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NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
OCTOBER 11TH, 1890.
Mr. A. L. Steavenson, in the Chair.
The minutes of the last meeting were read and confirmed.
The Chairman said the time had now arrived for the election of the representatives of this Institute
on the Council of the Federated Institution for the ensuing year, and the Council suggested that the
present representatives should be re-elected. If this course were adopted considerable time and

trouble would be saved. The co-optated members of Council who represented this Institute would
be, as the name implied, elected by the Council themselves.
Professor J. H. Merivale moved the appointment of the present representatives. Mr. R. Thompson
seconded the resolution, which was carried unanimously. The names of the representatives on the
Council of the Federated Institution of Mining Engineers are :—
1.—W. Armstrong, Jun., Esq., Wingate, Co. Durham.
2.—Sir Lovvthian Bell, Bart., D.C.L., F.R.S., Rounton Grange, Northallerton.
3.—M. Walton Brown, Esq., 3, Summerhill Terrace, Newcastle-upon-Tyne.
4.—W. Cochrane, Esq., Grainger Street West, Newcastle-upon-Tyne.
5.—John Daglish, Esq., F.G.S., Marsden, South Shields.
6.—T. Douglas, Esq., Peases' West Collieries, Darlington.
7.—G. B. Forster, Esq., M.A., F.G.S., North Jesmond, Newcastle-upon-Tyne.
8.—G. C. Greenwell, Esq., F.G.S., Elm Tree Lodge, Duffield, Derby.
9.—G. May, Esq., Harton Colliery, South Shields.
10.—John Marley, Esq., Thornfield, Darlington.
11.—J. B. Simpson, Esq., F.G.S., Hedgefield House, Blaydon-upon-Tyne.
12.—A. L. Steavenson, Esq., Durham.
13.—James Willis, Esq., H.M. Inspector of Mines, 14, Portland Terrace, Newcastle-upon-Tyne.
14.—Lindsay Wood. Esq., Hermitage, Chester-le-Street.
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The following gentlemen were elected, having been previously nominated:—

Members—
Mr. George Bradford, Colliery Viewer, Witton Park, Darlington.
Mr. George Arthur Mitcheson, Mining Engineer, Dresden, Longton, Staffordshire.
Mr. William Ryder Stobart, Mining Engineer, Etherley Lodge, Darlington.
Mr. Thomas Watson, Mining Engineer, Trimdon Colliery, Trimdon Grange.
Associate Member—
Mr. William Cochran Carr, Coal Owner, Benwell Colliery, Newcastle-upon-Tyne.
Associate—
Mr. Thomas Clark, Under-Manager, Dipton Colliery, Lintz Green Station.

Student—
Mr. George Murray Andrews, B.A., Mining Student, Broomhill Colliery, Northumberland.

The following gentlemen were nominated for election:—
Members— Mr. James Burn, Mechanical Engineer, etc., 28, Fawcett Street, Sunderland.
Mr. William Rochester, Colliery Manager, River View, Blaydon-on-Tyne.
Mr. Francis H. Spencer, Mining Engineer, Robinson Gold Mining Company, Witwatersrand.
Mr. Hugh Waddle, Mechanical Engineer, Llanmore Iron Works, Llanelly, South Wales.

Associate— Mr. William Stephenson, Under-Manager, Garesfield Colliery, Lintz Green.

Mr. M. Walton Brown read his paper, communicated by the Explosives Committee, on " Experiments
with Explosives used in Mines."
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EXPERIMENTS WITH EXPLOSIVES USED IN MINES.
By M. Walton Brown.
An interesting series of experiments with explosives used in mines were made on August 25th, 1890,
at the Cymmer Collieries, Glamorganshire, at which the writer attended, on the invitation of Messrs.
George Insole & Sons, the proprietors.
I.—Description of the Apparatus (Plate V.).
The apparatus consists essentially of a cannon a and a gas chamber b.
The cannon a is a steel block (securely hooped with steel rings) 2 feet 6 inches long and 1 foot 8
inches diameter, with a 2 inch hole about 1 foot 8 inches long.
The gas chamber b is formed in a cylindrical boiler 5 feet 11 inches diameter and 18 feet long, one of
whose convex ends is removed. The boiler is firmly bedded in the ground, and the closed convex end
and the cannon (partially inside the boiler) is securely built into a block c of cemented masonry. The
cannon is placed so that the shot hole points obliquely upwards at an angle of about 15 degs. to the
axis of the boiler.
A wooden ring 3 inches square d is bolted on the inside shell of the boiler, 9 feet from the end, to
which a circular piece of brattice cloth e is attached in each experiment. By this means a closed
chamber b is formed in the boiler with a capacity of about 300 cubic feet.
About 9 inches from the closed end, and on the top of the boiler, there is a small hole f through
which the firing cable g is led from the magneto-electric exploder. At about 3 1/2 feet from the same
end there is a square opening h of 13 inches, fitted with a wooden seat i covered with flannel, and
closed by a wooden lid or valve k (weighing 12 pounds) attached to a rope. At about 8 feet from the

other end of the boiler there is a hole l, 13 inches by 5 inches, covered by an iron plate m, 1/8 inch
thick, fitted-with bolt and bridge like a man-hole cover.
A small fan n is fitted about 18 inches from end of boiler, and in front of the cannon. It consists of a
light iron rod with a cranked handle at one end, which is passed from side to side through the boiler,
and fitted on each side of the axis of the boiler with two plates of tin 15 inches by 18 inches, which
act as fan blades when the iron rod is turned by the external handle. These tin plates have two holes
at their edges, through which the iron rod is passed.
The gas for the experiments is procured from a large blower in the 2 feet 9 inch seam, whence it is
led to a largc receiver-meter about 10 yards from the boiler, by
[4]
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which the gas is measured out into the chamber through a pipe o attached to the round end of the
boiler, and in front of the steel cannon. The gas used has an approximate composition of—
Marsh gas

...............

96.0

Carbon dioxide ............
Nitrogen
Oxygen

...............
..................

.5
3.0
.5

From the experiments of the French Explosive Substances Commission, it appears that the apparent
temperature of ignition of a mixture of fire-damp and air is about 3,992 degs. Fahr., and that of a
mixture of coal-gas and air is about 3,812 dogs. Fahr. It is evident, therefore, that the inflammability
of mixtures of coal gas and air, and of fire-damp and air, are practically the same.
Each charge is fired with one R/6 detonator, by means of a Nobel magneto-electric exploder.
II.—Mode of Carrying Out the Experiments.
The experiments were carried out under the superintendence of Mr. T. Griffiths, manager of the
colliery, assisted by Mr. Joan Evans, under manager, and Mr. J. D. Lewis, and were intended to show
the results of shots fired without stemming into an explosive atmosphere, i.e., a mixture of air with
10 per cent, of natural mine gas, and charged with coal dust.
The charges were fired without stemming, and a charge of 8 ounces of blasting gelatine was used in
experiment 8, in order to avoid any risk of bursting the steel cannon, and consequent danger to the
observers.
Several objections were made to the mode of carrying out the experiments ; it being said that no
one would attempt to fire explosives without stemming in a fiery colliery. It was arranged, however,
that although the conditions were such as did not ordinarily occur in the mine, it would be
instructive to proceed to this extreme, and make the experiments under severe conditions, all the
explosives being treated precisely alike, i.e., igniting them when unstemmed in the shot hole.
The experiments were conducted as follows:—
The valve h being open, and the brattice cloth not attached to the ring d, the charge, with the
detonator inserted, and connected to the tiring cable, was placed in the cannon, and pressed to the
bottom, without any tamping or stemming being used.

The valve k was then placed in position, and the circular piece of brattice cloth e was tacked to the
wooden ring d, and 30 cubic feet of the gas, measured by the meter, was passed into this closed
chamber, during which time the fan was turned rapidly, in order to mix the gases. A shovelful (about
7 pounds) of fine coal dust was then thrown into the chamber at the valve k, and the fan turned
rapidly until it was assumed that the gases and coal dust were thoroughly mixed. The mixture was, in
most cases, tested with a Davy lamp, by removing the brattice cloth near the top and bottom of
boiler, by Mr. Robson, HM. Inspector of Mines, in order to ascertain whether it was actually
inflammable.
[5]
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The axle of the fan was then drawn out, and the tin plates allowed to fall to the bottom of the
chamber, the axle hole was plugged, and after a short interval the charge was fired.
No observations were made as to the temperature of the air in the boiler, of the shell of the boiler,
or of the cannon; but the hand revealed a marked rise in the temperature of the shell of the boiler
and of the cannon. No special attention was given to the airing of the boiler, and the coal dust, coke
crusts, paper, etc., were allowed to accumulate in the boiler during the course of the first six
experiments, except such as might be blown out by the effects of each experiment. It was swept out
prior to experiments 7, 8, 11, and 15.
III.—Description of the Explosives Tested.
Ammonite.—This consists of a mixture of 10 parts of mononitro-naphthalene with 90 parts of nitrate
of ammonia, enclosed in a thin tin case fitted with a projecting nipple at the closed end to receive
the detonator and closed with a screwed cover at the other end. This air-tight case should render
this explosive impervious to damp and climatic changes. It is claimed that this explosive, with a
minimum of one inch of stemming, will not ignite an explosive mixture of air and gas.
Bellite.—This consists of a mixture of about 80 parts of nitrate of ammonia with about 20 parts of
meta-dinitro-benzol. The cartridges are compressed and coated with waterproof substance, and
enclosed in strong paper wrapping; thus protected, it is said to be capable of being stored for years
without deterioration. This protective casing should allow of its convenient use in wet shot holes. It
is said to be of great explosive power, and incapable, when stemmed, of igniting firedamp or coal
dust.
Blasting Gelatine.—This is a gelatinous mass containing from 93 to 95 parts of nitro-glycerine and 7
to 5 parts of nitro-cotton. The explosive is enclosed in strong paper covers. It is claimed that this
explosive is nameless, when fired in a water cartridge. The water cartridge cases are made of
specially prepared impermeable paper, fitted with tin supports, by which the explosive is maintained
in a central position and surrounded by the water.
Carbonite.—This explosive has a brown granular appearance, and consists of 25 parts of nitroglycerine, 1/2 part of sulphuretted benzol, 40 parts of wood meal, 34 parts of either (or both) nitrate
of potash or nitrate of barytes, and 1/2 part of carbonate of soda. The preparation is enclosed in
strong parchment paper covers. It is claimed that this preparation will not ignite explosive mixtures
of air and gas. It was freely stated as the result of previous experiments that carbonite could be fired
unstemmed in the shot hole in the presence of gas without igniting it.
Compressed Blasting Powder.—The sample used was of the ordinary description supplied for
blasting in mines, in bobbins weighing 4 ounces each.

Roburite.—Is a mixture of nitrate of ammonia with not less than 5 per cent, and not more than 12
per cent, of chlorinated dinitro-benzol (containing not more than 4 per cent, of chlorine). The
samples used appeared to be a mixture of 87
[6]
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parts of nitrate of ammonia and 13 parts of chlorinated dinitro-benzol. The Roburite Company state
that their explosive requires a short length of stemming in order to enable the products of
combustion to act effectively, and quench all flame.
No. 1 (or Stone) Securite.—This consists of 26 parts of dinitro-benzol and 74 parts of nitrate of
potash. It is enclosed in strong paper covers. This is said to be a safe explosive, but it is not claimed
to be flameless.
No. 2 (or Coal) Securite.—This explosive is a mixture of 80 parts of nitrate of ammonia, 17 parts of
dinitro-benzol, and 3 parts of oxalate of ammonia,. This explosive is said to be almost flameless, and
when used with the patent flameless cartridge case, the little flame appears to be controlled. This
case is a flannel bag, prepared with suitable chemicals, and requires to be immersed for a short time
in water before use. The cartridge and attached fuse is placed in the centre of the saturated case,
each end of which is then securely tied with string.
Tonite.—This mixture consists of 50 parts of gun-cotton with 50 parts of nitrate of barytes. The
explosive is compressed into cartridges covered with waterproofed brown paper. Tonite may be
kept for years without deterioration in any climate. It is claimed to be flameless when used with
Trench's compound stemming. This flame extinguishing compound consists of sawdust impregnated
with certain chemicals, and has the appearance of dirty salt. The tonite cartridge is placed in a larger
brown paper casing, the intervening space being packed with the compound ; or the paper case may
be dispensed with, and the tonite charge placed in the hole and tamped with the compound.
It was stated that the whole of the explosives used during the experiments were supplied direct
from collieries in the neighbourhood, where they were respectively in ordinary use.
IV.—Results of Experiments.
Table A contains the results of experiments 1 to 6 and 14, carried out in accordance with the
programme: the whole of the explosives (except carbonite) being placed in the shot hole in the
paper or other covers, the detonator being partially pushed into the end of the cartridge. The
carbonite was removed from its paper cover and gently pressed to the end of the hole, the
detonator being inserted and covered with the last portions of the charge.
The ignition of the gas on the explosion of the carbonite in experiment 5 may have been due to its
improper preparation or sweating, or part of the charge may have contained too high a proportion
of nitro-glycerine which might detonate alone and ignite the gas. Carbonite is a modification of
dynamite, and may be subject to the defects of that explosive, viz., liability to freezing and exudation
of the liquid nitro-glycerine on contact with water.
These experiments demonstrate with great clearness, for the explosives tried unstemmed, that none
of them are flameless, and that all will ignite explosive mixtures of gas and air, charged with coal
dust, when fired unstemmed.
Table B contains the results of a further series of trials which were made on the completion of
experiments made in accordance with the programme suggested by Mr. T. Griffiths.

[7]
EXPERIMENTS WITH EXPLOSIVES USED IN MINES.
[table]
[8]
EXPERIMENTS WITH EXPLOSIVES USED IN MINES.
[table]
[9]
EXPERIMENTS WITH EXPLOSIVES USED IN MINES.
Only 3 ounces of blasting gelatine were fired in experiment 8, in lieu of the 8 ounces used of all the
other explosives, and strong protests were urged against such a trial.
In experiments 10, 11, 12, and 13 the carbonite was removed from the paper covering and gently
pressed in to fill the full section of the end of the hole, the detonator being inserted and covered by
the last portions of the charge. In experiment 15, the carbonite was used, in its paper cover, in the
same manner as the other explosives.
In all cases the explosive was used alone, except in experiments 8 and 9, with blasting gelatine and
coal or No. 2 securito, which were enclosed in a water cartridge and a damp chemically prepared
flannel bag respectively. These appliances may be considered to represent a limited amount of
tamping, and it would be interesting to ascertain definitely the lengths of stemming necessary to
prevent the various explosives from igniting inflammable mixtures of air and gas, with or without the
addition of coal dust.
Experiments 10, 11, and 12 did not produce explosion, and were at variance with the result of
experiment 5, in which the mixture of gas and air was exploded.
It was suggested that some of the explosive used in experiment 4 had been left in the hole, and that
its detonation had fired the gas. This theory was proved to be incorrect by experiment 13, in which 2
ounces of bellite in paper case, with detonator inserted, was placed at far end of shot hole, and "
stemmed " with 8 ounces of loose carbonite.
Notwithstanding that the mixture of gas and air was tested repeatedlv by a safety-lamp, it seems
possible that it was not in every instance actually explosive. In experiment 10, the coal dust
appeared to have been burnt, and this is confirmed by the clouds of smoke produced, possibly by its
combustion. In experiment 12. there is a presumption from the appearance of a cloud of dust that it
may have been ignited. It seems possible, although not certain, that flame was produced by the
explosive in experiments 10 and 12, and ignited coal dust, and as there was no violent explosion the
absence of an explosive mixture of gas and air may also be presumed.
From the appearances of the flames issuing in several of the experiments from the valve and end of
the boiler, it seemed possible that the few minutes allowed in the experiments for the mixing of the
gas and air was not sufficient. The flames in several instances appeared to be that of burning gas,
mixed with little or no air.

If there was a large excess of air or of gas in the mixture at the parts traversed by the flame of the
shot in any of the experiments, it would be readily recognised that an explosive might be considered
as safe, whilst as a matter of fact, it had been exploded in an unexplosive mixture of air or of gas.
In future experiments the greatest care should be taken, in order to ensure that the gas and air
should be uniformly mixed throughout the chamber.
It was recognised that explosive mixtures of gas and air might be ignited by the use of strong
detonators, such as are commonly used with " high " explosives.
[10]
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V.—Conclusions.
It may be concluded that all of the explosives tried in these experiments are capable of igniting firedamp when fired unstemmed in a shot hole. It is probable that several of them possess some degree
of safety when exploded in presence of gas under ordinary usage, that is to say, when exploded,
even slightly stemmed, in shot holes.
The French Explosive Substances Commission recommend that the explosive should be very carefully
stemmed at the bottom of the shot hole, which should be of sufficient depth. No empty space
should be left either in front, behind, or on the side of the cartridge. Contact between the explosive
and the Bickford fuze should be avoided, if the detonator be fired by that means. It would be, of
course, prudent not to fire shots where explosive mixtures of fire-damp may be present.

Mr. W. Fqggin said he would like to ask whether the experiments reported had been carried out at
the instigation of the South Wales Institute, or were they merely trade experiments? Mr. Brown said
that No. 13 experiment was made under the impression that No. 5 experiment had not been
satisfactory, it being considered possible that some bellite had been left unexploded in the shot
hole. It appeared that in three previous experiments only ten minutes had elapsed between each,
but there was a twenty minutes' interval before the carbonite was fired—twice as long as in the
other cases, and he thought the observers might have satisfied themselves in that time as to
whether there was any bellite left or not. In the majority of cases the interval between the
experiments averaged ten minutes. Did Mr. Brown observe during the experiments whether the
boiler was thoroughly cleared from the gases generated during the previous experiments? It was
stated in Nos. 5, 10, 11, and 12 experiments that " carbonite without paper cover " was tested. Was
that carbonite simply thrown loosely into the hole, or was it stemmed in ? Perhaps Mr. Brown would
also explain how the detonator was fired in these experiments ?
Mr. W. C. Blackett asked whether the 15 experiments were made without stemming throughout ; if
not, what was the nature of the stemming ? and were any further experiments made as to the
effects of different lengths of stemming on the various explosives ?
Mr. Emerson Bainbridge said he had had the opportunity of being present at the experiments
described by Mr. Brown, and believed that they were the most important experiments that had
been made with high explosives. Mr. Brown properly remarked in his notes that no one would
attempt to experiment with blown-out shots with the charge unstemmed in a pit. These
experiments were, he believed, initiated by the manager of Messrs. George Insole & Sons' collieries
with the

[000 Plate V, To illustrate Mr. M. Walton Brown's Paper "Experiments with Explosives used in
Mines"]
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idea that one of the explosives was better than the others. The manager felt certain that carbonite
would show no flame whatever ; but when the first trial with it was made, much to the surprise of
the manager, there was flame and explosion. He was unaware of the reason these experiments were
made without stemming, but it was logical to consider that an explosive proved to be safe without
stemming would be safe with it. The result in this instance, however—whether it was due or not to
something foreign being in the hole, or to the explosive containing a proportion of nitro-glycerine
different to that used under ordinary circumstances— was the production of flame and explosion,
and this, he believed, was the first case of flame being shown by carbonite, even with an
unstemmed shot. He thought that there were four points to be considered in selecting an
explosive:—Absence of flame; the explosive when fired should not by its resulting gases endanger
the health of the workmen ; the quantity of work done in bringing down coal; and the relative cost
of that mode of bringing down coal as compared with other means that are in use. These
experiments, as they had heard, were with explosives—three especially—very much in use,
carbonite, roburite, and securite. So far as they had gone, although interesting, and made with
apparatus much more complete than had ever been used for similar experiments in this country,
they were only a beginning. He hoped that if the Committee of this Institute, which had been formed
for the purpose of experimenting on explosives, went on with its work immediately, they would
arrange for a similar plant in the North of England, to work in conjunction with natural gas, or they
might make some arrangement tor transferring the whole of the plant from South Wales to the
North of England, and try experiments with these explosives, under conditions similar to those found
existing in a coal mine. There was one comment of Mr. Brown's, which he would like to ask that
gentleman to reconsider. In No. 10 experiment it was remarked that the coal dust "appeared to have
been burnt." It seemed to be almost impossible that the charge in No. 10 experiment could have any
relation to No. 9, but it was, at any rate, very curious, that with a quantity of only 8 ounces the coal
was burnt, whilst another experiment with 12 ounces of the same explosive showed that the coal
was unburnt. He hoped that the results of the experiments reported to-day would cause this
Institute to encourage the Explosives Committee to get on with their work ; there was nothing more
important than to find a flameless explosive. Most engineers in the North, as they had in the
Midland Counties, would have instances in which they were working without explosives, because
they dare not use them, not having sufficient confidence in any. If experiments showed that they
could rely on any of these explosives being perpetually and absolutely safe, they would be employed
in many mines where they were not now in use.
The Chairman said that the great lesson of these experiments was that they wanted more of them :
they were not sufficient, so far as they had gone, to enable one to form an opinion, and the whole
question required investigation. They were
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interesting as far as they went, but it was quite impossible to say from them that any explosive was
safe or unsafe. His own impression hitherto had been that it was impossible to have an explosion
without a flame; he was not a chemist, but if there were any chemists present he would be glad to
have their opinion. An explosion consisted in the raising to a white heat, of a certain amount of

combustible matter, sufficient to ignite the inflammable gas of the mine if it reached it. Another
point he had noticed, and he did not know whether it was in connection with these experiments or
some others made recently, the very low temperature at which gas became explosive when coal
dust was present. The temperature at which coal dust took fire was, he believed, only about onethird that of gas, consequently, in addition to the fact that coal dust was explosive, the mixture
became much more explosive with than without coal dust. It would be well for Mr. Brown to keep
this in mind in treating this subject. These systems of trying explosives were excellent, and they of
the Mining Institute were doing something in the same direction, but in order to have some little
gauge of the matter himself he had instituted a test of his own. He had not gone underground,
where he might be blown up, nor had he spent £200 or £300 in apparatus above ground, but he had
simply gone to a quarry on a dark night and bored holes 2 or 3 feet deep into the face of the rock,
and endeavouring to bring the circumstances as much as possible in agreement with those of the
mine, had put in some stemming—as much as he thought the explosion would throw off. The hole
being straight into the rock, the explosion must blow the stemming straight out, and was not in a
position to blow the stone. It was therefore safe to stand within a few paces of the explosion to
observe the effect. He had experimented in this manner with carbonite last week. These
experiments had not been carried so far as to enable him to say anything of the results, but they
were sufficient to enable him to judge of the value of an explosive, and he had come to the
conclusion that they could not have any explosive absolutely without flame. They might have an
explosive which was safer than powder—they were all safer than powder—but there was none
absolutely safe. Even with the water-cartridge there was the risk of its bursting. In his own
experience, with eight holes—tried in the presence of the representatives of the Dynamite Co.—no
less than five of the cartridges burst before they were fired; consequently, if these were put into the
hands of deputies who were perhaps not quite so careful in using them, very few of the explosions
would take place under circumstances they would like. It became exceedingly problematical whether
the use of explosives was desirable in ordinary practice, when their use was left to deputies and
others. Under these circumstances he was of opinion that the more they could use coal-wedging
machines the better for the coal, and if explosives must be used for stone let them ascertain which
one was likely to give the best results. On this matter they must form their opinions from the
experiments which were being made. Mr. Brown had gone very thoroughly into the subject, as he
always did, and when that gentleman gave them his opinion they would be
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safe in following his advice. It would also be interesting to know what explosives were now used at
the various collieries; for his own part he was using roburite, and knew of nothing better, and others
were using other kinds of explosives. It would be well to have their opinions on them, and to
ascertain the present practice of the collieries in Durham and Northumberland.
Mr. M. Walton Brown, replying to the questions asked, said that, so far as he knew, the experiments
were instigated by Messrs. George Insole & Sons and their manager. In experiments 5, 10, 11, and
12, the carbonite was placed loose in the hole and gently pushed to the end ; and the detonator was
covered by the last portions of the charge. As mentioned in the paper, the dust was allowed to
accumulate during the first six experiments, except such as might have been blown, out by the
effects of the ignitions. The only cases in which stemming, or an appliance resembling it, might be
said to have been used, were : in No. 8, where the blasting gelatine was enveloped in a watercartridge, and in No. 9, where No. 2 securite was placed in a damp, chemically prepared flannel bag.
These conditions might be assumed to represent a certain amount of stemming. In the other

experiments nothing of the nature of stemming was used. It would be interesting to have a table of
the effects of various lengths of stemming. With regard to experiments 9 and 10, in neither of which
the explosive mixture appeared to he ignited, he might say that the coal dust appeared to have been
burned in the latter experiment ; it was swept out after No. 7, and appeared to have been burnt
again in No. 10. In experiments 8 and 9 there was no ignition, and there was no cloud of dust; in No.
10 there was a cloud of dust, unaccompanied with a violent report as in the other experiments, but
the smoke seemed to be due to the burnt coal. In No. 11 the dust was unburnt, and there was no
cloud of dust or smoke ; in No. 12 the dust appeared to be unburnt, but there was a cloud of dust
and smoke. He was inclined to think that when the cloud of smoke and dust was seen the coal had
been burnt, although it could not be detected.
Mr. W. Foggin did not think that Mr. Brown had quite understood one of his questions. In Nos. 5, 10,
11, and 12 experiments carbonite without paper covers was mentioned ; what did "without paper
cover" mean?
Mr. Brown said that, in the case of Nos. 5, 10, l1, and 12 experiments the carbonite was unwrapped.
It was taken out of the paper cover and pressed in with the detonator to the end of the hole. In
experiment 13 it was put in the same way. There was only one experiment with carbonite in its
paper cover, that was No. 15.
Mr. Foggin said his reason for being particular on these points was that during the last month or two
he had made nearly 200 experiments with all the explosives m the market. His experience was that
they all produced flame and exploded an explosive mixture. He used a chamber similar to that used
in Wales, prepared specially for the purpose of his experiments. He found that all the explosives
produced flame when fired without stemming. He was not previously aware that to get nearer the
element of safety they had to unwrap the explosives and stem them
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loose into the hole. It appeared to him that an explosive of that kind constituted its own stemming,
and he would make trials under this condition. After arriving
at the fact that none of these were safe by themselves without stemming, it was necessary to
experiment with stemming, and commencing with 1/2 inch, and trying different lengths from 1/2
inch to 9 inches, he had arrived at a basis which, satisfied him and at the same time surprised him,
with regard to some of the explosives. He found that one or two of the so-called nameless explosives
were very little removed from gunpowder. Could Mr. Brown say whether the explosives used in
these experiments were supplied from the makers direct or taken from the ordinary supplies of a
colliery using the explosive ?
Mr. Hodgson asked if he was correct in understanding that in No. 10 experiment the coal dust was
burnt and no flame seen ? He would like to know if Mr. Brown always took it as a test that flame
must be seen ?
Mr. W. C. Blackett said he had the pleasure of witnessing some of Mr. Foggin's experiments, and
considered that they proved that all the explosives which were tried, and which included those tried
in Wales, were unsafe when unstemmed. It appeared that safety began to show itself when a certain
amount of stemming was used, this length forming a sort of inverse ratio of safety. It was hardly fair
to include in a list of this kind Nos. 8 and 9 as not being stemmed ; Mr. Brown had, however, very
fairly drawn attention to it, though it might mislead some who were not present at the discussion.

Mr. Foggin's experiments seemed to suggest that water stemming might not render the explosive
any safer than an equal amount of dry stemming. Another point which he thought might be carefully
attended to by the experimenters in this enquiry was the effect of accidental friction in producing
flame, which, without consideration, might be attributed to the explosive itself. He could imagine
many cases of experiment where small particles of almost anything set in motion by the enormous
force of the explosion—a force they were not familiar with in that respect—and becoming heated by
friction, might inflame a mixture of fire-damp and dust, and the explosive be blamed when it had
nothing directly to do with it. After Mr. Foggin's experiments, he (Mr. Blackett) was allowed to take
home some of the explosives used. He took them into the pit, and placed them in the hands of some
of the men accustomed to using roburite. He found that some of the new explosives were liked
much better than roburite. In the case of ammonite the fumes were less offensive to the men, who
were accustomed to roburite, and the power was slightly greater. Carbonite was another of the
explosives tried ; it was liked as well as roburite, but the men came to the conclusion that it was
slightly weaker though the fumes were less objectionable. He had the report of these men—
stonemen—in his possession ; they had not the slightest idea what the new explosives were; these
were simply given to them to try, and they gave an opinion without any prejudice whatever.
The CHAIRMAN asked Mr. Foggin as to how his experiments were made ?
Mr. Foggin—Exactly the same as those described by Mr. Brown.
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Prof. Merivale suggested that Mr. Foggin should define more clearly how he made the experiments.
Was natural gas or coal gas used ?
Mr. Foggin said that coal gas was used. They had a blower of natural gas at the colliery, but
unfortunately it fluctuated so very much, and to have carried out such a series of experiments as he
had made would have occupied twelve months if he had waited for the natural gas ; he therefore
procured a supply of coal gas.
Prof. Merivale—Then, so far as you know, it is only in the case of coal gas that these explosives fire ?
Mr. Foggin—Yes.
Mr. Brown said, from the appearance of the flame in several cases, he was of opinion that the few
minutes allowed in these experiments were not sufficient to ensure the gas being thoroughly mixed
with the air. The flames seen in several cases were probably the burning gas. The whole of the
explosives used in the experiments (so he had been informed) were supplied by colliery managers
using them, and in the case of carbonite he presumed it was taken from the ordinary supply used at
Cymmer Colliery. Mr. Hodgson asked if coal dust was burnt and no flame seen. In his (Mr. Brown's)
opinion they could not depend upon their eyes as to seeing flames, and should therefore resort to
some chemical means, or, as was suggested by No. 9, to the use of small animals, or they might
resort to sensitive photographic plates. The latter could be used in the mine in a case covered by a
slide fitted with openings, say 1/2 inch diameter, and exposed to the flame of the shot. If the paper
exposed through the openings was fogged on development in the slightest degree, it would show
that the explosion had produced a photogenic flame ; and if the space outside of the exposed
openings was clear when developed, it would prove more certainly that the fog had been produced
entirely by the flame of the explosive. .

The Chairman said the discussion would be adjourned until Mr. Brown's paper was printed and
issued to the members, when he hoped they would be prepared with a little more information. He
moved a hearty vote of thanks to Mr. Brown for his valuable paper, and he suggested that they
should also include Mr. Bainbridge, who had come from Sheffield, and Mr. Foggin.
The vote of thanks was carried with acclamation.

DISCUSSION ON MR. JOHN TAYLOR'S PAPER ON "ELSOM'S IMPROVED METHOD OF LIGHTING
MINERS' SAFETY-LAMPS WHILE LOCKED."
The Secretary stated that Mr. John Taylor was to have described " Elsom's Patent for Lighting Miners
Safety-Lamps when Locked;" that gentleman, however, who was to have been-in Newcastle at
twelve o'clock had not yet arrived.
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Mr. Bainbridge said the lamp and apparatus was the same as that exhibited at the Nottingham
meeting. By means of a sketch on the blackboard, he explained the principle of the invention. A rod
is fitted into the lamp bottom, capable of holding two short matches, which, when required, can be
turned round, one at a time towards a roughened plate attached to the side of the wick tube, and
ignited on the roughened surface, by moving the rod upwards and downwards. It was so arranged
that the lamp could be relit twice. At the Nottingham meeting, however, it was considered
undesirable in fiery mines that a man should be enabled to relight his lamp.
The meeting then terminated.
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NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
December 13th, 1890.
Mr. George Baker Forster, Past-President, in the Chair.
The Secretary read the minutes of the last meeting.
The following gentlemen were elected, having been previously nominated :—
Members—
Mr. James Burn, Mechanical Engineer, etc., 28, Fawcett Street, Sunderland.
Mr. William Rochester, Colliery Manager, River View, Blaydon-upon-Tyne.
Mr. Francis H. Spencer, Mining Engineer, Robinson Gold Mining Company, Witwatersrand, South
Africa.
Mr. Hugh Waddle, Mechanical Engineer, Llanmore Iron Works, Llanelly, South Wales.
Associate—

Mr. William Stephenson, Under Manager, Garesfield Colliery, Lintz Green.

The following gentlemen were nominated for election :—
Member— Mr. Louis Irving Seymour, Mechanical Engineer, Chief Mechanical Engineer, De Beers
Consolidated Mines, Limited, Kimberley, South Africa.
Students—
Mr. Nicholas John Bitzos, Mining Apprentice, Broomhill Colliery, Acklington.
Mr. George Chrisostom Zumbuloglon, Mining Apprentice, Broomhill Colliery, Acklington.
Mr. David Burns, C.E., F.G.S., read the following paper on "The Bending of Beds near Veins ";—
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ON THE BENDING OF BEDS NEAR VEINS. By David Burns, C.E., F.G.S.
The origin of mineral veins, and the sources and method of arrangement of their contents, are still
subjects shrouded in considerable obscurity. The present paper is an effort to glean from the strata
in which veins occur some fragments of knowledge of the physical conditions under which they were
formed. When veins traverse beds of varying resistance and of moderate thickness, as they
frequently do in the North of England, the strata are thrust upwards or downwards, more or less, on
one or both sides, as they approach the vein, and especially in its immediate vicinity. The well-known
alternations of the north country Lead-measures allow such disturbances to be accurately noted,
although, unfortunately, not being of commercial importance, there is not as much exact knowledge
of the behaviour of strata, near to even well-known veins, as might be desirable; but there is
sufficient for a general treatment of the subject, and if once its importance is fully appreciated,
accurate observations will multiply.
Fig. 1, Plate VI., is an instance of disturbance of a very simple character. The strata are only
disturbed very locally, and that along the line of the fault. There has been upward fluid
pressure of a very contracted but intense character, which has been able to force itself through
the strata and so to escape. Such a vein is an elongated crater, and the mineral left in it but the
sweepings of a chimney, so to speak, that once reeked with riches. The formation of the arch might
give a little relief laterally to subsiding strata, and might be, to some extent, a wrinkle caused by
increasing horizontal thrust. Nor is this a condition to be ignored. If a stratum be taken 100 miles
long, lying perfectly horizontal, and suppose it to be depressed one mile—a small change of level in
comparison with those frequently assumed by geologists—and the radius of the earth being
reckoned at 3,962 miles, then 3.962 miles : 3,961 miles :: 100 miles : 99.974 miles; that is, this
length of strata will have .026 miles or 45 3/4 yards less room in which to lie, and it must, therefore,
be inclined at an angle of 1° 17', or be crumpled up to the extent of 45 3/4 yards per 100 miles.
There can be little doubt that the shrinking of the earth's radius, and the dip of sedimentary strata,
are mutually accommodating conditions. If an accurate horizontal section of any particular
sedimentary bed in, say, the Carboniferous formation, could be made in any direct line for 100 miles,
and the total length of the pieces so measured were taken, then their sum would exceed 100 miles,
in the same proportion as the diameter of the earth, at the close of the Carboniferous period,
exceeded its present diameter. This estimate would probably be under the truth, owing to
increasing density of the rock with time and pressure, and, it might be, to the secular cooling of even
the most superficial strata of the earth, since Carboniferous times.

Fig. 2, Plate VI., represents the cross section of a fault, showing what will usually be considered the
normal hade and the usual flexure of the strata. The
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foundations of B are supposed to have given way somehow while A stood fast, and so a break
occurred, and the B section slid down along the face of the A section, dragging down, by sheer
friction, the edges of the strata a, b, c, on the A side, and dragging up by the same agency, those
strata on the B side. Such is the aspect most frequently presented by faults, and such is the
explanation put forth. Now, if the strata B were free to move horizontally in the direction C, this
explanation might be considered fairly satisfactory; but they are not. As already seen, the strata, by
getting nearer the earth's centre, get into more contracted quarters, but, ignoring this circumstance,
as being of little effect in the case of faults of moderate throw, the hade makes a vertical motion of
the strata B impossible. Indeed, if B were to fall down vertically, simply by reason of its weight, the
hade of the fault would be instantly reversed, and a fault like that shown in Fig. 5, Plate VI., would be
the consequence, the rising beds in A, or the falling beds in B, finding relief from horizontal thrust by
sliding on each other in the manner indicated, it will be noticed that each stratum a, b, and c
overlaps its continuation on the other side of the fault, that is, a and a', b and b', c and c' severally
overlap each other. But, instead of supposing B to fall down vertically, let us suppose it continues to
be supported at the point C (Fig. 2, Plate VI.). A is stationary as before, and now, if the foundations
of B give way, the strata B will fall down, revolving roughly round a centre, C, and tracing arcs to
which the fault will be tangential. According to this view, the mass B would, at the time the fault was
forming, partake of the nature of a floating body, and of the descending ram of an hydraulic engine.
The yielding fluid under B need not have escaped through the fault shown. It may have been forced
from one underground chamber to another, and hence to the day. The writer has frequently found,
and believes it to be a rule to which there are but few exceptions, that whereas on one side of a
considerable fault the strata are pretty sound, on the other side they are broken up by minor and
often parallel faults, and otherwise bent and distorted. The side so broken is the one that has
tottered on the abyss of chaos, and the one within which metalliferous riches may be most
confidently expected.
But although the hade shown in Fig. 2, Plate VI., is general, it is not the invariable rule, as the hade is
sometimes observed reversed as in Fig. 5, Plate VI. Indeed, the writer believes the latter figure
represents more correctly than any of the others a fault pure and simple, namely, a dislocation
between two neighbouring areas, caused by a difference of upward pressure in these areas giving
rise to a relatively vertical motion, as influenced by the disturbing forces, and a relatively horizontal
motion, to make room for the fault, and it might be horizontal thrust experienced independent of
the disturbance which gave rise to the fault.
But there is still another variety of vein which, as far as I am aware, has been a puzzle to geologists
up to the present time. It is shown in Fig. 3, Plate VI. The peculiarity is that on the downthrow
side the beds dip to the fault, and on the upthrow side rise to the fault. This clearly could not be
the result of friction, or as has been already seen, the rubbing causes flexures in the opposite
directions. It has been undeniably due lo intense local pressure. Let us suppose a crystalline
[20]
ON THE BENDING OF BEDS NEAR VEINS.

stratum as c in Fig. 4, Plate VI., and that it is assailed from below by intense fluid pressure. This
fluid ultimately breaks c across, and the probability is that the fracture will not be quite vertical. Let
us suppose it takes the direction of the line o m. The fluid then insinuates itself into the crack, and
as all fluid pressure is normal to the surface on which it acts, forces, represented by the arrows,
come into play, and as a result the stratum on the side A is thrust up, and on B it is thrust down into
the form shown by the dotted lines in the figure. If now we suppose the crystalline bed c to be
followed by a thinly laminated bed of shale (b) this would naturally tear in the direction of pressure
put upon it by the upward rising edge of e, namely, in the line ms, and each lamina would
communicate its pressure to the next, a little to the left of the point at which it received it.
Probably at this stage the shale on the B side would also be thrust upwards against the next resisting
bed; but no sooner would the fluid reach the next strong and resisting stratum a than a fracture
would be created in somewhat the direction m o, and the same sequence of events would be
repeated, a would now thrust down the soft and yielding shale, thereby breaking it up and forming
the "donk," which now characterises veins within it, and going far to close the vein at this point.
The succession of strata put in the diagrams is that most usual in the Lead-measures of the north,
and it explains several oft-observed features in the veins therein.
If this explanation be a true one it becomes no mystery why veins sometimes take a run along the
top of a hard bed, as along the top of a towards B, as the crushing down of o would almost invite it
in that direction. But probably the rush of the fluid through these strata was nearly instantaneous,
and in the majority of cases the flow would continue in the main in the direction once instituted.
It is found in these veins that they are nearest the vertical in the hard beds, as limestone and
sandstone, and nearest the horizontal in the shales. This is what would naturally occur in a vein as
supposed. In repeated attempts to shear sealing-wax by applying, as it were, force upwards at A
and downwards at B, the writer found that in at least two-thirds of the cases the fracture inclined
slightly in the direction of m o, thus tending to confirm this hypothesis, and refute the theory that
the hade and throw of veins is due to a direct thrust upwards or downwards on either hand. The
pressure on the walls of these veins would practically be uniform throughout, and hence the shales
would be subjected to the same pressure as the limestones. But it would be the more crystalline
rocks that would present the distinct sloping fracture necessary to give rise to the twisting action,
and hence there would be a tendency for each hard bed to crush back the yielding shale below it,
and, to a certain extent, close the vein at that point, the fluid contents readily accommodating
themselves, even when under enormous pressure, to the various resistances of the different strata.
This is one reason at least why in the limestone we find the veins widest and the minerals most
plentiful, and in the shales the veins narrowest and poorest. Whereas the fault, with the reversed
hade is the true fault, so the vein in the strata with reversed bends is the truest mineral vein.
[000 Plate VI, To illustrate Mr. David Burns' paper "On the bending oof Beds near Veins", figs. 1-5]
[000 blank page]
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The writer has noticed in plotting horizontal sections that much of the reported throw of veins was
compensated for by the flexures in the strata, and that, taking two points some distance away from
the vein on either side, the strata were in the same plane, either level or that of the ordinary dip of
the country, as they would have been had there been no veins at all.

That molten or gaseous minerals have escaped to be condensed in the air, or in an overlying ocean,
seems to be proved by the deposits worked at Commern in Rhenish Prussia, and at other points in
Germany and elsewhere.
The presence of galena and other mineral matter disseminated through the rocks has been
considered evidence that veins have derived their contents by infiltration from the country rock, but
it may with equal probability be taken as evidence of the escape of mineral matter at the time of the
formation of some other vein and of the rocks in question.
In the thick limestones of the North of England horizontal layers of mineral occasionally lie alongside
of the veins, and are known as " flats." These would most naturally occur on the downthrow side of
such veins as have the reversed flexure, as on that side the partings between the posts of the
limestone would be opened and more likely to catch the upward rush of mineral.
The peculiar value of the phenomena presented in Fig. 3, Plate VI., is that there is no ambiguity as to
the cause of the bending of the strata. In most speculations as to the origin of veins, we have
generally two or more theories which account with almost equal probability for them. In this case,
however, there is a series of veins that wrere formed by a fluid of some kind bursting upward under
immense pressure, and which could not have been formed in any other way. There may have been
in many cases subsequent dislocations along this line pf fracture altering the throw and complicating
the phenomena, but where the flexure shown in Fig. 3, Plate VI., now exists, or can be shown to
have existed, the vein has been formed by the upward intrusion through the strata of some fluid
substance under enormous pressure. Whether the fluid was a gas or a liquid the writer is aware of
no evidence to show. But one or other, or both, must have been there. Moreover, these fluids have
not been free to rush to the outer air or ocean as they probably were in the cases illustrated by Fig.
1, Plate VI., but have been confined so long as to distort the strata, as shown in Fig. 3, Plate VI., and
seal them in that position. They may have escaped later and been replaced by other mineral matter.
But since there is conclusive evidence of foreign matter having been thrust up through the strata,
and that there is found in these veins such matter distributed very much as would be expected from
the causes shown, it is difficult to avoid the conclusion that in these veins, at least, the theory of
sublimation is absolutely proved.
Professor Lebotur said there was one point on which he would like to ask Mr. Burns's opinion ; it was
in regard to the dip of beds towards " necks " or " traps." The same thing occurred in the case of
whin dykes, the dip being towards them, and
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not away from them as one might have imagined if the veins had been formed by the rising of liquid
matter from below. This was not the same thing as Mr. Burns referred to; he mentioned veins filled
in a different manner, but this applied to faults filled with igneous rocks, and in that case it was
imagined that the bending towards the igneous matter was caused by the dragging down, or cooling,
or probably after the intrusion of the matter. It was interesting to point out that the first time this
was noticed in print was by Mr. Arthur Balfour, in the Geological Magazine.
Mr. D. Burns said he was not previously aware of this phenomenon; he had never noticed it, and was
rather at a loss to account for it. It occurred to him, on the spur of the moment, that it might have
been caused by the upheaval of the whole country, so to speak, the stratified beds only being

upheaved while the others remained stationary. If the whole country was being raised up, a trap
resting on a foundation which was not raised at all might cause this bending.
Mr. Thos. Bell (H.M. Inspector of Mines)—In what part of the country do you find that dipping of the
seams ?
Professor Lebour said the particular neck he was speaking of was on the Haddingtonshire coast near
Dunbar ; but he had seen the phenomenon at whin dykes in a few places in Northumberland. For
instance, in the three dykes near the North Tyne up the Borswick Burn it is shown very distinctly.
Mr. Thos. Bell said he had traced the whin dyke from Shotton Colliery as far as Middleton-inTeesdale, and he had not found anything of the kind indicated by Prof. Lebour. He had worked up to
it in perhaps a dozen places at Thornley, Cassop, Shincliffe, and Houghall, and in all cases the beds
were perfectly level.
Mr. Bailes said that at North Fenham Colliery there was a distinct dip of the beds on each side of the
whin dyke, and this dip to the dyke was very distinctly
visible.
The CHAIRMAN proposed a vote of thanks to Mr. Burns fof his very interesting paper. Without
altogether agreeing with all the views expressed, and which were no doubt perfectly correct as
regards the lead-mining districts, he thought they must look in the coal-mining district for a different
explanation. As a general rule their faults were like Fig. 3 on Plate VI., rising to a dip trouble and
dipping to a rise trouble, and as the faults were sometimes "risers" and sometimes "dippers," they
must look for some more general disturbance than a fluid acting in the fissure.
Mr. J. B. Simpson seconded the vote of thanks, and it was cordially adopted.
Mr. D. Burns acknowledged the compliment, and thanked the members for the very patient hearing
which they had given him. He was sorry the paper did not cover the whole of the ground ; there
were still many points to be considered.
The following paper by Mr. Edward Halse on "Some Banket Depositsof the Gold Coast, West Africa,"
was taken as read :—
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SOME BANKET DEPOSITS OF THE GOLD COAST, WEST AFRICA. By Edward Halse, A.R.S.M.
The auriferous conglomerate or banket deposits, discovered in South Africa only a few years ago, are
by this time fairly well known,* while concerning those of West Africa which have most probably
been worked by the natives for about two centuries, little has been written,** and in this paper an
account will be given of several banket deposits which the writer has lately had an opportunity of
examining on the Gold Coast,
The word banket (in Dutch = sweetmeats, hence almond toffy) can, strictly speaking, be applied to
any conglomerate, whether auriferous or not, and is practically equivalent to "pudding-stone,"
"cement " (Australia), and " blue lead" (California). Mr. Brough Smyth describes cement as " a
stratum of very ferruginous conglomerate, composed of rounded pebbles of quartz, angular
fragments of the same rock, and small pieces of schist,"*** which, in some districts, is highly
auriferous, and worked at a profit. But the gisement of the banket reefs is entirely different from

that of the so-called cement or blue lead, for whereas the former, usually of primary age, **** are
found interstratified with other contemporaneous rocks of a quartzitic character the latter belongs
to "deep lead " or ancient Tertiary alluvial deposits, filling valleys and hollows or " gutters,"
preserved from destruction by layers of basalt, and usually lying unconformably on the much older
bed-rock. The cement is found below the wash-dirt, " overlying the bed-rock—in some places
touching it, and in others a few inches or a few feet above it" (Brough Smyth). Cement has also
been found to occur in recent alluvial deposits.
The term banket-reef is misleading, as it is suggestive of a true fissure-vein; it would be better to call
that class of deposit a banket bed or seam. Knochenhauer says—" Die de Kaap Riffs sind
Lagergaenge,"***** and, indeed, the equivalent bedded-vein is more applicable to the quartzite
reefs of De Kaap, and bankets of Witwatersrand than to the conglomerates of the Gold Coast; for, as
we shall see the gold of the former has been deposited subsequently to, and of the latter
contemporaneously with, the bed in which it occurs.
* See C.L. Alford, F.G.S. in the Mining Journal, Oct. 5, 1889, republished in pamphlet form; A. R.
Sawyer, Trans. N. Staff. Inst. Min. and Mechl. Engrs., Vol. X. ; the Engineering and Mining Journal, E.
B. Dorsey, July 20, 1889, J. S. Curtis, Feb 5, 1890; B. Knochenhauer, Die Goldfelder im Transvaal,
Berlin 1890. Fo the conglomerates of the De Kaap districts, see C. L. Alford, Mining Journal, April 27,
1889; W H Furlonge, Trans. Am. Inst. Min. Engrs., 1890 (Abstract in Engineering and Mining Journal,
March 8, 1890).
** See Skertchly; Journ. Roy. Geogr. Soc., Vol. 48, pp. 274-283; Cameron, "The Gold Fields of West
Africa" and Burton, "Gold on the Gold Coast," in Journ. Soc. Arts. Vol. 30, 1882, also op. cit. below;
E. McCarthy, Mining Journal, July 1, 1882, and P. Dahse in Deutsche Geographische Blaetter, 1882.
***The Gold Fields and Mineral Resources of Victoria, 1869, pp.352-354; see also J. Arthur Phillips,
F.R.S. A Treatise on Ore Deposits, 1884, pp. 458-9, and Lock's two volumes on Gold. Compare C.
Waldeyer in R. W. Raymond's Mining Industry . . . West of the Rocky Mountains, 1874, chap. xi.
****Auriferous conglomerate of Cambrian age is found in the Black Hills, Dakota, of Siluro-Devonian
age in New South Wales, of Devonian age at Witwatersrand, of Carboniferous age at Besseges, in
Languedoc, in New South Wales, Tasmania, and New Zealand, and of Permian age in New South
Wales, while "gold has recently been discovered in the marine conglomerate and shale beds, which
are believed to be of Cretacious age and which rest upon the flanks of the Silurian, Devonian, and
granite formations in the Mount Brown or Albert Gold Fields." Catalogue of Exhibition, New South
Wales Court, Mining and Metallurgical Exhlbition, Crystal Palace' 1890.
***** Op. cit.
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The chief mines of the Gold Coast are situated in the Wassaw country, between 4° 50' to 5° 30' N.
lat. and 1° 50' to 2° 25' W. long., comparatively near the banks of the Ancobra River, which, running
in a general north and south direction, falls into the sea a little west of Axim. Leaving recent alluvial
deposits out of account, the mineral deposits of the district may be divided into two classes:—
(1) Gold quartz fissure-veins traversing schist, and
(2) Bedded alluvial deposits enclosed in sandstone.

