and varies from 20 to 75 feet
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in width, the average width being about 32 feet. The rock
for filling in this case was brought from the quarries in small
cars. The rock shaft was provided with balanced cages
which were controlled by a drum with a brake only. The
car of rock descending on one cage drew up the empty car
on the other cage, hence no expense was incurred for hoist-
ing by power. After the quarry cars had reached the level
above the one on which rock was required, they were run
to the top of the rock chutes and dumped, the empty car
being returned to the cage and hoisted by the descent of the
loaded car.

62. Longitudinal Back-Stoping With Filling.—
The next example is that of longitudinal back-stoping with
filling, the ore being exceedingly hard and tenacious, while
the walls of the deposit are of a soft and crumbling nature.
The deposit was first worked as an open pit, but this had to
be abandoned on account of the caving of the sides. Figs. 22
and 23 are cross-sections of the deposit. Fig. 22 shows one
of the main shafts through which the ore is removed.
Fig. 23 shows a rock chute or raise along the foot-wall
through which rock for filling is brought down from the
open cut above. In Fig. 22 it will be noticed that there are
some raises between the working shaft and the deposit.
These were put in as ladderways, through which the men
could escape in case of fire in the main shaft. Fig. 24isa
longitudinal section showing three levels of the mine. Fig.25
is a plan of the fifth level of the mine, showing the drifts
timbered in the filling, together with the raises or cribs
through which the ore is thrown down to the drift for tram-
ming to the shaft. The raises 4, A are made for dumping
rock to the levels below for filling; the process is now car-
ried on as follows: A cross-cut is driven from the shaft to
the deposit, as shown on the eighth level, Fig. 22. After
the cross-cut reaches the ore, a stope 15 or 20 feet in height
and the entire width of the deposit is carried along for
some distance, and then a drift is timbered, as shown on the
seventh level. Cribs are also built up at the sides of the
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drifts to form chutes. Rock is then brought down from the .
rock chute and the stope is filled nearly to the back. Next,

Fi6. 28.
about 10 feet of the roof is blasted down, broken up, and
thrown through the chutes to the level below, from which it is
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erammme-d - wt 1y the shaft. This condition of affairs can be
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seen . the sixth levei.  Another layer of filling is then put
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in, after which the stope is ready for blasting once more.
The work continues in this manner until all the ore has been
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removed to within a few feet of the next level above. No
timbering is used during this work, except in the drifts at
the bottom of each level and in building the cribs for the
chutes. The chutes are placed about 30 feet apart, so that
the miners do not have to handle the ore any more than
can be avoided in getting it into the cars. When a stope has
been worked out nearly to the floor of the one above, it is
filled and left until work is suspended on the next upper
level, when the ore left as a floor between the two levels is
recovered from drifts driven in the foot-wall and opposite
the floor to be removed, as shown at B, Fig. 23. The floor
usually caves down upon the filling, and as a consequence a
little timbering has to be used during its removal, but on
account of the broken and shattered condition of the ore

F16. 26

and the fact that little or no blasting is required, the prod-
uct per man may be greater than in the largest stopes.
After a level has been entirely worked out and the floor
above robbed, the rock filling may be drawn from it and
used to fill the lower levels. Fig. 26 shows the arrangement
at the bottom of the chutes. It will be seen that there is a
special iron spout, so placed that by lowering it any material
in the chute will slide into the car, while the flow of material
can be stopped by raising the spout. In case the lining of
the chute becomes so badly damaged that it would require
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renewing, it is possible to convert one of the ladderways
into a chute, and thus avoid having to reline an old or worn
chute.

63. When this system of overhead stoping with filling is
used, the stopes are sometimes worked in steps. That is,
the first cut is carried forwards some distance, the drifts and
chutes timbered, and the filling put in. After this, the first
cut may be advanced still farther, the material being
trammed back through the timbered drift. At the same
time, the second cut is started and the material thrown down
through the crib chutes. After both of these steps have
advanced some distance, the timbering in the first cut may
be continued and the filling on both steps or levels will con-
tinue. In this way the work progresses in benches, as in
overhead stoping. The filling material is drawn from the

chutes into a car, the box of
which is so pivoted as to

. dump either forwards or to
the right or left. In this
way practically the entire
filling can be put in with
only one setting of the track
over which the car passes.
That is, the material dumped
to the right and left of the
track will fill to the walls,
and the material dumped in
advance of the track pro-
vides for the continuation
of the work.

64. Transverse

Rooming with Filling.

—In both the filling systems

so far described the ore is

removed in horizontal slices.

., There is another system

Pia. 27, which has been but little
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used 1in the United States, mainly on account of the fact
that the mines attempting to use it did not have a suffi-
cient amount of cheap filling material at hand, and the
ore brings such a low price per ton that it does not pay
to quarry the filling material and tram it to the stopes
especially for filling. Fig. 27 illustrates a method which
was introduced at the Chapin mine in Michigan. It con-
sists in mining a room 20 feet wide and clear across the
deposit. This room was carried up to the next level above,
the stopes excavated being filled with rock dumped down
through the winzes, as shown in the illustration. Two
mills were cribbed up in the filling, one for a ladderway
and the other to run the ore down through. After the
rooms had reached the upper level, the pillars between
them were drawn in the same manner, but the ore in this
mine was a rather soft hematite, and hence had to be mined
very quickly or caving would set in, which would render
timbering necessary. The expense of quarrying and trans-
porting the material for filling, together with that of build-
ing the cribs and keeping the drifts open, has forced the
abandonment of this method among the hematite iron
mines of the Lake Superior region, though there is no
reason why it could not be applied to deposits of material
having a slightly higher value per ton. As used at the
Chapin mine, this system was applied only to locations
where there had been no settling of the material. Inremov-
ing the pillars from the upper portion of the mine and the
bodies of ore which had been undercut in the previous work,
a system very similar to that described in connection with
the Spanish copper mine was employed. Cross-cuts were
run through the pillars to the hanging wall, and from these
drifts or stopes were run right and left, using light timber-
ing to support the material. When these drifts were com-
pleted, they were filled and other drifts run beside them.
This process was continued until a slice had been removed
from under the entire pillar or body of ore being worked.
After this, a new cross-cut was driven on top of the filling
and the process repeated.

e A

[
X

~




40 METAL MINING. §41

65. Advantages of Filling System.— The ad-
vantages of the filling system may be stated as follows:
(1) The entire deposit is removed. (2) Several levels can
be operated at the same time. (3) If operations are being
carried on at a considerable depth, there will be little or
no caving or disturbance of the surface of the ground.
(4) Little or no timbering is required.

66. Disadvantages of Filling System.—The dis-
advantages of the filling system may be stated as follows:
(1) The quarrying and handling of the filling material are
always expensive. (2) If the filling material is taken into
the mine in cars, the capacity of the shafts will be reduced,
or special shafts will have to be provided for that purpose.
(3) Where the filling material is allowed to fall through the
chutes, it will require an extra handling into the cars in the
mine; besides, the chutes will have to be kept in repair.

67. Character of Filling Material.—In all the fill-
ing operations as carried on in the Lake Superior region of
the United States, the filling material has been coarse and
fine, just as it came to hand, and in most cases no attempt
has been made to carefully pack the filling material up
under the roof, as was done in Spain. In some cases the
mines have been filled with sand or gravel from the surface.
Where special systems of timbering are used (such as square
sets) to support the workings, the stopes or rooms are often
filled with material after they are completed and the pillars
removed by timbering and filling. In many cases this is
not, strictly speaking, a filling system, but is practically a
means of disposing of waste material underground without
the necessity of hoisting it to the surface.

68. Method of Obtaining Filling Material in
Western Silver and Copper Mines.—In many of the
Western silver and copper mines, the stopes have been tim-
bered and subsequently filled. The material for this filling
is often obtained by simply running a drift into the hanging
wall of the deposit and timbering it securely. When the
drift has penetrated the hanging wall for some distance, a
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chamber is stoped and the material allowed to cave and fill
it. As fast as this material cavesit is drawn out and used in
filling the old mine workings. When the hanging wall is
composed of a somewhat friable rock, this method has proved
very successful and has furnished filling material at a very
small cost per ton and at a point very near to the place
where it was to be used. This method of filling is really
not a purely filling system, as the ore itself was extracted
by means of timbering, the filling being used only to support
the walls while the pillars are being removed. The ore from
the pillars is also extracted by timbering.

689. Caving System of Mining.—In coal mining a
system of caving, or allowing the roof to settle after the coal
was removed, has long been in use. The long-wall system
of coal mining is really a system in which the roof isallowed
to cave, the entire deposit being removed. When the coal
seam is thin and at some distance from the surface, the
caving will affect the surface very little, if at all, but when
it comes to dealing with masses of ore (the dimensions of
which may run into hundreds of feet), by allowing the over-
lying strata to cave and fill the opening, it is evident that
the surface will be badly disturbed by this action. In the
United States attempts were first made to fill the rooms
mined out and then draw the pillars, or a portion of the
deposit was worked out and timbered. Then, after this
timbering had been crushed and the roof came down upon
the formation below, more of the ore could be removed by
timbering as before. The methods of caving now in use have
been the results of many experiments, and they are by no
means all alike.

70. Caving Roof or Gob Only (North of England
System).—The cdving system as originally introduced in
the United States was that used in the north of England,
and consists in the removal of the material from immediately
below the top of the deposit. The top is then allowed
to cave into the workings and another slice is removed
farther down. It will be seen that in this method the miner
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always works under a roof of broken material or gob sup-
ported by light timbering. Conditions have developed
another system which is exactly the reverse of the one
just mentioned. In this, the miner goes some distance from
the top of the ore and undercuts or undermines it, after
which the material breaks down of itself and slides or falls
into the workings, and so is removed with little or no blast-
ing. Between these two extremes there are many inter-
mediate systems.

Z1. Fig. 28 shows a gang of men driving a drift through
soft ore at the top of a formation, previous to starting a
new slice in the caving system. It will be seen that the
sides are not fully lagged, but that just sufficient lagging is
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put in place to keep the drift open while'it is being driven.
After the drift or stope has been completed, the floor is
covered with planking or lagging, as shown in Fig. 29,
and the timbering is removed or blasted down so as to allow
the roof to cave in and fill the space; the lagging on the
floor forms a support for the material from above, and in
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subsequent operations at a lower level, the rock and waste
material are kept out of the workings by simply supporting
this old timber floor. Figs. 30 and 31 show caves of mate-
rial after the rock
has fallen. The gen-
eral arrangement of
drifts and levels as
employed in connec-
tion with this system
of mining can be
seen by examining
Fig. 32. As origi-
nally laid out, the
main levels con-
nected with the shaft
are usually about
100 feet apart, and
upon these levels
haulage drifts are
driven through the
ore, as shown at D.

When the ore
above any level has
been removed, the
drift on this level is
abandoned and the
block of ground be-
tween it and the next
lower level worked. The method of working is as follows:
Drifts A, A are driven to the walls of the deposit from,
at, or near the top of the raise C, and from them other
drifts B, B are driven and lightly timbered, as shown in
Fig. 28. The size of these drifts depends largely upon the
character of the ore, and it may be taken as about 8’ X 8 in
the clear. After this the floors of the drifts B, 5 are covered
with lagging, as shown in Fig. 29, and the drifts or subs 5, B
are caved. This operation is repeated until the entire slice
of ore is removed.

I'. VI—10

FIG. 29.
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In Fig. 32 (a), which is a plan through the top of the
raise C and the drifts 4 and B, two drifts have been caved
on one side of the deposit and three on the other, and two
others, one on each side, are ready for caving. Sometimes

) (©
FiG. 8.
the raises are placed very much closer together and the
drifts B are made very short. By this means a large pro-
portion of the ore can be shoveled into the raise without the
use of a wheelbarrow.

Z2. Caving a Back of Ore.—In some cases where
the ore is of a somewhat harder nature, a slight modification
of this system is used, and in place of driving the drift 4
at the top of the portion of the deposit to be worked, it
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is driven several feet below. The drifts B are on the
same level, and hence under some ore which is allowed to
cave to the miner as he works back towards the raise.
After one of the side drifts has been caved, the work pro-
gresses, taking off successive subs until this entire slice of
the deposit is removed. Fig. 32 (¢) illustrates this method
of working. D is the main working level, which has been
driven through the ore; C is the raise; A is the upper sub
drift, from which caving is being carried on; £ is the next
lower sub drift, which has been driven preparatory tocaving
the block between it and the level A, after the upper slice
has been removed. This method of operating does not pro-
duce quite as clean ore as the one previously described, on
account of the fact that more or less gravel or waste rock
becomes mixed with the ore during caving.

73. Example of Caving a Back of Ore.—Figs. 33,
34, and 35 illustrate the method of laying out a mine for the

caving system just described. Fig. 33 is a vertical section
sourmx

Fi1G6. 8.
on the line A 7 in Fig. 35. Tig. 34 is a vertical section
through the shafts No. 4 and No. 5, also on the line A B5,
Fig. 35. Fig. 35 is an outline of the ore-body as it appeared
on the eighth level. All the shafts were originally vertical,
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but as the caving progressed the upper portions of shafts
No. 2 and No. 3 were carried away with the caving ground,
and inclines were put down which intersected the old shafts
at points below the caving. This can be seen in the case of
shaft No. 2, Fig. 33, where the incline intersects the old

FiG. 84.

shaft between the fifth and sixth levels. In the upper por-
tion of the mine, the main levels were driven 75 feet apart,
and generally there were two main drifts at the bottom of
each block of ore. From these main drifts raises were put
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up at intervals of about 50 feet, and from these raises four
series of sub drifts were run. The sets in the main drifts
have 9-foot caps and 7-foot legs, while those in the sub
drifts have 6-foot caps and 6-foot legs; this leaves about
8 feet of ore between the sub levels. The drift sets are put
in from 3 to 4 feet apart. As the raises are put up, sets are

4
1
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placed for the starting of the first sub drifts, but these
drifts are not run at once, being omitted to strengthen the
main drifts until the fourth, third, and second subs have
been worked out. When the sub drifts are completed, the
block of ore lying . between any two levels is honeycombed
with drifts with vertical intervals of 8 feet of ore. When
mining above has been completed, the removal of the ore
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pillars on top of the subs begins. The pillars are sliced
away and the back caved as illustrated in Fig. 32 (¢). The
caved ore is removed in wheelbarrows to the chutes leading
to the main level below. When waste rock or overlying
timbers appear, a new slice is taken off and the ore caved as
before, until finally all the ore above the level of the sub
drift has been worked out, after which the operation of
caving is continued on the next block below, which in the
meantime will have been honeycombed by the sub drifts.
There are two objections to this method of work: (1) The
sub drifts are so close together that sometimes the crushing
of the first sub above the main drift will crush the main
drift. (2) The ore obtained on any sub level has to be
handled twice, that is, with wheelbarrows to the chutes and
subsequently in the cars to the shaft. A method which
overcomes these difficulties is illustrated in the portion of
the mine below the eighth level, which is laid out on a
slightly different plan. What are called ‘‘intermediate”
main drifts are driven through the ore at intervals of
20 feet instead of 75 feet, and no sub drifts are used. The
intermediate main drifts are of the regular size, having
9-foot caps and 7-foot legs, which leaves about 10 feet of
ore to be caved instead of 7 or 8 feet, as in the previous
case. Stations are made at the shaft for each intermediate
mainlevel. Under this modified system, the removal of each
20-foot block of ore may be done as before, but the putting
up of raises will be saved and cars can be used in the drifts,
thus doing away with most of the wheelbarrow work. In
some cases the broken caved rock and sand from the caving
ground will become rhore or less mixed with the ore, and
thus reduce its value, but as the ore is obtained very cheaply,
it is thought that this may compensate for the injury to its
quality.

