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NOTE.

This bulletin is issued and distributed in the hope that it may
lessen the accidents caused by the improper use of explosives in
mining operations. The Bureau of Mines will be glad to receive any
suggestions as to additions or other changes whicly, in the opinion of
readers, would increase the usefulness of this primer in accomplis.ing
this purpose.
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INTRODUCTION.

By J. A. HorwmEs.

Of the common causes of the larger mine accidents, such as falls
of roof and coal, gas and dust explosions, mine fires, and the misuse of
explosives, all of which are often closely related, each must be studied
and fought in a manner peculiar to itself. The last mentioned, the
misuse of black powder and other explosives, is sometimes considered
the least important of these causes of mine accidents; but its impor-
tance is much greater than the statistics indicate, for the reason
that the misuse of explosives is the true cause of many of the fatal
mine fires, gas or dust explosions, and falls of roof that are credited
to other causes.

Both the quantity of explosives used and the number of purposes
to which they are applied are increasing. They are now made at
about 150 plants, in different parts of the United States, and the
product of a single year is estimated at nearly 500,000,000 pounds.
Nothing in all this material is a safe or ‘‘safety” explosive when
in the hands of a careless or ignorant person; and this is true whether
considered in connection with the shipment or the use of these
explosives. In addition to the large losses of life and property
resulting from an improper use of explosives in mining, the recent
statistics of the railway bureau for the safe transportation of explo-
sives have shown more than 400 persons killed or injured and over
$3,000,000 worth of property destroyed by explosives in transit by
rail. The fact that three years of cooperative effort under the wise
supervision of this bureau has reduced these losses to almost nothing
encourages the hope that similar cooperative effort may likewise
greatly lessen losses of life and property from the use of explosives
in mining.

The additions to the large death roll of our mines make a recurring
appeal to the public for fair treatment of the coal-mining industry,
and to the miner and the manager that they join in every possible
effort for greater safety. It may never be possible under conditions
such as exist to-day to prevent mine accidents entirely. Little can
be accomplished in that direction by either the operators or the
miners working alone, but experience in all countries shows that

9



10 INTRODUCTION,

through the hearty determined cooperation of both the accidents
may be greatly reduced. This will require wise laws and regulations
based on fact and experience, and the strictest possible discipline.

The accidents resulting from the improper use of explosives in
mining can be most certainly prevented (1) through the use of the
best and safest explosives; (2) through the handling and firing of
these explosives in the safest manner by carefully selected and
trained men; and (3) through the strict and competent oversight of
these men.

This little book on explosives is published in the hope that it
may ald in preventing such accidents. The aim has been to tell
what explosives are and how they should be handled, with a view
to greater safety; and to do this in language free of unnecessary
technicalities. It has been prepared by Charles E. Munroe, con-
sulting chemist, and Clarence Hall, explosives engineer of the Bureau
of Mines. It has been revised in the light of suggestions made by
the mining engineers associated with the burcau, by several mine
managers, by experts associated with the manufacture of explosives,
and by Col. B. W. Dunn, chief of the bureau for the safe transporta-
tion of explosives, who has also kindly added a brief chapter on
the transportation of explosives.

Much of the information in this primner has been obtained from
experiments condueted by the technologic branch of the United
States Geological Survey at the mining experiment station at Pitts-
burg, Pa. This station, which is now part of the Bureau of Mines,
was authorized for conducting investigations as to the ‘‘causes of
mine explosions.” These investigations have shown the recent
development of a new type of short-flame explosives, which can be
used with greater safety than black powder in mines where there is
dangerous gas or inflammable dust, because the flame from the
explosion of black powder lasts from 2,500 to 3,500 times as long as
does the flame from these newer explosives, and is therefore more
likely to ignite the gas or dust in such mines.



A PRIMER ON EXPLOSIVES FOR COAL MINERS.

By C. E. Mu~xroE and CLARENCE HaLL.

COMBUSTION AND EXPLOSION.

There is probably no activity of nature with which man is better
acquainted or has been longer acquainted than with
fire, of which he has made use from the earliest days
for warming his body, cooking his food, giving him light, and in more
recent times for breaking down rock, for making steam, and for other
purposes. e has observed that a great number of substances can be

burned, such as wood, charcoal, coal, sulphur, phos-
(Jombustible sub- phorus, magnesium, zine, oil and gas in their many

varicties, and many others, and he has made use of
them to produce heat and light. He has noticed that when wood is
burned in large sticks it is difficult to start the fire, and that where
there are but a few large sticks the fire burns but slowly. When the
wood is cut into kindlings and these are heaped together, they burn
more rapidly. When the kindlings are cut into shavings and these
are piled together, they burn still more rapidly; and when the wood
is cut into dust by means of a saw and this dust is suspended in the
air and set on fire, it burns with explosive rapidity.

The same thing is found to be true of the other substances that
burn under ordinary circumstances and are therefore called com-
bustible. That is, the more finely divided they are and the more
intimately this fincly divided material is mixed with the air, the more
rapid is the burning or combustion. This intimate mixture with the
air is best attained with gases such as marsh gas (the fire damp found
in mines), coal gas such as is used for lighting, and acetylene, or with
vapors such as those from gasoline; and when these are thus inti-
mately mixed with the air the combustion goes on so rapidly that it
takes the form of an explosion. Although an explo-
sion is easily produced by mixing combustible gas or
vapor and air in the right proportions, explosions may also be
obtained by mixing combustible dusts with the air in the right
proportions and igniting them; and therefore we are
not surprised to hear that explosions have been occa-
sioned by mixtures of sawdust or flour dust or starch or sugar or soap

11
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12 A PRIMER ON EXPLOSIVES FOR COAL MINERS.

or coal dust with the air. Many explosions thus produced are very
violent, and destroy life and property. (See Pls. IT and III.)
In each of the kinds of combustion or explosion that have been
spoken of the combustible substance is mixed with
Air necessary to gjr and that the presence of air is necessary for the
ordinary combus- . . .
tion. combustion or burning is proved by the fact that
when we cut off the air from contact with a burning
body the fire goes out, or, as we say, we have smothered the fire.

The reason for this has been found in the nature of one of the sev-

eral different substances that the air is composed of.
ne‘:::’s?; of tne alr This is the gas named oxygen, which is about one-
bustion. fifth of the whole volume of the air. It is possible

to separate this oxygen from the air, and when this
has been done and burning bodies are brought into contact with
this separated oxygen it is found that they burn much more rapidly
than in air, and that the combustion is much more brilliant. By
repeated experiment it has been proved that all ordinary combus-
tion is caused by the combination of the combustible substance
with this oxygen of the atmosphere. Air deprived of its oxygen
will not support combustion or life.

In view of these facts, and in view, further, of the fact that there
are other substances in nature besides air that con-
tain oxygen and will give up this oxygen to com-
bustible substances, it would seem probable that com-
bustion could be brought about through the aid of such oxygen-
containing bodies; and this was long ago proved to be true. One of
the first, if not the first, of such bodies that became known to man is
saltpeter, also called niter, or potassium nitrate, which, because it
occurs as a white eflorescence, like frost, on the surface of the soil in
India, has been called India saltpeter, although it has been found to
some extent in many parts of the world.

If solid saltpeter in the dry condition is mixed quite thoroughly
with a solid combustible substance, such as charcoal,
the mixture burns easily when once it is ignited.
The advantage of such a mixture is that the oxygen
which is to support the combustion is in close contact with the char-
coal which is to be burned, and that, therefore, this substance or
mixture can be set afire and will burn without contact with the air,
and will so continue to burn until the charcoal is completely con-
sumed. As a result of the burning of the charcoal or carbon with

the oxygen of the saltpeter a gas is formed. As
smareonl With another result of the burning of this mixture of char-

peter produces . .
heatand gas. coal and saltpeter heat is produced, and this heat

warms up the gas, so that if it is unconfined its vol-
ume becomes greatly expanded, and if it is confined it exerts pressure

Oxygen from salt-
peter.

Saltpeter supports
combustion.
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and does work. Hence, if such a mixture be burned in the bore
hole of a rock, it may break down the rock, or in the barrel of a gun,
it will drive out the bullet.

It is found, however, that it is not easy to ignite such a mixture of

charcoal and saltpeter, even when mixed in the best
Sulphur is added noggible way, and to overcome this difficulty use is
to malke the mixture o A
ignite easily. made of another substance that ignites easily, one
which on burning gives out heat enough to ignite the
mixture of charcoal and saltpeter. This substance is sulphur, or
brimstone, such as has been used in the past for the tips of sulphur
or brimstone matches, for which the same object of easy ignition
was sought. So eventually the mixture has been made of charcoal
and saltpeter and sulphur, which are finely ground and closely mixed
and then formed into grains, and such a mixture is called gunpowder.
As has been pointed out, it is simple combustion that takes place
when such mixtures are set afire, but on account of the thoroughness
of the mixing, the proportions in which the different substances are
mixed, and the way in which the material is finally made into grains,
this combustion may proceed so rapidly that there is an explosion,
which is powerful because the solid mixture, occupying a very small
space, gives on combustion a large volume of highly heated gases.

About 1821 there was discovered in the desert regions of Peru and
Chile another saltpeter, sodium nitrate, which has
come to be known by the name of Chile saltpeter.
Like the India saltpeter, potassium nitrate, it con-
tains oxygen, and it will give up its oxygen to combustible substances
with ease at a relatively low temperature. Hence a mixture of it
with charcoal (known also as carbon) and sulphur makes a body
similar to that produced with the India saltpeter, and since 1857 such
a mixture has been extensively used, especially in this country, for
blasting in rock and in mines.

Besides the India and the Chile saltpeters, many other solid sub-
stances that contain oxygen and will give up their
oxygen easily, on heating, to combustible substances
have become known, and many of them have been
tried in the formation of explosive mixtures. Though one or two of
them are used to some extent, as will be shown further on, none are
used so largely as the saltpeters.

It has also been found that we can get the oxygen out of the salt-
peters in other ways than by firing an explosive
mixture, as, for instance, by heating either the India
or the Chile saltpeter in a proper manner with sul-
phuric acid, when we obtain from them nitric acid, which contains
all of the oxygen originally in the saltpeters. It has further been

Chile saltpeter
contalns oxygen.

Oxygen in other
bodies.

Nitric acid from
saltpeter.



14 A PRIMFER ON EXPLOSIVES FOR COAlL, MINERS.

learned that when substances like cotton or starch or glycerin are
treated with nitric acid in the proper way there are

Putting oxygen formed, from the cotton, guncotton, or nitrocellulose,
into cottom, glycer- : : . 3
0, ote. as it is also called; from the starch, nitrostarch;

from the glycerin, nitroglycerin; and through this
means the cotton, the starch, and the glycerin, which are all com-
bustible substances, are converted into substances much more lighly
explosive and more powerful than mixtures made with the saltpeter
and sulphur and combustible substances. In fact, such bodies can
be made to explode by a shock such as is produced by a detonator
or blasting cap when fired in contact with them, and the explosion is
extremely rapid and very much more powerful than that of the salt-
peter mixtures.

It has also been found that by the action of alcohol upon nitric-
acid solations of metals, such as copper or silver or mercury, under
proper precautions, substances may be formed which are still more
sensitive and still more violent in their explosive effects than gun-

cotton or nitroglycerin. The best known and the
Sensitiveness and Mmost widely used of these substances is fulminate
Z‘f:::::u‘;;fulmmte of mercury. When dry, this substance is so sensi-
tive that a very slicht blow, very little friction, or a
slight rise in temperature will cause it to explode, and on explosion
it produces a shattering effect upon any substance with which it is
in contact. Morcover, the character of its explosion is such that if
but a small mass of it is exploded in proper contact with guncotton
or nitroglycerin or dynamite or other similar explosive, it will cause
each of them to undergo a very violent explosion, which also will
produce a shattering effect on the bodies with which they are in
contact.

From what has been said it will be seen that there are at least two
classes of explosives. One class is the saltpeter mixtures, in which
an explosion is brought about by simple combustion that proceeds
rapidly and gives rise to a large volume of highly heated gases, though
almost one-half of the mass remains as a solid residue. Explosives
of this class exert a relatively slow pushing effect
upon the substances with which they are in contact
when they explode, and are called ‘‘low” explosives. In the other
class are explosives of the character of guncotton and nitroglycerin,
which undergo explosion by being suddenly and wholly resolved
into a large volume of highly heated gases, the change proceeding
many times faster than the combustion that takes place in the salt-
peter class of explosives. Because of their speed and power these
explosives have a shattering effect upon the sub-
stances with which they are in contact, and are known
as ‘‘high”” explosives, and also sometimes as detonating explosives.

Low explosives.

High explosives.
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Every explosive, when exploded, exerts pressure in every direc-
tion. When laid on top of a rock and exploded, gun-
Confinement es- nowder and other low explosives do not affect the
sential to use of ex-
plosives. rock, because they explode so slowly that the gases
formed can lift the air above them and escape; but
dynamite, fulminate of mercury, and other high explosives, if laid
upon brittle or soft rock and detonated, may shatter it, because they
explode so quickly that the gases formed can not lift the large volume
of air which confines them without pressing back forcibly against the
rock. (See Pl. IV, A.) This confinement by air is not, however,
close enough to give the best result with any explosive. By boring
a hole in rock and tamping the explosive firmly in it, gunpowder and
other low explosives may be made to break the rock, or a much less
quantity of high explosive will break the rock than is required to
break it when laid upon it. Confining an explosive is the cheapest
and best way to use it.
Tt is foolish and dangerous for an inexperienced person to attempt
to manufacture any kind of an explosive except
Folly of attempt- ypder the supervision and direction of a trustworthy
ing to make explo- . . . . .
sives. person who is skilled in the art. Many serious acci-
dents, which have destroyed lives or inflicted injury
on persons and property, have been caused by such attempts.



EXPLOSIVES.

