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* THE EXPLOSIBILITY OF COAL DUST.

- By GeorgE S. RicE.

INTRODUCTORY STATEMENT.

THE COAL-DUST PROBLEM.

This bulletin traces the growth in the belief in the explosibility
of coal dust, summarizes the experiments and mine investigations
that have established this belief, and gives the present status of pre-
ventive measures. It has been prepared in accordance with the pro-
visions of the acts of Congress authorizing investigations relating to
the causes of mine explosions, and contains references to and descrip-
tions of experiments made at the testing station of the United States
Geological Survey at Pittsburg, Pa. This station was established and
equipped for the.purpose of carrying on investigations relating to
mine explosions, fuels, and structural materials.

Only within comparatively few years has the dry dust of bitumi-
nous and lignitic coals been generally recognized as an explosive
agent more insidious, threatening, and deadly to the miner than fire
damp. Fire damp carries its own flag of warning—the ‘“cap” in the
safety lamp—Dbut coal dust, though visible, does not attract attention
until present in large quantities. Fire damp is of local occurrence,
and except in notable and very exceptional cases is controllable by
careful manipulation of ventilating currents. If by mischance a body
of fire damp is ignited in a mine, the force of the explosion is terrific,
but the effect is localized unless dry coal dust is present, or unless (as
it very rarely happens) an explosible mixture of methane gas and air
extends through large areas of the mine. In a dry mine dust accu-
mulates everywhere, and the blast from the ignition and combustion
of bituminous dust may traverse miles of rooms and entries and wreck
structures at the entrance to the mine. The comparative potential
destructiveness of gas and of bituminous dust is strikingly shown by
the history of the Pennsylvania anthracite mines. These mines not
infrequently have large inflows of gas, and the resulting mixtures of
gas and air have sometimes been ignited, yet no such wide-sweeping
explosions have taken place, despite the presence of dry anthracite
dust, as have happened in excellently ventilated bituminous mines.

9



10 THE EXPLOSIBILITY OF COAL DUST.

This bulletin, as is emphasized in the body of it, should be regarded
as a preliminary study of the coal-dust problem. The pressure of
other work and the almost continuous use of the explosives-testing
apparatus at the Pittsburg station for the important work of investi-
gating the relative safety of explosives.for use in coal mines have
limited the experiments that could be made dealing with mefhods
of lessening the danger from coal dust. However, it is expected that

“opportunity will be afforded in the future to take up systematic experi-
menting both at the Pittsburg station and in the field along lines sug-
gested by the results presented in this report.

ACKNOWLEDGMENTS.
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a review of the laboratory and other small-scale experiments that
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ments undertaken by him and to be continued, on the relative explo—
sibility of different coal dusts collected by mining englneers in dif-
ferent parts of the country.

The author’s indebtedness to various foreign investigators is
shown by the numerous quotations from their published works.



THE COAL-DUST QUESTION IN EUROPE. 11

HISTORICAL REVIEW OF THE COAL-DUST QUESTION IN
EUROPE.

OBSERVATIONS IN ENGLAND PRIOR TO 1850.

In the published account of an explosion in an English colliery,
Wallsend, on September 3, 1803, J. Buddle, chief of the Newcastle
coal miners, says: “‘The workings were very dry and dusty, and the
survivors who were most distant from the points of explosion were
burnt by the shower of red-hot sparks of ignited dust which were
driven along by the force of the explosion.”®

Robert Bald, in Jameson’s Journal for 1828,% mentions the possi-
bility of the flame from a fire-damp explosion igniting the coal dust
strewn more or less thickly about the working places of a colliery.

In a book by W. N. and J. B. Atkinson, English inspectors of

mines, entitled ‘“Explosions in coal mines” (1886), page 132, there
is a list of mine explosions in England prior to 1870, made from
contemporaneous newspaper reports and inquest records. In certain
_ explosions it was mentioned that coked dust was observed. Besides.
the explosion above noted, it was reported to have been found at
the Jarrow explosion of August 3, 1830, at the Wallsend explosion
of June 18, 1835, at the Springwell explosion, December 6, 1837, and
at the Thornley explosion, August 5, 1843.

Professor Faraday, the famous chemist and physicist, remarked in
his report on the Haswell colliery explosion, September, 1844 :¢

In considering the extent of the fire from the moment of explosion it is not to be
supposed that fire damp was its only fuel; the coal dust swept by the rush of wind
and flame from the floor, roof, and walls of the works would instantly take fire and
burn if there were oxygen enough present in the air to support its combustion; and
we found the dust adhering to the faces of the pillars, props, and walls in the direction
- of and on the side toward the explosion, increasing gradually to a certain- distance
ag we neared the place of ignition. The deposit was in some parts half an inch, in
others almost an inch thick; it adhered together in a friable coked state. When
examined with a glass, it presented the fused round form of burnt coal dust, and
when examined chemically and compared with the coal itself, reduced to powder,
was found deprived of the greater portion of the bitumen, and in some instances
entirely destitute of it. There is every reason to believe that much coal gas was
made from this dust in the very air itself in the mine by the flame of the fire damp
which raised and swept it along, and much of the carbon of this dust remained
unburnt only from want of air. '

It may be remarked that many investigations of explosions since have
established that coked and caked coal dust is more generally, though
not invariably, deposited on the side of timbers and projections
opposite to the direction from which the explosive wave approached.

This is commented on by W. N. and J. B. Atkinson.®

¢ Final Rept. Accidents in Mines Comm., 1886, p. 30.
b Explosions in coal mines, p. 25.
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The remarkable evidence given by Faraday on the importance of
coal dust as an explosive agent was overlooked for many years.

OBSERVATIONS BY FRENCH ENGINEERS PRIOR TO 1890.

The final report of the accidents in mines commission (1886) gives
the following account (p. 31) of the first French publication on this
subject: ' :

Although the reports of Faraday and Lyell were published in 1845, these publica-
tions appear to have remained long unknown in France, for in 1855 M. du Souich,
chief government engineer of the Sainte Etienne Arrondissement, when referring to
an explosion which had occurred at Firmininy, advanced as new the view that the
deposition of crusts of light coke on the props was due to dust which had been swept
up and transported to a distance by the violent current produced by the explosion
and which, becoming in part inflamed, had extended and prolonged the destructive
effects originated by the fire damp. On the occasion of two explosions in 1861
M. du Souich again dwelt upon his views regarding the part played by coal dust
in increasing the disastrous effects of fire-damp explosions.

In 1867 M. Verpilleaux made some experiments with coal dust
and concluded that it is an important factor in mine explosions. -
M. Vital, in 1875, while studying the effect of an explosion in a part
of the Campagne colliery, France, where fire damp had never been
found, made experiments and from the results decided that ‘very
fine coal dust, rich in inflammable constituents, would increase the
intensity of an explosion of fire damp and prolong its extent.”

In 1882 M. Mallard and M. Le Chatelier, members of the French
fire-damp commission, reported, as the result of their inquiries, that
““they rejected the theory that coal dust was any serious danger, and
maintained that no colliery explosion of any importance could be
attributed with any probability to the action of coal dust.”s

This unfortunate conclusion delayed recognition of the danger of °
coal dust in France for many years, and apparently the explosibility
of coal dust did not receive general acceptance among French engi-
neers until after the Courrieres disaster of 1906.

EXPERIMENTS IN ENGLAND BETWEEN 1850 AnND 1885.

In 1870 Mr. William Galloway, former government inspector in
Scotland, and then in charge of mines in Wales, began a special study
of colliery explosions. He had observed that all the great explosions
in Wales had occurred in dry and dusty mines; also the only great
explosion in Scotland had occurred in the only dry miné in Scotland
known to him. In 1875 he commenced a series of coal-dust experi-
ments in a long box or miniature gallery, and on March 2, 1876, read
a paper before the Royal Society in which he stated that ¢‘if coal

aSecond Rept. Roy. Comm., 1894, p. 5.
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dust and air did not form an inflammable mixture a small addition
of fire damp, which would not be inflammable alone, would become
inflammable when coal dust is added.”

In 1878 Prof. A. Freire-Marreco gave an account® of coal-dust
experiments made in conjunction with Mr. W. Cochrane and Mr.
Morison. They employed a box 8 feet long with a longitudinal par-
tition, with a circulating current of air actuated by a fan. They
arrived at the same general conclusions as Mr. Galloway.

Soon after making the experiments mentioned, Mr. Galloway
investigated an explosion that occurred in the Llan colliery, South
Wales, December, 1875, and reported that ‘‘coal dust had undoubt-
edly played the most important part in the explosion.” Subse-
quently Mr. Galloway made further experiments and investigated
the explosions at Pen-y-graig, Risca, and Seaham in 1880, and as a
result decided ‘‘that fire damp is altogether unnecessary for the
propagation of flame with explosive effect by a mixture of dry coal
dust and air.”’® . ,

Mr. Henry Hall, English mines inspector, in 1876 made experiments
at St. Helens in an adit or drift which ran in from the outcrop of a
coal seam and which was 135 feet long. Coal dust was laid on the
floor and shots were fired at the face of the adit. Mr. Hall stated in a
paper read before the North of England Institute of Mining and
Mechanical Engineers that ‘‘flame traveled the length of the adit.”
The blast was very fierce ‘‘and would certainly have proved fatal to
anyone struck by it in its course.”

This was the first large-scale test of coal dust undertaken, but it
appears to have been received with skepticism at the time. The
prevailing impression was that some fire damp must have been
present.

Up to 1880 the theory of the explosiveness of coal dust had made
little progress. The British accidents in mines commission began its
sittings in 1879, but did not make its final report until 1886. In a
preliminary report issued in 1881 the evidence of practically all
the expert mining witnesses, except that of Mr. Hall and Mr. Gallo-
way, was to the effect that it was improbable that coal dust would do
more than increase the range of a fire-damp explosion. Even Mr.
Galloway testified (March 18, 1880) that it was necessary to have a
slight amount of gas present to explode coal dust.

On September 8, 1880, a terrible explosion occurred at the Seaham
mine, County of Durham, England, which attracted general atten-
tion to the subject of coal dust. Prof. Frederick Abel was commis-
sioned to make some experiments with coal dust. His experimental

a Trans. North of England Inst. Min. and Mech. Eng., vol. 28, p. 85.
bSecond Rept. Roy. Comm., 1894, p. 5.
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apparatus, a long, narrow explosion box or flue, was similar to that of
Galloway’s. In his report he said: @

In the complete absence of fire damp, coal dust exhibits some tendency to become
inflamed when passing a very large lamp flame at a very high velocity. If exposed to
the action of a large volume of flame, as from the explosion of gunpowder, it exhibits
a decided tendency to propagate flame. But so far as can be determined by experi-
ments on a moderate scale, this tendency is of a limited nature.

Professor Abel, in giving evidence at the Seaham inquest, said that
““if coal dust alone would have exploded every colliery would have
been wrecked long ago.””?

The Chesterfield and Derbyshire Institute of Engineers appointed
a committee in 1880 to conduct some experiments with coal dust.
The committee included Professor Marreco and Mr. Morison. The
experiments were made in a miniature gallery 82 feet long, 16 inches
wide, and 18 inches deep, connected with a chimney to produce an
air current. Coal dust was introduced at the open end of the chamber
and carried in by the current. A horse pistol was used to simulate a
blown-out shot. The charge was one-half ounce of gunpowder. It
was fired into the open end. Out of 134 tests with coal dust alone,
ignition was obtained in 36 cases. KEven when 6 per cent of gas was
tried, no violent explosion resulted. In the opinion of the observers
it was more of an inflammation than an explosion.°

- The dust for these experiments was gathered from the floor, timber,
and sides, and in all probability was more or less mixed with stone
dust. This may have been the cause of the inconsistency in the
results. '

In 1884 Mr. William Galloway took a more positive stand than in
April, 1879, when he appeared before the accidents in mines commis-
sion. In his fifth paper on the subject of coal dust, communieated to
the Royal Society in May, 1884,4 he states that no earlier author than
himself had credited coal dust with being a principal factor in mine
explosions, relegating fire damp to a secondary place.

EXPERIMENTS. IN PRUSSIA.

The Prussian fire-damp commission in 1884 conducted a series of
experiments with coal dust and with coal dust with gas in a gallery
which had been built at the Koenig mine at Neunkirchen, Saar-
brucken. This gallery was partly constructed under a refuse pile.
It was 51 meters (167 feet) long and elliptical in cross section, 1.72
meters (5.6 feet) high by 1.20 meters (3.9 feet) wide. Twenty-eight
varieties of coal dust were tested and compared, each separately tried

a Final Rept. Accidents in Mines Comm:., 1886, p. 159.

b Blue hook on Seaham colliery explosion, 1881, p. 146,

¢ Trans. Chesterfleld and Derbyshire Inst. Eng., vol. 10, 1882.
d Proc. Roy. Soc. London, vol. 37,1884, p. 42.
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by placing about 15 kilograms (3.3 pounds) of it along 10 meters
(32.8 feet) of the gallery. Several means were tried of distributing
the dust, but scattering on the floor was practically as efficient as
any other way. The igniting charge consisted of 230 grams (0.51
pound) of black powder placed in one of several cast-iron blocks
or cannons at the inner end of the gallery. Clay and coal dust were
separately used for tamping the shot. With clay for tamping, the
flame from the explosive itself was 3 to 4 meters (64 to 10 feet) long,
but with the coal tamping it was from 9 to 16 meters (30 to 524 feet)
long. The coal used in each test was analyzed and the resultant coke
was also analyzed. In one instance the volatile matter was reduced
from 21.8 to 13.6 per cent.
The conclusion of the commission was as follows:a

1. The presence of coal dust with or without small quantities of fire damp always
increases the length of a blown-out shot.

2. When fire damp is fully absent, the prolongation is usually limited, not exceeding
6 to 15 meters for most varieties of dust, when clay tamping is used and when the
sides of the bore hole do not themselves yield coal dust and gas, or 9 to 21 netets
when dust is used for tamping or is produced from the hole itself. But there are
coal dusts which, once ignited by a shot, burn or spontaneously give flame far beyond
the locality strewn with the dust, and sometinies actually produce explosions when
no fire damp is traced.

The conclusions drawn by Mr. Hilt, a member of the Prussian
commission, were submitted to the British commission as follows:?

1. The presence of coal dust in more or less abundance in the immediate vicinity
of the working face gives rise to more or less considerable elongation of the flame
projected by a blown-out shot, whether small quantities of fire damp be present in
the surrounding air or not. )

2 (a) In the complete absence of fire damp the elongation or propagation of flame
is generally of limited extent, however far the deposits of dust may extend in the
mine ways.

(b) There are, however, certain descriptions of coal dust which, if ignited by a
blown-out shot, will not only continue to carry on the flame, even to distances extend-
ing considerably beyond the confines of the dust deposits, but will also give rise to
explosive phenomena or results,”in the complete absence of any trace of fire damp,
which in character and effects are similar to those produced with some other dust
in air containing 7 per cent of fire damp.

. 3 (a) All the phenomena produced by the burning of, and propagation of flame
by, coal dust are intensified by the presence in the air of small proportions of fire
damp, but such dusts as will per se only favor to a limited extent the propagation
of flame from a blown-out shot, give rise only to moderately increased volumes of
flame, in the presence of even as much as 3 per cent of gas, and are not at all capable,
~under those conditions, of carrying on flame throughout the length of a dust-strewn

area; the latter result will, however, be produced, even with such dusts, if the pro-
portion of fire damp in the air amounts to 4 per cent. .

o Rept. Prussian commission; Preuss. Zeitschr., vol. 32, 1884, 1885; also Eng. and Min. Jour., 1885, p.
221; also Trans. Am. Inst. Min, Eng., vol. 24, 1895, p. 901.
b Final Rept. Accidents in Mines Comm., 1886, p. 43,
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According to the evidence given by Mr. William Galloway before
the British royal commission in 1891, the Prussian investigators
obtained inconsistent results when they attempted to classify dusts
in the order of their relative explosibility. He said:®

One of the dusts which they described as nonexplosive came from a colliery called
Camphausen and they named it as quite a safe dust. Shortly afterwards an exceed-
ingly violent explosion occurred at Camphausen colliery killing some 200 men, and
the government director of mines in the district wrote to me immediately afterwards
stating that the mines were so entirely free from fire damp that he could come to no
other conclusion but that coal dust had been the sole cause of that explosion. * * ¥
It is a remarkable and noteworthy fact that the degree of explosiveness of the coal
dust with which the members of the Prussian commission made their experiments
appeared to be directly in proportion to the fineness of the dust, and to have little
or no connection with their chemical composition. * * * I may state my own
conviction that the finest dust of all kinds of coal, with the exception possibly of the
dryest kinds of anthracite, is inflammable or explosive when mixed with air and ignited
in large volumes.

As a further result of their tests, the Prussian commission declared
that black powder and all other slow explosives ought to be pro-
hibited in collieries containing fire damp, and that even dynamite
and other high explosives, though permissible in certain cases, ought
not to be used where accumulations of fire damp are poss1ble in
sufficient quantity to give a clearly perceptible blue cap on a lamp;
and that in all cases it is desirable that the air should be tested
within a radius of 10 yards before igniting any shot. In consequence
of this report, shot firing was prohibited altogether in mines controlled
by the Prussian Government, where safety lamps were used.?

It is evident that by 1886 the serious danger of coal dust was
realized in Germany, although the investigators were not quite
ready to believe that coal dust would e\plode without fire damp
being present. In another part of Germany, at Zwickau in Saxony,
a testing gallery had already been erected (1883), and thenceforward,
investigations in various parts of Germany went on more or less
contmuously, both under government supervision and by various
mining companies.

EXPERIMENTS IN AUSTRIA BETWEEN 1885 AND 1891.

In Austria a commission on explosions in mines was appointed
in 1885, and in 1886 a testing gallery was established at Mihrisch-
Ostrau. A large number of experiments were conducted and in
1891 the Austrian commission made its report, the substance of which
is stated by the British royal commission as follows:*

In all, 353 experiments were made with 345 kinds of dust, generally without any
admixture of gas. These experiments showed that, without any admixture of fire

e First Rept. Roy. Comm. on Mines, 1891, p. 36.
b Trans. Am. Inst. Min. Eng., 1894, vol. 24, p. 902.
¢ Second Rept. Roy. Comm., 1894, p. 8.
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damp, nearly all kinds of coal dust were ignited by a cartridge of 100 grams of dynamite
lying loose; while many notoriously dangerous dusts were less inflammable than other
inflammable dusts. It was further shown that a small admixture of fire damp
notably increased the danger and sensitiveness of coal dust, so that a dust which
is otherwise not dangerous may give rise to a disastrous explosion if there is a little-
fire damp present. The fineness of the dust, as well as its dryness, greatly increases
its sensitiveness and danger.

VIEWS OF ENGLISH AUTHORITIES BETWEEN 1886 AND 1908.

On March 15, 1886, the British accidents in mines commission,
which had been sitting since 1879, after reviewing the coal-dust
problem and experiments made in England and other countries,
reported the following facts as conclusively established: @

(1) The occurrence of a blown-out shot in working places where very highly inflam-
mable coal dust existsin greatabundance may, even in the total absence of fire damp,
possibly give rise to violent explosions, or at any rate be followed by the propagation
of flame through very considerable areas, and even by the communication of flame
to distant parts of the workings where explosive gas mixtures, or dust deposits in
- "zssocmtlon with nonexplosive gas mixtures, exist.

