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SHAFTS AND TUNNELS

By GEORGE R. FANSETT

One of the first and most important matters which has to be de-
termined in connection with a mining property, after it has been de-
cided to develop it, is the class of entry which is to be used in opening
it up. At this stage in the development, the factors governing the
choice, providing sufficient capital is available, are based principally
lipan the amount of definite knowledge which can be brought to bear
to determine the value and possibilities of the deposit. If the size,
values, strike, dip, etc., of the deposit are reasonably well known and
the deposit is valuable, the choice of entry is then decided so that all
work expended is of a permanent nature, and will fit in with the
plan of development as determined at that time. If, on the other
hand, the property is a prospect, such as an outcrop deposit in a section
where no mines have ever been developed, and where the principal
objects are to expose the ore and find out as much as possible concern-
ing the size of the ore bodies, their locations, dips, strikes, values,
metallurgical characteristics, etc., and no one on the job knows defi-
nitely what can be expected when the property is opened up at depth,
the common and sane practice, in most cases, is to follow the ore by
using one or more inclines. After they have accomplished the pur-
pose for which they are intended and the ore body has been found to
be valuable, these inclines can then be used either in the operations of
the mine as a part of the permanent entries, which are to be con-
structed, as escape ways, for ventilation purposes, or, if of no further
use, they can be abandoned. When abandoned, the expenditure should
not be looked upon as having been wasted, because they have served
their purpose, and if, by their use, the value of the deposit has been
found, the money spent will represent only a very small part of the
cost of the permanent equipment which will be installed, or the
revenue which the mine will produce if properly handled.

ADITS (TUNNELS)
Where topographical conditions permit, adits are often used at

this prospecting stage, but their selection and use in most cases has
not been due to their particular adaptability as much as to the fact
that the small prospector-owner, owing to lack of capital with which
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to buy the necessary machinery for pumping and hoisting, as well as
no one to help him, has had to overcome these difficulties by using a
tunnel in order to take advantage of the lower elevation which the
tunnel offers, thus saving him pumping and hoisting down to the
elevation of the tunnel.

For uncertain, undeveloped prospects, where sufficient capital is
available, adits, as prospecting workings, generally do not serve the
purpose as well as inclines, which follow the ore, even where the to-
pography is favorable. An incline following the are develops more
are per foot of working than any other kind of entry, and if the are
should pinch out at any point in the incline, the work can be stopped
at once at that point, with no additional loss. On the other hand
the pinching out of an are body cannot be discovered in an adit until
said adit has reached or passed by the point where the ore body is
expected to be hit. In this case all work on the ad it is a total loss
unless raises, which at the best can only be uncertainly located, are
driven from the adit and happen to hit the are body.

In addition to the above, the incline following the are develops more
or less valuable ore which will pay part, and in some cases more
than pays the expenses of the prospecting work. This is a great ad-
vantage, as the developer needs money at this stage of the work more
than at any other time, and it is usually harder for him to raise it at
that time than at any other. If a tunnel is used, it is driven in barren
rock and develops no are until the are body is reached, and for that
reason no income is derived until the are body itself has been reached.
It is far more encouraging to be getting out more or less mineral
which represents capital than to be facing an increasing deficit each
succeeding day.

Likewise, if faults are encountered, and the ore body is lost, it
can more easily be determined where to look for it when working
from the point in the incline, where the fault has been encountered,
than when attempting to find it from the level of the adit.

For these reasons the incline following the are is looked upon as
the best class of entry for most prospects, unless the prospecting can
be accomplished, as in the massive low grade porphyry deposits, by
using diamond or churn drills or where the developer can only use an
adit to overcome his difficulties which would otherwise prevent him
from opening up his property.

After a property has been thoroughly prospected and a sufficient
ore body has been developed to merit the expenditure for an entry
which is intended to be used during the life of the mine, the selection
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of the best type of entry adapted to that particular deposit is very im-
portant, owing to the part it will play in the economical development
and operation of the property. This is seldom, if ever, a matter that
can be definitely settled for any lode deposit at any stage of its exist-
ence, owing to the unexpected developments which may occur which
cannot be foretold. The best that can be done is to determine from
the information which is available at that time a type of entry which
will offer the most advantages, both for that period in the develop-
ment and for all future needs.