As may be inferred from what has already been said, a large num-
ber of substances are known and used as explosives.
The one longest known and used is gunpowder, which
has certainly been used since early in the fourteenth century. This
is made by intimately mixing 75 parts of India saltpeter (potas-
sium nitrate) with 15 parts of charcoal and 10 parts of sulphur.
Each of these ingredients is ground to a fine powder, and then they
are ground together while moistened with water, in the proportions
given, until the mixing is complete. The material is pressed into
cakes, which are then broken up into grains, which are dried, glazed
by rubbing, and sorted by the aid of sieves into the various desired
sizes. :

Formerly this India saltpeter powder was used both in guns and
in blasting, and while to-day some of it is used
in blasting, the larger part of what is used in this
country under the name of black blasting powder is
composed of 73 parts of Chile saltpeter (sodium nitrate or nitrate of
soda), 16 parts of charcoal, and 11 parts of sulphur. This black blast-
ing powder is made in a manner similar to that described for gunpow-
der, but less time is spent in making the mixture, and the charcoal is
usually obtained from coarser-grained woods. The Chile saltpeter will
supply more oxygen, and supply it more easily, than the India
saltpeter, and therefore is a better and cheaper oxidizing agent; but
the Chile saltpeter is not used in the manufacture of gunpowder
because when it is exposed to moist air it takes up water by absorption
from the air and becomes wet. So powder or other
explosives in which this Chile saltpeter (nitrate
of soda) is used likewise take up moisture when
exposed to the air and become damp, so that it is difficult, and
sometimes impossible, to set fire to them. As gunpowder for
use in guns and firearms must often be kept for a great many
vears, and yet always be in such condition that it can be fired
at any moment with certainty, tlis property of absorbing moisture
from the air makes the nitrate of soda unfit for use in gunpowder;
but blasting powder is not expected to be stored for
years, and in magazines at mines it is quite possible
to store it for a while so as to protect it from exposure to damp air.
Besides, by proper management it is possible to obtain this blasting
powder fresh from the manufacturer and use it promptly while in

16
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A PRIMER ON EXPLOSIVES FOR COAL MINERS. 17

that condition; hence advantage may be taken, for economic use,
of the superior efliciency and cheapness of the nitrate of soda in
the manufacture of blasting powders if we keep them dry.

Black blasting powder comes into the market in the form of grains
whose edges have been rounded off by rubbing
together in a revolving barrel and which are usually
coated on the surface, or glazed, as it is termed,
with graphite, or black lead. The object in rounding and glazing
the grains is to render them free running, and the glazing also
serves to delay somewhat the taking up of moisture from the air by
the grains.

The powder is divided into grades according {o the size of grains,
as separated and collected by sieves of different sizes
of openings. (See PL 1V, B.) The sizes most usu-
ally offered for sale are called CCC, CC, C, F, FF, FFF,
and FFFF. Of these, CCC represents the largest grains, about five-
eighths inch in diameter, and FFFF represents the smallest grains,
about one-sixteenth inch in diameter. (See Pl. V, A.) The rela-
tion between the letters designating the sizes of the powder grains
and the sieves by which the different sizes are separated is shown
in the following table:

Granulating
powder.

Size of powder
grains.

Relation between sizes of black blasting powder and separating sieve.

; {
| ;
Diameter of | Diameter of
round holes | round holes
Size of in sereens in screens
grains. through on which
which grains grains.
pass. collect,
CCC 42 inch gi inch
cC 3% inch 4f inch
C &% inch 1§ inch
F 49 inch 43 inch
FF &% inch 7z inch
FFF & inch ¥4 inch
FFFF #5 inch {(a) & inch
i

a Or 28-mesh bolting cloth.

To get the best results in the use of this powder in ordinary blast-
ing, the grains should be of uniform size, so that
Danger in using a the miner, having determined the best size of charge,
mixture of different . - . .
sized grains. may have no difficulty in repeating it. Unfortunately
not enough care is taken in separating the grains
into the different sizes, and powders have appeared in the market
in which a considerable number of different sizes of grains were
mixed together, so that the miner has obtained quite different re-
suits from his different shots in the same mine of coal with the
same grade of powder. (See Pl. V, B.) Moreover, where large and
small grains of powder are mixed in a charge, the fine grains, which

99160°—Bull. 17—11—2
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burn freely, may produce in burning enough pressure to throw the
large grains out into the mine where they can set the gas and dust
afire. This makes such a mixture of grains a dangerous one in use.

It has already been said that many other substances besides
India saltpeter (potassium nitrate) and Chile saltpeter
(sodium nitrate) are known which contain oxygen in
such quantity and in such manner that they may be
used as the oxidizing agents in forming explosives. Among these
is the substance known as potassium chlorate.. More than 100
years ago an eminent Krench chemist showed that when 1t was
mixed with combustible substances a most powerful explosive was
produced; but, unfortunately, this mixture was found to be so
sensitive to friction, blows, and heat as to endanger the lives of
those who sought to handle and use it. Many of the mixtures
produced with potassium chlorate are so easy to prepare and explode
with such violence that a great many persons have been tempted
to make them, but until recently all those that have been devised
have been rejected as unfit for use because they were liable to destroy
those who attempted to make or use them. It is found, however,
that when dry and finely ground potassium chlorate is mixed with
a body like starch, and with oil and other substances, an explosive
is produced that is fairly safe to handle. Mixtures of this nature
have met with some use in Europe.

Attention has also been called (p. 14) to the fact that when puri-
fied dry cotton iz immersed in nitric acid in the
proper manner it is changed into an explosive sub-
stance through reaction with the nitric acid. When we withdraw the
fibrous cotton from the nitric acid, wash it thoroughly to remove any
acid that sticks to it, and then carefully dry it at a low temperature,
the cotton appears unchanged to the eye, even when examined most
carefully. It has, however, become a little harsh to the touch.
When rubbed, it becomes electrified so that it sticks to the fingers,
and when a flame is applied to it, flashes off with great rapidity.
In practice, a mixture of sulphuric acid is used with the nitric acid in
nitrating the cotton. By varying the strength and the proportions of
the nitric and sulphuric acids, their temperature when the cotton is
dipped in them, and the length of time that the cotton is in them,
we can get a number of different products varying in the rate at
which they will burn and in the degree to which they are soluble in
various solvents; but every such product results from the replace-
ment of more or less of the element known as hydrogen, which was
present in the cotton, by nitrogen and oxygen (indicated by the
formula NO,), which came from the nitric acid. Such a product,
obtained by the action of the nitric acid on the cotton, will take

Potassium  chlo-
rate.

Nitrocellulose.
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fire and burn the more easily the greater the number of NO, groups
that have replaced hydrogen in the cotton. We may, for con-
venience, divide these various products into two classes. Those
which contain the fewer of these NO, groups are called pyroxylin, or
soluble nitrocelluiose, or collodion eotton, and those which contain
the greater number of the NO, groups are known as gun cotton. In
the manufacture of gun cotton the very strongest nitric and sulphuric
acids are used. After the product has been washed so as to remove
most of the acid sticking to it, it is pulped while wet into a fine powder
in a machine such as is used in pulping paper stock, and when the
gun cotton has been washed in this powdered condition so as to
remove the last traces of acid, it is molded into blocks and is used
as an explosive in that form.

Nitroglycerin is prepared by slowly running glycerin into a
mixture of the strongest nitric and sulphuric acids,
the whole being stirred and kept cool during the
process of mixing. The reaction which takes place between the
glycerin and the nitric acid is similar to that which takes place with
the cotton. As a result of the reaction, NO, groups from the nitric
acid replace hydrogen in the glycerin, and the mild, sweet, harmless
glycerin is thereby changed into the powerful and dangerous explo-
sive nitroglycerin. Nitroglycerin is a rather dense oil-like liquid.
When pure it is colorless, but as it appears in the market it is usually
pale yellow. It is somewhat poisonous, and one can be poisoned by
it not only through the mouth but also by breathing its vapors or by
allowing the liquid to touch the skin. A drop of it touching the tip
of the finger will usually soon produce a violent headache. Fortu-
nately, most persons lose their sensitiveness to poisoning after
repeated contact, so that they cease to have the headache, but it
would still be dangerous for these persons to get any
of the nitroglycerin into the mouth. Nitroglycerin
may freeze after some exposure to a temperature of
52° F. (see p. 27) and it must be thawed before it can be properly
used as an explosive.

Being a liquid, nitroglycerin is especially dangerous for ordinary

use, because it may escape from the cans or other

Liquid nitro- yeggels in which it is carried or stored and run off
glycerin is especially . . .

dangerous. to considerable distances, so as to increase the chances

of accidental explosion by a blow, or friction, or heat;

and also because it may, when placed in a bore hole, leak out into

crevices or seams in the rock, and when fired give most undesirable

results. In fact, during the middle of the last century, when it was

offered for use, so many accidents occurred that many countries, by

law, forbade its use or manufacture. We can, however, prevent a

Nitroglycerin.

Nitroglycerin
freezes.
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liquid from flowing about by absorbing it in a porous body, like a
sponge. This has been done with nitroglycerin, and the product is
called dynamite. Dynamite consists of nitroglycerin
absorbed in a solid body called the dope. There are
many dynamites. One of the earliest known and used was made by
absorbing the nitroglycerin in powdered ‘‘rotten stone.” As the
““rotten stone’’ could neither burn nor explode, it was called an in-
active dope, and there are several varieties of dynamites with in-
active dopes. On the other hand, nitroglycerin may be absorbed in
gunpowder. As the gunpowder explodes, as well as the nitroglycerin,
when the dynamite is fired, the gunpowder is called an active dope.
There are a large number of dynamites made with active dopes, and
with varying percentages of nitroglycerin. The standard straight
dynamite used at the Pittsburg testing station may be taken as an
example of a dynamite with an active dope. It consists of the
following:

Dynamite.

Composition of standard stratght dynamite.

Per cent.

Nitroglycerin. .. ... .. 40
Nitrate of soda (sodium nitrater. ... ... . ... 44
Wood pulp. ..o . 15
Carbonate of lime (calcium carbonate)....... ... ... ... ... 1
100

Since it is a liquid, nitroglycerin, like other liquids, acts as a sol-

vent, and it has been found that under certain con-
ai:l’gsl::m g;;:f: ditions it can dissolve soluble nitrocellulose, and that
mite. the mixture thus formed will set to a jelly-like

mass. In this way, or sometimes by the use of
other solvents also, the substance known as explosive gelatin is
formed, a substance that in some respects is regarded as the most
nearly ““ideal’” explosive. However, it is too powerful for ordinary
use in blasting, and it is therefore diluted by mixing it with a dope,
such as the nitrate of soda and wood pulp used in straight dyna-
mite. The mixture so formed is known as gelatin dynamite.

Tt has already been said that nitroglycerin when exposed to

ordinary winter temperatures will freeze. Dynamite,

Al explosives con- gy plosive gelatin, and gelatin dynamite will also
taining nitroglycerin . . .
freeze. freeze, because all of them contain nitroglycerin, and,

like nitroglycerin, all of these substances should be
properly thawed before any attempt is made to use them.

Each of these substances is put upon the market in the form of
sticks or cartridges, which are made by wrapping
up cylinders of the material in paper. The wrap.-
pers for dynamite and gelatin dynamite are paraf-
fined to protect them from the action of water and the moisture in

Dynamite car-
tridges.
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the air, because they contain nitrate of soda and hence may absorb
moisture and become spoiled, and develop new sources of danger
in handling and use. These sticks usually vary in size from seven-
eighths inch to 2% inches in diameter, and they are usually 8 inches
long. They are usually packed in cases containing
50 pounds each. The mark “This side up,” or a
design on the top of the case, shows the position in which the car-
tridges are packed. The cases should always be placed so that the
cartridges lie on their sides, and they do lie so when the cases are
stored with their top sides up.

For use 1 coal mines it is suggested that the explosive be packed
in cases or cartons containing the weight which the law of the district
permits being taken into the mine. (See PL. VI, B.)

Besides cotton and glycerin, there are a large number of substances,
such as sugar and starch, that are chemically related to cotton and
glycerin and through the action of nitric acid, particularly in the
presence of sulphuric acid, give rise to explosive substances. Many
of these have been produced, but so-called nitrostarch
is the only one that seems to have any commercial
importance. During the last 10 years this has attracted some
attention, and it has been offered for use both in this country and in
Europe. It is a finely powdered substance like starch itself, but it
does not need, as starch does, to be suspended in the air in order to
explode on ignition, because even when in a pile it will burn with
great rapidity if set afire, and through the action of a detonator it
explodes with great violence. It is not yet used by itself, but is
used as a component in various explosive mixtures, particularly
dynamites.

Attention has been called to the use of potassium nitrate and so-
dium nitrate in the manufacture of explosives. In
recent years another nitrate, formed by the union
of ammonia with nitric acid and known as ammo-
nium nitrate, has come to be somewhat largely used. It has been
used in this country for more than a quarter of a century in the man-
ufacture of some dynamites, taking the place of sodium nitrate and
having the advantage over it that on explosion it goes completely
into gases; but it has come to be used in Europe in the manufacture
of special explosives for use in coal mines, for the reason that on ex-
plosion it forms a large amount of water, and this lowers the tem-
perature of all the products of the explosion. In the making of sev-
eral of these ammonium-nitrate powders, various substances ob-
tained from coal tar, which generally have been acted upon by nitric
acid, are mixed with the ammonium nitrate.

Packing dynamite.

Nitrostarch.

Ammonium ni-
trate.
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The substances derived from the coal tar, after having been acted
upon by the nitric acid, are known as nitrosubstitu-
tion compounds. One of the best and longest known
of the substances obtained from coal tar is car-
bolic acid, and when this acid reacts with strong nitric acid it gives
us the nitrosubstitution compound known as picric acid. Other
substances obtained from coal tar that are pretty well known are
benzene, toluene, and naphthalene. When these are acted upon by
nitric acid we obtain from them the nitrosubstitution compounds
known as nitrobenzene, nitrotoluene, and nitronaphthalene. These
are but a few of the many substances that may be obtained from
coal tar and furnish, through the action of nitric acid upon them,
nitrosubstitution compounds. All the nitrosubstitution compounds
will form explosives when mixed with oxidizing agents such as
ammonium nitrate, or other nitrates, or chlorates, and many ex-
plosives have been made from such mixtures. Moreover, these
nitrosubstitution compounds have been used as components of
dynamites, particularly because they lower the freezing point of the
nitroglycerin in the dynamites.

The nitrosubstitution compounds are so called because the NO,

groups in them, obtained from the nitric acid, are
oy “;:::;2::3; directly connected to the carbon atoms in the original
are so called. material, replacing hydrogen atoms; whereas in gun

cotton, nitroglycerin, and bodies of that sort, the
NO, groups are linked to the carbon atoms of the original substance
by means of atoms of oxygen. The nitrosubstitution compounds
are usually yellowish to red crystalline solids, but as most of these
solids are easily melted, they are often sent out in compact masses.
A few of them are liquids at ordinary temperatures, and they have
a marked aromatic odor. Some of these substances are poisonous.
Great care should be taken in handling all of them, and one should
especially avoid breathing their vapors.

As has been stated above, the most common fulminates are pro-
duced by dissolving a metal, such as mercury, in a
strong nitric acid, and pouring the solution into
common alcohol. When the proportions used are correct and the
operation is carried out in a proper manner, after an apparently vio-
lent reaction there will be produced a mass of fine, gray crystals that
look quite alike. These crystals are fulminate of mercury, or mer-
cury fulminate. The crystalline powder thus produced is washed with
water to free it from acids, and because.of its extreme sensitiveness
it is kept soaked with water until desired for use. It is principally
used in loading blasting caps or detonators, and for this purpose.the
water may be removed from it by alcohol and it may be loaded into

Nitrosubstitution
compounds.