Z74. Caving All the Ore Between Two Levels.—
The idea of leaving a back of ore on top of the working
level, which gradually caves and comes down to the miner.
with little or no blasting, has been carried farther and
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farther until a system has been developed which is illus-
trated in Fig. 36. The deposit is divided by drifts and cuts
into blocks of from 200 to 250 feet in length, which are
worked as follows: A drift is driven in the hanging wall
parallel to the deposit and usually about 20 feet from it.
This drift is usually about 100 feet below the next level
above. After all the material in the upper level has been
worked out and the surface caved to this point, the block of

Fia. 86.

ore is attacked as follows: The cross-cuts B, B are run from
the drift .1 through the ore deposit to the foot-wall, and
from them two upraises /), D are driven nearly to the level
above. The tops of the upraises are connected by the drift £,
and after this has been done, the slice of ore @ & ¢ d is
removed by underhand stoping for 8 feet along the deposit
(as shown at @ ¢); thus the ends of the large block are cut
free from the adjacent material, with the exception of the
portion left above the cross-cut £. While this work is going
on, the cross-cuts (, (" have been driven through the ore and
the entire mass has been undercut to a height of 7 feet,
leaving some irregular pillars to support the ore. After this
work is completed, the pillars are reduced as much as is
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consistent with the safety of the miners who are doing the
work and are then blasted out. Fig. 36 illustrates the method
of preparing a block of ore for caving. A portion of the
hanging wall has been cut away in such a manner as to expose
the timbering of the drift 4 and of the cross-cuts B and C,
also the completed cut at the left-hand end of the block of
ore; the small pillars supporting the ore can be seen at NV, V.
At the right-hand portion of the illustration the ore has
been cut away in such a manner as to expose the cross-cut
B and the raises D, D and the cross-cut £. The foot-
wall can also be seen at F, and the continuation of the
ore-body at P. G is the broken or caved ground above the
ore. The entire block of ore breaks up and settles so as to
fill the space resulting from the undercut. After several
months, the material is usually broken so fine that the
greater part of it could be put through a 3-inch hole.
When this has taken place, the cross-cuts C, C are reopened
through the crushed ore and they are strongly timbered.
From these cross-cuts C, C, well-timbered drifts are driven to
the ends of the block, and from the drift nearest the foot-
wall, short drifts are driven to the foot-wall. The drifts in
the caved ground are placed about 25 feet apart, and the
ends or faces of the drifts are constantly full of broken
ore, which slides down and intothem. The work of mining
is carried on by simply shoveling this material into mine-
cars and taking it to the shaft. When a full output is
desired, the force at any face consists of one miner and four
shovelers; two of the shovelers are always employed in
filling the ore, while the other two are tramming it to the
shaft. No drilling is required, and but little powder is
used in blasting. Drawing the broken material in this way
forms funnel-shaped spaces in the broken ore, and these
are eventually filled by the caving of the timber and waste
material from above. When this waste material appears
at any working face, the miner simply blasts a few timbers
and draws ore from a point somewhat nearer the main
cross-cut. This operation is continued and repeated until
the ore in the territory formerly traversed by these drifts
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has been exhausted and replaced by waste material from
above, after which other drifts from the main cross-cuts
are driven 1n pillars of ore which were left between the
first drifts. In actual work it is found possible to draw the
ore for 3 or 4 feet on the sides of these drifts, and conse-
quently a second set of drifts practically cleans up the
broken ground. After the ore has been removed, the caved
material settles firmly into the place formerly occupied by
the ore-body, then the adjoining block can be undercut and
separated from the ore at its solid end, after which it will be
allowed to cave and be removed in the manner just described.
One of the advantages of this method of caving is that the
output of a mine can be increased very greatly for a short
time, that is, if there are a number of blocks of caved
ground ready for work.

75. Safety of Men in Caving and Filling Meth-
ods.—All the caving and filling methods are comparatively
safe methods of mining, for in the filling methods, the mriner
is always close to the back of the deposit, and hence knows
the condition of the material over him. In the caving
methods, the miner knows that the ground above is working,
and hence only attempts to keep his passages open while
actually employed in mining. After the caving has com-
menced, in some mines they remove the air-pipes and forbid
the use of air-drills, on account of the fact that where they
are used to cave the back of a formation, the miners are
liable to drill too deep holes and to use such large blasts
that they bring down more ore than they can handle, and
hence lose control of the ground.

76. Rooming and Caving.—Owing to the fact that
in the caving methods where a back of ore is caved, more or
less of the waste material is bound to become mixed with the
ore, and also to the fact that the caving method where only
the waste is caved gives but a small output, some mines
have adopted a compromise between the old system of room
mining with square sets and the system of caving, and from
this has been developed a system which has been employed
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to some extent, in which the rooms are timbered with what
are calied ‘‘saddlebacks.”

Z7. Stull Rooms or Saddleback Rooms.—An at-
tempt has been made in some mines to lessen the amount
of timbering necessary by using what are called ‘“stull
rooms.” Fig. 37 (@) shows a cross-section or end view and
Fig. 37 (6) a vertical longitudinal section through one of
these stull rooms after the upper and lower drifts have been
driven, but before the ore has been mined out. The drift A
is driven something over 60 feet below the top of the forma-
tion. The raises /53 are then put up, and the large drift Cis
driven and timbered with saddleback sets as shown. After
this the room is worked out to the-dimensions indicated by
the vertical dotted lines, the ore being milled down through
the raises and trammed through the level befow to the shaft.
When the room has been worked out, the pillars may be
attacked at the end farthest from the main drift. The pil-
lars are usually attacked near the top, the ore being removed
and replaced by light timbering. Work is continued until
the roof shows signs of crushing, when the miners leave the
working place while the roof crushes in and fills the rooms,
together with the space left where a portion of the pillar has
been removed. When the caved material has thoroughly
filled the old workings, the pillars may be attacked by dri-
ving drifts through them to the end farthest from the main
working drift, and then taking off subs from this inner end
of the pillar, supporting the roof with light timbering until
it shows signs of caving, when the men leave the work once
more until the timber is crushed.

78. Height of Rooms Where Roof is Caved and
Method of Recovering Pillars.—While the method of
mining just described produces ore very cheaply in the stopes
or rooms, there is danger of losing a portion of the high
pillar. This remark applies equally well to high (7 to 9 set)
rooms timbered with square sets, and on this account the
working levels of mines in which it is intended to allow the
roof to cave are being reduced. Rooms are frequently



841 METAL MINING. 55

driven but three sets high, and after they are completed
(from 60 to 100 feet long), the pillars between the rooms are
attacked at the end farthest from the main haulage drift,
light timbering being used to support the roof. After sev-
eral sets or subs have been removed from the inner end of
the pillar, it will usually show signs of crushing, and then
the miners blast the timbering which has been placed to
support the roof while robbing the pillar, together with a
a few sets at the inner end of the stope or room. The roof
then cavesin, and after it has become solid they drive a drift
through the pillar and take off several more subs or sets.
When it again shows signs of caving, they leave the work
and return after the roof has filled the workings. This
method of procedure is not as dangerous as it sounds, as
when the work is done rapidly considerable advance can be
made before a cave occurs, and the crushing of the light
timber gives sufficient warning as to when the cave is
coming.

79. Advantages of Rooming and Caving. — By
this means the pillars are crushed and less blasting is
required while robbing them. Also, practically all the ore
in the mine is recovered with the use of very little timber-
ing. When any portion of the deposit is attacked, the men
should be crowded in as thickly as they can work and the
work pushed as fast as it can be until there are signs of
caving.

80. Disadvantages of Rooming and Caving.—
The disadvantages of this method of working are that, as
in the regular caving system, only the top of a deposit can
be attacked, and that the surface is allowed to cave into the
mine, thus necessitating the placing of the mining plant and
buildings at some distance from the workings. The advan-
tages are that the ore is obtained cheaply and compara-
tively little timbering is used.

81. Quality of Ore Obtained by Rooming and
Caving.—By the method of working shallow rooms and
then robbing the pillars with light timbering, comparatively
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clean ore can be obtained, and in this way a better price
may be obtained for the product of a good mine. This
increased price frequently more than pays for the difference
in the cost of working, that is, as between light timbering,
with subsequent caving, and the method of caving a back
of ore.

82. General Remarks as to Mining Methods.—No
general rule can be laid down as to the best method for
working large deposits, but the following remarks cover
some points which must always be considered:

83. Surface.—If the surface is of value, the caving
method is out of the question.

84. Character of the Ore.—The character of the ore
will to a large extent determine the method of mining, for
if it is extremely hard and breaks like quartz or hard iron
ore, it may be impossible to employ any of the caving sys-
tems, which cave the ore rather than the material above it,
and in such a case it would be necessary to use one of the
filling methods, or to support the openings by means of
square sets or some other form of timbering while the
material is being removed.

85. Pillars of Low-Grade Ore.—When the ore con-
tains bodies or portions which are of a considerably lower
grade than the main portion of the deposit, pillars of this
lean ore may be left to support the hanging wall or roof
while the balance of the deposit is being removed. Some
gold, silver, or copper mines are worked in this manner
without the use of timbering, by simply leaving pillars of
lean ore to support the roof.

86. Character of the Walls.—The character of the
walls, and especially that of the hanging wall, will have an
important bearing upon the method of mining, for if the
hanging wall is composed of material which tends to form a
natural arch (such as strong limestone), it is unsafe to
attempt to cave the material under such a roof, as the roof
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will arch for some time, and when it finally caves will crush
everything before it.

87. Effect of Waste Material if Mixed with Ore.—
Another important consideration in regard to the method
of mining is: Would the value of the ore be materially
reduced if it were to become somewhat mixed with the
material from the wall-rock or with other waste material.

88. Timber.—The kind and quality of timber avail-
able, together with its cost, is also an important factor in
all mining problems.

IRREGULAR DEPOSITS OF A MORE OR LESS

“ POCKETY ” CHARACTER.
89. Postsand Breast Caps or Drift Sets.—Deposits
of this character are usually mined by means of drift sets
or by posts and breast caps. Fig. 38 is a section through

P1G. 88.

a zinc deposit, where the ore occurs on limestone under clay,
the surface of the limestone being covered with projections
(which are called chimneys) and the ore occurring not only
in the hollows between these chimneys, but, as a rule, in
uninterrupted layers of varying thickness over the entire
surface of the limestone. The method of mining consists
in the sinking of small shafts to the lowest part of the
deposit. From these shafts, drifts are driven and inclined
raises made to the tops of the chimneys. When the layer
of zinc ore on the top of the chimney is not as thick as the
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height of an ordinary drift set, it is mined by using posts and
breast caps, as shown in Fig. 39. Fig. 39 (@) is a section
showing the drift sets used at the sides of the chimneys,
and the breast caps and posts used in working over the top.
Fig. 39 () is a section on the line 4 B, Fig. 39 (a), and

(a)
FI1G. 39.

shows the manner in which breast caps are supported on the
posts. The breast caps are simply slabs or pieces of plank,
which are supported on posts and serve to keep the clay in
position while the ore is being removed. The work of
removing the ore begins at the top of the chimney and pro-
gresses, retreating down the sides towards the bottom of the
shaft. On the sides

= — - ——— of the chimneys
S - and in the lower
_ < parts of the deposit,
] B - drift sets are used,
%v i 7&“[’:’!‘ D S S and when the ore
deposit is too thick

to be removed by
one series of drift
F1G. 40. sets, two or more




§ 41 METAL MINING. 59

are placed side by side or on top of each other, as shown in
Fig. 40. In this way the entire body of ore is removed, and
any clay that is encountered in the drifts is simply used as
stowing. Each shaft serves for working out a comparatively
small area of the deposit, and in this way the length of the
underground haulage is reduced. The underground drifts
are very crooked, as they follow in and out among the lime-
stone chimneys. The ore is brought to the shaft in spe-
cially constructed wheelbarrows, which have very deep boxes,
and is hoisted in sheet-iron buckets. The workings from
one shaft are continued until they encounter those from the
adjoining shaft. The shaft linings employed are of a very
simple character, and owing to the fact that the clay will
usually stand in place for a short time without any support,
it is possible to recover most, if not all, of the lining material
when a shaft is abandoned. The greater part of the timber
used in the drift sets is abandoned. Incandescent lightsare
used underground, on account of the fact that they do not

. vitiate the air as candles or oil lamps would, and hence the
ventilation is much improved.

90. Drift Gravel Mines.—In working drift gravel
mines, posts and breast caps or drift sets are usually
employed, and in most cases it is not necessary to closely
lag the top or roof of the opening. By placing packs
or pillars made from the large stones at intervals, and by
the use of a small amount of timbering, it ts generally pos-
sible to remove the entire deposit. :

SPECIAL METHODS. .

O91. Methods of Mining Deposits Having a Low
Value Per Ton.—Salt and similar materials having a low
value per ton have to be mined by the least expensive
method possible; hence little or no timbering can be used.

2. Square Work Applied to Mining Salt.—Salt
is usually mined by some modification of what is called
«¢ square work,” or the chamber-and-pillar system. When a

F. Vi—11
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deposit of rock salt is overlaid with wet formations, it is
necessary to protect the deposit from the surface water, for
if this is not done, the fresh water will very soon dissolve
passages through the salt, thus causing the mine to cave.
Hence, when mining in large masses of salt, the salt must
be carefully secured against the influx of surface waters.
After sinking a sufficient distance into the deposit, drifts

Fic. 41.

are run out from the shaft, and from these, chambers are
started. The salt is usually worked by the undercut system,
which is really a form of overhead stoping. Fig. 41 is a
cross-section of a portion of a deposit being worked in this
manner. Fig. 42 is a plan showing the arrangement of the
pillars which are left to support the roof. First, an under-
cut A, Fig. 41, 7 or 8 feet high and the full width of the
intended room or chamber, is driven for 200 or 300 feet.
The salt is trammed out as fast as it is blasted down.
After this undercut is completed, the roof is blasted down
until the chamber is 18 or 20 feet high, as illustrated
at b5, Fig. 41. The salt is allowed to remain in the
chamber for the men to stand upon while doing this
work. The broken material is then removed, after which
the men standing upon the platforms drill holes in the roof
and blast down another layer. Then, standing upon shorter
platforms, placed upon the salt already thrown down, they
once more attack the roof. Owing to the fact that the
broken material takes up more space than when in the solid,
the chamber is soon so nearly filled that the workmen can
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stand on top of the broken salt while attacking the roof.
This is continued until the center of the room has been
carried to the desired height. The chambers are arched at
the top, as shown in the illustration. Before the broken
salt is removed from the room, the miners carefully examine
the roof to see that there are no loose pieces which might
fall after the broken material has been removed, thus-
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endangering the lives of the men working below. After the
chambers have been driven in one direction, cross-cuts are
broken through between them in such a manner as to leave
pillars nearly as wide as the chambers themselves. Floors
also have to be left between the top of the chambers and
the next level above.