The latter are said to lie unconformably on the former (E. McCarthy), and are, therefore, of more
recent date, and while (1), as a rule, occur west of the Ancobra, (2) are found to the east of that
river. Among the exceptions are the auriferous quartz vein, marked by M. Bonnat,* on the east
bank, a little north of Tumento, and those existing on the west bank of Prince's River,** and which,
according to a French map, published in 1750, was formerly called" Gold River "by the Portuguese. In
point of fact, the whole country is so densely covered with bush that hitherto comparatively few
mines have been discovered, and for the same reason the geology of the country has still to be
worked out.
The mines about to be described are from 41 to 56 statute miles in an air-line from Axim,*** and,
travelling by river and bush, 60 miles must be traversed to reach the centre of the group. Proceeding
in a hammock to the mouth of the Ancobra, one ascends the river in a steam launch, canoe, or surfboat as far as Tumento on the left bank, and thence by hammock along a bush track to the mines,
the chief of which are about 22 miles from the river side. The writer left Axim in a surf-boat, manned
by 14 Kroomen using paddles, and, crossing the bar, arrived at Bonsa station on the Bonsa River, in a
little over two days' time, travelling mostly by moonlight, and being often lulled to sleep by the
peculiar and monotonous chanting of the Kroomen. Soon after ascending the river, and having
passed the dense mangrove swamps, one is struck by the great height of some of the trees, and by
the marvellous wealth of tropical vegetation lining the banks of the river. At night, when the highest
tree-tops are obscured in white mist, and the moon casts but a pale and sickly light over all, the
scene is weird in the extreme, and is not likely to fade soon from the memory of the beholder.
Topography.
Commander Cameron's map of this region shows a number of hills from about 1,000 yards to 6 miles
in length, and running, most of them, a little east of true north. The hills are crossed at right angles
by small valleys, the bottoms of which are of a little higher elevation than, the main north and south
valleys—the gradient of the latter towards the sea-coast is only 2 1/2 feet to the mile, and yet
hydraulicking has been recommended for this district! The whole country is covered by forest and
* Carte dea Concessions de "The African Gold Coast Company," 1879
** To the Gold Coast for Gold, by R. F. Burton and V. L. Cameron, 2 vols., 1883. The map of Messrs.
Walker and Bonson having the claims of the African Consolidated Mines, Ld., marked on it, seems to
he mainly taken from Cameron's map in the above book. Dahse's map is taken from the above and
other sources.
*** From Chama to Taquah is only 28 miles in an air-line; the Government is now making a good
road, by that route.
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dense bush. Both the auriferous veins and the banket seams, as a rule, follow the direction of the
hills. Plate VII. is a general map of the district, after Dahse; Plate VIII after Messrs. Walker and
Bonson, shows the relative positions of the banket nines and the direction of the hills on which they
are situated. The chief seams are marked down on both maps, from data taken from various
sources.
Taquah Mine.

The present workings, from surveys made by the writer, are shown in plan on Plate IX., and in
section on Plate X. The deposit strikes N. 47° E. (magn., 1890), or N. 32° 20' E. (true). It has a distinct
bend, however, the southern portion striking N. 13° E. (magn.). or N. 1° 40' W. (true). The deposit
appears to form an acute angle with the average run of the hill, which is 260 feet above sea-level.
The main bed appears to form a distinct saddle above the new tunnel (Plate X.); and, although a
quartz vein is seen in places along the buckle, which might be taken for a saddle joint, the seam in
the two levels would really appear to form one main seam, divided by a "horse" of sandstone rock,
the general dip being north-westerly. Unfortunately, the older lower workings in the Verillon tunnel
cannot now be surveyed, owing to falls of ground, etc. One wing of the saddle-bend dips N.W.
31[degrees] and the other S.E. 40°. gradually lessening towards the lower portion until it becomes
horizontal.
The seam has been worked by shafts driven by the natives for a long distance N.E. and S.W. of the
present workings. Some of the shafts are covered by bush, some have fallen in, and the remainder
are so small, and the workings so narrow, that it is very arduous work to examine them, and for
these reasons an accurate plan of the whole mine does not exist. The Taquah Seam, at first sight,
does not look like a banket deposit; however, a minute examination seems to show that it is really a
very fine conglomerate, arranged in layers, merging occasionally into coarse conglomerate of the
ordinary type on the one hand, and into moderately fine sandstone on the other. For the most part
it consists of more or less rounded grains of quartz, from coarse to fine, of titaniferous iron ore in
layers and in scattered grains, and of extremely thin plates of silvery-white talc. The bed is thickly
strewn with the latter and has little cohesion, crumbling to pieces with very slight pressure, but in
other respects resembles Brazilian itacolumite* The fragments are very gritty to the touch carbonate of lime and clay, if present at all, are there in small quantities only. The seam may roughly
be said to consist of layers of titaniferous iron ore, carrying free gold alternating with layers of
practically non-auriferous talcose sandstone. The width of the layers varies, as well as that of the
whole seam; in the portion now being worked, close to the new tunnel, the width has been proved
to be 18 feet. Sometimes the titaniferous iron ore occurs in solid layers, several inches thick, and
sometimes well crystallized in quartz, filling cross joints.
*"Itacolumiteand is a friable sandstone, consisting mainly of quartz sand, but containing talc or
mica, and sometimes a!so possessing a certain amount of flexibility when in thin laminae." J. Arthur
Phillips, op. cit., p.613; also W. J. Henwood, Trans. R. Geol. Soc. Cornw., vol. viii., p. 172. When
specular iron replaces the talc or mica, it is termed itabirite.
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The bottom portion of the bed is from 6 to 12 inches thick, and containing much titaniferous iron,
has the most free gold, and it is this portion alone that is worked by the native Fantis. They sink
vertically a small round shaft, or rather chimney (locally termed tobon), about 2 1/2 feet in diameter,
to the richest part of the seam. The shafts are nowhere deeper than 100 feet, as the natives cannot
cope with the water below that depth. Having cut the seam, they work it away in a very irregular
manner. After driving horizontally a few feet, they sink a little on the dip, working the seam away
for several yards on either side as they go down ; they may then drive again for a short distance
along the bed. sink a few yards deeper, and so on. The above was the method which had been
adopted in some old workings examined by the writer. In places the workings are so narrow that
one has to wriggle up and down the slope of the seam on all fours. The exertion is terrible, and
when, as sometimes happens, one comes in contact with a run of driver ants, the situation is

anything but a pleasant one. It can be readily understood that in workings measuring only 14
inches wide there is no room to swing a pick ; the natives work out the seam with hammer and
chisel, carrying the mineral to the surface in earthen pots or calabashes up a bamboo ladder about 5
inches wide. In sinking they use, according to Skertchly,* a small iron hoe 2 inches broad and from 4
to 6 inches long, with which they scrape the sandy earth into a calabash ; but McCarthy says a
method of " fire-setting " is also employed. It was the custom to allow the natives thus to work out
portions of the seam on tribute, the company providing the tools and allowing the natives half the
ore raised to bank. This method was merely an imitation of the old native custom of paying half
the ore gotten to the kings or chiefs,** but, as it gives free scope to extensive fraud, it has recently
been abandoned. The whole bulk of the seam—the best portion being from 2 to 2 1/2 feet thick—
is sent to the stamps, and a partial hand-picking takes place there. The ore yields at the mill from 5
to 7 dwts. of gold to the ton. It is easy to crush, and the gold, being entirely free, is readily caught
on the plates; some, however, in very fine powder ("flour gold"), is only partially caught on the lower
amalgamated plates and on the blanketing.
It will be seen from the section (Plate X.) that another and upper seam has been explored, but the
main seam is the only one now being worked. The upper seam, from 2 to 3 feet thick, is of similar
structure, but it contains less gold; and the lower portion of it—said to be rich—is at present under
water. A sample taken from the best part of the main seam, assayed 9 dwts. 18 grains ; while one
showing titaniferous iron ore in layers in sandstone gave 7 dwts. 19 grains, and one showing thick
layers of titaniferous ore gave 13 dwts, 16 grains of gold to the ton of 20 cwts. (Dr. George Tate);
hence the assays confirm the panning results, that where there is most black sand there is most gold
; the former is in this district an almost certain indication of the latter.
* Mungo Park describes in his book of Travels the method of digging deep pits employed by the
Mandingoes. They used small spades or corn-hoes for this purpose, and drew the earth up in
calabashes. Strata of fine reddish sand with small black specks (? iron sand) were usually found to be
auriferous.
** This custom is alluded to in an anonymous work published in 1665, and quoted below. This little
book contains an Interesting and fairly accurate account, of the native customs, of the weights used
in the sale of sold, of the traffic with the Hollanders, and of early voyages to the Gold Ooast.
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The old shaft should be sunk to the main seam, which will be met with at a depth of from 60 to 70
feet vertical. By this means a further 200 feet of the main and about 150 feet of the upper seam
will be laid open on the dip, and very much better results may be expected than hitherto.
Abosso Mine.
This is six miles north of Taquah village, and is one of the most promising mines on the Gold Coast.
Plate XI is a plan, and Plate XII. a section of the present workings in this mine, from surveys by the
writer. The seam runs N. 53° E. (magn. 1890), or N. 38° 40' E. (true), with an average dip of 35° to
the N.W., and has been proved for about 700 feet in length. The main hill here trends N. 40° E.
(true), and may be regarded as a continuation of the Taquah range ; hence the seam is practically
parallel with the average run of the main hill, the top of which is 310 feet above sea-level, and along
the western slope of which it crops out. This is undoubtedly a banket deposit, although here and
there portions of the seam show a structure similar to that of the Taquah deposit. The strike and

dip are very uniform, the roof or hanging-wall is extremely well-defined, but the thickness varies
considerably. At the south-west end the seam consists of a single layer of rich conglomerate 2 feet
in width. Further north, or 80 yards from this point, the thickness is 18 feet; the upper portion,
however, is very poor in gold. At one place where the seam is very rich the section shown,
commencing at the roof, was as follows:—2 1/2 feet of pale sandstone containing black streaks
(titaniferous), poor in gold, 6 inches of auriferous conglomerate, 9 inches of sandstone and layers of
titaniferous iron with gold, 9 inches of rich conglomerate, 12 inches of sandstone rich in titaniferous
iron ore and free gold forming the bottom layer ; total thickness = 5 1/2 feet. The true roof of
the seam is a hard quartzose rock (grit) 25 feet thick, above which is a thick bed of talcose sandstone
similar to that at Taquah, and upon this again lies a red marly rock (coloured by oxide of iron) proved
for many yards in thickness. In cross-cutting through the latter, which is soft, one meets with
streaks which give a good colour of gold in the bowl. Immediately below the seam there is usually a
layer of clay, but talcose sandstone forms the true floor or footwall. A sample of the lowermost
layer of conglomerate (light in colour) assayed 4 ozs. 7 dwts., while darker onglomerate gave 5 ozs. 4
dwts. 11 grains, and conglomerate showing visible gold gave 15 ozs. 12 dwts. to the ton (Dr.
George Tate). With only ten small and leaky heads the yield last April amounted to 244 ounces of
gold, the ore milling nearly 13 dwts. to the ton. From 12 to 15 dwts. is said to be the average of the
Main Reef Line of Witwatersrand.* The gold varies from the size of a pin's head to impalpable
powder, and is waterworn. The conglomerate is composed of rounded
*See Official Handbook, Transvaal Republic, Mining and Metallurgical Exhibition, compiled by W. Y.
Campbell, pp 4 and 11. The averages for April, May, and June, 1890, were very constant, being 14
1/4 dwts., 14 3/4 dwts., and 14 1/5 dwts. of gold per ton respectively ; latterly they have fallen off
about 1 dwt. per ton.
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quartz pebbles of various sizes, but seldom larger than a hen's egg, with occasional pebbles of hard
quartzitic rock, set in a quartzose matrix often containing black titaniferous ore. It has not the
reddish colour of the Witwatersrand banket found above the water-level, but resembles rather the
greenish-grey pyritic conglomerate found below that level, although in the Gold Coast conglomerate
no pyrites has as yet been met with. The gold occurs generally in the cement, and is sometimes seen
collected round the quartz pebbles. Mr. Alford, speaking of the Witwatersrand banket, says :—" It is
usually found that gold occurs much more freely in the matrix than in the pebbles of the
conglomerates, and more so in that part of the matrix immediately adjacent to the quartz pebbles ;"
and Mr. Furlonge, referring to the De Kaap conglomerates, remarks that the gold is " entirely
confined to the cementing material, which is to a large extent very porous."* On the other hand, a
German writer distinctly says the gold is found both in the pebbles (Geschieben) and in the cement
(Bindemittel) ;** and as gold has been found in a quartz pebble from a Carboniferous
conglomerate,! and has been seen by Dr. C. Le Neve Foster in a pebble from a South African
banket,§ it may be pretty safely concluded that gold also occasionally occurs in the pebbles of the
West African bankets, although, commercially speaking, the quantity is probably of little or no
account.
The workings at present are shallow, but they tend to show that the deposit becomes richer at a
greater depth, which is also said to be a characteristic of some of the Witwatersrand bankets. A shaft
is now being sunk to the dip in order to open up the seam below the present adit level. By
continuing this shaft until a vertical depth of 250 feet is reached, and cross-cutting from near the
bottom of it to the seam, the latter will then be opened up for a total depth of 500 feet on the dip,
and for this district quite a respectable depth reached.

The writer thinks that the deposits will eventually be found to consist of sediments laid down in
basins scooped out in schist ; aa outcrop of chloritic schist is seen a little south of Taquah.
A seam 2 1/2 feet thick, with a roof of loose red clay or marl, has been proved northeast of the
present workings on the slope of the hill, and about 100 feet above the old tunnel. This would
appear to be a parallel seam, running about 130 yards south-east of the main seam. The best part
consists of 15 inches of conglomerate, separated from the soft roof by 4 inches of pale sandstone
containing layers of titaniferous iron. This seam will be cut by continuing the cross-cut of the old
tunnel in a south-east direction. The native shaft, which is just large enough to allow one to descend
hanging on to a rope, has struck the seam at a depth of 39 feet. The general strike is N. 31.° E. (true),
and the dip from 50° to 55° N.W.
* See also Mr. Alford, Mining Journal, April 27th, 1889:—The conglomerates " are composed of
imperfectly rounded waterworn pebbles of white and grey amorphous quartz in a matrix of
ferruginous sand, all very solidly cemented together; small pieces of felsite, talc, mica, and other
vocks are also occasional constituents of the mass. The gold appears to lie in the matrix, or rather to
have agglomerated round the quartz pebbles on their gradual dissolution; sometimes on removing a
quartz pebble from the conglomerate the cavity is seen to be completely lined with crystalline
gold."
** Neues Jahrbuch, (1889), vol. i. (Referate), p. 113.
*** A. Liversidge, The Minerals of New South Wales, 1888, p. 24.
§ See discussion of Mr. Sawyer's paper, cited above.
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ADJAH BIPPOH MINE.
About one mile north-east of Abosso there is a seam of conglomerate now being worked very similar
to that of Abosso, but having a much greater dip ; in fact in this respect it has the appearance of a
lode. The bed strikes about N.E.; at the south end the dip is 60° N.W. (thickness 7 feet), along the
centre it is practically vertical, while at the north end the dip is 75° S.E. (thickness 1 foot 9 inches).
One portion of the seam is crossed by a joint running 10° S. of W. and dipping 75° N., which heaves it
10 feet to the west. The seam, 170 feet from surface was, in 1888, 3 feet thick, and gave an
average of about 10 dwts. of gold to the ton. The cement of this banket is composed of blue
quartz, and is much darker than that of Abosso.
CINNAMON BIPPOH MINE.
This mine lies about two miles north-east of Adjah Bippoh, and the bed is found on the western
slope of a steep hill which is a continuation of the Taquah and Abosso range. The seam is a most
pronounced banket deposit, striking N.E. and dipping 45° N.W. The thickness varies from 2 to 3 1/2
feet. The hanging-wall consists of sandstone rock containing thin streaks of titaniferous iron ore,
poor in gold. Soft and light-coloured conglomerate occurs here very similar to that of Abosso, but
the hard conglomerate is characterised by having a cement of blue quartz of even darker hue than
that of Adjah Bippoh. The Cinnamon Bippoh Company's mine adjoins this, and the workings are in
the same seam.
CROCKERVILLE MINE.

A little east of Abosso village two seams were worked some years ago—" Sam's Reef " to the north
and " Crocker's Reef " to the south-west, but the writer is unable to give any particulars of their
structure.
ABBONTUYAKOON MINE.
Three miles north-east of Taquah village, and on the road to Abosso. is a deposit, judging from
specimens on the roadside, of the same nature as the Taquah main seam. The mine is now
abandoned. A pile of old machinery on one side of the path, and the remains of a stone-breaker and
a portion of the stamps-shed on the other, all overgrown with tropical vegetation, are sad relics of
unsuccessful mining on the Gold Coast,
EFFUENTA MINE.
One mile south of the Taquah mine is a seam, striking with the hill or N. 6° E. (true) (Cameron),
which appears to be strongly conglomeratic in places, for Mr. Thomas Cornish speaks of it as " 6 to 8
feet of conglomerate and quartzite deposits, interspersed with boulders or blocks of quartz and
ironstone." This mine is abandoned.
TEBERIBI MINE.
Two-thirds of the way from Bonsa to Taquah village is a deposit, not now being worked , very similar
to the main Taquah reef, and which is conglomeratic in places (Cameron). At 100 feet from surface
this seam yielded 6 dwts. of gold to the ton. The vein is said to dip 45°, and to be of a soft, friable
nature.*
*Reports on Gold Mines, 1889 (Papers relating to H.M, Colonial Possessions, No. 66). Sir W. B.
Griffith to Lord Knutsford, p. 9,
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Geological Notes.
The district at present explored stretches for about 14 miles in a north-east direction, while the
average width is small, being greatest at Abosso, where it measures about 3 miles. Commander
Cameron speaks of gneiss being the country rock at Teberibi, Taquah, Effuenta, Adjah Bippoh, etc.,
and Mr. E. McCarthy also says the sandstones and conglomerates " are often so metamorphosed as
to pass into gneiss." The writer has seen no true gneiss in the district, but sandstones, when veined
with titaniferous iron ore, often assume an appearance closely resembling that rock.
The band of grit forming the roof of the Abosso banket appears to be of local character ; the red
marl, too, is not seen at all the mines ; but it must be remembered that, with the exception of the
latter, which contains a large proportion of clay, all these rocks are chemically the same, being
composed in the main of rounded grains of quartz, and may be described as sandstones,
conglomeratic sandstones, conglomerates or quartzites, according to the texture and the cohesion
between the particles ; at the one extreme is a rock which falls to pieces on the slightest touch, and
at the other is a very hard quartzite, through which the natives were unable to pierce.
The beds have evidently been quietly deposited by water. Specimens from Taquah clearly show this,
while even the pebbles of the conglomerates appear to be arranged roughly in layers—their longer
axes being generally parallel to the roof and floor of the seam.* The gold, waterworn as a rule, is
undoubtedly contemporaneous with the rocks in which it occurs, differing in this respect from the
Witwatersrand and De Kaap banket reefs, the gold of which is said to be of more recent date than its

matrix.** The main reasons for inferring this are (1) the crystallized nature of the gold, and (2) its
presence in pyrites below the water-level.
The bankets of West Africa are alluvial deposits, but whether the sandstones and conglomerates
have been deposited in the sea. or in an inland lake or lagoon, which latter seems probable, or on
the bottom of a wide river, cannot yet be satisfactorily determined—a very careful geological
examination of the whole district must be made to settle this question as well as that of the age of
the deposits. If these deposits were built up on the bottom of a lagoon, the latter must have been of
large extent with several rivers and streams emptying themselves into it. Near the mouths of such
rivers we should expect to find the coarser materials deposited, while farther from the banks of the
lagoon the fine matter would settle; and. again. the material deposited would differ from time to
time according as the rivers were in a flooded or dry state. Along the shore at Axim and Winnebah
the deposition, of sand and titaniferous iron ore is seen going on at, the present day ; a little inland
the native holes show titaniferous sand resting on a clay bottom—the fact of a thin band of clay
occurring on the floor of the bankets at Abosso and Adjah Bippoh has
* A distinct bedded arrangement is also seen in a specimen of pyritic conglomerate from
Witwatersrand, possessed by the writer.
**See J. S. Curtis (op. cit.); Mr. Furlonge (op. cit.), speaking of the De Kaap conglomerates says :"The auriferous pyrites, and consequently the 'free gold, is evidently of later date than the beds
themselves."
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already been pointed out. In the Appim district, near Winnebah (between Cape Coast Castle
and Accra) outcrops of ironstone occur veined with quartz showing visible gold.* It is further said
that the ironstone "is almost pure iron ore, and very hard to break, and does not occur in a
continuous reef, but in detached boulders and small reefs dispersed through the quartz reef " It
would appear from this that the boulders are the result of the wear and tear of some seams or veins
of ironstone occurring farther in the interior. In considering the origin of the bankets it is also worthy
of mention that M. Bonnat found that the bed of the Ancobra River, some distance above the first
rapids, consisted of large flint pebbles (gros cailloux roules), lying from 2 to 3 yards thick.
The banket deposits of Wassaw have clearly been built up from the disintegration of older rocks, and
from the large preponderance in them of quartz, tale, and titaniferous iron, it is probable that the
parent rocks consisted of taleose schists and quartzites. traversed by auriferous veins of quartz and
ironstone; or the bankets may have been derived from conglomerates of older date than
themselves, for if the former had been derived directly from schists and quartzites it would not be
unreasonable to expect to find in them more angular and unworn fragments than is in reality the
case—in other words, the bankets should show in many places a distinctly brecciated structure.
It is evident that the beds have, subsequent to their deposition and consolidation, been tilted up at
an angle varying from 30° to 90°. As yet no eruptive rocks have been found in the district to account
for this; "greenstone" it is true, crops out along the coast at Axim, and at Cape Coast Castle, and
between these places, but it is of older date than the schistose rocks, which in their turn are older
than the sandstone and conglomerates. There is also a marked absence of faults** in the district, the
small heave in the Adjah Bippoh mine being perhaps the only exception known. The deposits are
probably of comparatively recent geological age—the small cohesion observable in certain parts
would appear to indicate this— and, with the exception of the band of hard quartzite rock forming
the roof at Abosso, and of certain hard and compact portions of the coarse bankets, little or no

metamorphic action can be traced—differing markedly in this respect from the banket reefs of South
Africa.***
There is evidently a series of parallel seams in the district; thus at Abosso four mam seams have
already been shown to exist. The workings not being continuous it is no easy matter to correlate the
seams ; but, judging from their relative positions,Teberibi, Abbontuyakoon, and Adjah Bippoh would
appear to form one. while Effentua and Taquah form another. The seams, as a rule, crop out on the
western slopes of the hills, or towards the setting sun.
*Reports on Gold Mines, 1889, p. 21
** "In places where the strata are observable in close proximity to the trappean rocks, the former
are found dislocated and traversed in all directions by surface fissures, in many cases very highly
mineralised" - C.J. Alford (op. cit.)
*** "On its (i.e. the Rand's) northern side there is a large mass of greenstone, dykes from which
penetrate the hills, and almost always causethe metamorphosis of the sandstone into quartzite."- J.
S. Curtis (op. cit.) At De Kaap, "thrusting its way through all these formations, we find a vast irruption
of trap-rock - mostly diorite- forming dykes vvlth a general strike of N. and S. magnetic ; also in a few
cases intrusive sheets. Where the irruption has occurred amongst the stratified beds a considerable
disturbance of these has naturally been produced, resulting in a dislocation of the rocks in its
vicinity, and a metamorphism of their structure." C. J. Alford, F.G.S., Mining Journal, 20th April,
1889
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Towards the north-east of the area the conglomerates become more and more clearly defined, while
its south-western portion is characterised by alluvial deposits showing very little conglomeratic
structure—the latter, too. are much more talcose than the former. This would appear to show that
the current conveying the materials of the bankets came from the north-east.
It has recently been observed that the gold in some of the Witwatersrand bankets is not uniformly
distributed, but occurs in large lenticular masses,* the dip of which is not stated ; and the gold in one
at least of the West African bankets occurs in shoots dipping south-west. At the Akankoo quartz
fissure-vein mine the shoots of ore are said to dip in the same direction.
MODE OF WORKING.
When the seam is very wide, the upper portion containing very little gold is left standing, but this
necessitates careful propping. When the whole of the seam is taken out, props, stull-pieces or
bearers, from 5 to 18 feet in length, are put up about 6 feet apart, the roof being of very strong
nature. The timber used is wood of fair quality from the neighbouring bush. When the paying part of
the seam runs only 2 feet wide, a portion of the roof is stripped down, and packed behind polings
reaching from one stull-piece to another.
At Abosso the seam is partly being worked by underhand stoping, but when the engine shaft to the
dip has cut the seam, the mine will be opened up in the ordinary way by overhand stoping; and the
mineral will be raised to the new tunnel, now in course of driving, and trammed from thence to the
mill.
For timber foundations karkum and kasaba woods are used ; the former grows over 200 feet in
height, and is then 11 feet in diameter for some distance from the base, it is very hard, and weighs
80 lbs. to the cubic foot. The latter is a fine timber very like oak.**

AMALGAMATION.
The process, as carried on at Abosso, is as follows:—Lumps of cyanide of potassium are occasionally
put in the stamp-boxes; the pulp passes through fine sieves of No. 37 gauge on to upper
amalgamated-copper plates 16 inches long, and inclined 5° from the horizontal; mercury is sprinkled
over the upper parts of the plates from time to time, and cyanide is rubbed over them; or. better
still, a mixed solution of cyanide and sal-ammoniac is used, and the plates are frequently brushed
over from below upwards towards the head, in order to prevent the accumulation of the heavy
ironsand on the plates. The pulp then passes over lower amalgamated-copper plates 8 feet 9 inches
long by 22 inches wide, and thence over a narrow foot-plate on to the blanket tables, 8 1/2 feet in
length. The blanketing is washed every 2 hours in a large tub of water, and native women are
constantly employed washing the blanket tailings in wooden bowls. The result is a large recovery of
mercury and but little amalgam, showing that not much of the fine gold is caught on the
* The Engineering and Mining Journal, Nov. 1, 1890.
** Further Correspondence respecting Affairs of the Gold Coast, 1885.
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blankets. The final tailings have been assayed and show less than 1 dwt. of gold per ton, so that it is
believed that most of the flour gold is carried off on the surface of the water used for dressing
purposes. The amalgamated plates used here are unusually long, the object being to catch as much
of the fine gold as possible; as a matter fact from 13 to 22 per cent, of the total amalgam is caught
on the lower plates. The upper plates are cleaned three times a week, and by far the greater
proportion of the amalgam collects on the first two inches of the plates ; the lower plates are
cleaned once a month only. The amalgam is very hard, and is scraped off with steel tools having a
sharp edge; it is carefully washed on a separate amalgamated plate— all specks of ironsand are
finally removed by a magnet—and then squeezed through chamois leather, made into balls and
weighed. The amalgam is very rich in gold, 2 1/2 ounces yielding about 1 ounce of the precious
metal, of about 23 carats value, or between "standard" and "fine," and which realizes about £4 per
ounce troy. The problem is to catch at least 80 per cent, of the fine gold. The fineness of some gold
collected by Mr. Edward Dean from South African banket, may be gathered from the following
facts:—The gold was in a brown dust; it discoloured white paper with a brown stain, and a small
quantity gave a distinct purple colour to water with transmitted light, and light green with reflected
light.*
Formerly Thenot's amalgamators were in use at Taquah ; all the quartz when pulverized was forced
through a large body of mercury confined in vessels, and this was kept in a state of constant
agitation. The operation is said to have gone on without a hitch for several months, and the principle
of it is almost perfect, theoretically speaking ; but, as the amalgamators are now piled in a heap
under an old shed, the process must in the long run have proved a failure. Mr. Jordan not long since
patented a process for pneumatically forcing gold ore pulp through a column of mercury, but one
has heard very little about it of late. Narrow and curved strips of amalgamated plates like those used
in California** might be suspended across sluices, and, dipping just below the surface of the water,
would catch some more of the fine gold; and a solution of bichloride of mercury is said to be very
efficacious in saying fine gold. *** The Macarthur-Forrest process **** would appear to be well
adapted for the treatment of the tailings in these mines. This process depends on the affinity of gold
for cyanogen ; a solution of cyanide of potassium is used, a mere percolation of it through the mass
being sufficient, it is said, for tailings derived from ores containing free gold. It is obvious that in this

process a solution should be used not containing more than 1 or 2 per cent, of the cyanide, and if
possible, the solution should be used over and over again, and not be allowed to escape and poison
the surrounding ground. The details of the process are at present kept a great secret, but at least 80
per cent, of the gold is said to have been extracted by it from tailings obtained from the milling of
South African bankets.****
* Notes on the Treatment of Gold Ores, by Florence O'Driscoll, A.M.I.C.E., 1889, p 40
**Florence 0'Driscoll (op- cit), p. 51.

'

*** The Engineering and Mining Journal, Jan. 11, 1890.
**** The Engineering and Mining Journal, Dec. 21, 1889, and Florence O'Driscoll (op cit.)
***** The Engineering and Mining Journal, Nov. 1, 1890.
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LABOUR, POWER, AND FUEL USED.
Native Fantis, Kroomen, and Bassah men are employed to work the mines—the latter are the best
miners, and the most easily managed. The Fantis are paid uniformly 1s. per clay; with a good
headman, who receives £2 to £3 per month, they work fairly well, but otherwise they become
utterly unmanageable. Naturally of a most indolent disposition, and very fond of trade-gin, and the
throwing of dice, they will cease work for the slightest cause, and often for no cause at all. They are
great cowards, and a small stone falling from the upper workings will often be sufficient to make
them all rush out of the mine pell mell, and refuse to work again for the rest of the day.
The imported Kroomen and Bassah men receive daily rations of rice (1 1/2 lbs. per man) and beef
once a week (1 lb. per man) in addition, and are paid from 18s. to 24s. per month, the headman of a
gang receiving £2 10s., the second headman (only necessary in large gangs) £2 per month. A gang
will consist of from 20 to 60 men. El Mina boys (in West African parlance = men) are used as
hammock-bearers, and also for river transport work, and while native Fantis will only carry light
weights—they require at the rate of about 6s. 6d. per long ton per mile along bush track—Kroomen
must be employed for bringing up heavy machinery. The freight from the coast to the mines varies
from £10 to £20 per ton—the river transport costing rather more than half this sum.
Each tribe must have its own village at the mine, otherwise there would be continual broils and
fights. Free passages and subsistence are given to blacks brought from places up or down the
coast. Each gang works for 12 months, and then returns home for a short time ; a written
agreement is made and read out to the assembled gang, each man of which is then called up " to
touch the pen," and have a cross put against his name. By native custom this is equivalent to a
signature or cross made by the man with his own hand, and is in every way binding. At some
mines the blacks are paid a certain sum on account, from time to time, and receive, as well, cloth
and other goods in lieu of cash, the balance being paid when their time is up. At other mines they
have instituted regular monthly payments, keeping from one to two months in hand, and this is by
far the better plan. Sufficient water can, except in some cases for a short time in the dry season, be
obtained for dressing purposes, for feeding boilers, etc., while steam-power is used
for driving machinery, wood being the fuel used. As the bush is cleared round the mines the cost of
fuel will become greater and greater—light tramways will have to

be put down to bring it in, and at some of the vein mines situated on the river the importation of
coal is talked about. It is not improbable that coal may eventually be found to exist in the district,
and a rumour of its discovery was rife a few months ago.
LEASES.
The mines are leased from the king or head chief of the district, and are let for a term of from 50 to
100 years, at a dead rental of from £100 to £200 per annum —the king taking a certain proportion
of this rent, and subsidiary chiefs the
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remainder, usually in unequal proportions, according to their status, etc. In some cases a sum of
from £100 to £200 is paid down on the granting of the lease, and subsequently a yearly rental of
£100 is paid, as well as 3 per cent. of the net proceeds of the mines (Dahse). Great caution is
required in dealing with the chiefs in these matters, as they sometimes grant concessions which
have already been leased to others, or else which are found afterwards to largely overlap
concessions with older titles, and a ruinous lawsuit may be the result.
The document of the lease should be clearly worded, the boundaries well defined a map attached to
the deed, showing the concession granted, and all adjacent ones correctly plotted in relation to the
true north. The original document must be registered at Cape Coast Castle.
MACHINERY.
Belleville boilers and engines were formerly employed in the main, but they have recently given way
to large horizontal and vertical multitubular boilers, and at one vein mine, situated on the river
banks, Cornish boilers have been sent out whole, and floated up the river, properly encased in wood,
to the mines. Horizontal and vertical engines and stamps made by Fraser & Chalmers, of Chicago, by
Harvey & Company, of Hayle, Cornwall, by the Sandycroft and other well-known firms, have been
erected of late years, and efficient winding and pumping engines by good makers are also rapidly
coming into vogue, and superseding steam winches and sinking pumps. Mines situated some
distance from the river are, of course, severely handicapped on account of the want of roads. The
wisdom of waiting until the Government makes good roads through the bush may be questioned,
and if the various companies had combined years ago in doing this work, they would now have most
efficient plants erected, and be making large returns.
COST OF WORKING.
This, on account of the position of the banket mines, is high, but, by careful management, need not
exceed 6 dwts. to the ton, and, with good roads and therewith more efficient machinery, could be
reduced to 5 dwts., or in money value about 20s. per ton.
PRODUCTION.
The writer is unable to give figures of the past production of these mines—the present production of
the three most important ones is at the rate of about 5,000 ozs. of gold per annum, which will
probably be doubled very shortly.
CLIMATE.
The climate is undoubtedly bad, and, although the average temperature is not very high, the daily
variation at certain seasons is considerable,* and the dense bush, with its numerous marshes and

decaying vegetable matter, surrounding the mines, not to speak of their comparative nearness to
the mangrove swamps of the coast,
* At Axim, the daily average temperature is from 75[degrees] to 82 [degrees] F., rising to 92
[degrees] and 96[degrees] F., and falling at night to between 70[degrees] and 75°. At Wassaw the
average temperature is about 77[degrees]. At Crockerville in 1880-1 the temperature ranged from
65[degrees] to 96 [degrees], the lowest variation in 24 hours being 2 [degrees] and the highest
26[degrees]. The rainfall in 24 hours was 3.30 inches.
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undoubtedly combine to make the district an unhealthy one. The ordinary intermittent fever is rife,
and no European is exempt from it for a long period. On the other hand, the unhealthiness of the
Gold Coast is often grossly exaggerated, and illness and deaths have often been put down to the
climate that should rather have been debited to the too frequent use of spirits and other excesses.
Europeans must take plenty of quinine, live temperately, and avoid exposure to the hot midday sun,
as well as to the malarial mists of the early morning, evening, and night.* Farther up the Ancobra
River, where the elevation exceeds 1,000 feet, the climate is said to be much less unhealthy.
The climate will gradually be improved as the bush is cleared, and the swampy land drained, but
until the mines are placed on a good paying basis little improvement can be expected in this
direction, unless the Government of the Gold Coast steps in and materially aids the mining
companies.
HISTORY.
It is impossible to say if these mines were worked while the Portuguese were masters of the coast,
but in the seventeenth century an anonymous writerf refers to the native method of working by
digging deep pits, and washing the earth in great bowls. William Bosnian in 1704, ** speaking of the
mines of Wassaw, may allude to the Taquah deposits, for he says the gold is found " in or betwixt
particular hills," and that the negroes dig pits in order to obtain the precious metal, but it is certain
that the mines were not then worked by the Dutch themselves, as they for some time only held the
coast for trading purposes, and knew nothing of the interior except from native report. That they
afterwards superintended the working of them would seem probable, as the remains of Dutch forts
have been found in the neighbourhood of the gold mines of Essaman, but, on the other hand, John
Barbot writing in 1732,§ says the mines were not then worked by the Dutch, and refers to forts
having been erected to protect the trade with the natives.
In 1825 the prospectus of the " Gold Coast Mining and Trading Company" was issued*** with a
proposed capital of £750,000. Among other objects is that of " extending the intercourse now
subsisting with the native chiefs and princes, and to make arrangements with them to introduce a
better method of working the mines and pits in the Dinkara, Wassaw, Ahantah, and Fantie
Territories on the Gold Coast and at Grand Bassam and Assim on the Windward Coast." This
company, however, appears to have devoted its energies to trading only, and to have wisely left
mining alone.
In 1874 the attention of M. J. Bonnat, while at home after his five years' captivity in Coomassie, was
drawn to the gold of the Gold Coast, and the result was the formation of the Societe des Mines d'Or
d'Afrique Occident ale for working mines in that
* Consult Dr. Nealon's letter, "Climate of the Cold Coast," Mining Journal, March 19, 1887.

** The Golden Coast, or a Description of Guinney.
Fleet-street, 1665.

London: printed for S. Speed at the Rain-Bow in

*** Nauwkeurige Beschryving van de Guinese Goud-Tand-en Slave-Kust, etc., Utrecht, 1704, 4to ;
this work was translated into English (A New and Accurate Description of the Coast of Guinea) and
French in 1705.
§ Description of the. Coast of North and. Smith Guinea. He says that above the falls and rocks the
negroes dive for gold, and formerly the Dutch drove a very considerable trade there.
**** There is a copy of this prospectus in the Reading Room of the British Museum.
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country. This company appears to have been in the nature of a syndicate, its primary object being to
secure river concessions and demonstrate the practicability of dredging the Ancobra River bottom
for gold. Bonnat, with three companions, arrived on the coast on the 10th of April, 1877, and, after
three years' exploration, he returned to France. In 1879 he was the means of forming the FrancoEnglish Compagnie Miniere de la Cote d'Or d'Afrique, or " The African Gold Coast Company."
According to Bonnat's map of 1879, the concessions owned by this company were as follows
:__Two river concessions, Mankooma (south of Essaman), Abosso, Taquah, and Tamso (concession
reservee). The first mines worked were Abosso and Crockerville (Messrs. Swanzy & Co.) in 1879 ;
Effuenta followed in 1880, Taquah in 1881, Adjah Bippoh (Wassaw Gold Mining Company),
Abbontuyakoon (Gold Coast Company) and Teberibi in 1882. Poor Bonnat returned to the Gold
Coast in 1881 to open up the Taquah Mines, and died there on the 8th July, 1882. " Le nom de
Bonnat," said M. Verillon in 1883, " restera pour toujours attache a la decouverte des regions
auriferes de Taquah et d'Abosso."* Meanwhile other travellers had visited this region—Mr. J. A.
Skertchly, F.R.G.S.,* in 1877, and Herr Paul Dahse** from 1879 to 1881, followed by Burton and
Cameron in 1882. Mr. Skertchly admirably describes the native mode of working the mines, and at
the time of his visit there were upwards of 6,000 men and women at Taquah working gold.
Previous to 1886, Taquah and Abosso were worked separately, and then by la Societe Fermiere des
Mines d'Or de Taquah et d'Abosso. In 1888 the mines were taken over by an English company,
which is at present engaged in vigorously opening them up.
ADDENDUM.
In one specimen of banket from Abosso the writer has detected a crystal (cube) of gold, and it is also
seen sometimes in thin plates. The fact of its occasional occurrence in a crystallized form in this
deposit may be accounted for on the very probable supposition that some of the gold has only
recently crystallized out from solution. A bedded deposit in such a position is subject to the same
surface changes as those that-occur in a true fissure-vein, and a great portion of the gold, if not
dissolved, would, at any rate, be re-arranged in the deposit, and in this way its occurrence in
"shoots" may be accounted for.
Reference has been made to M. Bonnat's examination of the Ancobra River bottom - the point
chosen was Aodowo, 20 miles above Tumento; he employed native divers for this purpose, and he
found that the upper stratum consisted of a "very compact" mixture of comparatively small
pebbles, broken quartz, and white sand, formmg 20, 30, and 50 per cent, of the whole mass, and
below this large pebbles buried in auriferous whitish clay ground. General Wray, who was with M.
Bonnat, and has himself examined the bottom of the river in a diving dress, describes it as being

composed of from 5 to 8 feet of white quartz pebbles lying upon 1 1/2 feet of pipe-clay, below which
is an unknown thickness of auriferous sand. It is interest*Voyages, aventures, et captivite de J. Bonnat chez les Achantis, par Jules Gros, 1884.
**Op. cit.
*** Op. cit. A translation of Dahse's paper, by Mr. R. B. N. Walker, was published in 1882, but
cannot now be obtained.
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ing to find that a conglomerate deposit is now being formed along the bottom of the Ancobra River
and the result of a current flowing over such a bed and bearing gold, ironsand, etc., in suspension is
worth considering. There would be a great drag along such a bottom, and the heavy gold and
ironsand would have a tendency to drop on to and filter through the mass; the quartz pebbles
would, in fact, act to a certain extent like the stones forming the "pavement" of an hydraulic sluice,
although the effect would be less on account of the axes of the pebbles being horizontal and not
vertical as in sluices. In this way the great richness of the lower part of the Abosso banket can be
partly accounted for, as well as the smaller proportion of gold in those deposits that contain few
pebbles {e.g., Taquah).
In a MS. sketch map, compiled by General Wray, the land immediately to the east of the Ancobra
River, between Akankoo and Tumento, is said to be composed of " beds of conglomerate resting in
slate," while the country to the west is described as "trap overlaid with clay;" the former beds most
probably form part of the ancient bed of the Ancobra River.
The blue colour of the quartz forming the cementing material of certain of the bankets has been
pointed out. Similar quartz, showing visible gold, occurs in the fissure-veins of the Akankoo mines
much lower down the river, and Mr. F. W. Rudler, F.G.S., has drawn the writer's attention to the fact
that blue quartz is characteristic of some of the gold reefs of India. Formerly quartz of this colour
was thought to be non-auriferous.
Where visible gold occurs in the cement of the bankets, a greenish discolouration (? talc) is
sometimes seen. The yellow quartz of the true fissure-vein of the Essamau mine, higher up the river,
is often similarly discoloured where it shows visible gold, and the writer has seen the white quartz of
the Ibague district of Tolima, Colombia, South America, stained green and blue (? copper) where
there is visible gold.
In the Engineering and Mining Journal, of Nov. 22nd last, the treatment adopted in the McArthurForrest process is stated by Mr. W. de L. Benedick to be as follows :—"The ore is first pulverized to a
fineness of 40 to 60 mesh, and it is then mixed with a dilute solution of cyanide of potassium and
thereby agitated. Six hours' treatment in the vats is generally sufficient to dissolve the gold and
silver. The mixture is then transferred to wooden tanks, where it is allowed to settle, and the
supernatant liquor is drawn off and passed through zinc shavings, which cause the precipitation of
the gold and silver." The process, the patent rights of which have been secured in this country by the
" Cassel Gold Extracting Company," has; as yet, scarcely gone beyond an experimental stage.