For most properties this represents the result of a compromise be-
tween many conflicting factors, all of which, at that time or in the
future, have more or less bearing on the development of the property.
Much can be definitely decided from the calculations and estimates,
which are based on each particular type of entry under consideration,
but other factors of a more uncertain or prospective nature must be
taken into consideration. For these reasons, the selection resolves it-
self down to a solution as determined by the experience, foresight,
and ability of the management in handling the data available.

Some of the factors which have more or less weight in the selection
of a type of entry are (1) the surface topography (whether it is of
high or low relief) ; (2) the degree df dip of the vein; (3) the limits
or boundaries of the property; (4) the point at which the deposit is
to be opened up; (5) the cost of construction and the subsequent
cost of operation; (6) the possibilities of the mine as determined from
the data available; (7) the output which is to be taken care of; (8)
the amount of former construction which can be used; (9) the kind,
size and location of the surface plant.

All of the above points and many others must be taken into con-
sideration in the selection; if anyone of these is not properly con~
sidered, the result may be the selection of an improper and inefficient
type of entry. If this is the case, the work of developing and operat-
ing the mine will always be done at a disadvantage, the result being
at the best that less profit is obtained from the ore, and at the worst
that the deposit may not be worked at a profit until changes are
made and the mistake corrected, or a higher price paid for the metal
produced.

The most common forms of entries used in operating mines are
vertical shafts, inclined shafts, combined shafts or adits (tunnels).
In many mines more than one shaft is used, and in some cases more
than one class of entry is used for the same mine, the selection of any
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type having been determined from the data which was available at
the time that the type was selected.

The vertical shaft offers many points in its favor, considering the
initial cost of construction and the subsequent cost of operation. For
each foot of depth sunk in the vertical shaft there is one foot of depth
accomplished, while for each foot of length of an incline shaft only
a portion of a foot of depth is represented, depending upon the de-
gree of dip of the incline shaft. Therefore, for each foot of actual
depth accomplished by a vertical shaft of the same cross-section as
by an incline, less cubic feet of rock must be broken and removed,
less timber is needed, and a shorter and smaller cable is required.
Therefore, the cost per foot of depth sunk for the same cross-section
of shaft is less when done in a vertical shaft in the direction of sinking
and all other factors are equal. Usually the timbering and ground
breaking costs less per foot in a vertical shaft than in an incline,
owing to the fact that the work can be handled to better advantage.

From the standpoint of service and operation, the vertical shaft has
in its favor the minimum cost of operation and maintenance, fewer
delays and more rapid delivery. This is due to the fact that the cage
or skip hangs vertically at the end of the cable, which, passing over
the revolving sheave wheel, produces the minimum amount of friction.
Therefore, since the cable is shorter and lighter, and the friction is a
minimum, the power needed to raise the load is the least possible. The
wear and tear is also at a minimum, thus making ·the maintenance
charges the lowest. Likewise, it is possible to use a greater haulage
speed in a vertical shaft than in an incline, and for that reason a
greater number of trips can be made in the same space of time. This
makes the haulage charges lower per ton of ore raised in a vertical
shaft than is the case if the same tonnage is raised the same height
in an incline.

The vertical shaft also offers the advantages that a more favorable
shaft site can be selected than in other classes; the surface plant and
equipment can be located as to work as economically and efficiently
as possible.

One of the principal objections to a vertical shaft is that it is often
necessary, owing to a dip in the vein, to drive long cross-cuts from
the shaft to the ore body. These are not only expensive to drive and
maintain, but in them the haulage is liable to be very expensive and
inefficient, and extra equipment, such as cars, tracks, etc., is needed.

In addition to this the vertical shaft is usually located in the
hanging wall of the vein, and since for most ore bodies the hanging
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wall is very unstable, particularly at or near the intersection of the
shaft with the ore body, a shaft built in it is likely to require much
money to maintain it in good working order. Also, considerable
valuable ore must be left as pillars at the point where the shaft in-
tersects the ore body, and this ore cannot be drawn until the mine is
either abandoned or the shaft is discarded for another. Thus con-
siderable working capital is tied up.