93. Portion of Deposit Recovered.—By the square-
work method, scarcely half of the deposit can be removed,
but the advantages are that no timbering is required and
the material is broken down at a very small expense. After
all the salt that can safely be removed by this means has
been taken from the deposit, the mine must be abandoned,
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but it can be allowed to fill with water, which soon becomes
a strong brine. This can then be pumped out and evap-
orated.

94. The advantages of mining salt are that large masses
and coarse rock salt, for which there is a demand, can be
obtained in this way, and hence salt mines are always
valuable, especially when the deposits are pure. Another
advantage is that no extensive evaporating or pumping
plant is needed when working rock-salt deposits by mining.
One chamber 200 feet long, 75 feet wide, with a mean height
of 65 feet, represents about 50,000 tons of rock salt; hence
it will be seen that if the deposit is large, even this wasteful
method of mining may produce great quantities of the
article. When rock salt occurs as comparatively thin seams
between firm rock walls, a greater percentage of the deposit
may be mined with safety, and at times it may be necessary
to use some timbering.

95. The chamber-and-pillar system of mining has also
been applied to gypsum, copper ore, and other materials.

96. In all mining operations in salt deposits, it is of
great importance that the formation shall not settle or cave
in such a manner as to crack the overlying material, thus
allowing fresh water to flow in on the salt. This mistake of
working too close to the surface was made in the first salt
mines in Louisiana. The result was practically a loss of
the greater part of the deposit above the mine, for fresh
water flowing in through the roof dissolved the salt and
finally resulted in serious caves of the roof.

97. Square-Work, or Chamber-and-Pillar, Sys-
tem Carried to Great Depths. —When the chamber-
and-pillar system is carried to a great depth, it becomes
necessary that the lower pillars be of greater cross-section
than the upper ones. The result is that on each succeeding
level, less and less of the deposit is recovered, until ultimately
a depth would be reached where it would be unprofitable to
mine the small chambers, which could be left unsupported
with safety.
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98. Fig. 43 shows a cross-section of a deposit worked by
the chamber-and-pillar system. It will be seen that the
chambers are smaller and smaller, owing to the fact that

Fi1G. 4.

larger pillars have to be left on each succeeding level. The
dimensions given in Figs. 41, 42, and 43 are not general, but
would have to be varied to suit the particular case in hand.

99. Salt Mining by Undercutters.—Salt is also
sometimes mined by using undercutters in the same manner
that they are used in coal-mines. Where the seams of salt
are between rock formations and are comparatively thin,
the undercutter may remove the rock from below the salt,
while where the deposit is very thick, the machine is used
simply for making an undercut in the salt. Machines may
also be used in driving the first undercut, as shown in
Fig. 41, the machines making a low cut at the bottom of the
deposit and the balance of the 7 or & feet being blasted
down by drilling holes near the top and blasting.

100. Attempts to Remove the Floors and Pil-
lars.—When the square-work system of mining is applied
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to large bodies of ore, it is only possible to remove compara-
tively a small portion of the deposit, and hence attempts
have been made to remove the floors and pillars left in the
mine. In some cases the rooms have been filled and
attempts made to remove the portion of the deposit still
remaining, but when this is done it is necessary to resort to
one of the other systems of mining—as, for instance, the fill-
ing system or the caving system. In the case of some of
the large copper deposits in Spain which were worked by
this method, it was found that less than half of the ore
could be recovered, and hence after what material could be
obtained by this method was worked out, the overburden
was removed and the pillars and floors worked from open
cut. In this case it would have been much better to have
removed the overburden in the first place, but there may be
cases in which the mine has to pay a greater part of the
expenses as the work progresses, and as the removal of the
overburden would have been very expensive at the first,
the method actually followed may have been necessary.

101. Square Work Applied to Comparatively
Thin Seams.—When this system of mining is applied to
comparatively thin seams (not over 20 feet) which are
situated between firm or hard rock, it may be possible to
leave only pillars of ore in the mines, the rock forming the
floor and roof of the openings. If the pillars and galleries
are the same width, this method will remove practically
eight-ninths of a vein; but, as has already been stated, when
it becomes necessary to leave floors of the mineral, the
amount that can be removed is very much less.

102. Leaching Salt.—Deposits of salt which are so
located that it is impossible to mine them with profit may
be worked by drilling a large hole into the formation and
lining it with a casing; then a smaller pipe is let down inside
of the outer one. The smaller pipe passes as close to the
bottom of the hole as possible, while the outer lining or
casing is usually stopped at or near the upper portion of the
deposit. After this, water is allowed to flow down through
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the annular space between the outer and inner pipes. This
water dissolves the salt from the formation and a strong
brine settles at the bottom, whence it may be pumped
through the inner pipe. By this method a large amount of
salt has been removed from some deposits, the brine being
subsequently evaporated.

103. Leaching Sulphur.—Insome locations there are
sulphur deposits at some distance from the surface and so
located that regular mining methods would be practically
impossible, on account of the soft and treacherous nature of
the ground. Attempts have been made to work such
deposits by putting down pipes similar to those used for
leaching out salt deposits as described above, but in place of
sending down water, superheated steam was used to melt
the sulphur, which was then pumped out through the inner
pipe. Considerable sulphur was derived from one deposit
by this means, but for some reason the operators are not
working it at present.

BREAKING GROUND (BLASTING).

104. Definition.—Rock blasting consists in splitting,
loosening, or breaking rock by means of explosives.

105. Operations Necessary.—The operations neces-
sary are boring or drilling a hole, inserting a charge of
explosive (charging the hole), filling all or a portion of the
remaining part of the hole with some suitable material
(tamping or stemming the hole), and lastly, igniting or
detonating the charge (firing the blast).

106. Effect of a Blast.—The effect of a blast is as
follows: The burning of the explosive forms a large amount
of gas at a very high pressure and temperature. Owing to
the tendency of heat to expand all gases and to the fact
that the more rapid the burning of the charge the hotter
will be the gases, it is evident that the more rapid the com-
bustion the greater the resulting pressure or shock upon the
walls of the chamber containing the explosive. If this
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pressure or shock is greater than the resistance of the rock
to disruption, the rock is loosened or thrown out, according
to the strength of the charge.

107. Power of an Explosive.—The power of an
explosive can not be calculated with precision from the quan-
tity and temperature of the gases resulting from its detona-
tion or ignition. This is mainly owing to our lack of knowl-
edge as to the exact composition of the gases resulting at
the moment of the explosion and during the subsequent
period of cooling. In order that any explosive may develop
its full force, it is necessary that it be transformed into gas
as rapidly as possible.

108. Detonation.—A large number of explosive com-
pounds are not transformed into gas rapidly unless deto-
nated. In other words, the explosion must be caused by
means of a heavy blow and not by simply setting fire to the
charge. This blow is usually caused by the explosion of a
detonator or cap containing fulminate of mercury.

109. Force of an Explosion and Its Value as a
Blast.—The force of an explosion and its value as a blast
for breaking rock is affected by the following conditions:
(1) The absolute quantity of the gases produced by the
explosion and their temperature. (2) The expansion of the
gases due to their temperature. (3) The time occupied in
obtaining the maximum pressure. (4) Thesize and form of
the chamber or opening containing the explosive. (5) The
ability of the rock to absorb heat from the gases as
they are being evolved. (6) The structure of the rock, as
to whether it is laminated, stratified, or fissured, and the
position, direction, and number of joints or cracks. (7) The
character of the fuse and tamping. (8) Whether the
blast is to act alone, or simultaneously with, or following,
others. (9) The direction of the line of least resistance;
that is, whether the blast is acting against, with, or parallel
to, the force of gravity. (10) The specific gravity of the
rock.
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110. Form of Cavity.—The form of cavity produced
in homogeneous rock by blasting depeinds on the form of
chamber containing the explosive. For instance, if a circu-
lar chamber contains the explosive, the crater formed by
the blast would be the frustum of a cone, while if the
chamber were square, the crater would approximate the
frustum of a pyramid. Of course these results vary greatly
in appearance, owing to the joints, fissures, and other irreg-
ularities of rocks, or through there being more than one
free face exposed.

111. The Resistances To Be Overcome by the
Blast.—These may be divided into the two following resist-
ances: (1) The resistance due to the strength of the rock
and its ability to resist being torn apart. (2) The resist-
ance due to the weight of the mass of rock and to the fric-
tion between the parts as the rock is forced from its bed.

112. Amount of Explosive.—Various formulas have
been derived for figuring the amount of explosive necessary
to produce a given amount of rupture under given condi-
tions, but it is usually very difficult to apply these formulas
in the practical work of metal mining, on account not only
of the variations in the character of the rock blasted, but
also on account of the varying relations of the holes to the
free faces and joints available. Experience, assisted by a
general knowledge of the laws of physics and mechanics,
furnishes the best guide for determining the size of charge
to be used in ordinary mining work.

113. Character of Explosive.—The character of the
explosive to be used also depends upon the physical char-
acteristics of the rock being mined.

According to their properties, explosives may be divided
into two classes: :

1. Low, or slow and rending.

2. High, or quick and shattering.

114. The former are those in which the gases are
evolved comparatively slowly, and hence the pressure in ail
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parts of the chamber containing explosive is practically
uniform. This may result in opening cracks in the rock,
into which the gases expand in such a manner as to gain
a greater area upon which to work, and acting upon
this greater area, they throw out or rend the rock being
blasted. Gunpowder is the best example of this type of
explosive.

115. The latter class of explosives contain those which
are transformed into gas practically instantaneously, and
the full force of the enlarged volume of gas is immediately
exerted in all directions and upon every part of the contain-
ing body. Even if such an explosive should form cracks in
the rock, the gases would not have time to expand into them
before the entire volume had been evolved, and the resultis
that the pressure being brought upon the chamber so sud-
denly acts as a quick and heavy blow from a hammer, and
hence has a tendency to shatter or powder the rock; or,
expressed in other words, motion requires time, and as no
time is given for the less resistant part of the surrounding
body to yield before the full pressure of the gases is devel-
oped, it follows that the full force of the explosion is exerted
in all directions and with equal force.

Nitroglycerin and guncotton are the best representatives
of this class of explosives. Between nitroglycerin and gun-
powder, as extremes, the other explosives range according
to their strength, and their value for rock blasting depends
on the nature of the rock and as to whether the rock is to
be shattered or broken into large blocks.

116. Pressures Developed by Explosives.—Accord-
ing to the experiments conducted by Sarrau, Vielle, Noble,
and Abel, the following approximate maximum pressures
developed by various explosives have been arrived at:

Mercury fulminate.......... 193 tons per sq. in.
Nitroglycerin............... 86 tons per sq. in.
Guncotton...........oouuu.. 71 tons per sq. in.

Blasting-powder............. 43 tons per sq. in.
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117. Useful Work Performed by Explosives.—
The useful work performed by explosives, which consists
partly in shattering and partly in displacing the rock masses,
does not approach the theoretical values, on account of the
incomplete combustion of the ingredients making up the
explosive and the escape of the gases at a high pressure
through the holes or fissures caused by the explosion ;
besides, the ability of the surrounding material to absorb
heat from the gases has a great effect upon the value of
the explosive. According to von Rziha’s experiments, the
useful effect is only 13.7% of the theoretical effect. |

118. Values of Explosives. Taking gunpowder
(containing 61% saltpeter) as a standard, and calling its value
1, the following are the values of the other explosives:

Dynamite containing 75% nitroglycerin....... 2.2
Blasting gelatine containing 92% nitroglycerin. 3.2
Nitroglycerin............ooiviiiii i, 3.3

119. Laws of Pressure in Fluids.—The two follow-
ing laws of physics are of use in considering the effect of
explosives:

(a) The pressure exerted by a fluid upon the different
parts of the walls of the containing chamber is proportional
to the areas of those parts.

(6) The pressure exerted by a fluid in any direction
upon a surface is proportional to projection of the surface
at right angles to the given direction.

120. Comparative Effects of Blasts.—Since rock
is invariably an inelastic body, whose limit of elasticity is
reached when it has undergone very slight extension or
change of form, it is evident that by the explosion of a
charge in a chamber in the rock there would be no appreci-
able enlargement of the chamber before rupture takes place.

121. Therefore, if J/ denotes the maximum pressure or
shock per unit of surface in the chamber due to the explo-
sion, and A4 and A, projections of twa chambers at right
angles to the direction of the rupture, we can put Pand 7,
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for the absolute forces or pressures acting in the direction
of the rupture, .

P=MA,and P =MA,

when —I—)!——A‘-
ence P

that is, the forces are directly proportional to the area of
the projections; hence, for the use of the same explosive
compound, the projection of the chambers at right angles
to any lines of resistance may be taken to represent the
relative forces which will be developed by the explosion of
charges filling the chambers.

122. This point may be illustrated by reference to
Fig. 44. If C D is a free face of rock and it is desired to drill
a hole and fire a blast so as to break into the face, the question

I IR LG Ll gy

/ ’\-

:?‘\
o

N

70
70
A
e A 7
2«. "":D o
7 ;
0B 7
7 i Vit
g7 1 7.7
= —H 7
o T i b7
z it 2
z 1

1

\\‘
S
R

TRy
NI
S\

SR

—a
L

NN

AL AR
X
RN

CANNNY

RN
N ‘\Q\\
N

o\

NN

AN

© N
RN

FI1G. 4.

naturally arises: At what angle will the hole break best?
If the hole were drilled as at A, and loaded with an explo-
sive for half of its length, the remainder of the hole being
filled with tamping, it is evident that the only surface of
the chamber containing the explosive which is directly pre-
sented to the free face (' ) is the area of the circle whose



§ 41 ' METAL MINING. 71

diameter is 4, as shown at A, Fig. 44 (a); hence, if the
explosive developed its pressure slowly, as in the case of
black powder, the maximum force exerted  towards the free
face C D would have a tendency to force out the tamping,
or cause a pop shot. If the hole had been drilled as indi-
cated at /3 and charged in the same manner, it will be seen
that were the area of chamber containing the charge to be
projected on to the free face C D, there would be an area
having a length of 2 and a width of 4. This area is much
greater than the area of the diameter of the hole, hence
there would be a greater pressure exerted towards the free
face than that exerted upon the tamping. This is the
reason that angling or inclined shots break best. If the
holes had been loaded with a high explosive, as nitro-
glycerin, the effect might have been practically the same
in either case, for, as has been stated before, the high
explosive would have a shattering effect, which would first
enlarge the chamber, and after this the gases, acting in the
enlarged chamber, would throw the material towards the
free face. Blasts charged with black powder rarely, if ever,
break deeper than the bottom of the hole, while blasts
charged with nitroglycerin may break considerably beyond
the end of the hole.