(2) The occurrence of a blown-out shot in localities where only small proportions of
fire damp exist in the air, in the presence of even comparatively slightly inflammable,
or actually noninflammable, but very fine, dry, and porous dusts, may give rise to
explosions, the flame from which may remch to distant localities where either gas
accumulations or deposits of inflammable coal dust may be inflamed, and may extend
the disastrous results to other regions.

It will be.observed that this report shows a. great change of senti-
ment from the time of the preliminary report in 1881, when the
.commission considered the explos1b1]1ty of coal dust of itself as
improbable. ’

In the same year W N. and J. B. Atkinson published a book
entitled ‘‘Explosions in Coal Mines,” in which they made a special
study of five then recent English explosions and reviewed the history
of past explosions. They state, in unqualified language, that coal
dust was the effective agent in most of the great mine explosions.

The reports of the accidents in mines commission in 1886, and of
other investigations, led to an enactment by Parliament.in 1887
requiring certain precautionary measures to be used in dusty mines,
as follows: o ]

If the place where a shot is to be fired is dry and dusty, then the shot shall not be
fired, unless one of the following conditions is observed, that is to say: (1) Unless the
place of firing and all contiguous accessible places within aradius of 20 yards are at the
time of firing in'a wet state from thorough watering or other treatment equivalent to
watering, in all parts where dust is lodged, whether roof, floor or sides; or (2) in the
case of places in which the watering would injure the roof or floor, unless the explosive
is so used with water or other' contrivance as to prevent it from inflaming gas or dust,
or is of such a nature that it can not inflame gas or dust.

a Final Rept. Accidents in Mines Comm., 1886, p. 48.
38970°—Bull. 425—10
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Despite the foregoing affirmative report by the royal commission,
there was not a general acceptance among mining men of the explo-
sibility of coal dust in itself, so that in 1890 Mr. Henry Hall, govern-
ment inspector of mines, was commissioned to make. some further
experiments on a large scale in certain disused shafts with coal dust
from various mines.

Some of these tests were very spectacular, notably several at the
Big Lady pit, which was 630 feet deep and was connected by a small
arched way with another shaft. The experimental shaft was the
upcast. The firing charge was 14 pounds of black powder in a can-
non placed 540 feet from the surface. In the seventh test—

dust was ignited, followed by a continuous roar, and a rush of flame completely filled
the pit mouth and ascended 60 feet into the air. This was the most violent explosion
gince the commencement of the experiment. It is difficult for anyone who did not
witness this experiment to realize the extent of the explosion. The flame continued
to issue from the pit for five to six seconds, followed by dense smoke. The violence
carried away some-of the woodwork 37 feet above the pit mouth.e

Mzr. Hall, in his summary, states: ¢

These experiments conclusively prove that blasting with gunpowder in dry and
dusty mines may cause serious disasters in the entire absence of fire damp. It is impos-
sible to explain why many of the experiments failed to cause explosions or to ignite
the dust, but the fact that at intervals these did occur perfectly justifies the above.
conclusion. )

In February, 1891, a royal commission on-explosions from coal
dust in mines was appointed, and began hearing evidence in the fol-
lowing month. Its first report of evidence, without conclusions, was
published in July, 1891. In 1892 its sittings were adjournee, pend-
ing further experiments by Mr. Henry Hall, which were conducted
at intervals in that year and in 1893.

The commission made its second report in 1894, giving additional
evidence and their final conclusions. In reviewing the evidence they
state:?

The experiments made by Mr. H. Hall in 1890, 1892, and 1893 on a larger scale,
and in shafts of mines, appear to be conclusive in the same sense, although they show
that an explosion is not a certain consequence of every shot that blows out or emits
flame, but depends on many circumstances affecting the condition and quantity of
the dust, the nature and strength of the explosive, the size of the galleries orshafts, etc.

The Prussian commissioners reported that ‘if absolute immunity from blown-out
shots could be obtained, the dangers which are brought about by coal dust would be
almost entirely prevented.” In their experiments they found that no shots, other
than a blown-out shot, caused an explosion of the dust.

It is, however, the opinion of several witnesses that the danger is not confined to
blown-out shots, but that an overcharged shot which does not blow out, or one which
partially does the work for which it is intended, may exhibit flame and therefore
ignite the dust. In the opinion of Mr. W. N. Atkinson, the explosions at Seaham
in 1871 and 1880, at Elemore, at Usworth, and at Altofts were caused by shots which
did not blow out.

¢ First Rept. Roy. Comun., 1891, p. 153. b Second Rept. Roy. Comm., 1894, p. 11. _
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The royal commission summarized their conclusions in the follow-
ing words: ¢ )

(1) The danger of explosion in a mine in which gas exists, even in very small q{xan-
tities, is greatly increased by the presence of coal dust. (2) A gas explosion in a fiery
mine may be intensified and carried on indefinitely by coal dust raised by the explo-
sion itself. (3) Coal dust alone, without the presence of any gas at all, may cause a
dangerous explosion if ignited by a blown-out shot or violent inflammation. To pro-
duce such a result, however, the conditions must be exceptional, and are only likely
to be produced on rare occasions. (4) Different dusts are inflammable, and conse-
quently dangerous, in varying degrees; but it can not be said with absolute certainty
that any dust is entirely free from risk. (5) There appears to be no probability that
a dangerous explosion of coal dust alone could ever be produced in a mine by a naked
light or ordinary flame.

By the time the royal commission had issued this final report, in
1894, the mining experts in England had became very generally con-
vinced that coal dust was not only a factor, but the most important
element in the great explosions occurring in collieries, and thereafter
the experiments and investigations were directed to remedies. In
1896 a coal-mine regulation act was passed by which power was given
to the secretary of state to prohibit the use of dangerous explosives.
This necessitated the testing of explosives used in mines, and to this
end a testing station with necessary apparatus was erected at Wool-
wich and opened for testing June 5, 1897. As an explosive mixture
of gas is more sensitive than coal dust, it was reasoned that an explo-
sive that will not ignite gas would not ignite coal dust, hence the appa-
ratus was designed primarily to determine the relative liability of the
various explosives to ignjte an explosive gas mixture.

GERMAN, FRENCH, AND BELGIAN STATIONS FOR TESTING EXPLOSIVES.

In Germany the education of the mining public to the danger of
coal dust had gone on simultaneously with that in England. In 1894
a station for testing mine explosives in the presence of dust and gas
mixtures was .established at Gelsenkirchen in Westphalia by the
mine operators and placed under the supervision of a government
engineer. The testing gallery is 34 meters long. In cross section
it is elliptical, 1.80 meters (5.9 feet) high and 1.35 meters (4.4 feet)
wide. This gallery and the other apparatus for testing the explo-
sives, also apparatus for testing safety lamps, mine motors, etc., have
been in continuous use since the establishment of the station.

A similar station was established by the Belgian Government at
Frameries, and the same general methods of testing explosives in the
presence of gas and coal dust are used for the formation of a Belgian
‘‘permitted’’ list. :

e Second Rept. Roy. Comm., 1894, p. 24.
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In France, as already mentioned, the effect of the early investiga-
tion, and particularly of the French fire-damp commission, was to
prevent acceptance of the theory of the explosiveness of coal dust
when fire damp was not present. The effort of the French engineers
was to prevent ignition of fire damp, and every precaution was taken
in the French mines to this end. It was felt that if this danger could
be guarded against, that there was practically no danger from coal
dust. Captain Desborough, of England, in a “Report on bobbinite"”
(1907), states:

The French were, I believe, the pioneers in placing restrictions upon the indis-
criminate use of explosives in gassy mines. After many valuable experiments had
been carried out on a laboratory scale, it was decided that in gassy mines no explo-
sives should be used whose calculated theoretical temperature of explosion exceeded
1,500° C., which is considerably above the ignition point of a fire damp and air
mixture.

The general good care exercised in the mines of France and the
excellent ventilation gave France comparative freedom from the
large mine disasters that were occurrmg in other countries, until the
terrible disaster at the Courriéres mines in 1906. Although there
was no official French report attributing the cause to coal dust, such
was the opinion of the English investigators, Sir Henry Cunynghame
and Mr. W. N. Atkinson, who examined the mine. They ascribe the
initial cause to a blown-out shot in a heading, igniting coal dust,
and state further that the propagation through the mine was
- probably through the agency of coal dust.® _

As a result of the disaster the central committee of mines of France
(comité central des houilléres de France) established a station at
Liévin, in the Pas de Calais district, in 1907 for the study of the relative
explos1b1hty of different coal dusts with various percentages of fire
damp and without fire damp. A small-scale experimental gallery
was first erected to determine on plans for a large-size gallery. After
a series of tests with the former, the large permanent gallery, or the first
section of it, was erected in 1908. As at the other European stations
there is no. difficulty in causing explosions of coal dust without the
presence of fire damp, at will, by discharging either black powder or
dynamite from a cannon at one end of the gallery. :

Some of the conclusions of M. Taffanel, the government engineer
in charge of this station, are given in subsequent pages of this report:
(pp. 43-44). The plans are to gradually extend this gallery to alength
of 500 meters and to investigate means for preventing or of hmltlng
the explosion of coal dust.

The results already reached by the Liévin station and by the testmg
stations of other countries have fully convinced the French engineers
of the dangers of coal dust.

a Home Office report on Courriéres disaster, p. 11.
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ALTOFTS GALLERY, ENGLAND, 1908.

In England a new royal commission on mines was appointed in
1906, which began hearing evidence in June of that year. This com-
mission, while taking up all questions relating to mines, has given a
great deal of attention to coal dust and remedial methods. It has
issued four volumes of evidence, one in 1907, two in 1908, and one in
1909, in which many methods for solving the coal-dust question have
been suggested. :

The general interest in the subject led the Mlnlng Association
of Great Britain to establish in 1908 a testing gallery of unusual
dimensions at the Altofts colliery in Yorkshire. It is 7% feet in
diameter and about 900 feet long, with several right-angle turns.
It is built of §-inch boiler plate. A concrete floor extends through it,
also a pit car track. Unlike the other galleries, the prime purpose
is not the testing of explosives, but the study of the behavior of coal
dust in exploding. The first tests were to demonstrate and convince
the few who still had doubt as to the explosibility of coal dust. Some
of the explosions produced were very violent. In one case, where a
longer portion (450 feet) of the gallery had been charged with coal dust
than before or since, the resulting explosion tore off the two end sec-
tions, threw one heavy piece of boiler plate several hundred feet,
blew out windows in houses for a mile or so around, and it is claimed
produced a concussion that was felt 7 miles away.

After a series of preliminary demonstrations, the study of remedial
methods has been taken up. Two plans have been tried: Having
an intercepting zone free from coal dust, and the employment of a
zone of stone dust. These will be discussed under other heads
(pp- 80-83). :

SECOND REPORT OF ROYAL COMMISSION ON MINES, 1909.

The second report of the royal commission on mines appeared in
September, 1909. The coal-dust question is discussed as well as
other dangers, and with regard to dust the commission says: @

The witnesses, who included those best qualified from scientific or practical expe-
rience to speak on the question, expressed opinions which were often widely divergent,
as to the best means of meeting the danger of explosions, but they were generally
agreed on two points—that coal dust is liable to explosion with or without the presence
of fire damp, under conditions which are at present to be found in most coal mines in
this country and abroad, and that there is pressing need for the elucidation of the
problems involved by a series of exhaustive experiments on an adequate scale. With
regard to the first point, it was a matter of satisfaction to us that all the witnesses whom -
we consulted expressed themselves as adherent to the received opinion on the subject
of coal dust. In this respect we found ourselves in a better position than the commis-
gion who preceded us—the royal commission on accidents in mines (1879-1886) and

a Second Rept. Roy. Comm. on Mmes, 1909.
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the royal commission on coal dust (1891-18945 in that we were able to confine our attention
to the means of dealing with coal dust without having to prove the necessity for such means.
* * * We donot mean to convey the impression that all managers and mining engi-
neers are fully alive to the danger of coal dust. Unfortunately, recent occurrences
have tended to show that this is not the case. If such is the position taken by some
managers in this country, it is the less surprising that the workmen do not all appreciate
the danger of coal dust.

The commission, after speaking of the merits of the Altofts gallery,
the thoroughness of 1ts equipment, and methods in carrying on the
tests, say:

Until these experiments are completed we are unable to make recommendation
covering the whole question of the means of preventing coal-dust explosions.

Flgures are quoted from the British ‘“ Annual Report on Mines and
Quarries”’ by ﬁve-year periods, of the death rates from accidents
underground in mines per thousand persons employed. The annual
death rate due to explosions of fire damp or coal dust shows a regular
decrease from the period 1851-1855, when it was 1.280 per 1,000,
until 1907, when it was 0.057. In other words, considering an equal
number employed, for 22 men killed in 1851-1855 by fire damp or
coal dust, but 1 was killed in 1907.

RECENT AUSTRIAN EXPERIMENTS.

The Vienna permanent fire-damp committee in 1908 decided to con-
tinue experiments begun some years before with coal dust in its gallery
at Babitz, near Segengottes in the Rositz district, Austria. This
gallery consists of part of an old mine level 293.7 meters (964 feet)
in length, connected with the surface by three shallow shafts. Coal
dust is introduced sometimes on shelves and sometimes through pipes
leading from the surface, the dust being thrown into suspension by
fans. The coal dust is distributed for a distance of 10 to 90 meters
(33 to 295 feet) from one end, where there is an explosion chamber.
The dust is ignited by blow-out shots from a cannon or cannons
charged with black powder, or by dynamite cartridges hung in the
explosion chamber. The flame, in these experiments, traveled from
50 to 180 feet beyond where the coal dust was laid, depending upon
the character of the dust, its purity, its fineness, and its dryness.
These experiments are still continuing, and as yet no conclusions
have been reached.

A description of this station is given in the Colliery Guardlan for
September 24 (p. 635) and October 1 (p. 687), 1909.
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HISTORICAL REVIEW OF THE COAL-DUST QUESTION IN
THE UNITED STATES.

GRAHAMITE EXPLOSIONS IN WEST VIRGINIA, 1871-1873.

One of the earliest recorded dust explosions in the United States
was in a grahamite mine in Ritchie County, W. Va., on February 9,
1871, when 4 men were killed as the result of a very violent explosion.
The official report of the investigators was that an ‘“explosion of
powder (18% cubic inches in the shot) pulverized a certain quantity
of mineral (grahamite—a hydrocarbon) and in that state it was
easiest decomposed. The indications are that gas burned along all
the air passages and exploded at the portal.”’e

The management subsequently employed sprinklers, as much dust
was made in running the mined mineral through chutes, but a second

explosion, February 25, 1873, also from shot firing, killed 4 men.
FLOUR-MILL EXPLOSION AT MINNEAPOLIS, 1878.

On May 2, 1878, a tremendous explosion occurred in the Washburn
Flour Mills, at Minneapolis, completely. wrecking the building and
setting on fire 6 other flouring mills and a number of other buildings.
Professors Peckham and Peck were commissioned by the coroner’s
jury to investigate. They made experiments in closed boxes with a
variety of powdered substances to test their explosibility. Among
other things, they tested various flour mixtures and coal dust. The
powdered materials were blown into the box by bellows and ignited
by an open light. The findings of Professors Peckham and Peck
were to the effect that practically all finely divided highly carbona-
ceous material would explode under the conditions tried. Their
report was not made public at the time, but was published in issues
of the Chemical Engineer, March, April, and May, 1908. An uvbstract
of it appeared in Mines and Minerals for September, 1908, page 55.

In an issue of the Scientific American Supplement, May 25, 1878
(p. 1985), there was an article entitled “Dust as an explosive.”
After a general discussion of the subject, it continues:

It has been well known for a long time past that it is not alone to mixtures of the
issuing gases with air that the explosions in colleries are to be ascribed. Tinely
divided coal is always present to a more or less extent in the air of a mine, or, if not
present in sufficient quantity, is sure to be produced by the shock of an explosion.
This dust furnishes a material which gives the fire power to spread from gallery to
galléry should the mixed gases themselves be insufficient in quantity to permit
such a spread. Indeed, it would appear that coal dust itself, when mixed with
certain proportions of air, renders the air explosive without the presence of any of
the gases usually evolved in coal mines; and there can be no doubt that the presence

of coal dust renders mixtures of coal mine gas and air explosive that would other-
wise be quite harmless.

e Trans. Am. Inst. Min. Eng., vol. 24, 1894, p. 195.
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Then follow remarks about the Haswell mine explosion report of
Lyell and Faraday, and some quotation from Galloway’s papers.
In view of the definite statements in this article, it is surprising how
delayed the general acceptance of the coal-dust theory was in this
country.

EXPLOSION AT POCAHONTAS MINE, WEST VIRGINIA, 1884.

On March 13, 1884, occurred the first great mine explosion of the
bituminous fields of this country, at the Pocahontas mine, West
Virginia. There were 114 men killed, all who were in the mine. At
the request of the operating company, a committee was appointed
by the American Institute of Mining Engineers, consisting of Messrs.
J. H. Bramwell, Stuart M. Buck, and Edward H. Williams, jr. As
soon as the mine workings were accessible, they made a careful
examination of them. A ‘summary of contributing causes found by
them is as follows: @

1. The unusual dryness of the mine.

2. The very large quantity of dust in an extremely fine state of division.

3. The constant working of the mine day and night, allowing no time for clearing
air [of powder smoke].

4. The use of excessive quantities of powder, largely increasing the amount of dust.

5. The probable existence of small quantities of fire damp slowly given off from
the coal. )

6. The employment of 1ncompetent and inexperienced men.

7. The almost complete stagnation of the air on the east side of the entry, owing
to the fact that the main doors were untended and fastened open allowing the air to
pass up the main entry direct to the fan.

8. The failure to recognize and appreciate the previous warnings of danger given
by occasional flashings of unusual extent, when shots were fired, indicating the need
of special precaution.

The investigators say further: “The existence of fire damp is a
disputed point.” They obtained no evidence of the previous
existence of fire damp from the workmen of the other shifts, except
that a miner claimed that once, when his light was in an undercut-
ting, he observed a lengthening of the flame. The investigators com-
ment that in general the evidence given by the former workers.
appeared to be prejudiced and therefore unreliable.

On reopening the mine after the explosion and partial flooding, no trace of fire
damp was discovered, and none showed at-the time of inspection, although the
ventilation had been only partly restored, especially to the rise.

Their conclusion was:

We believe that the explosion was due mainly to dust, and that it originated either
in the (3d) east headings (‘‘at D) or very possibly in one of the rooms (‘‘south of
D”—south of the 3d east headings). The evidence of a short northward current
being obliterated by the stronger reaction from the close heading. We can not
determine the initial cause, whether a blast or the accidental ignition of a small
accumulation of fire damp.

a'Trans. A:n. Inst. Min. Eng., vol. 13, p. 237.
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It may be stated that after the mine was reopened fire damp was
not detected in subsequent operations. '

For some years after the Pocohontas explosion, the coal-dust prob-
lem attracted little attention in this country, and operating men were
content to await the results of experimenting abroad. Each was
. chiefly concerned in his own part in the tremendous development
going on in the various great bituminous fields of the country. There
was an awakemng of interest in coal dust when explosions began to
occur in mines in parts of the westeri region of the interior coal
province, particularly in Towa. Many of these explosions were in
shallow mines in which fire damp had never been found before the
explosions and was not found after them. The Iowa coal is neither
gassy nor coking in the ordinary sense; it is high in ash, and carries
from 12 to 14 per cent of moisture when freshly mined.