The principal factor which determined whether or not a vertical
shaft should be used is the dip of the deposit. When the dip of
the deposit is unfavorable to this type of shaft, the cost of construc-
tion, maintenance, operation, equipment, haulage, etc., in the cross-
cuts which are needed, added to similar costs, is greater for the ver-
tical shaft than for some other type of entry and some other type of
entry, for the same expenditure, would give better satisfaction.

There are certain kinds of ore bodies where it can readily be seen,
without any calculations, that a vertical shaft offers the greatest ad-
vantage. In these deposits, the dip is either nearly vertical (over 75
degrees) or nearly horizontal (less than 15 degrees) where the sur-
face topography is fairly flat. The following sketch illustrates these
two deposits.
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Another type is a deposit which is to be opened up at depth, over
1000 to 2000 feet deep.

The above represents extremes in between which lie many cases
where all matters such as costs of cross-cuts, maintenance, operations,
haulage, equipment, capital available, interest on working capital, etc.,
have to be taken into consideration in the calculations which should
be made in advance to determine the most suitable type of entry to be
used.

The form of vertical shafts commonly used in the metal mines of
this country are rectangular in cross-sections, being made up of one
or more compartments which are built side by side. In other parts of
the world, however, circular, elliptical, octagonal and other cross-
sectioned shafts are used.
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In some cases, the rectangular cross-sectioned shaft, a sketch of
which is shown above, offers many advantages over the other forms.
The principal advantage is that for the same capacity it does not cost
as much per foot to construct, owing to the fact that all space in it is
used, and only sufficient rock need be broken and removed to take
care of the compartments and the timber outside of them. Likewise,
less timber is needed to line the shaft and the work of timbering can
be done more easily, at less cost and quicker in this form of shaft than
for any other form. Also, this form gives the greatest strength of any
form where timber is used as a lining.

Circular cross-sectioned shafts are used in many of the iron and
coal mines of the United States, England and Germany on account
of their greater structural strength, and he fact that they can be built
waterproof. These qualities are very essential in those workings, as
the rocks surrounding the shaft in such deposits are sendimentaries,
which, being very soft and water soaked, cave easily, and for this
reason a strong waterproofed shaft is required.

The main disadvantage of this form of shaft is its initial cost, due
to the great amount of extra material which has to be excavated, the
high cost of the materials which are used to line it, the high cost of
laying the lining in place, and the much greater amount of time needed
to do the work. When in addition to these is added the fact that the
materials, such as brick used for the lining, are seldom available in
sufficient quantity in the common metal mining districts of the coun-
try, and that they would have to be brought in at a very high freight
charge, it can be seen that for most metal mines of shallow depth,
where the rocks are very hard and stable, wasting much unusual
strength is necessary, the circular shaft wasting much of the included
space would not be the best form to use. For very deep metal mines,
however, and for coal and iron mines where great structural strength
is needed, as well as the largest cross-section possible to permit of
good ventilation, this type of shaft is very serviceable.

After the type of shaft has been decided upon the next point to be
settled is the size of the shaft and the compartments which are to
be used in it. Some of the factors which govern this important mat-
ter, whether the shaft is vertical, rectangular, circular or elliptical:

The amount of material which is to be handled; the kind of equip-
ment used to raise and lower the men; the depth of the deposit; the
cost of construction; the cost of operation; the character of the ground
through which the shaft is to be sunk; whether or not it is to be used
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for ventilating or pumping purposes, etc. These and many other items
have to be taken into consideration in deciding the size of shaft to be
used, but owing to the fact that that the cost of construction for a rec-
tangular cross-sectioned shaft of three compartments (about 14 to 16
feet long by 6 to 7 feet wide, outside the timbers, the compartments of
which are from 4 to 5 feet inside the timbers) is not very much, if
any, more than the cost of sinking a shaft of a fewer number or
smaller sized compartments, it seems advisable to use at least a three-
compartment shaft for any property which can be considered. an
operating mine. The reason for this is that the work of timbering,
mucking and drilling can be handled to much better advantage in the
larger space than when everything is greatly cramped and crowded,
as is the case in a very small shaft.

When such a shaft is used, one compartment can be used as a man-
way in which to install air and water pipes, electric cables, ladders
and other accessories, and the other two compartments can be used for
cages and skips which are run in balance, thus cutting down the
operating expenses.