123. Maximum Pressure an Explosive Can
Produce.—By experiments it has been proved that the
maximum pressure or cffect which any explosive substance
can develop is that when detonated )
or exploded in a space which it
entirely fills, that is, in a space equal
to its own volume; hence, to-obtain
the greatest effect from a blast, the
charge should entirely fill the con-
taining chamber.

124. Most Efficient Position
in Which to Drill a Blast-Hole.
—The most efficient position in which
to drill a hole for blasting may be FIG. 45,
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determined by an inspection of Figs. 44 and 45. In Fig. 44
(a)and (&), the holes A and B have been drilled into a free face.
In Fig. 45, the hole Z has been.drilled parallel to a free face.
If all three holes were the same size and the charges of explo-
sive occupied the same proportion of each hole, their relative
efficiencies in regard to breaking would depend upon the
pressure each hole would exert towards the free face. In the
hole A, Fig. 44, we have seen that the projected area of the
powder charge towards the free face was simply the area of a
circle whose diameter is &. In the case of B, we have seen
that the projected area of the powder charge towards the
free face was a rectangle of the length @ and the width .
In the case of £, Fig. 45, the projected area of the powder
charge towards the free face C /) will be a rectangle whose
length is ¢ and whose width is & (or the diameter of the
hole). As ¢ isthe length of the powder charge, it is evident
that no greater projected area could be presented towards
any free face, and hence, if the line of resistance r were the
same in all three cases, it is evident that the hole £,
Fig. 45, occupies the most efficient position possible, and
the hole A, Fig. 44, the least efficient position possible.

Fig. 46 is a plan of the blast-hole £
shown in Fig. 45. The angle a & ¢
shows the shape of the mass of rocks
which would be ejected from such a
blast with the use of black powder.
High explosives, such as nitro-glycerin,
might possibly break somewhat deeper
than the original hole /7.

When employing black powder in
blasting, the maximum which can be
expected from any blast would be to
throw out the triangle of rock ¢ d e,
Fig. 44 (¢), from the blast-hole 3, but
in practice, when only single shots are
fired, the amount of rock is always less than this, the line
actually broken towards the free face always falling between
¢ and .

F1G. 46.
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125. Relation of Diameter of Hole to Line of
Least Resistance.—It is evident that if the diameter of
the hole 4 remained the same, and the line of the least
resistance 7, Fig. 45, were increased, we would soon reach
a place where the charge of explosive would fail to break
out the rock before it. In order to increase the effect of a
charge towards any free face, we must increase the projected
area of the powder charge in that direction. It is not con-
sidered good practice to have a powder charge occupy more
than one-half of the hole; hence, in order to increase the
projected area of the powder charge, we must increase
the diameter of the hole. From this it will be seen that as
the distance r increases, the diameter of the hole & must be
increased; or there must be a chamber formed at the lower
end of the hole in which the powder charge is to be con-
tained, so as to increase the projected area of the charge
towards any free face. This chamber is sometimes formed
by using some form of expansion bit or reamer, but the
usual custom is to introduce a small charge of high explo-
sive, the firing of which will simply enlarge the end of
the hole, as shown in Fig. 47, @ being the chamber in the
hole 4. By continuing this proc-
ess, an opening of sufficient size
to contain the desired charge may
be formed. This operation is called
chambering or squibbing, and by
some this style of blasting is called
‘‘kettle ” blasting and the chamber
is called a ‘‘kettle.” Where large
masses of soft material are to be
loosened, it is common practice to
use dynamite or nitroglycerin fo1 Fic. 47.
chambering the hole and black powder for the blasting.
Holes are sometimes drilled as much as 20 feet deep and
several kegs of powder introduced into the chamber formed
by firing the high explosive. This method of blasting is
used in the open-cut ore mines and in the milling and steam-
shovel mines.
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126. The Effect of Firing Several Holes Simulta-
neously.—Fig. 48 represents two drill holes / and /£’ drilled

FiG. 48.

at a distance IV from the free face 4 5. If these holes
were fired independently, each would break out approxi-
mately the same amount of material, as m/hn or n/l'o. 1If
they are fired together, and the distance D between them is
not too great, they will bring out the entire mass m /2 4'o. It
will be seen from this that by firing two holes together an
additional amount of rock /% /' has been broken with the

Fi1G. 49.

same amount of powder required to break the two masses
m/ltn and /' 0. The distance D between the holes has been
found to vary according to the character of the rock. In
comparatively soft material it is less, and in hard rock
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greater. Fig. 49 illustrates another case. Here three holes
&, /t', /i" have been drilled close together, and each one loaded
with a charge the depth of which will be represented by
H E. Any one of the holes, if fired separately, would not
be able to break through the distance IV, but by firing the
three together,themass ¢ 22" gg' G H ¢' ¢ may be removed.
at one shot. By this means greater masses of rock can be
removed with smaller drilled holes than would be possible
were it not for the combined effect of the several charges.

127. Relation of Diameter of the Hole to
Length of Charge.—By experiment it has been proved
that, as a rule, the length of the charge of explosive for
single holes should not exceed from eight to twelve times
the diameter of the hole; that is, a 1-inch hole should never
have a charge of more than 12 inches of explosive placed in
it. Where several holes are fired together, this rule is
sometimes slightly deviated from. It is usually best to
employ a length of charge between these two limits, as,
for instance, about ten times the diameter of the hole.

128. Influence of Fissures or Joints and Bed-
ding Planes on Blasting.—Fissures or joints and bed-
ding planes, when open, have something the effect of free
faces, and as a consequence they influence the best position
for placing a blast. When possible, the charge of explo-
sive should never be placed in contact with a fissure or
bedding plane, but should be located in the firm rock, in
order to avoid the escape of the gases through the fissure,
thus reducing the effect of the blast.

129. Tamping or Stemming Shot-Holes. — The
material used for tamping or stemming shot-holes_should be
of such a nature that it is not liable to strike fire while it is
being rammed home; that is, any material containing
quartzite or similar hard rock should be avoided. Clay
slightly dried or brick-dust sufficiently moistened to make
it adhere form the best tamping material for powder. A
series of experiments carried out by Sir J. F. Burgoyne as
to the best length of tamping to be used in the holes

F. VI—12
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resulted in the conclusion that 17 inches was the least
amount that could be used in a hole 1 inch in diameter,
18 inches of tamping in a hole 2 inches in diameter, and not
less than 20 inches of tamping in a hole 3 inches in diam-
eter. His experiments were carried on with clay, brick-
dust, and rottenstone, the explosive being blasting-powder.

130. Tamping for High Explosives.—Such explo-
sives as nitroglycerin compounds, which develop their full
power instantaneously, require less tamping than powder,
on account of the fact that the shock is delivered on the
sides of the chamber with sufficient force to burst the rock
before it can have had any appreciable effect upon the
tamping; hence, for such explosives very light tamping is
used, as, for instance, filling the hole with water, or apply-
ing a few inches of clay, or a wad of paper.

131. Bulling Holes.—Sometimes when blasting in
shattered rock with black powder or other low explosive,
the powder gases have such a tendency to escape through
the cracks existing in the material that they produce but a
small proportion of the effect they should. To overcome
these difficulties, a process called ‘‘bulling” is sometimes
employed, which consists in the drilling or boring of the
blast-hole and then working the clay into all the seams or
cracks by means of an iron bar. After this has been done,
the clay remaining in the hole is cleaned out with an auger
and the charge of explosive introduced, stemmed and fired
as though it were in solid rock, the clay which has been
forced into the cracks serving to close them and thus render
the blast more effective.

132. Different Arrangement of Bore-Holes for
Driving and Sinking.—\Where rock-drills are employed,
it is important that the arrangement of holes should be
such as to provide for easy handling of the machines in
boring them; also, the number of holes should be made a
minimum, in order to reduce the drilling expense and the
expense for explosives. With this object in view, two dis-
tinct systems of holes for driving or sinking are used:



§41 METAL MINING. (e

(@) The center cut, which consists of center holes sur-
rounded by others more or less concentric and angled so as
to allow the explosive to move, first, a central core, sump,
or key; second, the rock encircling the core.

(6) Thesquare cut, in which the shot-holes are mostly
parallel to the side of the heading, level, or shaft, which is
given a more or less rectangular form; the holes being
angled so as to admit of the removal, first, of an entering
wedge; second, of the rock on each side of the wedge. The
core or wedge may be removed at the center, side, or
bottom.

133. The Diameter of Holes.—In driving headings
or sinking shafts, experience shows that holes having a
diameter varying from £ inch to 1} inches at the bottom are
most economical in hard rock, if charged with the strongest
high explosive. On the contrary, holes of large diameter,
say 14 to 2 inches in diameter, and charged with strong,
low, and cheap explosive, are the best when operating in
weak rock. All the holes in the heading or shaft should
have the same diameter, and the best arrangement is to
give an equal resistance of rock to each, and to so place
each hole that it will receive the greatest benefit from the
free faces formed by firing the previous holes.

134. The Advance in a Level Shaft or Head-
ing.—In hard and tight rock the best distance for an
advance with each set of holes may be taken at one-half the
width or diameter of the heading, level, or shaft; but in soft
and loose rock this may be increased to three-fourths the
width or diameter. The arrangement of holes must enable
the whole of the rock to be blasted away within the lim-
its of the heading or shaft. If this is not the case, it will
be necessary to set up a machine to drill holes for trim-
ming the opening before the holes for the next advance
can be put in.

135. Key Holes or Cut Holes.—The key holes should
meet or intersect at the bottom and be fired simultaneously
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to give the best effect, as the resistance of the core is a
minimum under these conditions. When the holes meet at
the bottom, the drill breaks up the rock at that point,
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thus enlarging the opening and giving the gases of the
explosion more surface to work upon. (See Figs. 50 and 51.)

136. Center Cut in the Heading.—Figs. 50, 51,
52, and 53 give an example of the placing of blasting holes
of one diameter for the center cut in a 7' 0" heading.
Fig. 50 indicates their position on the face of the heading,
Fig. 53 in the elevation, and Figs. 51 and 52 in plan.
Two plans are used on account of the fact that if all
the holes were drawn on one view it would be confusing.
The holes are shown as they would be drilled by rock-
drills, and are so placed that the breaking line for all the
holes save the first, or breaking-in holes, is the same.
That is, all the holes have an equal line of resistance,
except the first mentioned. Sufficient holes must be bored
to enable the whole section of the rock a & ¢ & to be
removed, giving a lineal advance of 3 feet 6 inches. This
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arrangement of holes enables the drills to be placed to
the best advantage, and either two or four machines can
be used in the same heading. The breaking-in holes are
so drilled as to converge to a point in the "heading, to
insure the removal of the core or piece between them.

FiG. 51, F1G. 52.

It is very difficult in practice to make the holes intersect,
and for this reason four holes are employed, while only
three would, theoretically, be sufficient to make the first
opening. It is also somewhat easier in setting the machine
to drill four holes than to arrange for the drilling of three.
The order of firing holes is as follows: Breaking-in shots
Nos. 1, 2, 3, and 4, simultaneously, then the enlarging shots,
either simultaneously or consecutively (the result will be
precisely the same), in the following order: First volley,
Nos. 5, 6, 7, and 8; second volley, Nos. 9, 10, 11, and 12;
third volley, Nos. 13, 14, 15, and 16; fourth volley, Nos. 1%,
18, 19, and 20. This order gives each hole the full advan-
tage of the free face formed by the preceding holes. It is
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assumed in this case that the rock is fairly hard and homo-
geneous, but small joints or irregularities would not make
any appreciable difference. In the case of weak or bedded
rock, the lines of resistance would be greater, and fewer
holes would be required. If holes 1} inches in diameter

FiG. 83,

at the bottom were employed and all were loaded with 75%
dynamite, about § of a pound would be the charge required
for each hole, and the total amount required for an
advance of 3 feet ¢ inches would be 20 X § 1b., or 15 Ib.

137. Square Cut in the Heading.—Figs. 54 to 57
give an example of the placing of the shot-holes for a
square cut. Fig. 54 illustrates the positions of the holes
on the face of the heading. Fig. 57 is an elevation and
Figs. 55 and 56 are plans. This system of placing the
holes differs essentially from the center cut in that the
first free face is developed for the entire length of the
opening in place of central, as in the method already
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described. Two or four drills can be used to advantage
in drilling the holes for this arrangement. With strong,
hard rock, the diameter of the holes will be about 1} inches
at the bottom, but the four holes Nos. 1, 2, 3, and 4 would
be somewhat shallower than the others. It will also be
noticed that there are only three upwardly inclined or dry
holes to be bored in this arrangement, as compared with
five in the center-cut system. As the drill holes are
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always slightly conical (owing to the fact that each suc-
ceeding drill is of smaller diameter than the preceding),
the four shallower holes would be nearly, if not quite,
1} inches in diameter at the bottom. The entering wedge,
Fig. 55, is best removed in two stages: First, the part
¢ g% by the breaking-in shots Nos. 1, 2, 3, and 4, and then the
part ¢ f/ by the breaking-in shots Nos. 5, 6, 7, and 8. The
order of firing the shots is as follows: First volley, Nos.
1, 2, 3, and 4, simultaneously; second volley, Nos. 5, 6, 7,
and 8, simultaneously; third volley, Nos. 9, 10, 11, and 12,
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FIG. 56.

§ 41



§4 METAL MINING. 83

either simultaneously or consecutively; fourth volley, Nos.
13, 14, 15, and 16, either simultaneously or consecutively;
fifth volley, Nos. 17, 18, 19, and 20, either simultaneously or
consecutively. The effect is practically the same whether
the enlarging shot-holes are fired simultaneously or consecu-
tively, on account of the fact that they are too far apart to
assist each other.

138. Side Cut in Heading.—Sometimes there is a
natural parting at one side of the heading, as when the head-
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ing is following a vein of ore. In such a case the side cut
offers very important advantages, and especially when only
one rock-drill is employed. Fig. 58 illustrates a set of holes
drilled to make an advance of 3 feet 6 inches in a heading
by means of a side cut. The order of firing would be as
follows: First volley, Nos. 1 and 2, simultaneously; second
volley, Nos. 3, 4, and 5, consecutively; third volley, Nos. 6,7,
and 8, consecutively; fourth volley, Nos. 9, 10, and 11, con-
secutively.
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139. Special Arrangement for Throwing Bro-
ken Rock from Face.—Of course, no general rules can be
_ laid down for drill-
i ing holes under all

& S ’ circumstances, as
LS °B: . the rock may vary
e cc , ~ . from point to point
N ¢ in the same drift or
e c,..:\ : heading, and the
e & oon : seams or joints will
AN et always have an
- > effect upon the

Fic. & results. Fig. 59
illustrates a set of holes drilled in the face of a heading,
which bring out another principle. In this case the holes
are fired in the order of their numbers, the holes £, £ being
fired last. It will be noticed that there has been an extra
hole placed at the bottom, and these bottom holes are some-
times overcharged in order that the last shot may have a
tendency to throw the broken rock away from the face. If
the order had been reversed, and the upper shots fired last,
the broken rock would be piled against the face of the head-
ing in the very place where the drill will have to be set up
for the next operation, and much valuable time would be
lost in throwing the broken material back before the
machine could be set up.