Fulminates.
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the copper capsules while wet with alcohol, but it should be always
borne in mind that this mercury fulminate, even when thoroughly
soaked with or sunk under water or alcohol, will
explode with tremendous violence if only a small
amount of the dry fulminate be exploded while
touching it, or very near it. Hence extreme precautions should
always be taken with mercury fulminate, whether the substance be
wet or dry.
The manufacture of explosives is by no means simple. Unless all
the materials are of the proper kind and in the proper
Waming against oondition, and they are used in the proper order, in
manufacturing ex- .
plosives. the proper manner, with the proper tools and vessels,
and with all the proper precautions at each stage of
the operation, the manufacture is a very dangerous thing to under-
take and it is very foolish for anyone to undertake it by himself.

Danger with ful-
minates.



EXPLOSIVES FOR USE IN COAI: MINES.

It is evident that a large number of different explosives can be
formed by mixing various combustible substances
with various oxidizing agents, or by using such mix-
tures as dopes for dynamite, or by using them together
with the different nitrosubstitution compounds. In fact, the num-
ber is so great that a book published in 1895 gave the names of more
than 1,000 different explosives, and many have been added to the
list since that date. As the number of those in actual use is much
smaller, it is clear that most of the explosives known are, for various
reasons, unsuitable for use; indeed, no one of those more generally
known is suitable for use under all circumstances. For instance,
some of them on explosion give off a considerable volume of flame;
some of them on explosion give ofl considerable volumes of poisonous
or noxious gases; some of them explode so quickly as to shatter the
rock or other material in which they are fired and break it down into
fine pieces; some of them are too bulky; and so on.

It is evident that if wé are seeking to break down the rock in an
open quarry for the purpose of making use of that
rock as ballast for roads, we can employ an explosive
that produces a long flame, or gives off poisonous
gases, or shatters the material, because the work is done in the open
air, and because the rock has to be broken up into small pieces any-
way, so that it is well for the explosive to do it. If, however, we
sought to get out from that quarry blocks of stone such as marble or
granite, which were to be used in building or for monuments, we
should avoid using the shattering explosive and choose one that
slowly, and without a shock, separates the rock mass from the
deposit. Yet for this purpose also, as the work is in the open air,
it might matter little if the explosive gave rise to a large flame or
gave off poisonous gases, provided the quantity of explosive used
was small. But the conditions in a coal mine are
very different from those in a quarry. The mine is
inclosed and not out in the open air, and, moreover, it
is liable at any time to contain inflammable gases or coal dust, or both,
which may form explosive mixtures with the air. If under these
circumstances an explosive were used which gave off
a long flame on firing, this flame, darting out from
the bore hole, might set fire to the explosive mixture
in the mine and produce a mine explosion. (See Pl. VI, A.)

24

Number of explo-
sives.

Explosives in open
work,

Explosives in in-
closed work.

Danger from
flames in coal mines.
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Moreover, as the mine is an inclosed space and as the wholesome-
ness of the air within it depends upon artificial ven-
tilation, it is also objectionable in such a mine to
make use of an explosive giving off any considerable quantity of
noxious gases, which must be removed frdm the mine after the
explosion before the miner can safely return to his work.
Considerations such as these have led to an investigation by the
Bureau of Mines of the explosives offered in the mar-
b7 ket, for the purpose of determining, in the interest of
the coal miner, which of such explosives are suitable
for use in coal mines and will do the work with the greatest degree
of safety for the miner using them. Of course it is impossible to
insure complete safety, for no explosive can be perfectly safe and
every explosive should be treated with the greatest care and con-
sideration.
With this object in view the Bureau of Mines has a testing station
established at Pittsburg, Pa. (see Pl. I, frontispiece),
Testing station at
Pittsburg. where there has been erected a large gallery made of
o Plostres gallery steel, 100 feet long by 6 feet 4 inches in diameter, and
so made that it can be filled with fire damp, or with
coal dust and air mixed, or with gas, dust, and eir mixed in any
desired proportion, so as to reproduce the dangerous conditions that
may occur in coal mines. Attached to one end of the gallery is a very
strong ‘““gun” with a chamber representing the bore hole in a mine.
From this “gun” various exactly determined quantities of the explo-
sive to be tested may be fired, either untamped or tamped, into the
mixture in the gallery, and thereby it can be learned whether or not
the definitely known quantity of explosive used as described will cause
the ignition and explosion of the mixture in the gallery. Besides
this gas and dust gallery there is at the testing station a collection of
other apparatus and appliances by which to test the various proper-
ties of explosives, and so to find their relative value and their relative
safety for use in coal mines. This investigation has been going on
since September, 1908, and there have already been published four
lists of explosives that have passed all test requirements in a satisfac-
tory manner and are considered to be suitable for use in coal mines,
provided they are used under the prescribed conditions.®

Nozxious gases.

Investigation
Bureau of Mines.

a See p. 68 for prescribed conditions under which each of these explosives is to be used.
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These explosives are, therefore, called by the Bureau of Mines
‘“permissible explosives.” The name of each brand
that had passed the tests up to January 1, 1911,
together with the name of the manufacturer, is given
in the following list:

Permissible explo-
sives.

Permissible explosives tested prior to Jan. 1, 1911.

Brand. 3 Manufacturer.

Aetna coal powder A

Aetna Powder Co., Chicago, Ill.
0.

Aetna coal powder AA. ... D
Aetna coal powder B. ... . Do.
Aetna coal powder C...... ... Do.
Aetna coal powder D.... ... D

0.
Bental coal powder No. 2. .. .1 Independent Powder Co. of Missouri, Joplin, Mo.

Bituminite No. 1....._.. ... .| Jefferson Powder Co., Birmingham, Ala.
Bituminite No.3........._. Do.

Bituminite No.4........... Do.

Bituminite No. 5. Do.

Bituminite No. 7 D

Black Diamond No.
Black Diamond No. 4
Carbonite No.

- 0.
Illinois Powder Manufacturing Co., 8t. Louis, Mo.

0.
E.I. du Pont de Nemours Powder Co., Wilmington, Del.

Carbonite No. Do.
Carhonite No. Do.
Carbonite No. Do.
Carbonite No. Do.
Carbonite No. D

0.
Potts Powder Co., New York City.
Do.
Do.

Coalite No.1............ ... =
Coalite No. 2-D
Coalite No.2-D. Lio.oo......

Coalite No.3-X............. Do.
Coal special No. 1............. Keystone National Powder Co., Emporium, Pa.
Coal special No. 2._. Do.
Coal special No. 3-C Do.
Coal special No. 2-W. Do.
Coal special No. 3-W. Do.
Coal special No. 4... Do.
Coal special No. 5-L. Do.
Collier powder No. Do.
Collier powder No. 4.. Do.
Collier powder No.5.......... Do.
Collier powder No. 5 speeial Do.
Collier powder No. 5-L. F.. Do.
Collier powder No. X....... Do.
Collier powder No.2-L. ¥ Do.
Collier powder No.3...... .. Do.
Collier powder No.6-L. F Do.
Collier powder No. 8-L. F Do

.| The Detonite Co., Cincinnati, Ohio.

G. R. McAbee Powder & Oil Co., Pitisburg, Pa.

Giant Powder Co. (Consolidated), Giant, Cal.
Do.

Detonite special.......
Eureka No.2-L. ¥
Giant A low-flame dynamite.
Giant B low-flame dynamite.
Giant C low-flame dynamite..
Hecla No. 2

cee Do.
.| E. 1. du Pont de Nemours Powder Co., Wilmington, Del.

Kanite A, ... ...l W. H. Blumenstein Chemical Works, Pottsville, Pa.
Masurite M. L. F. .| Masurite Explosives Co., Sharon, Pa.

Meteor AXXO. . E. L du Pont de Nemours Powder Co., Wilmington, Del.
Mine-ite A..................... ... | Burton Powder Co., Pittsburg, Pa.

Mine-ite B... ... ... ...l D

Monobel No. 1
Monobel No. 2
Monobel No. 3

Nitro low-flame No. 1
Nitro low-flame No. 2

Titanite No. 3-P._._..
Titanite No. 7-P..
Titanite No.8-P._..

Trojan coal powder A
Trojan coal powder B
Trojan coal powder C.
Trojan coal powder D
Trojan coal powder I
Trojan coal powder I

Tunnelite No.
Tunnelite No.
Tunnelite No.
Tunnelite No.
Tunnelite No. 6-L.
Tunnelite No, 8-L.

00 =3

Do.
Do.
Nitr]% Powder Co., Kingston, N. Y
0.
Waclark Titanite Explosive Co., Corry, Pa.

Do.
Do

Pennsy'lva.nia Trojan Powder Co., Allentown, Pa

0.
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With reference to the characteristic component of each of these
permissible explosives, they may be placed in four
peﬁzﬁi‘;ﬁ:"?:pl :f classes—ammonium mitrate powders, represented by
sives. Aetna coal powder AA, Bental coal powder No. 2,
Bituminite No. 5, Bituminite No. 7, Coalite No. 3-X,
Coal special No. 4, Collier powder No. 5, Collier powder No. 3, Collier
powder No. 5 special, Collier powder No. 5-L. K., Collier powder No.
X, Detonite special, Hecla No. 2, Kanite A, Masurite M. L. K.,
Monobel No. 1, Monobel No. 2, Monobel No. 3, Titanite No. 3-P,
Titanite No. 7-P, and Titanite No. 8-P; hydrated powders, repre-
sented by Meteor AXXO, and Giant low-flame dynamite A, B, and
C; nitrostarch powders, represented by Trojan coal powders A, B,
C, D, E, and F; and nitroglycerin powders, represented by all the
others on the list.

The explosives on the list which are marked L. F. contain nitro-
substitution compounds or other materials which have been added
to lower their freezing points.

With the exception of Detonite special, Hecla No. 2, Kanite A,
Masurite M. L. F., Titanite No. 3-P, Titanite No. 7-P, Titanite No.
8P, and the Trojan coal powders A, B, C, D, E, and F, all of the
powders mentioned in the list contain nitroglycerin, and they are ali
of the general nature of dynamite; but the components and propor-
tions of the dopes have been so chosen and the mixtures so made as
to modify greatly the shattering effect upon explosion and to yield a
relatively cool flame. As a result, the flames produced are short and

not lasting, and coal is thrown out without being
Advantagesof powdered, when the proper charge of such an explosive
permissible explo-~ . . A
sives. is used and this charge is properly placed. These
explosives are designed to take the place of black
blasting powder, which has been found to be unsuited for use in coal
mines where dangerous gas or inflammable dust is present, because of
the great mass of flame which it produces and the long time that this
flame lasts, and because of the quantity of poisonous smoke and nox-
ious gases which it gives out when exploded. Although explosives of
the kind represented in the list of permissible explosives have been
introduced into this country only during the last few years, yet their
consumption now amounts to several million pounds annually and is
rapidly growing.

Unfortunately, though the permissible explosives are good coal
getters and yield short flames that do not last and
gases of low temperature, so that there is little dan-
ger of igniting the explosive gases and dusts in mines
when they are used, still the gases they yield on explosion may be
noxious and inflammable; and miners are warned, when using per-
missible explosives, not to return to the breast after firing them any

Danger from per-
missible explosives.
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sooner than they would if they had fired a charge of black blasting
powder.

From what has been said regarding nitroglycerin, it follows that

all these permissible explosives, except Detonite spe-
misntre ot Cial, Hecla No. 2, Kanite A, Masurite M. L. F.,

Tltamte No. 3-P, Tltanlte No. 7-P, Titanite No. 8—P
and Trojan coal powder, A, B, C, D, E, and F will freeze when exposed
long enough to low temperatures, and then they must be thawed
before they can be properly used. It is true that in making several
of them, especially those marked L. F., materials have been added
that prevent their freezing so readily, but the manufacturers do not
claim that such explosives will remain unfrozen when the tempera-
ture falls below 35° F. To keep any of the nitroglycerin explosives
permanently thawed, they should be stored where the temperature
does not go below 52° F. On the other hand, care should be taken

that none of these explosives is subjected to high

Danger from ex- temperatures, for this will render all of them more
posure to high tem-
peratures. sensitive to explosion and is likely to cause the de-

composition of some of them. It is best that the
temperature of magazines in which they are stored should not rise
above 90° F.

Explosives should not be exposed for any length of time to direct
sunlight, because this may lead to decomposition in
those containing nitroglycerin, nitrocellulose, mnitro-
starch, or substances of that kind. Explosives should
be stored in a dry place, for many of them contain considerable
quantities of ammonium nitrate or of sodium nitrate and so will
take up moisture from damp air and become damp. Too great

dampness makes the explosive not only harder to

o T TP fire, but weaker when fired. Besides, if the explo-

sive is damp the nature of the gases produced will be

different. Moreover, as bodies like dynamite become moist, the

nitroglycerin contained in them tends to run out; that is, what is

called exudation takes place. and all the dangers follow that belong
to liquid nitroglycerin.

On the other hand, explosives should not be kept in an extremely
dry pldce for all of them, as made, contain some
moisture, and if the place of storage is very dry the
explosive may lose this moisture. Such a change
in composition will affect the explosive so as to change the speed
with which the explosive reaction takes place within it, and
therefore the character of the work which it does when exploded.
Naturally, the longer an explosive is kept in storage
the greater are the chances that change will take
place in it, and therefore the explosive should be
obtained in as fresh a condition as possible and should be used as

Do not expose to
sunlight.

Do not dry explo-
sives too much.

Use explosives
promptly.
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soon as possible after it is received. Also, it should be kept stored
in its original packages in the magazine outside the mine until
wanted for immediate use, and then used promptly.

Dynamite is put up in sticks, which are wrapped in paper, and the

cartridges so formed are usually dipped in paraflin to
mld’;i:fffm?rzj;; make the wrapping waterproof. As by rough han-
handling. dling the folded edges may be broken open and the

contents of the cartridge thereby exposed to the moist-
ure of the air, these cartridges should be handled with great care,
and they are best carried to the place where they are to be used in the
cartons in which they are bought.

In handling explosives the greatest care must be taken to prevent
their falling or getting shocks. They must not be
thrown or dropped, and portious of the powder fall-
ing from the cartridges must be carefully guarded
against friction, blows, or fire.

Explosives should never be carried by railroad except in conformity
with the rules of the Interstate Commerce Commis-
sion, as published by the American Railway Asso-
ciation. These rules make it unlawful to carry any
explosives, except small-arms ammunition, on any public vessel or
vehicle carrying passengers.

Explosives should be stored in properly placed, built, and aired
magazines. Such a magazine should be far enough
from other buildings or works so that if an accidental
explosion occurred when the magazine was full it
would do the least possible damage, and it should be so placed as not
to bein danger from forest, brush, or other accidental fires. Magazines
are best built of cement mortar, but they are more
frequently built of brick or of wood covered with corru-
gated iron. In any case they should be provided with wooden floors,
which should be kept free from grit and dirt. 1t is best that only one
kind of explosive should be kept in any one magazine. If more
than one kind of explosive (other than permissible explosives) must
be kept in the same magazine, the magazine should be divided into

rooms, by partitions, and the different explosives kept
Detonators never jp djfferent rooms. On ne account should detona-
to be stored with - . s
other explosives. tors, or blasting caps, or any device containing ful-
minating composition, be kept in the same magazine
with any other explosive. These firing devices should be kept in a
dry place by themselves.