Mr. M. WALTON-BROWN read the following paper by himself and Mr. W. Foggin on " Experiments
with Carbonite " :—
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EXPERIMENTS WITH CARBONITE.
By M. Walton Brown and William Foggin.
As the experiments with carbonite at Cymmer Collieries showed that when fired in a cannon and
unstemmed it might ignite explosive mixtures of natural gas with coal-dust, the following further
experiments were made at the North Biddick Collieries in order to determine this question more
exactly.
I.—Description of the Apparatus. (Plate XIII.)
The apparatus used consisted of a gas chamber and a cannon.
The gas chamber, a (with a capacity of 126 cubic feet), was made from a boiler tube 17 feet 10
inches long, and 3 feet in internal diameter, and one of whose ends, b, was covered with a flat plate,
with an opening 10 inches in diameter. This chamber was simply laid upon the soil.
The cannon, c, was made of forged iron, 11 inches in diameter and 4 feet 7 inches long, fitted with
holes 1 1/2 inches diameter, at one end 18 inches long, and at the other end 14 inches long. This
cannon was firmly secured to a small tram, d, by which it could be withdrawn from the partially
closed end of the boiler, recharged, returned into position, and fired into the boiler, whose axis and
that of the cannon were coincident.

The gas chamber was fitted with two openings, e and f, on the top, each 8 inches diameter, and with
a sight hole, g, 10 inches by 8 inches, which was covered with a strong iron framed glass window.
The gas chamber was closed at the open end, h, with a sheet of brown paper, firmly secured to the
end of the boiler by an india-rubber ring. The other and partially closed end was covered by the
cannon, and made more perfectly tight by an india-rubber wheeze.
A fan blade, i, was fitted in the middle of the length of the gas chamber, and could be rapidly
vibrated by means of an external lever and a long cord, h.
Ordinary lighting gas was supplied from Messrs. Newall & Sons' gas works, near Washington station,
and was measured into the chamber through a 50-light meter, and discharged into the boiler about
12 inches from the firing end.
Each charge was fired with one No. 6 Nobel detonator, by means of one of their electro-magnetic
exploders.
II.—Carrying out of the Experiments.
The experiments were made under the same conditions as were in force at Cymmer Colliery as far as
practicable. The shots were fired without stemming into the explosive mixtures, containing from 10
to 15 per cent, of gas mixed with air.
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The experiments were conducted as follows:The cannon being withdrawn, the charge, with detonator attached, was inserted and pressed to the
inner end of the hole with a wooden rammer. The firing cable was then attached, and the cannon
run forward into the boiler ready for firing. The various openings in the gas chamber were closed,
and the gas passed into it, during which time the fanner was vigorously worked to and fro in order to
mix the gases.
In some of the experiments fine coal-dust was thrown into the chamber at the two upper holes
before the gas was introduced.
These experiments accord with the opinion of one of the writers, as expressed at the discussion at
the last meeting; they are at variance with the results of the experiments in Germany and at
Cymmer, but confirm the opinion of the French Commission, viz.:—That the explosives which can be
best recommended, as regards safety, are dual mixtures, such as octo-nitric cotton,
mononitronaphthalene, dinitro benzol, and naphthalene with nitrate of ammonia or other bodies.
In the case of mixtures of dynamite with nitrate of ammonia or other bodies, the unconfined
detonation appears to be irregular as regards the phenomena of the ignition of the explosive

mixture. It seems probable that these irregularities may be due to the difficulty of obtaining
perfection of mixture of the substances.
At this point Mr. J. B. Simpson took the chair in place of Mr. G. B. Forster, who was compelled to
leave.
Dr. Bedson said he would like to ask what was the composition of the carbonite used? He
understood there were various kinds.
Mr. J. A. G. Ross said if they had any explosive engendering high pressures, it was naturally
accompanied with flame, and the heat produced an explosion if there were explosive mixtures near
the position of the explosive, inasmuch as the production of mechanical energy naturally produces
an immense amount of heat. In every explosion the adjoining atmosphere, contiguous to the
explosion, was brought to a very high temperature. As an illustration of this he might mention the
common experiment with a small syringe, about 1/4 inch diameter, when the piston is rapidly
pressed down by the hand, sufficient heat is produced to ignite the tinder. In the same way it was
probable that the increased temperature of the atmosphere, caused by the detonation of an
explosive, would be sufficient to ignite an explosive mixture.
Mr. A. L. Steavenson said the results of these experiments seemed to prove what he said at the last
meeting, that no explosive was absolutely safe ; and it only remained for them to ascertain which
was relatively the best. He approved of carbonite and of gelignite used with the water cartridge.
Some valuable experiments had been made by Mr. H. Hall, H.M. Inspector of Mines, which were
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recently reported in the Colliery Guardian. Disused shafts were used in which the explosives could
do no harm, and the shots were fired at the bottom of the shaft by electricity from the surface. A
little coal-dust was thrown down the shaft, and on the ignition of the explosive the flame came out
at the top of the shaft. He could not conceive a more valuable means of testing. In each experiment
he believed that the coal-dust when ignited, without any gas being present, sent out a flame just as
if the pit had fired. Nobody who saw this could take the slightest exception to the fact that coal-dust
was explosive. He had no doubt that the explosion at Tudhoe was from coal-dust. There were plenty
of disused shafts in this district; let them try the method! No one would take any harm, and it could
be seen at once whether or not the dust was ignited and blown out.
Mr. Thos. Bell asked if Mr. Hall had sent a copy of the report mentioned to Prof. Lebour?
Mr. M. Walton Brown said that he had received two copies, and had placed a copy in the library of
the Institute.
Mr. C. R. Barrett asked if Mr. Brown thought that the carbonite shots, if stemmed, would have given
the same results ? He (Mr. Barrett) tried a few experiments a few weeks ago on an engine plane
where they could go back in a straight line about 300 yards and watch the effect from both ends. In
no case did they see any flame or sparks. The shots were all placed in the topstone and were
properly stemmed; he tried some in the face of a stone drift, but in this instance the carbonite did
not work so efficiently.
Mr. Henry White said he had used a very large quantity of carbonite during the last six months,
(generally above 100 shots a night) and considered it worked remarkably well. On the first occasion,
they tried some very difficult shots, amongst others, in a stone drift, in a very hard post, almost
whin, and being able to remain within 12 to 25 yards of all the shots, they had good opportunities of

observing whether there was any flame or sparks, but neither were seen, after most careful
watching by several persons. They were still continuing its use, and found it to act most efficiently.
Not a single instance of either spark or flame had been reported by any of the shot-firers, who were
instructed to watch most carefully. He might also add that he had received an excellent account of it
from the viewer of one of the largest and most fiery collieries in South Wales, where it had been
used for about a year.
Mr. W. Armstrong, Jun., said he had used roburite for two years, and unless when there had been
imperfect stemming, they had never seen the slightest spark or appearance of flame.
Mr. W. Foggin said that the object of the experiments described was not to test the safety of
carbonite or its effect in use; but simply to confirm or disprove the results of certain experiments
described at the previous meeting of the Institute by Mr. M. Walton Brown. If the fact had been
established that they had an explosive which was perfectly flameless without tamping, they could be
satisfied as regards safety. The present experiments proved that, so far as absolute flamelessness
was concerned, carbonite was no better than any of the other explosives. He had tried most of the
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so-called flameless explosives, and they all produced flame and lighted explosive mixtures when the
hole was unstemmed. With stemming, it was a different matter; it was possible to fire a gunpowder
shot (if properly stemmed) without any flame; and before the last paper on this subject was read he
had conducted some experiments with a view to finding out which of the high explosives was safest
with a minimum amount of stemming. These experiments were not yet finished, but some of the
explosives tested showed remarkable degrees of safety. Two or three were perfectly safe with 2
inches of stemming ; others were not safe with 9 inches. He was not prepared to name at the
present moment those which were almost absolutely safe and those which were dangerous. It
would be invidious to do so in view of the numerous explosives in the market, as it was more a
question for the Flameless Explosive Committee, who were about to commence their experiments.
Mr. D. Burns said he would like to ask Dr. Bedson if he was in a position to state at what degree of
compression of the atmosphere explosive mixtures might be ignited, and if sufficient force could be
generated by the explosion, as suggested by Mr. Boss, to reach that degree of compression and
developed heat? If Mr. Ross's contention was true—and there seemed to be a great deal of force in
it—it did not become a matter of the flash or flame but of the explosion itself. There was certainly an
explosive wave produced, and if that wave generated sufficient heat, it could ignite inflammable
mixtures when it passes through them. Perhaps the reason of the experiments, in the shaft
previously referred to, being so successful in causing a flame to come to the top of the shaft, was
due to the fact that the air was not free to expand in all directions so as to allow the force to be
dissipated, and being confined in the shaft, it was able to ignite the dust floating in the shaft. He had
never thought before of inflammable gases being fired by compression produced by the explosive
wave ; and it seemed to be like fighting the air to try and get an explosive which would not ignite
gas, unless, indeed, they could get such a slow explosive that an explosive wave would not be
produced.
Mr. J. A. G. Ross said he was sorry that he had not the tables of heat produced by compression at
hand, but they could easily be obtained. In modern artillery pressures of 14 to 20 tons per square
inch were found, and in the old cannons it attained 30 tons per square inch. He presumed the
pressure engendered at the mouth of the shot hole would be from 12 to 20 tons per square inch,
and the temperature engendered from that would be tremendous. The advantage he saw in not

producing flame was that the flameless explosive would produce an explosion merely at the
aperture, whereas the others carried the burning points or solid incandescent particles to a greater
distance.
Dr. Bedson said the question was one which it would be beyond his province to explain. The
enormous temperatures referred to as produced by explosives were, of course, on the assumption
that the explosion took place in a closed vessel such conditions would not apply to ordinary shotfiring either with or without stemming, as in consequence of the instantaneous expansion of the
gases their temperature is greatly reduced.
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Mr. M. Walton Brown said he had read the official record of the experiments referred to, and there
seemed to have been no apprehension of gas being found in the shafts used for the trials. It was
quite possible that there might have been gas present. In one instance the experiments were made
in an upcast shaft, attached to a pumping shaft half a mile distant, and as the air appeared to reverse
while the dust was being thrown down the shaft through a hand-riddle, it was possible, if any gas
was given off in the mine, that the air might become sufficiently charged with gas so as to form an
explosive mixture at the instant when the charges were fired. Mr. Steavenson seemed to think the
experiments showed the explosive nature of the coal-dust in the shaft, but he believed that the
flame only reached the top of the shaft in three out of six trials at the White Moss Shaft; that is, the
flame extended a distance of about 60 yards from the shot, whereas in a colliery explosion the
effects were felt, more or less, at very great distances.
Mr. Thos. Bell—Did it not blow the head gear down in one case ?
Mr. M. Walton Brown said he did not think that the head gear had been damaged in any instance. It
only appeared in three cases at the surface in the White Moss experiments with charges of 1 lb. of
powder ; in two cases the dust was not ignited, and in the other the dust was ignited, but the flame
did not reach the top of the shaft. The second series of trials, made by Mr. H. Hall at the Southport
Pit of the Haydock Collieries, were made in a sinking shaft 130 yards deep, connected with an
adjacent sinking shaft by a short drift in a coal seam at a depth of 100 yards, where the cannon was
placed upon a scaffold. Six experiments were made in this shaft, with charges of from 1 lb. to 1 1/2
lbs. of powder, and in every instance the coal-dust was not ignited. A third series of experiments
were made at the Big Lady Pit of the Haydock Collieries. This pit is 210 yards deep, in which a
scaffold, placed at a depth of 180 yards, supported two cannons. The downcast (a pumping) shaft
was 21 yards distant, and connected thereto by two small drifts at depths of 180 yards and 210
yards respectively. The air in this case is reported to have been quite free from gas. Three sets of
experiments were made at this shaft. In the first set, out of five pairs of shots in which from 2 lbs. to
3 lbs. of powder were fired, in three cases the coal-dust was ignited, and in two cases the flames
appeared on the surface. There were six pairs of shots in the second set of experiments, in each of
which 3 lbs. of powder were used ; there were two cases in which the ignited dust did not appear at
the surface ; in the third case the flames reached the surface. In the last set of seven experiments, in
which from 3 lbs. to 4 lbs. of powder were used, the dust was ignited in two instances ; in the first
the flame did not reach the surface, but in the second, in which 6 cwts. of coal-dust were used, and
the last of the series, the flame and smoke issued from the shaft for five or six seconds. Mr. Hall's
results could be summarised by stating that the coal-dust was ignited by heavy charges of blasting
powder in twelve out of thirty experiments, and that the flame only appeared at the surface in six
trials. In three cases the flame traversed a vertical height of 180 yards in a shaft of 8 feet diameter,
and in three cases in a shaft of 7 feet diameter it attained a height of 60 yards. These
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experiments appear to confirm the conclusions of Messrs. Mallard and Le Chatelier— (1) that the
combustion of coal-dust is not an explosion, and such combustion only produces in the case of most
dusts unimportant mechanical effects, which are always inferior to those of gas explosions, even in
the case of the most inflammable dusts ; (2) that the combustion does not extend over the whole
area covered with dust; (3) that the length of dust ignited in a mine is proportional to the intensity of
the mechanical action which has raised and ignited the dusts ; and (4) that this length is always
limited, and in the case of blown-out shots of 1/2 lb. of powder this limit does not exceed 65 feet for
most dusts, and only reaches 200 feet in the case of very exceptional dusts. It will be recognised
that in three of Mr. Hall's experiments, when 1 lb. of powder was fired the flames attained a
vertical height of about (50 + 10 =) 60 yards; and when 1 1/2 lbs., 2 1/2 lbs., and 3 lbs. of powder
were ignited the flames attained a vertical height of (180 + 13 =) 193 yards. It will be recognised if
the flame of 1/2 lb. of powder and coal-dust was transmitted to a horizontal distance of about 200
feet, that it would not be inconsistent with Messrs. Mallard and Le Chatelier's conclusions, if the
flame of 2 1/2 lbs. to 3 lbs. of powder with coal-dust was experienced at a vertical height of 200
yards, in the case of a very exceptional dust. If the effects of 1/2 lb. of powder are felt at a distance
of 200 feet, by proportion, the effects of 2 1/2 lbs. might be reasonably expected to become
apparent at a horizontal distance of even 1,000 feet. Mr. Barrett asked the effect of stemming
upon carbonite. This question had not been tested in their joint experiments, which were specially
made to test a statement of the manufacturers that carbonite was safe without stemming. He
might, however, mention, in a general way, that exhaustive experiments made in Germany and
France showed that the length of stemming had great effect in reducing the apparent temperature
of the explosive and the possibility of the ignition of gas. One speaker suggested an explosive that
could not produce flame ; none of those invented up to the present time appeared to have reached
that point. It was the fact that the ignition of a gaseous mixture required the existence of a certain
temperature, and numerous experiments were being made to produce an explosive substance
whose temperature of detonation would not reach that temperature.
The Chairman said that after this instructive discussion he would propose a vote of thanks to Mr. M.
Walton Brown and Mr. W. Foggin for bringing so interesting a subject before them. He was afraid
they had not yet reached the flameless explosive period, but trusted that the experiments which
were being made would induce inventors to come forward, and that in time some explosive would
be found which would be flameless. So far as he could see, if the water cartridge could be
introduced it would be an effective way of " scotching the snake," but he did not know that the
experiments with it had been very conclusive.
Mr. Thos. Bell (H.M. Inspector of Mines) said he had much pleasure in seconding the vote of thanks.
He hoped the discussion would be adjourned, as there would be a good deal more to say about it.
On being put to the meeting the vote of thanks was cordially adopted.
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ELECTRIC MINING SAFETY-LAMP.
The SECRETARY exhibited two electric mining safety-lamps, supplied by the Mining and General
Electric Lamp Company, at the request of Mr. G. B. Forster, and read a report thereon by Professor
Frankland. The smaller lamp weighed about 3 lbs., and would burn for upwards of 14 1/2 hours; the
larger lamp weighed 4 lbs., and was made to run 7 hours! The light given by the two lamps was
respectively one and two candles.

The Chairman—It seems to be the best we have seen. What is the price ?
Professor Lebour said the price was about 25s.
Mr. H. Ayton said he had tried one of these lamps, and instead of giving two candles, as it was
supposed to do, it scarcely gave one.
Professor Lebour said it had been explained that the lamp Mr. Ayton tried had not above half the
capacity of even the smaller lamp now exhibited.
Mr. Steavenson said one of the dangers of an electric mining lamp was that the man using it might
be suffocated before he was aware of the presence of gas.
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FEDERATED INSTITUTION OF MINING ENGINEERS.
GENERAL MEETING, Held in the Wood Memorial Hall, Newcastle-upon-Tyne, January 21st, 1891.
Mr. T. W. Embleton, President, in the Chair.
The Secretary (Mr. M. Walton Brown) reported the proceedings of the Council meeting which had
been held that morning.
The President said they had heard the report of the meeting of the Council, and he hoped they
would approve of their resolutions. It was high time now that these alterations had been made in
the conduct of the business of the Institution. The publication of the papers, read by members and
others, was greatly in arrear. and other matters that ought to have been attended to many months
ago have been neglected. It was hoped that, from the present time, a new era would commence in
the history of the Federated Institution, and that in the future no person would have cause for
complaint, and he trusted that they would approve the action
taken by the Council.
The President's statement was received with acclamation.
Mr. J. B. Simpson (Blaydon) said, before they passed to the formal business of the meeting, he
desired to propose a vote of thanks to their late President (Mr. John Marley). They were all aware
that during the time he had been President, Mr. Marley had put all his energies into the affairs of the
Institution, and they must all feel very sorry that his illness prevented him from being present on this
day ; they would all agree that this vote of thanks should be passed to Mr. Marley for his past
services to the Institution during the time he was President, and that their sympathy with him in his
severe illness should be recorded.
The President said he thought the proposal of Mr. Simpson did not require seconding; every one
present would thoroughly agree with it, and every person would be the seconder.
This proposal was cordially adopted.
Professor Merivale then read his paper on " The Steam Loop and Separator."
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THE STEAM LOOP AND SEPARATOR.
By Professor J. H. Merivale.

In proposing to read a paper on this subject, it was intended to have referred to what seemed to be
a novel arrangement which they had been trying recently at Broomhill Colliery with the steam loop
under peculiar conditions. But owing to various causes, which need not be detailed, the steam loop
is not yet in working order; it was thought, however, that they had reached a stage at which the
arrangement might be laid before the members of the Institution.
The ordinary application of the steam loop is now thoroughly understood: it has been put up at a
good many collieries and other places, and in each instance it appeared to answer very satisfactorily.
There was one at Broomhill Colliery which had been working for some months.
The object of the steam loop is to return the water of condensation; i.e., the steam condensed to
water in the steam pipes, to the boiler; so that instead of discharging the hot water by means of
steam traps and so losing it, the water, hot and pure, came back to the boilers. The apparatus is
illustrated in Plate XV.
It is evident that the steam loop will return the water of condensation when the pressure, due to the
vertical height to which the water has to be raised, is less than the pressure of the steam. But it
occurred to the writer that it might elevate the water to a much greater height, because as the
inventor has pointed out the water of condensation passes out, not as a solid column of water, but
as a column of water filled with small bubbles of steam, so that the steam has not to lift a solid
column of water, but a column of water and steam bubbles.
The suggestion was laid before the local agent, who agreed with the author that the steam loop
might be applicable at a colliery where the steam engine was below ground and the boilers at bank.
As Broomhill Colliery was only 330 feet deep, riser included, they determined to try it there, and
Plate XVI. shows the arrangement of the steam loop working from the bottom of the pit.
The action of the steam loop depends upon the weight of the water in the drop-leg plus the pressure
of the steam being sufficient to force the water to return into the boiler. Up to the present time the
water has not been returned to the boiler, but it readily ascends to the top of the shaft, a vertical
height of 330 feet. Here there is a pressure of 18 lbs., which is not sufficient to force the water into
the boiler, where the pressure is 40 lbs. This loss of pressure is due, no doubt, to the fact that the
steam has to travel a long distance through small pipes, and becomes practically dead when it
reaches the surface; but still more to an unsatisfactory arrangement of the pipes, which it is
proposed to amend. When this is done the author expects to have sufficient pressure to force the
water of condensation into the boilers.
The experiments prove that by this application of the steam loop, apart from forcing the water into
the boiler, there is a distinct advantage; the hot water is raised out of the pit where it is not wanted
to the surface, where by the use of a pump it can be forced into the boiler. The experiments will be
continued with
[000]
[Vol. XL, Plate X.
To illustrate Professor Merivale's paper on " The Steam Loop and Separator." View of model steam
loop and separator.]
[Vol. XL, Plate XI.
To illustrate Professor Merivale's paper on " The Steam Loop and Separator." Broomhill Colliery.
Sketch of steam loop arrangement.]
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the steam loop, and it is hoped that it will become a success, and be found capable of raising the
condensed water from the bottom of the shaft into the boilers at bank.
Plate XV. shows the model constructed by the inventor of the steam loop, for the purpose of
illustrating its action; and is more complete than the rough model constructed and shown by the
author of' this paper. A is the boiler; B, the steam main ; C, the return pipe and riser; D, the
horizontal pipe; E, the blow-off pipe, for the purpose of clearing the system of water before starting;
F, the back pressure valve, opening downwards only; and G, the position of the separator.
Mr. M. H. Mills (Mansfield) said that Professor Merivale mentioned that the arrangement had been
tried at one or two places. He would like to know where ?
Professor J. H. Merivale said that there were two at Broomhill, one working under ordinary
conditions, by which the water was elevated 30 feet; and he was informed that Mr. Blackett had
one.
Mr. W. C. Blackett—No.
Professor Merivale said there was one at Redheugh, and another at Richardsons' paper mills, which
were worked under ordinary conditions. There is no novelty about them ; but the point he wanted
to bring before the meeting was the fact that they were elevating hot water over 330 feet. He
thought someone might have tried it at a greater lift than that. Apart from the payment of royalty to
the patentees, there was no expense beyond the cost of the pipes.
Mr. J. A. G. Ross (Newcastle) said he would like to ask Professor Merivale if he had any data as to the
economy of the system. It seemed to him that the operation was carried on entirely by the
condensation of the steam, consequently the system would be a very expensive one. Perhaps
Professor Merivale could give them some information as to the increased condensation, from which
some idea might be formed as to the cost of applying the steam loop, as well as the method of
working it?
Mr. J. Hughes (Dudley) said he would have asked the same question. The steam loop was very
successful in dealing with condensed water; but the question was, whether it would pay or not. It
was just possible that by putting in pumps one might raise the water with less expense. In
commencing the operation it was necessary, he supposed, that a certain amount of steam should be
consumed to form a vacuum. It would probably be necessary to open a cock somewhere near the
boiler to let the steam blow through and expel the air and water standing in the pipes; when this
was accomplished the cock would be closed, and by means of the vacuum the condensed water
would be pushed through the pipes. The operation continues entirely by virtue of the steam
condensing in the horizontal uncovered length of pipes forming part of the loop. But the question
was, " Will it pay to do this? "
Mr. W. C. Blackett (Durham) said he would like to ask Professor Merivale whether the amount of
water condensed in the pipes was kept warm whilst passing through 300 or 400 yards of pipes ?
otherwise it would naturally decrease in temper[50]
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ature before reaching the boiler ; and there must be a large consumption of steam to maintain the
temperature of the water. Mr. Hughes very properly remarked that a pump might do exactly the

same work cheaper and better. Perhaps Professor Merivale would make it more clear as to the
economy of the system ?
Professor Arnold Lupton (Leeds) said there was, of course, no doubt that there was a great amount
of power in condensed, water ; every unit of heat in every pound of water was equivalent to 772
foot-pounds of work, and of course to lift water up a height of 330 feet required rather more than
330 foot-pounds of work for every pound of water elevated ; it might take 400 foot-pounds to lift
one pound of water, but if the water was boiling, 772 x 212 represented the foot-pounds of work in
the water; therefore the actual percentage of power necessary to lift the water was insignificant and
trifling compared with the amount of heat in the water lifted. The question which arose was
therefore as to the most economical way of lifting water. A pound of steam contained five times the
heat of 1 pound of condensed water, and if it took 1 pound of steam to raise 5 pounds of water up
the tube, there was no economy in lifting the water up the tube, but if it took less than 1 pound of
steam there might possibly be some economy. He felt sure that Professor Merivale would be able to
give them information as to how much steam was expended in returning the water to the boiler. He
might remark that if the velocity of the water in the pipes was comparatively high there would not
be much cooling of the water during its passage from the bottom of the shaft to the boiler, as it
would have little time to cool in transit.
Professor Merivale said he could not offer any information at present with reference to the economy
of the arrangement, and it was very possible that he never would be able to do so. It was very
difficult, as they were aware, to conduct experiments so as to get accurate, and what he might call
scientific results, and especially at collieries, where the boilers were all together and supplying steam
to several engines. He had the practical result, for they had previously been troubled with the hot
water below ground and the steam loop occurred to him as a means of getting rid of it, and if they
could only get rid of the water, apart from anything else, he would be satisfied. With reference to
the quantity of steam used there was this point which would enable one to form some idea : the
loop pipe was 1 inch in diameter and the steam pipe was 10 inches; if both pipes had been kept fully
open there would be a loss of 1 per cent. Of course the steam loop was always open whilst the
steam pipe was not, but on the other hand there was the condensed water filling up the loop pipe to
a certain extent, so that he thought in an arrangement of this kind they might say roughly that about
1 per cent, of the steam was used in working the steam loop. With reference to the heat of the
water, all the pipes at Broomhill were covered, a 1 inch pipe was inserted inside a pipe 1 1/2 inches
diameter; and the 1 1/2 inch pipe from the top of the shaft to the boilers, except in the vertical
length or the drop-leg, was coated with non-conducting composition, so that the water was
delivered at a high temperature. There was also the advantage of the water being pure instead of
the bad water with which most of them had to deal. All these questions must be considered from a
practical point of view.
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With reference to blowing steam through the steam loop pipe, of course they had to clear the pipes
to begin with, but this was done once for all. They might do it on the first day of the year, and if the
engines were kept running it need not be done again.
The President said he was glad to find that Professor Merivale was continuing experiments upon the
steam loop, and that he would communicate the results to a future meeting. He had great pleasure
in proposing that a vote of thanks be given to the Professor for the very lucid way in which he had
explained the steam loop by means of the model he had placed before them.

Mr. J. B. Simpson seconded the motion, which was unanimously adopted.
DISCUSSION ON MR. ALBION T. SNELL'S PAPER ON "THE DISTRIBUTION OF ELECTRICAL ENERGY
OVER EXTENDED AREAS IN MINES."
Mr. Albion T. Snell (London) said the discussion to-day was to be upon a paper which he had the
pleasure to read to them twelve months ago at Sheffield, with a view of showing that more than one
motor in a mine could be driven from one dynamo at bank. Fig. 11, page 153, Vol. I., represented
what might be termed an ideal colliery as far as the electrical arrangements were concerned. The
diagram represented a plant of five motors, but the greatest number he had hitherto arranged on
one system was, he believed, four. At St. John's Colliery, near Normanton, they had six or seven
machines at work, but these were on a different system; thus:—[diagram]
In the engine house were two large engines, and the dynamos were arranged to work the
corresponding motors (dynamo 1 to motor 1, dynamo 2 to motor 2, and so
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on), but the whole system was interchangeable, and the dynamos could be connected with any
motor at will. These remarks were only intended as introductory, and if the members would criticise
the paper he would endeavour to reply.
Mr. Sydney F. Walker sent the following communication, which was read by the Secretary:—
Firstly, as to the voltage that should be used, I observe that, while Mr. Snell states that at the time
his paper was written he had not used a higher voltage than 725 volts (though he had designed a
pair of motors for use with 1,000 volts), he states rather regretfully that he fears that not more than
500 volts will be used as a regular thing. He is evidently in favour of higher voltages. I would, on the
contrary, most strongly advise mining engineers who think of adopting electricity as a means of
transmitting power not to use higher voltages than they can help. If possible, the voltage used
should not exceed 100 or 110 volts—that used for the ordinary incandescent lamp service—until the
ordinary workmen are more familiar with electricity, and for the following reasons :—
(a) It will simplify the working of the electrical plant at a colliery if the lights and motors can be
supplied from one source, the motors being reckoned, as I will show later, merely as so many lamps
according to the load on them. I am aware, of course, that it is possible to run 100 volt lamps from,
say, a 500 volt service, but it is only by calling in the aid of the complicated parallel series system of
connections that are sure to give trouble in mines, and which necessitates a number of lamps being
fixed where perhaps only one may be required.
(b) On account of the difficulty of maintaining the insulation of cables and other apparatus in mines
as the voltage is increased. High tension dynamos in use at the present time (those furnishing 1,000
volts and upwards) never are properly insulated under any circumstances, though they are
sufficiently so for ordinary work on the surface. The result of this defective insulation, which is
approximately in proportion to the voltage used, is that a small current is always passing through the
insulating material itself and gradually altering its nature by the process known as electrolysis,
thereby decreasing the actual insulation, whatever it may be, with which the system started. This is
particularly the case in a mine where the cables, the lamp, and switch fittings, and the motors, are
subject to so many things that they would not meet with on the surface ; and where the rails, the
ropes, even the mass of the coal or metallic ore, of which the mine itself is composed, take part in

the action, as when once the insulation of either dynamo, generator, or motor, or of any other part
of the apparatus is defective, the whole of the mine becomes a path for the leakage current.
(c) My third and gravest reason for recommending so strongly that only low voltages should be used
in mines is the great danger of shock to those using the apparatus, or who may occasionally be
brought into contact with it. It should be remembered that, though the shock from a current at a
pressure of 300 volts or even 500 volts is rarely dangerous per se ; that is to say, if a man receives a
shock of even 500 volts and nothing else, it is not often that he receives injury; yet coming
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as it may do quite unexpectedly, it may throw him into a position, say in front of a journey of trams,
whereby he will receive very severe injuries. I know that in the ordinary course of my business I have
often been standing in a mine waiting for a journey to go by, where I should have been very sorry to
have received a sudden,
sharp shock.
In addition to this, also, should the circuit be broken, or the strength of the current passing in the
circuit be varied largely at the moment when contact is made by a man working in the mine, with
some part of the apparatus, he may receive a momentary shock many times greater than the normal
voltage of the system, owing to what Faraday called the extra current, the E.M.F. induced within the
coils of the dynamo itself, which is added to and multiplies the normal voltage of the dynamo. So
that, it is quite possible, with a normal voltage of only 500 volts to receive the momentary shock of
2,000 volts, which is sufficient to cause instant death.
Secondly, I note that Mr. Snell rather hesitatingly allows the use of a naked return in certain cases.
His only reason for condemning it would be the possibility of motors not working well under certain
conditions if a naked return is used.
I would most unhesitatingly condemn the use of the naked return under any circumstances, and for
the reason already hinted, that it enormously increases the possibility of shock, and the difficulties
attendant upon the preservation of the insulation of the system.
If a naked return is used, the whole mine becomes at once a portion of the return circuit, and any
trifling fault that would not become serious for a long time if the whole system were insulated,
becomes at once serious, as the other side of the circuit is met with everywhere.
The troubles that have been described in dealing with the matter of voltage are all increased
considerably, and for the same reason. The leakage current finds a very much easier path than
even with imperfect insulation. And lastly, but by no means least, the dangers to users are also
enormously increased. With two cables perfectly insulated, a man must place two portions of his
body, say his two hands, in contact one with each cable, or something connected with it. Where a
naked return is used he is already in connection with one side of the system wherever he may stand
in the mine, except, perhaps, on the hard dry wood floor of an engine house, if such a thing exists.
He has then only to touch a bare place in the cable, a bare terminal of a motor, switch, or other
apparatus, and a current will immediately pass through him to the other side of the system by way
of his feet and his boots. The violence of shock he gets will depend upon the voltage of the system,
and the state of his hands, his feet, and his boots at the time. If these are all wet he may get a
severe shock from even 200 or 300 volts, and even from a lower voltage than these, if the circuit be
broken or its current changed at the same time. It is partly from this cause that so many deaths
have occurred in the United States and elsewhere from men incautiously touching arc lamps.

I am aware that the alternative to the use of naked returns and comparatively
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high voltages is the use of larger and more expensive cables, meaning, possibly, slower progress in
the development of the electrical power industry. But I believe that it will be far better for us to
move slowly than to have the set back that would be caused by a death in a mine from shock. I am
also aware that it will not be an everyday occurrence for a man to place himself in the
dangerous positions indicated; but it is also well to remember that such an occurrence may take
place any day, and should therefore be provided against as far as possible. As workmen become
more familiar with the properties of electric currents it will be quite safe to use higher and higher
voltages, just as the intense heats of the blast furnace and the Bessemer are easily dealt with by
men accustomed to them, where they would be highly dangerous to those not so accustomed. It
should also be mentioned that the use of a naked return very much increases the danger and
possibility of sparks, a cable may rub its insulation through on the edge of a metal plate or bracket,
and sparks would be very liable to pass between the two, as the metal would almost certainly be
connected directly or indirectly to the return. I should also mention that the above is taken very
largely from actual observation, and from reports that have been made to me of what has actually
taken place in mines; the argument merely being filled in by reducing the phenomena involved in
these cases to the principles of electrical engineering.
Thirdly, I would also strongly condemn the use of old wire ropes in mines, either for main or return,
and this in spite of the success that has, I understand, so far attended the work of Mr. Sopwith and
others in this direction. All that has been said above is true of the use of old wire ropes, but in a
very much more dangerous form. If insulation is difficult with a naked return, it is almost
impossible with two naked mains, and therefore the use of tensions such as 300 and 500 volts,
which may be comparatively safe while the installation is new and the insulation very high, would be
positively dangerous under any circumstances where two naked mains are used. Further, with 80
and 100 volts, which are the voltages, I understand that Mr. Sopwith uses, and far more with higher
voltages, there is very great danger of sparks. It is quite easy to place the two ropes out of sparking
distance of each other, but it is almost, if not quite, impossible to prevent each of them from making
connection with other masses of metal, which in turn may make contact with yet other metals, and
so two adjacent pieces of metal far removed from either dynamo or mains may be in connection
with the opposite poles, plus and minus, of the system, and give rise to sparks when some vibration
causes them to separate for a moment. I have seen this actually take place in a mine in South
Wales, very much to my own surprise, though I had ventured to prophesy some little time previously
that there was a danger of such a thing happening, and I had been sent for in triumph to see that my
prophecies—this and some others which also came true—were only old woman's croakings.
I would also point out that the conditions present in Mr. Sopwith's case can rarely be present in
others. I understand that when Mr. Sopwith determined to adopt electric light, he first studied all
that was written on the subject, and as far
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as was possible, mastered his subject before going into it. I believe that a paper I wrote on electric
lighting for the North of England Institute had the honour of being well thumbed. Further, once
started in this way, his whole staff taking the same interest in the matter as himself, failures were
only experience which led to success.

I believe I am right in saying, however, that few colliery managers have time to follow in Mr.
Sopwith's footsteps ; and meanwhile Providence appears to have been very kind to him in dealing
with his electrical apparatus very gently.
I should also like to point out that in Fig. 4, page 145, Vol. I., showing the characteristic curve of the
series dynamo, Mr. Snell has left out the most important part of the curve. As shown it would appear
that, with constant speed, the E.M.F. rises with the current to a maximum, and then stops. This is
not so, though in showing the curve in this form, Mr. Snell sins with the majority of the text books.
The curve bends over after a certain current is reached, and the E.M.F. then becomes less and less
with every increment of current. The reason is, that with constant speed, the E.M.F is proportional
to the strength of the magnetic field in which the armature of the dynamo revolves ; and this is
proportional to the current strength in the wire coils on the field magnets as long as the iron of
which they are composed is only lightly magnetized. As the magnetism increases, the magnetic
resistance increases till the increased current does not, bring sufficient increased E.M.F. to pay its
own toll for passing through the wire of the field-magnet coils; and then the E.M.F. declines. This
feature has been found of great importance in the construction of dynamos for arc lighting, and will
also prove to be so in that of motors. I would moreover draw attention to the fact that Mr. Snell
alludes to a varying E.M.F. at the motor terminals, with a constant E.M.F. supply, owing to varying
current, of course from varying load. I do not think that this need be so, or should be allowed to be
so. We do not permit a variation in the E.M.F. at the terminals of electric lamps that will cause a
noticeable variation in the light, and we arrange this by finding out what variation in the lamp is
allowable, and calculating the size of the mains to allow of only this variation of E.M.F. under the
regular conditions of use in the mine or wherever it may be. My view is that the same thing should
be done with supply cables for motor purposes ; and further, that the regulation should be done
entirely within the motor for its own work, and not by means of variable resistances or by varying
the speed of the engine as is now often done.
Whether a motor runs light or with a heavy or medium load, means merely with constant E.M.F.
supply, that it absorbs more or less current, and any variation in its load is equivalent under those
conditions to variation in the number of lights burning.
If the E.M.F. at the terminals of the motor is also allowed to vary, as it will do if the cables are not
large enough to maintain it constant, other and troublesome complications come in. In my view,
there should be one voltage for all the work, and the supply at any part of the mine should be at as
constant an E.M.F. as possible. With this arrangement the whole thing becomes simplicity itself. I
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would also recommend the use of a compound-wound dynamo as generator and either series or
compound-wound motors, the whole run on what is known as the simple-parallel system.
I trust that in the above remarks I may not be taken to disparage any of the work Mr. Snell has done.
So far as I have seen his work has been remarkably good, and he has done good service to the cause.
I have merely endeavoured to point out dangers which are perhaps more apparent to me, from my
longer acquaintance with mining work.
Mr. A. L. Steavenson (Durham) said the paper did great credit to the writer, who was evidently a
man of science and who had had much experience in electricity, but it was doubtful whether he
had had much experience in mining, and those who had had experience in mining had probably not
had much experience in electricity, and each were ignorant of the necessities of the other. If the
mining engineer was not aware of the dangers which occurred through electricity, and the

electrician was not able to realise the immense danger that might accrue through setting the shaft
or mine on fire, they might both from ignorance commit great mistakes. Thirty-six years ago he
happened to hear that a colliery shaft was on fire; he found that they had only one pit, and some
seventy men were below. The night was spent in trying to get the fire out, and they succeeded so
far that by morning they were able to blow the remains of the fire out by throwing a cask of
gunpowder down the pit; but he was so impressed with the dangers of fire on that occasion that he
would never forget it. They all knew that if a fire broke out on a wagon-way, or other place, where
there was a large supply of air, it was practically impossible to rescue the men who might be on the
in-bye side of it. These were the risks attending the use of electricity in mines, for no doubt that as
soon as electricity escapes it becomes fire. Nobody knew exactly what electricity was, but it was
probably some form of motion, the same as heat, and that instead of carrying ropes and wires
about, as they supposed, they were in reality carrying fire about the mine. They might consider he
was an old fogey, who was not inclined to try anything new, but a fire, whether from electricity or
not, was a very serious matter for all concerned. In the case of the shaft on the diagram (Fig. 11,
page 153, Vol. I.), what better means could be adopted for drawing water from the bottom than the
ordinary quadrant and spears, which gave from 70 to 75 per cent, of useful effect. That was a
result beyond dispute, and would be proved by application to any of the water-works people, or
anybody who had had any experience in the matter. Mr. Snell stated that he got 45 per cent.; he
therefore lost 30 per cent., in addition to the risk of setting fire to the pit. The preliminary part of
the paper was entirely electrical, and they who were mining engineers were not able to dispute it ;
no doubt it was very ably written, and was a valuable paper on the subject. The writer said he had
not used more than 725 volts; he (Mr. Steavenson) thought he could show that that was a
dangerous pressure at which to use electricity, not only dangerous to human life, but dangerous as
increasing the risk of fire. He had with him a little note-book in which he kept a few memoranda on
the subject of electricity, the following were a few recent extracts ;—
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For instance, in a lecture recently before the Society of Arts, by Messrs. Lawrence and Harries, it is
said with reference to contact, the resistance offered by the body, depends upon the extent of the
contact area, and the condition of the skin at the sites of contact, varying from 1,510 ohms wet to
6,185 dry, showing that when both circumstances happen to be unfavourable " the subject may
receive serious, if not fatal, injury from a circuit which might be safely handled under conditions
more favourable to himself,"—and the authors go on to note " with regret that there is a tendency
among electrical engineers to draw unfair inferences from the slight results which have sometimes
followed accidental contact."
In the Colliery Guardian, in an article on " Dangers of Electricity in Mines," Feb. 27th, 1890, we read
:—"If the normal tension be high the shock received on breaking circuit may and often has caused
instant death; probably owing to the sudden very violent contraction of some vital organ. And, if, in
addition to this, the current is not extinguished on breaking circuit, the result of such a shock, from
even such moderate normal voltages as 300 volts and 500 volts, may have the same effect as the
shock from a 2,000 volt current in the ordinary way. It is for this reason that the writer strongly
recommends that the voltage used for transmitting power in mines for pumping, hauling, etc.,
should be kept as low as possible until those about the mine are more conversant with the
properties of the electric current. Instead of the 500 volts and 300 volts at present in use, in most
cases he would recommend that 100 or 110 volts, the electro-motive force generally used on
incandescent lamp circuits, should be adopted. It should be remembered that in a mine, even if the

shock a man receives does not injure him, it may, coming unexpectedly as it usually does, throw him
into a position among moving ropes or machinery, where he may receive a severe injury."
With respect to fires, one or two extracts out of many will suffice, all showing, of course, that if
everything goes right no harm is done, but if anything goes wrong (and we know fire in a mine is not
a question to be left to chance) then the case is serious indeed. Thus, Mr. Preece, F.R.S., addressing
the Society of Telegraph Engineers and Electricians (see Engineering, May 13th, 1888) says :—" At
Derby a fire was caused by a short circuit arising between the leads to a lamp and a tin shade behind
it."
" On Sunday night, in the Comedia Theatre, Madrid, an alarm of fire was raised. There was
immediately complete darkness in the theatre, and the consequences of the panic might have been
serious but for the presence of mind of some of the audience. The theatre is lighted by electricity,
and through the contact of imperfectly covered wires the canvas in the side scenes had caught fire.
In Spain, as in England, the lesson is not yet well learned that the care which is necessary to prevent
fire from the use of gas cannot be dispensed with in the case of electricity."-—Iron and Coal Trades
Review, December 28th, 1890.
" A spark will pass also if a conductor in which a current is passing be severed, say a cable parted by
roof falling on it, or a wire cut by a knife or other sharp instrument. Another point where sparks pass
is at the commutator of the dynamo, or motor. The armature of the dynamo is composed of a
number of coils of wire which
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are connected to the copper segments of the commutator, and that which is true of electric lighting
applies equally to transmission of power."—Iron and Coal Trades Review, March 27th, 1890.
Rats and mice were a source of great danger, as was the practice of burying insulated wires in
cement during the building of a house. Another great danger was overloading the main. Bad joints
were, however, the greatest danger, and soldered joints generally considered essential; joints
depending on screws should be avoided. In one installation, he knew, there were 6,000 joints of this
character, each of which might sooner or later be a source of grave danger of " cut-outs." He said
that it was well known those were dangerous if not properly looked after, as was also the case with
switches.
With regard to the insulating material, what was wanted was an insulating medium that was noninflammable, but very few, if any, now in use were of this character.
Mr. J. W. Swan said when he first showed his incandescent lamp, Mr. Preece raised the question of
risk of fire ; he then thought Mr. Preece was pitching his note in too high a key, but he had since
altered his opinion, serious mistakes being made by even good electricians.
Many cases of fires from electric wires could be cited if necessary, it has been said that similar risks
occur from candles, but that is not so; when a fire begins from a naked light, someone is always
there to extinguish it; but we have miles of electric wires, and no one near to see a fire until it is too
late.
He did not suppose anybody would be foolish enough to take electricity into any place where there
was a possibility of an explosion, but his remarks were now in reference to places free from gas,
such as wagonways, shafts, etc. Reference was made in the paper to the great distance to which
electrical power could be carried, but usually they did not require it carried to any great distance ;

about 2,000 yards was all they required, and when the distance was as great as 5,000 or 6,000 yards
it did not come within their scope. In conclusion, he wanted particularly to impress upon the
members that there was really no great gain, if any, by using electricity. If there was not room in the
shaft for a pump he would advise the use of hydraulic power. On the top he would have a pressure
of 500 to 700 lbs. upon the square inch. If he had to pump a long way in-bye he would take the
alternative of compressed air or ropes. His impression was that although in some cases electricity
was desirable, these cases were very few and far between, and the risk of setting the pit on fire with
the electrical wires was a very serious one to run.
Mr. M. H. Mills said the remarks of Mr. Steavenson were very valuable, especially to young members
who were inclined to go ahead ; electricity seemed to be a matter which required a great deal of
study, and there was every reason why it should be added to the studies of the mining engineer ; the
great danger seemed to be in having the positive and negative wires together. Why not have them
separate ? Why not take the positive wire down one pit and the negative down the other ? Mr.
Steavenson seemed to think that there were not many cases where electricity was of
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real value, but there were ; in some of their large collieries where ropes were used it was not always
advisable or convenient to be continually running them if there was only a little water. There was no
doubt electricity would be more generally used in the future. He would like to ask if there was any
difficulty about sparks escaping
at the motor ?
Mr. E. Brown (Normanton) said the dangers were more apparent than real. At the St. John's
Collieries they had had three years' experience with the dynamos and motors at 700 volts; they had
not got off without slight shocks, which were rather unpleasant, but they had done no harm. The
few shocks he had received himself were when they first started the use of electricity and when they
were ignorant about it, It would be a step backwards now to put down a plant at less than 700
volts. Nobody thought because a steam pipe happened to burst at 50 lbs. per square inch that they
should go back to 30 ! The voltage would probably be higher as they got to know more about the
subject. At St. John's Collieries they commenced with electricity at a much lower E.M.F., but they
soon increased it to 700 volts and he thought they would continue at that. He quite agreed with
Mr. Snell's system of transformers for small motors, but where it was possible to run up to
30 horse-power, they should keep to 700 volts. There was not so much danger and trouble as was
generally supposed, but it generally arose through people not giving sufficient thought to the matter
; they were not accustomed to it; but after having had a motor of 700 volts a few months they would
be able to manage it as well as they now did at St, John's Collieries after three years' experience.
Compressed air was not, in his opinion, to be compared with electricity. A pair of 204 incn engines
did twice as much work with electricity as three did before with compressed air. If they had
continued with compressed air they would have had to put down more compressors and this would
have meant more boilers.
Mr. Steavenson said he understood the last speaker to say that compressed air was superseded at
St. John's by electricity. Well, he had seen the plant at that colliery, which had been very imperfect.
Was not the compressed air worked direct from the engine ?
Mr. Brown—Yes.