140. Blasting in Big Back Stopes.—In blasting in
stopes or open cuts, special methods are sometimes employed,
as, for instance, in the large stopes of the hard-ore mines,
where the diamond drill is sometimes employed for drilling
blast-holes. These holes are drilled 20 or more feet in length
and at an angle, so that the end of the hole is sometimes 8 or
10 feet from the face to be blasted, as shown at a, Fig. 60.
The holes are then loaded with 30 to 100 pounds of dyna-
mite and fired. The drilling per foot is much more expen-
sive than it would be if performed by rock-drills, but the
amount of rock broken per pound of powder and per foot of-
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hole drilled is very much greater than would be the case
where small charges and shorter holes were employed. Men-

PF1G. 60.

tion has already been made of chambering an opening for
large blasts in quarries or underhand stoping.

141. Safety-Fuses.—When black powder is employed,
it is usually fired by means of a safety-fuse. This may
be described as a cord of hemp or gutta-percha containing
a column of fine gunpowder in its center. For use in
extremely wet places, special brands of fuses are provided
which are covered with tape and gutta-percha, or with
special varnish, tar, or similar compounds.

142. Charging a Hole with Black Powder.—An
iron or steel tool should never be used for stemming or
tamping a blast-hole, but a wooden bar, a wooden bar hav-
ing a copper or brass tip, or an iron bar with a copper or
brass head should be employed, so as to avoid all possible
chance of premature explosions caused by an iron or steel
bar striking fire from contact with the material in the hole.
When a drill hole is comparatively dry, the powder is some-
times introduced without any protecting cartridge. In such
a case it is best to place the fuse in the hole before all the
powder has been poured in. The fuse generally has a knot
tied near the end in order to lessen the liability of its being
pulled out of the powder while tamping. It is best to con-
vey the powder to the bottom of the hole through a copper
tube or by means of a copper spoon. When blast-holes are
damp, they may be dried by introducing some dry material
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to absorb the moisture, this being subsequently removed by
means of a scraper; or the powder charge may be enclosed
in a water-proof covering composed of paper or tin. When
the charge of powder is enclosed in paper, the cartridge is
formed by making a bag of paper, introducing the fuse and
powder, and then firmly tying the neck of the bag about the
fuse. The bag can be made water-tight by applying grease
or soap to the joint between the paper and the fuse. After
the charge is ready, it is forced into the hole by means of a
tamping bar and the stemming or tamping rammed on top
of it as usual.

143. Firing Blasts by Squibs.—Blasts using black
powder do not always require a fuse, but are sometimes
fired by means of a squib, in which case the process is as
follows: While charging the hole, a needle is introduced
into the powder in place of the fuse. The needle is simply
a pointed copper wire. After the stemming has been tamped
about the needle, it is drawn out, leaving a hole through the
stemming to the powder. The squib is introduced into this
hole. Squibs are composed of small tubes or straws filled with
a quick powder and having a slow match attached to one end.
The slow match gives the miner time to gct away after
lighting the blast, and when the powder in the squib is
lighting, it shoots a jet of flame through the hole in the stem-
ming and into the blasting-powder. Sometimes the needle
is surrounded by a thin copper or brass tube called a barrel.
This barrel remains in the stemming while the blast is being
fired, and can usually be recovered after the shot. The
advantage of using the barrel is, that it insures a clean, dry
passage for the fire between the squib to the blasting-pow-
der. Squibs are not often used in metal mines.

144. Firing by Detonation.—Nitroglycerin explo-
sives always require detonation by a cap or exploder in
order to develop their full force. Figs. 61, 62, and 63 illus-
trate the method of attaching such an exploder to the end
of a fuse and the placing of it in the cartridge. ‘The
exploders are loaded with fulminate of mercury and are
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slipped over the end of the fuse, after which the upper end
is crimped tightly against the end of the fuse, as shown in

F1G. 61.

Figs. 61 and 62. (Miners sometimes bite the caps on to the
fuse with their teeth. This is a very dangerous proceeding

FiG. 62.

and should never be allowed, as, with strong caps, one of
them exploding in a man’s mouth would prove fatal.) In

F1G. 63.
placing the cap or exploder into the dynamite or giant-
powder cartridge, care should be taken that only about
two-thirds of the cap be embedded in the material of the
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cartridge, as shown in Fig. 63, for if the fuse had to pass
through a portion of the material before reaching the cap
there would be danger of its igniting the material, thus
causing deflagration of the cartridge in place of detonation.
The fumes given off by high explosives are much worse in
the case of burning than in the case of detonating a car-
tridge.

145. Charging a Hole with High Explosives.—
In loading a hole with high explosives, the cartridges are
placed in one after another and pressed into place with a

.
F1G. 64.

wooden bar or a copper or brass ramrod, Fig. 64; the one
containing the cap is the last one introduced into the hole,
and it is pressed down until it rests upon those already
introduced; after this the stemming or tamping is pressed
lightly upon the charge, care being taken not to explode the
primer. In case the cartridges at hand are not of the size
required, the paper coverings may be split open and the
material forced to fill the hole with the aid of the tamp-
ing-bar,
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146. Volley-Firer.—As already mentioned, there is a
decided advantage in firing several holes simultaneously, so
that one may assist the other. Until recently, this has
been possible only with the use of electricity, but there is
now manufactured an arrangement called the volley-firer.
Figs. 65, 66, and 67 illustrate the use of this device and the

F1G. 65.

device itself. The volley-firer consists of a chamber, into
one end of which an ordinary safety-fuse is introduced;
attached to the other end there are a number of instanta-
neous fuses. These are usually in the form of loops, as
shown in Fig. 66. This arrangement enables the miner to
obtain the length of the fuses desired by cutting long or
short ones from the loops, as illustrated in Fig. 67. After
this, ordinary exploders or primers are placed on the ends of
the instantaneous fuses, and the holes are loaded as though
ordinary fuse and cap were being employed. When all is in
readiness, the miner lights the end of the safety-fuse, as
shown in Fig. 65. When the fire reaches the volley-firer, it
is transmitted to the instantaneous fuses and passes through
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them very rapidly to the charges to be fired. Ordinary
safety-fuse burns at the rate of from 1 foot to 2 feet per
minute, while the instantaneous fuse burns at the rate of
120 feet per second. The result is that the shots are fired
practically simultaneously. This method is advantageous

Fi1G. 66. Fi1G. 67.

where simultaneous firing is required for a short time only,
for electric fuses are cheaper than instantaneous fuses, but
an electric battery is quite expensive; hence, for a small
amount of work the instantaneous fuse might be preferred,
while for continuous operation the electric system would
certainly be preferable.

147. Electric Blasting.—The method of electric
blasting, as used in Anerica, depends upon the generation
of a current of electricity by means of a small magneto-
electric machine, which is really a small dynamo. This
current is carried through wires to the charge to be fired.

148. Electric Exploder.—Fig. 68 illustrates one of
the electric exploders. The wires .4 and 5 bring the elec-
tricity to the exploder; /72 is a cement (usually sulphur)
placed in the cap to protect the explosive compound and to
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keep the wires in place. The ends of the wires are con-
nected by a short piece of platinum £. (' is the explosive
compound, which is usually composed of mercury fulminate.

Fic. 68.

The explosive compound and cement are contained in a
copper shell, as shown. When the current of electricity
passes through the wire £, it heats the platinum, thus igni-
ting the explosive.

149. Battery.—Fig. 69 illustrates a common form of
magneto-machine (frequently called a battery). Fig. 69 (a)

(a) (%)
F16. 69.

is a side view and Fig. 69 (4) an end view of the machine
F. VI—13
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In both cases part of the woodwork has been removed so as
to show the interior arrangement, which may be described
as follows: A is the principal magnet; B is the armature
revolving between the poles of the principal magnet; C is
the loose pinion (the teeth of which engage the rack-bar),
which is arranged with a clutch, so that as the rack-bar
descends the pinion will cause the armature to rotate; F is
the commutator. At £ there are two platinum bearings,
one on the upper face of a spring D and the other on the
under side of the yoke £. As the rack-bar is descending,
the current flows through the spring and the yoke without
affecting the outside circuit. At the moment the rack-bar
comes in contact with the spring D, it breaks the connection
between the platinum bearings and sends the full strength
of the current through the outside circuit, which contains
the fuse in the caps for firing the blasts.

150. Placing the Cap.—Fig. 70 illustrates the method
of placing an electric exploder or cap in a cartridge of giant
powder. The cap is placed either in the bottom or at the
side of the cartridge, as illustrated at A,
the hole to receive it having been made
with a sharp stick or lead-pencil. After
this is accomplished, the blasting wires B
are tied firmly to the cartridge, as illus-
trated at C. In firing giant powder by
means of electricity, there is no danger of
the wires setting fire to the powder, and
hence the exploder can be placed well down
in the cartridge. Sometimes, when a long
charge in a very deep hole is to be fired,
two or more electric exploders are used in
the same charge, one cartridge containing
an exploder being placed near the bottom
of the hole and another near the top. The
method of loading holes for firing by elec-
tricity is the same as that described for firing with fuses.
Care should be taken to see that the lead wires are not in

F10. 70.
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contact with the damp earth at any point, also that in
tamping the hole the wires have not been broken or the
covering materially injured and the wires brought into
contact with each other or with the damp ground.

151. Connecting Up and Firing the Blast.—After
the blast-holes have been loaded and the fuse wires are pro-
jecting above the surface of the rock, they are connected by
means of connecting wires in such _se

a manner as to leave one freec wire i 4

at each end of the series to be ( 4

fired, as at 4, &, Fig. 71, a, a, etc. Q=7 ‘ 5
being fuse wires leading down- s Yo o L
wards to the charges to be fired. Fie. 71.

After all is in readiness, the leading wires are connected to
the loose ends 4, 4, and when every one has left the vicinity
of the blast to be fired, the other ends of the lead wires or
cables are attached to the blasting machine. Some blasting
machines are provided with three screws on the outside, to
which cables can be attached. When only a small number
of blasts are to be fired, one of the cables is attached to the
middle screw and the other to the outside, as illustrated in
Fig. 71. When a large number of blasts are to be fired, the
cables are arranged as shown in Fig. 72, @ a, etc., being one

Fi16. 72.

series of blasts, and & 4, etc., being another series of blasts.
The wires on the outside screw are attached to the ends of
the entire series, as in the previous case, while the wire from
the central post or screw is attached to the center of the
series of connecting wires, as at ¢. By this arrangement, a
larger number of blasts can be fired with a given battery,
and the size of the lead wires or cables is very much reduced.
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Fig. 73 shows a man in the act of firing a blast. This is

accomplished by lifting the handle G, Fig. 69, up to its full

height, and when everything is in readiness, pushing it down-
wards, for the first half inch or so
slowly, and then with full force.
When the rack attached to the
handle reaches the bottom of
the box, it breaks the contact
between the poles at %, Fig. 69,
as has already been explained,
and sends the current through
the exploders in the blasts to
be fired.

When firing a blast by means
of a battery, the handle or rack-
bar should never be churned up

-- and down, but should simply
be given one vigorous stroke,
as directed. Most batteries are

made to fire with a downward stroke as described, but
some fire with an upward stroke of the handle, while others
have a crank in place of the rack-bar. Great care should
be taken in handling a battery to see that it is always clean
and that it is never abused or played with. The strength
of the battery should be tested from time to time by means
of a test lamp or galvanometer. Test galvanometers are
furnished, by means of which the circuit and the fuses
can be tested to see if any breaks exist, previous to firing
the blast.

F16. 78.

152. Remarks on Firing Blasts by Electricity.—
To insure success in firing a blast by electricity, the follow-
ing points should be observed:

1. That the battery wire and primers are suitable to
each other. (Never use primers of two different kinds in
the same blast.)

2. That the battery is of sufficient power to fire all the
caps or primers connected at one time.
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3. That the electric fuses or primers are kept in a dry
place, and that everything is kept as clean as possible.

4. That all the joints at connections and points of contact
of the wires are well made, and that the surfaces are clean.
Also that the joints in one wire do not touch those in
another.

5. That the wires do not kink or twist so as to cut the
insulation during the process of tamping. (If the insulation
is cut, the fuse is useless for wet ground or a wet hole and
should be laid to one side.)

6. That the operator’s hands do not touch the terminals
of the battery when firing.

7. That the battery is not connected to the leading wire
or cable until every one is in safety.

153. Explosives.—A good explosive must be reason-
ably safe to handle, transport, and store under ordinary
conditions, and must be able to stand such fairly rough
usage as it may be expected to meet with. It should
also not give off actively poisonous gases or vapors nor
deleterious ones, either before or after the explosion.

154. Black Powder.—Whiie there are so many dif-
ferent makes of explosives that it would be impossible to give
a description of each by name, a description of a few of the
general classes may be of interest. (1) Those belonging to
the slow-rending class of powders which are commonly
known as black powder, and consist of mechanical mixtures
of charcoal, sulphur, and saltpeter or nitrate of soda. The
percentage of the various ingredients varies from 12% car-
bon, 8% sulphur, and 80% saltpeter for quick or *‘sporting”
powders, to 20% carbon, 16% sulphur, and 64% saltpeter for
slow-acting blasting-powders. There are various grades
between these limits which are manufactured for special
purposes; the ingredients for the powder are mixed together
and compressed into solid cakes, which are then broken up
into grains, sized and glazed preparatory to being shipped.
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155. High Explosives.—The next general class of
explosives is the high-explosive class, and they are all nitro-
compounds, and most of them are nitroglycerin compounds
with some inert substance, or with some substance which
will absorb the nitroglycerin; as, for instance, Atlas A is
composed of nitroglycerin 75%, fiberless wood 214, nitrate of
soda 2%, and magnesia 2%, while some of the giant powders
contain nothing but nitroglycerin and some absorbent com-
pound. Dynamite is ageneral name given to the compounds
of nitroglycerin with various substances, and is sometimes
called giant powder. Rackarock powder is composed of
nitrobenzol 22.3% and chlorate of potash 77.7%. This pow-
der is manufactured in two parts, the nitrobenzol being a
fluid which can be added to the solid ingredient by the party
using the material. There are a great many other nitro or
nitroglycerin compounds, some of which are claimed to be
stronger than the pure nitroglycerin.