Costs for shaft sinking are never the same, even on the same job,
)unless the work is adjusted or fixed by those doing the work, either
the workmen or the management, in such a way that the cost is in-
tentionally held at a uniform figure. For this reason the prices for
doing a certain piece of work are very often misleading and of very
little value except where they are used in making very rough esti-
mates, which, at the best, are subject to considerable revision.

Variations of local conditions have a big effect on the cost; for
example, if the rock encountered is very hard, or if it cannot be at-
tacked at the most efficient breaking angle, or if much water is en-
countered, the cost per foot o,f shaft is much greater than if the
reverse is true.

Even under the same conditions or in the same shaft, the cost per
foot of shaft varies greatly. This may be due to a change of manage-
ment under which the work is carried out. In cases of poor manage-
ment, much time which should be spent in sinking the shaft is used up
in delays due to lack of materials and supplies, the breaking down of
the mechanical equipment or to the variation in the skill of the
workmen.

A good management takes into consideration the local geological
conditions and weighs the importance of attacking the rocks at the
easiest breaking angle before selecting the type of shaft or the shaft.
Likewise, each member of every department is selected for his par-
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ticular work, whethre they are clerks, mechanics, miners or engineers,
and all departments are required to work together so that the work
can be accomplished to the best advantage and with the least possible
delay. Under these conditions, the cost per foot of shaft sunk will
increase as the depth of the shaft increases, but at a fairly uniform
rate.

The speed of shaft sinking depends greatly upon the above factors,
and whether or not the shaft is used for operating. In Peru an
average of about 40 feet per month for either a single compartment
6 x 7 shaft or a five-compartment 32 x 8 shaft was considered very
good, and this was under favorable conditions.

The following table shows costs of sinking a few shafts, and also
illustrates how the costs vary:

Depthi Descrip- Rock ma- Cost Cost
Location Conditions pertion terial per ft. cu. ft.

Goldfield, Nev ..•. 100 4x8 in Timbered Hard an-
clear Rect. de site $ 32.45 0.52

100 4.5x4.5 .. ..
2·comp. 20.38 ...

Homestake, S. D. .... 10x18 Timbered Hard rock
3·comp. 60.64 0.21

Rand, S. A....•.• 0·1000 5x6 .. Quartzite
4·comp. 87.08 0.26

1000- 6.5x6 .. ..
2000 1 comp, 95.28 0.28
2000- •• .. .. ..
3000 109.32 0.32

Cerro de Pasco, 250 1 comp, Wet Basalt
Peru .........• with Timbered

manway
6x10 48.00 ...

650 5-comp. .. ..
32x8 Wet Rect. 72.00

Tombstone, Arh!. 1000 8.10x23.8 Hard rock 92.38
Rogers, Mich ..... 140 27 ft. O. Concrete Sand

D. circular Quicksand 500.00 0.87

From the above it can easily be seen that, in the sinking of a shaft,
the cost depends on the efficiency and class of management in charge.

INCLINE SHAFTS
Incline shafts or inclines are shafts which are sunk at an angle to

the vertical, either in the ore body or in the footwall below the ore
body, and can be used to advantage in the development and operation
of certain classes of deposits which are to be worked from or near
the surface.

The selection of the incline as an entry is mainly determined by
the degree of dip of the deposit and the surface topography. This type
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of entry is particularly serviceable for deposits whose degree of dip
is less than 75 degrees or more than 15 degrees with the horizontal,

The cross-section of inclines

~

' , are usually rectangular, asE ~ ,
t shown in the above sketch, and

of one or more compartments.
They are built with or without

manway; when no man way is provided, sufficient room is usually left
at the extreme sides of the incline so that men can safely pass the
moving skips. When a separate manway is provided, ladders, air and
water pipes, electric cables, etc., are carried on it; if none is provided,
the water and air pipes are laid and fastened to the floor of the incline,
or are hung to the timbers. Electric cables are well insulated and
fastened to the sides or roof. All permanent equipment, such as tracks,
pipes or cables are well anchored so that they cannot creep down the
incline.