Mr. Steavenson—And the engines that would not do the work with compressed air did it with
electricity, because when you took away the compressed air you increased the revolutions and
therefore the engines did more work.
Mr. Brown—I indicated the engines when they were compressing air; they formerly ran up to fifty
revolutions per minute—they still run at fifty, but indicate less horse-power, although doing more
work in the pit; we simply put the shafting on to increase the speed for driving the dynamos. This
increased duty is easily explained, as we are now getting an efficiency of 50 per cent, by our electric
transmission ; but with compressed air I think in ordinary work 25 per cent, is not exceeded.
Mr. Steavenson.—If you had cooled the air during compression by a proper injection of water, the
same engine would have done the work as well as by the dynamos. Professor Arnold Lupton agreed
with a good deal of what Mr. Steavenson
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had said, and also with a good deal of what Mr. Brown had said, and he would like to venture one or
two criticisms on the paper. Firstly: The writer said he would have a comparatively high tension—
not what electricians would call high tension, nothing like 10,000 volts, but a comparatively high
tension—coming down the shaft to a transformer in the workings, and then he would take low
tension electricity from this transformer to the machines farther in-bye. How far would Mr. Snell
fix the transformer from the dynamo ? On looking at the diagram (Fig. 11, page 153, Vol. I.) it did
not appear to be a very great distance. The diagram shows a shaft of, say, 300 yards in depth, and
one of the motors perhaps 500 yards from the dynamo, the other 1,300 yards farther away. Was it
proposed to have the 1,300 yards on the low tension, and the 500 yards on the high tension, or
vice-versa? If it was proposed to have it thus, was it worth while having a transformer? Could
not the mains be thickened for the first 500 yards and be continued on the low tension all the way?
Mr. Snell would perhaps make that plain in his reply. At present he (Mr. Lupton) understood the
paper to propose to introduce high tension in the shaft in order to economise in the thickness of the
main lead, and he inferred that this economy was between the dynamo and the transformer. If the
transformers were tolerably near the shaft bottom the length of high tension wire was only short; if
the transformer was a long way in-bye, then the difficulties of high tension were existing over a
great part of the mine. Secondly: Mr. Snell claimed superiority for electricity over other means of
transmission. If there was the transformer, what became of the economy of transmission,
supposing it to have existed before ? He understood the transformer to be—as was the rule with all
continuous current transformers—a motor driven by the original dynamo, which motor drives
another dynamo, which dynamo gives off the low tension current; thus the transformer constitutes
itself a motor and a dynamo introduced between the original dynamo and the motor, working a
pump, or coal-getter, whatever it might be. Now, how much of the power would that motor and
dynamo absorb ? The speaker would fix it at 20 per cent, in his own mind. Mr. Snell had written a
useful and interesting paper, in which he said that the loss of horse-power in transmitting the power
to the dynamo axis in electrical measurement varied from 15 to 6 per cent.; that is, 85 to 94 per
cent, was realised, and it was to be gathered—though it was not so clearly stated—that the loss in
transforming electrical energy into mechanical force was much the same, so that in each
transformer (which was motor and dynamo together) there would be a loss of from 12 as a
minimum to 30 as a maximum, which might be averaged at 20 per cent. Thus there was 20 per
cent, loss introduced into the system for the sake of making it applicable to the small motors in the
one case and to the high tension in the other case. With regard to the cost of the transformer, Mr.
Snell mentioned £8 per horse-power. What kind of a transformer was it that would cost only £8
per horse-power ? Was it a shunt wound, compound wound, or series wound transformer ? He

thought the motor would be series wound. Would the dynamo—-the transformer dynamo—be
compound wound, the same as the original dynamo in the
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engine house? If so, could that be supplied at a cost of £8 per horse-power? It was not
mentioned in the paper what tension of electricity Mr. Snell would recommend for the original
dynamo ; 750 was mentioned as the highest Mr. Snell had used. The use of transformers was
afterwards dealt with at a pressure of 500 volts. Another point affected the economy of electrical
haulage. Supposing they were hauling up an incline and wished to vary the speed of the motor,
how could that be done? He (Mr. Lupton) had given some little attention to these questions, and
had made enquiries from practical electricians, and the answer he had received was this : If you wish
to vary the speed of your motor you must introduce resistance, and if you introduce resistance an
appreciable percentage of the power is absorbed. For instance, supposing the motor and gearing
and drum is fixed to work at a speed which we will call 100, and you wish to reduce it from 100 to
80, you will have to put in resistance which will absorb 20 per cent, of the power, and if you want to
reduce the speed from 100 to 50 you will have to put in resistance which will absorb 50 per cent, of
the power. Mr. Snell would perhaps answer this point in his reply ; it seemed to bear very much on
the question of economy. Mr. Snell, on page 150, says : " Some care is required in starting motors
of these types." What does that allude to? With regard to the economy of electricity as compared
with other modes of transmission of power, he (Mr. Lupton) had examined the machinery at St.
John's Collieries, and had indicated the engine—not the latest engine in use, but another one which
was driving a pumping engine in the pit, and which was described by Mr. Snell in his paper now
under discussion, and the statements there made as to the useful effect of the dynamo in pumping
water were fully sustained by his own observations, although those observations were not made
with that minute accuracy that they might have been if there had been more time, yet they were
confirmed by statements and figures more carefully made by Mr. Brown. These figures showed that
of the total engine power—the pump being at a distance of 500 yards from the engine—43 per cent,
was returned in the shape of water lifted. Now, a pump of fairly good construction driven by steam
would give about 80 per cent, of the steam power in water lifted ; this was to be taken into account
in arriving at what he would call the indicated dynamo power in the pit. Supposing an indicated
horse-power of 100 in the dynamo house, what indicated power would there be in the electric
motor in the mine ? His observations gave the useful effect as 54 per cent., in this instance, at a
distance of 500 yards. It did not follow that because they only got 20 per cent, of useful effect at
St. John's Collieries with compressed air that that was the maximum that could be got by any
compressed-air system. Supposing, for the sake of argument, the compressors were as good as
they might be, it did not follow that the motors were first-class; the valves might not have fitted
properly; and until they had particulars of all this it did not prove whether the fault was in the
system or in the particular example. He required a good deal of convincing yet that electricity
was more economical in mines than compressed air. He had perhaps troubled the meeting at some
length. As an excuse, he might say that although he had been a member of
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the North of England Institute for twenty years he had never before spoken in Newcastle at any
meeting of that Institute.
The President would like to ask Mr. Brown, was there not at one time a cable injured by a cage
falling against it ?

Mr. E. Brown—Yes, sir.
The President—Did any injury result ?
Mr. Brown—The two cables were fused through short circuiting ; that was all. Mr. Snell. in replying,
said, that the discussion, had been very interesting, for they had heard the opinions of practical men
on both sides; he only wished they had heard more on the side of compressed air. It was difficult
to reply to all the points raised, but he would endeavour to take them in order. In Mr. S. F.
Walker's communication, there was a wish to limit the pressure to 100 volts. Mr. Walker could
scarcely have thought the matter out or he would have seen that it was impossible to work at that
tension. Let it be compared with the pressure he was advocating. With 100 volts they would
require five times as much copper as with 500. Now, copper was a very costly commodity, and with
five times as much copper it would be impossible to adopt electricity. He (Mr. Snell) ventured to
assert that a tension of 500 volts with direct current was not dangerous to life under ordinary
conditions. Mr. Brown had tried 700 volts for three years, during which time every possible
contingency had probably happened ; a number of men had received shocks, but nobody had
"been burned or injured. He did not say that under certain conditions 700 or even 500 volts
was not dangerous. Another point raised by Mr. Walker, was that of naked returns. On this
point again experience should be brought forward. He must not be understood to advocate naked
returns in a large system, but where they had only one machine he did not see any great objection
to it. At Andrew's House Collieries there were three small motors working in-bye, and the returns
were old wire ropes, the tension was about 300 volts ; this plant had been running over twelve
months and one or two men had received shocks, but they certainly had not been hurt. He would
not put in naked returns in a large system; in one such as that shown in (Fig. 11, page 153, Vol. I.)
they ought to be insulated in the best possible manner. Mr. Walker also made reference to (Fig. 4,
page 145, Vol. I.) and accused him (Mr. Snell) of an error in the curve, but he was in good company,
for he erred with the text books written by men who were able to speak with authority. Fig. 4 was,
however, correct; it was the working part of the characteristic curve of the machine. If the
machine was overloaded the curve would become flat, and parallel to the line of abscissas, and
then droop, until a point was reached where the dynamo would tend to burn up through the
volume of current being too great. The same objection might be raised in regard to all the curves ;
the length of curve shown in Fig. 4 corresponded to the working range of the machine. There were
one or two other points raised, such as the variation of the E.M.F., but Mr. Walker's meaning was
not quite clear; at all events it was not necessary to go into this now. Mr. Steavenson made some
rather sharp remarks on the danger of using electricity. His notebook seemed to be a large one,
and contained no doubt, much valuable information
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from various sources. He would be inclined to agree with Mr. Steavenson that 200 volts with
alternating currents was a sufficiently high tension, but he was not advising the use of such a
current. He would say generally, that it was not advisable to take an isolated experience in matters
of this kind, but the general experience. Electricity was being used for many purposes throughout
the world, and he did not think they had ever heard of a case where death had resulted from a
tension so low as 500 volts. All the cases that they knew of—unless there were some peculiar
circumstances in connection with them—were the results of tensions of 1,000, 1,500 and 2,000
volts. Mr. Steavenson demurred as to the advantage to be gained by using electricity, and took
rather an unfair illustration, as he assumed from Fig. 11 (page 153, Vol. I.), that he (Mr. Snell)
proposed to work mine pumps in all cases by electricity; this was not so, and the diagram was
applicable to a special case, in which the prime source of power was not steam, but water. The main

advantage of electricity is that the power could be easily and readily carried a long distance in-bye,
and it was really in pumping from the dip that the great advantage was found. He mentioned
Andrew's House— to put a case in point—a 2 horse-power pump was put in to work through the 24
hours, and did the same work as 12 horses. A gentleman raised the question of sparks at the
commutators, and asked whether they were dangerous ? Under certain circumstances they were
dangerous, but great strides had been made in the direction of lessening this danger. Messrs. Davis
and Stokes, of Derby, had recently taken out a patent which advanced the subject very much, the
brush being placed inside the commutator, thus:—
[diagram]
The sparks took place inside the commutator and could not possibly get through to explode the
outside air. Mr. Steavenson also mentioned the question of risk from wires, and drew a very
formidable picture ; but again experience mignt be quoted.
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Hundreds of miles of cable were in use, and the accidents were very few indeed. At St. John's
Colliery they had had two or three little accidents, but these had not
set the shaft on fire, nor entailed serious trouble or expense. If they considered the normal
condition of things they would see there was not much risk, as the cables
were formed of copper wire running through lead covering, thus :—
[diagram]
If an accident happened, and the copper became uncovered, the current was short-circuited, and
the work of the engine increased, so that the man in charge was made aware of it at once; if he did
not stop the engine the fuse would be burnt out. Electricians were fully aware of all the dangers
which might be occasioned by the various means indicated, and were adopting such arrangements
as would, as far as possible, minimise the danger. He now came to the remarks of Professor
Lupton. That gentleman raised some question as to the meaning of a transformer, but had
evidently misunderstood the remarks on that point. What a transformer was intended to do was
this : If there was a high tension on the mains—say 500 volts—it would be impossible to put small
machines in, for the simple reason that they would cost too much. To obviate this difficulty, he
proposed, in cases where they could use one or two motors together to put in a transformer—the
latter being a combined motor and dynamo.
[diagram]
The motor would be driven by 500 volts, and the dynamo would give a corresponding amount of
power, less 8 to 20 per cent., with a tension of something like 200 volts or what was required. The
distance was immaterial; if, for instance, at the bottom of the pit, it was desired to use some small
rock drills of about 2 to 3 horse-power each, they would be costly things to work ; but if a small
transformer was put in they could get two or three electrical rock drills to work with a tension of 200
or 300 volts. Undoubtedly, there would be power lost, but it would be more than counterbalanced
by the saving in using electrical rock drills. Efficiency of conversion was secondary to the
convenience of getting the power where it was wanted. Professor Lupton also asked how it was
proposed to vary the speed of the motor, when running in constant potential circuit, such as was
presumed in Fig. 10 (page 151, Vol. I.) ? There were really two ways of doing it: one by shifting the
brush, as adopted at St. John's Collieries, and the other by putting in resistance. If the motor
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was required to run quicker, turn the brush frame backwards; if slower, turn it forwards. These
changes would involve a small loss of energy. If they considered a steam engine designed to yield
100 horse-power its efficiency would be less when indicating 50 horse-power ; the economy would
be less than at full load. It was the same with air and with electricity. The starting of compound
motors was also referred to. In the compound motor Fig. 3 (page 143, Vol. I.), as ordinarily
understood, there were two coils, one a series and the other a shunt-winding. He did not
recommend compound-wound motors; he nearly always used plain series-winding. Professor Lupton
also referred to the economy of compressed-air plants ; but he (Mr. Snell) would like to refer the
meeting to Professor Kennedy's recent experiments with the Popp system in Paris. He found that
unless air was heated before entering the cylinder, the efficiency was not more than 22 per cent.—
the ratio between the horse-power of the air engine and the indicated horse-power of the steam
engine was 22 per cent. He thanked the members for the kind manner in which they had discussed
his paper. He hoped it would lead to practical results. He thought—and his opinion was backed by
many eminent men of the present day—that electricity was the power of the future.
The President said they must all feel very much obliged, not only to those gentlemen who had taken
part in the discussion, but to Mr. Snell for the very lucid manner in which he had explained the
subject. He (the President) agreed with Mr. A. L. Steavenson that if a fire took place in a mine the
circumstances would be most serious. Did not the coal often take fire from other causes ? He
knew several instances from candles alone, so that Mr. Steavenson's argument might equally be
applied to candles. They had had a long discussion, and he hoped at some future period it would
be continued, for there were many points in connection with electricity that required very distinct
elucidation. He hoped that after this discussion was printed there would be no further delay in
publishing the Transactions, and that when the members had read it they would come forward and
either offer a paper on electricity themselves or discuss somebody else's paper. He thought it very
useful that it was not against the rule for a member to raise at one Institute a discussion upon a
paper read at another. They had had some difficulty about this in connection with the Midland
Institute, and he had asked the Council of the Federated Institution whether it was proper that these
discussions should take place in the way he had mentioned, and was informed that it was perfectly
proper, so that now they were at liberty in Yorkshire, Staffordshire, or Nottingham to pull to pieces
what the wise people read in Newcastle, with the disadvantage that there would be no personal
reply. If the criticisms happened to " touch the raw " of the author he could reply by
correspondence, as was done in the Institution of Civil Engineers; thus they would have not an
ejective but an objective correspondence, for the author of a paper would not feel very easy if he
found in one of their publications a remark that he was totally mistaken in his views respecting
something: so one could imagine him saying, " I will correspond with that Institute and give them my
mind upon it." With these few remarks he would propose that the thanks of the meeting be given,
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in the first place, to those who had taken part in the discussion, and also to Mr. Snell who had been
the originator of the discussion; and they would all agree that they were well worthy of the thanks of
the meeting.
The vote of thanks was heartily adopted.
Mr. J. B. Simpson reminded the members that at eight o'clock in the evening the Principal and
Professors of the Durham College of Science would give a conversazione at the College. He begged

to propose that a vote of thanks be accorded to them for their kindness. It was not usual to return
thanks before accepting a gift, but they might not have an early opportunity of acknowledging their
indebtedness to the Principal and Professors of the College.
Mr. Joseph Mitchell (Barnsley) seconded the proposal, and it was unanimously approved.
The Secretary having announced the arrangements for the following day, A vote of thanks to the
President, proposed by Mr. Mills, terminated the business of the General Meeting.
DINNER IN THE NEW ASSEMBLY ROOMS.
Mr. J. B. Simpson, Presiding.
After the loyal toasts, the Chairman proposed the " Federated Institution of Mining Engineers." He
was extremely sorry that Mr. W. Cochrane, the President of the North of England Institute of Mining
and Mechanical Engineers, was abroad, as that gentleman ought to have taken the chair on this
occasion. In Mr. Cochrane's absence the position had been allotted to him, and he only regretted
that the toast had not been left to abler hands. As some of the gentlemen present might not be
conversant with the details of the work of the Federated Institution of Mining Engineers, he might
observe that at present it was a combination of the following Institutes:—The North of England
Institute of Mining and Mechanical Engineers, the Chesterfield and Midland Counties
Institution of Engineers, the Midland Institute of Mining, Civil, and Mechanical Engineers, and the
South Staffordshire and East Worcestershire Institute of Mining Engineers. These institutes
had federated themselves for the purpose of holding joint meetings in various districts for the
dissemination of mining knowledge, for extending their interests, and that they might appoint
committees to report upon all subjects pertaining to mining. These were, he believed, the broad
objects with which the Federation was commenced. He was sorry to say that all of the mining
institutes had not joined in the Federation, but it was hoped that the day would soon arrive when
those institutes would see that it would be to their great advantage and for the benefit of the mining
industries of the country that the Federated Institution should embrace all. The institutes,
however, in their individual capacity were not to be altered, and they would in their different
spheres perform the functions they had hitherto done, and he thought these institutes had good
reason to congratulate themselves on the success they had severally attained. If they
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went back to the beginning of the present century and considered the state of mining at that time
he thought they would come to the conclusion that these institutes and practical miners had
developed the coal trade of the country in a very remarkable manner. He happened a few days ago
to come across a manuscript of the late Mr. Buddle which would show them the position of mining
in the year 1807. Mr. Buddle referred at that time particularly to Wallsend Colliery, with which he
was connected. They were probably all aware that in former days, when working in shallow mines,
pillars of coal were left very thin, but as the mining became deeper, the pillars of coal were left of
the same thickness, the viewers or mining engineers of those days did not know or did not take into
consideration the fact that the superincumbent strata were too heavy for these pillars to bear, and
the result was that " creeps " were continually taking place, the pillars breaking down and the effect
often being felt at the surface. It was on record that at Long Benton Church, when the parson was
preaching one Sunday, bits of the ceiling came down, and the people began to be rather nervous. "
It's nothing," he said, " it's only the creep in the pit; if you wait a bit it will be all right." But the
congregation didn't " wait a bit," they began to creep out. These creeps affected ventilation, too,
and the air currents were constantly being reversed. Here were Mr. Buddle's comments at

Wallsend Colliery when the creep had upset the ventilation :—"Feb. 13, 1807.—Made some boxes to
send some steam into the shaft to warm it with a view to restore the upcast, and got some large
pieces of iron ready to heat, which are to be lowered down the shaft to assist the upcast. Feb.
14,1807.—Applied the hot iron all day in the shaft, but without effect, as it continued to cast down,
got the steam conveyed into the shaft, and continued it all night. Feb. 15.—Found the pit casting up
this morning, and the following day got the pit to work." Now, all the gentlemen who knew
anything about mining would know what a feeble current of air they must have had in those days.
Fancy one of the largest and best collieries in the district being in the position of having only 3,000 or
4,000 cubic feet of air per minute! No wonder that explosions were very frequent about that
period; so frequent indeed that the public took up the subject, and in 1813 it was recorded that a
society was formed in Sunderland for the prevention of colliery accidens. It was taken up by the
Duke of Northumberland, the Bishop of Durham, the Rev. Mr. Cray, the Rev. Mr. Hodgson (the
historian of Northumberland), Mr. Buddle, by Dr. Clanny, and others. These gentlemen made
several reports, and in one Mr. Buddle described the whole of the operations of mining, concluding
his report in these words: " I think any further application of mechanical agency in preventing
explosions would be ineffectual, and we must look to some method of producing such a change
upon carburetted hydrogen gas as to render it innoxious as fast as it is discharged. In this view it is
to scientific men only that we must look for assistance in providing a cheap and effectual remedy."
Well, these gentlemen did apply to somebody ; they applied to Sir Humphrey Davy, and in the
course of two or three years, as was well known, they had the safety-lamp invented. This was the
beginning of the mining institutes, and after that society had been so successful it
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was disbanded, and nothing more was done in the way of scientific mining societies until the year
1852. Then an explosion took place at Seaham Collieries, and a number of engineers—several of
whom were still living--founded the North of England Institute of Mining and Mechanical Engineers,
which had continued from that time to the present. Other institutes sprang up in the different
mining districts of the country, which had done most effective work, and had promulgated a
scientific system of mining, which everybody must feel had been of very great advantage to this
country. They hoped sincerely that the Federated Institutes would go on still further developing
the wonderful art of coal mining. He thought they might still, as their old friends of 1813 did, go to
scientific men, and say, " We want something still to prevent accidents, and we want something to
increase the economy of working our coal mines." In what way progress would tend he did not
know ; it seemed to be pointing in the direction of electricity, but whether it would give them an
electric lamp which would comply with the motto of their Mining Institute, " Moneo et munio" or
not he could not say. No doubt within the present century they would have a safe light for mines
and we would have electrical tramways for cheapening the cost of conveying the coal underground
and probably electric coal-cutting machines. Without further comment, he would call upon them
to drink " Success to the Federated Institution of Mining Engineers," and couple with that
toast the name of their worthy and venerable President, Mr. T. W. Embleton.
The toast having been duly honoured,
Mr. Embleton, replying, said he was not aware until he came to the meeting of the Federated
Institution that he was to be their President for the ensuing year, and he must therefore be excused
if he had not been able to collect his ideas for such an occasion as the present; but he hoped that
during the time he occupied the

position of President all the complaints that had been made would be removed, and that the
Transactions would be regularly printed and punctually forwarded to each
member of the Federated Institutes. They would receive all the papers read before the Federated
Institution, and there would be this advantage, that they would find
in those papers and in the discussions that would be published, the concentrated knowledge of all
the institutes, which, if they were not federated could not be
obtained without considerable trouble and expense. People nowadays called for their rights, and it
was the right of each member of the Federated Institution that he should have reports of the
meetings, whether they were held in Durham, in Yorkshire, in Derbyshire, or in Staffordshire. They
would thus know in each district what appliances and improvements they had in the other districts.
They would also have the advantage of knowing all that was being done at the home Institute, the
originator, and, he thought, he might say the queen of all the other institutes, for it was their parent.
He had been a member from the time which he called the year 1, which was a long time ago, and he
might say he had not been altogether an idle member, for he had sometimes read little bits of
papers which had given some information. The Chairman had recalled the state of mining, or
rather of ventilation in the year 1807, but he did not think it had been from
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personal acquaintance with mining at that time; in fact he probably had not appeared on the face
of the earth at that time, for if he had he would have been two years older than himself. He did not
know whether many of them could remember the time when they descended the shaft in the loop
of a rope, guiding themselves with a stick to keep off the side of the shaft; he did not know whether
even the Chairman was accustomed to that means of going down, but he himself was, and thought
no more of it than of getting his dinner here. But where would they find the pitman, or the young
mining engineer, who would venture down the pit now, as they used to do in those days ? He
thought they would not like it; whether their organization was more sensitive than in those days he
could not say, but custom was everything, and if they accustomed themselves to a thing they might
even come to like it. He remembered when cages were invented and a long time before they were
introduced. The first beginning of cages was at a colliery near Sheffield about 1813, and he had a
drawing and the specification of it. Mr. Buddle reported upon it. It was an ingenious contrivance,
and he would try to describe it. There was a cage in a pair of guides and the rope was attached to
the centre of the cage. Things were altogether different now, and if anyone could live for fifty years
longer he had no doubt they would find as much improvement, or perhaps greater improvement,
than had taken place during the last fifty years, and they would be entirely different from the
labours of the members of these institutes; whoever thought of the fan or the many other
contrivances ? There was another thing; he hoped that as children were all better than their
parents—a good deal better—that so the younger institutes would surpass the older. He thought it
was only right to infuse fresh blood as the old hands were dying out; he believed there was only one
gentleman present who could approach his own age. The old fellows had gone to make room for
the young.
The Mayor of Newcastle proposed " Success to the Coal Trade." As the representative of the
Corporation—and through them of the people of Newcastle-upon-Tyne—he was deeply interested
in the success of the coal trade of the counties of Northumberland and Durham. Their interests
were identical; the welfare of the people, and of the city, was dependent on the prosperity of the
trade in which the gentlemen present were also deeply interested. He believed he was right in

saying, too, that the Corporation represented probably the oldest coalowners in the North of
England; for the Newcastle Municipality, as coalowners, dated back to the time of Henry III., but,
unfortunately for them, the royalty under the Town Moor not being recuperative was almost
exhausted ; they were still, however, interested in a very large royalty at Walker, and were partaking
at the present time in the increased prosperity those present were also enjoying, through a large
increase in their royalty rents. Being deeply interested in the welfare of this particular trade he
had the greatest pleasure in proposing " Success to the Coal Trade," and in coupling with the toast
the name of their esteemed friend Mr. R. O. Lamb.
Mr. R. O. Lamb, after acknowledging the toast, said those members of the coal trade who were
junior to himself must have felt, as he did, great pleasure in listening to the remarks of the worthy
President of the Institution, and he could only assure
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him that they, in the North of England at all events, always liked to have the advice of their seniors,
and when they could hear such remarks from a gentleman—who if not actually associated with Mr.
Buddle, followed very quickly upon Mr. Buddle's heels—they felt their hearts warm towards him
when they knew that the same spirit that actuated Mr. Buddle, also actuated his successors. It
must be a matter of the deepest satisfaction to every coalowner to know that Northumberland
produced such men as Mr. Buddle, who could feel sympathy with his fellows, and invoked the aid of
scientific men to devise means for the saving of life ; it was also a satisfaction to him and to
coalowners to know that those associated with the management of their collieries were still
following in the footsteps of their worthy predecessors. Year by year, if they compared the amount
of coal produced in the United Kingdom with the number of lives lost, they would find the
proportion of the latter decreasing, and he could only trust that this would continue. The progress
in mining engineering had been great, and the progress in the production of coal had been
enormous. If they took the last thirty-five years, they would see that the quantities were almost
doubled; and unless scientific attainments had been brought to bear on the production of coal, and
unless the coalowner had been most materially assisted by the mining engineer, he would like to
know how they could have produced last year 170,000,000 tons of coal! Science had told most
favourably upon the coal production of this country, and no doubt the problem for the future would
be to produce coal cheaply. Unless they could produce it cheaply they would have great competitors
abroad, and these might, though he hoped not, cause a considerable amount of trouble by their
competition. How far the production of coal could be cheapened, and how far mining machinery
was to supersede the strength of the human hand, were matters for the future. The President had
spoken of electricity and electric lighting, but he had not referred to coal-cutting machinery; possibly
that was a problem yet to be thought out, and if they did think it out and did away with the coal
hewer, some gentlemen of science might do away with the coalowner. It was quite possible that
if he were to express the somewhat uncharitable wish that the hewer should disappear some
persons might also wish that the coal lessor and the coal lessee should also disappear with him.
But how far science might change matters in the future, by electricity and other means of
cheapening and increasing the production of coal, or by finding some substitute for coal itself, must
be left for the future to settle. Meantime every colliery owner, whether a scientific man or not, and
whether a member of this Institution or not, wished them all success in that which was, and must
be, one of the highest aspirations of mankind, to lessen the loss of life and the number of accidents
in mining, and also to increase the production of coal, and thereby to extend and sustain the
reputation of this country to which it was their greatest pride to belong.

Mr. M. H. Mills proposed " The Corporation of Newcastle," to which the Mayor and Sheriff
responded.
Mr. A. L. Steavenson proposed "The Visitors."
Mr. Joseph Mitchell, in replying, said he had often come to Newcastle, and on each occasion he had
learned something—he had learned to-day that the beginning of
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the coal trade was a very short distance from where they were at present meeting, and he was sure
that all the mining engineers who came from the south were indebted to the North of England
Institute for some very good advice, which they had received by becoming members of that
Institute, or becoming associated with it, and through the perusal of its publications which were
open to them. The North of England Institute was always pleased to communicate anything which
would tend to their advancement. The electric light had to-day been referred to, and he always
looked upon Newcastle-upon-Tyne as the sun shining on the coal trade ; he hoped the sun might
ever shine on Newcastle and on the coal trade connected with it, because if it shone at Newcastle,
no doubt they in the south would have some of the reflection. He was very pleased, on behalf of the
visitors, to return his hearty thanks for the way in which they had been received in Newcastle, and
also for their reception of the toast. He could only repeat, what had already been stated before,
that they would be pleased to see the members of the North of England Institute in the south, either
at Barnsley, Sheffield, Chesterfield, Birmingham, or elsewhere. They would always find their doors
open in welcome, and the oftener they came the more pleasure they would bestow.
The members then adjourned to the Durham College of Science where a Conversazione was given by
the Principal and Professors of the College.
EXCURSIONS MADE DURING THE VISIT OF THE FEDERATED INSTITUTION OF MINING ENGINEERS TO
NEWCASTLE-UPON-TYNE.
January 22nd, 1891.
The following collieries and works were, by kind permission of the owners, open for the inspection
of members. The following notes record some of the features of interest seen by visitors:—
Harton Colliery.—Double story heapstead; jigging screens ; steel cleaning belts ; gravitation roads at
bottom of pit and on heapstead ; tail-rope hauling
engines on surface.
Saint Hilda Colliery.—Similar to Harton Colliery; also Guibal fan, 50 feet diameter; patent fuel works;
automatic expansion-geared winding engines.
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Boldon Colliery.—Similar to Harton Colliery; powerful winding engines, with automatic expansion
gear; coal-breaking machinery for preparing splint coal for 15 mechanical stokers.
Seaton Delaval, New Delaval, and New Hartley Collieries.— Underground haulage (endless-rope and
chain); surface machinery; coal washer and endless rope.
Cowpen, Newsham, and Cambois Collieries. — Mechanical screening; tub elevator; washers;
coal-shipping spouts, harbour, docks, etc.

Ryhope Colliery —Compressed air machinery, etc.
Wingate Colliery.—Screening belt, etc.
Blaydon Main Colliery.—Worthington pumping engine.
Throckley Colliery.—Compound beam rotative pumping engine, pumping 2,500 gallons per minute.
Towneley Collieries, Addison Pit.—Two underground Hathorne-Davy pumping engines raising 2,200
gallons per minute. Endless chain from dip drift to surface.
Elswick Colliery.—Underground endless chain.
North Elswick Colliery.—Evans' underground pumping engine, with steam at 100 lbs. to the inch.
Newcastle and District Electric Lighting Company's Station.— The equivalent of 8,000 ten candlepower lamps are coupled to the mains, and have worked for nearly a year without accident.
Newcastle-upon-Tyne Electric Supply Company's Station.
Messrs. Mills & Son's Brass Works.—Recently erected brass foundry, engineering and electrical
works; manufactory of safety-lamps.
" Newcastle Chronicle " Printing Office.—Composing, stereotyping, and printing departments. The
members saw a complete edition of the " Evening Chronicle " turned out from the first to the last
operation. .
The Grain Warehouses, Quayside.—The elaborate grain screening, cleaning, and other machinery
were seen in operation.
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NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL
ENGINEERS.
GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
February 14th, 1891.
Mr. J. B. Simpson, Vice-President, in the Chair.
The minutes of the last meeting were read, and the proceedings of the Council meeting were
reported.
The following gentlemen were elected, having been previously nominated:—
Member—
Mr. Louis Irving Seymour, Mechanical Engineer, Chief Mechanical Engineer, De Beers Consolidated
Mines, Limited, Kimberley, South Africa.
Students—
Mr. Nicholas John Bitzos, Mining Apprentice, Broomhill Colliery, Acklington.
Mr. George Chrisostom Zumbuloglon, Mining Apprentice, Broomhill Colliery, Acklington.

The following gentlemen were nominated for election :—
Members—
Mr. John Philip Kirkup. Mining Engineer, Singareni Collieries, Hyderabad, Deccan, India.
Mr. Syed Ali Belgrami, A.R.S.M., Director-General of Mines to the Government of H.H. the Nizam of
Hyderabad, Deccan, India.
Associate Member—
Mr. Robert Henzell, Oil Manufacturer, Close, Newcastle-upon-Tyne.
[74]

PROCEEDINGS

Associates—
Mr. Benjamin Mason, Mine Manager, Burnopfield Colliery, Hobson, Lintz Green.
Mr. Thomas Macintosh, Mining Engineer, Cowpen Colliery, Blyth, Northumberland.
Mr. John Shaw, Cramlington, Northumberland.
Students—
Mr. John Ritson, Mining Student, Marley Hill, Whickham, R.S.O.
Mr. William Mordy, Kimblesworth Colliery, Chester-le-Street.
Mr. Matthew Henry Kellett, Castle Eden Colliery.
Mr. M. Walton Brown read the following paper on "The Waddle Patent (1890) Fan":—
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THE WADDLE PATENT (1890) FAN.
By M. Walton Brown.
The Waddle fan as manufactured prior to the end of the year 1889 is shown in Figs. 1 and 2, Plate
XVII. It is an open running centrifugal fan, with alternating long and short curved blades fixed
between and attached to two discs, one of which is pierced with a central orifice for the entry of the
air from the mine. The pierced disc gradually approaches the other, in order that the products of
the angular velocity at any distance from the centre of the fan multiplied by the area of the air
channel at that point are constant, and by this means it was hoped that the fan would be kept full of
air.
The Waddle patent (1890) fan is shown in Figs. 4 and 5, Plate XVIII. This fan is similar to those
erected prior to the year 1890. In the old fan the air is discharged into the atmosphere at a
somewhat high velocity, but in the new fan this velocity is considerably reduced by the addition of a
divergent or trumpet outlet extending beyond the external ends of the blades.
The area of the outlet at the periphery of the fan is more than double of the area described by the
external tips of the blades. Consequently the velocity at which the air leaves the blades is gradually
reduced as it passes through the divergent outlet, and the air is discharged from the periphery of the
fan at a low velocity into the atmosphere.

The law of the resistances varying as the squares of the velocities of the air suggests that the
resistances at the outlet may be considerably decreased, that the capacity of the fan for the
discharge of air may be increased, that the power applied to drive the fan may be diminished, and
consequently that the general efficiency of the fan may be increased by the use of such an addition.
The volume of air (Q) discharged through an orifice (A) in a thin plate is given by the formula, Q = .62
A [square root]2gh1[subscript]); but it is well known that the volume passing may be considerably
increased by the addition of suitable ajutages. Experiments on the issue of water through conical
expanding ajutages of various forms and dimensions show that the value of the coefficient may be
increased from .62 to nearly unity. It may therefore be reasonably accepted that the divergent outlet
applied to fans will have a similar effect in increasing the volume of air.
The long blades between the boss and the edge of the inlet ring of the fan are almost radial, and
between the inlet ring and the periphery are arcs, placed at an angle to the radius, and may be
adapted to meet the requirements of the mine to which the fan is applied.
The effect of the radial portion of the blade is to tend to produce equal velocities of the air in every
part of the inlet, and to maintain a supply of air to the fan in excess of the quantity traversing the
curved portion of the blades.
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A Waddle patent (1890) fan was erected at Craghead Collieries, and through the courtesy of Messrs.
Thomas Hedley & Brothers, and their agent, Mr. James Fairley, a series of experiments were made
by the writer to determine its efficiency.
This fan is delineated in Fig. 6, Plate XIX., and Fig. 7, Plate XX.; its dimensions are as follows:—
Ft. Ins.

Diameter to periphery of divergent outlet ...

...

Diameter of the extremities of the blades......

35 0

Diameter of inlet ring...............

13 6

Width at outlet..................
Width at periphery of fan
Capacity of fan............

36 4

1 1 1/2
............

2 2 3/4
2,583 cubic feet.

The fan is driven direct by one high pressure horizontal engine, with ordinary slide valve, and
variable expansion valve, cutting off between 1/4 and 3/4 stroke, as required. The cylinder is 24
inches diameter, and 42 inches stroke: the piston rod (at front end only) being 3 3/4 inches
diameter.
During the course of experiments 1 to 7, there were three downcast shafts, whose air was exhausted
by the Waddle fan ; and during experiments I to V the air was derived from two downcast shafts,
instead of three as in the previous experiments.
Four seams of coal are worked at the Craghead Collieries: the Shield Row Seam at a depth of about
56 yards, the Five-Quarter Seam at 78 yards, the Main Coal Seam at 100 yards, and the Hutton Seam
at a depth of about 168 yards.
Mr. A. L. STEAVENSON said he did not think they were in a position to discuss the paper at any
length that day; it would be better to wait until the results of the experiments were in the hands of
the members. He understood the diameter was rather more than 35 feet as given in the paper ; if so
it would make a difference in the results from the water-gauge, for the water-gauge varied in
accordance with the square of the speed of the periphery. The results seemed to be very excellent,
and fully equal to anything he had met with, and if they were correct—and no doubt they were so
far as Mr. Brown was concerned—it was a very excellent fan.
Mr. Hugh Waddle said in the old fan the blades were only a short distance within the inlet ring ;
consequently when the fan was of larger capacity than the mine the air was taken in close by the
inlet ring all the way round, and the blades struck the air at a high velocity. Now, by bringing them
towards the centre, as shown in Plate XVIII., the air struck all parts of the blades equally under the
same conditions; through the blades radiating from the centre, the air was so hurried up them that
the main volume would come from near the centre of the fan ; but when the fan was working up to
its full capacity the air was brought forward equally over
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the whole inlet area. The radius of the blade was also varied to suit the water-gauge and the
requirements of the mine ; it was altered for every water-gauge. The divergent outlet was not
generally applicable to the improvement of the old type of Waddle fan, but in cases where the
capacity of the fan was greater than that of the mine, he recommended the addition of his patent
band shown in Fig. 3, Plate XVII.
Mr. Wallau asked if the inventor had any exact data as to the actual gain through curving the inner
ends of the blades as described ?
Mr. Waddle said he found that these curves required to be altered slightly according to the velocity
of issue of air from the fan.

Mr. Wallau asked if the blades of any fan had been altered ?
Mr. Waddle said he had tested one fan with and without the divergent outlet. After applying the
divergent outlet, they found an increase in the volume produced and power utilized of about 20 per
cent. When they stood opposite the outlet of the old fan, the stream of air from it could be felt at a
considerable distance, but with the new fan the effects of the issue of the air were not noticeable
even at a very short distance.
The Chairman asked if old fans could be altered in accordance with this principle without much
trouble ?
Mr. Waddle—We cannot get good results by the addition of the divergent outlet to an old fan, as all
the proportions of the fan require to be altered.
Mr. J. A. Ramsay said if he understood the matter aright a new fan of small size would give results
equal to a larger one of the old construction.
Mr. Waddle replied that the same results could be obtained with a smaller fan of the new design ;
the proportion as near as possible being that a new 35-feet fan will give nearly the same volume of
air as the old 42-feet pattern of fan.
Mr. C C. Leach asked why the blade kept was short of the periphery of the divergent outlet ?
Mr. Waddle said if the blades were carried to that periphery there would be re-entry, which it was
the very means of stopping. The blades must get air from somewhere, and as the capacity of the fan
at the circumference where the blades stop was so much less than at the outlet, the blades if
extended as proposed would have to draw in the outside atmosphere to feed themselves.
Mr. M. Walton Brown said a question might be asked as to the diameter of the fan to be used in
making reductions and calculations. It appeared to him that the effective diameter of the fan would
be the diameter of the tips of the blades, that was 35 feet. So far as the action of the divergent
outlet was concerned, it might be compared to the expanding chimney attached to the Guibal fan;
and except as regards mechanical difficulties it might be a fixture and would produce the same
effect with the fan running inside and just clear of it. He would like to hear the views of the members
as to which diameter of the fan should be taken in reducing the results to those given at the normal
velocity.
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Mr. Waddle said that no work was done beyond the tips of the blades ; there was no increase of
centrifugal force after the air left the blades. The divergent outlet had the effect of reducing the
speed of the air rapidly as it passed into the larger area. The area being more than doubled between
the inner and outer end of the divergent outlet, as a consequence the velocity of the air was reduced
to at least half-speed.
Mr. R. L. Weeks asked if an old fan had seven inches cut off the blades in the inside would there be
any beneficial effect ?
Mr. Waddle replied that the results would not be improved, the water-guage at the same number of
revolutions would be lowered, and the change would simply produce a fan of smaller diameter.
Mr. J. A. Eamsay said that the alteration suggested by Mr. Weeks would not be beneficial, as the
shortening of the blades of an old fan would have a deterrent effect.

Mr. Leach asked what part of the efficiency was due to the divergent outlet ?
Mr. Waddle said that point depended upon the volume of air being passed. If there was a very small
quantity of air in relation to the capacity of the fan a very large proportion of the additional power
utilized would be due to the alteration of the blades; if there was a very large volume of air, a much
larger proportion of the efficiency would then be due to the divergent outlet.
Mr. H. Ayton enquired as to the effect that would be produced by attaching a divergent outlet to an
old fan ?
Mr. Waddle said that in the trials already mentioned there was a difference under the two
conditions of about 20 per cent.
Mr. T. E. Forster asked if better results were obtained by the divergent outlet or the band applied to
an old fan ?
Mr. Waddle said if the old fan was giving a fair volume of air he would recommend the divergent
outlet, but if the capacity of the mine was much less than that of the fan he would certainly
recommend the band.
Mr. A. L. Steavenson said he had one simple little rule he always applied to fans :—D[squared] x
R[squared] [divided by] 800,000* which gave the theoretical water-gauge in inches, and the nearer
they could approach the theoretical result the nearer they were to perfection. The Guibal fan gave
as high as .67; the new Waddle fan seemed to give .60, if they took 35 feet as the outer diameter.
However, if the diameter of 36 1/3 feet was taken, the results were still very good. He understood
that the end of the water-gauge when the vacuum was read was close to the inlet of the fan, which
was acknowledged to be rather a strong advantage in favour of this fan. He considered, after a
recent visit, that the Waddle fan at Craghead Colliery was a strong fan, very simple, and not likely to
get out of order. It was an excellent fan from a mechanical point of view, and the useful effect
appeared equally favourable.
* D being diameter and R revolutions of fan per minute.
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Mr. M. Walton Brown said, with regard to the useful effect of ventilating fans, he thought that one
point had frequently been overlooked; he alluded to the efficiency of the engine. A fan might be
erected, for which the maker claimed 70 or 80 per cent, of useful effect, and the efficiency of the fan
was entirely neutralized by attaching it to an engine and boiler consuming say 15 lbs. of coal per
horsepower in the air ! Another fan, of inferior design, might yield the same results from a
consumption of 5 lbs. per horse-power in the air. That is to say, one fan might consume coal to the
value of £400 per annum, while a more efficient fan, in consequence of the attached inferior engine
and boiler, might consume £1,200 worth of coal per annum.
Mr. Waddle said if they used an engine of too high a class they would be apt to get into difficulties;
they wanted a simple engine which would utilize a good proportion of its power. They might have an
engine which would use less coal, but the main saving after all was at the boilers.
Mr, Blackett, referring to Mr. Brown's remark on the place at which the diameter of the fan should
be measured, said his conviction was certainly in favour of measuring its diameter at the tips of the
blades.