Plans and specifications for magazines will be furnished by manu-
facturers of permissible explosives. (See also pp.61-63, and figs. 11
and 12.)

Care in handling
cartridges.

Shipment of explo-
sives.

Storage of explo-
sives.

Magazines.
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The greatest care must be taken to prevent packages of explosives
from falling or getting shocks. They must not be thrown, dropped,
nor rolled. Wooden boxes containing explosives
should be opened with extreme care, so as to avoid
friction and blows as much as possible. They should
never be opened within the magazine, but in a properly sheltered
place outside of the magazine and at a distance from it. They should
be opened only by the use of a wooden mallet and a hardwood wedge.

The thawing of frozen explosives requires extreme care, and doing
it improperly has frequently led to most serious accidents. No

attempt should ever
exgﬁ)‘:‘;:.g 922 he made to thaw a

frozen explosive by
placing the cartridge before a fire.
or near a boiler, or on steam pipes,
or by putting it in hot water, or by
placing it in the sun. While being
thawed, nitroglycerin explosives are
extrenely sensitive and should be
handled with great care. During the
thawing the nitroglycerin tends to

Opening boxes of
explosives.

separate from the dope and run out
fromthe cartridge (that is, toexude), i
.. ’ I S
and this is a source of danger. d .
Wind
When but a small amount of the thermometer
explosive iz required, it may be
. \ . =]
thawed in a thawer such as is fur- Eﬁﬁ
nished by all the manufacturers of
explosives and has \
Thawers for ez- >
plosives. been found sgfe for : j‘
use as directed. ‘ \
See Pl. VI, ¢\) The thawer con-
( L VI, C) The th 0o 1 2 3 4FEET

sists of a water-jacketed tin vessel. — B
in Whl(‘h the cartridges are placed FIGURE 1.~Phu\:l§‘?;1tsizlflc?rfrozen explosives:
and which is closed with a tin

cover. Before the water is placed in the vessel it is warmed up
to a temperature not uncomfortable to the hand put into it, and
the cartridges are allowed to remain in the thawer until it is
found, by gently pressing them, that they are completely thawed
throughout. When thawed, the material will feel plastic, or like
flour, between the fingers. When frozen, or partly frozen, the stick
will feel more or less rigid and hard. It is neces-
sary that the stick should be thawed completely,
because dynamite when frozen can be detonated
only with great difficulty, and any part that is frozen will be but

Complete thawing
necessary.
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imperfectly detonated in the hole; hence not only may such partly
frozen powder fail to give its full effect as an explosive, but there is
danger of a serious accident in a coal mine where such powder is used,
because if a blown-out shot results the burning solid part may set fire
to the dust or fire damp in the air of the mine.

- Where large quantities of explosives are used daily, a small thaw
house should be provided for the purpose of thawing
out the frozen explosive. (See figs. 1 and 2.) Plans
and specifications, together with a bill of material for such a thaw

B —

Thaw houses.
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SECTION E-F

- (o] 1 2 3 4 |5 FEET

SECTION C-D

F1gURE 2.—~Thaw house for frozen explosives; section. The cement mortar in the walls is tuade of 1 part
cement and 6 parts sand.

house, will be furnished, on application, by the manufacturers of
permissible explosives. The thaw house should be large enough to
hold all the explosives used in one day’s work. It should be heated
by a small hot-water heater, placed at least 4 yards from the house,
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the hot water being passed into the house through iron pipes, at such
a rate that the temperature in the house will not at any time be above
90° F.
Thaw houses are intended only for the treatment of explosives for
immediate use, and not for the storage of explosives,
Thaw houses not for if powders or dynamites are left in this high tem-
to be used for stor- . . .
age. perature and dry air for a considerable time, the
moisture that is a proper part of them will be driven
off, and, as stated before, this will markedly alter the character of
the powder or dynamite and may lead to accidents in its use.









SQUIRS, FUSE, AND DETONATORS.

It has been made clear in the discussion of combustion and explo-
sion and the deseription of various explosives that they
can be caused to explode by various means. All of
them can, under some circumstances, be made to
explode by fire. Some of them can be caused to undergo a detonating
explosion by setting off a detonator in contact with them. Inblasting
use is made of both these means for setting off explosives, the means
used being determined by circumstances.

In setting off by means of fire, use is made of miner’s squibs, or of
fuse. Miner’s squibs (Pl. VII, 4) consist of tapering
paper tubes about 7 inches long, filled with fine gun-
powder, one end of each paper tube being treated with chemicals
so as to form a slow-burning match, which, when ignited, burns so
slowly as to give the miner time to reach a place of safety before
the explosion. When used the squib is placed in the needle hole,
or blasting barrel, through the tamping, with the match end of the
squib outward. When the match is ignited the fire burns slowly
along the tube until it reaches the powder core.
Then the squib darts forward like a rocket, leaving
a trail of flame behind which spurts out from the needle hole, and
the fire continues burning along the powder core of the squib until it
bursts out of the other end of the tube and so ignites the charge.

In experiments made at the Pittsburg testing station it has been

found that, though the burning match on the end of
Squibs should not the tube of the squib does not inflame a mixture of
be used in fiery . . .
mines. mine gas and air, as soon as the powder core is
ignited the flame that then flashes out from the end
of the squib will explode the mixture. IHence squibs should not be
used in any gaseous mine.

Fuse, as used in coal mines, is sent out into the market in coils
50 feet long, and in several varieties, but all consist
of a core of mealed gunpowder inclosed in two or
more layers of yarn and generally surrounded by tape that has
been dipped in a waterproofing composition. (See Pl VII, B.)
Some varieties are then dusted with substances like powdered soap-
stone, to prevent the sticky surfaces from sticking to one another.
The kinds of fuse most commonly used are hemp fuse, cotton fuse,
single-tape fuse, double-tape fuse, triple-tape fuse.

99160°—Bull. 17—11——3 33

Means of exploding
explosives.

Miner’s squibs.

How squibs work.

Fuse.
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When one end of a fuse of any variety is lighted the powder core
burns slowly along the fuse till at last the flame
rushes out at the farther end and, if it touches a
charge of powder, sets it off. Like squibs, fuse throws off flame
when lighted, and hence the use of fuse in a gaseous mine can not
be recommended.

Fuse should be so made and should be in such a condition when
used that any part of any coil will burn at a rate
that does not vary more than 10 per cent above
or below the standard rate. This is of the greatest importance,
because in setting a charge the blaster or shot firer cuts a piece of
fuse to reach from the charge to the opening and long enough to
give him ample time, after the end has been set on fire, to reach a
place of safety before the flame fires the charge. In order that a fuse
may burn at a regular rate, the powder core of the fuse should be
uniform in character and should extend continuously through the
fuse. Examinations of fuses by the X ray have shown that some-
times the powder does not extend continuously through the fuse, but
that there are spaces between the portions of the core (Pl VIIL, 4).
Therefore, careful tests should be made of the rate of burning of
pieces of the fuse whenever there is any doubt whatever as to its
soundness. Although the manufacturers may pro-
duce a fuse with a regular rate of burning, the rate
may be changed by bad handling, as, for instance,
by squeezing the fuse in handling or tamping so as to disturb the
powder core, or by suddenly and roughly opening the ccil when it is
stiff from cold, so as to crack the fuse; or the fuse may be injured

by rubbing against the rough surfaces of the rock.
poopre In cuttne In cutting the fuse and in fitting it into place, care
must be taken that the powder core does mot run

out from the fuse, for that might cause a misfire.

Detonators (which are also called blasting caps, and sometimes are
called exploders, though the last term applies to any
means of producing an explosion, and therefore is
not commended here) consist of copper capsules about as thick as an
ordinary lead pencil, which are commonly charged with dry mercury
fulminate or with a mixturc of dry mercury fulminate and potassium
chlorate that is compressed in the bottom of the capsule, {illing it
to about one-third of its length.

Dynamite and other detonating explosives are in practice fired by
means of detonators, for though they may be exploded
by the aid of squibs or fuse, or by means of gun-
powder primers, yet the explosion so produced is not
a complete one; the explosives are not used to their best advantage;
all of the work that they can do is not done; and, moreover, the

Action of fuse.

Testing fuse.

Fuse injured by
bad handling.

Detonators.

Advantage In use
of detonators.
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gases that are produced are usually dangerous. Where high explo-
sives are employed, it is safer to fire with detonators strong enough
to cause their most complete explosion. Permissible explosives
should be fired by detonators, and are best fired by electric detonators
of the strength prescribed for each one. (See p. 67.)
Several grades of these detonators or blasting caps are to be found
Grades of detona. ir} the market, and they are differently designated by
tors, different manufacturers. The ‘“‘strengths’ of the
detonators most commonly used, as measured by the
weights of the fulminating composition contained in them, are as
follows:
Grades of detonators and weight of their charges.

Weight of | Weight of
Testing-station grades. Commercial grades. chargein | chargein
grams. ©  grains.
3X,ortriple. ... ... 0.54 8.3
4X, or quadruple... ... 0.65 | 10.0
...| 58X, or quintuple...... 0.80 | 12.3
.| 6X, or sextuple....... 1.00 ; 15.4
7X,0r No. 20. . _...... 1.50 . 23.1
8X,0or No.30......... 2.00 1 30.9

Detonators are fired by the aid of a piece of fuse. The end of the
fuse is inserted in the mouth of the blasting cap and
carefully pushed down until it gently touches the
surface of the detonating composition, and then the
cap is crimped onto the fuse. (See Pl. IX, A.) The cap, with the
attached fuse, is inserted in the charge to be fired, which, when
placed in the bore hole and tamped, is ready for firing. The end
of the fuse is lighted, and the fire burns down the powder core until
it streams against the detonating composition, which then detonates
and causes the detonation of the explosive with which it is in contact.
It has been found at the Pittsburg testing station that the flame
which rushes out from a fuse when it is ignited at
the mouth of a bore hole will ignite an explosive
mixture of mine gas and air. Even though a safety
device is used to prevent spitting from the end of the fuse, flame may
burst from the side (P1. VIIT, B). Therefore fuse should not be used,
either alone or with detonators, in flery mines. .
The practice of fitting the fuse to the detonator is common in
quarries, tunnels, and mines that are not gaseous.
Fuse and detona- Accordingly, it is customary to make both detonators
tors must be of A .
standard size. and fuses in standard sizes, so that the fuse may
easily slip down within the mouth of the detonator
and yet make a neat fit within it.

Attaching detona-
tors to fuse.

Fuse not to be used
in fiery mines.
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By the use of clectric detonators (also called electric fuses), the
dangers that are common in the use of squibs or fuse
in gaseous coal mines are avoided. (See PL. IX, B,
and fig. 3.) These electric detonators are simply
ordinary detonators that have been fitted with a means of firing them
by the electric current. This is done by inserting within them two
copper wires, joined at the inner ends by an extremely fine platinum
or other high-resistance wire, which, like the carbon filament in the
ordinary incandescent lamp, becomes heated till it glows when an
electric current is passed through it. This wire, known as the bridge,
is placed above the detonating composition, and is surrounded by
gun cotton or loose fulminate. The space above it and the mouth of
the capsule are then filled and closed by means of a plug of sulphur or
other waterproof composition, which is poured in while soft. The
copper wires pass through the plug and are long enough to extend out-
side the capsule. These outer ends are called the legs or wires of the
electric detonator. Although the copper wires are bare within the
electric detonator, the legs outside are covered with
an insulating wrapping. These legs are made of
different lengths in order to suit different depths of
bore holes. The charge of detonating composition differs in the dif-
ferent grades of electric detonators so -

as to give different strengths. tg

\

Electric detona-
tors.

Grades of electric
detonators.

The following table gives the grade
and weight of charge for the more

common clectric detonators: E
Grades and weights of charge of electric detonalors. Sr\f]'mgur_
B i ] , %
Pt Srrrctatd : Weight | Weight N
! esting ’\tjm(m . Commereial grades. |of (*h:lrge of chgrge Sutphur
grades. : N o : ; plug
] In grams. | In grains, N
PR — e} |
i i 53 7
NOS . e, Single strength...... 0.80 ! 12.3 ¢ /\‘ﬁ 4
NOLGonaenaannn Double strength..... 1.00 | 15.4 \Le¥  Platinum
NOWTeeianaanans Triple strength...... 1.50 | 23.1 6 " KIATND bridge
T 3 H < H o n colton or A~
No. 8. .ooooaan. Quadruple strength.l 2.00 i 30.9 meurcury ru|minax'e‘p‘(’« J\){
. _ (loose) 7\}:\)\\/
In loading bore holes electric deto-
, nators are placed in the : —M(ﬁ;ﬁﬁ; e)
Firing electric de- | ' packed
tonatoss, charge just as deto-
nators with fuse are, and

the bore loles are tamped in a similar
manner. To fire the charge, the legs of
the detonator are connected by leading
wires to an electric device at a safe distance, and from it the current
is sent to fire the blast. No flame can escape from the bore hole
during the firing, for the tamping fills the hole completely, and
hence blasting in gaseous mines is made much safer.

FicrrRE 3.—Electric detonator, showing
its component parts.,
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Only electric detonators are used at the Pittsburg testing station
in the tests of explosives for use in mines.

What are called delay-action electric ‘“exploders” or detonators
are now being offered for use where a number of
holes are to be fired at once, but so that the charges
may explode one after another. This is done by
placing a piece of fuse or other device in the electric detonator
between the detonating composition and the bridge and inclosing
the whole so that the flame may not escape from the blast hole. In
the present state of knowledge this practice is not commended for
use in coal mines.

In the description of mercury fulminate attention was called to
its extreme sensitiveness to heat, friction, or blows
and to the extreme violence of the explosion which it
undergoes. All these properties therefore belong to
detonators and electric detonators, and these little devices should
be treated with the utmost respect. Never attempt to pick out any
of the composition. Do not drop them or strike them violently
against any hard body. Do not lay them on the ground where they
may be stepped on. Do not step on them. In erimping, take the
greatest care not to squeeze the composition, and never crimp with
the teeth, for there is enough composition in one of these small cap-
sules to blow a man’s head open. They should be stored in a dry
place and in a building apart from any other explosives. They
should never be carried into a mine with other explosives, and they
should never be placed in a mine near other explosives except in
bore holes. When carried or shipped, they should be packed firmly
with a quantity of elastic material, such as felt or the coiled legs of
the electric detonators, about them, and they should not be exposed
to heat, blows, or shocks of any kind.

Delay-action elec-
tric detonators.

Danger in use of
detonators.