EXPLOSION AT PEKAY MINE, IOWA, 1892.

The first of the Towa explosions occurred at the Pekay mine, Feb-
ruary, 1892. Fortunately it was on a holiday, and only 4 men were in
the mine. Three of these were killed, but the fourth, who was in a
mine stable near the hoisting shaft and out of range of the explosion,
escaped. The writer examined the mine on the morning following
the explosion. Much violence was manifested through several
pairs of entries and the main entries on one side. The fan was
partly wrecked. The mine was dry and dusty. Coked particles were
not observed, but there was burned dust and the flames had ignited
kegs of powder at different points in the mine. No fire damp had
ever been found in the mine and none was found after the explo-
sion. The evidence indicated that the explosion had begun in a
certain room where three greatly overcharged shots had been dis-
charged at or about the same time, throwing out to a distance a
large mass of coal. No undercutting nor shearing had been done.
- What was termed “blasting off the solid” was then being introduced
in Towa. In the opinion of the writer, the flame of the shots ignited
coal dust, which propagated the explosion throughout the mine.*

Shortly after this explosion several others occurred in Iowa, at the
Cedar mine and elsewhere. These were also ascribed to either
blown-out or overcharged shots ““on the solid.” Similar explosions,
generally on a small scale, because the conditions were unfavorable
for widespread explosions, occurred in the fields of southeast Kansas,
also remarkably free from fire damp, and in the McAlester field of
Indian Territory (now Oklahoma), where, however, the situation was
complicated by the presence of more or less gas.

a Rice, G. 8., The Pekay explosion: Trans. Illinois Min. Inst., vol. 2, 1893.
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PROPOSED REMEDIES FOR DUST.

The numerous accidents of this nature naturally led to a great deal
of anxiety in the interior fields, and a great many palliatives were
suggested and in some cases tried. There was considerable belief in
the explosibility of coal dust, and, as it was noted that the explosions
were usually more severe on the intake air way, it was proposed, and
in some States was carried out under the instructions of the mining
departments, that the fan should be slowed up or stopped at the
shot-firing time. This was on the theory that fresh air and pressure
increased the chance of ignition. To a small extent, sprinkling or
wetting the floors of the roads from a tank car once or twice a week
was practised.

An important change was then made in many of the States west of
the Mississippi by the passage of laws requiring the shot firing to be
done by shot firers, the miner still drilling and charging the drill
holes. The immediate results were not at all favorable, as the miners,
relieved of personal risk, transferred it to the shot firers. There was
an increasing tendency to do less and less cutting to relieve the shot,
and to increase the already large charges of black powder. The
effect was to cause more accidents from blown-out and overcharged
shots, although the number of killed and injured men was decreased,
owing to the fewer number of men exposed.to the hazard. Further
legislation followed in some States, compelling the inspection of holes
by the shot firers before they were loaded by the miner. This measure
very much improved the situation, resulting in a smaller number of
killed and injured from shot firing. '

RESULTS OF SHOOTING OFF THE SOLID.

East of Mississippi River, in the eastern region of the interior coal
province, the number killed from mine explosions was relatively very
small until a change came in the method of paying the miners, in 1897.
Before that time the miners had been paid on the basis of the amount
of lump or screened coal produced. After 1897 they were paid on
the basis of the amount of run-of-mine coal produced. This took
away from the miner the incentive for cutting the coal and forusing
small charges of powder, and put a premium upon shooting down the
coal in the cheapest and easiest manner. ‘“Shooting off the solid,”
theretofore practiced only to a small extent, became very general,
and with it a large increase in the amount of black powder used in the
shots. As in the coal-mining States west of the Mississippi, this pro-
duced an immediate increase in the number of explosions and fatali-
ties therefrom. Fortunately, the explosions were usually of limited
character, because the natural conditions were unfavorable to wide-
spread explosions. Nevertheless, the accidents were so frequent
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that legislation followed in Illinois requiring the employment of
shot firers® and inspection by them of the drill holes, and limiting the
charge of black powder. The amount of powder used in a shot was
difficult to control, and in some mines in Illinois the output of coal
per keg (25 pounds) of powder fell as low as 15 tons (of 2,000 pounds).

In the meantime mines opened in the deeper-seated coals in south-
ern Illinois found considerable gas (methane). Even where the coal
was undercut by machine, overcharges of powder were frequently
used, so that serious accidents resulted, in'which some or all the shot
firers were killed. This condition still prevails (1909), but more
care is now exercised by the shot firers in condemning bad holes, and
a considerable number of operators are paying more attention to
dampening coal dust along the entries by sprinkling.

In Indiana the conditions have been somewhat similar to those in
Illinois, except that the employment of shot firers has not been com-
pulsory, so that explosions killing a considerable number of miners
have occurred, notably at Princeton. Very large charges of black
powder are used in the Indiana mines. The revised state act of 1907
fixed the limit at 6 pounds of black powder, but instances have been
reported in which as much as 10 to 12 pounds of powder has been
used in a single shot. Where law and local regulations allow 25-pound
.cans of powder to be in possession of the miner in the mine, and allow
him to charge and fire his shots, there is no way of effective control
to insure safe conditions.

In Pennsylvania, the chief coal-producing State of the country, and
in Ohio the method of paying the miner on the screened-coal basis
has prevailed to the present time; and in these States and in parts
of West Virginia the system of undercutting before shooting has
generally been adhered to except in the Connellsville coke region.

GREAT DISASTERS OF 1907.

Though numerous explosions occurred in the Appalachian field in
Virginia, West Virginia, and Pennsylvania up to 1907, the only ones of
the most disastrous order were those at Newburg, W. Va., in January,
1886, Red Ash,W.Va.,in 1900, Johnstown, Pa.,in July, 1903, Cheswick,
Pa.,in January, 1904, and Pocahontas,Va.,in 1906, and in the majority,
including those cited, there was always a question whether firée damp
was not the initial cause. However, in the propagation through the
mine there is little question but that coal dust was the chief factor.
The same might be said of the explosions that occurred from time to
time in Alabama and Tennessee. ,

In 1907 occurred an appalling series of great wide-sweeping disas-
ters. On-January 23, at the Primero mine, Colorado, there were 24

aIn mines where in shooting more than 2 pounds of hlack powder is used in any one shot.
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deaths; on January 26, at the Penco mine, W. Va., 12 deaths; on
January 29, at the Stuart mine, near Fayetteville, W. Va., 90 deaths;
on February 4, at the Thomas mine, Thomas, W. Va., 25 deaths; on
December 1, at the Naomi mine, Pa., 35 deaths; on December 6, at
Monongah mines Nos. 6 and 8, W. Va., occurred the greatest disaster
in the history of coal mining in the United States, 358 lives having been
lost; on December 16, at the Yolande mine, Ala., 56 men were killed,
and on December 19, at the Darr mine, Pa., 230 men were killed. In
this black month of December 648 men were sacrificed chiefly from
‘the effects of coal dust, which, if not the initial cause, in all cases was
the agent carrying death. Including the powder explosions and so-
called ““windy shots,” there were 1,148 men Kkilled by mine explo-
sions in the United States during 1907.¢

INACCURATE REPORTS OF ACCIDENTS.

Most of the so-called ‘“‘powder explosions” and ‘“‘windy shots”
are in reality dust explosions. It is true that the origin of these is
generally from blown-out or overcharged black-powder shots, but it
is without question coal dust that carries the flame, and death in its
trail. In certain States it is considered that legal responsibility
attaches, if the fatality is pronounced due to coal dust; and this fact,
together with the knowledge in many such instances that improper
use of powder was the initial cause has led to the use of inexact and
ambiguous terms in reports to the several state statistical bureaus.

FATALITIES IN 1908.

In 1908 the fatalities due to mine explosions of various kinds num-
bered 469, according to state statistics reported to Mr. E. W. Parker,
of the United States Geological Survey.® This shows a marked

improvement over the previous year.

INQUIRY BY UNITED STATES GEOLOGICAL SURVEY.

On June 10, 1907, the Secretary of the Interior transferred the *
supervision of the work of the coal-mine inspectors in New Mexico
and Indian Territory (now included in the State of Oklahoma) to
the United States Geological Survey. The Secretary suggested to
the officers of the Survey that the general mining conditions in the
Territories be investigated, with a view to lessening the number of
mine accidents. Under the direction of J. A. Holmes, expert in
charge of -the technologic branch, an inquiry was begun into the
nature and extent of coal-mine explosions and the methods employed
to prevent them. In December, 1907, a brief summary of the results
of this inquiry was published as Bulletin 333.

e Mineral Resources U. . for 1907, U. S. Geol. Survey, 1908, pt. 2, p. 58.
b Mineral Resources U. S. for 1908, U. S. Geol. Survey, 1909, pt. 2, p. 56.
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The coal-dust question in this country can not be said to have
awakened widespread interest among mining men until the terrible
disasters of December, 1907. In response to a demand by those
interested in coal mining throughout the country, Congress in 1908,
made an appropriation for the investigation of mine exploslons which
became available July 1, 1908. The United States Geological Survey
was charged with the investigation. A testing station was at once
decided upon and was established at Pittsburg, Pa. The station was
officially opened December 3, 1908, and testing of nonflaming explo-
sives was begun soon after. Field investigations of mine conditions
and of mine explosions were carried on, especially of the explosions
at Marianna, Pa., and Lick Branch, W. Va., in 1908; Rend, Ill., Weh-
rum, Pa., Eureka, Pa., Johnstown, Pa., and Herrin, Ill., in 1909; and
Primero, Colo., Drakesboro, Ky., Stearns, Ky., Mulga, Ala., and
Palos, Ala., in 1910. Special attention has been paid to the humid-
ity of the mine air and the condition of the dust. At the Pitts-
burg testing station some experiments have been made with coal
dust, described hereafter, and this work will be actively pursued in
the future.

While it is probable that for several years the leading mining
men in this country have believed in the explosibility of coal dust
without the presence of fire damp, yet until the public demonstrations
were given at the testing station at Pittsburg, during 1908-9, and
reports were received of similar tests made abroad, a large pro-
. portion disbelieved. These tests were so convincing to those who
saw them, and such general publicity has been given to them, that it
is now exceptional to find a mining man who does not accept the
evidence of the explosibility of coal dust. The question of the day
no longer is ‘““will coal dust explode ?’ but ‘“What is the best method
of preventing coal-dust explosions ¥’

COAL DUST AND ITS ORIGIN AND DISTRIBUTION.
DEFINITION OF DUST.

There is a diversity of opinion as to what the term ‘“coal dust”
means; that is, how finely must coal be divided to be termed dust.
Some writers base the distinction on the point whether it can be
carried to considerable distances by air currents. Coal that will pass
through 100-mesh screens (100 wires to the linear inch) is frequently
accepted as representing mine dust. For testing explosives at the

~ Pittsburg station coal passed through 100-mesh is taken as standard. -

In the foreign galleries the practice varies between this size and coal
that passes through 200-mesh.

For the consideration of coal dust as it effects mining, the writer
proposes tentatively a definition based on the capacity of the dust to

o
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- propagate flame in the incipient stages of an explosion, as determined
at the Pittsburg station under the conditions hereafter stated. By
this definition coal particles passing through a 20-mesh wire sieve
(20 wires to the linear inch) will be termed dust. In the Pittsburg
gallery tests only partial flame propagation was obtained under the
prescribed conditions with coal that passed through the 20-mesh and
remained on a 40-mesh sieve, but the partial propagation was suffi-
cient to indicate that under shghtly more severe conditions, namely,
a larger initiating charge of black powder, the propagation might
be complete. In fact, under the definition given, subsequent ex-
periments may demonstrate that larger particles of coal than 20-
mesh should be included.

IGNITION AND PROPAGATION.

Ignition of coal dust, as the term is applied by the writer to tests
in the Pittsburg gallery, is an inflammation of the dust, caused by
the flame of the explosive, with consequent extension of that flame
more or less; and the term ‘‘propagation’ is used for conditions in
which the inflammation extends through and beyond the area in
- which coal dust has been laid along the shelves of the gallery, or be-
yond the area in which dust has been put into suspension by fans.

COAL-MINING METHODS AND DUST PRODUCTION.

Breaking down the coal at the face of the mine is done by one of
the following methods: By undercutting in the underclay or coal
itself and wedging, as in long-wall work; by undercutting or shearing
by hand in the coal and blasting with light shots; by the same method
with machines; and finally by ‘‘shooting off the solid.” :

Of the foregoing manifestly the long-wall system will produce much
less coal dust than any of the other systems, and its general intro-
duction in this country would probably very much lessen the number
of dust explosions. The system has been little used in this country,
partly because the natural conditions are not generally favorable,
and, where they are, because it costs more to mine a ton of coal by
this than by the more wasteful room-and-pillar system. - However,
one type of the long-wall system, the ‘‘retreating’’ long wall, is gen-
erally applicable and is the cheapest of all methods to work, but takes
a large investment of capital. The Wilmington and Third Vein
fields of northern Illinois, in which the natural conditions allow the
use of ‘““advancing long wall,” comprise the only important long-
wall district in the country, having an output of 5,000,000 to
6,000,000 tons annually. No explosion has ever occurred in this
field.

As between the methods of mining the coal at the face in room-and-
pillar work— “shootlng off the solid,” and cutting the coal by hand
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or machine and then shooting—we have no authoritative figures as
to their relative production of dust.

DUST FROM HAND AND FROM MACHINE UNDERCUTTING.

In the process of cutting coal by hand and by different types of
machines, some tests have been made by private interests and theu‘
results made public.

Tests of the production of dust in undercutting by hand, by chain
machines, and by air punching machines in the Pittsburg seam were
made by the late B. . Jones. Mr. Jones published his results in the
March, 1908, issue of Mines and Minerals (p. 397). The tests were
made in three adjacent ‘‘butt’’ rooms in the Westmoreland mine,
Pennsylvania. The undercuttmg by each process was conducted in

a separate room, and in each case was 4 feet 3 inches deep and as
wide as the room (15 feet). " The height of undercutting with the
puncher was 11 inches at the front and 3 inches at the back, and with
* the chain machine 4 to 4} inches throughout. The seam was 6 feet
thick.

The same total amount of coal was assumed to have been produced
from each room (15.68 tons of 2,000 pounds). The results, reduced
to tabular form, are as follows:

Weight of cuttings and percentage of total coul mined by (hjfcrem methods, as determined
in expervments at Westmoreland mine, Pennsylvania.

. Cuttings passed Cuttings passed
Total cuttings. through 16-mesh. | through 40-mesh.
Method.
Pounds. | Per cent.| Pounds. |Per cent.| Pounds. | Per cent.
Puncher. ... ....ooiiniiiii il o 3,436 10.95 755 2.40 394 1. 250
Chain machine..........coooiiiiiiiiiaen 1,836 5.86 333 1.06 155 494
Hand pick.......oooiiiiii 4,533 14.45 349 111 128 . 408

Evidently these figures did not include the dust produced in shoot-
ing down the coal and in loading it on pit cars.

With dust defined as coal that will pass through a 20-mesh sieve,
these figures indicate that the amounts of dust made by the three
cutting processes would be slightly less than 2.40, 1.06, and 1.11 per
cent of the total coal to be produced by the undercuts.

Some tests ¢ were made by the Fairmont Coal Company in one of
their mines working the Pittsburg seam in the Fairmont district,
West Virginia. The undercutting was done with electric punching
machine and breast chain machine. One working face in which the
coal was soft was cut by each machine, and in another part of the
mine where the coal was harder similar cuts were made. The

a Described by C. E. Scott in Mines and Minerals, May, 1908, p. 477.
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depth of each cut was 4 feet. As it is the practice of this company
to ‘‘block” or ‘“‘snub” down the coal in the center of the room
after cutting with a chain machine, this blocking was done in each
instance to a height of 18 inches. The coal seam is indicated in a
diagram in the published account as 8 feet thick.

The reported figures gave the weights of cuttings ‘‘over” and
““through” various mesh from 1}-inch to 80-mesh, and the percentage
that each portion was of the total cuttings. In accordance with the
definition of dust already given, only the cuttings that passed through
20-mesh will be considered here. In the following table the per- -
centages of the different sizes have been refigured on a basis of the
theoretical amount of coal produced from the undercut face, assum-
ing a uniform thickness of seam of 8 feet and 82 pounds per cubic
foot of coal in place. )

Comparative weights of cuttings and percentages of total coal in Fairmont experiments. .

Chain (breast) machine. Puncher.

“Soft”’ coal (cut 20 | “Hard’’ coal (cut | ““Soft’’ coal.(cut 20 | ‘“Hard’’ coal (cut -
feet by 4 feet). 16 feet by 4 feet). feet by 4 feet). 16 feet by 4 feet).

Pounds. | Per cent. | Pounds. | Per cent.| Pounds. | Per cent.| Pounds. | Per cent.

Through 20-mesh. . .. 439 0.84 431 1.03. 558 1.06 641 1.53
Through 40-mesh. . .. 211 .40 212 .50 274 .52 318 .76
Through 80-mesh. ... 126 .24 126 .30 | 165 .31 192 .46

Mr. George R. Wood, in a paper read before the Coal Mining Insti-
tute of America, June 29, 1909, made some comparisons of the dust
produced by mining machines, as reported by Mr. Randolph, formerly
with the Pittsburgh Coal Company. The results were given for dust
passed through a 40-mesh sieve only, in pounds per square foot of
undercutting, as follows:

Pounds of dust passed through 40-mesh sieve, per square foot of undercutting, by several
methods.

Washington Coal and Coke Company mines, Connellsville region,

Pennsylvania:
Hand mining. . ... . ....ooooiiiiii i, . 1.80
Puncher machine......... ... .. . ..l 4. 58
Chain machine with plck-pomt bits. oo 1.48
Pittsburgh Coal Company, Midland No 1: ‘ _
Puncher machine..... .. ... ..l L. 6.18
Chain machine (two trials)......... e { 3 g:)l)

Comparison of the results of the foregoing series ‘of machine-dust
and hand-dust experiments can be made on the only size in com-
mon—40-mesh. In order to compare the weights of dust produced
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. relative to the total amount mined, in compiling the following table

the coal seam for each test was arbitrarily assumed to be 6 feet
thick. The Fairmont percentages are refigured accordingly.

Comparative amounts of machine and hand cutlings passed through a 40-mesh sieve, in
percentages of total coal produced, assuming a 6-foot seam.

Chain | .
machine. Puncher.| Hand.
Westmoreland. ........c.oocoiiiiiiiiiiil... e 0.49 1.25 0.41
Fairmont ““soft’’ coal. ... ... e .54 L0 |l
Fairmont “hard’ coal. ... ... i .67 | S0) B P
Washington Coal and Coke Company.............oociiiiiiiiiiiiaienn... a.30 .93 .37
Pittsburgh Coal Company, Midland No. 1. .............ccccevneeeeenneeos. { -t } 126 |,
AVOTAEC. oo .50 1.03 .39

a Chain with pick points.