156. Safety Powders.—There is a third general class
of powders called safety powders, which are special com-
pounds intended for use in gaseous mines. The point aimed
at in the manufacture of such explosives is to so constitute
the compound that ignition will take place without the
extremely high temperature which so often occurs with
explosives of this class.

157. Storing of Powder.—In regard to the storing
of powder there are several points of importance: While
nitroglycerin is a liquid with a high boiling-point, it evap-
orates sensibly at temperatures a little over 100° F., and
on this account dynamite or giant powder should never
be heated to a point much above this limit. As a rule,
powder should be stored in a dry place having a fairly
even temperature. Stoves or steam-pipes should never be
allowed in a building in which the powder is stored, but
if this building requires artificial heat, it should be imparted
by means of hot-water pipes, and the temperature should
not rise above 100° F. When dynamite is being used on a
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large scale during the winter, it is well to provide a special
thawing room, which will be kept at a temperature of
between 80° and 100° F. and in which one or two days’ supply
of the material can be kept, so that it will always be ready
for use.

158. Thawing of Powder.—All the nitroglycerin
compounds freeze at 42° F., below which temperature they
can not be depended upon, and will either fail to go off
entirely or will give only imperfect and unsatisfactory
results; hence, in cold weather all compounds containing
nitroglycerin have to be
thawed or brought to a
temperature above 42°
Giant powder should never
be thawed before an open
fire; a good method of thaw-
ing it is to employ one of
the special devices manu-
factured for the purpose, ¥
as illustrated by Fig. 74.
This consists essentially of
a metal pan having tubes which pass clear through it. The
tubes are surrounded by water, and the whole is so arranged
that a miner’s lamp or a candle can be placed underneath
the pan to keep the water warm. When in use, the holes 2
are filled with sticks of powder, the space surrounding
them being full of water, after which the cover 4 is slipped
over in such a manner as to keep the giant powder from fall-
ing out of the tubes. Then a lamp or candle is placed under
the pan and the powder will soon be ready for use. These
thawers are especially useful on account of the fact that
they can be carried from place to place in the mine, and
the warm water in the portion surrounding the tubes will
keep the powder in good condition for some time, even
without the introduction of a lamp under the pan.

F16. 4.

159. Sometimes giant powder is thawed by introducing
a small steam-pipe into a barrel or box of water, the powder
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being placed in a tin vessel which floats in the warm
water. Miners sometimes keep the powder warm by carry-
ing it in their boots or inside of their clothing, but this is
not to be recommended, as some of the powders contain
substances which are poisonous and may in time cause seri-
ous trouble.

160. Bilasting Gelatine.—A classof explosives known
as blasting gelatine, or gelatine dynamite, have been brought
out lately which are much stronger than liquid nitroglycerin.
Some of them have the additional advantage that they are
not injured by cold, hence do not require thawing. They
are all plastic, which is a great advantage in placing them
in the drill holes. Another advantage possessed by some
of them is that they are unaffected by water. If any of
the nitroglycerin compounds are submerged in water, the
water will immediately begin to dissolve out the nitroglycerin
and the explosive soon loses much of its force. These
blasting gelatines can, as a rule, be handled somewhat more
roughly than dynamite, and they require special caps or
special electric exploders to produce the detonation neces-
sary to develop their full power. When detonated by a cap
of sufficient strength, the fumes resulting from them are
practically harmless. Another advantage of some of the
compounds is that while they possess such great power,
they do not act quite as rapidly as nitroglycerin, and hence
have more of a rending and less of a shattering effect.

161. Bulk of the Explosive.—For blasting in hard
rock, the commercial value of an explosive depends chiefly
upon the effect a given bulk of it can produce, as the cost
of the holes or chambers which have to be bored depends
on these qualities. For instance, if a given number of
cubic inches of gunpowder produces only one-quarter the
effect of the same number of cubic inches of dynamite, it
is evident that fewer holes or smaller holes will be required
when blasting with dynamite than when blasting with
gunpowder.
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162. Plasticity.—A very valuable quality in an explo-
sive is plasticity, that is, it should be so soft that it can be
made to take the shape of the hole in which it is to be
used. A bore-hole can not be charged with any rigid explo-
sive without leaving air-spaces in the charge, causing a
loss of blasting power.

163. Blasting Building Stone.—When the cohesion
of a mass of rock is small (as when it is cut up into
blocks by joints or natural divisions, as is the case in much
rock used for building material), a bore-hole of small diameter
will contain sufficient gunpowder or low explosive to crack
and move the rock from its bed. There is evidently a
great advantage in using this explosive, as it is cheaper
and has less tendency to shatter the rock.

164. Products of an Explosion.—The gases given
off by an explosion of gunpowder are carbonic acid gas, CO,,
nitrogen gas, /V, carbon monoxide, CO, and hydrogen gas,
H, all of which will injure the ventilation of a mine, while
the carbon monoxide is an actively poisonous gas. Some
of the high explosives give other compounds, and in the
case of an imperfect detonation or explosion, the gases
which result are very much worse than those resulting from
perfect combustion. As all explosives are burned, and as
the products of all combustion are compounds without
free oxygen, it is evident that the gases from any powder
will injure the quality of the air, even if they are not
actively poisonous, and on this account arrangements must
be made for the removal of powder gases by means of
currents of fresh air.

165. Adapting the Explosive to the Work.—
When using powder for blasting, care must be taken as to
the amount of explosive employed. An excessive amount
of high explosive produces a large proportion of fine mate-
rial, and when mining ores which occur in crystals, such as
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the ores of zinc, lead, etc., the use of too much strong
powder is liable to cause great losses of fine material. It is
sometimes best to use two or more grades of powder in the
same mine; as, for instance, a high explosive for sinking
and drifting in the hard country rock, and a low-grade
explosive for mining the mineral.

166. Lighting the Fuse.—In firing blasts by means
of fuse, where it is desired to have the shots follow one
another, the fuses are made of various lengths and then all
lighted at one time. If an ordinary fuse is simply cut off
on an angle and lighted by means of a match, it is some-
times difficult to start the powder, and on this account the
miner may have to
leave before he has all
the shots lighted. In
order to make sure that
the fuse takes the fire, a
number of devices are
used. Sometimes the
end of the fuse is split,
as shown at @, Fig. 75,
and a small wedge or
piece of giant powder
introduced. When
giant powder is lighted,
it simply burns with a
very bright and fierce
flame, and hence a small piece burned at the end of the fuse
is almost sure to properly ignite it. Another scheme is to
use pieces of candle-wicking dipped in kerosene, whick are
twisted about the end of the fuse, as shown at a, Fig. 76.
After all the blasts are ready and the fuses in place, these
pieces of candle-wicking are adjusted, and the miner can
light them all very quickly by simply passing his lamp from
one to another. The burning of the oil on the candle-wick-
ing burns through the fuse and lights it.

Fi1G. 75.
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MINE TIMBERING AND UNDERGROUND
SUPPORTS.

FI1G. 7.

TIMBERING.

NARROW DEPOSITS.

167. Stulls.—Forms of timbering for shafts and tun-
nels have already been described. The principal openings

FI1G. 78.

of a mine from which the ore

//'.15 extracted, that is, slopes and

# breasts, usually require some

] support, either timbering or fill-

ing. The simplest form of tim-
bering for use in stopes is a stull
or post, which is set across the
vein or deposit to keep the hang-
ing wall or roof in place. Fig. 77
illustrates a stull at @, on
which lagging has been placed
to hold the broken ore as it is
mined from above. Stulls are
placed either at right angles to
the deposit or at a slightly
greater angle,so that should
the hanging wall have a
tendency to settle, it will
tighten the stulls. Stulls
are used in overhead stoping
for supporting the stages
on which the men stand
while working.

168. Helped Stulls.
—Fig. 78 illustrates a stull
in a wide vein, where it has
become necessary to use

IRCRRCEN
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some additional support in the form of a brace ar post as
shown at 4, the brace or post bearing against another stull
at ¢, the two together supporting the stull a.

Fi16. M. F16. 80,

169. Saddlebacks.—Another method of accomplish-
ing the same thing is shown in Fig. 79, in which case two

F10. 81. Fi6. 8.
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diagonal braces 4 and ¢ meet at the center to support the
stull a. These braces supporting the stulls are sometimes
called ‘‘saddlebacks."”

170. Plates or i (Bd}
Sills.—If one wall of b
the deposit is soft, it ?
may be necessary to
use plates or sills ‘
against that wall, as £ el
illustrated in Fig. 80. *

171. Posts and
Rough Square Sets.
—When both walls are
of a weak or treach- Fic. 8.
erous nature, it becomes necessary to support both ends of
the stull upon posts. Fig. 81 represents such an arrange-
ment, the stull @ being also provided with saddleback
braces 4 and ¢. Sometimes this arrangement of support-
ing the stulls by means of posts is continued on up the
stope and becomes practically a rough system of square
sets, as illustrated by Figs. 82 and 83. Fig. 82 is a cross-
section of a stope timbered in this manner, and Fig. 83
is a longitudinal section showing the position of the timbers.
S S i i a are the stulls, sometimes called
;-i{" ?:::.;.- ".égg.k‘.::}:}‘i-ﬂ:.' caps. The timbers 4 are the posts,

X SRR G X% and ¢ are the sprags, which are
used to keep the stulls from mov-
ing in the direction of the length
of the stope. The principal dif-
ference between this system of
timbering and the square-set

. system, which will be explained
777777777 . later, is that the caps or stulls
W%M always reach entirelyI across the
VRO 012% deposit, the posts and sprags being

F10. 84 cut to fit the stulls or caps. One

7
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or both walls may require lagging. In the illustration,
Fig. 82, both walls are lagged.

172. Posts and Breast Caps.—In working com-
paratively flat deposits which are only a few feet thick,

FiG. 85.

posts and breast caps, or breasting caps, are sometimes
employed. Fig. 84 illustrates such an arrangement as
applied to a drift gravel mine. By referring to Fig. 39,
the application of posts and breast caps to the mining of
zinc ore can be seen. Where the deposit is somewhat
thicker, or is very irregular, it is frequently mined by
means of drift sets such as shown in Fig. 85. Fig. 39
illustrates the application of drift sets to the removal of
irregular and ‘‘pockety " deposits.

SQUARE SETS.

173. Origin of Square-Set System of Timber-
ing.—Stulls can not be used in large openings on account
of the fact that timbers of sufficient size to retain the walls
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in place could not be transported through the shaft and the
mine passages to the stopes. The difficulty of supporting
wide or large openings led to the invention of the American
square-set system of timbering, which is really an out-
growth of the system illustrated in Figs. 82 and 83; that is,
it is composed of stulls or caps supported on posts, and

FIG. 86.
having sprags to keep the caps in position. Fig. 86 repre.
sents the square-set system of timbering as applied to the
Comstock Lode at Virginia City, Nevada. This system really
consists in taking out square blocks of material and replacing
them by sets of timbering. In this way a substantial frame-
work of timbering follows the mining operations, which are
always carried on by overhead stoping.

174. Methods of Placing the Timbers to Resist
Different Pressures.—When applied to steeply inclined
deposits, as shown in Fig. 86, the foot and hanging wall
may require lagging, as shown on the foot-wall, Fig. 86,
and on both foot and hanging wall, Fig. 87. Also, when
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applied to inclined deposits, diagonal braces ¢, Fig. 87, are
sometimes employed. This system of timbering consists

FiG. 87.

essentially of sills &, which are made long enough to pass
under two or more posts, so that when the timbering of the

' Il

Fi1G6. 88.

stope below comes up to support the timbering of a giver
stope, these long sills can .be taken up and supported with
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less difficulty than would be the case if short sills were
employed. On these sills the posts 4 are placed, and at the
top of the posts the caps @; ¢ are the wall-plates, which carry

Fi1G. 89.

lagging for the support of the inclined walls; ¢ are the diag-
onal braces. In the lower half of Fig. 87, the timbering is
framed for pressure from above and the legs are continuous,

F1G. 90.

one resting against the other, while in the upper portion of
the illustration, the timbering is framed to resist side pres-
sure, the caps being continuous and butting one against the

F. VI—14
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other, while the legs are simply mortised into the caps.
The sprags or girts can not be seen in Fig. 87.

175. Forms of Joints.—One method of joining the
timbers for square sets is illustrated by Fig. 88. In this
case the caps and posts are both 12’ X 12" timbers, while

Fi6. 91.

the ties or girts are 10" X 10" timbers. Fig. 89 illustrates
a set of timbers in place, 3, B being the caps, C, C the ties
or girts, and 4 the posts. The dimensions of the various
faces of the joints are shown in Fig. 90. Fig. 91 illustrates

Fi1G. 9.

a method of framing the joints, which is somewhat simpler
than that illustrated in Figs. 88 to 90. In this case the tie or
girt is composed of 10" X 12" timbers, and posts and caps are
both 12" X 12”. When the sets are erected, they would look
like those shown in Fig. 89. The dimensions for the various
faces in this form of joint are shown in Fig. 92.
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1786. Sills.—In place of using a regular cap for the
first timber on which the posts are to rest, the common
practice is co frame special sills as shown in Fig. 93. In
this case the sill has been made continuous under several

=y

posts, and this form has the advantage that when the work
from below comes up under the timbering of any stope, it
is easier to support the upper timbering where the sills are
continuous or where

they are joined under

the posts, as showh

in Fig. 93at 4. The

sills are sometimes

called ‘‘ mudsills.”

177. Forms Ap-
plicable to Mines
Producing Rich
Ore. — The square-
set system of tim-
bering proved very
effective in the mines
where it was first ap-
plied, but it was
found necessary to
fill most of the stopes
with rock before all Flc. o1,
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the deposit could be removed. The timbering as used
in Nevada was practically all made from sawed material,
and the form of joint, etc., illustrated in Figs. 86 and 87
are especially applicable for mines producing very rich ore.
178. Use of Round Timbers.—When the square sets
were applied to mines. producing low-grade material, it
became necessary to reduce the timbering expense as much
as possible, and hence round timbers came into use. Fig. 94
illustrates a cross-section of the timbering in one of the Cal-
ifornia mines, and

i Fig. 95 a longitudinal
section. This is really
a modified square set.
i It will be noticed that
in place of the caps, a
} double set of ties or
" sprags is employed.