MINING COAL WITH EXPLOSIVES.

No universal rule can be made for blasting coal, for the local
conditions, the character of the bed, and the method
of working make necessary the use of different means
in different mines and sometimes even in different
parts of the same mine. The best method of blasting in any given
mine or part of a mine is determined by practical experience and
observation.

The placing of bore holes, as well as the size of the charge, is of
vital importance. In placing them special attention and due comn-
sideration should be given to the bedding and cleavage planes of the
coul; also to slate and bone parting, horsebacks, clay slips, and other
local frregularities.

In this country, apart from the not widely used long-wall systen
and from the pillar pulling or withdrawing, in both of
which little or no explosive is used, there are two
general methods of bringing down coal in entry driv-
ing or room work, namely, **shooting off the solid”” and undercutting
or shearing before shooting.

In the coal mines of the middle interior fields, where shooting off
the solid is largely practiced and where there are no marked faces or
butts, the {following method is used: A hole is bored or drilled in the
face at or near the middle of the scam, at such a slant as to make a
small angle with the face. If an imaginary line (AB in fig. 4) drawn
trom the back of the drill hole at right angles to the hole passes out
of the open face, and if that distance is not too great, the hole is
rated as “‘safe” by those who use the method. If, however, the
hole extends beyond A to X (fig. 4), the extended part is said to
be “dead” and the hole is considered “unsafe.” A hole is also con-
sidered ““unsafc ” if the angle ACB is greater than 35°. In the softer
coals and where the joints or cleavage planes (cleat) are favorable a
greater angle is used, but no drill hole, even under such favorable
conditions, is bored at an angle greater than 45°.

38

Conditions in coal
mines.

Shooting oft the
solid.
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In shooting off the solid only one face of the coal to be thrown

off is exposed. It must be torn off along the line AB

m?:i&g&:;:""“"' and AC (fig. 4) and in addition must be forced out

along the bedding planes at top and bottom. Where

such bedding planes are smooth this is not difficult, but generally

they are irregular, and a strong shearing force must be exerted par-

allel to the bedding planes, both at the top and bottom. This

method to be effective requires a slow-acting explosive, and black
blasting powder has been much used in the work.

A second hole and even a third one is sometimes drilled and
charged before the first one is fired, and these are called
‘““dependent’” shots. The fuses are sometimes made
of different lengths and lighted at the same time, with the expec-
tation that the shots will go off in the proper order. Such practice is
now generally held to be very wrong even in “solid shooting” dis-
tricts. The second and third holes should not be drilled until after
the first shot has been
made, so that the loca-
tion of each shot can
be properly judged. /

The size or weight /
of the charge in shoot- % / 9
ing off the solid varies B ———
much
in dif-
ferent coals. In fact,
it isextremely difficult,
even in the same coal, “
to jUdge the amount FIGURE 4.—Shooting off the solid.
correctly each time.

If undercharged, the hole is likely to ‘““blow out;” hence it follows
that holes are almost invariably overcharged, and in some districts
all sense of right proportion has been lost by the miners.

Aside from the dangers in the use of black powder, the uncertainties
in proportioning the charge to the work are such that the method of
shooting oft the solid can not be approved as either precise or safe.
Many of the great mine disasters of this country have undoubtedly
started from misjudged or overcharged shots off the solid.

The other method of bringing down the coal in which the explosive
is assisted by undercutting or shearing beforehand
and which was early used in this country is now being
readopted in most parts of the country. The object
of undercutting or shearing is to expose two faces of the mass of the
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coal to be brought down, and, as coal generally tends to break
along vertical planes, to permit the explosive to exert a wedging
effect, rather than to shear or tear off the mass as it must in shoot-
ing off the solid.

There are two ways of applying this method—shearing and under-
cutting.  Occasionally, where the coal is hard to shoot down, both
shearing and undercutting are done, so that a less amount of explo-
sive is needed; in fact, in some places none is required, as the coal
can be wedged down.

Where the cutting is by hand and the top and bottom part ““freely,”
shearing is the easier, and is usually employed in entry or narrow
work. In some cases the shear or vertical cut is made on but one
rib, but generally it is
made in the center
of the narrow face
and the shot is so
placed asto throw the
coal toward the shear,

Where the coal is all
alike in character and
parts
equally
well at top and bot-
tom, the hole is started
at or near the middle
of the seam and drilled
nearly parallel with the
shearing, slanting a little upward to cross the bedding planes, and
also to clear itself of dust as it is being drilled. The hole should never
go deeper than the cutting, and it is better for it not to go as deep by
at least 6 inches as the cutting. In figure 5 the back of the bore hole
1s shown as reaching the projected line of the rib, but in softer coals
the backs of the bore holes are usually at least 6 inches from the
projected line of the rib.

In districts where black powder is still used it is conceded that a
shot hole of this character should never be charged with more than
2 pounds of black powder, and better with much less. It is difficult
to make rules for an exact amount, because the
proper amount differs with the length of the hole and
cutting, the strength of the coal, and the way that it
parts from top and bottom. Iowever, the work should never be so
laid out that it will require more than 2 pounds of black powder. If
one of the permissible explosives is used, the charge should be, in
general, only about one-half (by weight) what would be required if
black powder were used; but no work should be so laid out—that is,

Shearing.

FI1GURE 5.—Shearing.

Charge of explo-
sive in shearing.
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no drill hole should be so located with reference to the shearing—as
to require more than a pound and a half of the explosive.

Where the place is so wide that another hole is required near the
first, when the first has done its work properly a similar situation iz
left for the second hole.

Where the coal is undercut, either by hand or machine, the pur-
pose of the shot is to bring down the mass of coal
by wedging from above. In such a place the greater
part of the force of the explosive used in the first shot will go to
shear off the coal on both sides of the shot, the expanding gases from
the explosive working along the bedding plane at the line of the
drill hole and the mass piv-
oting at the back of the un-
dercutting. The stronger the
bedding of the coal—that is,
the less marked the vertical
planes—the more difficult is
this shearing, which then be-
comes a tearing, rending ef-
fect at the sides of the mass,
so that the shape of the mass
is somewhat conical, the top
being at the line of the drill
hole and the base at the under-
cutting. Under the circum-
stances the coal above the diill hole generally does not come down,
but it is usually so shattered that it may be pulled
down with a pick. Necessarily this first shot takes
more explosive than later shots, but the amount
should never be more than that already stated for the shearing
method.

To help the first or ‘“buster’” shot, if the undercutting has been
done by machine, it is advisable, and in some cases
necessary, that the coal at the front edge of the under-
cutting be ‘‘snubbed” off either by the pick or by
a small “pop”” or “snubbing’’ shot (fig. 6). In narrow work, if the
““buster’’ shot has done its work properly at one rib, the second shot
is placed at the other rib. In wider work the ‘‘buster” shot is usu-
ally placed near the center of the room face and the second and third
shots are placed on either side (fig. 7). Each of these is so placed as
to throw down a mass of coal which practically has three faces free—
the front, the bottom, and one end. The chief work of the shot is to
wedge off the rib end and push away from the back. Such a shot
usually only requires from one-half to three-quarters of a pound of
one of the permissible explosives. The work should be adjusted to

Undercutting.

Coat

F1GURE 6.—Snubbing shot.

Charge in under-
cutting.

Placing of the
shots.
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these charges, so that if three shots besides the snubbing shot (if one
is needed) are not enough, four or even five shots
should be used. It is far safer to use a number of
shots with a small amount of explosives in each than
to use a few shots with a large amount; and on the whole less ex-
plosive will be needed in all the small shots than in the few large shots.

The depth of the undercutting varies with the character of the coal
and with. the thickness of the seam, but in hand-pick
work the depth is not commonly greater than the
thickness of the seam. Where machines are used to
undercut, the depth is from 6 to 7 feet, depending on the machine.
With machines the cutting is ususlly done at the bottom of the seam;
if the seam is thin (less than 3 feet) the cutting is done in the under-
lying clay, if there is any. Where thie undercutting is done by hand
pick. it is sometimes done in a soft layver near the middle of the seam,

Advantage of
small charges.

Depth of under-
cutting.

Roof

Floor

Fiotre 7.—Kirst or *“ buster shot.

or in a parting of soft clay, but so far as the placing of the shots is
concerned, the part above such an undercutting may be regarded as a
thin seam, the coal below the cutting being lifted afterward by
“heaving”” shots. Generally the cutting is in the bottom, and where
it is the shots are usually placed above the middle of the coal and
sometimes near the top. Where tho coal is undercut and black
blasting powder is used, owing to the powder’s slow wedging action, the
exact position of the shot is not of such special importance as it is
where permissible explosives are used. As already explained, these
are quicker in action than black blasting powder, and unless they dis-
lodge the coal instantly their force is spent in shattering the coal near
the drill hole. Therefore with permissible explosives the mouth and
back of the drill hole should be nearer the roof and the hole should
slant upward in order that the back of the drill hole may reach the
top bedding plane (fig. 8). The break will then be clean and a
wedging actiou will be exerted along the top bedding plane.
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In the use of permissible explosives, special care should be taken
that each bore hole has the same width throughout
and is wide enough to permit the cartridges to pass
through it without too hard ramming. Too small a
hole may cause the cartridge to stick, and nitroglycerin explosives or
even black powder may be exploded by the friction of the tamping
bar against the sides of the hole. Daily attention should be given to
the drills that are used in drilling the bore holes, and the points of
the bits when being sharpened should be made to a standard size.
Before a shot is fired in a working place “bug” dust and all other
coal dust should be thoroughly wet and sent out of
it must be wet the working place. No cause of explosions has been
more common than the presence of coal dust when
shots are being fired. If the working place is naturally dry, it should
be thoroughly sprinkled,
and all the 1ibs, roof, and % % G Z,
props within 40 feet of the ETHBV—=
shot washed down by hose = —Draw ot
before shots are fired.
Good results have been
obtained in bituminous coal
mines during the winter
months by warming and
moistening
L UmIdHYINE the air en-
tering  the
mine by means of exhaust
steam and spraying devices.
In experiments made in De- I
cember, 1908, at the Pitts- 7 7 Z
burg testing station the out-
side air entering the gallery
was warmed up to a mine temperature and moistened by drawing
it through humidifiers. 1t was found that if the airis kept at a
relative humidity of 90 per cent and a temperature of 60° I. for
48 hours, thus giving conditions like those of sumimer in a mine,
the taking up of moisture by the dust and the blanketing effect of
the moist air prevent a general ignition of .the dust by a blown-out
shot of black powder.

Since the new permissible explosives began to be used it has been
found that more satisfactory results are obtained in
mines where the loading and tamping of all shots are
done by a few competent men known as ““shot firers.”

For the greatest safety the loading and firing of all shots should
be done by shot firers after all other men have left the mine. The

Care in using per-
missible explosives.

Coal

FrovrE 8.—DBore hole for permissible cxplosives.

Shot firers.
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practice of having all shots loaded and fired by shot firers during
the shift, which has lately been introduced in some of the mines of
the Pittsburg district, is certainly a step in the right direction.

It is plain that the greatest safety and best work can not be ob-
tained when the miners are allowed to load and fire their shots,
because the new permissible explosives must be properly handled
to get the desired results. The shot firers should be selected from
the more intelligent miners, and they should be thoroughly instructed
in the great dangers that arise when the permissible explosives are
used in any other manner than that specified by the Pittsburg test-
ing station.



LOADING AND FIRING CHARGES OF EXPLOSIVES.

In blasting, any explosive gives the greatest disruptive effect
when the charge most completely fills the borehole

poeoading boTe from side to side. If the explosives are supplied
in cartridge form this condition can often be obtained

in the bore hole by splitting the wrapper, gently pushing a cartridge
down into place in the bore hole with a tamping stick, gently squeez-
ing it so that it spreads out to fill the entire width of the hole, and
repeating this with each cartridge until the charge has all been
put in. TFinally, the detonator is placed in the last cartridge put
in, and this cartridge is known as the primer. The
primer is zently pushed down into place in firm con-
tact with the remainder of the charge, and the hole is tamped (fig. 9).

Primer.
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FIGURE 9.—Bore hole ready for firing.

If the same weights of diiterent explosives are of equal strength, the
one that takes up least space—that is, the densest—
will have the greatest effect in breaking coal or
rock. Of two cartridges of equal size containing different explo-
sives the heavier cartridge is said to have the greater density.
Black blasting powder to be.used in blasting is made up into a
cartridge by means of a paper wrapper which has
piesting poegen ¢ been formed about the handle of a pick. When this
cartridge has been charged with powder, the electric
igniter or fuse is placed and well fastened, and the cartridge should
then be gently pushed down into the bore hole by means of a wooden
tamping stick, which is safer than any metal bar.
An iron tamping bar should never be used. When
squibs are used, the cartridge of powder is placed in the bore hole
and then the stemming ¢ is put in about a copper or brass needle

o In this bulletin and in other publications of the Bureau of Mines, the material packed on a charge in
a bore hole is termed ‘‘stemming’’; the act of packing or ramming the material is termed ‘“tamping.”
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rod until the hole is filled. Then the copper needle is withdrawn
and the squib is put through the opening.

When only fuse is used, it should be long enough to reach beyond
the mouth of the bore lLole. The stemming should
be packed in about the fuse quite to the mouth of the
bore hole, and the fuse should be completely sur-
rounded by tamping.

It is observed that in some mines the practice has been to use
but a short length of fuse and to let the charge
explode untamped, or simply secured by running
the tamping bar into the hole. This is a very bad
and dangerous practice and should be forbidden.

When detonators are used together with a fuse, the fuse should
be cut off squarely at the end, gently inserted within
the detonator until the powder core touches the deto-
nating composition, and then, with the fuse held in
the left hand, the detonator should be erimped onto the fuse with
crimpers close to the open end of the cap, so as to make a perfectly
tight and secure joint, care being taken in crimping that no pressure
is brought to bear upon the detonating composition.

Two ways are in use of inserting the detonator and attached fuse
into the stick of explosive that goes on top of the
charge and is known as the primer. The more
approved way is to open the top of the cartridge or
stick of explosive by unfolding the paper at the end; then to make
a hole by means of a wooden skewer or lead pencil in the top of the
cartridge, deep enough to let the detonator be pushed into it up to
the line of crimping; then to gather the end of the paper jacket or
envelope together about the fuse, the whole being bound with twine,
so as to fasten the detonator and fuse firmly in place.

Another way that is sometimes used is to insert the wooden skewer
into the side near the upper end of the priming cartridge so as to
make a slanting hole in the-charge deep enough to take the detonator
up to the crimping mark, then to insert the detonator and bind it and
the fuse close to the cartridge with twine. (See Pl IX, 4.)

The first way is perhaps more generally used, and it is better

where the cartridge fits neatly into the bore hole.