From the point of view of the initial cost of construction per foot
of length, the incline compares favorably with that of the vertical
shaft except, perhaps, that in most inclines more timber is needed and
the timbering is usually a little more difficult than for a vertical
shaft. The disadvantage, if it does occur, is usually offset by the
fact that there is a slight advantage in mucking from a small incline
as compared to a small vertical shaft. The cost per foot of depth
gained is always greater, conditions being the same, than for a vertical
shaft, depending on the degree of dip 0'£ the incline. For example,
if the degree of dip of the incline is 30 degrees to the horizontal, it
will require two feet of length of the incline to gain one foot of
depth, while one foot of the vertical shaft will gain one foot in depth.
This extra cost also applies to pipes, cables, timber and other acces-
sories used in the incline.

To work most efficiently, the incline should be straight as tar as
alignment is concerned, although the grad urn, if altered fradually, can
be changed without affecting the efficiency. At every point there
must be sufficient grade to enable the weight of the empty skip to
start down and haul the cable down automatically when the cable is
loosed above at the hoist. If the grade is not steep enough at any
point, and the skip stops at that point, it will not start down auto-
matically, making it necessary to' send men dawn to' start it.

Subsequent cost and service give a slight advantage to' the vertical
shaft over the incline. This is due to' the fact that there is usually
more work required and a greater cost to maintain an incline than a
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vertical shaft of the same cross-section and size. Also the deprecia-
tion on the equipment, such as the incline skips, cables, etc., is greater
because of the friction of the cable on the bottom of the incline.

The speed of haulage possible to use in an incline is less than can
be used in a vertical shaft, thus making the number of trips less for
the same space of time, and, therefore, the tonnage less, making the
cost per ton of are handled greater than for a vertical shaft working
between the same levels.

Also due to the fact that the surface plant can seldom be selected
to as good advantage for an incline as for a vertical shaft, the cost
of handling, treatment or other charges may offset any advantages
gained by the use of an incline.

The above serves to indicate some of the advantages as well as the
disadvantages of an incline as compared to a vertical shaft.

The final selection of this type of entry is based, principally, on a
convenient and safe site for the surface plant, minimum footage, low
maintenance and operating costs, the physical nature of the hanging
wall, vein and footwall, and the dip of the vein. One fact above all
others that throws the weight of the decision in favor of an incline
for a deposit having a degree of dip over 15 degrees is that the cost
of driving, maintaining and using cross-cuts from the vertical shaft
more than offsets the cost of sinking and maintaining the incline.

The following extract and table from H. C. Hoover's "Principles
of Mining" will serve to illustrate this matter:

Dip ot deposit Depth of ver- Length of in- No. of cross- Total length of
from tical shatt cline required cuts required cross-cuts

horizontal from V shaft (feet)

80 1,500 1,500 11 859
70 1,500 1,595 12 1,911
60 1,500 1,732 13 3,247
50 1,500 1,958 15 5,389
40 1,500 2,334 18 8,938
30 1,500 3,000 23 16,237

Cost of Inclinelcost of incline Cost of cross- Cost vertical I Total cost of
$75 per foot $100per foot cuts $20 per shatt $75 per I vertical and

foot foot cross-cuts

$114,150 $152,200 $ 17,180 $112,500 $129,680
118,625 159,500 38,220 112,500 150,720
129,900 172,230 64,900 112,500 177,440
114,850 195,800 107,780 112,500 220,280
175,050 233,400 178,760 112,500 291,260
225,000 300,000 324,740 112,500 437,240
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"The following table will indicate an hypothetical extreme case
not infrequently met. In it a vertical shaft, 1500 feet in depth, is
taken as cutting the deposit at the depth of 750 feet, the most favored
position so far as aggregate length of crosscuts is concerned. The
cost of crosscutting is taken at $20.00 per foot and that of sinking the
vertical shaft at $75.00 per foot. The incline is assumed for the
two cases at $75.00 per foot, and $100.00 per foot respectively. The
stoping height upon the are between levels is counted as 125 feet."

From the above it will be seen that the cost of cross-cuts put at
ordinary level intervals rapidly outruns the extra expense of increased
length of inclines. If, however, the conditions are such that cross-
cuts from a vertical shaft are not necessary at so frequent intervals
then, in proportion to the decrease, the advantages sway to the ver-
tical shaft.