The timbers as used

in this mine are very

= heavy, the posts being

b g flet long and from

| 18to 24 inchesin diam-

eter. In other cases

the length of the legs

or posts has been re-

duced to 7 feet or 6 feet

6 inches. Fig. 17,

Art. 58, represents

square-set timbering

formed from round

logs, as used in one of

Fic. 8. the Michigan iron

mines. In this case the sprags or ties were replaced by
timbers the same size as the caps, and these timbers were
framed exactly like the caps, as shown in Fig. 96, the
dimensions being as follows: ¢ and f each 10 inches; , ¢,
and 7 each 2 inches; a to suit the size of the legs; and 4 any
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convenient angle, usually 45°. These sets were so framed
that the dimensions, center to center, were 8 feet in all direc-
tions, hence all the legs were 7’ 2" long and the other sticks

FIG. 9.
710" in length. Some mines use a somewhat shorter stick,

making the sets 7 feet from center to center. In these
mines no diagonal braces are used in the sets, and it was

Fro. 97.
found best to allow the legs to bite the girts and caps, as
by that means the girts and caps were held firmly and had
less tendency to spread or go out.
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179. Patent Round-Tenoned Square-Set Tim-
bering.—A form of timbering as illustrated in Figs. 97
and 98 was patented and introduced into a number of mines

Fi1G. 98.

a few years ago, but in
most cases it has proved
a total failure on account
of the following facts:
The ends of the posts
rested against each
other, as at a, Fig. 99,
and as the distance
between the shoulders
which were supposed to
bite the ends of the caps
was exactly 7 inches, it
frequently occurred that
a little dirt or something

kept the joints at @ from making perfect contact, and the
caps simply rested loosely between the shoulders; also
the bearing on the portion ¢ was frequently forced out of

contact, on account of dirt falling
between the timbers while they were
being placed. When side pressure
came upon the stopes in an uneven
manner, the caps and sprags had a
tendency to rotate about the pin q,
thus throwing the timbering out of
line, and finally resulted in the
destruction of the entire structure.
This patent timbering could be
framed at from 30 to 75 cents per
set (the sets being composed of 5
pieces, 2 legs and 3 caps, the caps
and girts being alike), depending
upon the number of sets put through
in a month; but owing to the diffi-

culties above mentioned, it had to be abandoned, and the
mines still using the square-set system have returned to the

square face, as shown in Figs. 17 and 96.
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180. Timber-Framing Machine.—The faces of the
timbers for square sets may be dressed by hand or by
machinery. Fig. 100 illustrates a machine for framing

F16. 100.

timber for square sets from either square or round timber.
The stick is placed in the machine and secured by means
of the dogs &, d. Large saws a, a are so placed that they
will cut the stick to the exact over-all length. The four
saws b, & (one of which is out of sight) cut down the
shoulders on the stick, and the four saws ¢ form the ver-
tical faces of the shoulders. After the stick has passed
through the saws once, it is drawn back into the position
shown, and the entire frame, dogs and all, swung through
an angle of 90°, when it is fed to the machine once more
so as to cut the shoulders on the other side of the tenons.
The stick shown in the illustration is finished and ready
for removal from the machine. The saws a and & are
cross-cut saws and the saws ¢ rip-saws. All the saws can
be adjusted within certain limits; so as to cut various styles
of tenons. The use of a framing machine insures the faces
of the tenons on both ends of the sticks being perfectly par-
allel, of the same size, and of the standard length. On
these accounts it is possible to frame the joints more exactly
to size than with hand framing.

181. Advantages of Using Machine-Framed
Timber.—When the timbers are framed by hand, the joints
are always cut a little free to allow for any unevenness in
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the surfaces, and when they are cut by machinery, they are

sure to be of the proper size. As timber does not shrink in

the direction of its grain,

it is evident that where

the posts have tenons

" which meet, if the caps

' shrink slightly they

will become loose in the

space between the shoul-

ders. ~ Fig. 101 illus-

trates this point; a, a are

the posts and &, & the

caps; the posts have

F16. 101. tenons ¢, ¢, which meet

as shown, and the ends framed on the caps just fill the

spaces between the shoulders at 4, 4. Now, if the tenons

on the ends of the caps shrink, they will not fill the space

between the shoulders d, &, and there will be an open space

as indicated by the dotted line. If the endsof thetenonse, ¢

on the caps &, & fit tightly against the tenons ¢, ¢ on the

ends of the posts, when these tenons shrink there will be an

open space as indicated by the vertical dotted lines. From

this it will be seen that if the timber is cut green and framed

to the exact size, subsequent shrinking may open some of the

joints; but as most timber is kept damp in the mine, this

action rarely causes much trouble, and if its results are

feared, the tenons ¢, ¢ may be made a trifle short, so that

the shoulders &, 4 on the posts will bite the tenons ¢ on
the caps.

182. Precautions to be Taken in Placing Tim-
ber.—In placing any mine timbering, great care should be
taken to see that all the legs are vertical and that the sets
are kept in line. In the use of square sets, when caps and
sprags are made alike, it is well to place the top lagging
of one sct on the caps, and the lagging of the next set
on the sprags, thus reducing the tendency to break the
timbering.
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MISCELLANEOUS TIMBERING.

183. Timber Pillars or Cogs.—At times in large
stopes having comparatively good roofs, it becomes neces-
sary to build artifi-
cial pillars or bulk-
heads to support the
roof. These are
either cribs of solid
timber, piled up log- ‘
house fashion, or |
they are cribs piled
up log-house fashion
with some space
between the tim- Fic. 103.
bers, this space being filled with waste rock. Fig. 102
illustrates such a timber crib or cog.

184. Size of Timbers for Stopes.— Formerly an
attempt was made to support the openings entirely by means
of timbering. This necessitated the use of very large tim-
bers. In some cases the timbers were 20" X 20" or 20" X 28"
when sawed timbers were employed, and when round tim-
bering was employed, sticks of from 24 inches to 30 inches
in diameter were very common in some localities. With the
use of these large logs, no attempt was made to fill the mine,
but the difficulty of handling such heavy timbers under-
ground, together with its great expense and the fact that
even this heavy timber is not always sufficient to keep the
ground in place, is leading more and more to the use of
small timbers with subsequent filling, or with the caving of
the old workings after the ore is removed. 12" X 12" square
timbers are successfully used in most of the mines at Butte,
Montana, the stopes being subsequently filled with waste
material.

185. Timbering of Drifts.—Drifts in mines are tim-
bered in a manner similar to that employed for tunnels, but
the drift sets are usually lighter, and the drifts are as small
as is consistent with the passage of the cars. This is
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especially true in the precious-metal mines. Fig. 103 illus-
trates a drift set framed from square timber and used in one
of the Colorado mines. Fig. 104 illustrates a drift set framed
with round timbers and also used in one of the Colorado
mines. Fig. 85 illustrates a small drift set framed from

F1G. 108, F16. 104.

round timbers and sometimes used for the removal of the
entire deposit by the process called drift mining, as illus-
trated in Fig. 40, Art. 89.

186. Vertical Posts in Drift Sets. — Where the
drifts are to connect with stopes, and may themselves ulti-
mately become a portion of the stopes, it is common prac-
tice to use the regular stope timbering in the drifts and to
frame the posts and caps just like those in the regular drift
sets. In this case the posts of the drift sets will be vertical.
Fig. 105 illustrates a drift or tunnel set framed from square
material, in which the posts are perpendiecular. The tracks
in this drift are slightly elevated, in order to provide a water-
drain over the sill timbers and at one side of the track.
Water-drains, when necessary in drifts, may be constructed
under the sills or over the sills. In the latter case, the total
height of the drift must be increased, so that the miner will
have headroom when walking upon the track.
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187. Points to Observe in Determining the
Cross-section of a Drift or Tunnel.—In determining

P1G. 108. F1G. 106,

the cross-section of any drift or tunnel,it is especially neces-
sary to take care that space is provided for all air-pipes,
water-pipes, or wires that may be carried through the drift
or tunnel.

188. Square-Set Timbering for a Raise.—Fig.106 -
illustrates the framing of square sets for a raise, as used in
one of the Colorado mines,
the larger compartment being
for an ore chute and the smaller
one for a ladderway.

189. Cribbing for a
Raise.—Raises are frequently
cribbed, as illustrated by
Fig. 107.

190. Timbering for a
Shaft Station.— Shafts for
metal mines differ from those .
for coal-mines on account of the FIG. 107.
fact that the material usually has to be hoisted from a
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number of levels, and at these various levels, plats, sta-
tions, or landings have to be provided. On this account,
the extensive shaft bottoms so common in coal-mines are
rarely met with in metal mines, though with the use of
double-deck cages, it may become necessary to provide two
landing levels at each station where such cages are loaded.
Fig. 108 illustrates one style of timbering used in opening
out a landing from a shaft which has been timbered with
square sets. The ordinary shaft timbering is carried to a
point at the bottom of the proposed level, and here the large
stulls shown at a are placed into hitches prepared in the
sides of the shaft. The shaft and its timbering are then

F1G. 108.

carried far enough to provide a good sump, or the sinking
may continue to the next level. When the opening for
the landing is started, it is necessary to remove the shaft
lagging, if any has been placed, and after this a 10" x 10’




§ 4 '~ METAL MINING. 119

post & is bolted against the shaft timbering at each side
of the proposed opening, and another post is bolted against
the regular posts between the hoisting compartments. A
10” X 10” cap ¢ is then placed across the top of these posts,
after which the portion of the wall-plate crossing the pro-
posed opening may be sawed out. The station is then tim-
bered as shown in the illustration, the height of the timber-
ing being gradually brought down to that of the drift with
which it connects. The advantages of this method of open-
ing out are:

1. Itis much easier to continue the shaft by means of
the ordinary sets than it is to place special sets with long posts
where the opening is desired. This is especially true when
working in bad ground.

2. If it were desired to push the shaft on to the next
level before commencing the opening, this portion of the
shaft timbering would be exactly like all the rest; and if later
it were found best to change the position of the proposed sta-
tion, there would be little trouble in introducing the neces-
sary stulls at the desired point and opening out the level in its
new position.

191. Station in Inclined Shaft Timbered with
Stulls.—Many metal mines use inclined shafts or slopes
and hoist the ore by means of skips. In some cases the
mining cars are dumped into the skips at different levels,
as shown in Fig. 109, which illustrates a plat or landing in
an inclined shaft where the formation is particularly strong
and the shaft is small. The shaft timbering is composed
simply of stulls @, no caps or lagging being employed. The
plat or landing is also supported with stulls placed in
hitches cut in the rock, and the car-track from the level is
brought across the top or hanging-wall side of the shaft, as
shown at 4. The track for the skip is supported on stringers,
which are fastened to cross-sills that are spiked to the upper
side of the bottom of the stulls, as shown at ¢. The shaft
illustrated is a two-compartment shaft, the total excavation
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being 5 feet L'y 11 feet, one compartment being used as a
hoistway and the other as a ladderway.

F1G. 109.

192. Timbering Pockets at Shaft Stations.—In
some cases bins or pockets are provided at the levels and the
mine-cars dumped into these bins or pockets, the skips in
turn being filled from the pockets and dumping automatically
into pockets at the surface. This method makes the tram-
ming of the orc o021 any level independent of the hoisting for
a limited time, for the pockets contain a sufficient amount of
ore to supply the skip for a short time while the tram-cars
may beidle; and, on the other hand, if the skip is engaged in
serving other levels, the tram-cars can continue their work
by dumping the ore into the pockets. Fig. 110 illustrates one
method of timbering a plat and pocket. These pockets are
generally arranged in such a manner that the mine-cars can
come to them from both directions—that is, from drifts
directly in front of the shaft, as at a, or from drifts at the



011 ‘014
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sides of the shaft, as at 5. The timbering of these pocket
stations has required a great deal of study, on account of
the fact that in many cases the plat or station has to be very
wide. In Fig. 110, it will be noticed that the cap over the
drift 4 is composed of two 12' X 12" timbers and one
10" x 12, placed one on top of the other. This cap has to
carry two of the main timbers supporting the roof of the
station.

193. Taking Up the Timbering of an Upper
Stope.—When the timbering of any stope is to be taken
up on that of another, the task is made very much easier if
raises are put through between the levels in advance of the
regular stoping, these raises being timbered with regular
square sets and the stoping being really the enlarging of the
raises in various directions by removing the ore and adding
other sets. When all the ore has been removed except that
immediately under the upper stope, the timbers of one set
in the upper stope may be blocked up and supported by long
braces reaching to the adjoining sets, after which the block
of ground below the set in question is removed and the
timbering of the set itself supported from below. When a
raise is not carried through and connected with the timber-
ing above, it becomes practically impossible to guide the
posts of the lower stope so that they will come directly
under those of the upper stope, and on this account heavy
sills have to be used under the timbers which are to be taken
up. Where no raise has been put through in advance of
the work, it becomes necessary to break through under the
upper stope as carefully as possible.

194. Example of Taking Up the Timber of an
Upper Stope.—Figs. 111 and 112 illustrate one method of
taking up square-set timbering in one stope upon that of a
lower stope. Fig. 112is a longitudinal section at one side of
the car-track, while Fig. 111 is a transverse section on the
line A 5, Fig. 112. ¢, ¢ are the regular caps, b, 4 the regu-
lar legs, a, @ the regular girts of the square-set timbering in
the upper and lower stopes. After determining which set
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is to be undermined, it may be supported by using long
timbers /% supported by posts g, which are placed at the
ends £ of the long timbers £ and supported upon the regular
sills s. Wedges are driven between the long timbers 2 and
the cap which it is to support. This cap in turn supports
the legs resting upon it. After the timbering has been
secured in this manner, the ground between two stopes is
carefully broken through and special posts 7 are set on top

> mm

‘ ik ‘

F1c. 111, Fi1G. 112,

of the lower timbering, and stringers & are placed in such a
way as to support the regular sillss. It frequently hap-
pens that, as in the illustration, the posts in the upper set do
not come over the posts in the lower set, and in this case the
point in the sill immediately below each post may be sup-
ported by four braces 7, which are placed from the lower
ends of the special posts 7 in such a manner as to support
the sill directly under the post of the upper set. At times
the caps ¢ on top of the posts » are made very heavy, and
special stringers & are placed across them and under the
posts of the upper set, thus doing away with the diagonal
braces m. After one or two lines of posts in the lower set
F. VI—15
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have come up under the upper set, the work of removing
the block of ore immediately under the upper stope pro-
gresses with ease, the different timbers being successfully
supported by means of the temporary timbers £ and their
posts g, and the railroad track and its ties being temporarily
supported by means of short posts or braces as they are
undermined.

195, Seasoning and Treating of Timber.—Tim-
ber for use in mines should always be cut at a season of the
year when sap is down, and it is best to remove the bark
and season the timber under shelter for some time before it
is used in the mine. While seasoning, the timber should be
protected from both rain and sun. Attempts have been
made to coat mine timbering with some substance to pre-
vent or retard its decay, and in other cases the timbering
has been treated with chemicals with the same end in view.
The objection to the use of creosote or tar for preserving
mine timbering is that they make the timber more inflam-
mable than it would otherwise be. Timbers are sometimes
treated with solutions of the chlorides or the sulphates of
the various metals. When a regular plant is installed for
this work, timbers are first placed in specially prepared
chambers from which the air is exhausted, and then the
solution for preserving the timber is forced in under pres-
sure, the exhausting of the air having reduced the pressure
on the timber and opened the cells. After the preserving
material enters the chamber, it is forced into the pores of
the wood in such a manner as to thoroughly saturate it.