Be careful not to When the second way is used, the bore hole must be
pull detonator out

of primer. larger, as there should be some leeway between the car-

tridge and the side of the hole. In either way, when

the primer, with the detonator and fuse, is put into the bore hole,

extreme care should be taken that they do not come apart, for if

there is any space between the cartridges in a charge, or particularly

Placing fuse and
tamping.

Danger of firing
untamped holes.

Fitting fuse in det-
onator.

Fitting fuse and
detonator in primer.
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between the detonator and the explosive in the priming cartridge,

the explosion may be prevented altogether, or may
n::e"g:a';‘;;se‘;:l; be a very poor one. Likewise, when a fuse and deto-
burted. nator are used in loading, care should be taken that

the detonator is not completely buried in the explo-
sive, for as the fuse burns and fire rushes from its end some of it
may blow out over the top of the detonator and set fire to the explo-
sive about it before the detonator is set off. This has been a common
cause of inferior and dangerous explosions.

The same sort of trouble happens if coal dust or any other dirt
is allowed to got between the cartridges in a charge,
or between the priming cartridge and the charge.
In loading, extreme care should be taken to make sure
that the cartridges all touch one another closely.

When electric detonators are used they are fastened iu the priming
cartridge in ways like those described above for det-
onators used with fuse. When the electric detona-
tor is inserted in a hole in the side of the priming
cartridge, the practice has sometimes been to fasten it firmly by
taking a half hitch around the priming cartridge with the legs of the
detonator, the loading and tamping being then done as already
described. This last means of attaching the electric detonator to
the priming cartridge is not a good one, because the legs are likely to
become kinked, and also because there is a chance that when the
priming cartridge is pushed into place the insulation may be rubbed
off from the legs and the wires may be short-circuited.

Although it has been stated that with certain explosive, which

. are somewhat largely used, the cartridge case may

Some explosives, if . .

split and tigntiy D€ split and the charge rammed firmly into place,

g?:;‘:_d’ may notex- this is not the universal practice and should not be

done with all the ammonium-nitrate class of explo-

sives (p. 21), nor with some of the nitro-substitution explosives, for if

they are tightly rammed in the bore hole it is difficult or even almost
impossible to explode them.

After the priming charge with its fuse and detonator or its electric
detonator has been inserted in the bore hole, the hole should be
tamped with clay or with other material that can not burn. It
should never be tamped with coal dust (either wet or
dry) or with machine cuttings, known as ‘‘bug dust.”
The tamping should be done by means of a wooden
tamping stick. The pressure in tamping should be very gentle on
the first tamping material put in, particularly if detonators are used
in the primers, and great care should be taken at this time not to

Dirt between car-
tridges.

Fastening electric
detonators.

Instructions for
tamping.
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disturb the position of the detonator in the primer. Special care
should be taken not to draw the detonator out from the primer or
the fuse out from the detonator. When fuse is used, care should
also be taken not to rub its surface off.

After the first 6 inches of the stemming materlal has been pressed
down, greater force may be used in ramming the rest, because the
ﬁrmer the stemming is the better is the worik of the explosive and
the less is the chance of a blown-out shot. The stemming should be
continued quite up to the mouth of the bore hole. If fuse has been
used, the upper side of it near the end may now be cut into on a slant,
with a sharp knife, and the outer part bent away so as to form a
notch in which the powder from the core gathers and to which the
igniter is applied. - This cutting prevents the loss of powder from
the fuse and makes it easier to light.

The shattering effect of high explosives may be lessened in loading

simply by pushing the cartridges into place without
Alr spacing  of gplitting or afterward squeezing tliem, so that an air
charge to reduce . .
shattering otect.  Space will be left about the cartridges in the bore hole,
and then proceeding with the priming and tamping.
This air space notably lessens the shattering effect of the explosive
(fig. 10).
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F1cure 10.—Loaded bore hole showing air snace about the charge. *

Where it is desired to use black blasting powder, electric black-
powder igniters, sometimes called electric safety fuses
or squibs, are recommended for setting off shots.
They are made in a general way like electric detonators, but gun-
powder or other slow-burning composition is used in them instead
of detonating composition. They are much safer for use in coal
mines than ordinary squibs or fuse, both because they do not throw
fire into the mine air and because they permit better tamping of the
bore holes.

Tt sometimes happens that it is desired to fire a number of charges
at the same instant. This is readily done with electric detonators
by coupling them up in series from hole to hole and firing by one
discharge from the machine. This method endangers the roof and
may cause falls., Tn mines other than coal mines it
may be done by instantancous fuse running from a
central fuse to the several charges, but this practice
is not a good one in coal mines,because the fuse may set fire to any
dust or gas that is present.

Electric igniter.

Instantaneous
fuse.
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In coal mines it is more commonly desired to fire one or more of
the charges before the other charges, and this may
be done in a single act of firing by the use of the
delay-action electric detonators already described
(p. 37). An ordinary clectric detonator is placed in the charge
for the central breaking-down shot, and delay-action electric deto-
nators are placed in the charges for the right and left rib shots. This
method of firing has many advantages over the methods of firing
successive shots by means of different lengths of running fuse, but
neither method is recommended for use in gassy or dusty coal mines.

The safest way is to fire but one shot at a time, and to allow time

enough between shots for the ventilating current
shii:e—t;‘lmienbe:::i; to mix .Wj,th.and render hgrmless the products of
them, combustion from the previous shot and to carry

off any coal dust that may have been thrown into
the air by the shock of the previous shot. The interval of time that
should elapse between shots differs with local conditions and the
amount of ventilation, but in ordinary mining practice the interval
should never be less than five minutes for shots made in the same
working place.

In the making up of charges for loading bore holes and during
the loading, extreme care should be taken that the
explosives are not exposed to the flames from naked
lamps or to sparks from the striking of metals upon
each other or upon rocks, or from any source, since any of these
may cause serious accidents.

Ay already suggested, the right size for a charge of explosive for

blasting in a coal mine can be found better by practice
laF:”f“:er °sfifz°:m:; ihan b:y theory. b‘(?veml fm'l.nulas have beerll devised
charges. by which to determine the right charge beforehand,

but unfortunately they have not given satisfactory
results in practice. If the material or mass to be blasted were always
alike throughout and of oqual hardness, theoretical rules could be
made to apply, but such is not the fact. Diflerences in the resist-
ance of the material to be blasted and in the rate of burning or
detonation and the breaking force of the different explosives all
affect the results of a blast.

Thus, for instance, in soft bituminous coal a permissible explosive

containing only 20 per cent of nitroglycerin has
oo mparison of of- been found to bring down more fzoal, and better
plosives. coal, than one made under a similar formula but
containing 25 per cent of nitroglycerin. A very
quick explosive should not be used in bituminous coal mines where
lump coal is sought. Tor instance, 40 per cent dynamite, which

99160°—Bull. 17—11—4

Delay-action det-
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Danger from flame
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has been found by experiment at the Pittsburg testing station to
have a rate of detonation of 4,688 meters (15,380 feet) per second,
is unsuitable for producing lump coal; but the permissible explosives
that have rates of detonation between 1,866 and 3,617 meters
(6,122 and 11,867 feet) per second are found to be well adapted
for this work. Explosives that develop very high pressures are
also unsuited for this work. Thus the 40 per cent dynamite referred
to above has been found to produce a pressure of 8,308 kilograms
per square centimeter (118,165 pounds per square inch), but the
permissible explosives show pressures as low as 4,833 kilograms per -
square centimeter (68,740 pounds per square inch).

In deciding on the charge of a permissible explosive for use in

a coal mine it is safe practice to use about one-half

Size of charge of the weight of black blasting powder that would be

f,f,ﬁ’;‘}?f’c‘;m ,:{x,ﬂ,l: " needed to do the work; but no charge of permissible

explosives should be more than 1} pounds. As stated

before (p. 42), bore holes for permissible explosives are placed by a

different rule for depth and direction than that which is followed

when black powder is used. No permissible explosives nor any

high explosive should ever be used in the same bore hole with black
blasting powder.

The most ohvious objections to overloading are that it crushes
and wastes the coal, and that it throws fire and flame
out into the air of the miune. Another objection
is that the surplus force of the shot may so weaken
the roof and swrroundings as to cause falls, which may not occur,
however, for some time after the shot has been fired.

Underloading, on the other hand, not only causes loss and waste,
but it may so fissure the coal near by as to make it
dangerous to fire another shot near the place. At
the same time it may happen that the underloaded
charge, though not strong enough to bring down the coal, may spring
the bore hole, throw out the tamping, and give a blown-out shot;
that is, a charge that is not heavy enough to make a blast may be
heavy enough to act in a bore hole as it would in the barrel of a gun;
and this may happen particularly if the tamping is not well secured
and firm. Blown-out shots are especially to be feared in dusty and
gassy mines, because it has been found that explosive mixtures, such
as are present in such mines, are most sure to catch fire and burn
most completely when a mass of flame, and more particularly a mass
of glowing solid particles, is thrown into their midst. Investigation
has shown that the larger number of the recent disasters in coal mines
have been due to blown-out shots.

Objections to
overloading.

Objections to
underloading.
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Premature explosions, misfires, and hangfires are most likely
to happen when squibs and fuses are used to set
si:::m;"i‘:;:e:xﬂi:’; off charges, owing to defects that may be in these
hangfres. devices from the first, or may be caused in the
handling, carrying, or loading of them. Miners are
especially warned in case of a hangfire to avoid returning to the breast
until half an hour has passed. Hangfires rarely
Keepaway froma happen with electric detonators, but it is possible
hangfire for half an . .
hour. that they may happen more often with delay-action
detonators,

Incomplete explosions may result from several causes. They may
be due to failure to push in all the cartridges of a
charge till they touch one another, thus leaving an
air space between them, or else a mass of coal dust
or dirt, which breaks the path of the detonation from cartridge to
cartridge. They may be due to the pulling out, even but a little
way, of the detonator from the primer or of the fuse from the det-
onator. In the use of nitrate of ammonia or nitro-substitution
powders incomplete explosions may be due to too tight packing
and compressing in the bore hole. In any case, a partial explosion
is a marked source of danger; first, because it may have the effects
of an underloaded charge; second, because the unexploded part of
the charge may burn and throw out flame and sparks into the mine,
and also give out poisonous gases and fumes; third, because the
unexploded part of the charge, if it is not burned up, may be
brought down with the coal and give rise to an accident in the
breaker, or, if it passes the breaker, to an accident in the transporta-
tion or the use of the coal. Whenever there is a partial explosion, if
coal has been brought down, careful search should be made in the
coal for the remainder of the charge.

In case of a misfire no attempt should be made to draw the charge,
but a new bore hole should be placed at least 2 feet away from the
first one and fired, and after the coal has been brought down it
should be carefully looked over to find any unexploded material that
may have come from the hole that misfired. When a hole charged
with black blasting powder has misfired, the stemming and charge may
be withdrawn, drenching them with water while withdrawing them.
After the hole has been dried out it may be reloaded.

Partial explo-
sions.



FIRING BLASTS BY ELECTRICITY.

The methods used in causing the explosion of charges in blasting
depend on the nature of the explosive. To cause the
explosion of an explosive of the black-powder class,
1t is only necessary to put a flame to it, but a violent
shock is necessary to cause the detonation of high explosives so that
they will have their greatest breaking effect. As already stated,
black-powder charges are set off by means of squibs, fuse, or electric
igniters. Squibs and fuse are set on fire by means of the flame of
the miner’s hmp or sometimes by heating a wire to the glowing point
in the miner’s lamp and app]vmw it to the match of the squib or the
cut end of the running fuse; but evidently these methods would be
dangerous in flery coal mines, and hence they should never be used
in such mines.

An eleetric igniter or an electric detonator should be so loaded
into a bore hole that while it is in perfect contact with the charge the
legs of it reach at least 6 inches out of the completely tamped hole.
Both legs should be bared of their insulation for about 2 ineches from
their ends, and the wires scraped bright so that a good
clectrical contact can be made with them. Each leg
is then firmly connected with one of the leading wires
by about five turns. It is bad practice to have the two splices directly

apposite eacl other, because when the leading wires
Spiices should not e pylled the splices may touch one another and
be opposite—Wrap- . . . .
ping splices. thus make a short circuit, which will prevent the
electrie igniter or electric detonator from being ex-
ploded. A better plan is to wrap the bare wire splices with tape made
for the purpose, which will completely insulate them.

After the legs are spliced (o the leading wives (and only after), the

wires are connected to the firing machine from which

mg"‘:;:::i“i i::x?g the e.\lectl'iu current 1s to bhe obmine.(l.. This last con-
machine. nection should never be made until all the men ave
at a safe distance from the place where the blast is

to be fired. The rule should be made and never broken that when bore
ALl conmestions fo holes are charged the connecting up shall move from
be made from bore the bore hole back to the firing machine. The work
hol to firivg ma- in the mine should so organized that it can never
be possible for the leadmg wires to be coupled up to

the firing machine while anyone is about the place where the holes
are being charged and where the blast is to be fired. In heavy blasts

52
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in development work, two or more electric detonators may be used
to good advantage in the same bore hole. For this
purpose they are connected up in series, which means,
for two detonators, that a leg of each is bared and the
two legs twisted together and wrapped with insulating tape, and that
then the two free logs are attached to the leading wires, just as where
but a single detonator is used. In coal mining the charge used should
never be so large as to require the use of more than one detonator in
the same hole.

When it is desired to fire two or more holes at the same time the
detonators for these holes should also be connected up
in series, and to bridge the space between the holes a
cheap insulated wire, known as connecting wire, which is not as heavy
as the leading wires, may be used. In coupling up a series of holes
for this purpose, one leg of the detonator is connected to one leg of
the detonator in the next hole, and so on to the last hole. There is
then left one free leg in the first hole and one free leg in the last hole,
and these are spliced to the leading wires. The usual precautions
should be taken to wrap all the splices with insulating tape, so as to
completely insulate them, and thereby insure a good ecircuit through
which the current may pass. It should be borne in mind that the
greater the number of holes to be fired in a single blast the greater

is the neeessity fov making sure that the circuit is
br]::;:g:: S;Z‘;fc“c; complete'thr'oughout, beqause if there is_a break or
cuit. a short circuit at any point, the blast will probably

fail to fire. The delay, expense, and danger caused
by such a failure can be prevented by giving careful attention in the
first place to the charging and the wiring.

The electric current for use in firing electric igniters or electric
detonators may be obtained either from primary bat-
teries, such as dry-cell batteries, or from secondary
batteries, such as storage batteries, or from electric-lighting circuits,
or from generators known as electric firing machines.  (See PL. IX, B.)

Firing charges of explosives by means of ordinary dry cells has
been prohibited in foreign countries, because prema-
ture firing of detonators, and sometimes of the charge,
has been eaused by the wires coming into contact with the poles of
the batteries. Safety-contact dry-cell batteries have lately been
introduced abroad and in this country. These are made with a
spring-key contact, or with two safety-spring contact buttons, which
are the poles of the battery. The two leading wires are laid on the
buttons, which are at the same time pushed downward. When the
pressure of the thumbs is released the contact is broken. If the wires
of a detonator accidentally come into contact with the poles of
the battery, the current can not be discharged unless both poles are
pushed downward.