The common kinds of inclines used are those which are either sunk
in the are body or in the footwall below the are body. Some of the
advantages of the inclined shaft sunk in the are body are that practi-
cally no dead work has to be done; use can be made and advantage
taken of whatever part of the prospecting workings which are in line
with the incline to be used in the operation and development of the
deposit; the maximum length of the are body is developed per foot
of length of incline; during the construction of an incline the are
body is visible at all times and the valuable mineral as extracted can
be sold and made to pay either a part of or, as in some cases, more
than the cost of construction.

Some of the disadvantages of this type of incline are that the ground
(the are body) is likely to be very unstable, thus making the mainte-
nance charge very heavy. A shaft pillar of valuable are has to be left
on at least two sides of the incline, thus tying up considerable valuable
mineral which cannot be pulled or extracted until either the mine or
the incline is abandoned. The shaft site or the site for the surface
plant at the mouth of the incline may be very unsuitable, thus making
the handling charges very heavy after the are leaves the mine.

An incline sunk in the footwall below the are body offers the ad-
vantages over the incline sunk in the are body in that the ground is
usually much harder and, therefore, more stable, reducing the cost of
maintenance. No shaft pillars of are have to be left, thus making it
possible to pull all of the are, without tying up valuable capital. The
site of the surface plant can be selected from a greater range of loca-
tions, thus making the handling of the are after it leaves the mine
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more efficient and the cost lower than might be the case if an incline
sunk in the ore body had been used.

A possible disadvantage which the incline in the footwall has to
one is the ore body is that no advantage can be taken of old prospect-
ing workings, but as these at the best are usually of small account
this disadvantage can usually be overlooked.

The incline, either in the ore body or in the footwall offers many
advantages when used in the development or in the operation of cer-
tain classes of ore deposits, and its choice as an entry depends on the
solution as based on the factors mentioned above, the most important
one being, in most cases, the degree of dip of the ore deposit.

COMBINED SHAFTS
This class of entry is a combination of a vertical shaft and an in-

clined shaft and is particularly adaptable for working deposits at
great depth or for working inclined deposits where an incline alone
from the surface becomes so long
that it cannot be operated economi- .LR~{',-----Cf---'¥
cally, or a vertical shaft alone will
require such long cross-cuts from
the shaft to the ore body that it
cannot be used to advanrage. In
either case the cost of haulage,
maintenance and operation is so
high that either class of these en-
tries is practically valueless.

The accompanying sketch illus-
trates an inclined deposit which
has been opened up with an in-
clined shaft (A -B) from near the
outcrop and also by a vertical shaft (C~D) which crosses the deposit
at depth at the point (M). From this sketch it can be seen that the
haulage cost below this point (B) can be more conveniently and
economically handled if the vertical shaft (C- D) is turned at F and
takes the form of an incline as from (C-F-H) in this way having a
combination of a vertical and inclined shaft all in one.

This form of entry is best adapted to inclined deposits which are
being operated and developed at considerable depth, but for shallow
deposits one of the other types of entries is usually found more service-
able. When this form is used, the curve (F-G) most suitable for
the junction of the vertical and the inclined shaft is a section of a
parabolic curve, but even when this curve is used, the speed of haulage

COIf6IN€O SHAFT
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must be reduced around the curve. Furthermore, the cost of mainte-
nance is usually very high on this curve.

This form of shaft is the only class which can be used economically
in very deep level workings, which have a dip of over 15 degrees, or
less than 75 degrees to the horizontal.

ADITS (TUNNELS)

Adits, commonly called tunnels in mining work, are horizontal
entrances or galleries from the surface to the ore body, and are used
for working the ore body as well as for drainage and ventilation pur-

poses. In some cases an adit isBused only for one of the abovei ~ purposes, but commonly is used
for all three.

w,TI/""rrIIfOU/ RCCrIJNI<UWI~I"'",~'D-r"IJPIJZOIOIfL The choice of an ad it as the
I/OIT ENTRIES

,,~ • entry for a mine like the afore-
mentioned classes of entries is determined and dependent upon the re-
sult of study of all the mining factors involved, but more especially
by the surface topography and the dip of the vein.

When considered from the point of view of initial cost of con-
struction per foot of length, it offers many advantages and it is on
this account that many times an adit has been used where a different
type of entry would have served the final requirements much better.