The Chairman said he would propose a vote of thanks to Mr. Walton Brown. They were always glad
to have new appliances brought to their notice if they showed any improvement on those at present
in use : but they were also specially thankful on this occasion, as when they found that there was no
business for this meeting, Mr. Brown kindly came forward at once and offered to read this
interesting paper.
Mr. T. W. Benson said he had much pleasure in seconding the vote of thanks. He was sure they must
all feel obliged to Mr. Brown for supplying so interesting a paper.
The vote of thanks was cordially adopted.
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NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
April 11th, 1891.
Mr. W. Cochrane, President, in the Chair.
The minutes of the last meeting and the proceedings of the Council were reported.
The meeting heard with very great regret of the death of Mr. John Marley, a former President of the
Institute, and unanimously adopted a vote of condolence with the family.
The following gentlemen were elected, having been previously nominated:—
Members—
Mr. John Philip Kirkup, Singareni Collieries, Hyderabad, Deccan, India.
Mr. Seyd Ali Belgrami, A.R.S.M., Director-General of Mines to the Government of H.H. the Nizam of
Hyderabad, Deccan, India.
Associate Member—
Mr. Robert Henzell, Oil Manufacturer, Close, Newcastle-upon-Tyne.
Associates—
Mr. Benjamin Mason, Burnopfield Colliery, Hobson, Lintz Green.
Mr. Thomas Macintosh, Cowpen Colliery, Blyth, Northumberland.
Mr. John Shaw, Cramlington, Northumberland.
Students—
Mr. John Ritson, Marley Hill, Whickham, R.S.O.
Mr. William Mordy, Kimblesworth Colliery, Chester-le-Street.
Mr. Matthew Henry Kellett, Castle Eden Colliery.
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The following gentlemen were nominated for election :—
Members—
Mr. D. Selby Bigge, 27, Grey Street, Newcastle-upon-Tyne.
Mr. Joseph J. Henderson, U.S. Engineer's Office, Kingsbridge, New York, U.S.A.
Associate Member—
Mr. John Hunt Hedley, John Street, Sunderland.
Associates—
Mr. Edward Griffith, High Street, Coedpoeth, Wrexham.
Mr. William Parkinson, South Moor, Chester-le-Street.
Mr. Wm. Cochrane delivered his presidential address as follows :—
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PRESIDENTIAL ADDRESS, By Mr. W. Cochrane.
The position in which you placed me in August, 1890, is one which I feel to be the highest honour
you can confer, and which I hope it is the ambition of many of you to attain—for it should indicate a
previous diligent attention to the work and interests of the Institute to carry it on prosperously. It is
with the assurance that I am here as the expression of your satisfaction with me, and that I have
your sympathy and aid to support the dignity and duties of this office, that I ventured to enter upon
it. An apology is due to you for having absented myself immediately after my election, owing to the
condition of my health, and my thanks are due to the Vice-Presidents and members of Council who
have fulfilled my duties.
In attempting to address you, as is usual, I do so with great diffidence. Previous presidential
addresses seem to cover most of the ground available, and it cannot be expected that each year
should develop anything strikingly new or interesting. Now that the office is annual, it might perhaps
be desirable to expect only every third or fifth year's President to sum up the advances of the
previous term of years. Had such a system been in operation, my lot might have fallen, fortunately
for me, upon one of the silent years. A few points which have occurred to me may suggest matter
for your consideration and investigation—if so, my object will have been gained. Referring to the
date of 1863, when the British Association met in this city, Lord Armstrong, subsequently our
President in 1873, reviewed, in his inaugural address, the previous quarter of a century. He laid
particular stress on the increased output of our collieries which, in 1861, had reached 86,000,000
tons, and estimating the then known coal-fields as workable to a depth of 4,000 feet, he gave less
than 100 years as the probable exhaustion, if the production continued at its then rate of increase.
He gave at the same time a warning of the wasteful use we were making of coal—not attaining more
than one-tenth of its calorific power in the best, and probably only one-thirtieth in the average of
our steam engines, losing two-thirds of that heating power in nearly all manufacturing processes;
and using for domestic purposes about five times as much coal as would produce the same effect in
properly constructed stoves. He urged economy in the processes of getting coals as well as of
consuming them. An earlier warning had been given by our first President in his address of 1852, an
address which I advise all our members to peruse. It is a record of the state of mining engineering in
almost all its details in his time—he having had the benefit of an experience of forty years, thus
carrying us back to 1812. The Proceedings of our Institute may well be referred to as recording the

successive achievements due to the Mining and Mechanical Engineer, and the forty years since
Nicholas Wood addressed the Institute, may be compared as having accomplished at least as much
as his predecessors of forty years had done,
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thus fulfilling the wishes of himself and the other founders of this Institute, which were and still are
our highest aim. Can we also say, as Lord Armstrong said in 1863 of the twenty-five years which he
surveyed, that in mechanical science the progress made in the quarter century " has no parallel in
history ? " The British Association met again in our city in 1889. I think its proceedings will show that
in every department of mechanical science the last quarter century has not been behind the
previous one in development, for the science of electricity has made such extraordinary progress as
to rival in its application and utility even the application of steam power, upon which it is at this
stage largely dependent, but there are indications of its economical production without the
intervention of steam, and its use for the transmission of power appears to be capable of such
extension as to be in some directions the necessary economical development of steam power. I refer
to the opinion of one of the leading engineers of the day, Sir F. Bramwell, who, in his address to the
British Association at York in 1881, stated as his opinion that in 1931, when the centenary of the
British Association would occur, they would find that the steam engine had become a curiosity, and
was relegated to museums, for he could not believe steam would continue to be the vehicle for
transmitting heat into work. This he repeated at Bath in 1888, and saw no reason for withdrawing it.
We have, however, to deal with the present conditions of the uses of coal, and it may be worthy of
our attention to review the various opinions expressed as to the duration of our resources. In the
second volume of our Transactions a communication is made by G. C. Greenwell, in which he
estimates from 1846, a period of 331 years' duration of the Northumberland and Durham coal-fields,
with an annual demand of 10,000,000 tons, which he considered might be attained. In 1854, T. Y.
Hall estimated 256 years, with an output of 20,000,000 tons annually.
I do not find any further mention of this subject till 1863, in Volume XII., when Messrs. N. Wood, J.
Taylor, and J. Marley came to the conclusion that such an investigation could be of no practical
utility, and that the attempt for a vast period of time was, at the least, premature. In Volume XXXII.,
1883, the subject was very fully gone into by G. C. Greenwell, who indicated at least 230 years; and
in Vol. XXXVII. a valuable summary of estimated durations is given up to the year 1882.
Having now reached, in 1890, an output of nearly 40,000,000 tons of coal in the counties of
Northumberland and Durham, it seems to me desirable that some allusion should be made to such
altered conditions, so that the records in our Proceedings may not be misleading. In 1865, Professor
W. Stanley Jevons brought the subject before the public in his work on the Coal Question, and with
such investigation of details that a Parliamentary Committer was formed in 1866 to enquire into the
matter—their report was issued in 1871—the general conclusion being that there was an available
quantity of 97,525,000,000 tons, and they estimated a duration of 350 years. Professor Jevons had
suggested 110 years, each period being based on the conditions of seams being workable at a depth
of 4,000 feet, and of
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eliminating all coals less than one foot thick. A more recent investigation in 1889 has been made by
Price Williams. It has the additional light of another quarter century thrown upon the data of the
1866 Committee, and we are brought by his estimates to face a possible exhaustion of the coal-fields
in this country within a century. Long before then some districts will be practically shut out from

competition in the struggle for existence, and the industries now settled there and dependent on
cheap fuel will migrate to other centres. Take, for example, the Cleveland iron trade, which is one
of the chief consumers of the Durham collieries' output. It will expand, or at least continue its
present production as long as the Cleveland ironstone holds out, and cheap fuel is available. Sir
Lowthian Bell, in his report to the British Association in 1863, " On the Manufacture of Iron in
connexion with the Newcastle and Durham Coal-fields," estimated that the whole of the available
coal in the Durham coal-field was just sufficient to smelt all the valuable ironstone of Cleveland.
There are other inferior ironstone seams, but it is doubtful whether on the exhaustion of the Main
Seam competition would be possible with other markets. The exhaustion in ninety-four years of
the coal supply in Durham, as estimated by Price Williams, would mean, therefore, the cessation of
the iron industry.
In the Midland Counties, where coal and ironstone seams are found under similarly favourable
conditions, a shorter duration of the coal-fields, seventy-two years, is estimated by Price Williams.
In each case, taking into consideration the small output of such thin seams as one foot, and at
depths approaching 4,000 feet under the difficult conditions of temperature and the enormously
increased outlays and working costs, it seems to me that the extent of working will be of a very
limited character, and that a closer approximation to the wane, not the exhaustion, of the coal
industry in Great Britain, will be to estimate seventy-five years hence rather than 100. Most of us,
probably noting the spread of the black coloured areas, indicating goaves on the working plans, have
been engaged in considering how long our own particular collieries may be estimated to last—there
are few, I think, can suggest even fifty years—while the tracts of unopened coal-fields are few, and
at increased depths will present the difficulties previously indicated to development. The output of
181,614,288 tons of coal in Great Britain for 1890, the largest output attained, is an increase upon
that of 1889 of 4,697,564 tons, slightly exceeding 2 1/2 per cent, per annum, which was the
average rate of increase over the previous fifteen years, and is the rate of increase on which Price
Williams bases his estimate of the period of exhaustion. It is rather startling to consider that such
important industries may within the space of a lifetime be narrowed so as not to be any longer
features of the districts where now they are the chief.
This question of the duration of the coal may be considered an unnecessary scare, but it should urge
us more than ever to economize its use. What has been done in this respect since the warning of
1863? In domestic consumption, I fear that none of us can say we have to any important extent
reduced our coal bills,
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although the type of fire-grate with fire-brick sides and back, the latter overhanging the fire bars, is
unquestionably an improved form. Some credit must also be taken for the extended application of
heating houses and public buildings by air heated by slow combustion stoves, by gas stoves, and by
the circulation of water in pipes— considerable economy in fuel being the result—and making the
open fire-place so essential to our ideas of architecture as well as of comfort, a luxury instead of a
necessity.
In the raising of steam and in the application of it there have been great advances. Boilers are now
constructed which evaporate as much as 12 1/2 of the theoretical 15 lbs. of water with 1 lb. of coal.
Instead of exhausts at high pressure wasting into the air, the employment of condensers yielding at
the same time pure water for the boilers and enabling economies in the steam cylinder by the use of
the vacuum, are general in a modern well appointed plant—thus reducing the boiler power

required—while the adoption of triple and even quadruple expansion is one of the chief features of
modern steam engine designs. The compounding alone resulted in an economy of about 40 per cent,
of fuel. The triple expansion is about 20 per cent, better than the compound. The original single high
pressure, cylinder required about 3 1/2 lbs. of coal per horse-power per hour—the triple expansion
only 1 1/2 lbs. Higher pressure of steam and higher expansions are more generally adopted. In some
collieries, to meet the varying loads in winding saafts, variable expansions have been adopted, but
fuel is generally too cheap to encourage the use of this otherwise economical arrangement; its use
will extend as greater depths of shafts are involved.
Notwithstanding the improvements indicated, we are very far from having utilized the nine-tenths of
the theoretical effect which we were told we were wasting, and this condition should lead us to
investigate closely how so serious a loss can be avoided. It seems as if it cannot be in the direction of
steam as the motive power—for it is in the application of steam, and not in the production of it, that
the serious loss arises; but it may come in that of electricity. Successful research is being carried on
in the obtaining of currents by the mixing of positive and negative gases, of which hydrogen and
oxygen are examples, upon the principle that the electrical force which separates the constituents of
water is produced and is capable of being economically stored and used by combining them. Carbon
monoxide (the cheap production of which is effected by the passing of steam over incandescent fuel
and other gases) as well as liquids, are available for the same purpose.
One more allusion to the economizing of our coal supply is necessary in the working of the seams. It
is incontestable that great waste, now irrecoverable, has taken place in previous years, both
underground and on the surface; and even now in seams where dirt bands occur, as is especially the
case in the Midland Counties, the expense attending the separation of the good coal, when very
thin, leads to the leaving it underground; in some of the four-feet seams as much as 15 per cent,
being cast back into the goaf, and even in mines when the highest prices have ruled
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for coals, it has not been found profitable to draw it out of the pits and prepare it for the market.
This may be an extreme case, but in the ordinary working of coal seams at least 6 per cent, of the
whole of the coal is left underground, which is so much fuel lost to the country. This should induce
every possible economy to
prevent the loss.
Mention should be made under this head of the important works carried out in the South
Staffordshire coal-field, where a fresh lease of life has been secured by combining to recover
drowned-out collieries; it is a new feature in mining operations, and one which is worthy of
imitation. Over an area of 72 square miles works have been carried out under and above ground by
the Mines Drainage Commissioners, so as to displace the operations of single collieries which were
no longer able to deal with the quantity of water which, by the working away of barriers, found its
way to them ; and by a concentration of pumping engines, and drainage works, to re-open much of
this area, which contained valuable tracts of the 30-feet seam, as well as lower coal and ironstone
measures. Instead of 139 pumping engines in 1872, raising 48,000,000 gallons of water per 24 hours,
much of which, after having been lifted to the surface, soon found its way down again through the
broken strata owing to the fissured condition of the undermined watercourses and rivers, 17 engines
are employed raising 17,000,000 gallons per 24 hours, and these are steadily reducing the level of
the water throughout the mines affected, while the cost of raising 25,000 gallons of water 100 feet
high, which was previously 11d., at the best plant in this district, is now only 3 1/4d. The

Commissioners are a body elected by the colliery owners and lessors, receiving no remuneration.
They levy rates under their Parliamentary powers, according to evidence laid before them, as to any
colliery which benefits by their operations—if by surface works, a rate of 1d. per ton on the output
of minerals, and if by underground operations, 6d. to 9d. per ton.
Similar combinations for the economical working of various industries seem to be a feature of our
time, those having reference to the distribution of motive power being of primary importance, for
they cheapen its production and enable small users to economize in a manner which, in the case of
the establishment of a separate plant, would often preclude the adaptation. Take, for instance, the
supply of compressed air as in Birmingham, where pipes convey air at an average pressure of 45 lbs.
to the square inch, which can be turned on by a valve, day or night, by any consumer. A district of
that town, of about four square miles, is so supplied. Boilers with risk of explosion, and chimneys
with the accompanying dirt and smoke, are dispensed with; a very slight alteration is needed to an
engine previously using steam—the charge is by meter—a minimum of 4d. per 1,000 cubic feet of air
at 45 lbs. pressure per square inch, taking at least 4,000,000 cubic feet per quarter-year, and a
maximum of 1s. 8d. per 1,000 cubic feet for a consumption as low as 50,000 cubic feet per quarteryear. With a well-arranged engine about 125 cubic feet are used per indicated horse-power per
hour, and with the use of expansion,
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and by heating the air, an economy is effected which results in the cost per indicated horse-power
per hour of 1/2d. in the case of consumption equivalent to 4d. per 1,000 cubic feet, and 2 1/2d.
where it is 1s. 8d. per 1,000 cubic feet.
I must refer to another form of motive power, similarly distributed as that of compressed air—the
hydraulic—which has attained a large development in London and elsewhere. Street mains are
charged at 700 lbs. per square inch, and service pipes are laid on wherever required; hydraulic lifts
are thus possible for lofty houses and stores without the necessity of repeating costly plants, and the
estimated cost of its use is as low as 1/4d. per ton, lifted 50 feet high. Its application is of the most
varied kind, and among others for hydraulic riveting of girders in the construction of some of the
bridges across the Thames, where the great facility of carrying the riveting machine to any point
where it is required, effects important economy.
Extensive plants for providing electricity for lighting are also being employed for providing motive
power, but at present there are no large applications in this direction, most of the plants being
established by the separate users. An important and rapid development is being made in this
direction, but there is much to be settled as to the useful effect of this agent as a motive power,
however useful it may be under special circumstances. When such a result is recorded as a loss of 85
per cent. of the horse-power generated at a fixed station in propelling a railway car, and the best
result in pumping water is about 40 per cent. of the indicated horse-power of the steam engine,
there is much to be discovered before its use can be economical and its destiny be achieved, to
become, as is believed, the motive power of the future.
In other countries favoured with rivers and waterfalls, the application of water as a motive force has,
during the last few years, been developed to a large extent, and the hydraulic distribution carried
out in a similar manner. At the Trollhatten Falls in Sweden, the Schaffhausen in Germany, and at the
outlet of the Rhone from the lake of Geneva, we have some of the finest examples; the beauty of
the scenery is sacrificed, but the utilization of force is gained. At Geneva, by an arrangement of
turbines sunk in chambers at the level of the bed of the river, a motive force is developed of about

6,000 horse-power, each turbine giving about 300 horse-power, and is applied by cranks to forcing
engines which maintain a hydraulic pressure of 200 to the square inch in mains laid along the streets
of Geneva, for service to factories and houses. Machinery is driven by this means, and the town is
provided with electricity produced from the same power.
The transmission of the power from the turbines, actuated by the waters of the Rhone, gave rise to
many practical tests to obtain the most economical system of distribution. Wire rope cables,
compressed air, and electricity, were proved to be inferior under the conditions of Geneva city to
the hydraulic pressure, which yields 50 per cent. of the power generated by the turbines. Each
system may be advantageously applied under different conditions. At Schaffhausen, the wire-rope
transmission was first adopted, but is giving way to the electrical. In Geneva the
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water is supplied from the same mains for household consumption. This use of hydraulic power has
been of the greatest importance to the city. Fuel had become so expensive an item in the use of
steam power that the industries for which Geneva had been celebrated had seriously declined. This
cheap provision of power carried to every workshop in the town has restored its prosperity, and
enables it to compete with the markets of the world in its specialities. Transmission by electricity is
contemplated in an extension of the Geneva works at the junction of the Arve and the Rhone, owing
to the increasing loss of power due to the frictional resistance under hydraulic pressure.
It may be thought that I have taken a gloomy view of the future of our country in suggesting so early
a decline of our coal industry, but other causes may help us to extend the period of our ability to
compete in the industries of the world. No industry has had a more extraordinary development than
that of petroleum. The boring of wells was commenced in America only about 1859. American oil
found its way rapidly into all the markets of the world for illuminating purposes ; it supplied the
cheapest and most useful form of light. Gas and electricity have their special recommendations, but
for universality of application and for portability, petroleum is not excelled.
There is an interesting account in our Transactions, by the late E. F. Boyd, of the American oil district
which he visited. At that date, only one other region, Gallicia, had been opened, and that only to a
small extent.
In 1884 there were about 4,000 miles of American pipe lines from the petroleum wells, along which
the oil was pumped to various railway stations, and these pipe lines and pumping machinery form
some of the most extraordinary works which engineering science has succeeded in perfecting. I
refer, as an instance, to a direct pumping main of 70 miles length of 5-inch pipes, and to another
where oil was pumped a distance of 110 miles with one pumping engine. It is estimated that 75 per
cent, of the power applied was expended to overcome the frictional resistances. Generally, the
pumping stations are 30 to 40 miles apart, and through a 5-inch pipe about 150 gallons per minute
may be delivered. This mode of delivery has enormously reduced the cost of transport, previously by
rail to the sea, in tanks, so that now the price of refined oil, in Europe, is about what the cost of
transport alone was by rail to New York, and the refining has passed to the large towns where the
various products of crude petroleum are of value, instead of being lost as they were at the oil wells.
The American source of petroleum seems to be defined over an area of about 3,000 square miles, at
depths of 1,000 to 5,000 feet. It occurs mainly in two sandstone beds below the lower productive
Coal-measures, and yields about 1,000,000,000 gallons per annum, or about one-half the production
of all the oil districts. In 1890 about 500 wells were bored per month—an average well yielding

about 6,000 gallons per day. In exceptional cases a well has yielded as much as 10,000 gallons per
day. The average life of a well has been about two and a half years.
The subsequent discoveries of petroleum in the Baku district have eclipsed those of America, and
the supply of Russian oil has spread over the world in an
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extraordinary manner. The perusal of Mr. Marvin's work, entitled the Region of the Eternal Fire, will
well repay any of you who wish to inform yourselves on this interesting subject. An area of about.
15,000 square miles seems to be saturated with petroleum, and to yield enormous quantities by
borings. Oil springs are found at an average depth of 150 feet, the oil being under great pressure ; in
one case discharging to a height of 300 feet above the surface, under a pressure of about thirteen
atmospheres, and yielding 2,000,000 gallons per day. A well at Baku in one day yielded almost as
much oil as 25,000 borings in the American petroleum district. This yield is the striking difference
between the two districts—10,000 to 25,000 gallons per day being the average yield of a well in the
Baku district, and showing no diminution over several years. Also, deeper borings prove other oil
springs, whereas the American zone of supply is limited.
A vast industry has sprung up in connexion with the Baku petroleum. In 1880 about 2 1/2 million
barrels of 360 lbs. each, and in 1888 16 1/2 millions, were the yield of that district. Tank steamers
are being increased in capacity and in number to carry the refined oil in bulk. Large storage
reservoirs, into which the oil is pumped from the steamers, are constructed at various centres—
there is an important one on the River Tyne for its distribution throughout the north of England.
Its use is being steadily enlarged, especially as metallurgical fuel. The product, after refining, called
astatki, about 70 per cent, of the original raw oil, is used in steamers and locomotives in Russia,
instead of coal; its price is only about 4d, per ton at the wells. With cheaper railway connexion from
the wells to the seaboard, it will be found available even in this country as fuel; it is much more
cheaply carried and stored than coal, and may materially assist in delaying the date of the
exhaustion of our coal-fields ; one ton of it is equal in calorific effect to two tons of coal; but with
existing appliances 5 to 7 lbs. are required for 1 horsepower in steamers, and only 12 to 13 1/2 lbs.
of water are evaporated for 1 lb. of astatki, but better results will no doubt be attained with larger
experience of its use. For the same bulk, one-fifth more weight of astatki is stored than coal; it burns
smokelessly ; stokers are dispensed with, and there is neither ash nor clinker produced. Already it is
used exclusively on the Caspian, and is finding its way into this country. It was sold at 2s. 6d. per ton
in the Caspian district at a time when English coals were £3 15s. per ton.
Discoveries of as great importance as at Baku are being made east of the Caspian, on the line of the
future railway system to India, the value of which is self-evident. In the Punjaub, in China and Japan,
in Canada, and in many other quarters of the globe there are also petroleum supplies.
It may be interesting to quote the opinion of geologists as to the formation of coal and petroleum,
the former being the result of air-fed vegetation, such as trees, reeds, ferns, mosses, the latter of
water plants, and hence the origin of fluid petroleum in the sands and shales of the Devonian age in
which submarine vegetation was as rank as the terrestrial vegetation of the coal epoch. Oil deposits
are found in nearly all the beds from the base of the Coal-measures into the Devonian series, and
bitumen, from a similar but marine vegetation origin, is found in Silurian limestones.
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In reviewing the engineering progress which has been made in recent years, I think none is more
conspicuous than that in the department of what is called Sanitary Engineering. I hold that this is
intimately connected with the calling of the Mining and Mechanical Engineer, and must be
recognized as a branch of our profession. Our district is particularly fortunate in having among the
earliest of similar associations one which has done, and is doing, good work. The health of a district
and of a town may be affected by the condition of a single house. It is a duty, therefore, of every
householder to apply the most modern systems to prevent the outbreak and spread of disease.
Arrangements no less scientific than those involved in properly laying out and ventilating a mine,
are required for the ventilation of buildings, and of drains and sewers. It must be within the
experience of everyone of us that even in modern houses, sewers and drains are formed without
regard to the most elementary principles, and often without any record of them on a plan; while a
main drain has been often used as a reservoir for sewer gas, with accumulated pressure against the
house connexions, ready to break through any imperfect joint or water trap, instead of being a
delivery pipe free from the possibility of obstruction and certain in its action, which should always
run itself clear, and by suitable ventilating appliances be constantly circulating fresh air. Among
many important improvements in this direction, compressed air has been successfully applied to
.the transport of sewage. A similar application may be found useful and economical in underground
drainage. By this system, known as the Shone process, the sewage flows into tanks, so fitted that,
when a certain level of sewage is attained, a valve is opened and compressed air of the required
pressure is introduced by an inlet-valve connected with an air-pressure main ; the inlet sewage valve
in the tank closes automatically ; the sewage is forced to the delivery outlet along any length of pipe
and height of lift as may be required for reservoirs or for irrigation of lands. It will be seen that
instead of large gravitating sewers, often constructed at great depths to overcome undulations of
surface and the accumulating services in its length, each tank may have its service of gravitating
pipes of small diameter, and, therefore, better flushed, and these, as well as the delivery pipes from
the tanks, need only be at small depths below the surface. The use of cast iron pipes, instead of
that of earthenware or brick-built sewers, makes the work more permanent and less liable to
damage from settlings of the ground. A central air compressing plant provides the power which can
be carried to any part of a town where the tanks are fixed. The system is particularly applicable to
low-lying and flat towns, and is in successful operation at Rangoon, as well as in several towns in
England.
In mines where small feeders of water occur at long distances from where provision exists for
dealing with them, or where gravitation can only be obtained, if at all, by expensive drifts and
cuttings of levels, this system may be found preferable to the employment of wire ropes or the use
of steam, air, or hydraulic engines.
I feel that I have trespassed too long upon your patience. I will'conclude by reverting to my
opening subject, and suggest that it seems to me that there should be
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no short-sighted policy on our part to hoard the stores of fuel and ironstone we have in this country,
but that we are doing the best service in our time by developing our mines to the utmost with all our
accumulating skill as engineers, and supplying, with open hand, the needs of all the countries that
require our products. We use our experience for the general benefit, and improve our own position
simultaneously, increasing work in all departments of our industries resulting from increased
development of the coal and iron industries. When the old country is on the wane in these respects,
we have vast colonial resources, where our engineers are already finding scope for their professional
careers. It is a happy coincidence that in our colonies, where we settled owing to very different

attractions, we are finding valuable coal and ironstone deposits. The experience of the old country is
being applied to their engineering works, and it may reasonably be expected that better results will
follow than under the difficulties which its attainment with us has involved, whilst it must not be
forgotten that the prosperity of the Empire, so dependent on that of the colonies, is our aim. Some
satisfaction may be felt that as an industrial centre the old country may continue to hold an
important place in the world by the economies as yet unrealized in the use of liquid fuel, yielded
from our own strata and to be imported from so many countries, and the production through its
agency of power (whether electrical or other) sufficiently cheap to enable the manufacturing
industries to flourish, owing to the favourable position of Great Britain for importing from all parts of
the world the materials required, and to the increasing energy of the engineer to keep himself to the
front in the competition for pre-eminence.
Mr. G. B. Forster proposed a vote of thanks to the President for his very interesting and lucid
address, to which they must all have listened with pleasure. They were glad to welcome Mr.
Cochrane home again, and the address showed that in his absence he had not neglected to inform
himself of what was doing in this and other countries.
Mr. Lindsay Wood said he had pleasure in seconding the motion. Mr. Cochrane must have devoted
great attention to the subjects treated of, which were well worthy of investigation by the members
of this Institute.
The vote of thanks was cordially adopted.
The President thanked the members for the manner in which they had received the few notes he
had put together. He thought he might after the event say that he had been in a prophetic mood, as
the paper they were now going to hear from Mr. Steavenson was a development of the suggestion
that some of the matters he had referred to were well worthy of their consideration.
Mr. STEAVENSON then read his " Notes on the Present Position of the Question of Transmission of
Power."
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NOTES ON THE PRESENT POSITION OF THE QUESTION OF TRANSMISSION OF POWER.
By A. L. Steavenson.
In the course of three months' time this Institute will enter upon the fortieth year of its useful
labours. And yet, with the single exception of 1886, a search through the index of our volumes does
not show that such a vitally important question as the transmission of power has ever occupied its
attention; in that year we find Messrs. Liddell and Professor Merivale read a paper upon the
"Transmission of Power by Steam."
No doubt the subject has been raised incidentally at various times, but never in a way worthy of its
importance, and yet, often when the writer has urged friends, especially the younger members, to
assist the Institute, benefit themselves, and give the world a taste of their quality, the almost
invariable reply has been : " Yes, we should be glad to do so, but really the whole of the ground has
been so fully covered that there is nothing left to write about." The fact is, thoroughly well-made
experimental work, or the results of any long and fully grown experience in working, is always
valuable; and instead of the ground being already covered, it is hardly yet fairly opened. When our
Secretary wrote a few weeks ago saying he was short of a paper for the present meeting, this
subject, which had been, during the last three years, very prominently brought under our notice by

our electrical friends, who seem determined to carry all before them, and to leave all other modes of
transmission in the remote past, appeared to be an appropriate one. It also appeared proper to
collect and place on record our present position, and then if these gentlemen persist in treating all
other systems as hopelessly beaten, we may, at least, possess some standard to judge them by, and
they, some accurate data, upon which to base their claims.
Hitherto we have been content to use, 1, steam ; 2, compressed air; 3, hydraulic power; 4, ropes.
The writer does not propose to give only his own experimental work, but also to record what has
been done in well authenticated instances which have come under his own observation.
Steam.
Of the use of steam, he does not propose to say much, for long experience has led him to think that
it is always wasteful and very hurtful underground, and it has become his fixed rule never to take
steam there; he has repeatedly, and with great advantage, brought engines to the surface, and
carried the ropes down the shafts, and this, he believes, is a very common experience—it being
much easier to carry ropes than steam. He has, at the present time, seven engines on the surface
hauling or pumping, and with electric bells they work just as readily and efficiently as they
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could do below; the recent demands of labour have shortened all hours of underground work,
ordinary datal time and overtime run up very fast; repairs in the dark are troublesome, and
expensive to make; engines when buried out of sight are apt to get neglected and dirty; steam must
be maintained all night and over the weekend in the pipes, or if not, when it is again turned on, the
joints are broken, causing more expense, and quite needlessly; so, under all circumstances, we may
say—steam in the mine is like dirt—" matter in the wrong place."
Compressed Air.
This medium, in spite of all that has been said against it of late, as being costly, holds the field for
remote distances underground; if it escapes through bad management, unlike steam or electricity, it
is an unmixed good, affording a supply of cold fresh air. For many years it has been largely used by
the writer, having in one case in Cleveland seven miles of pipes, where it is used for Walker's rock
drills (fully described by the writer in Vol. XXXI. of the Transactions, page 105.) Of course, as is there
shown, it requires to be used with a proper recognition of the laws which govern its action, proper
cooling arrangements being made in the shape of water-injection during compression in the aircylinder. Few accept this necessity and the majority pay the penalty in a small useful effect; but for
twelve years past the adoption of this system has proved its value, and, in fact, without such means,
the work which has been done could not possibly have been accomplished. For those who have not
studied the use of compressed air M. Pernolets' work, L'Air Comprime, a bulky volume of a most
perfect kind, is strongly recommended.
Compressed air has been for sometime distributed through Birmingham by a company got up for the
purpose, and when the writer was there last, autumn he took the opportunity of going over the
works. He found two engines and compressors working, and 4 1/2 miles of pipes were said to be in
use, fourteen works being supplied at rates varying from 4d. to 1s. per thousand feet at 45 lbs.
pressure.
With a capital of £150,000, as it might be expected, the scheme has been carried out with every
effort to attain the highest possible perfection. Boilers of a sectional water-tube pattern were

heated at first by the water gas process, but this on the occasion of our visit had been abandoned
(gasifying the fuel at a distance from the point of utilization, and thus losing the radiant power of the
solid fuel as well as the heat which escapes during transit through underground flues, having proved
apparently to be a mistake). The main engines are on the triple expansion compound condensing
system, of which the high-pressure cylinder is supplied with steam at 140 lbs, reduced to 45 lbs. in
the second, and 3 lbs in the last. But inasmuch as the compressed air was allowed to leave the
compressors at the full heat of compression, and the number of customers was small, the prospects
to the writer did not seem promising.
Previous to the commencement of this company a very interesting printed scheme was got up by
the engineers discussing very fully the problems involved; it is published by Messrs. Spon, and is well
worth perusal.
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Such of us as attended the meetings of the British Association in Newcastle in 1889, heard a very
interesting paper and discussion upon the Parisian Compressed Air Co. In this case, the effects of
cooling in the compressors, and reheating before use, are stated to have raised the efficiency to 50
per cent. In the Engineer for May 3rd, 1888, where a very full description of all these interesting
works is given, it is stated:—" The Compagnie Parisienne de l'Air Comprime claims that the indicated
horse-power on the motors amounts, when worked expansively, to 87 per cent, of the effective
horse-power represented by the compressor's diagram."* With the plant at that period in operation
it is said to have a revenue of £36,000, the air being sold from 14.875 centimes for 1/4 horse-power
to 4.95 francs per 12 horse-power per hour, and in Engineering, March 13th and 20th of this year
will be found a further paper on this Parisian system, giving some wonderful results from heating the
air before using it: thus it will be seen (page 327), " from these results given in this table, very
carefully carried out by Professor Gutermuth, that more than 70 per cent, of the total number of the
calories in the fuel employed was absorbed by the air and transformed into useful work. Whether
gas or coal was employed, the amount required is so small as to be scarcely worth consideration ;
according to experiments carried out it does not exceed .09 kilogrammes per horse-power per
hour."
Professor Weyrauch** has also carefully investigated this part of the subject, and fully confirms, if
he does not go beyond, Professor Gutermuth. He claims that the efficiency of fuel consumed in this
way is six times greater than when burnt under a boiler to generate steam.
According to Professor Riedler,*** from 15 to 20 per cent, above the power at the central station
can be obtained by means at the disposal of the power users. He says further: " The efficiency of this
type of rotary motor, with air heated to 50 degs., may now be assumed at 43 per cent., that is, with
small two horse-power rotary motors, some of the others, even old and with imperfect designs, give
results much higher, losing only 8 to 10 per cent, in their own friction"; and from these results
Professor Riedler deduces, assuming 85 per cent, efficiency, a consumption of from 600 to 720 cubic
feet per brake horse-power, and he considers that results so favourable cannot be given by any
other means of transmission.
The writer has also for many years found the very great advantage of heating the compressed air,
being thus able to do work with air first cooled by water spray in the compressor, far beyond what
was possible by the machinery employed, had such means not been employed, a few pieces of old
timber from the "broken" workings of the mine being all that was necessary to maintain the heat in
the old vertical boiler used for the purpose.

Of course, such heating cannot be adopted in mines, except in very exceptional cases, where the
machines are near the shaft bottom, as in the writer's own case, or
at Normanton, where the celebrated electric pumps are working; but if reheating cannot be used in
the face of a coal mine, neither should a sparking electrical motor,
* Engineering, May 1, 1891.
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In the case at Normanton just mentioned, where compressed air was abandoned in favour of
electricity, the air was not cooled, the engine was attached direct to the
air cylinder, and as the value of this treatment of the air is still disputed, it may be well to show how
clearly it depends upon laws about which there cannot be any
mistake.
If we calculate the power to produce one foot of compressed air at four atmospheres absolute, or,
as we say, 45 lbs. above the atmosphere, we find that for isothermal compression, i.e., with
temperature constant by means of water injection, we require 12,048 foot-pounds.
But if, as is commonly practised by our rule of thumb men, we allow it to be done adiabatically or
without abstraction of heat, then we require 15,672 foot-pounds,
and 12,048 x 100 [divided by] 15,672 = 76.87 per cent.,
showing difference in favour of isothermal compression at that pressure of no less than 23.13 per
cent.
Is that not worth saving, and does it not account for the bad repute into which the system has fallen,
a bad repute which can be attributed to nothing but the crass stupidity of English engineers ?
Wire-Rope Transmission.
This system has been referred to on various occasions by the writer, amongst others, but as
experience is daily accumulating, it will still bear investigation.There are three descriptions:—
1. The ordinary—as used in mines, and only differing in the class of driving pulley.
2. The teledynamic, unknown almost in this country, and the
3. Rope driving in substitution for belts.
Of this latter it is not proposed to say anything; it would alone afford scope for a useful paper.
In the year 1864, the writer found it necessary to substitute some better mode of dealing with large
quantities of water than the horizontal rods or spears then working. He turned his attention to
ropes, and from information received, he learnt that at Woodhouse Close, then a large colliery near
Bishop Auckland, he would find under the late Mr. Richard Heckels the most advanced and complete
method in operation; Mr. Walton, now engineer at the Brotton Mines, being in charge of the
machinery. There he found that, after the work of hauling was finished for the day, the ropes were
coupled to drums, and upon the shaft of these were attached the pumps, the engine being reversed
by the man in charge each time the length of the rope was run out. This seemed to require an
unnecessary amount of attention, and as the Fowler clip-sheave was just introduced instead of
drums at Upleatham Mines for haulage purposes, being reversed each journey, these sheaves and a

system of continuous running was adopted by the writer for the first time. During the twenty-seven
years which have since elapseni it has been abundantly proved that, with proper care, and
everything as it ought to be in good order,
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no other means has yet been discovered to do the work more satisfactorily in every respect, under
circumstances such as prevail in mines, except where hydraulic power can be made available. Thus
Mr. Geipel in his paper before the Institute of Mechanical Engineers says: " Wire rope is perhaps
cheaper for distances of less than one mile," which conditions are, to a great extent, such as we have
to deal with. At all events, it much more than covers the distance dealt with at Normanton of which
we have heard so much, and Professor Osborn Reynolds in one of the Cantor Lectures before the
Society of Arts, says :—" Experience with ropes is large, and they have been found without question
the most efficient mechanical means of transmitting powers to long distances."
But, as facts, especially if recently obtained, are better than the opinion of witnesses, however
eminent, the writer has just repeated tests, frequently made before, upon a pumping plant (that
short word is much to be preferred to the jaw-breaking installation—one syllable to four), at the
Carlin How Mines in Cleveland.
There with the steam engine, 14 1/4 inches
diameter x 3 feet stroke, on the surface, with a 5-feet Fowler sheave geared 3 to 1, the endless rope
is carried down the shaft 25 fathoms to a double-acting 7-inch pump, which draws the water at the
suction end 59 yards, and forces it up to another pit and out to the surface 568 yards. The distance
of the pump from the engine is 455 yards, and from the standage or sump to the delivery 627 yards.
The gross height pumped is 135 feet, above the pumps 132.35 feet. This, of course, is equal to a
statical pressure of 56.91 lbs. But although the pipes are 6 inches in diameter it is found that the
friction of the long range and bends increases the load up to 62 lbs. when acting, and this makes the
work done equivalent to pumping against a vertical column (as at Normanton) of 146.83 feet.
The tests were made in the writer's own presence and he can verify every item.
Diagrams were taken :—
1. With the clack doors off so that engine, sheaves, ropes, and pumps were running at the usual
speed, but no water moving.
2. Engine, ropes, sheaves, and pumps running and lifting water at the usual speed.
3. Engine, ropes, sheaves, and pumps with a second pump attached, which works daily, and of
course adds to the working load and cost, especially of the rope, but beyond testing the usual gross
load upon it, this was not carried further.
The following results were obtained at 41 1/4 revolutions of the engine : —
Indicated horse-power.
No. 1. Both pumps working and usual load on the rope
No. 2. Main pump only......

......

...

...

No. 3. Ropes, engine, sheaves, and pump, but clacks off

...

14.03
12.71

... 5.99

Water measured on the surface during No. 2 experiment, 127 gallons per minute.
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It is manifestly fair, when a pump is forcing water through a great length of horizontal pipes, in
addition to the vertical column, that the resistance which is overcome in horizontal friction should
be credited to the work done, if it is to be compared with that of a pump which is merely acting in a
direct lift up a pit. Therefore, if the working load be taken as shown by the pressure gauge, then :—
Feet.
Column above pump

... ... ... ... ...

...

Suction below do.

... ... ... ... ...

...

144.20
2.35

--------Total column

... ... ... ... ... ... ...

...

146.55

Now 127 gallons raised this height is equal to 5.64 horse-power, and 5.64 x 100 [divided by] 12.71 =
44.37 per cent. of useful effect.
The ropes, sheaves, and pumps were in their usual working condition ; just as they have been
running for years.
The average life of the ropes is found to be about three years.
The last put on June 5th, 1889, still working in excellent order, is thus entered:— "Fathoms, 455; 2
1/2-inch circumference; plough steel, 25 cwts. 1 qr.; £73 4s. 6d.; the previous one having been put
on September 21st, 1886."
These ropes, as. we have seen, have to work the load of both pumps, and the average cost of all
stores except coals, but including ropes, was found to be for a period of three years, £40 17s. 5d. per
annum, or about 1d. per horse-power per working hour.
Teledynamic Transmission.
This system of conveying power at the enormous speed of 60 miles an hour, has been brought to
great perfection on the Continent, where, of course, in many districts coal is a scarce and expensive
material, and when the writer went to the south of France two years ago he made it his duty to visit
Schaffhausen, and another system at Geneva to be mentioned hereafter.
Schaffhausen, in Switzerland, where the falls of the Rhine are utilized, is said to be the largest
transmission, and Messrs. Hirn send " 500 horse-power along a 3/4-inch rope, and that the loss per
mile is only 1.4 per cent., while with the electricity it is nearly 6 per cent., so that, as regards weight
of conductor and efficiency, the electric transmission is far inferior to the flying rope. Nor is this all;
the loss at the ends in getting the power into and out of the rope is 2 1/2 per cent., whereas, in
experiments by M. Deprez, 30 per cent, was lost in the electric machinery alone, and no account was
taken of the loss of power in the transmission to and from the electric machinery." *
Turbines, 9 1/2 feet diameter, are driven by a fall of 12 to 16 feet of water, and are capable of
developing many hundreds of horse-power. The ropes are carried over
grooved pulleys 15 feet diameter, running at an average speed of 100 revolutions per minute; the
tension to transmit 326 horse-power is, according to M. Achard, 5,807 lbs.** Mr. Hirn showed that
by this system 120 horse-power may be transmitted 12 1/2
* Professor Osborn Reynolds, MA., F.R.S., Cantor Lecture to the Society of Arts.

** Proceedings of Civil Engineers, Vol, xlix.
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••miles and that, notwithstanding the loss by uselessly expended power, 90 horsepower remains
available at the remote end. The driving wheels are as light as is consistent with strength.
Since that time the new aluminium works of .Lauffen-Venhausen have been established. They are on
the site of old ironworks, which the supply of cheap power could not maintain against the cost of
transport of raw materials.
By a concession of the municipality of Schaffhausen in February, 1889, the Aluminium Industry
Company, Limited, acquired the right to draw from the Rhine, above the falls, 20 cubic metres per
second, which, at the height of the falls, estimated at 20 metres, corresponds to 4,000 horse-power.
Their works were in progress of construction, but too incomplete for inspection.
The turbines constructed at Zurich, are of sufficient power to drive three dynamos, two of 600
horse-power and a third of 300 horse-power, the supply pipes of the 600 horse-power turbines
being 1-4 metres and"for the 300 horse-power 1-1 metres, the former being constructed for a
maximum volume of 3,150 litres and 225 revolutions. Of the success of this venture the writer has
yet no information, but if powef forms any considerable feature in the cost of the manufactured
article,.
it should do well.
Geneva.—Hydraulic Power.
Advantage was taken on the occasion before-mentioned to spend a day and night at G-eneva, and a
card with the inscription, " Utilisation des forces motrices du Rhone. Mr. Steavenson est autorise a
visiter les turbines," was easily obtained.
The river flowing from the Lake Leman, where it has deposited all its dirty and foreign matter,
divides Geneva into two portions, and, under the direction of Colonel Turrettini, works have been
constructed suitable for 20 turbines of 210 horse-power each. There were at that time 15 working.
One arm of the river (which is divided by the Rousseau Island) has been left to carry off the water as
before, but the water of the other is carried into a building erected on the bed of the river
containing the
turbines.
The turbines pump the water to a reservoir of 2,000,000 gallons capacity upon a hill about 2\ miles
from the town, and this water, at a pressure of about 13 atmospheres, is utilized to drive motors in
the town. There were then about 216 motors working, and varying from one-third of a horse-power
for sewing machines up to 625 horse-power used for the electric light. The scheme was said to pay
handsomely, and certainly it is one which, for practical common-sense, must command the respect
of every one who has any experience in the utilization of motive power. This, although not directly of
interest to us, leads to a few words upon hydraulic distribution in our
own towns.
Hydraulic Distribution.

Hull appears to have the credit of the first adoption of this system of distributing power to general
consumers, where it was adopted in 1875, and its success there led to its adoption on a larger scale
in London, where, in 1882, the General Hydraulic
p
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Power Company got to work, the site chosen for their works being the Falcon Wharf on the south
side of the river. The power is supplied at 700 lbs. per square inch, the boilers are of the doubleflued Lancashire type, and engines, compound, inverted, of the three-cylinder type, high-pressure
cylinder 19 inches, and two low-pressure cylinders of 25 inches each, with a stroke of 2 feet. In the
description given by Mr. Edward Bayzand Ellington, C.E., to the Institution of Civil Engineers, he says
they had, in 1888, four of these engines working at the Falcon Bridge Station (each capable of
exerting 200 horse-power), two accumulators, and the weight of the case and load on each ram
being about 106 tons, equal to 750 lbs. per square inch. The water when used under this pressure
requires to be purified to prevent injury to the surfaces in contact with it, and this is effected by
filters consisting of cast iron cylinders each containing a movable perforated piston and a perforated
diaphragm between which is introduced a quantity of sponge, compressed by hydraulic pressure
from the pipes; the delivery of power from this station is by four 6-inch mains, and the most distant
part was over three miles from the accumulators. A charge on a sliding scale is made varying from
2s. to 8s. per 1,000 gallons at 700 lbs.
It is stated that "in many cases the cost of lifting by the company's power is as low as one halfpenny
per ton, lifted 50 feet high."
In a letter from Mr. Ellington, in answer to the writer's enquiries, he says, " At the present time we
have about 1,300 machines at work, and are delivering over five million gallons of power-water per
week, we have nearly 50 miles of mains; in Liverpool also we are making very satisfactory progress."
Hydraulic Transmission foe Mines.
When water has to be raised to the surface it sometimes happens that there is not shaft room for
the ordinary pumps with their well-balanced quadrants and spears, perhaps a great depth makes
them unsuitable, although where they can be used nothing can approach them for economy in
working; then pumps have to be placed in the mine. In this district steam engines have been used, in
others electricity, and in others hydraulic power; under such circumstances, this latter, the writer is
inclined to think, may have a few competitors but no equals.
One of the most interesting cases is that described to the Institution of Engineers and Shipbuilders in
Scotland, in 1882, by Mr. Jos. Moore, C.E., of San Francisco.
It was on the Comstock Lode, and the writer tells how one big engine after another at various mines
was beaten; they seem, however, to have made the mistake of trying to work heavy pumping
engines with fly-wheels " in order to make the motion steady and take up the momentum of the
moving parts," hence the writer is not surprised to learn that both fly-wheels had their arms jerked
out, and every balance-bob in the shaft was broken from the spear rods, but still, when they
required to pump from a depth of 3,200 feet, and the Savage Mine struck a large body of water
(160° Fahr.) at the 2,200 feet level, their misfortunes were not all of their own seeking. The three
mines joined hands, more engines were put up,
question of transmission of power.
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but 1,180 gallons from such a depth of water at that temperature again beat them, and then it was
suggested to raise the water by hydraulic engines without any pump rods at all; they had to pump
1,600 gallons per minute from the 2,400 feet level to the 1,600 feet, and 800 additional from the
3,200 to the 2,400. A description of the machinery is not needed here, but for the hot joints a copper
ring turned up at the edges and filled with soft lead was found very effective; the pumps were said
to be then raising 1,600 to 1,700 gallons per minute, and the engine developing (in actual water
pumped,) a duty which compared very favourably with the best mill engines in California. The
proportion of power developed by the engine pumps, that is, the water pumped and the water
consumed in the hydraulic ram cylinders, was as 1,856 to 2,050, or 90-5 per cent. This is evidently an
excellent and very creditable engineering performance.
Mr. Henry Davey, of Leeds, has also as an engineer done some excellent work in the designing and
construction of hydraulic or water-pressure engines for mining purposes. An interesting account of
his work and experience may be seen in a paper he read to the Institute of Mechanical Engineers, in
1880, where he describes several pumping plants working most successfully in mines. An example is
given of two engines at Griff colliery, near Nuneaton, employed to pump out a very long dip working;
there are two hydraulic engines, each capable of raising 150 gallons to 150 feet through 800 feet of
7^ inch delivery pipes. Several other instances of this most efficient system of underground pumping
are given, with drawings and descriptions of the engines, pumps, and valves.
To the Society of Arts (see their Journal, Jan. 29, 1886) the same writer has given an account of a
still more interesting arrangement designed by him, at Marseilles. In a gallery, which is subject to
inundation, are placed two hydraulic ¦ pumping engines, delivering the water into the drainage
gallery of the mine. At the surface is placed a compound condensing engine, actuating two doubleacting pumps, from which water is carried at a pressure of forty atmospheres. This water is not
discharged into the mine, but returns again through a second pipe to the pumping engine; the
effective pressure is the pressure produced by the pumping engine on the surface. M. Biver, the
engineer at the mine, has taken indicator diagrams from the steam engines, the pumps, and
hydraulic engines, and has measured the quantity of water pumped; he gives the following figures
:—
Pressure in supply pipe at prime mover
„

„

...