Connecting deto-
nators in series.

Connecting hcles.

Sources of current.

Dry cells.
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Dry cells, small batteries, and some firing machines can be carried
about by the miner who is to act as shot firer, and this is an advantage
that insures him against premature firing by any other person.
Such small devices can at best be used with only a few
shots in one circuit. The number of shots to be fired
and the length of leading wires and other conductors through which
the firing is to be done must be known beforehand, so that a battery
of sufficient capacity can be selected. Batteries often fail to fire
blasts because they can not send such a current as will fire through the
great length of leading wires, connectors, and detonator legs that is
used for the blast. A simple way to test the strength
of the batteries is to pass the current through a small
electric lamp of known capacity and note the bright-
ness of the light given by the lamp. Another way is to pass the cur-
rent from the battery through a testing circuit whose resistance is
equal to that of the circuit of a blast and which has in it one electric
detonator. If the battery fires this detonator (which should be put
in a safe place) it is strong enough and is in good condition. (See P1.
1X, )

When the electric current for firing is obtained from an electric-
lighting circuit the connections are usually made in
parallel; that is, one leg of every detonator is con-
nected to one of the leading wires and all the other
legs to the other leading wire. (are must be taken, by the use of

insulating tape, that there shall be no short-circuiting
pﬁ:ﬁ’e‘:"““g UP I in these connections. 'This method has the advantage

that if there is a defective electric igniter or electric
detonator in the circuit its failure will not prevent the rest of the blast
from being fired; but, on the other hand, this method is objectionable
because at any time after the explosion of the good igniters or detona-
tors the unexploded charge with the defective igniter or detonator may
be blown out and scattered in the coal, or it mey even be set afire or
perhaps exploded in the air of the mine by shock or friction. Further-
more, in this and other methods of electric firing an
accidental premature blast may possibly be caused
by leakage from the electric main to the earth and
through the leading wires or connections, which may have become
bared by rough handling or may not have been properly covered by
the insulating tape. Premature explosions have been known to oceur
that were caused by leakage due to defective insalation.

Firing machines, sometimes called blasting machines, generate
the electric carrent to be used in firing by mechan-
ical means. A variety of such machines have been
invented, but the two best-known classes are the
dynamo-electric machines and the magnetos. The dynamo-electric

Portable devices.

Testing strength
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machines are made like ordinary dynamos used for generating electric
currents, differing only in that they are worked by hand. They con-
fain a coil-wound armature which is rotated between the poles of an
electromagnet. This armature can be made to revolve by means of
a crank or a vertical ratchet geared direct to the spindle of the
armature. The machines with ratechet bars are made so as to store
up the current during a stroke, until just as the stroke is ended the
entire current that has gathered is discharged through the leading
wires.

These machines are built in different sizes and are rated according

to the number of electric detonators they can fire.
gt of (YNAMO- Thys, a ‘‘50-hole” machine will, when properly

worked, fire 50 detonators at one discharge. The
machines usually built for use in coal mines are rated as ‘‘4-hole”
machines, and such a machine can be conveniently carried about by
the miner or shot firer.

The magneto machines consist mainly of an armature revolving
between the poles of a set of permanent magnets.
They look much like the dynamo-electric machines
that are worked by cranks, and they are used in much the same way.
These magneto machines are used to a considerable extent in foreign
countries, but the ‘‘push down’ dynamo-electric machine is the one
most commonly used in the United States.

The leading wires that carry the current from the blasting machine
to the blast hole are of insulated copper wire, copper
being used because it is one of the best conductors
of electricity known and has the further advantage of being but
little corroded in damp mines. These leading wires or firing lines
are insulated with a braided covering, which is better
if made waterproof. In some instances the two wires
are twisted together and wrapped with an additional
coating of braid, making them into one cable, which has the advan-
tage of being more easily handled than two separate leading wires,
and has also the advantage of the added protection given by the
additional braiding.

After the blast has been fired, the ends of the leading wires should

be immediately disconnected from the posts of the

Inspection and re- fiping machine, and the lines should be examined

Z?é:roéria;mgwms for their whole length in order to see that the insu-

lation has not been broken by coal or rock thrown

against it, nor been stripped by the force of the blast. Where such

defects or injuries are found, they should at once be repaired with

insulating tape, and then the leading wires should be placed where
they are not liable to injury until they are again needed.

Magnetos.

Leading wires.

Insulation of lead-
ing wires.
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For testing the line after it is connected up, and before the firing,
in order to show that the circuit is complete and
that there is no leakage in. the wires, a special gal-
vanometer may be used, together with a battery such as many
of the manufacturers of explosives now sell. This galvanometer,
like others, bears upon its face a needle, which is turned or deflected
if an electric current is present. By noting whether this needle is
deflected or not one can tell whether the circuit is closed or open,
and the extent of the deflection shows just how little resistance
tliere is in the circuit. To use the galvanometer, the
wires leading from it are connected to the two binding
posts of the firing machine, to which the wires leading
to the charge have already been connected. The deflection may then
be noted. The current gencrated by the very weak battery cell
attached to the galvanometer should not be strong enough to fire the
electric detonators used in the bore holes, but is enough to deflect tlie
galvanometer needle. This testing galvanometer,
with its attached battery, should never be applied
directly to the face to be blasted, even when it is
being used to find out, when the test has shown no current, which of
the electric igniters or electric detonators arc defective. The tests
for the separate detonators or igniters should always be made through
leading wires long enough to let the person making the test stand
where he would be perfectly safe if the blast should be fired; and on
no account should this testing of the iguiters or detonators be made
while any person is so near that he may be in danger from the blast.

Testing the line.

TUse of galvanom-
eter.

Safety precautions
to be taken.



EXPLOSIVES IN SINKING SHAFTS AND BLASTING ROCK
AND DIRT.

The use of any explosives other than permissible explosives is not
recommended in any coal mine or part of a coal mine
except in early development work, such as shaft sink-
ing or entry driving through rock strata. In such
work all men should be out of the shaft or working place when shots
are fired.

After the coal has been reached and it has become necessary that
shots shall be fired while men are in the mine, permissible explosives
only should be used. After a mine has been opened up, if rock or
dirt is encountered, which may happen because of a fault or some
other cause, it is quite necessary that permissible explosives be used,
for it is known that inflammable gas is likely to be found in such
places.

In the sinking of shafts or in the removal of rock or dirt by means
of explosives, the methods to be followed in loading,
tamping, and firing the charges of explosives are
similar to those described for use in blasting coal.
In this, as in other work, electric firmg will be found to be the safest
means of shot firing, and in the long run the cheapest.

It is not uncommon to hear the statement that high explosives,
because they are quicker in action than low explo-
sives, need not be tamped. This is a serious error,
The fallacy of it has been repeatedly proved in the
tests of many different explosives made at the Pittsburg testing
station. It has there been clearly shown that the highest pressure
an explosive can give, and therefore the greatest amount of energy
it can set free, will be developed only wlien the explosive is confined
in the smallest possible space. Hence after the charges have been
loaded into the bore holes they should be tamped with such materials
(the best being damp clay) as confine the charges most closely, and
this material should be rammed in firmly, with the precautions
already set forth, quite to the mouth of the bore hole.

In the appendix setting forth the test requirements for permissible
explosives (p. 68) il is stated that electric or other
detonators containing not less than 1 gram of the
fulminating composition should be used in firing the
charges. For use with high explosives in rock blasting, detonators
of that strength are also best. Under no circumstances should an
slectric or other detonator be used of less strength than No. 5, con-
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taining 0.8 gram of the fulminating composition. The greater effi-
ciency and certainty of the stronger detonator more than make up
for its slightly greater cost.

In the sinking of shafts, after the soil has been removed and the
overlying layers of shale and rock are uncovered, it becomes necessary
to use explosives; and because in such a place the ventilation is
always poor and the miner must wait for the fumes and smoke to
clear away after each blast before he can safely return to his work,
time can usually be saved by firing shots in groups
instead of singly. Dynamite, or, when the shaft is
wet, gelatin dynamite, may be used for these shots,
which should always be fired after the men are out of the shaft. The
most economical and safest way of firing a number of shots at one
time is by means of the clectric current, with electric detonators.
The older method of firing by fuse is dangerous and wasteful. Where
fuse is used, there is always danger that a seeming misfire may prove
to be a hang fire—that is, the smoldering fuse may cause the charge
to explode unexpectedly. Also, if by any chance there is any irregu-
larity in the burning of the fuse, the miner can not properly judge the
time necessary to get out of the shaft and out of danger after having
lighted the fuse.

In shafts that run through rock, as most shafts do, there is no
objection to the shattering effect of firing several
shots at the same instant, and this method is
recommended; but when it happens that in shaft
sinking the shattering effect would be harmful, and successive
shots are therefore to be used, it is still advised that they be fired
by electricity. TFor such shots, however, a less violent explosive
may be employed, and the delay-action electric detonator already
described (p. 33) may be used to good advantage.

The following explosives may be recommended, in a general way,
for use when the size and condition of the material resulting from the
blast is not important, for example, in the sinking of shafts or the
driving of entries through rock:

For use where the texture of the material is very tough and hard

_as in tough granite, hard bowlders, and the like, 60

Various explosives . . . . .

for use In sinking Pe€I cent straight nltroglycerm dynamlte 1S recom-
:‘::;t:s and driving mended. Where the material is of moderate tough-
' ness and somewhat brittle, 50 per cent straight nitro-
glycerin dynamite is recommended. In material such as limestone
and sandstone, 40 per cent straight nitroglycerin dynamite is recom-
mended. In hard earth or compact sand, a 30 to 20 per cent straight
nitroglycerin dynamite is recommended. In material such as a soft
crumbly or seamy rock that requires a stronger explosive than black
blasting powder but a slower explosive than dynamite, a granulated

Firing shots in
groups.

Firing simultane-
ously.
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powder containing 5 per cent of nitroglycerin is recommended.
This should always be fired with a priming stick of dynamite. With
this exception, different kinds of explosives should never be used in
the same bore hole.

For very soft work in cuts and fills, or for quarry work when
dimension stone is sought, black blasting powder is recommended.
In grading work the blast hole may be bottomed out with dynamite
before charging with granulated powder or with black blasting
powder, but before it is charged care should be taken to see that the
dynamite charge has not left any fire in the hole. In plastering or
adobe work on bowlders and spawls, or in block holing, a strong
dynamite should be used. Block holing is the more effective and
economical method for use with bowlders.

If the straight nitroglycerin dynamites, as recommended above,
are found to be too quick or too violent for use, and
the results obtained are not as desired under the given
circumstances, ammonia dynamites, which give a
more heaving and rending action, are recommended. They are
made in several grades and are rated as of a certain percentage of
strength, but this rating is not always made in a scientific way. The
following composition is an example of that which is generally offered
in this country as a 40 per cent strength ammonia dynamite:

Ammonia dyna-
mites.

Composition of 40 per cent strength ammonia dynamite.

Per cent.
Nitroglycerin. . .. .. .. e 22
AmMmonium nIbrate. .. ... e 20
DOpe. e e 58

This composition does not contain so large a percentage of nitro-
glycerin us the straight 40 per cent dynamite (see p. 19), and as
tested at the Pittsburg testing station it is not found to produce the
same results as the latter. Nevertheless the ammonia dynamites
are often found to be more economical and more efficient for certain
classes of work than the straight dynamites of the same commercial
rating. The ammonia dynamites are less readily set off and are

cantion i safer to handle, transport, and store than the straight

aution in use of . .
ammonia dynamites. dylamites are, but they all require stronger deto-

nators than the straight dynamites to insure a com-
plete and rapid detonation. They have the disadvantage, compared
with the straight dynamites, of taking up moisture very readily,
and great care should be used in storing them or in using them in
wet holes,

For use in very wet blasting and in places where there is poor
ventilation the gelatin dynamites are recommended.
Water has but little effect on them, and on complete
explosion they yield only & small quantity of fumes and bad gases.

Golatin dynamites.
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Like ammonia dynamites, gelatin dynamites are less sensitive than
straight nitroglycerin dynamites, and they therefore require stronger
detonators to cause their complete explosion. They become less sen-
sitive during long storage, and they have been known after long stor-
age in tropical countries to become so insensitive that they could
not be detonated by means of the devices ordinarily used in firing
them. Gelatin dynamite is likely to decompose during storage in
very hot places.

Like the ammonia dynamites, the gelatin dynamites are sold in
several grades and are given a somewhat unscientific rating in com-
merce. The grade known as 40 per cent strength gelatin dynamite,
as generally offered in this country, has the following composition:

Composition of 40 per cent strength gelatin dynamite.

Per cent.
Nitroglycerin. .. ... .. 32
Soluble nitrocellulose.. ... ... ... 1
Dope. i 67

As tested at the Pittsburg testing station, gelatin dynamites have
not been found to be equivalent in every respect to straight nitro-
glveerin dynamites of the same commercial rating, and as regards
economy they should seldom be used as equivalent; but they are
superior for some uses, as mentioned above.



SAFE SHIPMENT AND STORAGE OF EXPLOSIVES.

By B. W. Dunx.

A responsibility to the public rests upon both manufacturers and
common carriers to secure the safe delivery at desti-
nation of explosives, and it is the duty of the owners
of explosives to store them safely.

Under authority granted by Congress the Interstate Commerce

Commission has made regulations, binding upon ship-
Federal law and . .
Interstate Com- pers and common carriers, for the transportation of
merce Commission explosives in interstate commerce, and the penalty
regulations. . . .
of a possible fine of $2,000 and 18 months’ imprison-
ment is prescribed by law for a violation of any of these regulations.

The shipper must know and certify on his shipping order that the
explosive offered by him is in a proper condition for safe transpor-
tation and that it is packed and marked as required by the regulations.
To perform this duty the shipper should be thoroughly familiar with
all requirements pertaining to his shipment. A copy of the regula-
tions can be obtained by application to the railway agent, whose
duty it is to furnish.them to shippers.

The following paragraphs in these regulations are of special inter-
est to the shippers of explosives for use in mines: General Pule A.—
Paragraphs 1501, 1502, 1503, 1509, 1510, 1531, 1533, 1541 to 1556,
1558 to 1560, 1611 to 1614, 1648, 1661, 1665, 1666, 1668, 1674 to 1683.

Miners and other persons are sometinies tempted to pack explosives

for shipment with their baggage on passenger cars, or
Explosives in bag- with their household goods for shipment by freight.
gage or household <. .. .
goods. To do this is a criminal act that endangers the lives
of the innocent and unsuspecting persons who have
to handle these packages, and that subjects the guilty shipper,
when detected, to arrest and prosecution. The Federal law (section
236) prescribes an imprisonment of 10 years for anyone convicted
of this crime when death or bodily injury results from the illegal
transportation of explosives. When no injury results the maxi-
mum penalty is 18 months’ imprisonment and a fine of $2,000.