196. The expense of treating timber and the short life
of untreated timber have led more and more to the use of
methods which reduce the amount of timber necessary, as, for
instance, the filling and caving method of mining. The
decay of timbers in the main haulageways of a mine may be
retarded by supplying them with an abundance of fresh air,
and especially by keeping the timbers damp. Some mines
in Europe have gone so far as to provide for spraying or
watering the timbering.
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197. Ladders, Stairs, Hand-Ralls, etc.—Ladders,
when used in a shaft, should never be placed perpendicularly
if intended for constant use, but should be divided into
comparatively short lengths and placed at an angle of about
80°. A convenient distance between rungs is 12 inches.
Ladders are used when the pitch of a shaft is steeper than 60°;
between 60° and 20° from the horizontal, stairs with hand-
rails are employed; and from 20° down to the horizontal
nothing is employed, or simply plank walks, which are
sometimes provided with cleats to prevent the men from
slipping. Where men have to pass in and out of an inclined
raise for a limited time, they sometimes use a rope and walk
or climb on the timbers of the raise while holding on to the
rope. At other times the raise is provided with a bar or
rail, which the men straddle and on to which they hold as
they climb on the timbering.

METAL AND MASONRY.

198. Metal Supports.—Metal supports have not come
into use very extensively in metal mines for several reasons:

(a) The large metal mines keep their shaft stations open
but a short time compared with the pit bottoms of large
coal-mines.

(6) Thedepositsin which the metal mines are located are
more liable to be in motion than is the ground over the
landing in a coal-mine, and if timbering is crushed it is very
much easier to repair than are steel beams when badly bent
or sprung.

(¢) Waters of many metal mines dissolve iron and steel,
and for this reason they can not be used underground.
This is especially true of the large copper mines.

199. Masonry.—Both iron and masonry are quite
extensively employed in Europe, and have been used to some
extent in America. Masonry linings for drifts or tunnels
primarily cost much more than timber linings, but if they
are properly put in and are not subsequently subject to
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irregular and unexpected pressures which crush them, they
will never require repairs, and hence in the long run may be
much cheaper than timbering. An essential point in walling
with masonry is that the arch should be presented against
the lines of special pressure.

200. Examples of Masonry Linings.—Arches may
be made of either brick or stone. Fig. 113 illustrates an
arch which has been sprung across a narrow vein to carry
the broken material above, and in this case is practically a

FiG. 113. FiG. 114.

stull. Fig. 114 illustrates a similar arch, but in this case
one wall of the vein is so soft that it required lining, and
hence the masonry has been carried down on that side, as
shown in the figure. Fig. 115 shows an elliptical masonry
lining, and in this case the car-track is supported on timber-
ing in such a manner as to leave the water-drain under the
track.

201. Combined Masonry and Timber or Metal
Linings.—Fig. 116 illustrates a method sometimes em-
ployed, which consists in building straight walls at the
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sides of the drift or tunnel, and using either timber stulls or
steel beams across the top of the walls to support the lagging

F16. 115, F1G. 116.

under the roof. The walls may be constructed of brick or
stone laid up with cement, or they may be laid up dry with
large, firm pieces of rock.

202. Steel Beams or Rails to Support Linings.—
Fig. 117 illustrates one manner in which a steel beam may
be bent to form an arch which
supports the lagging in the
drift or tunnel. The beam is
divided at the top and spliced
by means of a fish-plate. This
is to facilitate the transporta-
tion of the pieces to the place
where they are to be employed.

For small drifts, pieces of old
railroad rails are sometimes
employed to support the lag-

ging. FIG. 117,

203. Cast-Iron Posts.—Fig. 118 illustrates a cast-iron
column which has been used in some mines to replace posts
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or stulls. It is composed of two pieces a and 4, which are

divided in the center by a diagonal cut, and are held

together by the collar ¢. If it is desired to remove the
post or stull, the collar is simply driven down past
the diagonal cut, when the stull will fall out of
itself. The pieces @ and & are often connected by
a loose chain, so that in transporting the column
from one place to another they will not become
separated.

204. Example of Masonry Pillars.—In
the “Tilly Foster” mine in New York State,
an attempt was made to build artificial pillars
in the rooms in such a manner as to support the
hanging wall. These pillars are illustrated in
Fig. 119. They were composed of flat, brick
arches, which supported a mass of concrete that
was intended for the pillar proper. It was dis-
covered that they were not of sufficient strength
to carry the hanging wall, and hence they had to
be removed and the mine worked as an open pit.
After the floors and portions of the ore above
these artificial pillars had been removed, they were
exposed, and Fig. 119 is taken from a photograph
made after the pillars were exposed to daylight.
Sometimes brick or masonry pillars are used in
much the same manner that the timber pillars
or cribs illustrated in Fig. 102 were employed.

Fic. 118. These may be either square, solid pillars of
masonry or long masonry walls taking the place of chain
pillars.

205. General Remarks.—There is no reason why
steel shapes or masonry lining can not be used to advantage
in some metal mines, and their use will undoubtedly become
much more common within the next few years in the metal
mines as it has among some of the coal-mines; but in each
case the arches or metal supports will have to be designed
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Fic6. 119.

to suit the case in hand, and hence the engineer will have
to be guided by local conditions in all this work.

VENTILATION OF METAL MINES.

‘206. Importance of Ventilation.—The ventilation
of metal mines does not present the same difficulties met
with in collieries, for the rock formations rarely contain or
give off gases. It is very rare in the case of metal mines
that air has to be forced through the mine simply to drive
out explosive or other gases. Refined measurements as to
volumes or velocities of the ventilating currents in metal
mines are rarely considered necessary.

The importance of ventilation in metal mines increases
with the number of men employed and with the length of
the workings. For instance, in driving long tunnels, it is
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impossible to ventilate them by natural means, and some
method of artificial ventilation must be resorted to.

207. Causes of Air Vitiation.—In metal mines, the
causes of air vitiation may be considered under the following
heads: Respiration of men; gases given off by the lights;
gases resulting from blasting; and miscellaneous causes.

208. Respiration of Men.— In breathing, men
absorb oxygen and produce carbonic acid gas; their bodies
also give off exhalations of other organic gases. Men doing
hard manual labor as miners require more air than is
allowed per person when figuring on the ventilation of halls,
schools, theaters, etc.; hence the rules used in such cases
become useless when applied to problems in mine ven-
tilation. The average man when engaged in hard work
requires about 20 cubic feet of free air per minute, and the
horse 90 cubic feet per minute. If ventilating machinery is
necessary, these figures will do for calculating the amount
of air necessary to deliver per man or per animal in use.
The amount consumed by the lights depends to a large
extent upon the character of the lights employed and upon
whether the combustion is perfect or not. The lights may
require more than the men do, or they may require con-
siderably less. Owing to the fact that actively poisonous
gases are not often met with in metal mines, and that
animals are rarely put underground, the metal miner often
gets along with much less than 20 cubic feet of air per minute.

209. Gases Resulting from the Lights.—When
lights (either candles or lamps) do not smoke, the gas pro-
duced is practically all carbonic acid gas. The lights may
produce from two to four times as much of this gas as that
produced by the breathing of the men, hence in some cases
more fresh air must be provided for the use of the lights
than for the men. Oil lights often smoke, and this smoke is
more objectionable than the gases produced by the lights.

Candles are used in most metal mines, though lamps may
be required where large stopes are being worked.
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By using electric lights the amount of fresh air necessary
for a given number of workmen will be materially decreased.
Safety-lamps are rarely, if ever, required in metal mines,

210. Effect of Explosives.—The foul air that is pro-
duced by the burning of the explosives is by far the most
serious factor that enters into the problem of ventilating
metal mines. Ordinarily the miners have to wait for the
smoke to drift away from the point where the blast was
fired or to slowly diffuse itself through the air in the mines.

Black powder produces less objectionable gases than those
resulting from the use of giant powder (dynamite) or any
of the nitroglycerin derivatives. All explosives give off a
greater or less amount of foul gas, and where the explosive
is imperfectly burned, the gases produced are far worse
than those resulting from a perfect explosion. It occa-
sionally becomes necessary to experiment before the mine
authorities can determine which explosive will give the best
results for their mines. Ordinary gases given off from the
explosives are carbonic acid gas, nitrogen gas, carbon monox-
ide gas, and hydrogen gas. Some of the high explosives
give other compounds. The carbonic acid gasis the prod-
uct of the combustion of the lights, and also results from
the breathing of the men. Nitrogen is the inert gas in the
atmosphere, and neither it nor the carbonic acid gas i«
poisonous, though neither of them will support life,  The
carbon monoxide gas is a highly poisonous compound, and
the hydrogen is, if anything, slightly poivonous,  If an
explosive produces nothing but carixon dioxide and nitrogen,
its gas is the least objectionabic, and those expio.ives winh
produce the maximum amaust of carbon monoxide yie are
the most objectionable. Some expioaives ul o proalacs van
ous sulphur gases or fumes.

211. Dust.—Metal mines are moure Lac gty b ser,
wet than too dry, but there are we ot are yar, o0
The dust resuiting from e La-l .y of oee fropn de, o o
and from blasting s 12"« ¢ “s veryenarn a
to the lungs of the w. i st actln 4 st
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chemically. For its removal, it must either be damped
down by means of water or removed quickly by currents of
air. The dust of mines may be actively poisonous, as that
found in lead carbonate ores, arsenical and antimonial gold
and silver ores, cinnabar, etc. Such dust may be removed
by good ventilation. The upper levels of a mine may be
originally dry, but the working of the lower levels may
drain them so thoroughly as to render them quite dusty.

212. Decay of Timbers.—Another cause to be con-
sidered under this head is the decay of timbers. This is not
only a deoxidizing effect, with the evolution of carbonic
acid gas, but the timber may putrefy, resulting in the
emanation of various noxious gases. This putrefying effect
is often called dry rot, and the stripping of the bark from
round timbers is thought by some to delay this action.
When timbers left in an old mine decay, they havc been
known to produce explosive gases, and upon breaking
through into the workings, these gases have rushed in upon
the miners, sometimes producing disastrous explosions.

213. Explosive Gases.—Marsh-gas (the principal
constituent of the firedamp of collieries) is the most impor-
tant explosive gas met with in the mines. It is derived
from the decomposition of carbonaceous matter (not neces-
sarily coal, but, as stated above, might be derived from old
timbers or other similar matter). This gas may accumulate
in the interstices of the rocks, and subsequently in the
openings of the mine, in sufficient quantities to produce an
explosion when ignited. Explosive gases are not usually
looked for or provided against in metal mines, and yet
there are a number of disastrous explosions on record.

214. Miscellaneous Causes.—Among the other
causes that may be mentioned for vitiating the air are the
carbonic acid gases which may be given off from the ground
itself, especially in lead or zinc mines or in limestone regions,
the vapors from the exhaust of steam machinery used
underground or that leak from steam-pipes, and occasion-
ally poisonous gases, such as compounds of sulphur,
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phosphorus, or arsenic with hydrogen, which may come
from the rock formation.

2158. Underground Temperature.—Below the sur-
face of the earth the temperature gradually rises. This
rate of increase has been variously estimated, and was
formerly stated at 1° F. for every 55 feet of descent. But
later observations have shown that the increase is generally
much less rapid, and 1° to 70 feet would be considered a
sharp rise. Of course there are exceptions to the rule, and
some workings in regions which have been subjected to
volcanic action, or which contain hot springs, may be
extremely hot at comparatively shallow depths.

216. Men have already mined with a rock and water
temperature of 150° F., but they had to be supplied with an
abundance of fresh air. In extreme cases, the intake pipes
have passed through ice water (as, for instance, at the
Consolidated Virginia mine in Nevada).

217. The temperature of shallow mines, if not raised
artificially, is cooler in summer than that of the surface,
and warmer than the surface in cold weather; usually it is
only at considerable depths that the temperature is higher
than the surface all the year round. Where there are
marked changes of surface temperature between day and
night, it often happens that at night the air in the mines is
warmer than the surface, while during the daytime the
reverse is the case. All these facts have an important bear-
ing on the natural or artificial ventilation of metal mines.

218. Natural Ventilation.—In the great majority
of metal mines, natural ventilation is depended upon
entirely, and in small mines it is often allowed to take care
of itself, although the adoption of simple, cheap arrange-
ments for controlling the natural currents would greatly
improve the conditions. As workings are extended, con-
nections are made for developing the ground or for con-
venience of handling ore waste and water, and these can be
used to assist in ventilation. Where mines have a surface
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plant of machinery for hoisting, air-compressors and power
drills are usually employed, and the exhaust from the drills
furnishes sufficient air for ventilating the workings. Even
when starting a mine in ordinary rock, without knowing in
advance to what extent the workings are to be carried, a
small compressor plant is sometimes set up so that the use
of air-drills may expedite the work of development. Itis
usually best to avoid putting in fans or blowers, together
with the connecting pipes, unless this becomes absolutely
imperative. This is especially true in a case where the
mine has no other machinery.

219. General Principles.—The theory of mine
ventilation is very simple, and is based upon the following
principles:

1. Air heated above the temperature of the surrounding
atmosphere at a given level has a tendency to rise, to
become expanded, and to be therefore lighter; cooler air
sinks for the opposite reason.

2. Diffusion is the tendency of two or more gases of
different densities, but originally of like temperatures, to
become uniformly mixed, without regard to difference in
weight.

3. Convection is the tendency of currents of different
temperatures to seek an equilibrium of temperature, and in
the circulation thus produced to approach to uniformity of
temperature within a closed space.

The first principle explains the movement of the main
currents in the mine, for the air becoming warmer has a
tendency to rise and so draw in a supply of colder air from
some other source; and the greater the differences in
temperature the more rapid will be these main ventilating
currents. Diffusion and convection together explain why
powder smoke and foul air, in the absence of appreciable
ventilating currents, slowly become diluted through the
mine air, so that while the whole body of air is vitiated, that
at the place where the blast was fired or the foul air pro-
duced becomes in time diluted enough to be breathed.
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220. Simple Tests.—The direction of the air-cur-
rents not otherwise perceptible in horizontal workings
may be ascertained by observing the flame of a candle. In
a drift, the candle should first be placed on the floor, to test
the lower current, and then fixed near the roof, to test the
upper current. The velocity of the current can be found
‘by burning a little powder at one point; a second observer
at, say, 100 feet away observes the time required for the
smoke to reach him. The time required for fumes from a
blast to reach a given point may also be noted.

221. Unconnected Workings.—It might be thought
that there was no chance for ventilation in the case of
unconnected workings, but so small are the differences
required to set up a current that wherever work is going on
the air is not absolutely dead. At the heading of a tunnel,
air is heated by the burning of the lights and the animal
heat of the men. This air rises to the roof, drawing in
cooler air at the bottom to replace it, and if the tunnel is
not too long there will be a gentle outward flow along the
roof to the mouth of the tunnel and an inward flow along
the floor. This, for a certain distance, may suffice. When,
however, the up grade of a tunnel places the heading too far
a