The figures for the chain machines are fairly close together, also
the two tests of hand-pick undercutting, but the results of the puncher
tests are too divergent, even after due allowance is made for the phys-
ical character of the coal and ability of puncher machine men.

Judging from the Fairmont figures the quantity of coal dust pass-
ing through a 20-mesh sieve is double what will pass through a 40-
mesh sieve. If we assume the limit of dangerous coal dust as 20-mesh
(the reason for this assumption will appear later), by doubling the
above averages we get 1.00, 2.06, and 0.78 per cent of the total coal
as dangerous dust. If we accept these figures for a mine producing
1,000 tons of coal per day, there would be from 15,000 to 41,000
pounds of dust produced daily from the undercutting, besides a
certain additional amount from shooting down, picking, and shovel-
ing the coarse coal. If only a small fraction of the coal dust daily
produced in the ordinary mine is left exposed in rooms and along the
entries, and not rendered inert by natural or artificial means, the
mine will soon contain more than sufficient dust for propagating an
explosion.

AGENCIES THAT DISTRIBUTE COAL DUST.

While coal dust mainly comes from breaking down coal at the
face of the mine, it is distributed through the mine in several ways:

1. By the force of the explosive used.

2. By the shoveling of coal along the face and into pit cars.

3. By the fine coal running through cracks and holes in pit cars,
and particularly under the car door, which usually fits more or less
loosely, and thus being distributed along the haulage ways.

38970°—Bull. 425—10——3
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4. By lumps of coal jolting off the tops of pit cars and then being
ground up by the traffic of men and mules or horses. This condi-
tion is found particularly at sidings and at the ‘‘main bottom,”
owing to abrupt stops while the cars are moved and switched.

5. By ventilating currents, which pick up the fine ‘‘float” dust at
the face, and more particularly from the tops of cars. The passing
of a trip of cars, partly blocking the air way, causes a very high
velocity past the cars, especially when they go through a single venti-
lation door. If the hoisting shaft is dry and is a downcast, and the
surface screens are near the top of the shaft, the ventilating currents
may draw considerable quantities of dust from the screens.

Dry coal dust along the passageways or entries of a mine is a great
menace. While in this country the great majority of dust explosions
have originated at the face from blown-out or overcharged shots,
the propagation has been through dusty entries. If the entries were
free from dry coal dust the explosion would be local. Again, some
explosions have originated on the entries from igniting pockets of
gas in poorly ventilated entries; or in shooting down the roof for over-
casts, or in brushing or grading. Firing shots on roadways has
been a frequent source of disaster in England

-The problem is not alone to treat the dust lying on the ﬂoor but
the fine ‘‘float’’ dust that lodges on walls, roof, and timbers. Every
ledge and projection has a coating of more dr less thickness of the
purest coal dust. In the opinion of many writers, what Mr. W. N.
Atkinson terms ‘‘upper” dust is more dangerous than the ‘‘lower”
dust, because it is more finely divided. This will evidently depend
on the characteristics of the dust—whether it is coal dust or rock
dust and whether the former retains its strength.

The ventilating currents have a sorting action, dropping the coarser
particles to the floor and lodging the finer higher up.

EXPERIMENTS WITH EXPLOSIBLE COAL DUSTS.
EFFECT OF QUANTITY OR DENSITY OF DUST.
CHARACTER OF DUST USED.

A preliminary series of experiments have recently been made in
the explosion gallery at the Pittsburg station to observe the effect
of sizing fine coal, and to determine the quantity or density of the
finest size necessary to propagate an explosion.

All these tests were made with artificially prepared dust from &
certain mine working the -Pittsburg seam, which provides coal of
uniform character and chemical composition for all standardizing
tests at the station,
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The coal as prepared after grinding and screening has the following
average proximate analysis:

Proximate analysis of coal used for tests at Pittsburg station.

B 0] 51 11 - 1.94
Volatile combustible. ... ... ... ... . ... ... ..., © 3511
Fixed carbon. . ... .. 57.73
ASh e 5.22

100. 00
Sulphur. ... 1.25

There is manifest advantage in using an artificially prepared dust
of uniform chemical composition and known size. The use of so-called
mine dust of unknown composition in the early experiments abroad,
was probably the cause of inconsistency in many of the results
reported.

The coal dust for the following density tests was made by grinding
in a ball mill the standard Pittsburg station coal until it would all
pass through a 200-mesh sieve (200 wires to the linear inch).

METHOD OF PROCEDURE.

In these tests, six sections (40 linear feet), of the explosion gallery
were used. The gallery 100 feet long and 6 feet 4 inches in diameter,
may be seen in Plate I, which shows the first stage of a dust explosion.
The near end is closed by a concrete block, in which is placed the
cannon for simulating blown-out shots. The gallery has 15 sections,
each 6 feet 8 inches long, with a window on the observation side in
the middle of each section and a relief door or flap at the middle of
the top of each section. For the density tests the following arrange-
ment was used: A paper diaphragm was placed at the farther end
of the sixth section. The space between the diaphragm and the
concrete block contained 1,260 cubic feet. Air was blown into the
bottom of the gallery and drawn out at the top by two blowers with
5-inch inlets and outlets. These blowers, one for each three sections,
were connected with the gallery by independent pipes. Each pipe
formed with the gallery and its respective blower a separate circuit.
The dust was placed in a short 6-inch pipe at the top of the gallery
near the concrete block. A blast of compressed air ejected the dust

.from the pipe, which pointed toward the paper diaphragm and the
farther end of the gallery.

The fans were started at the moment of dust ejection, to cause
circulation of the air and so keep as much of the dust in suspension
as possible. Nevertheless, it was found, by taking samples at the
axis of the gallery, that the greater part of the dust fell quickly to
the floor. In eighty-five seconds only about 9 per cent remained in
suspension, and in two hundred and seventy-five seconds about 4 per
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cent. If followed out, the curve showing the rate of fall made by -
platting the several results makes it probable that after two hundred
and ninety seconds, the average time before the shots were fired, there
was not in suspension at the mlddle of the gallery over 2% per cent of
the original amount of dust injected.

METHOD OF TAKING SAMPLES.

The samples of the dust in suspension were gathered by a special
device consisting of a small tube in which dried cotton served as a
filter. This filter tube was attached to a long, thick glass tube, which
was inserted into the gallery through a hole in a paper diaphragm
placed over the third top relief valve of the gallery, 17 feet from the
firing end, so that the filter tube could be placed to draw air and dust
from the center or axial line of the gallery, and at a point where the
end of the flame from the blown-out shot would impinge. Suction
was produced by emptying water from a bottle of 4 liters capacity.
The long glass tube was connected with the top of the bottle by a
rubber hose. The water from the bottle was discharged downward
through a rubber hose into a similar bottle below. The filter tube
was dried and weighed before insertion and after gathering the sample
was again dried and weighed, the difference in weight giving the
amount of dust in suspension in 4 liters of the gallery atmosphere,
at the average time of taking the sample. Check samples were
taken simultaneously with duplicate apparatus. This apparatus,
designed by Dr. J. C. W. Frazer, was found to work admirably.
Some inconsistency in the amounts of dust in suspension was evi-
dently due to the irregularity of the air currents and the method of
injecting the dust, rather than to the method of sampling. Similar
devices for obtaining the amount of dust in mine air are described by
Prof. Otto Brunck, of the Royal Saxon Mining School, Freiberg;®
and a more portable form, in which the filter tube is attached to a
brass exhausting syringe of 200 cubic centimeters or more capacity,
is described by Dr. J. S. Haldane in his valuable little book, ‘“The

investigation of mine air”’ (p. 57).
RESULTS.

Five tests of dust were made under the conditions named, with
amounts varying from 2 to 5 pounds. The results are shown in the
table below. As already stated the fans were started at once after
the dust was injected into the gallery by the blast of compressed air.
One minute later the first sampling of dust in suspension, in duplicate,
was begun, and lasted approximately one minute. After an interval of
another minute, a second sample was taken, also in duplicate. = Then

a Die chemische Untersuchung der Grupenwetter, p. 91,
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the fans were cut out by valves, and the shot was fired about two min-
utes later. The time given in the tabulation of the results is the
period from the moment of injecting the dust to the middle point of
the time used to take the sample.

Ignition of the dust was considered to have occurred in all five
tests, and complete propagation in all but test G-2891, in which the
coal-dust charge was 2 pounds, equivalent to 0.0253 ounces per cubic
foot (or 25.3 grams per cubic meter) for the 40 lineal feet of gallery

used in the tests. .

Results of explosion-gallery experiments on explosibility of 200-mesh dust (more or less
T SUSPENSION). :
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length) at— 5f | @
i . Date of g By
Gallery | P20 | mxplosive used : I B
No. test No. test in shot 5. Su | @ @ = IZR =3
CUT | (1909). : g |&8 | > |2 2 ) 22
. =] o | S| |ol d = 3§ 5
51 8% |28 | B, ) & &g ©
= Qo % @ = o &
E| 85 [§e |58 88l B | & 8 2
2| 8% |22 |82 -4 | g | 2| & 3
o] ©° |cB A (B 2| B A

Seconds| Ozs.
85

1| G-2887..| Sept. 7..| Nochargeb_.... 54 0.0608 | 69.8 || ol { 210 1 0. 00195
: 32f . 00123
1} pounds (567 97 | .00208
2 G-2888..]...do..... grams) FFF |2 5| .0635|63.5 1-7-| 1-9 | Yes.| Yes. 285 [ .00063
black powder. 390 | . 0007
o 85 | .00375
3| G-2890..{ Sept. 8..{..... do.......... 3| .0381 | 38.1] 1-5| 1-6| Yes.| Yes. 275 | .00168
282 [ .00175
85 | 00243
4| G-2891..[...do.....|..... do.......... 2| .0253 | 25.3| 1-3| 1-4 | Yes.| No.. 282 | .00073
390 | .0007
) 85 | .00298
5| G-2892..[...do....]..... do.......... 240 L0317 § 317 1-5 1-6 | Yes.| Yes. 300 | .00168
4% L0016
. 5 | c.00255

1} pounds (567 978 ¢
G| G-2896..| Sept. 9..{ grams) FEFF } 2y L0317 87| 1| 16 | Yes | Yes.i T2 | 0000
black powder. 275 | o010

o (jrams per cubic meter can be obtained, approximately correct, from ounces per cubic foot by multi-
plying by 1,000.

b No charge of powder fired; this test was made to observe the density of dust at successive intervals
following injection. )

¢ All samples were taken at door 3 except these two in test 6, which were taken at door 1.

Analyses of 200-mesh dust used in experiments and of coked dust resulting from them.

Volatile

Test No. Character of sample. Moisture.| combus. | ¥ ixed

lible carbon. | Ash.

Average dust 2.00 34.00 59.70 '4.30
...} Coked dust a2.00 14.49 65.59 | 017.92
[ P, 16 .. @2.02 13.78 67.42 16.78

a Analyses of these coked dusts were not made until over six weeks after the test; it is probable that
the moisture shown had been absorbed in the meantime. .
" bIn the explosion of the coal dust, the analysis of which is given in the first line of the table, the
quantity of ash for a given amount of the dust would remain unchanged, as in this experiment there
was no contamination. [Fence it is possible to calculate the total amount of combustible matter dis-
appearing in the explosion and the distribution of this combustible matter between the volatile matter
and the fixed carbon. The following result is obtained: That 89.4 per cent of the volatile matter of the
original dust and 73.6 per cent of its fixed carbon have been consumed.
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Although the sampling showed that a very small fraction of the
coal dust remained in suspension, the propagation of explosive wave -
was proportionate in each instance to the total amount injected into
the gallery, indicating that a considerable part of the dust that had
fallen to the floor before the shooting was thrown into suspension
by the concussion of the shot and in time to assist in the propagation
of the flame. Not all of the dust was burned and portions of it had
not lost all of its original volatile combustible matter, but the greater
part was more or less coked.

" COKED DUSTS PRODUCED BY EXPLOSIONS.

The coked dust produced in these tests developed some interesting
_peculiarities, as shown in Plate II. There are three types of coked .
dust. The first consists of large globular pieces, with large interior
air cells and thin glazed walls, from one-fourth to three-fourths inch
in diameter. The pieces of coke shown in Plate 1I were photographed
on paper divided into half-inch squares, so that the actual size may
be scaled from these squares. This type of coke was evidently pro-
duced by the flame striking a mass of floating particles, the concussion
and heat causing them to cohere and distill their gas, the expansion
of which within the melted mass blew it into the globular forms
shown at the upper part of Plate II. These had time to cool and
harden before they fell to the bottom of the gallery.

The second type of coke, shown in the middle portion of Plate II,
consists of masses of loose particles, which have fallen while still hot,
sticking to other masses and flattening on the floor of the gallery.

The third type, shown in the lower left corner of Plate.II,is not a
true coke but scales of particles evidently caked while lying on the
floor of the gallery. The upper side of those on squares J-4, K-4,
" show minute bubbles of coke. The lower surface on square K-3
shows dust apparently little affected by the heat. These scales of
caked dust are not thicker than one one-hundredth of an inch. .

EFFECT OF DEGREE OF COARSENESS OF DUST.

RESULTS OF TESTS.

A series of tests was conducted in the explosion gallery of the
Pittsburg station to determine how coarse a coal dust may be that, .
if abundantly present, will propagate an explosion that has been
started by ignition from a blown-out shot. The results are shown in
the two following tables:
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COKED DUST FROM PITTSBURG GALLERY, DENSITY TEST WITH 200-MESH DUST.

Photographed natural size on paper divided into half-inch squares. Experiment G-2892,
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Tests of propagation of flame by different sizes of coarse coal dust.

Flame showed (in-
Explosive. Dust sed.a dicating its length) Result.
C at—
No.| Gallery Dateo!
’| test No.
(150, Poors | Win- [ . P
>, L Neaioht iy oor: it ropa-
Pounds.| Grams. | Weight. | Size. Nos.— I&lgs\vi Ignition. gation.
. Pounds. | Mesh.

1| G-2882..| Sept. 3 1 567 10 | 20- 40 (®) 1-4| No...... No.

2 | G-2883..| Sept. 4 1 567 20 | 20- 40 (v) 1- 5| No......] No.

3| G-2884..[...do.... 1 567 10 | 40- 60 0 1- 3| No...... No.

4| G-2885..|...do.... 1 567 20 | 40- 60 0 1- 3 | No...... No. °

5| G-2886..|...do.... 1 567 10| 60- 80 2- 4 1- 5| Yes..... No

6 | G-2889..| Sept. 7 1 567 20 | 60- 80 2-6 1-14 | Yes.. Yes

7 | G-2894..| Sept. 9 1 567 | - 10 | 80-100 2-7 1-14 | Yes..... Yes

8| G-2895..|...do.... 1 567 17| 60- 80 2-14 1-14 | Yes.. Yes

9 | G-2063.. Se%)t. 20 1 567 14 | 60- 80 3-7 1-14 | Yes..... Yes

10 | G-2964..|...do.... 24 1,135 10 | 60- 80 3-9 1-12 § Yes..... Yes

11| G-2970..| Sept. 24 240 1,135 10| 60~ 80 2-11 1-14 | Yes..... Yes

12 | G-2974..| Sept. 25 2 1,135 12] 40- 60 2-12 1-14 | Yes..... Yes.

13 | G-2987..] Sept. 27 2 1,135 15 | 20- 40 2-5 1- 8| Yes..... Partial.
14 | G-2988..|...do.... 24 1.135 23 | 20- 40 2-3 1-6 | Yes..... Partial,

a Dust was placed on a horse in the first three sections, and on shelves in sections 3-6, except in tests 13
and 14, in which dust was phced on shelves in sections 3-9 and 3-11, respectively.
b Edge of door 3.

Analyses of dust samples taken before and after tests shown in preceding lable.

: Volatile | .
Gallery ; N Fixed
No. test No. Character of sample. Moisture. cm})}gls- carbor. Ash.

1} G-2882. . Dust beforeshot. ... ... .. ... ... ... 2.00 34. 50 59.70 1. 3.80
3| G-2884..|..... do..ae 2.20 33.50 60. 20 4.10
5] G-2886....... do ................. 2.00 34. 50 59. 50 4.00
7| G289, o0 2.00 35.00 58. 60 4.40

! TTeoTR .. Coked dust after shot. . al.54 13.92 65.12 19.42
12 | G-2074. |{Dust beforeshot....... 2.20 33. 50 60. 20 4.10
g -*[\Coked dust after shot. .. 2.60 12.00 - 68.70 16.70

13 | G-2087..|[Dust beforeshot. ...... 2.20 33. 50 60. 20 4.10
' “1\Coked dust after shot a].28 18.18 69.62 10.92

a Analyses of these coked dusts were not made until over a month after thetest; it isprobahlethat the
moisture shown had been absorbed in the meantime.
o

METHOD OF SCREENING.

The coal was of the kind used for standard tests at the station, the
average analysis of which is shown on page 35. -After being crushed
and ground, it was passed through 20, 40, 60, and 80 mesh screens,
so that four sizes of dust remained over 40, 60, 80, and 100 mesh
screens. Difficulty was experienced in getting each size free from
the next smaller size, and particularly from the float dust, so that
great care was required in'screening. The float dust was eliminated
by stirring small portions of the screened size in a deep pail, with
the end of a hose discharging compressed air. By this means each
size when finally finished was remarkably clean and free from other
sizes.
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DISTRIBUTION OF DUST.

In this series of experiments, the dust of the size to be tried was
distributed along the gallery on four narrow iron shelves on either
side. The gross amount distributed was 1 pound per linear foot of
gallery. This amount is much in excess of what is necessary to
produce an explosion, so that only a relatively small part of the dust
is active or loses its volatile matter.. In addition to the dust placed
as just described, 20 pounds was placed upon a horse 20 feet long and
‘9 inches below the center line of the bore hole and the axis of the gal-
lery. The dust was placed in this way to obtain the most extreme
condition, such as would be found in a mine with a blown-out shot

Koerting
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H] \
3
CROSS: SECTION .
: <
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FIGURE 1.—Diagrammatic sections of cannon end of gallery No. 1, Pittsburg station.

pointed toward a pile of coal dust. Figure 1 is a sectional outline
of part of the gallery, showing the location of the horse.

DISCUSSION OF RESULTS.

In the first tests a charge of 1} pounds of black powder was used,
tamped.with 2} pounds of clay. With this charge dusts larger than
60-mesh did not even ignite (except for slight prolongation of powder
flame in tests 1 and 2), but 80 to 100 mesh dusts and also 60 to 80
mesh dusts in three out of four tests did ignite and propagate the
explosion. It may be assumed that finer sizes would propagate S0,
no tests were made of them.

A series was then tried with double the quantity of black powder,
or 24 pounds, and with 2 pounds of clay tamping, which was all that
the depth of the bore hole would allow. The effect was notable; 60 to
80 mesh dust propagated the explosion and so did 40 to 60 m@sh dust.
With 20 to 40 mesh dust, while there was ignition, there was only
partial propagation, but the indications were that with a still larger
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COKE PRODUCED FROM 80 TO 100 MESH DUST.

Photographed on half-inch squares. Experiment G-2894.
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COKED DUST PRODUCED FROM 20 TO 40 MESH DUST.