There is no standard type of storage magazine in use in this country,
and the laws and regulations in foreign countries
governing the construction of magazines differ
materially. In Austria, for example, magazines are
required to be of light construction, whereas in England they must
have walls at least 18 inches thick.

Respousibility to
public.

Magazine build-
ings.
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Explosives should be protected as far as practicable during storage
against heat, moisture, fire, lightning, projectiles, and theft. The
buildings should therefore be weatherproof, covered by fireproof
and bullet-proof material, well ventilated, in secluded locations, and
not exposed to fire risk from grass or underbrush. Iightning pro-
tectors are best placed on a line of supports encircling tho building
and 20 to 30 feet distant from it. TFigures 11 and 12 show plans of
an approved type of magazine.

In June, 1909, the chief inspector of the bureau of explosives of the
American Railway Association brought to the attention of the man-
ufacturers of explosives in the United States the
dangers that attend the location of storage maga-
zines too near railway property and invited a con-
ference to discuss the steps that should be taken to remove these
dangers.

Isolation of maga-
zines.

A committee was appointed by the manufacturers to make an
exhaustive study of ull the data that coald be collected the world
over to show the damage that had resulted from explosions. As
had been anticipated, a great deal of difficulty was experienced in
getting reliable information in regard to this damage. The com-
mittee finally succeeded, however, in collecting more or less reliable
information relating to over 130 explosions. From the data curves
were platted on a large scale to show for the quantity of explosives
involved the maximum distances at which structural damage to
buildings had resulted from the explosions. The term structural
damage covers injury Lo foundations, supporting walls (exterior or
interior), or to roof or floor members. It does not include the break-
ing of glass or the shaking down of plaster.

From experience gained prineipally at manufacturing plants, it
was concluded that an effective artificial barricade sarrounding a
magazine, or the intervention of a satural obstacle screening the
property to be protected, would result in reducing the maximum
cdistance observed in the ease of nnprotected magazines by 50 per cent.
In studying the data collected, therefore, the curves were platted
on the assumption that the magazine was thus barricaded or pro-
tected. With the exception of two or three instances, concerning
which there was reasonabie doubt of the reliability of the data col-
lected, the curves were drawn to pass outside of all the platted points
showing structural damage. From these curves the following table
was prepared to show the distances that, according to the quantity
of explosives involved, should separate storage magazines from
inhabited dwellings and railways. For any such magazine not pro-
tected by an eflicient barricade, or by natural protection, the dis-
tance should be doubled.
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Miramum distances between barricaded magazines and ravlway: or inhabited dwellings.

Proposed American distances Proposed American distances
. (feet). . (feet).
Quantity of ex- Quantity of ex-
plosives stored plosives (sitsc;red
(pounds). ﬁ?&"gg Publicrailway. (pounds). {)ﬁ}ffaﬂ’l‘ffg Publicrailway.
50 120 70 10, 000 890 535
100 180 110 20, 000 1, 055 635
200 260 155 30, 000 1, 205 725
300 320 190 40, 000 1, 340 805
400 360 215 50, 000 1, 460 875
500 400 240 60, 000 1, 565 940
600 430 260 70, 000 1, 655 995
700 460 275 80, 000 1,730 1,040
800 490 295 90, 000 1, 790 1,075
900 510 305 100, 000 1,835 1,100
1, 000 530 320 200, 000 2,095 1,255
1, 500 600 360 300, 000 2,335 1, 400
2,000 650 390 400, 000 2, 555 1,535
3,000 710 425 500, 000 2,755 1, 655
4, 000 750 450 600, 000 2, 935 1, 760
5, 000 780 470 700, 000 3,095 1, 855
6, 000 805 485 800, 000 3,235 1, 940
7, 000 830 500 900, 000 3, 355 2,015
8, 000 850 510 1 1,000,000 3, 4565 2,075
9, 000 870 520

It should be understood that the proposed distances given in the
above table have not yet been sanctioned by law. Whenever it
becomes necessary, however, for a court to decide what would be a
reasonable distance in a locality where such a distance is not speci-
fied by law, common practice would require resort to the testimony
of experts. The above table represents the combined judgment of
the best experts available, after an honest and prolonged study of
all available data. It is probable, therefore, that the table will be
accepted as a guide and that any person maintaining a storage maga-
zine at distances less than those prescribed by it will be subject to
successful prosecution before the courts for the maintenance of a
public nuisance.

It will be advisable, therefore, for all interested parties to see at
the earliest possible moment that their magazines are located in
accordance with the above table. It is understood, of course, that,
in any locality where the law on this subject is now specific, the law
must be the guide.

Magazines should be kept clean and in thorough repair. Grounds
around them should be kept clear of leaves, grass,
or other materials that might feed a fire. These
words should be conspicuously posted on them: ‘‘Explosives—dan-
gerous. No shooting allowed.” The floors must be swept regu-
larly and kept clean. The sweepings should be thrown in water or
taken to a safe distance and destroyed.

99160°—Bull. 17—11—-5

Care of magazines,
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In case floors become stained with nitroglycerin, cover the stains
with dry sawdust, sweep up, and remove the sawdust. Then scrub
the stains thoroughly with a hard brush and a solution of one-half
pound of sulphide of sodium or sulphide of potassium in one-half
gallon of wood alcohol. ‘

Do not allow in the magazine any tools other than a wooden mallet
and wooden wedge, or a phosphor-bronze chisel, and a screw driver
to be used only for removing screws.

Do not open dynamite boxes with a nail puller or powder cans with
pickaxes.

Remove all explosives from a magazine before repairing it.

Do not store detonators with explosives.

Do not open packages of explosives in a magazine.

Issue first the oldest explosives on hand.

Do not store dynamite boxes on end, as this increases the danger
of nitroglycerin leaking from tlhe cartridges.

Persons receiving packages of explosives sent by rail should ex-
amine them carefully to discover ruptures or other serious damage
received during transit. Any information regarding such matters
will be welcomed by the chief inspector, Bureau for the Safe Trans-
portation of Explosives, 24 Park Place, New York City.



APPENDIX.
CONDITIONS UNDER WHICH EXPLOSIVES ARE TESTED.

The conditions under which the Bureau of Mines tests explosives to determine
whether they shall be placed on its list of permissible explosives are as follows:

1. The manufacturer is to deliver to the Bureav or MiNEs, FORTIETH AND BUTLER
StrEETS, PIrTsBURG, PA., three weeks prior to the date set for tests, 100 pounds of each
explosive that he desires to have tested. He is to be responsible for the care, han-
dling, and delivery of this material to the testing station and he is to have a representa-
tive present during the tests. In order to avoid duplication of work, it is requested
that the smallest size of cartridge that the manufacturer intends to place on the market
be sent for these tests.

2. No one is to be present at or participate in these tests except the necessary
Government officers at the experiment station, their assistants, and the representa-
tive of the manufacturer of the explosives to be tested.

3. The tests will be made in the order of the receipt of the applications for them,
provided the necessary quantity of the explosive is delivered at the testing station
by the date set, of which date due notice will be given by the Bureau of Mines.

4. A list of the explosives which pass certain requirements satisfactorily will be
furnished to State mine inspectors and will be made public in such other manner
as may be considered desirable.

5. The detailsof results of testsare to be considered confidential by the manufac-
turer and are not to be made public prior to official publication by the Bureau of
Mines.

6. Trom time to time field samples of permissible explosives will be collected, and
tests will be made of these explosives as they are supplied for use in coal mines in
the various States.

TEST REQUIREMENTS FOR EXPLOSIVES.

The tests will be made by the engineers of the United States mining experiment
station at Pittsburg, Pa., in gas and dust gallery No. 1. The charge of explosives
to be fired in tests 1, 2, and 3 shall be equal in deflective power, as determined by
the ballistic pendulum, to one-half pound (227 grams) of 40 per cent nitroglycerin
dynamite in its original wrapper, of the following formula:

Per cent.

Nitroglycerin. . ... i iiie it iiieiaaeresanecrasonnanas 40
Nitrate of soda (sodium NItrate). ... cceeceieernenencnncnnnrenes 44
Wood pulp oo i i iiittiicreeraaccear e 15
Carbonate of lime (calcium carbonate)eeee ceeeereneeneacaaaanan. 1
100

Each charge shall be fired with an electric detonator (exploder or cap) strong enough
to completely detonate or explode the charge, as recommended by the manufacturer.
The explosive must be in such condition that the chemical and physical tests do not
show any unfavorable results. -

In order that the dust used in tests 2, 3, and 4 may be of the same quality, it is
always taken from the same mine, ground to the same fineness, and used while still

fresh.
67
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The following are the tests to which are subjected the explosives that the Bureau
of Mines is asked to place iu the list of permissible explosives:

Test 1. Ten shots each with the charge as described above, in its original wrap-
per, shall be fired, each tamped with 1 pound@ of clay stemming, at a gallery tem-
perature of 77° F., into a mixture of gas and air containing 8 per cent of gas (methane
and ethane). An explosive is considered to have passed the test if no one of the 10
successive shots ignites this mixture.

Test 2. Ten shots each with the charge as described above, in its original wrap-
per, shall be fired, each tamped with 1 pound? of clay stemming, at a gallery tem-
perature of 77° F., into a mixture of gas and air containing 4 per cent of gas (methane
and ethane) and 20 pounds of bituminous coal dust, 18 pounds of which is to be
placed on shelves along the sides of the first 20 feet of the gallery, and 2 pounds to be
80 placed that it will be stirred up by an air current in such manner that all or part
of it will be suspended in the first division of the gallery. An explosive is considered
to have passed the test if no one of the 10 successive shots ignites this mixture.

Test 3. Ten shots each with the charge as described above, in its original wrap-
per, shall be fired, each tamped with 1 pound @ of clay stemming, at a gallery tem-
perature of 77° T., into 40 pounds of bituminous coal dust, 20 pounds of which is to
be distributed uniformly on a steel irestle placed in front of the cannon and 20 pounds
placed on side shelves in sections 4, 5, and 6. An explosive is considered to have
passed the test if no one of the 10 successive shots ignites this mixture.

Test 4. A limit charge will be determined within 50 grams by firing charges in
their original wrappers, without stemming, at & gallery temperature of 77° I, into a
mixture of gas and air containing 4 per cent of gas (methane and ethane) and 20
pounds of bituminous coal dust, to be arranged in the same manner as in test 2. This
limit-charge test is to be repeated five times under the same conditions before being
established.

The tests now prescribed as those a permissible explosive must have passed are
those given above. But even the explosives that have passed those tests and are
published as permissible explosives are to be considered as permissible explosives
only when used under the following conditions:

1. That the explosive is in all respects similar to the sample submitted by the
manufacturer for test.

2. That No. 6 detonators—preferably No. 6 electric detonators (double strength)—
are used of not less strength than 1 gram charge, consisting by weight of 90 parts of
mercury fulminate and 10 parts of potassium chlorate (or their equivalents), except
for the explosives “ Bental coal powder No. 2,”” “ Detonite special,”’ “Hecla No. 2,”
“Kanite A, “Mosurite M. L. F.,” “Titanite No. 7-P,” and “Titanite No. 8-P,”
for which the detonator shall be of not less strength than the No. 7 (1} grams charge
of the same mixture).

3. That the explosive, if frozen, shall be thoroughly thawed in a safe and suitable
manner before use.

4. That the quantity used for a shot does not exceed 1} pounds (680 grams),
properly tamped.

t must not be supposed that an explosive that has once passed the above-
mentioned tests and has been published in lists of permissible explosives is there-
after to be considered a permissible explosive, regardless of its condition or the way
in which it is used. Thus, for example, an explosive named in the permissible list,
if kept in a moist place until it undergoes a change in character, is no longer to be
considered a permissible explosive. If used in a frozen or half-frozen condition, it
is not when so used a permissible explosive. If used in excess of the quantity speci-
fied (14 pounds), it is not when go used a permissible explosive. And when the other
conditions have been met, it is not a permissible explosive if fired with a detonator
of less than the prescribed strength.

e T'wo pounds of elay stemming are used with slow-burning explosives.
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Moreover, even when all the prescribed conditions have been met, no permissible
explosive should necessarily be considered as permanently being a permissible explo-
sive, but any permissible explosive when used under the prescribed conditions may
properly continue to be considered a permissible explosive until notice of its with-
drawal or removal from the list has been officially published, or until its name is
omitted from a later list published by the Bureau of Mines.

Turthermore, the manufacturers of a permissible explosive may withdraw it at
any time when introducing a new explosive of superior qualities. And after further
experiments and conferences, the Bureau of Mines may find it advisable to adopt
additional and more severe tests to which all permissible explosives may be subjected,
in the hope that the lives of miners may be safeguarced better through the use of only
those explosives that may pass the more scvere tests.



PUBLICATIONS ON MINE ACCIDENTS AND EXPLOSIVES.

The following publications, except those towhich a price is attached,
can be had free by applying to the Director, Bureau of Mines, Wash-
ington, D. C. The priced publications can be had by sending the
price, in cash, to the Superintendent of Documents, Government
Printing Office, Washington, D. C.

PUBLICATIONS OF THE UNITED STATES GEOLOGICAL SURVEY.

BurieTin 333. Coal-mine accidents; their causes and prevention; a preliminary sta-
tistical report, by Clarence Hall and W. O. Snelling, with introduction by J. A.
Holmes. 1907. 21 pp. 5 cents.

BuLLeTiN 369. The prevention of mine explosions. Report and recommendations,
by Victor Watteyne, Carl Meissner, and Arthur Desborough. 1908. 11 pp. &
cents.

BurLeTin 383. Notes on explosive mine gases and dusts, with special reference to the
explosions in the Monongah, Darr, and Naomi coal mines, by R. T. Chamberlin.
1909. 67 pp.

BurLeTin 425. The explosibility of coal dust, by George S. Rice, with chapters by
J. C. Frazer, Alex Larsen, Frank Haas, and Carl Scholz. 1910. 186 pp., 14 pls.

PUBLICATIONS OF THE BUREAU OF MINES.

BurLeriN 15. Testsof explosives used in coal mines, by Clarence Hall, W. O. Snell-
ing, and S. P. Howell, with a chapter on the natural gas used at Pittsburg, by
G. A. Burrell, and a preface by €. E. Munroe. (In press.)

Mingrs’ CIRCULAR 2. Permissible explosives tested prior to January 1, 1911, and pre-
cautions to be observed in their use, by Clarence Hall. 1911. 12 pp.

Mixers’ CircuLar 3. Coal-dust explosions, by George 8. Rice. 1911. 22 pp.

MiNers’ CircurAr 4. Theuse and care of mine-rescue breathing appratus, by J. W.
Paul. 1911. 24 pp.
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