...

hydraulic pump......... 57

Pressure in return pipe..................15
Revolutions of prime mover

...

Double strokes of hydraulic pump

... 42 atmospheres.

„

„
...

.........

...

...

... 22

... 5*12

The total efficiency of the whole system reaches

...... 54*2 per cent.

The total work of the steam engine was......... 229*2 H.-P.
Work done by hydraulic engine

............124-2 H.-P.

Here we have an eminently safe and most economical system of transmission.
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Electrical Transmission. We now come to the latest invention for power transmission, and one which
is certainly the most interesting. Everyone who has devoted attention to the subject mast have felt
that, under conditions suited to its use, it would be found to have very unusual powers and value.

Unfortunately, it seems to have fallen into the hands of injudicious friends, who would hear of
nothing but electricity in each and every case, and- having treated the question as one to be beyond
the reach of any dispute, have boomed and advertised it like a ruby mine or a patent soap.
Let us take the very latest intelligence from the Electrical Review of March 6th. There we find that
Mr. Kapp has been giving a lecture to the Society of Arts. He supplies a table showing the cost of
plant: in a variety of cases varying in distances and in horse-power. If we take that nearest to the
rope transmission at Carlin How, we find that for 19 horse-power transmitted 440 yards the cost for
generator, dynamo, line, and motor would be £390' or £16-8 per horse-power, which is just twice
the cost of rope transmission. The latter would easily supply the 19 horse-power in the case
quoted, for the average steam pressure in the cylinder at Carlin How does not exceed 10 lbs; in fact,
given clip sheaves a foot larger, and a slight increase in the size of the rope, the plant would do the
work of another case cited as costing £640 for 40 horse-power the same distance. Then we are told
that the commercial efficiency is 78 per cent., this is a repetition of a statement that the writer
showed some time ago to be so misleading as to be barely honest, because, as " commercial
efficiency " is commonly understood, it means the power A could sell to B, in comparison with the
indicated power of his engine, or the power that, say, the London Hydraulic Co. sell to their
customers in comparison with the indicated horse-power of their own engines. But that is not
what electricians are dealing with, they compare the horse-power of the motor with what they put
into the dynamo from the belt. At least so it was in some much-vaunted tests known as the
Kriegstetten experiments in March, 1887. The writer was one who in Engineering pointed out this
possibly unintentional perversion, and we heard later that the learned professors who made the
experiments "smiled at the preference given by practical engineers to : mechanical power tests."
Of course such gentlemen in their own laboratories may use what tests and descriptions they like,
but when they put them before the world cloaked in expressions such as " commercial efficiency"
they should know that practical men understand by such a term as "commercial" that it has a well
recognized meaning, and to call the work done in the dynamos by that term is quite unwarrantable.
Well, to return to the leaderette in the Electrical Review of March 6, 1891 : notwithstanding this
commercial efficiency of 78 per cent. " this company at Schaffhausen charges £13 12s. per horsepower delivered per annum, which is considerably less than steam power in the district." It may be
less costly than steam power in that district, but if so, it is not a district to which the writer would be
drawn as suitable for the erection of any kind of factory requiring power. Let us, however,
question op transmission of power.
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look a little nearer home to electrical power in collieries. We have learnt through the columns of
every journal in England of the work done at Normanton. These announcements have been
repeated in American papers, translated and put into Continental papers, and then re-translated and
repeated in England as something quite new again ; and what do they all amount to ?
They have yielded 40 per cent. This is a very creditable result, and the engineers are to be much
congratulated upon it, but they will admit it is a very poor figure when put beside the table shown in
Industries in January, 1888, where, under the head, " commercial efficiencies," we find for certain
tests: generators, 88'5 per cent.; motors, 90"30 per cent.; and total efficiency of transmission, 75*2
per cent. That is where the writer blames the electrician. They claim to have accomplished 75 per
cent., and when they come to put it into actual practice they only reach 45 per cent. But now
suppose they do realize even 45 per cent., are we justified in taking into coal mines wires which, if by
any chance they are injured in their covering, will yield fire ? The ordinary condition of the main
ways of our mines may be described as long dry passages, generally dusty and lined with timber.

Falls occur, breaking down perhaps several yards of timbering. Wagons get off the road, knocking
out the props, and upon those timbers we have to hang the wires, which can only be justly described
as " fire conduits." A strong ventilation is passing, and often for considerable intervals no one
could be present to see a fire beginning. We have for many years been doing all we can to prevent
fire risks, either from shots or lamps. We are working on these lines, and now we are asked to
introduce electricity ! The danger seems too plain to. require to be enforced by the large number of
instances of fires the writer could quote arising from electric wires. Are we, then, to argue that this
powerful medium is to have no place in the resources of engineering civilization 1 Certainly not. If
the writer wished to convey power from, say the Quayside, at Newcastle, to Rothbury, amongst the
hills, he would at once send for his electrical friends and take their advice and assistance. But we
must remember that in London, where coals may be said to cost a full average of the price in
England, they get a horse-power per hour for 0"15d. for coal, taking 1-65 lbs. of coal at 15s. per ton,
which represents all the saving which can be made by means of utilizing what are called the forces of
nature.
The following account is taken from the report of the Chief Inspector of Mines of the State of Ohio,
and published in England at the end of last year : —
" The third installation of electricity during the year was at Mine No. 19, of Sunday Creek Coal
Company. The power plant consists of a 110 horse-power engine and 100 horse-power dynamo. The
electricity is conveyed along a 14 lb. T-rail at such a height as to allow persons and mules to pass
under it safely. The motor car weighs 3^ tons, travelling over a road 717 yards long, which, at one
point, reaches a gradient of \\ inches per yard. The motor at its general work uses 29^ horse-power.
It has supplanted in this mine 10 mules," which does not seem to be much to make a noise about.
But we are told, in the inflated language of these
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electrical puffs, " To the operator this haulage plant glitters with practical features," 1 That is just
where it seems to the writer to be deficient. An engine of 110 horsepower and a motor car of 3J
tons, with a rail overhead in the dusty coal mine, charged with a current of 440 volts, all to supplant
ten mules, does not seem to glitter much, unless it is at the brushes of the dynamos; a motor car of
3| tons getting off the road at a high speed and clearing out all the timber for 10 yards straight
ahead, would be a practical feature more likely to promote strong language than, as is said, " to
commend itself to the public on sight."
Conclusion. Looking at our position, from a mining point of view, we seem to see that each system
possesses features, which, whether they glitter or not, render them best" under special conditions.
The use of hydraulic power, the pressure generated on the surface, and the pipes taking the water
down, practically balancing the work of lifting it on its return, is one well worthy of adoption for all
heavy work to be done in the neighbourhood of the shaft bottom.
For distances of about a mile, or say 2,000 yards, wire ropes, with careful attention to the fitting and
maintenance of the bearing sheaves, will give results equal to any other mode of transmission ;
whilst for face work, beyond the caution-boards, compressed air, well cooled in the generating
cylinder, still leaves all others, for absolute safety, far behind.

Electricity may suit for distant transmission on the surface, as in the case of the Niagara Cataract
Construction Company, who are going to take 120,000 horse-power by means of a tunnel 1^ miles
long, 490 square feet in section, on a slope of 7 feet to 10,000 feet, " and have settled," as they say,
" on its form, predicated on the nature of the rocks through which it will be driven." They, no doubt,
will be quite right in adopting this medium if the scheme is to have any success at all, but they must
remember, that not only in this country where coals are cheap, but on the Continent, steam has
gradually but surely supplanted both wind and wyater-mills—even the picturesque old windmills of
Holland are disappearing.
The fact is, that wmere power upon the surface is required in what may be called bulk, no natural
force can compete with a modern engine and boiler (where coals are available at an average rate)
with any chance of success, especially if it involves the use of such a complication of machinery as
turbines, dynamos, wires and motors. In a recent estimate by Professor Witz, of the cost of enginepower, made with a view to prove that a good gas engine can compete with steam, and therefore by
no means too favourable to the latter, after a liberal allowance for first cost, interest and
depreciation at 15 per cent, per annum, Cardiff coal at 21s. 10d., oil, grease, and wages, he makes
the cost per actual horse-power on the brake not more than T%ths of a penny per hour. If, however,
the question is one of small quantities in workshops, as in Paris, then of course in such cases, there is
a field for economical systems of transmission of power.
DISCUSSION—NOTES ON THE QUESTION OF TRANSMISSION OF POWER.
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However, as a writer on a similar undertaking a short time ago said:—" This was to-be used for
driving engines in the town, and the place converted into a manufacturing city ; but up to the
present very few consumers have been found, showing that it is much easier to create motive power
than a manufacturing industry for using the same."
The President hoped this paper would bring out an interesting discussion and ¦ ¦ that electricians
would be sufficiently roused, on the subject upon which Mr. Steavenson had so severely criticized
them, and reply particularly with regard to the power that could be utilized by the application of
electricity.
Mr. Henry Lawrence said that the subject was very interesting to him as he had for the last thirtythree or thirty-four years advocated the use of compressed air as a motive power for mining
purposes, and they might remember some eighteen or twenty years ago, Mr. W. N. Taylor read a
paper before the Institute; and a pair of compressing cylinders being erected at Ryhope Colliery, the
then Mr. John Taylor asked him (Mr. Lawrence) how many underground engines this pair of 33-inch
air cylinders would work. . He replied that he thought about four. They commenced with a pair of
14-inch hauling engines, and he thought there were now four or five pairs working at various
distances from one to two miles from the shaft underground. That seemed a large amount of work
when they considered they were a pair of 32-inch steam cylinders, 5-feet stroke; the economy
certainly verified everything Mr. Steavenson had said as to the power utilized. In ascertaining the
utilized power of compressed air, mechanical engineers did not seem to be so well up in cooking the
accounts as the electrical engineers appeared to be. The diagrams from the whole of the engines
should be taken at the same time in making an ascertainment. There was frequently a very large
amount of waste of compressed air, because the power is used intermittently, and sufficient care is
not taken to prevent waste from the safety-valve; this tells of course against the motor in the shape
of wasted coal. With respect to cooling the air, they had adopted the plan of placing a pump
alongside the compressing cylinder, and working with the same stroke as the engines, to force the
water in, in a very fine jet, as in Prance, and meeting the compressed air. Previously it used to be

taken in at the suction side. A better result was obtained by a long stroke working simultaneously
with the stroke of tlje compressor, rather than putting an eccentric on the shaft and only a small
stroke to the injector. Freedom from wear in the cylinder could be obtained by using pure water
and a self-acting lubricant.
The President said the discussion would be adjourned to another meeting. He was sure they would
accord to Mr. Steavenson a hearty vote of thanks for the fund of information which he had given
them in his paper. This was carried with acclamation.
Mr. Steavenson acknowledged the compliment and said he was always glad to do what he could for
the Institute. He had been a member now for thirty-six years, and as time was passing away they
should all do what they could while life remained.
The meeting then concluded.
P
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MBMOIE OF EDWARD FENWICK BOYD. By his Son, Hugh Fenwick Boyd.
Edward Fenwick Boyd, the subject of this memoir, was the third son of the late William Boyd, of
Newcastle-upon-Tyne, a banker and a partner in the Newcastle Old Bank, of which the then Sir
Matthew White Bidley was the head. He was born on the 30th day of August, 1810, at a house then
occupied by my grandfather, the name of which was Egypt. My grandmother died young, in 1818,
leaving my grandfather a young family to bring up, Edward being at that time only eight years old.
My father's earliest experiences of education were had at a day school kept by one Harry Atkinson in
the High Bridge. In 1821 he was sent to a school, then of some note in the North of England, kept by
the Rev. George Newby, rector of Witton-le-Wear, where he remained till July, 1826.
It was while he was at the Witton Grammar School that my father showed a taste for drawing. Some
rough pencil sketches of his, drawn from nature, attracted the attention of Mr. Edward Swinburne,
who persuaded my grandfather to send him to take lessons from the late Mr. T. M. Richardson,
senior.
From August, 1826, to August, 1830, he "served his time"—first at Cocken White House, and
afterwards, I believe, at Bowes' House with Mr. Thomas Crawford, then manager of Lord Durham's
extensive collieries. Mr. Crawford was a viewer of the old school, and under him, undoubtedly, he
learnt very thoroughly the practical part of his business, as it was then understood.
In 1830 my father went to Edinburgh University for the session commencing in October of that year,
and here he stayed until the following May, attending lectures during two sessions of the University.
After this all too short university training— all, however, that was deemed necessary at that time—
he returned home to Ryton Grove, and, to use his own language, from May, 1831, to October, 1832,
he was "an idle man at home." He kept his hand in during these years by going regularly down the
Towneley Main Colliery, and in the latter year visited, in company with the late Mr. Matthias Dunn,
various collieries in Scotland, at Preston Grange, near Edinburgh, and at Kilmarnock, Middleton, and
Dalmellington in Ayrshire. It was probably through Mr. Dunn that he obtained his first appointment
as underviewer and surveyor at the Hetton Colliery in 1832, the late Mr. John Robson being the
resident viewer.
In 1837 he removed to Urpeth, as resident viewer of the Urpeth Colliery, then owned by Messrs.
Bell, Morrison, & Co. It was in this year also that he obtained, mainly through the influence of

Archdeacon Thorp, rector of Ryton, and an old friend of my grandfather, the appointment of mineral
agent to the Dean and Chaptei ' of Durham upon the retirement of Mr. T. Fenwick. This agency,
which he held at
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first under the Dean and Chapter of Durham, and afterwards under their successors, the
Ecclesiastical Commissioners for England, until his death, gave him an unrivalled experience of the
Durham coal-field.
At this time also he became manager of Wylam Colliery, on behalf of the Blackett
family.
During the next twenty years, from 1837 to 1857, my father continued to live at Urpeth House. In
1811 he married Ann, daughter of Mr. George Anderson, of Newcastle-upon-Tyne.
The North of England Institute of Mining Engineers was founded in 1852. Many serious accidents in
mines had taken place at or about that time, notably at Haswell in 1844 and at Seaton Colliery in
1852. The need was felt for some medium of intercommunication between mining engineers and
those interested in pit management, with a view, if possible, of ascertaining their causes and
preventing their recurrence. Out of this need, felt long before, but expressed apparently at first at
the inquest which followed upon the accident at Seaton Colliery,* sprang the Northern Mining
Institute. My father lent all the assistance in his power to its formation and advancement, was a
constant and assiduous attendant at its meetings, and served the office of Treasurer from its
foundation until 1869, when he was elected President upon the resignation of Sir George Elliot.f
In 1855 my grandfather died, leaving behind him a moderate fortune, of which my father had his
share. The bulk, however, was held in shares of the Northumberland and Durham District Bank,
which, during the mania for joint stock banks in 1845, had replaced the old firm of Sir Matthew
White Ridley & Company. In 1856 my father bought the property at Moor House, where he
afterwards resided, built himself a house, resigned his position as manager of Urpeth Colliery, and
was proposing to take life somewhat more easily. Then came the financial crisis of 1857, and the
District Bank went down. Those were days before the companies' statutes had permitted a
shareholder to limit his liability, and the calls upon the shares which my father held in the bank
engulphed not only the fortune which he had inherited from my grandfather, but his private savings
also, and he saw himself at the age of forty-seven with a young family to educate and his fortunes to
begin afresh. Such a prospect might have daunted a less buoyant nature. It only nerved him to fresh
exertions. He kept on his old and took on new agencies, and the years from 1857 to 1872 were
among the busiest and fullest of his full and busy life.
* See the inaugural address of Sir George Elliot, Transactions, vol. xviii., p. 20. The inquest took place
upon the 23rd June, 1852. A meeting of colliery owners and viewers was held at the Coal Trade
Offices upon the 3rd of July (vol. i., p. 5), at which a committee was appointed to report. The
committee reported at a subsequent meeting upon the 21st of August, and officers wece appointed
and the Institute sprang into full being upon the same day.
t He contributed to the Institute the following papers :—
(1) "On a Part of the Carboniferous or Mountain Limestone Series of North Northumberland."—
Transactions, vol. ix., page 185.

(2) In conjunction with Mr. Nicholas Wood, " On a Wash or Drift through a portion of the Coal-field
of
Durham.—Transactions, vol. xiii., p. 69.
(3) "Remarks on the Coal-Measures and Oil Produce of the United States of America."—
Transactions, vol. xxv., p. 145.
. . •
(4) He had a large manuscript collection of sections of the various strata through which pits in
different parts of the counties of Durham and Northumberland were sunk. Some of these were
published by the Mining Institute separately from the Transactions.
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In 1858 my father became the chief mining engineer to the Consett Iron Company, and until 1872 he
directly superintended the working of their various collieries. In 1872 he relinquished the more
active management into the hands of his friend and former assistant, Mr. W. H. Hedley, but
continued his connexion with the company, as consulting engineer, until August, 1887.
Upon the 7th of August, 1869,* my father was elected President of the Institute,
this public recognition of his services gave him the most unaffected pride and pleasure.
Two principal events distinguished his term of office, the foundation and
affiliation with Durham University of the Physical Science College, and the opening
of the Wood Memorial Hall.
The project of a Physical Science College for Newcastle was of old standing. It engaged the earnest
attention and anxious thought of the first founders of the Institute. It is referred to in more than one
of Mr. Nicholas Wood's annual addresses to the Institute, and my father's diary for 1855 shows that
he was in communication with Mr. Wood upon the subject in that year.
It was felt that to affiliate the Mining College with Durham University would give it a prestige that it
would not otherwise possess. And on the other hand it might not be improper, nor in disaccord
with the intentions of the founders of that University, if some portion of its revenues were diverted
for the endowment of professorships of chemistry, geology, mining, and mathematics, subjects
which bore specially upon the training of those who had to manage the staple industries of the
district. My father very shortly after the foundation of the Institute acted as intermediary between
the Institute and Archdeacon Thorp, then Warden of the University, with a view to obtaining his cooperation towards the furtherance of these objects. But the project at that time, for various
reasons, which it is not-necessary to recapitulate, fell through. Through years of discouragement
my father clung to the idea with characteristic pertinacity, and endeavoured to inoculate others
with the same enthusiasm. At last, in 1870, his opportunity came, and he promptly seized it.
There was at that time a conjuncture of favourable circumstances. The trade of the district was in a
flourishing condition. There was a strong and well-sustained demand for young men of ability
and energy to manage the industries of the district. The need for a more thorough scientific
training was self-evident; and the present Dean of Durham, whose reputation had preceded him,
was installed as Warden of the University. The time seemed ripe for a new departure. Very
shortly after his arrival in Durham my father called upon Dean Lake, and laid the whole case before
him. The Dean listened favourably, and asked for further confirmation of his views. This was

supplied by Sir Isaac Lowthian Bell, who had come into the plan warmly, and whose high scientific
attainments well qualified him to give assurance on the subject. The Dean writes:—"It was owing
to their advice that it was determined to found the College at Newcastle, and
* Transactions, vol. xviii., p. 153. His Inaugural Address as President was delivered upon the 6th of
November, 1869. Transactions, vol. xix., p. 41.
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not, as some wished, at Durham ; and it was by their support and encouragement that a large sum of
between £30,000 and £10,000 was collected, which, in addition to the annual subvention from this
University, was the means of founding the College." The movement gathered impetus as it went.
If I may judge from the entries in my father's diary, the subject was hardly ever absent from his
thoughts from the autumn of 1869 until the matter was completed in 1871. On the 9th of
November, 1869, a committee was formally appointed by the Mining Institute to confer with the
Principals of Durham University. Many private conferences took place in 1870 between the Dean
of Durham, my father, Sir Isaac Lowthian Bell, and others interested in the movement, at which the
basis of agreement was settled. Upon the 11th of March, 1871, the matter was ripe for public
discussion, and a meeting was held in Newcastle, before which my father laid the proposals of the
Dean. Upon the 25th of March, 1871, another public meeting in continuation took place, at which
the Dean, who was present, further developed his proposals, some of which had been criticized at
the previous meeting. They were then unanimously adopted, and subscriptions to a large amount
upon the suggestion of Mr. Joseph Cowen were promised in the room. The matter then proceeded
rapidly and smoothly, and the constitution of the College was passed upon the 10th of June, 1871.*
For the smooth and successful working out of the details, the College owes a deep debt of gratitude
to the late Mr. T. W. Bunning. For many years my father was hardly ever absent from the Council
meetings of the College, he always took the warmest interest in its welfare, and looked forward
eagerly to the erection of such a building as the College now possesses. My father, to his great
regret, was not able, owing to ill-health (he had had a slight threatening of' paralysis in the spring of
that year), to attend the ceremony when the foundation stone of the new buildings was laid upon
the 15th of June, 1887. His views as to the proper aims and aspirations of the College, and as to the
best means in his opinion of attaining success, are contained in two letters which he published in the
Newcastle journals.!
It is hardly necessary to do more than refer to the opening of the Wood Memorial Hall in the
summer of 1872, upon which occasion my father as President delivered an address.% It gave a local
habitation to the mining body, and besides doing honour to their first President, evidenced the full
growth of an Institution over whose infancy Mr. Wood had watched with loving care. My father's
health at that time was the subject of grave anxiety to his family and friends, but, after a successful
and skilful operation at the hands of Sir James Paget, for many years afterwards he enjoyed his
wonted health and vigour.
In 1875, my brother, Robert Fen wick Boyd, joined my father as partner, and from that time forward
took from off his shoulders all the heavier part of his work. In
* Seethe following references, where further information upon this subject will be found :- Times
(leading article), 9th November, 1869; Times, 12th November, 1869 (letter from the Dean of Durham
in reply) ¦ Newcastle Dailti Chronicle, 13th and 27th March, ls71 (accounts of the public meetings);
Durham County Advertiser, 12th November, 1869, and 31st March and 12th May, 1871; Times, 12th
April, 1871

(leading article).
f Newcastle Daily Chronicle, October 13th, 1885, and Newcastle Daily Journal, in June or July, i887.
t Transactions, vol. xxi., p. 223.
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PROCEEDINGS.
The following gentlemen were nominated for election :— Members— Mr. Ernest F. Ayton,
Mining Engineer, El Bote Mining Negociacion,
Zacatecas, Republic of Mexico. Mr. Charles Spearman Carnes, CoLliery Manager, Peases' West
Colliery, Crook. Mr. Robert Middleton, Hydraulic Engineer, Sheep Scar Foundry, Leeds. Mr. John
Stukley Palmer Samborne, Mining Engineer, Timsbury House, Bath.
Mr. Samuel Hare, Mining Engineer, Brymbo Collieries, Wrexham, North Wales.
Mr. Wm. Hay, Jun., Manager of Mines, Wood View House, Stanton, Burtonon-Trent. Mr. George Hurst, Mining Engineer, 58, Eldon Street, Newcastle-on-Tyne.
Associate Member— Mr. Edward Ellison Bigge, Secretary, General Mining Association, Blomfield
House, London Wall, London, E.C. Students— Mr. David Douglas, Mining Student, Trimdon Grange,
R.S.O., Co. Durham. Mr. Nelson Ashbridge Simpson, Student Mining Engineer, North Navigation
Collieries, Maisteg, Bridgend, South Wales.
Mr. J. Kenneth Guthrie then read the following paper on the « Pumping Appliances at Eltringham
Colliery ":__
PUMPING- APPLIANCES AT ELTRINGHAM COLLIERY.
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PUMPING APPLIANCES AT ELTRINGHAM COLLIERY. By J. Kenneth Guthrie.
This colliery, a little to the west of Prudhoe-on-Tyne, and on the western verge of the Northern Coalfield, is worked by two pits.
1.—The old, or Eltringham Colliery, producing coal and clay from the Brockwell
Seam; and
2.—The new, or West Tyne Colliery, sunk to and working the Crow Coal Seam, 14 fathoms below the
Brockwell Seam, and 45 fathoms from the surface, the seam, at this point consisting entirely of
cannel, averaging about 1 foot 7 inches in section. It is to the latter colliery, where a large feeder of
water was met with, that this paper will apply.
It may be of interest to give a section below the Brockwell Seam, as little is
generally known of this ground :—
Fms. Ft. In. Fms. Ft. In. Shaft.—Broohwell Seam ............ 0 2 6
Seggar

...............029

Grey metal, with post girdles
Black metal
COAL

...

... 1 2 4

............ 0 0 2

.........

...... 0 16

Strong grey post............ 0 5 3
Dark grey metal.........

... 0 4 1

Light grey metal, with post girdles
COAL
Seggar

... 1 0 9

............... 0 0 6
............... 0 5 0

Dark grey metal ............ 14 2
COAL................ 0 13
Seggar

............... 0 16

White and grey post
Dark grey shale

......... 4 10

......

Black shale......

...... 12 0

......... 0 2 1

COAL—Crow Coal

......... 0 16

_----------13 5 io
Seggar

...............0 18

White and grey post, with water
Carried forward
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The shaft was sunk dry to the Brockwell Seam, where a feeder of 400 gallons per minute was met
with, and a 14-inch sett was put in, worked by a double Ruston and Procter compound engine, 20horse-power, cylinders 9 inches and 14 inches, with boiler on top ; geared 7 to 1, and T-bob
quadrants.
This kept the sinking going till within 6 fathoms of the Crow Coal Seam, when the feeder increased to
700 gallons per minute, then a second 14-inch sett was put in, worked by the same engine, and with
these two setts the Cannel Seam was won. But the work proved too heavy for this engine, and
another of locomotive type, with two 16-inch cylinders and 5-feet stroke, was erected, and worked
the two 14-inch setts until 6 feet of sump was put on. The water continued increasing till pumps
were going 24 strokes and engine 96 strokes per minute, and lifting 1,550 gallons, but owing to the
high speed breakages were very frequent.
Iron water-cages were now put in, during the day the pit drawing coal and stone on one side and
water on the other, at night both water-cages were in. They held 418 gallons, and were constructed

of best Low Moor iron, and made by Messrs. Joseph Cook & Son, Washington. They ran in wood
guides in the same way as an ordinary cage, and were provided with self-acting teaming gear.
It was soon found necessary to put in another sett, and one 19-inches diameter was put in provided
with a 15-feet working barrel, so that it could be worked with any type of engine which it might
afterwards be decided to erect. At this time it was worked by the 20-horse-power engine, formerly
mentioned, geared 14 to 1, working a 4-feet stroke, the other engine being brought down to 16
strokes, the water-cages being done away with for a time.
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Owing to increased feeder of water these arrangements were soon found inadequate, and as the
speed of the pumps and engines were so great and the boilers not what they should be, it was
decided to erect a powerful pumping engine, sufficiently large to keep under any probable feeder
that might hereafter be met with. Various plans were considered which need not be entered into, as
this paper is not meant to advocate any special type of engine, but simply to illustrate an
arrangement which has successfully met and conquered difficulties, and which has given every
satisfaction.
The engines were supplied by Messrs. Carrick & Wardale, and consist of a double horizontal
compound condensing engine of the tandem type (see Figs. 1 and 2, Plate XLII), having two cylinders,
and one air-pump in a direct line on each bedplate, the two high pressure cylinders being 19 inches
diameter, and the two low pressure cylinders, 35 inches diameter; the two air-pumps are 10 inches
diameter with a stroke of 5 feet common to all; the engine crank-shaft is fitted with two cast steel
spur-pinions and balanced with a heavy fly-wheel, these spur-pinions are geared into a countershaft, on which are fitted two massive cast spur-wheels 13 feet diameter, and 3 1/16 pitch,
shrouded on both sides, the gearing being 4 to 1; on each end of this counter-shaft are fitted two
very heavy double-ended forged steel cranks having three variable throws so as to alter the stroke of
pumps in pit as may be required; these cranks in their turn are coupled direct to pumping quadrants
by means of heavy forged steel connecting rods.
The engines were fitted with variable expansion gear fitted to each of the high pressure cylinders
and actuated from the outside, so that the cut-off may be regulated to suit the requirements of the
load. Provision was also made for admitting high pressure steam into the low pressure cylinders for
starting, and the engines are controlled by a powerful governor, hereafter described.
In case of breakdown or repairs, each engine can be worked independently of the other, and the airpumps can be shut off and the engines allowed to exhaust into the atmosphere, either with one
engine or two, and from this it will be recognized that every precaution has been taken to avoid
stoppages or laying the pit idle if repairs are needed to pumping set quadrants or one of the engines.
The whole of the gear, including crank-shaft, counter-shaft, piston rods, connecting rods, and valve
spindles, are of forged Siemens-Martin steel, and the cylinders are lagged with silicate cotton to
prevent condensation. The whole engine throughout is very massively built, and all wearing surfaces
are very large ; care having been taken to make as many parts as possible adjustable. They are
bolted down to a solid concrete foundation about 16 feet deep. Some idea of the size of the engines
may be gleaned from the length of the bed-plates, which are 60 feet long. The repairs have been
almost nil since starting in 1886, and as yet the engines show no signs of needing any.
Quadrants.—There are two steel quadrants fitted on rocking shafts, having two large plummer
blocks, supported on each side by two heavy bed-plates. The south

[116]

PUMPING APPLIANCES AT ELTR1NGHAM COLLIERY.

side quadrant is 37 feet 2 inches long and 11 feet 11 inches high, fitted with two steel gudgeons over
pumps; that on the north is 34 feet 10 inches long and 11 feel 11 inches high, with one steel
gudgeon. The plates and angles are of Staffordshire quality, capable of bearing a tensile strain of 20
tons per square inch; bolts and rivets are of best scrap iron, and the shafting and gudgeons of best
hammered Siemens-Martin mild steel. The plummer block for the shafts are of cast iron, and have a
bearing 12 1/2 inches by 17 inches long. There are four bed-plates 13 feet long, of cast iron, and of
box pattern, 1 foot 4 inches deep by 1 foot 8 inches thick, stiffened by webs; they are secured to
concrete foundations by means of four 3-inch holding-down bolts, forged from best scrap iron. The
stroke of the quadrants at the spear end can be varied from 6 to 10 feet. They are balanced by cast
iron weights, about 2 tons 5 cwts. each, it being arranged to easily remove or add a weight.
Connecting rods to pump crank are 25 feet in length, and are of the same steel as that of shafting
and gudgeons.
The spear rod ends are 17 feet in total length, of forged scrap iron, with gun-metal brasses, and
wrought iron keys. The sneck key is made bigger in the centre, so that in case of a break it will not
fall out. Instead of the rod end being made in one piece, it is made in two halves, so that if a
breakage occurs one side can be renewed without taking the whole piece off. The top spear is
plated on the four sides.
The spears are of best pitch pine, 29 feet long and 9 inches square, connected by spear plates, 15
feet long, 7 inches broad, 1 1/2 inches thick in the centre and tapered to 7/8ths of an inch. The bolts
are 1 1/2 inches square, specially made of best scrap iron, placed 14 inches from centre to centre.
Clink bolts, 5/8 inch, round iron, are put in the opposite way, and the same distance apart. Upon
each lift are two kep-wings of wood, bolted to spears, which in case of a fall are caught by buntons.
Pumps.—The shaft is 12 feet diameter. There are in it at present four bucket lifts, two 14-inch setts
(see Fig. 2, Plate XLII), worked by the engine before-mentioned ; one 24-inch sett worked off north
quadrant of new engine, and one 19-inch sett worked by south quadrant. Room is left to put in a
second 24-inch sett, to be worked off spare gudgeon of south quadrant. The 14-inch setts, with 4
foot stroke, are only worked when the big engine is standing.
The 24-inch setts with 8 feet stroke and the 19-inch with 10 feet stroke raise together 277 gallons
per stroke. They usually run 7 strokes, giving a feeder of 1,939 gallons per minute. They can run up
to 12 per minute, or over 3,300 gallons and with the 14-inch setts going at the same time, 20 strokes
per minute, giving 1,000 gallons, gives a total delivery of 4,300 gallons. If an additional 24-inch sett
be found necessary, 1,800 gallons extra could be raised, bringing capability up to 6,100 gallons per
minute.
In the midst of these four pumps all coal and stone is drawn.
The height of lift to the Six-Quarter Seam where water is delivered is 28 fathoms. The water-level
being through old workings, very much broken up, is laid with iron
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pipes 2 feet diameter, wedged with wood, and if there should be a stoppage the water can be
turned into another level in the Yard Seam.
When the feeders were first met with, a rain-gauge was established to see if the rainfall had any
influence on the amount of the feeder ; but there appears to be practically no relation between the

rainfall and the feeder, and no doubt some deep-seated feeder coming from a considerable distance
is being pumped. Most, of it comes from the post in the bottom of sump. On January 20th, 1889, the
temperature of the river water was taken and found to be 66 degs. Fahr., immediately afterwards it
was taken down the pit where there was then a considerable feeder, and with the same
thermometer was found to be 44 degs. Fahr.. a difference of 22 degs.
The pump trees are in 10-feet lengths, of cast iron, 7/8 inch in thickness, with ordinary spigot and
faucet joints, an iron ring wrapped with flannel soaked in Stockholm tar being used to make the
joint. All air joints, or those below the bucket, are made with lead weezes wrapped with tarred
flannel.
The working barrels are of metal, 1 1/4 inches thick, neatly bored out. This is preferred, in this case,
owing to the hard nature of the coal, which if it got in would soon flute the barrel.
The buckets and clacks are of ordinary construction, graithed with leather; they are double-keyed,
sneck and driving keys; they have both steel fall plates, 5/8 inch thick, of soft steel, which are found
to last three times as long as iron ones. The bucket sword is double hooped, and the clack bow is left
on to avoid damage to the clack piece in case of a dropped bucket or broken spear, or in case it may
have to be drawn up through pumps. The wind-bores are placed on the bottom, except that of the
24-inch sett. This sett if carried straight down the pit would have come exactly in the middle of the
pit eye ; to avoid this, after much discussion it was decided to put in a breeches piece with two legs,
15 inches diameter, as shown in Fig. 3. The snore pieces are on baulks, as when put in it was
impossible, owing to a large feeder of water, to get down to bottom of sump. It was a matter for
consideration whether two clacks, one in each branch, or one clack in the main pumps, which would
have a long suction, should be put in; the latter plan was decided on, as the former would have
needed a lot of the shaft to be taken out to get at the clacks; as it was, the shaft was much enlarged
to get the legs in. The length of suction is 30 feet, a large amount, but no difficulty has been found in
pumping, the sett, being quite solid. It will be seen from Fig. 3 that the bend of the legs is very
square, no doubt a rounder bend would have been better, but owing to having the hanging-on as
high as possible the square form was adopted.
Governor.—The Napier cat governor is employed, and found to answer admirably (Figs. 4, 5, 6, and
7). In this governor two hollow discs, B and C, fitted with appropriate blades are placed face to face
in a casing which is filled with water. One of these discs is driven by the engine by belt pulley E and
spindle D, and the other Oscillates and works the throttle valve.
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The water in the revolving disc is thrown outward, forward, and sideways into the oscillating disc.
The blades in the latter disc deflect the currents from an outward and forward direction into an
inward and backward direction, and send the water back into the revolving disc.
This reversing of the motion of the water by the blades of the oscillating disc gives it a great
tendency to revolve in the same direction as the other disc. This tendency is resisted by a chain, H,
attached to a pulley on the disc till the strain on that chain is sufficient to lift a balance weight, K,
which keeps the throttle valve open. When that strain is exceeded it shuts the throttle, and when it
falls short the weight opens it. L M, Fig. 4, shows the lever connection to the throttle valve, and N
steam pipe with valve.
Though this may look in some respects like a centrifugal governor, in this case a comparatively small
velocity of disc is required to get up a much greater power than with any centrifugal arrangement,

and the power developed is very remarkable when compared with the smallness of the discs and
their velocities, whilst a sudden increase of velocity produces an almost instantaneous action on the
throttle. So that the whole work may suddenly be taken off, with hardly a perceptible effect on the
engine.
On one occasion, with 14-inch setts, the ball of the governor was seen to fall, the engine stopped,
and then went quietly on; a man being sent down the shaft found a spear of one of the setts broken.
Almost the only wearing part is the spindle of the revolving disc, and there is no strain on it. The
governor rope is made of strands of hide.
Indicator tests
[table]
[119]

PUMPING APPLIANCES AT ELTRINGHAM COLLIERY.

119

[table]
The coal consumption being more than it should be, owing to the engines, which were made to
pump 5,000 gallons of water per minute, having to pump at the present time about 2,000 gallons, it
has been suggested, in order to reduce the power of the engines and boilers to the work likely to be
required of them for some time : 1st. That liners should be put inside the high pressure cylinders,
reducing the diameter from 19 to 1 7 inches, and that new pistons should be provided of the latter
diameter; so that should there be at any time a great influx of water the liners could lie withdrawn
and the present pistons put in again, and the engine, if required, worked up to its full power. 2nd.
That one engine should be used alone. This has been tried with a lessened consumption of 2.8 lbs.
per I.H.P. but it is thought better to work two engines, except in case of need, owing to too much
strain being put on one side.
Water Wheels.—The water from the pit not being suitable for boilers, and the river water eminently
so, the feeder after leaving the adit is utilized to drive two water wheels, which pump from the river
Tyne. a vertical height of 181 feet, through 500 yards of pipes. They are both over-shot wheels, the
first one put in being 10 feet diameter and 2 feet wide; the second one 10 feet diameter and 4 feet
wide; the centre arms and shrouding are of cast iron, the buckets and sole-plates of steel, and the
shaft of wrought iron. 7 feet long and 4 1/2 inches diameter. The smaller wheel works one doubleacting cast iron pump, 5 inches diameter and 18 inches stroke; the larger one works two singleacting pumps, 8 inches diameter and 17 inches stroke, the pumps being placed opposite each other
on a cast iron bed. They are driven off one crank pin fixed in a cast iron disc.
The feeder of water obtained from the large wheel working 12 strokes per minute is 78 gallons ; the
small one is only used whilst the other is standing.
It may be mentioned that a small water wheel, 4 feet diameter, is used underground for driving a
small Schiele fan which ventilates an exploring heading 520 yards long.
In conclusion, it may be said, that nearly everything about engines, quadrants, etc., is kept in
duplicate, for as there is practically no standage (the flatsheets being drowned in about six hours
after stoppage of pumps), any accident is a very serious matter; but during the five years the new
arrangement has been at work, there has been only one short stop, and then by working one
quadrant and the two 14-inch setts the feeder was kept under till the necessary repairs were made.
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The President said this paper was a very valuable one, and was now open for discussion. He would
like to ask, so that they might be quite clear as to the comparisons drawn, what was the quality of
coals used where the consumption was given ?
Mr. J. K. Guthrie, in reply, said that the fuel used was half small and half unscreened. One boiler only
was used in the experiments. Of course they had several boilers which were applied to other
purposes as well, and they could only make short tests upon one boiler. The boiler used was of the
Lancashire type 80 feet long and 7 feet 6 inches diameter, with two tubes each 3 feet diameter.
The President said that the result of about 3.2 lbs. per horse-power was not so good as that
obtained with Cornish engines, or other engines of a similar type. He noticed that bucket and not
plunger pumps were used, probably in consequence of the standage being small. The engines used
by the Lambeth and Chelsea Water Company were compound condensing engines, and he did not
see any reason why Mr. Guthrie had not obtained a result equal to those of the water companies, a
consumption of about 1.90 lbs. of coal per effective horse-power, and 1.60 lbs. per indicated horsepower. The difference—whether the coals were valuable or not — meant an important economy
and an important difference in the wear and tear of boilers. It would be interesting to know whether
the strata, which yielded the feeder, outcropped into the present or ancient Tyne bed, and whether
such extraordinary feeders at that depth were traceable to water coming from the Tyne itself. He
thought it was a matter of opinion as to whether the best type of engine had been adopted for
dealing with such large quantities of water. He referred to Mr. J. B. Simpson's paper.* Considering
the circumstances of this case, he inclined to the opinion that the double engines and L-legs,
affording the opportunity of a perfect balance of the lifts, and, in the event of increased feeders, of a
much higher speed, would, upon comparison, be found preferable to the Cornish engine.
Mr. A. L. STEAVENSON said the writer appeared to disparage the work done, but 3 1/4 lbs. per
horse-power, with small coal, and under the conditions of a colliery, was a fairly
good result. They could not expect such good results at a colliery as at a waterworks. It would be
interesting if the writer could tell them how the quantity of water, multiplied by the vertical height it
was raised, corresponded with the indicated horse-power. The pumping of water was a subject of
the greatest interest to him personally, for he had recently been consulted, and requested to
suggest the most suitable mode of pumping at least 3,000 gallons of water per minute, to a vertical
height of 600 feet.
Mr. G. B. Forster said that the full duty might not be realized because the engine was said by the
writer to be working at about 50 per cent, of its power. It was rather unfortunate that there was so
little standage for the water, otherwise much better results might have been obtained at the full
power of the engine. The
* North of England Transactions Vol. xix., page 206, for the fullest comparisons of the duties of
various types.
[000 Plate XLII, To illustrate Mr. J. Kenneth Guthrie's Paper on "The Pumping Appliances at
Eltringham Colliery", figs. 1-6]
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results recorded for the waterworks engines would be obtained from the use of best coat, and
should not be compared with the results of this colliery engine, fired with a mixture of small and
unscreened coal. The recorded temperature of the water did not seem to him to prove anything,
because, beyond a certain depth, the rocks had a constant temperature which did not vary with the

temperature of the surface. If the water did pass from the river, it would, no doubt, assume the
temperature of the rocks before it passed into the mine. The temperature of the water would only
denote the temperature of the strata through which it passed.
Professor J. H. Merivale said that Mr. G. B. Forster had drawn attention to the fact of water assuming
the temperature of the strata through which it flowed, but Mr. Guthrie's observations seemed
somewhat contradictory. The temperature of water pumped from a depth of 59 or 60 fathoms
should be about 54 or 55 degrees Fahr. The temperatures were much lower than the strata could
have had at any point except close to the surface on a cold day in the month of January. The
observations seemed to prove that the feeder originated near the surface and was not derived from
deep-seated water. It would be interesting if the experiments with the thermometers were
continued so as to ascertain whether there was any connexion with the river.
Mr. A. L. Steavenson said the water pumped appeared to be measured over a weir. He always found
that measuring over a weir was unsatisfactory, and gave higher results than if measured into a box.
They would find that most trials of turbines which had been taken by water flowing over a weir were
wrong. He did not think that the efficiency of any turbine exceeded 60 per cent., but results were
recorded as high as 90 per cent. He always recommended that experiments as to the volume of
water should be measured in a boiler, box, or other means, which gave true results, while only
comparative results could be obtained from the flow over weirs.
Mr. Thomas Bell (H.M. Inspector of Mines) asked what advantage was derived from having two
wind-bores ?
Mr. Guthrie—Under the circumstances, if the main pumps had been carried straight down, they
would have covered the inlet to the cage. The two wind-bores straddle the pit.
Mr. W. C. Blackett asked if any other member had ever known a pump with such a vertical height of
suction pipe as 30 feet? Had Mr. Guthrie observed any difference in the effects of the pump with
variations in the height of the barometer, and had the working of the pump ever been affected
when the barometer fell very low?
Mr. Guthrie said that they frequently worked with a lift of 32 feet when the water was low down. He
had not observed the effects of a low barometer as referred to, but he would have pleasure in doing
so, and he thanked Mr. Blackett for the hint. As regarded the consumption of fuel, he might say
they were using their own
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coal (an inferior Brockwell Seam, only worked for their brickworks and pit use), but he had not the
slightest doubt he would have obtained a result much under 3 lbs. per indicated horse-power if they
had used suitable coal.
Mr. Thomas Bell said he would like to know the experience of others as to the use of spur gear for
pumping, especially in the case of sinking pits. He had a personal objection to its use. Would it not
be better to work direct?
Mr. Guthrie said he would not adopt spur gear if he erected another engine. If the spur gear failed
then the entire engine was useless. In the present case, however, with a pair of engines, if one spur
wheel gave way, the engine on the other side could be worked, and together with one 14-inch sett
would keep the pit dry. The spur wheels were made in halves.