Unused particles shown at the bottom. Photographed on half-inch squares. Experiment G-2987.
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charge of powder, increasing the concussion and heat of the initial
explosion, complete propagation would be produced. It may be
that in a mine still coarser sizes would propagate from very large
shots, in view of the fact that smaller sizes are present to sustain
the flame; but tentatively, until further tests can be made, the writer
has accepted 20-mesh as the dividing line between what may be
termed fine coal and what may be considered dust.

It must not be inferred that larger particles of coal may not be a
factor in a mine explosion once fairly started. On the contrary, the
writer believes that they are, and that in a strong explosion the coal
walls of the passageways where struck by a fierce blast will give up
their quota of volatile gases. The assumption as to the size (20-
mesh) therefore refers only to the initial stage of an explosion. Here-
tofore such coarse dust has not generally been considered dangerous.

CHARACTER OF COKE I’I-ZODUCED.

The coke produced in these tests presented some interesting pecu-
liarities, as indicated in the photographs of coke from two typical
explosions, reproduced in Plates ITI and IV. The first (P1. III) from
test G-2894, is the product of the explosion of ‘‘dust” finer than 80
and coarser than 100 mesh. The globular pieces shown in the upper
part of the picture, which are from one-half to three-fourths inch in
diameter, resemble the coke from float dust, though more irregular
and made up of a mass of smaller cells. The smaller particles in the
middle of the picture (obtained by screening) are largely spherical,
and many consist of a single cell. The finest particles, at the bottom
of the picture, are finer cells, also fragments of larger coke cells.

Plate IV shows coke and coal particles from test G-2987, in which
a partial propagation was obtained from ‘‘dust’ finer than 20 and
coarser than 40 mesh. Particles of this ‘‘dust’ which were not used
in the experiment are shown in the lower part of the picture. The
large crimbly masses of coke in the upper part of the picture con-
sist of individual coked and caked particles loosely stuck together
as they were swept into little piles at the flanges of the gallery.

The piece at the top which has the same thickness as width, three-
fourths inch, was formed in the corner of a flange. The piece on the
squares C-6 and 7 to G-6 and 7 shows the under side of such a mass
with the coal particles caked or fused only enough to stick together.

.EFFECT OF CHEMICAL COMPOSITION.
PAST EXPERIMENTS.

The effect of the chemical composition of dusts upon their rela-
tive explosibility or nonexplosibility is a problem that has been
much discussed by mining men and by scientists from the time of
Faraday. Experiments with dust of different chemical composition

’
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have been made at various times and in various countries, both in
laboratories and on a larger scale. The earlier experiments of the
foreign investigators, Abel, Hall, Galloway, Marreco, and others,
and of the early European testing stations, have been mentioned on
pages 12-19. The small-scale experiments of Professors Peckham
‘and Peck, of the United States, have been referred to on page 23.

INVESTIGATIONS IN THE UNITED STATES BY CHAMBERLIN.

No large-scale systematic tests of the explosibility of coal dust had
been made in this country before the Pittsburg station experiments -
were started; but some very interesting studies of explosive mine
gases and dust have been made by Mr. Rollin Thomas Chamberlin.®
The investigations relating to coal dust were made to determine
the part that dust took in explosions, particularly in the Monon-
gah, Naomi, and Darr disasters. Mr. Chamberlin observed the
enormous quantity of fine coal dust coating everything in the ex-
ploded mines. He noted that the dust was of two sorts, ‘‘uncharred
dust’ and ‘‘charred dust,” and that each took certain positions with
reference to the obstructions in the passageways. e observed that
the charred dust in the Monongah and Darr mines was for the most
part on exposures facing away from the source of the explosion, but
adds that there were many exceptions to therule. He concluded that
much dust was coked while in the air and deposited in a semiplastic
condition. Laboratory experiments were made by Mr. Chamberlin
on the loss of volatile matter in the charred dust. In these investiga-
tions he determined the amount of volatile matter contained in differ-
ent coal dusts, and the amount of gas given up in the process of crush-
ing coal to dust, and also made some investigations of the relative
inflammability of old and new dust. From the latter studies he con-
cluded that the oxygen absorbed by dust is mainly chemically com-
bined and that there is not enough free oxygen in the dust to play an
important part in an explosion. He therefore inferred that ‘‘fresh
dust is likely to prove more inflammable and more predisposed to
start and propagate a dust explosion.”

EXPERIMENTS OF BEDSOI\} AND WIDDAS.

Abroad, during the past few years, valuable tests of the compara-
tive sensitiveness of differerit dusts have been made on a laboratory
scale by Professors Bedson and Widdas at Newcastle University,
England. Preliminary results were given by them in two papers
read before the North of England Institute of Mining and Mechanical
Engineers, 1906-7. These results are discusseds. iby Dr. J. C. W.
Fraze1 on pages 117-121 of this bulletin. ‘

a Chamberlin, R. T., Notes on explosive mine gases and dusts, with special reterén'ce to explosions in the
Monongah, Darr, and Naomi coal mines: Bull. U. S. Geol. Survey No. 383, 1909.



EXPERIMENTS WITH EXPLOSIBLE COAL DUSTS. 43

INVESTIGATION IN FRANCE BY TAFFANEL.

M. J. Taffanel, in August, 1907, published the results of his first
year’s experiments at the Liévin station. A large number of tests were
made with the coals from the several mines of the Pas de Calais dis-
trict. M. Taffanel, believing that a uniform density of dust cloud
was necessary to obtain consistent results, arranged a closed-circuit
gallery. (See fig. 12.) This consisted of two parallel sheet-iron pipes
‘2 feet in diameter. These pipes were 25 feet long and connected at
the' ends. In one of the pipes there was a disk fan for propelling the
air current and mixing the dust. The four openings to the gallery
were closed by paper diaphragms. The inclosed volume was 152
cubic feet. In operation, the fan was started and the dust put in
gradually, and after time had been given for circulation four or five
times around the closed circuit at a speed of 13.16 feet per second, a
cannon charged with a half stick of dynamite, weighing 1.12 to 1.33
-ounces (32 to 38 grams), and not tamped, was fired through one of the
paper diaphragms. '

The dusts were always passed through a French 200-mesh sieve,
equivalent to English 190 mesh. The dust put into the gallery was
weighed and it was assumed that all was put into suspension.

The most sensitive dust was found to be that from the Courriéres

"mine. In one instance, with as low a weight of dust per cubic foot as
0.023 ounce or 23 grams per cubic meter the flame traversed the tube
and came out about half a yard. However, this was the only instance
in which a flame was produced, out of three experiments tried with
that density of dust. With this exception, it was only when as
much as double this density, or 0.046 ounce, was used that flame
was occasionally produced. With 0.070 ounce per cubic foot, or 70
grams per cubic meter, explosions were produced quite regularly with -
almost all the coals except anthracite. With this, as high a dust
weight as 0.222 ounce per cubic foot (222 grams per cubic meter)
were tried without producing continued flame.

Taffanel’s conclusions were as follows:@

The experiments show, in the first place, that for most of the dusts tested it does not
require large quantities of fine dust, once put in suspension, to form an inflammable
cloud. A mine road where 0.1 ounce of fine dust per cubic foot [100 grams per cubic
meter] may be collected is generally regarded as [but a] little dusty. It is important
to observe that so far the experiments have been confined to screen dusts, which are
purer and without doubt more inflammable than those from the mine.

We see, in the second place, that the small charge represented by half a cartridge of
gelatin dynamite is above the ‘‘charge limit” for most of the dusts tried. This, of
course, refers to the ‘‘charge limit” without stemming.

Finally, we remark that for the eight types of dust tested the increasing order of
inflammability is the same as the increasing percentage of volatile matter. Strictly

a Premier essals sur l'inflammabilité des poussiéres, p. 20; Proc. South Wales Inst. Eng., vol. 26, No. 3,
1909, p. 677.
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speaking, it may be considered that the dusts differentiate not only by their percentage
of volatile matter, but also by other elements of their composition, particularly by the
percentage of ash. But the dusts tested, coming nearly all from the screens, have a
somewhat similar percentage of ash, which causes the factor ““volatile matter” to pre-
dominate. The ash intervenes in two ways: First, by its weight; the cloud densities
indicated in the above tables are gross densities; it would be more just to compare the
densities by reckoning only the combustible portion, after deduction of the ash and
moisture; in the second place, the ash intervenes as an inert matter absorbing a part
of the heat of combustion of the dust; it would be too hazardous to try to calculate this
latter influence, which might without doubt be determined by experiment. But in
the following table account is taken of the first influence by showing, alongside the
gross densities, the densities calculated by deducting the ash and the moisture. This
" table places clearly in evidence the influence of the percentage of volatile matter.

Cloud densities from | Cloud densities from
which inflammations which inflammations

Percentage| commence. always occur.
of volatile
Coal. matter(ash
o al:]dréné’éft' . |Caleulated Calculated
ducted). | Gross. ﬁnaﬁ?s?ﬁ% Gross. %ﬁ?ﬁrﬁ
deducted). deducted).

Oz. percu.ft.|0z. per cu.ft.|0z. per cu.ft.|Oz. per cu.ft.

Anthracitee L2 ..
Lens2a .. . e
Dourges. .. 13 120
Lens1..... . .104 . 090
Lievin 1-3. ... ..o .07-.074 .067-.068
Bruay. ... ..o .092 . 080
COUTTIBIeS. . . eeiiei e eae . 058 .052
. 040 .031

Lignite. . ...oooo it

aNo inflammation.

By the aid of these numerical results, which, it must not be forgotten, are approxi-
mate, may be drawn the conclusion that there are great differences in inflammability,
under the conditions of the experiments, between the three following groups: First,
anthracite and Lens 2, not ignited; second, Dourges and Lens 1, inflammable, but
without great effects of flame, and with a marked tendency to stifling; lastly, the four
types richest in volatile matter, which were ignited at low densities and which pro-
duced increased flames as the cloud density increased.

COMPARISON OF TAFFANEL’S METHODS WITH THOSE USED AT
PITTSBURG GALLERY.

The few density tests made at the Pittsburg station (described on
pp. 34-38) were all made with the high-volatile coal from the Pitts-
burg seam. While they were not numerous enough for a direct com-
parison with M. Taffanel’s results, as given above, it would appear
that the initiating charge of explosive was a most important factor.

M. Taffanel, in the experiments described above, used but 1.12 to
1.33 ounces of a low-grade nitro-explosive, while in the Pittsburg
density tests, in a much larger gallery, 1} pounds of black powder
was used. With this charge dust explosions were produced with as
low a density of coal dust as 0.032 ounce of dust per cubic foot of
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space in the gallery (32 grams per cubic meter), as reported in the
.table on page 37.

M. Taffanel has recently written a paper on his tests in the larger
-gallery at Liévin.® These tests confirm those made previously,in a
smaller gallery. He has devoted much attention to the chemistry of
dust explosions. He finds that schist (shale) dust tends to blanket
the effects of the coal-dust explosions, but he states that his ex-
periments in this direction have not gone far enough to permit con-
clusions to be drawn therefrom. His aim, in this first series of
experiments, unlike that of the Altofts station, which will be men-
tioned hereafter (p. 80), had been to find the effect of mixing this
“schist dust with the coal.

INFORMAL TESTS AT PITTSBURG STATION.

There has not yet been opportunity at the Pittsburg station for
systematically testing in the gallery the relative explosibility of dusts
of different chemical composition; but Clarence Hall, in charge of
explosives testing at the station, has made a great many informal
tests of coal dust from different parts of the United States, and has
kept careful records of them. These records he has kindly put at the
writer’s disposal. Certain tests have been selected as typical, and
these are given in a table below. The materials range from anthracite
with little volatile matter to subbituminous coal with much moisture
and volatile matter. All shots were made with black powder, except
one with dynamite. The weight of the charge is specified in the table.’
Clay tamping was used in all these tests. The amount of coal dust
was usually 120 pounds, of which 20 pounds was placed on a horse
and 100 pounds distributed on side shelves running along the full
length of the gallery, 1 pound per linear foot. When the full number
of shelves was not used, the loading was proportionately less. The
horse or center shelf is placed in front of and 9 inches below the
center line of the bore hole, so that the flame of the explosive would
touch but not directly play upon the dust. This arrangement simu-
lates the condition in a mine where a pile of coal with dust on it lies
in front of a blow-out shot. ‘

The charge of coal dust averages 1.2 pounds per linear foot of
the gallery, equal to 0.61 ounce per cubic foot, or 610 grams per
cubic meter. According to Taffanel, the theoretical weight of coal
dust necessary to produce a maximum explosion is about 0.111 ounce
per cubic foot or 111 grams per cubic meter.® Naturally this weight

a Les résultats obtenus jusqu’a ce jour dans la galerie d’essais de Liévin: Bulletin et comptes rendus
mensuels de 1a Société de I’industrie minérale, February, 1909.

bThis is figuring that “the total combustion of the carbon and volatile matter, with the exclusive
formation of carbonic acid and water vapor, would exactly absorh all the oxygen of the air’’ (loc. cit.).
In reality only a portion of the volatile matter and fixed carbon is burned. See analyses of coked dusts
in reports of experiments, also footnote b to second table on p. 37.
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varies somewhat with the character of coal.e The gallery at Pitts-
burg is charged with dust much in excess of the theoretical amount
to insure the most severe conditions in testing explosives, but
repeated tests have shown that dust through a 100-mesh sieve can
be put in suspension by.the concussion of 1} pounds of black
powder if the dust is merely placed on the floor of the gallery. For
the tests given in the table, the coal was ground until it would pass
through a 100-mesh screen, but when road dust was tested it was -
used in the gallery as received. : .

No propagated explosion has been obtained with anthracite dust,
although several tests have been made with a low-volatile anthramte
(under 5 per cent volatile combustible matter) and with a higher
- volatile anthracite (8.32 per cent volatile combustible matter). How-

ever, it must not be concluded that these tests are final; there may
be condltlons under which propagation can be obtained.

Propagation did not take place with one semibituminous dust when
dynamlte was used for the ﬁrmg charge, nor in one test when black
powder size CC was used, but in subsequent tests, with other sizes .

. of black powder, complete propagation followed. The failures to
propagate may have been accidental, but considered together with
the slowness of propagation observed in the other tests on this coal
they indicate that it is not so sensitive as most. bituminous coals.

With other semibituminous coals and all bituminous and sub-
bituminous coals propagation of flame and explosion was complete.
As these dust tests could only be made oecasionally, when the gallery
was not occupied by the more pressing testing of short-flame or so-
called safety explosives, quantitative results on the relative sensi-
tiveness of different bituminous dusts could not be attempted under
the circumstances. But these typical tests and numerous other in-
formal tests of the same character have demonstrated effectively the
explosibility of coal dust.

The explosion propagatwe results with bituminous dusts have been
so uniform that it is hard to understand the difficulty which early
foreign experimenters had in obtaining consistent results, unless it
was due to the uncertain character of the mine dust, or possibly to
the very small charges of explosive employed.

e The theoretical quantity of the standard coal used for tests in the Pittsburg station, required for the
complete exhaustion of the oxygen of a cubic foot of air by combination with all the combustible mat-
ter of the coal, was 0.123 ounce or 123 grams per cubic meter. This is based on the ultimate analysis of
asample (10556 F) which was mined December 7, 1809, and analyzed,June 27,1910. The exposure for six
months probably increased the oxygen contents and decreased the eﬂiciency of the coal. The ultimate
and proximate analyses of this coal are as follows:

Ultimate analysis. Prozimate analysis. 7
Hydrogen ......ocveiiiiiiiiiiiiiiiiiiann. 5.61 | Moisture...........ovviniiiiiiiiiiiiiin...
Carbon ..., . .00 | Volatile matter
Nitrogen... Fixed carbon ...........
Oxygen. 1

Sulphur
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Ezxplosion-gallery tests at Pittsburg station on dusts from representative coals.

47

Flaili]&a showed ’
icating it
Dust on ](eﬁg,‘;ha) af,g_. s Length
Test Date of horse and of flame | Propa-
No test Explosive used. shelvesin beyond ugon ) ati!c)m
. (1909). sections Win- ust - | 8 g
Nos.— Doors dow: zone.
Nos.— §
| Nos.—
Feet.
G--700. .| Jan. 30.. 50(';)1 grams FFF black pow- 1-15 1- 6 1-6 - Slight.| No.
er.
G-3043.{ Oct. 9...|..... & S, 1-15 (a) 1- 3 0| No....| No.b
G-2369.| May 15..[ 500 grams C black powder. 1-15 |1-3,11-12 1-15 (e) Yes...| Yes.c
G-2365.|...do.....| 300 grams dynamite....... 1-15 [oeeee e 0 | No....| No.@
G-2067.| Apr. 10.. 373 grams ¥F black pow- 4- 9 1-15 1-15 ¢50 | Yes...| Yes.
er.
G-467..| Jan. 2... 50(()1gramsFFF black pow- 4~ 5 -9 |.eeeene.. 27 | Yes...| Yes.
) er.
G-465..]...do.....|..... 5 ' BN 46 1-12 1-15 . 60| Yes...] Yes.
G-2116.| Apr.17.. 373 grams FF black pow- 1-15 1-15 1-15 (a) Yes...| Yes.
er.
G-2156.| Apr.24..[..... L PR S ] 1-15 1-15 €50 | Yes...| Yes.
G-2517.| June19..| 375 grams FF potassium 1-15 1-15 1-15 () Yes...| Yes.
nitrate powder. .
G-1501.| Mar. 20.. 37?1 grams FFF black pow- 1-15 1-15 1-15 (e) Yes...| Yes.
er.
G-2112,| Apr. 17.. 37:(31 grams FF black pow- 46 1-15 1-15 60 [ Yes...| Yes.
er.
Source of coal dust. Analyses.”
Nor 0 | Fixea
No. Location of | Character and ile | Fixe S
place of | Mois- R . Sul-
Name of mine. mine. sample. ture, | SO | BT Asb. | phar,
ble.
G-700..| No. 2 Bear Val- | Williamstown,| Anthracite from first | 2.36 | 4.22|83.44 9.98| 0.49
ley shaft. Pa. heading in the Little
View at No. 2 shaft.
G-3043.| Connell Anthra- | Bernice, Pa...| Subanthracite from in- | 1.40 | 8.32] 75.52 | 14.76 |..... .
cite Mining Co. terior of mine.
(-2369.] No. 37 B mine...| Windber, Pa..| Semibituminous........ L77113.96 | 79.80 | 5.47 .87
G-2365.1....d0 el [0 TR O 00t tieenne s .77 (13.96 | 79.80 | 5.47 .87
G-2067.| Shamekin mine.| S witchback, | Semibituminous from .84 15.16 | 79.90 | 4.10 .48
. W. Va. tipple.
from dry | 13.18 | 19.97 | 56.37 | 10.48 77
coal ele- |,
G-467..] Mine No. 5, | Whitwell, | Bituminous{ vator./ :
Whitwell Tenn. from main | 3.41 | 17.98 | 47.22 | 31.39 | 1.20
mines. entry. g
No. gl’l‘ecnn. C. gromtipple.f 2.07 | 26.69 | 58.01 | 18. 22 . .82
and I. Co. : rom ribs | 3.22 | 24.18 | 49.34 | 23.2 .71
G-465.. 4 No. 7 Tenn. C. |{Blocton, Aa..| Bituminous and tim.
and I. Co. hers.g
from inte- | 1.52( 30.59 | 56.79 [ 11.10 [ 2.00
G-2116.| Federal Shaft | Fairmont, | Bituminous{ rior./
mine. Va. fromtipple.s| 1.25 | 31.70 | 57.34 | 9.71 | 2.41
G-2156. Sunda¥] Creck | Longacre, W. | Bituminous from No. 2 | 1.64 | 31.54 | 64.55 | 2.27 .69
Co., No. 114. Va. Kanawha gas seam.
G-2517.] Oak mine....... Oak Station, | Bituminous (“stan-| 1.81/33.52 | 59.36 | 5.31| 1.00
) a. dard” dust).
G-1501.| Garside mine....| Saline ville, | Bituminous........... . 2.0335.37|57.00| 560 2.38
10.
G-2112. Sué)erior Coal | Sweetwater, | Subbituminous from | 9.63 | 34.49 | 50.91 | 4.97| 1.05
0. No. C. Wyo. face of room 1 off first
north.
a Not recorded.

b This test was repeated with 40 per cent dynamite with same result.
¢ This test was repeated twice with black powder, sizes ““CC”’ and “CCC.”
fgnition, but “CCC” did.

d This test was repeated with a similar result.