Adits are built either rectangular, in the form of a trapezoid, or in
some other form of cross-section, as shown in the above sketch, and
have dimensions of from 6 x 7, 8 X 8, 9 x 8 and up, the dimensions
used being determined by the tonnage requirements, length of adit,
kind of ground through which it is driven, quantity of water to be
handled, the ventilation requirements, etc.

A 6 x 7 cross-section is usually large enough to take care of any
tonnage below 500 tons in 24 hours, particularly if there are passing
sidings located at convenient intervals in the adit. The cost of con-
struction (driving, timbering, mucking and disposal of the muck)
ranges from about one-half to one-sixth as much per foot of length
and the speed of the driving is from five to twenty times as fast as
for a vertical shaft of the same cross-section, depending mainly on
how far from the mouth of the adit the work is being done, as well as
the kind of rock and general delays due to poor management and
other factors.

It is often found that owing to the cramped working conditions in an
adit of very small cross-section, the cost of construction is as much or
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more than for one of larger cross-section. When this happens the
obvious solution is to use a larger sized ad it.

Usually the delays in the construction of an adit are less than for a
shaft because the adit is drained by gravity and not subject to the shut-
downs due to the breakdowns of pumps and hoists.

When used, an adit should be as straight as possible in alignment
and should have a slight falling grade toward the mouth. This grade,
if from about one inch to five inches for each hundred feet of length
of the adit, gives a favorable grade for the loaded cars which are
going out of the adit and this grade is low enough so that one man
can push the empty car back against it, providing the track is kept in
good shape.

A ditch for drainage is usually dug on one side of the track, pro-
viding there is only one track in the adit; if there are two, it is usually
placed on both sides or between the tracks.

I t is a good plan to board in or at least cover the ditch with boards
so that it will not get clogged up with the muck which falls from
the loaded cars. These boards can be removed at any time and the
ditch cleaned out.

When considered from the standpoint of cost per foot of length
and number of feet driven in the same space of time, the adit com-
pares favorably with other types of entries, but where it does not
compare favorably is that in some cases the length of the adit needed
is many times longer than the shaft which is required to reach the
same depth and, therefore, the initial cost for the entire entry will in
some cases be much greater than if a shaft is used. This point can
only be determined by having surveys made and the matter settled
by the data collected from them.

From the standpoint of service and operation, the adit per foot of
length compares very favorably with other types, but as in the con-
struction, when taken as a whole, it is often found that the total
maintenance, haulage and other charges more than offset the ad-
vantages gained, as when a saving has been made in the initial con-
struction time has has been gained in this construction, and by having
free drainage for all mine water above the level of the ad it.

The advantage, during the development and operation, which the
shafts have over the adit is in the speed of haulage which can be
used. In the adit the cars are moved either by men, motors or mules,
and the speed possible is very slow as compared to that used in a
shaft. Therefore, the cost per ton of material moved may be
higher, especially if the cost of hauling the material on the outside
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of the mine, up to the same elevation as the mouth of the shaft, is
added to the cost of moving it in the adit.

When used for a deep level deposit, an adit can only be looked
upon a temporary haulage at the best, down to the point where the
ore body meets the adit, because if the ore body is to be worked below
this level there must be used shafts which are either sunk from the
ad it or from the surface down to the level which is to be worked.

A deep shaft with the necessary hoisting equipment and bins of
the capacity needed cannot be located and used to advantage under-
ground, and if this cannot be done a shaft must be sunk down from
the surface to the level needed. This means that for entries and
equipment there is spent about twice as much as is necessary, except
insomuch as is saved in the pumping of the mine water against
the head between the adit and the mouth of the shaft and the con-
venience offered by having the two entries.

These two advantages are often of much importance, especially
where the elevation of the shaft mouth is much higher (several hun-
dred feet) than that of the adit in a mine which makes much water.
Often the money saved in this pumping, by using the adit for drain-
age, not only pays for construction of the adit but also shows a good
profit besides. In order to make this of value there must be a differ-
ence of elevation of one hundred to several hundred feet or there must
be tremendous quantities of water to be handled. This factor, as for
the cost of construction, can only be determined from the estimates
which are made from a survey of the property.

The advantage of having two entries is often considerable, and if
the extra entry is used for ventilating purposes only it often is worth
its initial cost of construction.

From the above it can be seen that the selection of the proper type
of entry for most mines is a very difficult matter and is of considerable
importance in the economic development of most properties.