The President said there were many points of interest raised in the paper, especially the source of
the feeder, which he hoped would be further investigated. He asked if it was not at one time
proposed to dam the feeder back by some underground works?
Mr. Guthrie said he did not think that their feeder of water was derived from the river. In addition to
difference of temperature the quality was quite different, the pit water being of a limey nature and
totally unfit for boiler use, whilst the river water used for that purpose was taken from within 900
yards of the outcrop of the Cannel Seam in the present river bed. The damming back of the water
had been suggested, but the works would have been of such magnitude that it was not gone on
with. The quantity of water was measured into a box, 3 per cent, slip was found, and the effective
horse-power in water lifted was 87 per cent.
Mr. G. B. Forster said it was very often a fallacy to suppose that the water found in a pit was derived
from sources immediately above them. A case came under his notice the other day in which they
were working coal under the sea, at a distance of about 1,000 yards seaward from low-water mark,
and they got a feeder of pure, clear water, apparently free from salt, although all the other feeders
in the district were brackish. The spring water feeder could not have been derived from the sea, and
could only have reached the point where it was found under the sea, through a fissure, from a
supply on the land. In Cheshire the source of the water was frequently many miles distant from the
brine wells.
Mr. Thomas Bell suggested that a section might be prepared showing the pit and the rise and dip of
the strata from or to the River Tyne.
The vote of thanks, proposed by the President, and seconded by Mr. J.B. Simpson, was cordially
adopted.
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DISCUSSION UPON "AN INVESTIGATION AS TO WHETHER THE FUMES PRODUCED FROM THE USE OF
ROBURITE AND TONITE IN COAL MINES ARE INJURIOUS TO HEALTH."
Dr. P. Phillips Bedson exhibited and explained the apparatus used in collecting the samples of air
containing the fumes for experiment. He said that, as the report had not yet been issued to the
members of the Institute, he would make a few remarks with regard to the general arrangements
made, in attempting to answer the question referred to the committee as to whether the fumes
from roburite, tonite, and gunpowder were injurious to health. All the experiments were made in
the mine and under ordinary working conditions, and consequently the samples of the fumes
obtained were diluted with air. The first difficulty met with in making such an investigation was to
devise a method of collecting samples of the gases. Samples of air were collected at the places
where the shots were fired, and in the intake and in the return of the district in which the
experiments were made. There were samples taken in the intake and the return over a period of an
hour or an hour and a half, and also in the working places taken immediately after the firing of the
shot. At the intake, there was suspended midway in the gallery a zinc aspirator, having a capacity of
about 600 cubic inches. This apparatus was first filled with water ; the upper tube was filled with
glass wool; and the lower opening closed by india-rubber tubing, the opening of which could be
regulated by a screw clamp, so that the aspirator could be emptied of the water at a uniform rate in
an hour or an hour and a half, as required. This sample of air was carefully examined for other gases
than oxygen, nitrogen, and carbonic acid gases, the ordinary constituents of air. At the return, a
similar series of observations was made, and in addition there was suspended a live mouse in a box
to test the air for carbon monoxide gas. The blood of the mouse was afterwards examined by the

spectroscope, and in only one instance did they find carbon monoxide gas by this method. The most
important part of the investigation was the collection of the air in the place immediately after the
firing of a shot, as the samples in the intake and return only afforded some idea of the vitiation
produced in the district. The samples of air obtained after firing a shot were collected in brass
cylinders of about 678 cubic inches capacity, provided at one end with two brass tubes to which
stout india-rubber tubes were attached. Each cylinder was exhausted with a good air-pump, so as to
give a vacuum of a fraction of an inch of mercury. With the exhausted cylinder a short distance from
the working place the firing of the shot was awaited, then hastening into the place, and opening the
cylinder by unscrewing the clamp the fumes were drawn into the vacuous cylinder. The samples of
the gases were then transported to the laboratory for examination. The investigation had shown
that in the case of each of the explosives, carbon monoxide, which is not a constituent of ordinary
air, was produced. This gas had been found in various proportions m the fumes of all three
explosives. It was not strange that it should be found
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after the firing of gunpowder, since laboratory experiments with gunpowder had already shown that
carbon monoxide was a product of the explosion of gunpowder. The presence of carbon monoxide
had been shown by a very delicate test, in which a solution of palladium chloride was used. The
report, after giving the statement of the actual results of the analysis, contained a theoretical
consideration of the results which should be obtained by firing roburite, tonite, and gunpowder in a
mine. The result of firing an explosive in a mine was to add to the air the gaseous and solid products
formed by the explosive. To form some idea of the vitiation produced by these different explosives
the proportion of gas produced by 7 ozs. of tonite, roburite, and gunpowder had been calculated.
Next assuming that these gases were mixed with 540 cubic feet of air, and the following statement
abstracted from the report represented the results of such calculations :—
[table]
He wished to refer to another point. In the report a statement of the experimental results was given
which was arrived at by taking the results of the analyses of the samples of air in the intake and
return, as well as of those collected at the place immediately after the firing of the shot, and making
an average of the various samples collected. He had, so far, dealt entirely with gaseous products in
the report, but it must be remembered that the fumes from gunpowder contained a large amount of
solid matter, about 55 per cent., and it was shown by Captain Noble and Sir Frederick Abel that
these were solids of a very complex nature. It had always been considered that one of the dangers of
the use of roburite was that after its explosion some particles of undecomposed nitrobenzene might
be found in the air ; but in these experiments no evidence of the presence of nitrobenzene had been
obtained, save that its characteristic odour had been observed on several occasions. The President
asked whether 1 in 10,000 parts of carbon monoxide could be distinguished on paper saturated with
palladium chloride ?
Dr. Bedson said that paper saturated as he had described could certainly be used to distinguish small
percentages of carbon monoxide gas by using considerable volumes of the air
The President—You judged from the various shades ?
Dr. Bedson—No. In actual practice the gas was passed through a tube containing a solution of
palladium chloride. By using equal volumes of air the depth of shade might be used to estimate the
proportion of carbon monoxide.

Mr. T. J. Murday described his " Fire-Damp Detector" as follows :—
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FIRE-DAMP DETECTOR.
By T. J. Murday.
Fig. 1 (Plate XLIII.) shows the apparatus fitted up with battery and alarm bell. In this case the model
instrument is worked by four small dry cells. A push A is shown at the top of the case, which when
depressed closes the electrical circuit through the platinum wires, etc. By means of the thumbscrew
B, near the upper part of the case, the alarm pointer C can be set to any division on the scale, so that
on the real pointer D rising on the scale, and making contact with this adjustable pointer, the bell E is
rung. In searching the galleries of a mine for gas all that need be done is to set the alarm pointer to 1
per cent, or under before commencing the search, and occasionally to press the push (the push
should never be kept down for a longer period than one second). So long as no fire-damp up to 1 per
cent, (or wherever the pointer is set to) is present in the air the bell E will not be rung; but on the
percentage reaching that amount the bell will immediately sound on the push being pressed.
Fig. 2 (Plate XLIII.) shows the mechanical arrangement. It will perhaps be best understood if it be
likened to a differential metallic thermometer. It consists essentially of a pair of platinum wires, A
and B. These wires are kept in tension by means of a system of L-levers C C1, and springs D D1,
connected by the rack E. The movements of the rack are communicated to the pointer F, through
the pinion I. The pointer F stands at zero so long as the temperature of both platinum wires is the
same: but on one wire being more heated than the other a deflection of the pointer at once takes
place. One platinum wire A is encased in an air-tight cylinder with a flexible diaphragm G, at the
lower end, so that the rod-extension H. to which this platinum wire is attached, may be free to move
as the platinum expands and contracts. The other platinum wire B is exposed to the free air. but at
the same time is surrounded by a wire gauze to avoid ignition of the gaseous mixture, which may at
times be present in the case.
When the push A (Fig. 1, Plate XLIII.) is pressed a current sufficient to heat the platinum wires to
about 200 degs. Fahr. passes through them; they both expand equally, and no deflection of the
pointer takes place; but if a small quantity of gas be present around the exposed platinum wire B
combustion takes place, the wire B heats perceptibly more than the other, and the pointer F is
deflected in proportion as there is more or less fire-damp present in the air around the instrument.
The test is made instantly, very little current is used, and the attached bell arrangement makes it
unnecessary for the person using the searcher to be constantly inspecting the dial.
On the motion of the Chairman a vote of thanks was accorded to Mr. T. J. Murday.
[126]

PROCEEDINGS.

NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
ANNUAL GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
August 1st, 1891.
Mr. William Cochrane, Retiring President, tn the Chair,

The Chairman said the first business was to appoint scrutineers for the examination of the balloting
papers, and Messrs. J. W. Fryar, H. Jepson, C J. Murton, and G. F. Bell, who had kindly undertaken
the duty, were unanimously elected scrutineers.
The Secretary read the minutes of the last meeting, and reported the proceedings of the Council.
The following gentlemen were elected, having been previously nominated :—
Members—
Mr. Ernest F. Ayton, Mining Engineer. El Bote Mining Negociacion, Zacatecas, Republic of Mexico.
Mr. Charles Spearman Carnes, Colliery Manager, Peases' West Colliery, Crook.
Mr. Robert Middleton, Hydraulic Engineer. Sheep Scar Foundry, Leeds.
Mr. John Palmer Stukley Samborne, Mining Engineer, Timsbury House, Bath.
Mr. Samuel Hare, Mining Engineer, Brymbo Collieries, Wrexham, North Wales.
Mr. Wm. Hay, Jun., Manager of Mines, Wood View House, Stanton, Burton-on-Trent.
Mr. George Hurst, Mining Engineer, 58, Eldon Street, Newcastle-upon-Tyne.
Associate Member—
Mr. Edward Ellison Bigge, Secretary, General Mining Association, Blomfield House, London Wall,
London, E.C.
Students— Mr. David Douglas, Mining Student, Trimdon Grange, R.S.O., Co. Durham.
Mr. Nelson Ashbridge Simpson, Student Mining Engineer, North Navigation Collieries, Maisteg,
Bridgend, South Wales.
[000 Plate XLIII, To illustrate Mr. T.J. Murday's "Fire-Damp Detector", figs. 1 & 2]
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The following gentlemen were nominated for election :—
Members—
Mr. Arthur Payne Gallwey, Mining Engineer, P.O., Box I38, Johannesburg, Z.A.R.
Mr. Ernest Seymour Wood, Mining Engineer, South Hetton, Sunderland.
Mr. Ernest Williams. Civil and Mining Engineer, Assoc. Mem. Inst, of C.E., Johannesburg, South
Africa.
Associate MembersMr. Henry Heath Cochrane, Colliery Owner, Eshwood Hall, Durham.
Mr. William Percy Cochrane, Colliery Owner, 6, Tankerville Terrace, Newcastle-upon-Tyne.
Mr. James John Joicey, Colliery Owner, Sunningdale Park, Berkshire.
Mr. Frederick Richter, Merchant, Osborne Villas, Newcastle-upon-Tyne.
Associate—

Mr. George William Minto, Deputy Overman, Heworth Colliery, Heworth-upon-Tyne.

AWARDS FOR PAPERS.
The Secretary read the following list of papers for which prizes had been awarded to the authors :—
YEAR 1885-1886
Name.

Title of Paper.

George J. Binns ...
J.D.Kendall

...

... Coal Mining in New Zealand.
... The Iron Ores of the English Secondary Rocks.

J. M. Liddell and J. H.
Merivale
E. H. Liveing

...

... Transmission of Power by Steam.

...

... Transylvanian Gold Mining.

YEAR 1886-1887.
M. Walton Brown
of Bodies.

... On a Form of Apparatus for the Rapid Determination of Specific Gravities

Edward Halse ...... On the Occurrence of Manganese Ore in the Cambrian Rocks of
Merionethshire.
A. L. Steavenson...... On the System of Working Ironstone at Lumpsey Mines by Hydraulic Drills.
Henry White
...... Remarks on a Further Discharge of Lightning at West Thornley Colliery, near
Tow Law, on October 21,1886.
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YEAR 1887-1888.
Name.
John Allan...

Title of Paper.
...

P. Phillips Bedson

...

Hie Pyrites Deposits of the Province of Huelva.

... A Contribution to our Knowledge of Goal-Dust.

Hugh Bramwell ... ... ... Notes on the Horizon of the Low Main Seam in a Portion of the Durham
Coal-field.
M. Walton Brown
... A further attempt for the Correlation of the Coal Seams of the
Carboniferous Formation of the North of England, with some Notes upon the
probable duration of the Coal-field.
A. S. Herschel

... ... ... On an Improved Form of Seismoscope.

C. J. Murton

...

... Notes on the Tkiboulli Coal-field (Caucasus).

YEAR 1888-1889.
W. Armstrong, Jun., and

W. J. Bird

...

.:. The Economical Working of Steam Boilers at Collieries.

Bennet H. Brough

... Outbursts of Gas in Metalliferous Mines.

M. Walton Brown

... The Pieler Spirit Lamp as a Fire-damp Indicator.

Charles Z. Bunning
T. L. Elwen
J. M. Lidded

... Coal Mining at Warora, Central Provinces, East India.

...... An Account of Experiments on the Resistance to Air Currents in Mines.
...... The Gold-fields of the Valley of De Kaap, Transvaal, South Africa.

T. O. Robson
...... Notes on the "Variations in the Faulting of Coal, observed in the Action of
the same Series of Faults in Three Seams at Redheugh Colliery.
YEAR 1889-1890.
D. H. Bayldon

...... The Hauraki Gold Mining District (Northern Section) Auckland, New Zealand.

T. E. Forster and H.Ayton Improved Coal Screening and Cleaning.
S.Tate

......... Winding, Banking Out, and Screening Plant at East Hetton Colliery.

YEAR 1890-1891 (Part of).
David Burns

...... On the Bending of Beds near Veins.

E. Halse ..........
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The Annual Reports of the Council and Finance Committee were read as follows:—
ANNUAL REPORT OF THE COUNCIL.
The following table shows the membership during recent years:—
[table]

The maximum number of Members was attained on August 1st, 1877. viz:—23 Honorary Members,
792 Members, 142 Students, and 14 Subscribing Collieries, a total of 971 Members.
The effects of the Bye-Laws which came in force in 1889 are now being experienced, and there is
every reason to hope that they will ultimately lead to a steady and continued increase in the
membership. The class of Associates, consisting of persons occupying subordinate positions in
engineering, has been successfully initiated, and must eventually tend to the efficiency of the
Institute.
The Federated Institution of Mining Engineers has now completed the second year of its existence,
during which there have been three general meetings— Nottingham on September 24th and 25th,
1890; Newcastle-upon-Tyne, January 21st and 22nd, 1891 ; and London, May 28th and 29th, 1891.
These meetings have been attended by a large number of the members of the four Federated
Institutes, and there has been a marked increase in the number of papers read at these meetings. In
addition to receiving the papers read before this Institute, the members now receive, without extra
cost, the papers read at the meetings of the Federated Institution of Mining Engineers, and of the
Chesterfield and Midland Counties Institution of Engineers, the Midland Institute of Mining, Civil,

and Mechanical Engineers, and the South Staffordshire and East Worcestershire Institute of Mining
Engineers. With continued attention of the Federated Institutes, the Federated Institution, of Mining
Engineers ought eventually to include all of the institutes interested in mining, metallurgical, and
mechanical engineering.
The Committee on Mechanical Ventilators has not completed its report owing to the mass of
calculations required in the reduction of the experiments, but there is every reason to hope that it
will be completed at an early date.
The Committee on " Flameless" Explosives hopes to commence its practical experiments shortly.
Messrs. W. J. Bird and M. Walton Brown have ably trans[130]
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lated the "Report of the French Commission on the Use of Explosives in Mines." for the use and
information of the members of the Committee, and it has been issued to the members of the
Institute by order of the Council, who are of opinion that this volume is a valuable addition to the
publications of the Institute. Mr. M. Walton Brown was present, on the request of the Committee, at
some experiments on explosives at Cymmer Collieries, and his interesting report was communicated
by the Committee to the members.
The " Borings and Sinkings" are now approaching completion, and a fifth volume will be published
during the ensuing year.
The Library of the Institute continues to be maintained in an efficient state, and the members in the
vicinity are reminded that the books and weekly engineering papers are available daily from 10 a.m.
to 5 p.m., whilst those at a distance may avail themselves of the Library by communication with the
Librarian.
Material changes have taken place in the officers of the Institute through the death of Mr. F.
Gosman, on September 12th, 1890, after many years of faithful attention to the interests of the
Institute, and through the retirement of the Secretary, Professor Lebour, in January last. The Council
trust that the appointment of their successors will tend to the efficient conduct of the business of
the Institute. Mr. M. Walton Brown has been appointed Secretary and Mr. Reginald Guthrie,
Treasurer.
The Institute has again been placed on the list of corresponding societies of the British Association,
and the Council have appointed Professor J. H. Merivale, M.A., to act as their delegate at the ensuing
meeting at Cardiff.
The Council deeply regret the death during the year of Mr. John Marley, Past-President, and of Mr.
James Willis, H.M. Inspector of Mines, Vice-President—two gentlemen who have at all times
contributed every assistance to the well-being of the Institute.
The papers contributed during the year are as follow:—
" Experiments with Explosives used in Mines." By Mr. M. Walton Brown.
" On the Bending of Beds near Veins." By Mr. David Burns.
" Some Banket Deposits of the Gold Coast, West Africa." By Mr. Edward Halse.
" Experiments with Carbonite." By Messrs. M. Walton Brown and William Foggin.

"The Waddle Patent (1890) Fan." By Mr. M. Walton Brown.
" On the Present Position of the Question of Transmission of Power." By Mr. A. L. Steavenson.
" On the Pumping Arrangements at Eltringham Colliery." By Mr. J. Kenneth Guthrie.
" On a Duplex Arrangement of Centrifugal Ventilating Machines." By Mr. W.Cochrane.
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In concluding their fortieth annual report, while the Council congratulate the members upon the
present position of the Institute, they ask them to bring its claims and advantages before others.
FINANCE REPORT.
The income for the year 1890-1 amounted to £1,790 9s. 0d.; deducting from this a sum of £200
received from the Coal Owners' Associations towards the costs to be incurred by the Explosives
Committee, shows the ordinary income to be £ 1,590 9s. 0d., an increase of £80 14s. l0d. over the
preceding year.
The total receipts for subscriptions and arrears amounted to £1,302 14s. 0d., an increase of £93 8s.
4d. The amount of subscriptions in arrear bevond one year now amount to £141 15s. 0d. The sum of
£180 12s. 0d. has been struck off during the year as irrecoverable.
The total expenditure during the year has amounted to £2,232 8s. 3d., which is considerably in
excess of that of the previous year, but during this year, two years' payments to the Federated
Institution have been made.
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The Treasurer in Account with the North of England
[table]
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Institute of Mining and Mechanical Engineers
[table]
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The Chairman, in moving the adoption of the Annual Report of the Council and of the Finance
Committee, commented upon the financial results of the year, and said that those who could
inculcate the idea of prompt payment of subscriptions among the members and who would adopt
the same themselves would relieve the Institute of a great deal of trouble in the secretarial
department and keep them, as they ought to be, well up in funds. The Council hoped that another
year would find them in a much better financial condition, but this, however, would depend on the

number of members being maintained. No doubt, as the report said, in referring to the 971
members in 1877, there were causes to account for the loss of members since then ; one reason was
the great competition in regard to the mechanical engineering element by kindred institutions. The
establishment of the North-East Coast Institution of Engineers and Shipbuilders had taken a large
number of those members who were purely mechanical engineers and not interested in mining
subjects. But it must be remembered that, being the parent Institute of the Federated Institution
which they had joined, ami which gave them the advantage of having the papers of all the other
districts embodied in the Transactions (so that they were not dependent on themselves altogether
for papers on mining matters), it must not be otherwise written of them than that they felt the
greatest responsibility on themselves to keep the foremost in all they did and the papers they read,
so as not to lose that preeminence which, he maintained, they had held to the present time, and
which, in becoming amalgamated with the Federated Institution, it behoved them to strain every
nerve to maintain. He thought there was only one other matter on which he might say a word or
two, and that was as to the desirability of better attendances at the general meetings. There was an
enormous amount of good work done by committees—silent work, the results of which they could
only see when it was printed in the Transactions; work done in committees was no doubt better
than that done in ordinary meetings in delivering one's self of set speeches, but from the
earnestness with which matters were discussed and the benefit that was got from knocking their
opinions against each other, in public meetings they should feel that the attendances were not as
satisfactory as they should be, and it behoved the Council to enquire whether the menu was good
enough. He had known the history of this Institute for thirty-four years and certainly the
attendances formerly were very much larger than now. He hoped that in the reign of his successor
they would inaugurate something by which to secure larger attendances and that valuable
discussions would arise on the papers read. He then moved the adoption of the reports of the
Council and of the Finance Committee.
Mr. J. B. Simpson seconded the adoption of the reports, which was put to the meeting and carried
unanimously.
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REPRESENTATIVES ON THE COUNCIL OF THE FEDERATED INSTITUTION OF MINING ENGINEERS.
The Secretary reported that this Institute was entitled to seventeen representatives on the Council
of the Federated Institution, the Chesterfield Institution to seven, the Midland to five, and the South
Staffordshire to three. The Council recommended the re-election of the representatives appointed
last year, together with Messrs. H. Lawrence and Professor J. H. Merivale, instead of Messrs. John
Marley and Jas. Willis, who had died during the year, and of himself, who would attend as their
Secretary.
Mr. Stratton remarked that three names were withdrawn from the list and only two substituted.
The Secretary explained that, by the alteration of the rules of the Federated Institution, they were
now only entitled to seventeen elected representatives on the Council, instead of the thirteen
elected and four co-optated members of Council under the old rules.
The Chairman—Then, there are two vacancies to-day, and the Council recommend the re-election of
the old representatives, together with Mr. Lawrence and Professor Merivale.
This resolution was put to the meeting and unanimously agreed to.
The representatives of the Institute for the ensuing year are as follows :—

W. Armstrong, Esq.

Thos. Douglas, Esq.

W. Armstrong, Jun.. Esq.

G. B. Forster, Esq.

Sir Lowthian Bell.

G. C. Greenwell, Esq.

Thos. J. Bewick, Esq.

Henry Lawrence, Esq.

Robt. F. Boyd, Esq.

Geo. May, Esq.

M. Walton Brown, Esq.

Prof. Merivale.

Wm. Cochrane, Esq.

J. B. Simpson, Esq.

Jno. Daglish, Esq.

A. L. Steavenson, Esq.

David Dale, Esq.

Lindsay Wood, Esq.

Mr. Cochrane read the following paper, "On a Duplex Arrangement of Centrifugal Ventilating
Machines":—
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ON A DUPLEX ARRANGEMENT OF CENTRIFUGAL VENTILATING MACHINES.
By W. Cochrane.
In the course of an investigation with the late Mr. J. J. Atkinson, H.M. Inspector of Mines, in 1868,
into the working of two Guibal ventilators at the Duffryn Collieries in South Wales, some interesting
results were obtained, and a novelty was established in the application of two centrifugal machines,
which it seems to the writer may be worthy of imitation under special circumstances. The
ventilators, 30 feet diameter, were erected side by side, the two engines, 24 inches diameter and 2-i
inches stroke, being placed in a house between the ventilators, and a separate drift, but of different
sectional area, from the upcast shaft was carried to each of the inlets.
[diagram]
The ventilation of the colliery was represented by about 80,000 cubic feet of air per minute, with a
water-gauge of about 1.60 inches at the surface, and each ventilator was capable of producing this
at a speed of about 58 revolutions per minute.
If the ventilators were run together at this same speed there was no important variation in volume,
but a slight alteration in water-gauge, which was attributed to the different conditions of the two
drifts from the upcast shaft.
The water-gauge, as is well known, is dependent on the velocity of the periphery of a centrifugal
action ventilator ; the only benefit from running two together as compared with one would arise
from the lessened resistances encountered by the air in its passage through two surface-drifts and
two ventilators at lower speeds than that with which the whole quantity would pass through a single
drift and a single ventilator (it would be a very -small amount), provided the one drift was of proper
sectional area and the blades of sufficient breadth, with the outlet shutter properly adjusted—this
small benefit would be discounted by the extra friction due to two engines and ventilators instead of
one.
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It was not considered safe to put the ventilators up to any higher speed for permanent work in order
to obtain the increased ventilation which was required. The suggestion of the late Mr. J.J. Atkinson
was to arrange the ventilators to work in duplex or tandem form, so that having expended the work
of one, equal to circulating 80,000 cubic feet under 1.60 inches, the other should take up this
volume of air at its decreased tension and impart to it a second equal work.
By this arrangement it would be possible to apply double the power through the two engines, and as
the quantities of air are proportional to the cube roots of the powers circulating them in the same
mine this was estimated to afford [mathematical formula] or 26 percent, more air at the same
speed of the ventilators. The water-gauge at the surface for this increased volume would be
[mathematical formula] or 58.76 per cent, higher than that existing, involving the increased speed of
a single ventilator by 26 per cent., if that had been deemed the proper course; but the liability to
heating and breakage, arising from high speeds of ventilators of large diameters where continuous
working is a necessity, precluded such a recommendation ; otherwise the increased speed, and the
resulting higher water-gauge and volume of air, would have been obtainable by the single ventilator
or the two working together side by side by the expenditure of about the same increased steam
power, either in one cylinder or divided between the two.
The whole of the air from the upcast shaft was carried along one drift only to one of the ventilators,
and at the foot of the chimney of this ventilator a drift was formed to connect with the inlet of the
second ventilator, the air thus passing through the second ventilator and up its chimney into the
open atmosphere. Suitable air-tight doors in the two drifts from the upcast, and at the foot of the
chimney of the first ventilator were arranged so as to afford full opportunity of experiment.
Preliminary tests had been made with small cupola fans before proceeding to the important
expenditure required in the above arrangement. They indicated that the estimated result would
agree with the theoretical considerations due to the additional imparting of power by each
additional fan, not only in exhausting from a mine, but also in producing accumulated pressure as a
forcing fan.
The immediate ventilation required involved a considerably higher water-gauge —nearly double—
and therefore, a corresponding increase in the effective pressure of steam in the engine cylinders
was necessary. The air to be put in circulation
would thus be [mathematical formula] or 41.42 per cent, increase. Allowing for the greater
resistances due to the air passing through two ventilators instead of one, it was estimated that onethird larger volume of air would be obtained in practice at the same speed of each ventilator by this
duplex arrangement.
To have arrived at a similar result with one ventilator, would have required a speed of 41.42 per
cent, higher than that at which it was running.
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The works to carry out the suggestion having been executed, the following experiments were made
to test the results.
1st. The two ventilators, exhausting on the duplex or tandem system, each making 60 revolutions
per minute, yielded 108,479 cubic feet of air under a water-gauge at the inlet of the ventilator
nearest to the upcast of 2.80 inches, and near the inlet of the leading ventilator of 1.10 inches.

2nd. The nearest ventilator to upcast, blowing through the leading ventilator (stationary), gave
79,218 cubic feet with a water-gauge at its inlet of 1.10 inches, and near the inlet of the leading
ventilator of .80 inches.
3rd, The leading ventilator, drawing through the nearest to upcast (stationary), gave 81,405 cubic
feet with a water-gauge of 1.40 inches at the inlet of the latter, and of 1.75 inches near the inlet of
the former.
4th. The ventilator nearest to upcast, working with separate drift, from upcast and its own chimney,
gave 88,798 cubic feet with a water-gauge at its inlet of 1.80 inches.
5th. The front, or leading ventilator, with separate drift from upcast and its own chimney, gave
77,133 cubic feet with a water-gauge near its inlet of 2.10 inches.
6th. The two ventilators working simultaneously, having their inlets connected with the double drift
from upcast, and each discharging by its own chimney, gave 90,310 cubic feet with a water-gauge
of 2.10 inches at the inlet of the ventilator nearest to the upcast and of 2.15 inches near the leading
ventilator.
There are some anomalous figures, when closely compared, attributable to the sliding shutters of
the evasee chimney not being adjustable, to the difficulties of taking several anemometer
observations by different observers underground, and also to the varying sectional areas and
directions of the drifts connecting the ventilators with the upcast shaft, and with each other, but
taking the first three experiments, it will be seen that the average of 80,312 cubic feet circulated by
a single ventilator was increased to 108,479 by the duplex—about 35 per cent. increase.
The indicated horse-power of the engines was 179.65 in the duplex, and 70.20 average for each of
the ventilators working alone, showing very nearly the theoretical proportion of the cubes of the
volumes of air.
Comparing Nos. 4, 5, and 6 experiments, it is also seen that the single ventilator nearest to upcast
alone, at 60 revolutions, gives nearly the same ventilation as the two working simultaneously ; the
leading ventilator at the same speed of 60 revolutions, probably owing to the increased frictional
resistances, being inferior to the other. Had the drifts from the upcast been precisely similarly
arranged in reference to each of the similar ventilators the volume of air would have divided itself
equally between the two machines working simultaneously, and the horsepower developed by each
engine would be theoretically one-half of that which
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would be developed by one engine in the case of a single fan producing at the same speed a similar
ventilation.
It appears to the writer a desirable arrangement in providing duplicate ventilators for a mine to
erect them in such a manner with suitable connecting drifts so as to be able to use them either
singly or as described in duplex or tandem fashion. In case of a breakdown, one is available for about
80 per cent, of the total quantity of air obtainable by the two ventilators, and would probably
prevent the stoppage of the mine, while the capability of the two to give the larger range of
ventilation without increasing the speed is of primary importance.
The subject is one well worthy of further investigation, and the writer hopes that having called
attention to it some members may take it up.

The Chairman said he was sure the meeting would be glad to hear the observations of members on
the subject. He had heard that the principle had been applied in a fan used for forcing purposes.
Professor Merivale said there was one point that occurred to him in connexion with Mr. Cochrane's
paper, and that was as to connecting the first fan at the bottom of the evasee chimney. He thought
the general custom was to make it at the top; but he did not think it made much difference; if at the
top, better results were obtained from the first fan, and if at the bottom, better results were
obtained from the second. He also wondered what the result would be if the fans were run both
duplex and tandem by removing the division. He would like to ask Mr. Cochrane if he could put him
in the way of obtaining any results of experiments, or any formulae, by means of which to calculate
the orifice of passage for various fans ? It was an important point to be taken into account in
designing a fan. He concluded that one would not be inclined to ventilate a pit by means of two fans
arranged tandem if starting with a new plant. It would be better to put up a fan sufficiently large in
the first instance. Of course, if additional ventilation was required ten or twenty years after a fan had
been erected, it would be a good plan, but he took it that the experiments were the result of an idea
of twenty-five years ago, when it was not generally known that to get the best effect from two fans
they must be placed tandem.
Mr. T. H. M. STRATTON said that, according to the experiments, the fan nearest the upcast, and
running at sixty revolutions, gave a water-gauge of 1.80 inches, and the leading fan 2.10 inches; but
one had been taught to believe that a Guibal fan running at the same speed would always produce
the same water-gauge, whatever the quanity of air. Had the fans separate orifices ?
The Chairman said this was one of the anomalous points mentioned in paper, and it was due to the
fact that the shutters were not adjustable. They had to take the fans as they found them—by a
proper adjustment of the shutters they could vary the water-gauge.
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Mr. Stratton said his point was that the efficiency of the fan was not at all dependent on the watergauge. If a Guibal fan were revolved with its orifice directly communicating with the open air, would
it not produce a water-gauge proportional to its peripheral velocity ? Apart from its ability as a
propeller of air would it not give a certain depression ?
The Chairman said the question as to water-gauge and equivalent orifice was one which had never
been properly appreciated. There had only been fact, and not theory, as regards the Guibal. Guibal's
formula was not [mathematical formua], but very different from it. It was a complicated formula, the
area of the chimney and the size of the inlet entering into it. Replying to Prof. Merivale, he did not
know of any formula of the kind referred to. M. Guibal had investigated the subject, but he did not
know whether his researches would be published. They had not tried the combined experiments
suggested by Prof. Merivale. It might be noticed that they recorded a ventilation at 1.10 inches,
which must absolutely require 1.80 inches. So that they were very anomalous. The Professor had
also asked why they made the connexion as they had done instead of bringing the spiral inlet to the
other side. To do this would have involved a very expensive structure, and although better results
might have been obtained, the expense and difficulty prevented it.
Professor Merivale—Then, you did practically do it in the ordinary way with the evasee chimney !
The Chairman—Yes; we continued the evasee chimney up to the inlet. Upon the other question, that
it would be preferable to put a sufficiently large ventilator in the first instance, they never knew
what might ultimately be the requirements of the colliery, and in putting in a sufficiently large

ventilator they provided no duplicate. As mentioned in the paper, he thought it desirable to put in
duplicate fans.
Mr. WALLAU said there were a great many arrangements possible with two fans, and it was a
question as to which arrangement recommended itself most under certain circumstances. There
were cases where two small fans upon one axle would give better results and be more economical
to begin with than one large fan. The cases he meant were those where the water-gauge required
could be readily obtained by a smaller fan, and two fans having each an inlet and being connected
with the mine, of sufficiently large area, by running at a high speed would give the proper watergauge, and the two small inlets would do as much work as the larger one. The smaller fans would be
the more economical arrangement, for in arranging the ventilation in that way it was possible to
have a much more simple drift than with the ordinary fan. For, if they put the fans on one axle, they
could have bearings clear from the drift, and therefore free from the soot and dirt naturally present
in a mine. This was a matter that had been considered of so much importance that Messrs. Black,
Hawthorn & Co. had taken provisional protection for a certain arrangement of two fans. They were
now making a model to thoroughly test it, and perhaps before long it would be brought under the
notice of the Institute.
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The Chairman—To get the same air from the mine, notwithstanding that smaller fans have to run at
the same velocity of periphery as the larger one ?
Mr. Wallau— That is so.
Mr. Thos. Bell said before passing to the next paper he wished to propose a vote of thanks to the
President for the very able paper he had laid before them. In doing this he would suggest that the
discussion be adjourned until the paper was in the hands of the members.
The vote of thanks was unanimously adopted.

DISCUSSION ON Mr. M. WALTON BROWN'S PAPER ON " EXPERIMENTS WITH EXPLOSIVES USED IN
MINES," AND ON Messes. M. WALTON BROWN AND W. FOGGIN'S PAPER ON "EXPERIMENTS WITH
CARBONITE."
Mr. M. Walton Brown said it appeared from the Report of the French Commission that an explosive
whose detonation was due to an explosive wave may be harmless in the presence of fire-damp, if its
temperature of detonation be below the temperature of the ignition of fire-damp. The normal
temperature of ignition of fire-damp is about 1,200 degs. Fahr., but it was necessary that the effect
of such a temperature should be prolonged for some time in order that the mixture might be
ignited. The experiments of the French Commission showed that the retardation of ignition
characteristic of fire-damp mixtures, the almost instantaneous mixture of the gases resulting from
the explosive with the surrounding air, and the quick cooling consequent thereon, combine to make
explosives whose temperature of detonation is less than 4,000 degs. Fahr. incapable of igniting
explosive fire-damp mixtures under normal conditions of use ; that is to say, in holes properly
stemmed. The requirement was therefore, although not entirely sufficient, the discovery of an
explosive whose temperature of detonation was less than 4,000 degs. Fahr. It naturally followed that
the degree of safety became greater as the temperature of detonation fell below this value, and it
might be assumed that the degree of safety was sufficient when the temperature of detonation of
the explosive varied from 2,700 to 3,000 degs. Fahr. In the present stage of knowledge, which was

specially derived from the conclusions of the French Commission, it appeared that dual mixtures
were the most suitable. One of the substances was intended to diminish the temperature of
detonation, and as regards the useful effect it was essential that this substance should be itself an
explosive. Up to the present time the most suitable substance for this purpose was nitrate of
ammonia, whose temperature of detonation was about 1,850 degs. Fahr. All high explosives, such as
dynamite, gun-cotton, etc., possessed a very high temperature of detonation. This temperature was
largely reduced by the mixture therewith of nitrate of ammonia, or other similar substances having a
lower temperature of detonation, and the mixture formed a dual explosive which had an
intermediate temperature. In
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the use of an explosive the guarantees of safety diminished as the stemming diminished in length, or
became otherwise imperfect. Without stemming, or when the explosive was detonated unconfined,
the conditions of safety could not be formulated with exactness ; in fact, one cartridge might be
fired without ignition and another with ignition, haphazard, so to speak. The following table
summarized the results of a series of experiments made at North Biddick Colliery, and
[table]
showed the effects produced by variations in the length of stemming. Four ounces of explosive were
used in each experiment, and were fired into a mixture of 3 parts of coal gas and 22 parts of
atmospheric air, laden with coal-dust. No doubt a theoretical explosive should consist of one
substance only, whose detonation should develop a sufficiently low temperature and only give
uncombustible products. It was somewhat unfortunate that nitrate of ammonia, the only substance
which was particularly valuable for use in dual mixtures, did not perfectly realize these conditions,
and its facility of detonation was also somewhat unfortunate. In the formation of a dual explosive
there was a certainty that the mixture, however carefully made, was never absolutely intimate.
Consequently, if one of the mixed substances was combustible, or when detonated alone was
susceptible of developing a temperature higher than 4,000 degs. Fahr., or if on detonation it yielded
combustible gases, there was always a chance that a particle of that substance might exist on the
surface of the cartridge, and might at the time of detonation ignite the surrounding explosive
mixture. The irregularities in the ignition of unconfined explosives was due probably to this cause.
These accidental ignitions naturally increased in proportion as the substance which might cause
them was used in high proportions to form tin: dual mixture, as the mixture was less intimate and as
the weight of the explosive increased. Practically, therefore, the essential for a safe explosive was
the application of machinery, so as to ensure the utmost perfection in its mixture and to diminish to
the lowest possible point, without reducing the aptitude of detona* Used without the protection of the Trench flame-extinguishing compound.
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tion and power of the explosion, the proportion of the substance capable of igniting the gases. A
further point in the use of explosives appeared to be the fact that the safety of their ignition in an
explosive atmosphere depended upon the almost instantaneous mixture of the gases of the
detonation with a sufficient volume of surrounding air. It was highly probable that it might be
dangerous to fire a shot in a too limited space and with a weight of explosive too great for the
volume of the surrounding air, as compared with the volume of the gases produced by the
detonation. Continuing, he said that, in the experiments at Gwmaman and also at Washington
Station, the volume of the tube in which the experiments were made as compared with the quantity

of material used was about two to one. Possibly the certainty with which the ignition took place in
each set of experiments was due to this. Since the issue of the report of the French
Commission on Explosives the French Government had enacted that makers of explosives should
mark upon the cartridges intended for sale the composition of their products in such a way as to
allow of their temperature of detonation being calculated; and the government had given to the
colliery owners the means of compelling the manufacturers to deliver to them (under penalty)
only such materials as afforded the greatest guarantees of safety when used. The French
Government had also felt it necessary to pass from the period of recommendation to that of
enactment, and had now ordered the use of the new explosives, not only in fiery mines, but also in
dusty mines, whose dusts were inflammable. For this purpose the Inspectors of Mines had
forwarded to the government lists of fiery mines and dusty mines, whose dusts were inflammable,
and had formally notified the owners of the class into which their mine had been distributed. Time
would be allowed to colliery owners for choice of explosives suitable under the new law ; but at all
times they would be allowed to have, at their own risk, every latitude in the choice of explosives,
the duty of the government being fulfilled when they had indicated, with all desirable precision,
the technical conditions which the explosives must satisfy. The explosives recommended by the
French Government were as follows:—1. Mixtures of dynamite, No. 1 (75 per cent, of nitroglycerine and 25 per cent, of silica) and nitrate of ammonia, in which the proportion of dynamite
did not exceed 40 per cent, for stone-work, and 20 per cent, for coal-getting. 2. Mixtures of
blasting-gelatine (91.7 per cent, of nitro-glycerine and 8.3 per cent, of nono-nitric cotton) and nitrate
of ammonia, in which the proportion of blasting-gelatine did not exceed 30 per cent, for stonework, and 12 per cent, for coal-getting. 3. Mixtures of octonitric cotton with nitrate of ammonia, in
which the percentage of gun-cotton did not exceed 20 per cent. for stone-work, and 9.5 per cent, for
coal-getting. 4. Mixtures of dinitro-benzol and nitrate of ammonia, in which the proportion of
dinitro-benzol did not exceed 10 per cent. for stone-work. The mixtures of octonitric cotton with
nitrate of ammonia were manufactured by the State at the National Powder Mills, whilst the
other mixtures were obtained from private manufacturers. The decree applicable to fiery
mines and dusty
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mines, whose dusts were inflammable, enacted that: 1. The use of blasting-powder was forbidden ;
2, The worker was forbidden to use in the workings any explosives other than detonating explosives
complying with the following conditions :—(a) The products of their detonation should not contain
any combustible matter, as hydrogen, carbon monoxide, solid carbon : (b) Their temperature of
detonation should not exceed 3,452 degs. Fahr. for explosives used in stone-work, nor 2,700 degs.
Fahr. for those employed in coal-getting; 3. All explosives must be enclosed in cartridges, upon
which should be shown the nature and proportions of the substances of which they were composed,
so as to allow the temperature of detonation to be known, in accordance with the note attached to
the decree ; 4. The Inspectors of Mines should constantly assure themselves that the preceding
conditions were complied with, by taking from the cartridges in use one or more samples for
analysis; 5. The stemming of the explosives should be carefully made with plastic matter, so as to
avoid blown-out shots; the length should not be less than 8 inches for the first 3 ounces of charge,
with the addition of 2 inches for each extra 3 ounces, and should at all times exceed 20 inches ; the
cartridge should be fired by a detonator strong enough to ensure the detonation of the explosive
even when unconfined; 6. The Inspector of Mines may authorize the use of other explosives in
stone-drifts, or variations in the amount of stemming to be used.

Mr. J. A. G. Ross said the question of the temperature of detonation was partly discussed at the last
meeting as being quite independent of the flame, the flame being to a certain extent an accident.
Captain Noble, in his experiments before the Institution of Civil Engineers, demonstrated by
calculation and experiment that the temperature of the detonation of English gunpowder was about
4,000 degs. Fahr., and he also went on to state that at some considerable distance from the seat of
the detonation, and consequently some short time afterwards—some fractional portion of time,—
that temperature was continued to the muzzle of the gun, where he estimated it to be about 400
degs. less. But that temperature which was left without any flame would be quite sufficient to ignite
fire-damp. Captain Noble also mentioned with regard to gun-cotton and such-like explosives that the
probable temperature was double that of gunpowder. So that, according to these experiments, the
more violent the detonation—flame or no flame—the greater the danger of explosion. He (Mr. Ross)
gathered that the deductions would be the same in these experiments, which, he presumed, would
give the same results in a shot-hole as in a cannon.
Mr. ORSMAN (Wigan) said the publication of the translation of the French Commission's report gave
valuable information as to the temperatures at which certain explosives detonated. There were
three clas.ses of explosives. First, gunpowder— simply a question of burning and not of detonation;
second, detonation pure and simple, such as nitro-glycerine; third, a mixture of the two, such as
carbonite and ardeer powder, brought out by the Nobel Company. With gunpowder an enormous
temperature was produced; with nitro-glycerine also; but with explosives such as those composed
of dinitro-benzene and nitrate of ammonia the temperature of
[148]

DISCUSSION—EXPLOSIVES USED IN MINES.

detonation was much less. With carbonite and other explosives containing an excess of carbon large
quantities of the invisible odourless, but highly poisonous, gas carbon monoxide were formed. In
future the fumes given off by such explosives would be an important matter, and the presence of
carbon monoxide would not be tolerated in a mine either by the miner or by the scientific manager
who might have to deal with them, and therefore they must come sooner or later to the dual
mixtures of nitrate of ammonia with organic compounds. The French Commission had advocated
these dual mixtures, and he would also draw the attention of the members to the report of Her
Majesty's Inspectors of Explosives for the year 1890 on the subject, in which, although the mixture
of nitrate of ammonia with nitrated hydro-carbons was acknowledged to be safe, yet it would not lie
permissible to mix nitrate of ammonia with nitro-cotton. nitro-glycerine, or any of the explosives
containing nitro-glyccrine. such as dynamite, gelignite, etc.. on account of the liability of the nitrate
of ammonia to decompose, free acid being formed which would quickly decompose the organic
nitro-derivative. He might conclude by saying that the safest explosives they had at the present time
were—and those of the future would be—those which combined nitrate of ammonia with nitrated
organic; substances, as they found in roburite or ammonite.
Mr. Bonser said that the new safety explosive, ardeer powder, was introduced by Messrs. Nobel's
Explosives Company, Limited, almost simultaneously with grisoutite (and was nearly identical in
character), which had received such favourable notice from M. Macquet before the Belgian School
of Mines, who had reported to the French Commission. In the case of ardeer powder the
temperature was reduced by the introduction of 50 per cent, of sulphate of magnesia (the ordinary
Epsom salts of commerce). The speaker then named the constituent parts of these explosives, and
went on to say that 2,000 degs. centigrade might be put down as the temperature at which firedamp would ignite. No doubt if some scientist could determine the actual temperature of an
explosion that of ardeer powder would be found to be about 1,100 degrees centigrade. The tests to
which it had been subjected to by blowing out shots of 1 lb. weight into explosive mixtures of gas

and air and dust proved its perfect safety most conclusively. It was also the cheapest explosive now
offered.
The Chairman said he thought they might congratulate themselves on having present the
representatives of the most important firms who manufactured explosives. Whatever might be the
result they knew that the talent of the highest chemists was being brought to bear on the question,
and it was to be hoped that in time one or other of the "ites" would be proved safe. He had pleasure
in moving a vote of thanks to Messrs. Brown and Foggin for their valuable papers, the discussion on
which would be continued from time to time.
The vote of thanks was cordially adopted.
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ELECTION OF OFFICERS.
The Scrutineers reported the result of the ballot as follows:—
President. J. B. Simpson, Esq., Hedgefield House. Blaydon-upon-Tyne,
Vice-Presidents.
W. Armstrong, Esq., Pelaw House. Chester-le-Street.
C. Berkley, Esq., Marley Hill, Whiekham, R.S.O.. Co. Durham.
T. Douglas, Esq., The Garth. Darlington.
W. Lishman, Esq., Bunker Hill, Fence Houses.
G. May, Esq.. Harton Colliery, South Shields.
A. L. Steavenson, Esq., Durham.
Council.
Henry Armstrong, Esq.. Chester-le-Street.
W. Armstrong. Jun.. Esq., Wingate. Co. Durham.
T. W. Asquith. Esq., Harperley, Lintz Green, Newcastle-upon-Tyne.
T. W. Benson. Esq., 11, Newgate Street, Newcastle-upon-Tyne.
R. F. Boyd, Esq., Houghton-le-Spring, Fence Houses, Co. Durham.
W. F. Hall. Esq., Haswell Colliery, Haswell. via Sunderland.
J. L. Hedley, Esq., 1, Lovaine Crescent, Newcastle-upon-Tyne.
T. Lishman, Esq., Hetton Colliery, Fence Houses.
Prof. J. H. Merivale, 2, Victoria Villas, Newcastle-upon-Tyne.
H. Palmer, Esq., East Howie Colliery, near Ferryhill.
M. W. Parrington, Esq., Wearmouth Colliery, Sunderland
A. M. Potter, Esq., Shire Moor Colliery, Earsdon, Newcastle-upon-Tyne.

R. Robinson, Esq., Howlish Hall, near Bishop Auckland.
T. O. Robson, Esq., Bensham Crescent, Gateshead-upon-Tyne.
T. H. M. Stratton, Esq., Cramlington House, Northumberland.
S. Tate, Esq., Trimdon Grange Colliery, Co. Durham.
R. L. Weeks, Esq., Willington, Co. Durham.
W. O. Wood, Esq., South Hetton, Sunderland.
{ Sir George Elliot, Bart.. M.P., 1, Park Street, Park Lane, London, W.

}

{Lord Armstrong, C.B., Cragside, Rothbury.