¢ Flame extended 50 feet beyond end of gallery.
/ Dust placed on a horse in the tests.
# Dust placed on shelves in the tests.

“CC” did not result in an
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INFORMAL TESTS WITH ROAD DUST.

Some informal tests were made at intervals during the past year at
the request of various mining men. The results of a few of special
interest are given in the table below. The last three were with road
dusts, which had a large admixture of clay or shale. The total ash
ranged from 30 to 57 per cent. In two tests there was complete
propagation, but in one test, in which the combined material had a
total of 53 per cent ash, the flame died away, reaching only half the
length of the-gallery.

With regard to road dust, it is important to bear in mind that
unless the shale or stone dust is very fine and is intimately mixed
with the coal dust its presence has very little deterrent influence on the
explosion. A concussion from a blown-out shot or a small explosion
of fire damp does not throw the pieces of rock into the air if they
are coarse, and therefore the dust cloud may consist only of the fine,
pure coal dust that rises from around the rock fragments. The same
is true of any large pleces of coal that are present. The question in
regard to any road dust is whether there is sufficient fine coal dust
among the coarser pieces of rock to rise and form a dust cloud of
sufficient density to permit a propagation of flame.

Special explosion-gallery tests with bone dust, road dust, and mixtures.

Flame showed
Blacllfsgg.wder Dust on | (indicating its Length
Test horse and|  length) at— oreﬂfme Igni- | Propa-
No. Dateof test. | __.sl;el‘{esm beyond | tion. |gation.
: ﬁfgéons Doors |Windows [dustzone.
Size. | Weight. > Nos— | Nos.—
: ‘ Grams. Feet.

(G-693. .| Jan, 29,1909........ F..... 500 0| 1-6 1-11 54 | Yes...} Yes.

(-415..| Dec. 30, 1908........ FFF.. 500 46| 1-15 1-15 60 | Yes...| Yes.

G-491..] Jan.9,1909. ........ FFF.. 500 46| 1-15 1-15 60 | Yes...| Yes.

G-1431.| Mar. 13,1909........ FFF.. 375 1-15 1- 8 1- 8 0| Yes...| No.

G-398..| Dec. 26, 1908........ FFF.. 500 a4 6 2 1-9 20 | Yes...| Yes.

(G-2962.| Sept. 18,1909....... () 375 1-12 1-15 1-15 ¢60 [ Yes...| Yes.

Source of coal dust. Analyses.
oy i '\29113' Fixed
0. 5 3 e 1Xe
. Location of Character and source | Mois- Sul-
Name of mine. mine, of sample. ture. | 200t | Fom. Ash. | hur,
. ble.
G-693..| Bear Creek No.3..| Bear Creek, | Subbituminous coal | 8.94 | 30.57 | 43.49 | 17.00 | 1.78
. Mont. and bone cuttings.
G-415..| Weaver mine..... Gallup, N. Mex Sl;bbltumltlinous, taken | 9.13 | 31.87 | 41.42 | 17.58 .59
rom roads . .
G-491..| Penn Gas Coal Co. | Irwin, Pa..... Bituminous, taken | 2.50 { 26.06 | 53.43 | 18.01 | 1.24
No. 3 from roads.

0. 3.
G-1431.| Elkins C. and C. | Elkins,W. Va.| Bituminous, taken | 1.02]12.76 | 32.94 | 53.28 | 2.14
Co. from roadway. .
G-398..| Carbon mine...... Carbon, W, Va.| Coal dust and fireclay | 2.75 | 15.45 | 24.85 | 56.95 | 1.48
: from room 12.
Blt&lmmoustcoal dust, | 10.66 | 29.44 | 45.00 | 14.90 | 2.29
50 per cen
G-2062.| Bunson Coal Co...| Georgetown, it oo PLANGE o0 | 641 | 19.45 | 2718 | 46.96 | 1.4
coal, 50 per cent.

@ Dust placed on floor in sections 1-3 and not on horse.
b Size not given.
¢ Flame extended 40 feet beyond end of gallery.



EXPERIMENTS WITH EXPLOSIBLE COAL DUSTS. 49
EXPERIMENTS AT PITTSBURG WITH- COAL DUST.
USE OF COAL DUST FOR TAMPING. '

In various parts of the country the practice of using machine cut--
tings (‘“bug dust”) or other coal dust for tamping has become-
very common. Some mining men have had a theory that if coal-dust
tamping was dampened or made wet it would be rendered harmless.
With a view to determining this point, a number of experiments were
made in gallery 1 at the Pittsburg station with black powder, using
maehine euttings, dry and wet, for tamping. The wet dust was wet
enough to pack in the hand, and in the tamping a little water was
squeezed out. The powder was protected from the damp dust by
! p‘lﬂjper wad. A statement of the results is given in the following
table:

Explosion=gallery tesis with machine cuttings (*‘ bug dust”) used for tamping.o .

Powdei: Tamping. Flamgts_h"‘“d
ot | Doteof : Length
No. (1909). of flame.b
Size. | Weight, Cotidition. Weight, | Doors | Windows
Qrams. Grams. Fect.
G-2009_| Sept. 11 | FFF..| 1,134 () 1-2 1-3 C18
G-3046.| Oct. 14 | FFF..| 1,134 | Wet... 400 | (d) 1-5 30
G-3047.{ Oct. 14 | FFF..| 1,134 | Dry... 400 (d) 1-3 18
(-3086.| Oct. 93 | FFF.. 567 | Wet. .. 1,200 1-3 1-4 24
G-3085.| Oct. 23 | FEF.. 667 | Dry... 120 1-5 1-7 44
G-3082.| Oct. 21 | FRF..| 1,134 | Wet... 1,200 15 1-8 50
G-3083.| Oct. 21 | FF¥..| 1,134 | Dry.. .. 000000000000 20| 17 1-10 64

aThe dugt used for tamping was bituminous coal from the Keystone mine, McDowell Gounty, W. Va.,
with the following analysis: Moisture, 1,24 per cent; volatile matter, 14.03; fixed carbon, 73.53; ash,
11.20; sulphur, 0.66. In all the tests with tamping the walls of the gallery were kept wet. .

b Length of flame meagured from the mouth of the blown-out shot to the last window showing. In
each test the flame may have extended 6 feet farther, to a point just short of next successive window.

¢No tamping used. The test was repeated with 567 and 1,701 grams of powder and the flame showed -
{g Eacraeiame number of windows. When clay was used, flame was'seen in two windows, and occasionally

d Not recorded. '

The first experiments were made with 2} pounds of black powder
(1,134 grams) and 0.9 pound (400 grams) of machine cuttings. The
effect with wet coal tamping was nearly to double the length of the
flame from black powder alone, but with the dry tamping for some
unexplained reason the flame was not materially lengthened in this
test. : ' e

Experiments were then made with 1} pounds of black powder (567
grams) and 2.8 pounds (1,200 grams) of cuttings, wet-and dry:
“With a smaller amount of powder than in the previous tests, the length
of flame with the wet tamping was not quite so long as with the
larger charge of powder but smaller amount of dust tamping,  With
the dry coal-dust tamping, the flame was two and one-half times. as’
long as that of black powder alone.

38970°—DBull. 425—10—+4
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A third set of experiments was tried with the same weight of coal
tamping, but with 24 pounds of black powder. The flame with the
wet tamping was still more increased, being over 50 feet in total
length, and with the dry tamping the flame was over 70 feet in
length, causing, in fact, a limited explosion.

The length of flame from black powder without tamping does not
appear to increase with size of charge as far as tested (24 pounds),
but it appears from these tests that the flame from the coal tamping
increases with the charge of powder used. In fact, it is possible that
a blown-out shot with a very large charge of black powder such as
is sometimes used in shots in mines of the interior coal province, that
contains 8 pounds or more, and with coal dust for tamping, may cause a
local dust explosion without the presence of any e‘{terna,l dust. This
may happen even in a wet entry. The tests with coal tamping at
Pittsburg were made during rainy weather and with the gallery wet
throughout by hose. '

"When very small charges of black powder are used wetting coal-
dust tamping may make the length of flame slightly less than that
with dry coal tamping, though the flame length would still be greater
than that resulting with clay tamping; but when medium-size charges
of black powder are used the heat is such that the water has little
" or no effect. :

It is a reasonable conjecture, in view of the results of the experi-
ments described above, that with larger charges of black powder
moistening or wetting the coal-dust tamping would cause no appre-
ciable decrease in the flame.

The conclusion is drawn from these experiments that the use of
coal dust or coal cuttings for tamping, whether wet or dry, is a most
dangerous practice. With a blown-out shot in which coal dust has
been used for tamping, causing flame extending 50 to 70 feet or
more if there is any dust along the room or entry, the chances of an
extended dust explosion are enormously increased. ‘

EXPERIMENTS WITH COAL DUST IN HUMIDIFIED AIR.

During the winter of 1908-9 experiments were made under the direc-
tion of Clarence Hall in explosion gallery 1 with standard 100-mesh
dust distributed on horse and shelves and a current of humidified air
drawn through the gallery. ‘A Koerting injector used as an exhauster
drew the air from a relief doorway near the ‘‘face” of the gallery.
The intake air entering a relief doorway next to the outer end of the
gallery was warmed by steam coils and humidified by compressed air .
and water sprays. The latter were of a type much used in cotton rnills,
in which the water is mixed with compressed air to finely pulverize
the water spray, The gallery end was closed-by a paper and cloth
brattice and the iptake air from the hea’rmg and humidifying box
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was drawn into the gallery through the last relief doorway and a box
conduit by the Koeting injector. The results of the experiments are
given in the following table:

Explosion-gallery tests to show effect of humidity.

[In all tests the explosive used was 13 pounds (567 grams) of black powder.]

. Q -
g £ hFl:r:]nei
: . ° showed (in-
Air current. E = g dicnting(its Result.
g 5] length) at—|
=] I=)7) .
‘Gal- b = 3 | 2g
ery Hot: uration | g Temper- | Relative | 'E g2 )
fest | Dato of test. of test. g’q} atu}‘)e. humidity. 5 E 2 4
No. - 2 g |z |1 |& g
=1 o ] ,,3 Z 5
=2 ; lelgs|218]&]%
o < . [ g S Z 2
251 25813282 e |2 |28
sR| % |51 g (5|5 | 58 | 8 E g 2
> )5 o fle] o 7z ~ [} = — Ay
Hrs. min. °F, |°F]
(-346 | Dec. 19,1908 28| 131 3431 3431 67 67 0)........ 1-14 | 1-14 | Yes.| Yes.
G-348 | Dec. 20,1908 1 46| 104 61398 60 10 1.91 | 1-14 | 1-14 | Yes.| Yes.
G-349 | Dec. 20,1908 16 35| 120 58 | 35]98.6 |73 9| 18.4 |1-11{1-7 | Yes.| No.
G-350 | Dec. 21,1908 24 18| 123 59 | 34 | 82 65 6] 11.63 | 1-7 | 1-11 | Yes.| No.
G-482 | Jan. 4,1909 48 0] 112 52 133192.9177 3| 12.71 | 45 | 1-5 | Yes.| No.
G-483 | Jan. 17,1909 48 0 96 53 | 21195 75 61 26.19 2| 1-4 | Yes.| No.
G-484 | Jan. 19,1909 oy ... SL)....p61 |.... 0 1.78 | 2-14 | 1-14 | Yes.| Yes.
G-580 { Jan. 19,1909 70 0| 132| 44|30 |90 81 2 2.15 [ 1-14 | 1-14 | Yes.| Yes.

aThe humidifier heads of the small type used in cotton mills discharged water inixed with compressed air.
b A few minutes.

The first experiment (G-346) was made without humidifying, to
observe the effect of an explosion of dust in the face of a current of
air traveling 131 linear feet per minute. The explosion was propa-
gated through the gallery.

In the second experiment (G-348) the relative humidity of the air
was raised to 89 per cent, and the current was maintained for one
hour and forty-six minutes. Practically no moisture had been
deposited by this time, as indicated by the analysis of the coal dust,
a sample of which was gathered from all shelves in the gallery.
Complete ignition followed the shot.

In the third experiment (G-349) the average relative humidity
was 98.6 per cent, and the current was kept on for sixteen hours and
thirty-five minutes. A considerable amount of moisture was pre-
cipitated on the dust, the analysis showing the total moisture to be
18.4 per cent, or about 16.5 per cent in excess of the normal content
of the coal dust. The result of the shot was a partial propagation,
the flame dying down before it reached the end of the gallery.

In the fourth experiment (G-350) the relative humidity was 82
per cent and the total moisture of the dust on the shelves 11.63
per cent. There was also partial flame propagation in this test.

In the fifth experiment (G-482) the relative humidity was some-
what higher, but the percentage of moisture precipitated very little
greater. The flame propagation, however, was much less, owing to
some cause not apparent,
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In the sixth experiment (G-483) the relative humidity of the air -
was still higher, 95 per cent, and the duration of the test the same,
forty-eight hours. More moisture was precipitated than in the
previous experiments, the average sample of dust on the shelves
showing 26 per cent. In this experiment there was pra(;tica,lly no
propagation, only a slight ignition.

In the last experlment of this group (G-580) the experiment was
made of not raising the temperature of the intake air. This averaged
only 44° F. The relative humidity was maintained at 90 per cent,
and the duration of the test was seventy hours, but owing to the
low temperature practically no moisture was deposited on the coal
dust and complete propagation ensued, as would be expected.

Another group of experiments was made under the direction of
the writer during September, 1909. In these it was decided to mix
a definite quantity of moisture with the coal dust and to humidify
the air as far as possible with the limited volume of the sprays.
Owing to insufficient number of sprays, the humidity could not be
brought up to the point of depositing moisture upon the coal dust;
therefore the propagation or nonpropagation of the explosion depended
on the quantity of water mixed with: the coal dust. The other .
conditions were the same as in the previous series of tests, except
that the igniting charge was 24 pounds of black powder instead of
1} pounds. The mixing was carefully done and occupied con-
siderable time, as it is difficult to mix water directly with dust.
After a stirring and kneading by hand, the wet dust was forced
through screens to insure an even mixture. When the wet dust
had been placed upon the shelves of the gallery, a sample was gathered
from the dust at regular intervals through the gallery, and analyzed.
The results of these experiments are given in the following tables:

Explosion-gallery tests to determine effect of humidity upon explosibility of coal dusts.

Average Flame showed (in- | *
’ Rela“;";h“mld’ velocity of dicating its Result.
Gallery | Date of air current.| per cent of length)at—
test test moisture
No. | (1909). Outside | Tnstd F in coal. b Wind . P
utside { Inside ect per 00TS indows . ropaga-
air. ) air. minute. Nos.— | Nos.— Ignition. tign.g
G-2966 | Sept. 21 |.......... 78 85 8.00 2-14 1-15 Yes
(G-2967 | Sept. 22 79 90 78 19. 20 2-14 1-15 Yes
G-2968 .. .do.... 56 82 73 19.20 2-7 b1-9 .| Yes.
G-2969 | Sept. 23 77 90 89 29.70 2-6 cl-4 No.
G-2971| Sept. 24 46 71 78 30. 90 2-3 a1-6 No.
G-2972| Sept. 25 53 83| - 74 11. 80 2-14 1-15 Yes
G-2973|...do.... 54 80 86 30.70 2-3 1-3 No.

aIn all tasts, 20 pounds of 100-mesh or finer dust was placed on the horse, and 1 ound per linear oot
of gallery on the shelves. The explosive used was 2} pounds (1,134 grams) of FFF llj)lack powder ia first
three tests and the same amount of FF black powder in the other four tests.

b This test was made to determine the length of flame when only the horse and the first 20 feet of shelves |
were loaded with dust.

¢ Delayed flamz showed also in windows 4 and 5,

d Delayed flame showed also in window 5.
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- Analyses of coal-dust samples taken in tests shown in preceding table.

Test ; volatile | pixed | ,
No. Character of sample. Moisture. c%rll)ll)et?s carbon. | “ sh.

G-2966 {Dust beforeshot. ........... .. .. ...l 8.00 32.00 54.80 5.20
d Dust after shot. . .. . 6. 60 32.50 54.70 6.20
G-2967 |{Dust before shot. . 19.20 25.50 51.00 4.30
Dust after shot.. .. 5.70 24.00 62.00 8.30
G-2068 Dust before shot. . e 19.20 28.00 48.30 4.50
= Dust after shot....... .- . 15.20 28.50 50.90 5.40
G-2969 Dust before shot . 29.70 24.50 41.60 4.20
ol Dust after shot. . 25.70 24.50 44.20 5.60
G-2971 {Dust before shot . 30.90 23.50 41.20 4.40
Dust aftershot............ e 27.10 24. 00 43.10 5.80
G-2972 {Dust before shot. . ... . 11.80 28.00 52.40 7.80
Dust after shot. . . 4.80 14.50 65.10 15.60
G—2973 Dust before shot. . 30.70 22.50 42.50 4.30
Y \Dust after shot.... 22.10 25.00 45.40| " 7.50

In the first experiment (G-2966) the total moisture content of
the coal was 8 per cent, which is about 6 per cent in excess of the
normal moisture content of the standard dust. This amount was
1insufficient to prevent complete propagation of the flame throughout
the gallery.

In the second experiment (G-2967) the moisture content was
19.20 or 17 per cent excess moisture. This also was not sufficient
to prevent complete propagation.

Experiment G-2968 was to observe how far the flame would go
under the same conditions as in the previous experiment except
that only the first three sections of the gallery (20 feet) and the
horse were loaded with damp dust. The flame traveled only to the
-ninth window, equivalent to 57 feet. This experiment was made
. with the same percentage of moisture (17 per cent excess) as the
previous one.

In the fourth experiment (G-2969) the moisture content was
raised to 29.70 per cent or 27.70 per cent excess moisture. The
result was ignition but not propagation of the explosion, the flame
traveling only 30 feet. :

Experiment G-2971 was made with dust from the Fairmont
‘district, West Virginia. It was moistened to the extent of 30.90
per cent, or about 29 per cent excess moisture. There was slight
ignition, but not propagation. The dust used in this experiment
was allowed to dry over night and after being mixed was put back
on the shelves. The moisture content then proved to be 11.80 per
cent, or 10 per cent of excess moisture. The result was complete
propagation. ' '

The final experiment (G-2973) was a repetition of the fifth experi-
-ment (G-2971). The moisture content was also practically the
same, 30.70 per cent, or about 29 per cent excess. The result was
ignition but not propagation. ’
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These experiments, though limited in number, were consistent in
results, and indicate that slight dampness is not sufficient to prevent
flame propagation by an explosmn that with a hlgh volatile and pure
coal such as that used, it is necessary to have a total moisture content
approaching 30 per cent to insure that there will be no propagation.
This amount of moisture does not make 100-mesh dust seem exces-
sively wet. It can be balled up in the hand, but water is not squeezed
out by pressure of the hand. If more moisture is added the critical
-point is reached, and with about 40 per cent of water the 100-mesh
dust and water mixture becomes a coal mud. S

These experiments, though they must be accepted as preliminary,
give a definite figure for the percentage of moisture that makes
coal dust relatively safe under ordinary conditions. Information
on this point has been strangely lacking, and it is very important
that experiments in this direction be continued.

As a pure 100-mesh coal dust was used in the experiments, a larger
amount of moisture probably was needed to render it inert than if it
had contained larger particles, or had been less pure, or had been mixed
with shale dust. The tests probably represented extreme conditions.

HUMIDITY OF MINE AIR.
NATURAL PRINCIPLES.
SATURATED AIR AT DIFFERENT TEMPERATURES.

The amount of moisture in mine air is of vital consequence in
relation to coal dust, as well as in other respects. Aqueous vapor is
everywhere present in the atmosphere, whether above ground or
in the mine, varying in amount within wide limits. '

The term “relative humidity” means the percentage of water
vapor present with reference to complete saturation as 100 per cent.
When there is complete saturation of aqueous vapor for a given
temperature, the ‘“‘dew point” is reached. Beyond this point of
complete saturation, with constant temperature, additional water
may be held mechanically in minute drops, as in fog. Hygro-
metric or psychrometric tables, prepared by Prof. C. F. Marvin, are
published and issued by the United States Weather Bureau, and are
- entitled “Psychrometric tables for obtaining the vapor pressure,
relative humidity, and temperature of the dew point.” These
tables are calculated to small differences in temperature and relative
humidity, so that when the difference in the wet and dry bulb ther-
mometer readings is known the figures for the relative humidity and
the temperature of the dew point can be read directly with little or
no interpolation.

The variation in the amount of water vapor at different tempera-
tures is very striking. For example, at a temperature of 0° F. a
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cubic foot of coipletely saturated aqueous vapor weighs 0.481
grain; at 32° the same saturated volume weighs 2.113 grains; at 65°,
an ordinary mine temperature in this country, it weighs 6.782 grains;
and at 90°, the summer temperature, it weighs 14.790 grains. This
is shown in a graphic way in figure 2, which gives the curves of differ-
ent weights of aqueous vapor per cubic foot at different temperatures
and relative humidities.
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Figure 2.—Curves of equal weights of water vapor per cubic foot for varying temperatures and relative
) humidities when the barometric pressure is 30 inches.

It will be seen, therefore, that when the air and water vapor enter
the mine at 0° temperature and are raised to 65° temperature in their
course about the mine, unless moisture is picked up on the way the
effect is to reduce the relative humidity to a remarkable degree. For
instance, if a given space is completely saturated at 0° and contains
0.481 grain of vapor at 65° this weight of "water would correspond
with only 7 per cent of saturation. This effect is strikingly shown
by the curves in figure 2.
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AMOUNT OF MOISTURE IN MINE AIR.

The rapidity with which water throws off vapor up to the point of
the saturation of the adjacent space is remarkably demonstrated in
mines. Technically, the air has not a capacity for moisture, and

-does not become saturated with it, the aqueous vapor filling a given

space with practically negligible reduction in the quantity of air in
the same space. The moisture may properly be spoken of as partly
or completely saturated, but for brevity it is usual to speak of the
‘““moisture carried by mine air”’ or of the ‘‘relative humidity of the
all' ”

Repeated observatlons of the amount of moisture carried by mine
air, as measured in percentages of the amount of saturation for
the observed temperature, have shown that the air current, after
traveling about the mine, has a relative humidity of 80 to 100 per
cent. In mines in this country the “return’ air current near the
outlet rarely, except in the dry climate of the Rocky Mountain region,
shows less than 90 per cent of saturation, even in a mine that has
appeared dry.

A group of observations made in the mines of a considerable num-
ber of States and averaged for each State are shown in the follow-
ing table:

Average of humidity observations during March and April, 1909, in dry and more or less
dusty coal mines.

Temperature. Relative humidity. “;?;cege?ix- Water ex-
. o tracted
Num- | Series of from dust from dust
State. ber of | observa- and walls and walls
mines.| tons. | rpese | Return. | Intake. | Return. | PEL 100,000 1 “50 oy
: cubic feet. hours.s
- of air. ’
°F. °F. Per cent. | Per cent.| Gallons. Gallons.
Alabama.......... 5 5 71 69 124 924 2.27 3,2
Towa............... 3 3 46} 563 614 93 4.70 6,768
Illinois............. 8 1 454 58 603 91 4.44 6,394
New Mexico. ...... 9 14 36 53 57 82 4.57 6,432
Colorado...... 1 1 72 70 18 85 9.02 12,991
West Virginia. 9 9 583 56 63 94 2.32 3,341
Virginia. . .... 1 1 49 57 84 954 3.04 4,378
Pennsylvania. 1 4 48 49 87 91 1.17 1,685
Total ........ 39 48 ... N, Y PO SR S
Average ...l ...oiiiieiiiian.. . i3 584 063 | 90} 3.94 5,057

a The last column is based on the assumption that the average volume of the ventilating currents of the
mines was 100,000 cubic feet per minute.

These observations were chiefly made in March and April, 1909,
when the conditions contrasted much less than they would in winter.
It will be observed that the relative humidity of the return air is
nowhere less than 90 per cent, except in the New Mexico and Colorado
mines, where the relative humidity of the outside air is normally very
low. Therefore the effect of air currents of a relative humidity
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less than 80 to 90 per cent is to dry out the walls of the passageways
through which they pass.

Normally a coal bed is free from water. In many mines water
seeps from the surface through troubled ground or ‘‘faults,” and in
.some mines artesian flows from the bottom are encountered, but
.ordinarily there is sufficient clayey matter in the roof and floor to
keep out water. In most coal mines, therefore, the presence of
moisture, except locally, depends on atmospheric conditions.

EFFECT OF SEASONAL CHANGES OF TEMPERATURE ON MINE AIR.

The warm or hot air of summer contains a large amount of moisture.
On entering the mine the air and water vapor are cooled, usually
below the dew point, so that precipitation takes place. The walls
and roof of the passageways become gradually more and more moist

. as the summer progresses, and in parts of the mine the walls frequently
become beaded with the deposited moisture. In some mines the floor
becomes rather wet in the summer months.

On the other hand, in winter the air ehters the mine at a tempera-
ture usually lower than the mine temperature, which ordinarily
ranges in this country from 60° to 65° F. In England and other
European countries® the outside winter temperature averages higher,
but the mine temperatures are also higher, owing to the greater
depth of the coal beds. Hence there is the same general contrast of
outside and inside temperatures and of relative humidities.

~ When the air current enters the mine at a low temperature, it car-
ries only a small amount of moisture in the form of vapor, even

when the relative humidity is near saturation. As the currents go
through the mine and the walls heat up the air and vapor, the relative
humidity falls to such an extent that the moisture contained in the
walls of the passageways and in the dust lying along them is vapor-
ized and carried away by the air currents. This fact has been noted
for many years and by many observers. The danger of dry coal
dust has been so much commented upon that it will not again be
discussed here until the remedies are considered.

INSTRUMENTS FOR MEASURING ATMOSPHERIC MOISTURE.
SLING PSYCHROMETER.

In the field practically the only method that can be employed to
- measure the amount of moisture in the-air, or the relative humidity,
is by observing the temperature of evaporation, which is obtained by
- noting the difference in temperature between wet and dry bulb

a Since the body of this bulletin has been written an important series of papers entitled ‘‘Investigation
- of the drying out of mines and combating the dangers of coal dust,”” by Bergassessor Forstmann, has.been
published in Gliickauf (January 5 to February 12, 1910). These papers treat of general investigations
and of an elaborate series of observations recently made in mines of Germany by a government
- commission. . . - ’
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thermometers held in a rapid current of air or swung at a rapid rate.
The United States Weather Bureau considers that the most reliable
instrument for measuring relative humidity by this method is a sling
or whirled psychrometer. The standard instrument used by the
Weather Bureau consists of a pair of thermometers mounted on a
thin metal plate, to which a swivel handle is attached by a loose link.
The wet-bulb thermometer projects below the dry-bulb thermometer
and the bulb of the former is covered with a thin tight-fitting muslin
sack which, just before the observation, is dipped into water. This
instrument is described in the psychrometric tables issued by the
Weather Bureau. :

To make standard readings with the sling psychrometer, the speed
of the revolving bulb must be 15 feet per second. The psychrometer
should be whirled for fifteen or twenty seconds and then quickly read,
the wet bulb first. This should be repeated until successive readings
of the wet bulb agree closely.

HYGROMETER USED BY GEOLOGICAL SURVEY.

In a mine it is difficult to use the standard sling psychrometer
without breaking it. The mining engineers of the United States
Geological Survey have been supplied with a psychrometer, more
commonly called a hygrometer, in which the thermometers are
mounted on_ the hinged covers of a shallow box. Opposite the
thermometer bulbs.the covers are slotted to allow free circulation
of air. In the use of this hygrometer as designed, the covers are
opened wide, held firmly, and swung to and fro, facing the air cur-
rent. The motion must be violent to- obtain the necessary speed.
Another method of using it has therefore been improvised by the writer.

- A hole has been bored through the top of the box parallel with the face -
of the hinged lids and thermometers and a long pin inserted. The
covers are held open by a loop of string passed around the back of
the box and attached to a pin. The instrument can thus be whirled
like the standard sling hygrometer, with much greater ease than it
can be swung. A picture of the instrument with this rearrangement
is shown in Plate V. A further improvement could be. effected by
making the box of aluminum.

STATIONARY HYGROMETER.

There are several types of stationary hygrometers in which the air
current is produced by small fans. In another type the hair hygrom-
eter, the rapid change that takes place in the length of a strand of
hair with changes in the amount of atmospheric moisture has been
utilized to move a pointer by means of a delicately adjusted lever
arm. This pointer carries on the end an inking arrangement, so that
it can trace a line on sectional paper wrapped on a revolving cylinder

[
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MINE HYGROMETER WITH IMPROVISED SLING ARRANGEMENT.

Showing method of holding for whirling.
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turned by clockwork. In this way a permanent and continuous
record is obtained.® This instrument is sometimes combined with a
temperature recorder. Such combination instruments are used by
the Fairmont Coal Company at their Monongah mine. They are
described in the part of this bulletin by Frank Haas (pp. 150-163).

PRINCIPLE OF WET AND DRY BULB THERMOMETER.?

The operation of the wet and dry bulb thermometer is based on_
the fact that the evaporation of water requires a certain amount of
heat. When a current of dry or partly saturated air passes over a wet
surface, such as the wet bulb of a thermometer, some of the water
is evaporated and carried along by the air in the form of vapor.
The absorption of the heat required to evaporate the water causes a
cooling of the bulb. ‘

The lower the relative humidity of the air, the more rapid is the
evaporation at the surface of the wet bulb, and consequently the lower
. its temperature. As the bulb is moved through the air its tempera-"
ture falls to a point where the amount of heat absorbed by evapora-
tion is just equal to that received from the surrounding air. The
first quantity of heat is proportional to the rate of evaporation, v.
If we assume that the second quantity is proportional to the surface
of the bulb, A, and to the difference in temperature between the
surrounding air (measured by the dry bulb), and the wet surface,
Tq¢—Ty, then A (Tg—T,) =av, where a is a constant.

Dalton found that the rate of evaporation of water is proportional
to the surface exposed and to the difference between the pressure of
saturated vapor at the given temperature, and the vapor pressure of
the surrounding air, p,—p, and inversely proportional to the baro-
metric pressure, H; then—

v bA(};1I -p)
where b is a constant. Hence—
A(Ta—T,) = 2AR D)
: H
or, p;—p= g (Ta—Tw).

Writing aLb =c:
' p=p,—cH(Tq—Ty).

a Bergassessor Forstmann (Gliickauf, January 5 to February 12, 1910) states that the hair hygrometer
tried in the recent German experiments did not give consistent results. 1t was therefore abandoned in
favor of swinging wet and dry bulb thermometers. . )

b This explanation and the calculations are given by Dr. J. K. Clement, physicist, of the United States
Geological Survey.
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This equation is not exact, because neither Dalton’s law of evap-
oration nor the assumption regarding the heat received by the bulb
from surrounding objects (Newton’s law) is strictly true. The value
of ¢ depends on the wind velocity or the rate at which the bulb is
moved through the air. For the Schleuder psychrometer ¢=0.00069.,
As a matter of convenience, it is customary to use tables in which
P is given as a function of (Td —-T,) and T,.

METHOD OF MAKING HYGROMETRIC OBSERVATIONS IN MINES
AS USED BY ENGINEERS OF THE GEOLOGICAL SURVEY.

- The observer must be equipped with a hygrometer, a small bottle
of clean water, anemometer; barometer, watch, and tape. Before
entering the mine he should make observations of outside atmos-
pheric conditions, selecting, if possible, a point where he will be in the
shade, but not where there is any steam or local heat from fires; also,

_if the shaft or mine opening is an upcast, the point must be selected
on the windward side of it in order to obtain correct readings of the

“relative humidity. Having selected the point, the observer swings

" the hygrometer, and if there is any wind he should stand so that the
instrument receives the wind direct; that is, his body must not

“obstruct. Having noted the depression of the wet bulb below the

“dry bulb, he reads the barometer to obtain the atmospheric pressure.

The observer, having gone underground, makes observations at
certain stations. It is best, where possible, to select these in advance
from the mine map. In general, it is desirable to make observations
at the intake and return of each split in the ventilating current, and
in particular the main return should be read as close to the outlet as
posstble. .

The method of making all readings underground is the same.
After wetting the cloth covering the wet bulb the observer swings
the hygrometer, standing sidewise to the current of air, the hygrom-
eter facing the wind. Having repeated the reading a number of
times, to insure that the mercury column in the wet-bulb thermometer
is depressed as far as it will go,* and having recorded the readmg, he
reads the barometer to obtain the mercurial pressure, which is a
combination of the atmospheric pressure and the mine ventilation
pressure at that point. The latter pressure is negative or positive
according as the fan is exhausting or blowing. Then the velocity of
the air current is obtained by means of the anemometer, and the
volume of air is obtained by multiplying the velocity by the effective
cross section of the passageway. The time of taking the observations
at each station, inside and outside, should be recorded, so that the
changes in outside atmospheric conditions can be correlated. It is

a Whea the air is below 32° F., the wet-bulb reading remains stationary for some minutes as the water
freezes, but as the swinging is continued it will lower proportionately to the temperature and humidity.



HUMIDITY OF MINE AIR. 61

important that the cloth of the wet bulb be freshly wetted for each
observation. :

On going out of the mine it is very important that the. observer
make hygrometric and barometric readings at or near the station
where he made readings on going into the mine and use the average
of the two sets to compare with the underground observations or, if
the two differ widely, prorate according to the time intervals.

Notation should be made at the different underground stations, and
at other intervals, of the amount of dust present on floor ribs, roof, and
timbers, also the condition of the dust in the same places as regards
moisture. Particular note should be made of moisture drops beading
the roof or ribs. ,

In the light of the preliminary experiments with moistened dust
made at the Pittsburg station, as described on pages 50-51, it is advis-
able to take samples of the dust at certain points and have the mois-
ture and ash contents determined. Such samples should be placed in
air-tight receptacles, like glass jars with screw tops and rubber
gaskets, at the point of taking, or in special cans, such as are used
by the Geological Survey, sealed with insulating tape. Care will
have to be exercised in gathering the samples, to have them repre-
sentative of only that dust which is likely to be thrown into
suspension by a violent concussion.

RELATION OF MOISTURE CONTENT TO TEMPERATURE AND
PRESSURE OF MINE AIR.

Thé psychrometric tables issued by the Weather Bureau have
already been referred to. The method of using them is explained in
connection with the tables as published. One table gives the tem-
perature of the dew point in degrees Fahrenheit for various atmos-
pheric pressures and various depressions of wet-bulb thermometer.
This table will not ordinarily be consulted by the mine observer. The
tables of more immediate use to him are those giving the relative
humidity percentages for different temperatures, pressures, and de-
pressions of the wet-bulb thermometer and the table giving the

“weight of a cubic foot of aqueous vapor at dlfferent temperatures
and percentages of saturation.”

The last-mentioned table has been supplemented by one appended
below, which gives the number of gallons of water equivalent to the
same weight of aqueous vapor in 100,000 cubic feet of air at differ-
ent temperatures and different degrees of saturation. This unit,
100,000 cubic feet of air, passing in one minute, represents an ordi--
nary mine condition. The other unit (gallons) gives a convenient
measure for calculating the amount of water that must be introduced -
artificially in Wmtel to offset the amount carried out by the return’ '
currents, :
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Figure 2 gives the curves resulting from taking the different weights
of aqueous vapor per cubic foot in grams as constants and considering
the temperatures and different percentages of saturation as variables.

36
35 g
4
/
30
/
25 - /
- /
3
‘E 4
e
£
<
] 4 4
820
5y
©
£
£ /
3
e o
-
[
2 7
°15
c
.0
g A
s
5 A B
a5
oy
v
d 1o
. 15 I
10 S [
L
& 1 -l
=
/ L]
=
ROk
L
L L L1
5 % % 1 P
L 1 |41
o T =
A A = T [
LA > LA L+ L+ O [ T 11—
AT LA L1 L+ L
A g g o ————
] — . [ L=
0 10 20 30 40 50 60 70 80 90 100

Temperature in degrees Fahrenheit

FIGURE 3.—Curves of equal relative humidity Ibr varying temperatures and depressions of wet bulb.

Figure 3 shows the curves derived from considering the different
relative humidity percentages as constants and the depression of the
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wet-bulb thermometer and the temperature as variables when the

barometric pressure is 30 inches.
Figure 4 shows the curves resulting from taking different percent-
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ages of saturation as constants and the temperatures and gallons of
moisture per 100,000 cubic feet of air as variables.
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(o

Gallons of waler per 100,000 cubic feet of air for specified temperatures and pércentages of -

saturation.e

Relative humidity (per eent)—
Tempera- . e
ture. } -
10. 20. 30. 40. 50 ’ 80, 70. 80. 90. 100.

0.057 | 0.085] O.114] 0142/ 0.170) 0.100 | 0.227 ] 0.5 0.284
. 060 089 119 14 .179 209 .288 .268 . 208
.063 005 .126 .158 .189 231 .253 .284 .315
.067 101 134 .168 .202 935 .269 .302 .338
071 .108 NT) A7 .212 248 .283 .319 .354
075 12 V149 187 .94 L9681 .298 .336 878
L0790 119 A58 198 L2317 977 .314 . 356 ;B?s
.083 125 168 .208 .250 201 .333 .374 .4 8
.038 132 A6 .220 .264 . 308 .352 + 398 <4
.002 189 185 .231 217 .323 .370 ) 468
008 .146 .195 .244 .293 .342 .390 .439 iy
103 154 .206 ) .27 .308 . 360 .41} . 463 N
.108 .162 .218 .27 . 328 .379 .433 .487 - 541
114 .170 227 284 341 .398 .454 511 .568
120 .180 . 240 300 .350 2319 479 .530 . 599
127 .190 253 1y .3%0 .443 . 506 .570 .633
.133 . 200 .260 1333 1400 . 466 .533 . 599 .666
141 .2l 289 382 . 492 :493 . 563 . 634 . 704
L1490 . 230 297 ] L4408 .520 594 . 660 .743
.156 . 238 318 1801 . 469 . 547 .626 704 782
.165 .247 .829 412 .494 .576 .658 .741 .823
173 . 260 . 348 1433 .519 . 606 . 662 L7719 . 865
.181 ] - 362 .453 . 544 .634 .725 .815 .906
100 . 284 .379 .474 .569 L6064 758 . 853 948
.199 . 299 .398 .498 .598 .697 . 797 .896 .996
.200 .313 418 L5622 . 626 731 .835 .940 1.044
.219 .328 .438 .547 . 656 .766 .87 .085 1,004
.23 .345 .460 .575 .689 .804 919  1.034 1.140
241 .362 .482 .603 .723 .844 064 108 1.206
253 .380 . 506 .633 . 759 886 | LO012| 1.139 1.266
. 266 .399 .532 . 665 . 797 .930 | L063| 1198 1.320
.279 .419 .559 . 699 .838 078 | L8| 1257 1.307
.293 . 440 .586 .733 .880| 1.026| 1L173| 1.319 1,466
. 307 . 461 .615 . 769 922 1076| 1.230| 1,383 1,637
.322 .483 .644 . 806 967 | 1128 | 1.280 | 1.450 1.0l1
.338 . 506 .675 844 1 1013 | 1.182| 1.350] 1.519 1.688
. 353 .530 107 8841 10601 1237, L4141 1.500 1.767
.370 555 740 L0251 1.100| 1.204| 1.479| 1.064 1.849
.386 .579 772 066 | 1150 1.352| 1.546( 1.738 1.931
. 404 .607 .809 | 101l | 1.213| 1.415| .1.618] 1.820 2.022
.423 .634 .846 ) 1.057 | 1.268) 1.480| 1.601| 1.903 2.114
.443 .665 8861 1.108 | 1.329| 1.551 | 1.772| 1.994 2.215
.464 . 696 9287 1160 | 1.392| 1.624| 1.856| 2.088 2.320
.486 728 971 | L214| 1.457| 1700 | 1.942| 2.185 2.428
.508 762 L0161 1.270 | 1.523 | 1.777 | 2.031| 2.285 2.539
.531 797 | L1062 | 1.328| 1.593 | 1.859| 2124 | 2.390 2.655
. 556 .834 | 1112 1.390| 1667 | 1.945} 2.223| 2.501 2.779
.581 872 1.162| 1.453 | 1.743| 2.03¢| 2.324| 2.615 2.905
.607 JOLE | L214 | L518| 1.821( 2.125| 2.428| 2.732 3.035
.634 952 | 1.269 | 1.586| 1.903| 2.220| 2.538| 2.855 3.172
. 662 .994 | 1.325] 1.656) 1.987 | 2.318| 2.650| 2.981 3.312
692 1.039 | 1.385| 1.731| 2.077| 2.423| 2.770| 3.116 3.462
724 1,085 1.447 | 1.809| 2.171| 2.533| 2.894| 3.256 3.618
2751 1o 1127 | 1502 1.878 | 2.254| 2,629 | 3.005| 3.380 3.756
780 L171 ) 1561 1.951| 2.341| 2.731| 3.122| 3.512 3.902
810 1.215| 1.620| 2.026| 2.431| 2.836 | 3.241| 3.646 4.051
L8411 1.262| 1.682| 2103 | 2.524| 2.944| 3.365| 3.785 4.206
873 | 17310 "1.746| 2183 2.620| 3.056 | 3.493| 3.929 4.366
906 | 1.359( 1.812| 2.265| 2718| 3.171| 3.624| 4.077 4.530
.940 [ "L.410( 1.880| 2.351 2.821| 3.291| 3.761| 4.231 4,701
L9761 1.463) 19511 24391 29271 3.415! 3.902! 4.390 4.878

e The table Is devised on the assumption that if the water vapor in 100,000 cubic feet of air at any given
temperature and percentage of saturation were condensed, it would be equivalent to a certain number of
gallons of water at that temperature. For temperatures of 32° or under, the figures are given on the assump-
tion that the vapor is equivalent to a certain volume of water at 32°.
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Gallons of water per 100,000 cubic feet of air for specified lemperatures and percentages of
saturation—Continued.

Relative humidity (per cent)—

Tempera- _
ture.
10 20. 30 40, 50. 60. 70. 80. 90. 100.
0 506 1.012| 1.518| 2.0241 2.530 | 3.035| 3.541| 4.047| 4.553 5.059
525 | 1.049 | 1.574| 2.098{ 2.623| 3.148| 3.672| 4.197{ 4.721 5.246
544 | 1.088 | 1.632 | 2.176 | 2.720] 3.263| 3.807 | 4.351 4.895 5.439
504 | 1.128 | 1.692| 2.256| 2.820| 3.383 | 3.947( 4.511| 5.075 5.639
585 | 1.160 | 1.754 | 2.338 | 2.923 | 3.507 | 4.092| 4.676| 5.261 5.845
606 | 1.212( 1.818( 2.424| 3.030 | 3.635| 4.241| 4.847| 5.453 6.059
628 ) 1.256| 1.883 | 2.511| 3.139| 3.767 4.305| 5.0221 5.650 6.278
651 | 1.301| 1.952| 2.603| 3.254| 3.004| 4.555| 5.206| 5.856 6.507
.674 | 1.348 | 2.022 | 2.696| 3.370| 4.044| 4.718| 5.392 | 6.066 6.740
L6098 | 1.396 | 2.094| 2.792| 3.490 | 4.187 | 4.885| 5.583 | 6.281 6.979
723 1.446 | 2.169 | 2.892 | 3.615| 4.337| 5.060; 5.783| 6.506 7.229
749 | 1.497 | 2.246| 2.995| 3.744 | 4.492| 5241 5.990| 6.738 7.487
775 | 1.550 | 2.325| 3.100 | 3.876] 4.651| 5.426| 6.201| 6.976 7.751
. 802 1.605 2.407 3.209 4.012 4.814 5.616 6.418 7.221 8.023
831 | 1.661] 2.492| 3.322| 4.153) 4.984| 5.814] 6.645| 7.475 8.300
859 1.718 | 2.578 | 3.437 | 4.296| 5.155| 6.014| 6.874 7.733 8.502
880 | 1.778| 2.667 | 3:556 | ‘4.446| 5.335| 6.224| 7.113 | 8.002 8.801
920 1.840| 2.760 | 3.680| 4.600) 5.519| 6.439| 7.359| 8.279 9.199
952 | 1.903| 2.855| 3.806( 4.758 | 5.710 [ 6.661| 7.613( 8.504 9.516
984 | 1.960 | 2.953| 3.937| 4.922( 5906 6.800| 7.874( 8.859 9.843
1.018 [ 2.036 | 3.054| 4.072| 5.000( 6.107| 7.125| 8.143 | 9.161 10.179
1.053 | 2.105| 3.158| 4.210 | 5.263 | 6.315) 7.368| 8.420| 9.473 10. 525
1.088 | 2.176 | 3.264| 4.352| b5.4400 6.528 | 7.616| 8.704 | 9.792| 10.880
1125 | 2.250 [ 3.375| 4.500 | 5.625| 6.749| 7.874| 8.999 | 10.124 11.249
1.163 | 2.325| 3.488| 4.650| 5.813| 6.976 | 8.138| 9.301 | 10.463 | 11.626
1.202 | 2.403 | 3.605| 4.806| 6.008( 7.209| 8.411| 9.612 | 10.814 | 12.015
1.242 | 2.483 | 3.725| 4.966( 6.208 | 7.449 | 8.691| 9.932 | 11.174 | 12.415
1.282 | 2.565| 3.847 | 5.130| 6.412 | 7.694| .8.977 | 10.259 | 11.542 | 12.824
1.325 | 2.650 | 3.974| 5.299| 6.624| 7.949% 9.274 | 10.598 | 11.923 | 13.248
1.369 | 2.737 | 4.106 | 5.474| 6.843 | 8.212 1 9.580 | 10.949 | 12.317 | 13.686
1.413 | 2.826 | 4.240 | 5.653 | 7.0066 | 8.479 | 0.892 | 11.306 | 12.719 | 14.132
1.459 | 2.919 | 4.378 | 5.838 | 7.207|. 8.756 | 10.216 | 11.675 | 13.135 | 14.594
1.507 | 3.013 | 4.520| 6.026| 7.533| 9.040 | 10.546 | 12.053 | 13.559 | 15.066
1.556 | 3.111 4.667 | 6.222 | 7.778 | 9.334 | 10.889 | 12.445| 14.000 [ 15.556
1.605 | 3.211 4.816 | 6.422 | 8.027 | 9.632 | 11.238 | 12.843 | 14.449 ] 16.054
1.657 | 3.314] 4.971] 6.628| 8.285| 9.941 | 11.508 | 13.255 | 14.912 16. 569
1.710 | 3.420{ 5.130| 6.840 | 8.550 | 10.259 | 11.969 | 13.679 | 15.389 17.099
1.764 | 3.529 | 5.293 | 7.057 | 8.822| 10.586 | 12.350 | 14.114 | 15.879 | 17.643
1.820 | 3.640 [ 5.461 [ 7.281( 9.101 | 10.921 | 12.741 | 14.562 [ 16.382 18.202
1.878 | 3.755| 5.633 | 7.510 | 9.388 | 11.266 | 13.143 | 15.021 | 16.898 [ 18.776
1.937 | 3.873} 5.810] 7.746) 9.683| 11.619 | 13.556 | 15.492 | 17.429 19.365
1.997 | 3.994| 5.991) 7.988| 9.986| 11.983 [ 13.980 | 15.977 | 17.974 [ 10.971
2,059 4.119| 6.178| 8238 ! 10.297 | 12.356 | 14.416| 16.475 | 18.535 | 20.504
2.123 | 4.246] 6.370| 8.493 ) 10.616 | 12.739 | 14.862 ) 16.986 | 19.109 | 21.232
2,189 | 4.378 | 6.566 | 8.755| 10.944 | 13.133 | 15.322 | 17.510 | 19.699 | 21.888
2,256 | 4.513 | 6.769 ] 9.026) 11.282) 13.538 15.795 | 18.051 | 20.308 | 22.564
2.325| 4.651| 6.976| 9.302 | 11.627 [ 13.952 | 16.278 | 18.603 | 20.929 [ 23.254
2,306 | 4.793| 7.180| 9.586| 11.982 | 14.378 | 16.775 | 19.171 | 21.568 | 23.904
2.4069 | 4.939] 7.408| 90.878| 12.347 | 14.816| 17.286| 19.755 | 22.225 24. 694
2.544 | 5,088 [ 7.632| 10.176 | 12.720 | 15:263 | 17.807 | 20.351 | 22.895 | 25.439
2.621 | 5.241| 7.862| 10.483 | 13.104 | 15.724 | 18.345 | 20.966 | 23.586 | 26.207
2.699 | 5.309 | 8.008! 10.798 | 13.497 | 16.196 | 18.896 [ 21.595 | 24.295 |  26.994
2.780 | 5.560 | 8.340 | 11.120| 13.900 [ 16.680 | 19.460 | 22.240 { 25.020 [ 27.800
2.863 | 5.726| 8.539| 11.452| 14.315| 17.177 | 20.040 | 22.903 | 25.766 [ 28.629
2.948 | 5.805| 8.843| 11.791{ 14.739 | 17.686 | 20.634 | 23.582 | 26.529 | 29.477
3.035 6.069 | 9.104 | 12.138| 15.173 | 18.208 | 21.242 | 24.277 | 27.311| 30.346
3.124 | 6.248| 9.372 | 12,496 | 15.620 | 18.743 | 21.867 | .1 24.991 | 28.115 | 31.239
3.216 | 6.431 | 9.0647 | 12.862| 16.078 | 19.294 | 22.509 | 25.725 | 28.940 | 32.156
3.310 | 6.620 | 9.929 | 13.2390 | 16.549 | 19.859 | 23.169 | 26.478 | 29.788 | * 33.098
3.406 | 6.812 | 10.217 | 13.623 | 17.029 [ 20.435 | 23.841 | 27.246 | 30.652 | 34.058
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REMEDIES FOR COAL DUST.
REVIEW OF REMEDIES PROPOSED.

As soon as the dangers of dry coal dust became recognized, sug-
gestions for remedies began to appear. The British accidents in
mines commission in its final report in 1886 (p. 48) stated:

The removal of accumulating dust is practiced to some extent here and there; but
this measure is obviously attended by many difficulties, and even if carried out as
thoroughly as practicable, it would generally only be the main roads that could be kept
fairly -free from dust. * * * Tf however, * * * the mine ways [are kept] as
free from dust as practicable, and the removal of the principal part of dust accumula-
tions from the working places can be supplemented by the application of some efficient
method of rendering the remaining dust innocuous in the presence of a blown-out
shot, there can be no doubt that the dangers arising from coal dust will be very greatly
reduced, if not rendered altogether insignificant.

Since the time of the foregoing report, numerous means have been
suggested, and some tried out, to secure immunity from the coal-dust
danger. A summary of the methods that have already been put
forward follows: ¢

1. Loading and cleaning up dust.

Sprinkling from water cars.

Application of calcium chloride and other deliquescent salts.
Sprinkling and washing down with hose and nozzle.

The use of pipe lines and permanent sprinklers.

. Humidifying the intake air current by steam sprays.

The foregoing comprise the general methods of rendering coal dust
inert. There are other methods which contemplate the prevention
of explosions from blown-out shots and the limiting of initial explo-
sions. These may be summarized as follows:

' 7. The use of quick-flaming or short-flaming (‘‘permissible ’) ex-
plosives.

8. Coating the walls and floor of the passageways with rock dust,
either wholly or in zones.

9. Limiting the extent of explosions by the construction of brick
or concrete linings of definite length and intervals and keeping them
perfectly clean.

> otk W

LOA;DINQG<AND CLEANING UP DUST.

Loading dust into pit cars and hauling it out of the mine does not
require extended explanation. The method is obvious and has been
more or less practiced in maintenance of roadways. In rooms of the
ordinary room-and-pillar system the fine coal and dust is seldom

aTwo new methods have been brought out recently in Germany. One, which aims at preventing the
formation of dust at the face, is to force water at high pressure into the coal seam through long holes,
drilled in advance of the face. This method does not seem applicable in room-and-pillar work. Another
method recently patented, called the Kruskopf process, employs a viscous paste applied to all surfaces.
1t is stated that a recent experiment in a Westphalian mine showed that the ‘ walls remained damp
three thousand hours after the application of the paste, but they dried up within six hours when
water was used.” (Scientific American, May 21, 1910.) See also p. 149,
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wholly loaded out. While the coal may be carefully shoveled up
at the face, the fine coal, thrown back into the “‘gob’’ by shooting,
usually becomes so mixed with dirt or rock that it would be difficult
to gather it and send it out in pit cars without undue expense.

In some sections of this country the practice is to require the
miner to leave the cuttings in the gob, particularly when the cutting
is done in mixed coal and shale bands. This is certainly not good
practice. It may save the quality of the screenings from injury at
mines where there is not a washery to wash out the clay or shale, but
it leaves a dangerous condition within the mine, increasing not only
the chances of a dust explosion, but also the risk of gob fires.

Cleaning up fine dust after the coarser small coal has been shoveled
out is far more difficult than the latter and is practically impossible
on a rough uneven floor. If a broom is used, this merely moves the
finer and more dangerous dust to other settling points. A possible
method of sweeping which may be developed in future is the use of a
modified form of house vacuum cleaner; though recent preliminary
trials in England have not been successful except where the passage-
way was lined smoothly with brick or concrete.

3

SPRINKLING FROM WATER CARS.

Sprinkling the roadways by means of water cars was the earliest
method of watering coal dust. At first the water was thrown out by
means of a bucket from a plain tank car or let dribble from the car
in the middle of the roadway. The latter primitive plan is still used
in many mines. The next step was to put a sprinkling pipe on the
rear of the water car—that is, a pipe with perforations. Necessarily,
only the roadway floor can be sprinkled with so slight a water head,
and though this means when frequently employed prevents some dust
from being raised by the traffic it does not reach the dangerous dust
on the walls and timbers.

The next advance was to place a force pump on the cars, or to use
air compressed in the top of the tank, to force the water out under
such pressure that the roof and sides could be sprinkled as well as the
floor. This method is much emploved to-day at many of the leading -
mines. If carried out systematically and constantly it is an effectual
method, but if used only occasmnally, say once or twice a week, very
little good is accomplished. Dust is extremely difficult to wet and
the drops of water are not absorbed unless the dust is already more
orless damp. If the drops remain exposed, they are quickly absorbed
by the air currents and the road becomes dry. There are practical
difficulties in using water cars efficiently; thus, to sprinkle each road
once or twice a day would seriously interfere with the hauling of coal.
On the night shift the tracks and sidings are occupied by *‘loads”
and ‘‘empties,” so it is difficult to get the water cars through the
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roadways, and particularly to water the partings or sidings, which
are usually the most dusty points. It therefore requires special
planning and efficient administration to obtain satisfactory results.

CALCIUM CHLORIDE AND OTHER DELIQUESCENT SALTS.

The rapid drying out of dust which had been sprinkled and the
damage wrought to some mine roofs and ribs by sprinkling inter-
mittently, led some of the early investigators to experiment with
hygroscopic salts. B

In 1879, Professor Stokes suggested the use of calcium chloride.
Professor Abel, giving evidence before the accidents in mines com-
mission in 1881, said:

It might possibly be desirable to try for watering purposes a solution of calcium
chloride * * * which has been found very useful in keeping ground moist in a
current of air.

The commission, in its final report in 1886 (p. 49) stated:

The generally elevated temperature of mines combines with the desiccating effect
of the more or less rapidly circulating air currents to counteract the amount of pro-
dection obtainable even by frequent liberal watering. Hence attempts have been
made within the iast six or seven years to promote the retention of water by coal dust,
by the application to it of hygroscopic or normally deliquescent bodies. Crude salt
was tried in the first instance, and in 1879 Professor Stokes suggested the watering of
the dust with a solution of calcium chloride, a highly hygroscopic salt which had been
successfully applied in connection with street watering * * * but its trial in
some dry deep mines in South Wales and also in the Jablin pits in France was not
attended with success; the highly deliquescent salt actually crystallized out, conse-
quent upon the rapid evaporation of the water in the warm air currents. Some
amount of success appears however to have attended the application, in mines in
North Staffordshire, of crude or refuse salt<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>