}

{Lindsay Wood, Esq., The Hermitage, Chester-le-Street.

}

{G. C. Greenwell, Esq., Elm Tree Lodge, Duffield, Derby.

}

Ex-Officio
{G. B. Forster, Esq., North Jesmond, Newcastle-upon-Tyne.
Past-Presidents
{John Daglish, Esq., Rothley Lake, Cambo, R.S.O., Northumberland.

}

{Sir Lowthian Bell, Bart., Rounton Grange, Northallerton.

}

{Wm. Cochrane, Esq., Grainger Street West, Newcastle-upon-Tyne.

}

{T. J. Bewick, Esq., Suffolk House, Laurence Pountney Hill, London, E.C.
President.
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The Chairman congratulated the members on having elected as their President for the ensuing year
a gentleman so well known to them all, and who had worked so assiduously for the Institute,
certainly from the time he (Mr. Cochrane) had known it, and whose zeal in the interests of the
Institute would carry it on to greater successes than it had hitherto reached. It needed just now a
strong President and a strong Council, for it must take the lead as it had always done. It only
remained for him now to thank them for the manner in which they had tolerated him during his
presidency. He was unfortunately compelled to be away for the early part of it, but his Council had
done quite as well as ever he could have done, and in resigning the chair to Mr. Simpson he could
only express the pleasure he had had in holding that responsible position, which would be enhanced
if he knew that he had done his work in a manner which met with their approval. He was sorry Mr.
Simpson had been obliged to leave early and that he could not therefore hand over the chair to him,
but must for a while leave it vacant. He would also congratulate them on the appointment of the
new Council, who would, he felt sure, proceed to their work with all the energy of which they knew
them to be capable.
Mr. Thos. Bell (H.M. Inspector of Mines) asked to be allowed to express on behalf of the members
their thanks to Mr. Cochrane, and their appreciation of his very valuable services and the manner in
which he had carried out the duties of President during the year. They were all sorry to lose Mr.
Cochrane as President of the Institute, but his year of office would not be forgotten by the members,
and they hoped he would always lend his presence at the meetings to support his successors.

The meeting then terminated.
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APPENDICES.
I.—BAROMETER, THERMOMETER, Etc., READINGS FOR THE YEAR 1890.
By M. Walton Brown.
The barometer, thermometer, etc., readings have been supplied by permission of the authorities of
the Glasgow and Kew Observatories, and give some idea of the variations of temperature and of
atmospheric pressure in the intervening districts in which the mining operations of this country are
chiefly carried on.
The barometer at Kew is 34 feet, and at Glasgow is 180 feet, above sea-level. The barometer
readings at Glasgow have been reduced to 32 feet above sea-level, by the addition of .150 inch to
each reading, and the barometer readings at both observatories are reduced to 32 degs. Fahr.
The fatal explosions in collieries are obtained from the annual reports of H.M. Inspectors of Mines,
and are printed upon the diagrams (Plates I., II., III., and IV.) recording the meteorological
observations.
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II.—NOTES OF PAPERS ON THE WORKING OF MINES, METALLURGY, ETC., FROM THE TRANSACTIONS
OF FOREIGN SOCIETIES AND FOREIGN PUBLICATIONS.
COAL-MINING IN NOVA SCOTIA.
By E. Gilpin, Jun.
figures.

The Colliery Engineer (Scranton, Pennsylvania), 1889, Vol. x.,pp. 3-5. and three

In working the Pictou main seam, laying at an angle of 1 in 3, and having a thickness of 38 feet, levels
are turned right and left from the pit, and gate-roads are driven uphill at half the angle of the seam
every 50 yards. Six bords, 18 feet wide, are turned away as the gateways go up, parallel to the
levels, and leaving pillars 8 or 10 yards thick. These bords are 12 to 15 feet high. Rails are laid up
the gate-roads and bords, by which the tubs, carrying 12 bushels, are drawn by horses to the faces of
the workings and taken down to the level. In working the lower portion of the seam, the same
gate-roads are driven level until the bottom of the seam is reached, and then continued as before.
The second lift of 15 to 20 feet in thickness is taken out in regular open-cast work, in the old bords
already worked in the top section. The pillars are all crushed and lost.
In another mine an incline, 10 feet square, is driven from the level to the full rise of the seam for,
say, 150 feet, parallel places being also driven for air-ways at the same time, and of smaller
dimensions. Double-way of 2-feet gauge is laid in each " balance," upon one of which a carriage is
placed to carry the tubs and a balance tub on the other, connected by ropes to a suitable drum with
breaks at the top of the incline. The balances are usually about 150 yards apart. The pillar above the
level is left 50 feet thick, and the bords, 15 to 18 feet wide and 12 to 15 feet high, start from the
balance and run level; cross-cuts are driven for air at intervals of 60 feet.
Where the angle of the seam exceeds 25 degs. two other systems are in use. In one, the track in the
balance is abolished, and the coal tubs are emptied into the balance itself, and the coal runs on the
floor or in a shoot of iron sheets, and is filled into tubs on the level by means of spouts. In the
second system the bords are driven on the full rise of the scam from the level and a shoot laid in
each one.
In the flatter seams the ordinary systems of working are adopted generally.
M. W. B.
A NEW METHOD OF MINING ANTHRACITE.
By W. S. Gresley. The Engineering and Mining Journal (New York), 1889, Vol. xlviii., pp. 136-140, and
eight figures. Also the Colliery Engineer (Scranton, Pennsylvania), 1889, Vol. x.,pp. 32-35, and eight
figures.
The new system is that of longwall withdrawing, and consists of mining out the entire scam or scries
of scams of coal or other minerals in one ever-advancing, broad, and continuous face or series of
faces, commencing at the most convenient lowest point of the tract to be worked and mining all out
upward on the pitch in the direction of the shafts, tunnels, or other openings from the surface. The
course or lines of the working faces being kept nearly on the strike, or at right angles to the
[000]
[Appendix Vol. XL Plate I
Diagram shewing the height of the barometer, the maxima & minima temperatures & the direction
of the wind at the observatories of Kew & Glasgow together with the explosions of firedamp in
England & Scotland. Jan - March 1890]
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[Appendix Vol. XL Plate II

Diagram shewing the height of the barometer, the maxima & minima temperatures & the direction
of the wind at the observatories of Kew & Glasgow together with the explosions of firedamp in
England & Scotland. April - May 1890]
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[Appendix Vol. XL Plate III
Diagram shewing the height of the barometer, the maxima & minima temperatures & the direction
of the wind at the observatories of Kew & Glasgow together with the explosions of firedamp in
England & Scotland. July - September 1890]
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[Appendix Vol. XL Plate IV
Diagram shewing the height of the barometer, the maxima & minima temperatures & the direction
of the wind at the observatories of Kew & Glasgow together with the explosions of firedamp in
England & Scotland. October - December 1890]
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dip of each and every seam or bed. Tims as soon as the tract or section of the mine intended to be
so worked lias been suitably laid out with slopes, air-ways, etc., coal-getting commences all along
the line, and on the level course at the deepest or furthest point inside, and in as many seams or
splits of the seam as thought desirable. Mining is regularly, quickly, and vigorously carried on,
keeping the faces or walls nearly parallel to one another, and of course ascending just as fast as the
coal is mined out and removed and the refuse thrown behind. All coal is mined at one operation,
each bed or seam being worked a short distance in advance of the upper ones, and. no pillars are
required to be left. Communications are made between the various seams by cutting away the
dividing slates, etc.. at the foot of the slope, as well as at the other suitable points inside on either
hand. Through these short tunnels or fiats, the coal from the back or higher seams is brought out
and hoisted along with that cut in the front or lower seam or seams, if several are worked in advance
of the flat.
M. W. B.
COAL-MEASURES IN THE ARGENTINE REPUBLIC.
La formacion carbonifera de la Republica Argentina. By Dr. C. Berg. Anales de la Socied Contifica
Argentina, 1891. Vol. xxxi., pp. 209-212, and Vol. xxxii., pp. 68-71.
Plant remains were discovered in the coal-mines near Retamito. in the province of San Juan, by
Padre Ferd. Meister, and sent by him for determination to Dr. Szajnocha of Cracow. The last-named
savant referred them to several species of Lepidodendron, Calamites, Cordaites, and Rhaeopteris
(Lower Kulm), but he remarked that the specimens were in bad preservation.
The second paper on this subject is chiefly taken up with a discussion of the various claims to priority
of the discovery of true Coal-measures in the Argentine Republic.
O. S. E.
A GOLD-FIELD IN THE SOUTHERN URALS.
Ein interessantes Goldvorkommnen im Sudlichen [Suedlichen] Ural. By R. Helmhacker. Berg- und
Huettenmaennische Zeitung. 1892, Vol. LI., pp. 95 and 96.

The country between the central Ural range and the river of the same name in the Verchneuralsk
and Orsk districts contains, amongst other geological rarities, some curious veins containing gold.
Running in the direction of the mountain range are clefts containing fine-grained diorite, which in
their turn are traversed by thin veins of quartz thinly impregnated with gold. The quartz veins are
each separated from the diorite by a layer of sandy slate, of about the thickness of stout drawing
paper, which appears to be the true home of the gold, and the depth of the gold-bearing stratum is
co-extensive with this vein formation.
As in other districts, the occurrence of gold is very irregular, but in places the yield is as much as
from 3/4 to 1 per cent. In exceptional cases the yield reaches 10 per cent., or even more.
Under a blow from a heavy hammer the diorite at the outcrop will split into thin layers at right
angles to the direction of the quartz veins. The diorite blocks thus separated are lifted out, and the
parts of them adjacent to the gold-bearing slaty layer are worked in the trough.
A similar stratification was to be seen in the Jilove Mine, on the Sazava, in Bohemia, but the
workings are now abandoned, and their yield of gold cannol be ascertained.
A. R. L.
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BRINE AND NATURAL GAS IN SZE-CHUAN.
Les salines et les puits de feu de la Province du Se-Tchoan. By Father Louis Coldre. Annales des
Mines, 1891, Series 8, Vol. xix., pp. 441-528, and
Plates xiii-xv.
At the outset of this paper a resume is given of the Chinese weights, measures, and coinage, with
the calculated equivalents of the two former in the metric system. The utility of the resume is
apparent when one notes how the units of measurement vary from one province of the Celestial
empire to the other.
After a brief mention of the official Great Book, or Yen-fa-che, of the Sze-Chuan salt works, a
laborious compilation filling twenty huge tomes, the author sketches the physiography of the region.
Sze-Chuan is one of the largest and most mountainous provinces in the Chinese empire. It forms
the drainage-area of the upper portion of the Blue River, which flows from west to east through the
province. Westward it is shut off from the Thibetan table-land by a range of high peaks covered with
eternal snows; northward and eastward it is also barred by great mountain ranges, which are made
up of granite, Palaeozoic limestone, millstone grit, and Carboniferous and Liassic sandstones. The
centre of the province, the least mountainous portion, is made up of Tertiary freshwater sandstones,
some of which are hard enough to make good grindstones and paving-stones. Borings have
disclosed the presence, immediately beneath the Tertiaries, of Bunter sandstones and marls, and in
juxtaposition with this may be placed the fact that the only mineral wealth of this central district of
the province is its salt. Politically, the province is divided into four governments, north, south, east,
and west—Chuan-pe, Chuan-lan, Chuan-tong, and Chuan-si. In the southern, or Chuan-lan,
government are the most extensive salt works and the most abundant wells of natural gas (ho-szin =
fire-wells). Altogether, there are about 10,000 brine springs in Sze-Chuan, with a daily yield
ranging from an insignificant amount to a really enormous quantity. The total annual salt production
is estimated at 812,000 metric tons, value on the spot £5,600,000. By the time the salt reaches the
consumer the price is trebled; this is accounted for in part by the heavy Imperial salt-tax and the

difficulties of transport. According to Chinese custom, certain districts have a government monopoly
for salt production, but enterprising individuals, who chance to tap brine springs out of the
privileged region, sometimes set the monopoly at defiance by wholesale bribery of the government
officials. The original possessors of the monopoly have recourse to the same chinking arguments,
and the mandarins ultimately decide in favour of the party with the longest purse and the most open
hand. Contests of this nature are often carried on between town and town.
The author selects for lengthy description the brine springs and evaporating works of the Fu-Shuen
district. The borings here are very deep, averaging 2,000 feet, the shallowest being 650 feet, and the
deepest, which has proved barren so far, 3,500 feet. The methods of working are very primitive and
are characterized by extreme slowness.
It is interesting to note that the most productive brine springs are not tapped, as might be supposed,
near the top of the Trias, but low down just above the Carboniferous ; whilst, on the other hand,
wells of natural gas have been struck before meeting with any coal deposits. In Fu-Shuen this natural
gas is used as fuel for the salt-pans, but in other districts wood, straw, and, more rarely, coal, are
used.
The author notes the influence of atmospheric changes on the jets of gas from the shallower wells. If
the sky is clear and the weather calm the gas jet appears to become more powerful, whilst in misty
or windy weather the jet diminishes, or even sometimes stops altogether for a time.
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Two of the plates illustrating the paper and representing graphically the various processes of boring,
evaporating, etc., were executed by a Chinese draughtsman.
O. S. E.
REPORT ON THE COAL OUTCROPS IN THE SHARIGH VALLEY, BALUCHISTAN.
By W. KING. Records of the Geological Survey of India, 1889, Vol. xxii.,pp. 149-153.
Outcrops of coal are found at Mudgorge Railway Station, Dirgi Station, Khila Hakim Khan, Khost, Hagi
Kats, Khila Ali Khan, Sharigh, one good though thin seam, consisting of two layers of coal, the upper
10 inches thick, with band of shale, 2 to 16.inches, and lower coal 1 1/2| inches.
M. W. B.
THE CHERRA POONJEE COAL-FIELD IN THE KHASIA HILLS (INDIA).
By Tom D. La Touche. Records of the Geological Survey of India, 1889, Vol. xxii., pp. 167-171, and
one plan.
The coal of Cherra Poonjee occurs near the top of an isolated ridge. A bed of limestone 75 feet thick
forms the base of the ridge, and upon it rest several beds of sandstone and shale containing one
seam of coal about 10 feet above the limestone.
The seam varies from 3 feet to 9 feet, with a total available quantity of 1,184,369 tons of coal.
M. W. B.
THE LAKADONG COAL-FIELD, JAINTIA HILLS (INDIA).
By Tom D. La Touche. Records of the Geological Survey of India, 1890, Vol. xxiii., pp. 14-17, and two
plans.

The Lakadong coal-field is situated on the southern edge of Jaintia Hills. Coal is found near the top of
several plateaus.
The Umlotodo plateau contains a seam of coal ranging from nil up to 10 feet thick ; taking the
average section at 2 feet the coal available is about 853,000 tons.
The Umat plateau seam varies up to 4 feet thick, and may contain 311,000 tons of coal.
The coal is very similar to the Cherra.

M. W. B.

THE COAL-FIELDS OF LAIRUNGAO, MAOSANDRAM, AND MAOBELARKAR, IN THE KHASI HILLS (INDIA).
By Tom D. La Touche. Records of the Geological Survey of India, 1890, Vol. xxiii.,pp. 120-124 and,
three plans.
The Lairungao coal-field is situated about 7 miles from Cherra, and the coal is very similar to, but not
so good as, that of the Cherra Punji coal-field. Taking the average thickness, there will be about
1,000,000 tons of coal.
The Maosandram coal-field occupies the summit of three small hills. There is one seam attaining a
maximum thickness of about 7 feet, but taking the mean thickness there are 63,000 tons available.
The Maobelarkan coal-field is smaller than the last. The Coal-measures appear to have been
deposited in a small bay hollowed out of the older quartzites. One seam of coal is found, ranging up
to 9 feet thick, containing about 52,000 tons.
M. W. B.
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COAL IN NEW CALEDONIA.
Les Mines de Houille de la Nouvelle-Caledonie. By ~ PORTE. Le Genie Civil, 1889, Vol. xv., pp.
450, 451.
The first district is rich in coal, which is found at ten places. Near Mont D'Or, coal is found at N'De,
and Bully Colliery. Two pits are sunk, and at a depth of 60 feet a seam is found about 20 feet thick.
The quality is satisfactory, the seam is very regular, and exists over a large area. An anthracite seam
is worked at Treizieme Colliery. The Sainte-Cecile Colliery, near Portes-de-Fer, is one of the best in
the colony, the seam being about 50 feet deep. A smithy coal is wrought at the Tisonier Colliery. Coal
is also worked at Brigitte, Karigou, Collignon, Carignan, and Guerriere collieries, and outcrops are
found at Boutan, Katiramona, etc.
In the second district coal is less abundant. Rousseau colliery is surrounded with hills containing
seams of 3 feet, 2 feet, and 1 1/2 feet thick. A seam, in two beds, of 5 feet and 2 feet, is found at
Aoua. Two pits are sunk at the Loyalty Colliery. Outcrops are found at Me Amele, Thia and Focola,
Dogny, Momea, etc.
A single outcrop of coal is found at Oua-Te in the third district.
Two outcrops are found in the fourth district, at Koniambo, and Voh, where the seam is over 3 feet
thick.
It is considered that the colony should soon supply 12,000 tons per annum, imported from English
colonies, and 22,000 tons per annum for steamers, now

bought at Sydney.
The mines being near the sea, the coal should not cost more than 12s. 6d. per ton f.o.b., which might
be reduced to 10s. per ton. Australian coal is sold for 28s. per ton.
[table]
M. W. B
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THE ANNINA COAL-FIELD IN SOUTHERN HUNGARY.
Das Anninaer Liaskohlen Revier im Banate (Sud [Sued] Ungarn).
569-571.

Gluckauf, 1891, Vol. xxvii.,pp.

This coal-field is situated in the Banate, in the county of Kratscho, south-east of Temesvar. Here,
above the red sandstone of the Permian, appear coal-bearing Liassic sandstones, overlain by oil
shales and thin bands of ironstone. Twelve coal-seams are known, but only four are extensively
worked. The main seam varies between 3 1/4 and 12 feet in thickness. The beds are tilted at high
angles, and there is much faulting, while in many places the coal has been coked by melaphyre
intrusions. The Annina gas and coking coals are the best in Hungary ; they are of anthracitic
character, and weather very slowly indeed. Mean specific gravity is 1.42 ; percentage of ash is 3.3 to
7.0 ; and percentage of carbon is 64.1 to 67.4.
Seven shafts (quadrangular in section, with wooden tubbing) have been sunk in the district to depths
varying between 135 and 230 fathoms. Fire-damp is sometimes found in some of the nits, and
therefore safety-lamps (Wolf benzine) are used. When the overmen examine the workings for gas
they use the Pieler lamp. Four large pumping stations are constantly at work, and ventilators on the
Guibal and Pelzer system arc fitted up at the pits. Between 2,600 and 2,800 work-people are
employed, working 12-hour shifts above ground and 8-hour shifts below. No lads under 14 years of
age are employed. Villages, stores, hospitals, and schools have been built expressly for the miners ;
moreover, sick and accident funds and old-age pension funds are contributed to alike by the colliery
company and the men.
The coal-production in 1890 amounted to about 270,000 tons.
O. S. E.
THE FIRE-DAMP EXPLOSION AT CAMPAGNAC.
Note sur le coup de grisou survenu a la mine de Campagriac. By — BERNARD. Annales des mines,
1891, Series 8, vol. xix., pp. 166-214 and Plate vi.
The explosion of fire-damp, which occurred at the colliery of Campagnac (Aveyron), at midnight,
November 2-3, 1888, cost forty-nine persons their lives.
The coal worked there forms one great mass, striking north and south, dipping 22° west, and
attaining a thickness stated at 65 feet. It is disturbed by a longitudinal fault, which forms the roof in
the higher part of the workings, and is seen to form a wall at the lower levels.
Fire-damp is abundant in the pit, but irregular in its mode of occurrence. "Damp blowers" are
frequent, but "dry blowers" less so. Safety-lamps of the Cosset-Dubrulle type were used throughout
the workings, and ventilation was effected by means of a Farcot ventilator, which at about 100 to

110 revolutions forced 800 cubic feet of air through per second. The author gives a detailed account
of the salvage operations, which were attended with considerable difficulty. All the bodies were
recovered ; many were much disfigured and burnt.
In discussing the probable cause of the disaster, he points out that blasting with powder was not
practised in the lower levels of the mine ; further, that the lamps found near the bodies of the
victims showed no traces of having been tampered with.
But it is then shown that the Cosset-Dubrulle lamp, which has a much shorter and wider chimney
than the Mueseler type, is untrustworthy in the case of an explosive wave advancing with a rapidity
of about 10 feet per second. This lamp
[164]

NOTES OF PAPERS IN FOREIGN

may therefore be regarded as a secondary cause of the disaster: the flame from the lamp set fire to
the gases, which burning incompletely left a thick layer of soot on all the surfaces that they travelled
over.
Comparative experiments made by M. Bernard with the Cosset-Dubrulle lamp and the Mueseler
lamp confirmed his conclusions thus far. As to the primary cause of the disaster, the belief that it
was due to an abnormal outburst of fire-damp was confirmed on January 30th, 1889—nearly three
months afterwards—by the occurrence, on hewing away the coal at the presumed starting point of
the explosion, of an exceptionally violent blower.
Since then, Marsaut lamps alone have been used in the mine, and they are provided with special
locks. The French Government have prohibited the use of so-called "bastard Mueseler lamps," to
which the Cosset-Dubrulle type may be referred. Shot-firing in the lower levels is stringently
forbidden, and is only allowed in the higher levels with special fuzes and safety explosives. The
ventilation has been entirely modified, and continuous minute observations are made of the state of
the air in all parts of the mine. The regulations altogether have been made more rigorous.
O. S. E.
THE EXPLOSION AT LA MACHINE COLLIERY (NIEVRE).
Note sur l'accident de La Machine (Nievre). By — Laurent. Annales des Mines, 1891, Series 8, vol.
xix., pp. 396-430, and Plates xi., xii.
On February 18th, 1890, at about 2-30 p.m., two shots were fired with black powder in the
Marguerite Pit. Almost immediately, the men who had fired the shots found themselves surrounded
by flames that swept onward through the drift, together with a rush of poisonous gases. Thirty-five
men were killed on the spot, and eight more succumbed to the injuries they had received within
three days after the accident. In most cases the immediate cause of death was carbon monoxide
poisoning.
The La Machine Colliery works the entire coal-field of Decize. In it faults, some of pre-Permian and
some of post-Jurassic age, are fairly numerous, and nippings-out are extremely numerous. Since the
time when the colliery was started, at the beginning of the present century, no outburst of firedamp has been recorded there, and there is now accumulated evidence to show that the recent
disaster was due to the inflammation of coal-dust.
The dynamical effects of the explosion were small. All that part of the workings where the flames
burst out was subsequently found to be coated with very fine dust and soot (though observations
previous to the accident had shown that the mine was not a particularly dusty one). On the timber

were crusts of coke of varying thickness, and further away from the actual locus of the explosion
there were more isolated deposits of coke, as if there had been a local recrudescence in the
combustion of the coal-dust.
It is believed that one shot was fired before the other. The gases produced by the first one raised a
cloud of excessively fine dust from the small coal which covered the floor of the workings, and set
fire to the dust. Almost immediately afterwards, the gases from the second shot swept through the
mixture of hot air and burning dust, and raised a little farther onward another cloud of coal-dust.
The expansion of the gases and the volume of the flames must have been considerably increased by
this superposition, as it were, of causes.
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The following is an analysis of coal taken from the workings where the accident occurred :—
Per Cent.
Carbon

.........

79.65)

Hydrogen.........

4.83)

Oxygen ...

...

5.58)

Nitrogen.........
Sulphur ...

.87) + 7.91 per cent, of ash.
..

1.16)

------92.09
The percentage of volatile matter is 32.
The percentage of volatile matter in the crusts of coke referred to above was found to vary between
13 and 19.
The mine was very dry at the time of the accident. Naked lights were and are used there. Grisoutine
B is now used at La Machine for shot-firing instead of powder.
O. S. E.
THE COLLIERY EXPLOSION AT POLNISCH-OSTRAU.
Schlagwetter-Explosion am Dreifaltigkeit-Schachte in Polnisch-Ostrau. By Joh. Meyer.
Oesterreichische Zeitschrift fur [fuer] Berg- und Huttenwesen [Huettenwesen], 1891, Vol. xxxix.,pp.
285-293, 297-302, 311-316, and 323-327, Plate ix.
At 10.30 a.m., on January 3rd, 1891, at the "Trinity Shaft," Polnisch-Ostrau, a fire-damp explosion
took place whereby 61 men lost their lives. This pit belongs to Count Wilczek, and works the lowest
scams of the Ostrau-Karwin coal-field. These seams give off on the whole little gas, for the Coalmeasures crop out over a large extent of country, and are not overlain, as elsewhere, by impervious
shaly beds. Nine seams are worked in the Trinity Pit, by 650 to 680 men—two-thirds working by day
shift and one-third by night shift (10 hours). The lowest horizon worked is at a depth of 123 fathoms.
Here, the so-called Thick Seam (12.5 feet), the richest of all in gaseous contents, is struck for the
third time, and here it was that the explosion arose, probably caused by the misfire of a blasting
shot, The coal of the Thick Scam is rather hard in the regularly bedded portions, but elsewhere it is

soft and can be easily won without shot-firing. Shots are fired in this scam with Lauer friction fuzes
only, and they use what is termed the "hollow loading" system. In all parts of the pit which are free
from gas and coal-dust the use of (he explosives rhexite and meganite are allowed.
The author proceeds to-describe the system of ventilation, and points out that, in one portion of the
pit at least, a good deal of ventilating work is cast upon a single air-current, This current was
examined at a cross-cut on January 5th ; it was passing through at the rate of 14,000 feet per
minute, and it contained 19.9 per cent, of oxygen, .544 per cent, of methane, and .090 per cent, of
carbon dioxide. The observations made point to the conclusion that the ventilation was slightly
weaker than usual both before and after the explosion. The barometer was above the average
height at that colliery at the time of the explosion, and was actually rising. The annual mean there is
29.213 inches; recorded height on January 3rd, 29.567 inches.
Gas-blowers have not been observed- in these workings, and it was maintained that the pit was on
the whole too wet to admit of the accumulation of coal-dust; but the author points out that thick
layers of dust were observable everywhere after
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the catastrophe, and he thinks that the coal-dust cannot have been produced by the explosion. It is
significant that the Ostrau Local Committee of the Austrian Firedamp Commission considered the
coal-dust of the Thick Seam the most dangerous of any of the Ostrau seams; but the author also
shows that (though undoubtedly marsh-gas and coal-dust were present) from a careful collation of
the facts, it is not necessary to assume that they were present in large quantities. For those who are
interested in the matter the very lengthy original paper is worth perusal.
O. S. E.
THE BERLIN (1889) MINING EXHIBITION.
Sur quelgues appareils employes dans les Mines Allemandes en vue de prevenir les accidents, apres
les modeles expose a Berlin en 1889. By Maurice Bellom. Annales des Mines, 1890, Series 8, Vol.
xvii.,pp. 329-368. Plates vii.-x.
I.—Safety-Lamps.
The Wolf lamp is fitted with an appliance for relighting, consisting in the ignition of a match by a
hammer. A later improvement is a knife to cut off the consumed match from the paper roll. A
modification of the arrangement is applied to lamps burning heavy oils.
The Wenderoth magnetic lamp-lock consists of two polar plates in the bottom of the lamp and an
armature (placed above them), one of whose ends is fixed and the other carries the pin, which acts
as a bolt and locks the lamp.
II.—Winding Appliances.
Schuller [Schueller] Keps.—The Schuller [Schueller] keps consist of four cams fixed loosely on the
axles, and which can be fixed in position by means of discs, which are fitted with slots, enclosing the
cams. When a cage ascends it presses back and passes the cams, which fall into position and sustain
the cage. The discs are then released, and allow the cams to fall and allow the descent of the cage.
The discs and cams are then replaced in position for the next cage,
Westmeyer Keps.—The Westmeyer keps are similar to the ordinary ones, except that a series of
jointed rods are employed.

Frantz Keps.—Four levers are placed loosely on horizontal axles, of such dimensions that when in
their highest or lowest positions they permit the passage of the cage, and will support the cage
when fixed in mid-position. The axles supporting the levers are supported upon hydraulic rams and
can lie moved as required to maintain oi release the cage.
Sartorius and Holzer Keps.—These keps are fitted with spiral springs to reduce the shock of the cages
upon the keps. The cages are supported upon cams fixed into position by wedges, and when
released allow of the descent of the cage.
Haniel and Lueg Keps.—These keps consist of sliding shoes fitted with guide slots one being
horizontal and the other inclined. The inclined groove contains a stud attached to the arm of a lever.
When this is maintained in a horizontal position the shoe will support the cage, and when it is raised
upwards it withdraws the shoe and allows of the descent of the cage. The shoes are pressed upward
and allow of the ascent of the cage, and fall again into position to support it.
Victoria Safety-gate.—This safety-gate is controlled by means of slotted plates, which cannot be
moved when a lever has been raised and the cage is in a certain
position, and the cage cannot be moved until the gates are re-closed, owing to the plates engaging
into a recess in the side of the cage.
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The Pelzer, and Friemann and Wolf, safety-cages, several safety-gates for inclined planes, Gerhard
recording water-gauge, Hipp ventilation recorder, Fleuss respiratory apparatus, and other
appliances, are fully described.
M. W. B.
DETERMINATION OF THE FLASHING-POINT OF FIRE-DAMP.
Note sur le dosage du grisou par les limites d'inflammabilite. By H. Le Chatelier. Annales des Mines,
1891, Series 8, Vol. xix., pp. 388-395.
The author has verified experimentally the principle upon which the Thomas Shaw fire-damp
indicator is based, namely, that the minimum proportion of a gas necessary to form an explosive
mixture with air is a strictly definite quantity, accurately ascertainable to within 0.1 per cent, of the
total volume. A glass cylinder 1 foot in height and 2 1/4 inches in diameter, narrowing near the base
to I 3/4 inches (so that it may be closed with the thumb), and surmounted by a glass tube 10 inches
long and 1/2 inch in diameter, was used for the determinations. The instrument was filled with
water and placed over a pneumatic trough of sufficient depth to submerge it completely. A gas, e.g..
coal-gas, was introduced into the cylinder, bubble by bubble, by means of a tube of excessively small
diameter, and the volume so introduced measured at atmospheric pressure. The testing cylinder
was then filled up to a marked point (2 inches above the base) with air: the upper tube is graduated
in thousandths of the volume so marked. The instrument, after having been well shaken to promote
thorough mixture of the gases, and then replaced for a short time in its original position, was quickly
turned, and a lighted match or small gas flame applied. If the mixture was combustible a pale blue
flame ran right down the cylinder.
A series of experiments made in this way with coal-gas showed that a minimum volume of 8.1 per
cent, forms an explosive mixture with atmospheric air; if the nitrogen in the latter be replaced by
oxygen the flashing-point remains practically unaltered, but the presence of carbon dioxide raises
the minimum proportion by about .1 per cent.

The minimum proportion for the former is 6.1 per cent., and for impure carbon monoxide (mixed
with 3 per cent, nitrogen) about 16 per cent. The experiments with hydrogen were inconclusive on
account of the indistinctness of the flame.
0. S. E.
REPORT OF FRENCH COMMISSION ON THE INFLAMMABILITY OF FIRE-DAMP BY SPARKS PRODUCED
BY STEEL TOOLS, AND ON THE EMPLOYMENT OF ELECTRIC LAMPS.
Sur l'lnflammabilite du Grisou par les Etincelles provenant du choc de l'Acier et sur l'emploi des
Lampes electriques. Rapport presente a la Commission chargee de l'etude des explosifs et des
lampes de surete par la Sous-Commission (Messrs. Mallard, Le Chatelier, and Chesneau) designee
par elle pour proceder aux recherches experimentales. Annales des Mines, 1890, Series 8, Vol. xviii.,
pp. 699-713.
I.—Sparks Produced by the Pick.
Sir H. Davy read a memoir before the Royal Society of London on November 9th, 1815, in which
he gave some particulars respecting the ignition of mixtures of gas and air by electric sparks, and
refers to the ignition of fire-damp by
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sparks from the steel mill. It is remarked that Sir H. Davy does not state that he had observed
ignition caused by sparks from the steel mill. For many years knowledge of the properties of firedamp remained stationary.
The French Fire-damp Commission thought it important to continue the researches of Sir H. Davy as
to the relation of inflammability of different gases but not at first to determine the effect of sparks
from the shock of steel. On April, 3rd, 1880, M. Roddes communicated to the Societe de l'lndustrie
Minerale the results of experiments as to the safety of methods of lighting shots. In this
communication it was erroneously assumed that fire-damp was at least as inflammable as lighting
gas, and it was proved that the latter gas could be ignited by sparks from the steel mill.
In consequence of the explosion at Verpilleux in 1889, further experiments were made at St. Etienne
by M. Leclere, also with lighting gas, sparks being produced by striking with a pick on fragments of
hard stone and nodules of ironstone, and ignition of the lighting gas ensued.
The question of the ignition of fire-damp remained untouched because it is not possible to draw
conclusions respecting the ignition of fire-damp from lighting gas. The experimental sub-committee
took up the question and made experiments both with lighting gas and chemically prepared marshgas. Sparks were produced in contact with inflammable mixtures of these gases by striking with a
pick on hard stones, particularly on the porphyry used for paving in Paris. With lighting gas the
sparks caused ignition at nearly every blow. When marsh-gas was used ignition never occurred. With
mixtures of 3/4 marsh-gas and 1/4 lighting gas by volume no ignition was effected. It required equal
volumes of marsh-gas and lighting gas before ignition could be caused. These experiments (often
repeated) are held to demonstrate that in order that mixtures of air and fire-damp may be ignited by
sparks from a pick, it is necessary for the fire-damp to contain, beyond the marsh-gas, a proportion
of hydrogen or hydrocarbons incomparably higher than has ever been been found by analysis. The
sub-committee afterwards made further experiments with marsh-gas and also with fire-damp
obtained from the workings of a colliery. Sparks were produced by a mechanical drill and hard stone.
Inflammation was not produced either with marsh-gas or fire-damp. Further experiments were

made with sparks produced by pressing a bar of steel against a rapidly revolving emery wheel. The
sparks formed a dazzling and continuous shower. A very large jet of an inflammable mixture of air
and marsh-gas or air and fire-damp was directed in various manners into the sparks without causing
ignition.
M. Leclere also afterwards repeated his experiments and used fire-damp from the Grand-Treuil pit.
Sparks were produced by a heavy pick (weighted) from pyrites and carbonate of iron without
causing ignition. It appears therefore the sparks produced by the shock of steel, and especially by
the miner's pick, on hard stones, are incapable of igniting explosive mixtures of fire-damp and air.
II.—Electric Lamps.
Records showing the lighting power of the Stella and Pollack lamps are given. The Stella lamp
gave an effective light, varying from 0.25 to 0.16 cane power at the end of the eighth hour. The
Pollack lamp gave an effective light, varying from 0.37 to 0.25 candle-power at the end of the sixth
hour. Experiments made with the filaments of electric lamps, such as are proposed for use in mines
showed that when broken in inflammable currents of air and lighting gas or air a marsh gas they
were capable of causing ignition of the mixtures. Other experiments showed that electric sparks
produced by the opening or closing of the current in
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portable electric lamps did not ignite explosive mixtures. The conclusion arrived at is that in
portable electric lamps the only danger is from the breakage of the
glass surrounding the incandescent carbon thread, and that this danger can be effectively guarded
against by enclosing the filament with a strong outer glass. It is
still doubtful whether portable lamps as at present constructed do not deteriorate too rapidly to
permit of their general use. It will be necessary to find a method
for indicating fire-damp. It is thought that the Liveing indicator may be used with a lamp.
_______
W. N. A.
EXPERIMENTS IN SEDIMENTATION.
Experiences sur la sedimentation. By Prof. J. Thoulet. Annales des Mines, 1891, Series 8, Vol. xix.,pp.
5-35 and Plate i.
In the experiments described in this paper the author made use of the purest obtainable white
kaolin of Limoges. A graduated tube containing 60 cubic centimetres of water with a known quantity
of the kaolin in suspension, was taken, a drop of water saturated with sodium chloride introduced
into it, the tube then sealed and suspended in a d'Arsonval oven kept at a temperature of 56.5 degs.
Cent. (= 133.7 Fahr.), and the time of descent of the particles of kaolin measured by noting at stated
intervals the height of the clear portion of the solution. The results tended to prove that the rate of
fall is uniform.
Another series of experiments was made at varying temperatures, the results showing that the
higher the temperature the more rapid was the fall of sediment. At 23 degs. Cent. (=73 degs. Fahr.)
and below the particles of kaolin remained indefinitely in suspension.
Further experiments were conducted, in which the quantity of kaolin was made to vary, in which
hydrochloric acid and sea water were severally introduced into the solutions, and in which the
effects of pressure and of the dissolved air were studied. Finally, the rate of fall of foraminiferal tests

in sea water was measured. The foraminifera were divided into five classes according to their
diameter, and it was found that to fall 6,000 feet they took from 13 1/2 to 73 1/2 hours, according as
they measured .12 to .75 mm. (1/20 to 1/3 inch).
The author mentions that he spent more than three years over the above experiments, and he
summarizes his conclusions as follows :—
1. Particles immersed in water fall at a generally uniform rate, with a rapidity which increases in the
same ratio as the difference of density between solid and liquid, and which diminishes when the
temperature approaches that at which the co-efficient of expansion of distilled water is equal to the
co-efficient of the particles.
2. Up to 12 atmospheres or thereabouts pressure appears to exercise no influence.
3. The dissolved air forms a sort of sheath adhering to the surfaces of the particles. (This helps to
account for the oxygenation, and hence for the habitability, of the abysmal depths of the ocean.)
4. Precipitation of clay appears to follow exactly the same course in fresh water mixed with 10 per
cent, of sea water, as in pure sea water.
5. Foraminifera fall quickly to the sea bottom, and since the dissolving power of sea water is
insignificant at ordinary pressures, they lose little in weight during the descent.
6. The phenomenon of "clouds" or multiple superposed strata, formed by very fine dusts falling
through a liquid, is attributable to simple mechanical causes, and is only observed in the case of
liquids contained in vessels of small capacity.
O. S. E.
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MEMOIR
OF
EDWARD FENWICK BOYD.
By HUGH FENWICK BOYD.
Edward Fenwick Boyd, the subject of this memoir, was the third son of the late William Boyd of
Newcastle-upon-Tyne, a banker and a partner in the Newcastle Old Bank, of which the then Sir
Matthew White Ridley was the head. My grandfather was in his day a well-known and
representative Newcastle man, much interested outside his own profession in literature and
numismatology. Like other bankers, who after hard work in earlier years, have attained the dignity of
the inner sanctum, and the comfort of fixed and not over long working hours, he devoted his leisure
to the collection of an excellent library and cabinet of coins. I am not aware that he published
anything of his own, but a book of North Country Rhymes and Ballads contains some manuscript
poems, or to call them by their right name vers de societe[italics], written by him, which are not
worse nor better than the generality of verses in that style. Besides this he was an excellent
Shakespearian scholar. All his books are filled with notes, and he spared no pains to add to books
which he valued (such for instance as Brand's History of Newcastle) engravings, manuscript notes of
his own, and additional matter illustrative of the text. One of the best instances of this is his copy of
Robert Roxby's Lay of the Reedwater Minstrel, That sweet North Country singer was a clerk in the
Old Bank, and to use the expression of one of the partners " a glutton for work." One amiable
weakness (if so it must be termed) he had—a devotion to the gentle craft of an angler, and year by
year he sent up to the partners in the firm a petition in mock heroics for his annual fishing holiday to
the Coquet or the Reed, a petition that was never refused. All these my grandfather religiously
preserved and bound in with Roxby's Lay of the Reedwater Minstrel. A friend and admirer of Thomas
Bewick, in days when to the outside world Bewick was no more than a card printer or an engraver of
bill-heads, he bought all of Bewick's works as they appeared, and more than one is adorned by a
manuscript letter from Bewick, from which it would appear that Bewick had sent up to my
grandfather several copies to "pick and chuse (sic) from," that he might be sure of obtaining one
with the best impressions. Fond of books himself, he was anxious to extend their influence to others,
and he was one of the earliest founders and supporters, in days before public libraries were much
considered, of the Literary and Philosophical Society of Newcastle-upon-Tyne. But I must not be led
too far afield.
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My father was born on the 30th day of August, 1810, at a house then occupied by my grandfather,
the name of which was Egypt. The house still stands, let out in tenements, hard by the Keelmen's
Hospital in the Parish of All Saints', but shorn somewhat of its large garden and former glories.*

My grandmother died young, in 1818, leaving my grandfather a young family to bring up, Edward
being at that time only eight years old. The children were, I fancy, much left to the care of a faithful
servant in my grandfather's family, Hannah Lofthead by name, partly nurse, partly housekeeper,
whose memory my father always held in tender regard. Faithfully attached to my grandfather, but at
the same time a rugged and broad-speaking Northumbrian, she never liked the south country folk at
Bristol, whose language was foreign to her, and their manners and customs detestable.
My father's earliest experiences of education were had at a day school kept by one Harry Atkinson in
the High Bridge. This gentleman must, I think, have been a well-known character in Newcastle in his
day, but of him I know nothing.
In 1821 my father was sent to a school, then of some note in the North of England, kept by the Rev.
George Newby, rector or vicar of Witton-le-Wear. Here he remained till July, 1826. The school at
this time must have been a large one, consisting of some 120 boys, of whom a large contingent came
from Newcastle. Among his contemporaries were his future brothers-in-law, Thomas and George
Anderson (now both dead) ; the Rev. Charles Heurtly, sometime Regius Professor of Divinity at
Oxford : his own brother William, now Archdeacon of Craven, in Yorkshire ; Dr. Dennis Embleton,
of Newcastle ; and Mr. Thomas Embleton, of Methley, near Leeds (happily all still with us). Here he
was a steady working boy, and well forward in the games, especially perhaps in ''fives," in which he
and my uncle upon one occasion joined to challenge the whole school. Mr. Thomas Embleton gives
a good picture of their school life:—"We were at Witton-le-Wear," he writes, "together for some
years. Old George was the head-master; Gibson, who was incumbent at Hamsterley, the second.
He (Gibson) took the morning service there (Hamsterley) every Sunday, and often in returning cut
some long hazel rods for application on week days with no sparing hand. On Sunday afternoon at
Witton he played the bassoon in the quire. He was also music master, teaching the flute. Gill was
writing master, who always carried a short stick in his coat pocket (also apparently for application).
William Mawson, the mathematical teacher, was a most ungainly, one-eyed fellow. He had taught
himself French also, and could read a book very well, but his pronunciation was fearful. When we
were kicking up a row, he said we were like a lot of jackdaws, sitting parlez-vous[italics] in a cage.
Gill conducted the singing in the school on Sunday morning. He had an awful impediment in his
speech, especially when excited, and often told us we were singing the Psa-a-Ims like b-ballads. On
examination day we were marched up to the church with our slates, printed papers were delivered
out. and we were placed separately in the pews."
Out of school it must, I imagine, have been, though perhaps somewhat rough and tumble, a free and
healthy life. There was a good deal of freedom, and I have often heard my father speak of long
expeditions on half-holidays, bird-nesting
* From Egypt, at a date now lost, my grandfather migrated to the corner house in Saville Row,
fronting Northumberland Street, now occupied by Messrs. Robson and Sons' showrooms. Later than
this he lived for many years over the bank in Mosley Street, in the same house that is now occupied
by Messrs. Woods & Co.'s bank. Afterwards he lived for some years at Ryton Grove, and was finally
driven by increasing years and infirmities to seek a warmer climate in the South of England, near
Bristol, Burfield Priory, in the parish of Westbury-on-Trym, where he died upon the 18th of February,
1855, at the good old age of eighty-two.
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or fishing, in company with one Bill Crosier, at that time a great crony of his. It was at this time, and
probably in these long expeditions, that he learned that love and reverence for nature and beautiful
scenery which was a distinguishing feature of his character throughout his life.
Some rough pencil sketches of his, drawn from nature at Witton school, had attracted the attention
of Mr. Edward Swinburne, a local amateur of no mean achievement, persuaded my grandfather,
who, thinking that they showed signs of an aptitude for drawing, to send him to take lessons from
no less a master than the late Mr. T. M. Richardson, senior, another Newcastle worthy, who like
Bewick has enjoyed a much wider reputation since his death, than was ever vouchsafed to him while
living. To these lessons my father always looked back as one of the most fortunate accidents of his
life. They fixed to some purpose an aptitude which might otherwise have lain dormant, and gave him
a facility which was not only of service to him in his profession, enabling him to give an objective
explanation of strata or machinery, but also afforded to him a constant source of pleasure and
amusement, during the brief holidays snatched from an arduous profession, and proved the solace
and comfort of his declining years, until within four days of his death. Portfolios upon portfolios full
of pencil sketches and drawings in water-colour, indian ink, and sepia remain attesting at once the
diligence and facility of his hand. His eye for form and light and shade was almost perfect, but not for
colour. The water-colour pictures leave something to be desired. He would have been the first to
admit it himself, but he was a proficient in one colour—indian ink or sepia—and those who know the
drawings of Mr. T. M. Richardson, senior, will detect in my father's the touch of the master's hand.
Before closing this record of his school days, perhaps it may be permitted to me to give an extract
from my father's diary, for the 7th of March, 1848, written upon the occasion of his revisiting
Witton-le-Wear. Mr. Newby was dead, and some of his old scholars had determined to perpetuate
his memory by founding a scholarship at the Durham University, and placing a memorial tablet in
Witton Church. My father and my uncle paid a visit to Witton to select the spot. The occasion was a
sad one for my father. Three out of his five children had just died of scarlet fever, and a fourth, a
baby of only four months old, was sick unto death. He thus writes at the inn at Witton:—"Early walk
before breakfast down Cleming lane to the bridge, and so round by the footpath to the riverside.
Enjoyed the sight of our old haunts, the beautiful level green fields where our playground was, the
bathing place, the ford, the banks, the road to Auckland, the porch at the schoolroom, poor Willy
Buston's* house, Mr. Newby's house, the back entrance, the church and churchyard, all vividly
recalled our boyish training ground for the roughing of this world. My thoughts would revert to what
a scene this might have been for my own poor boys, had the Almighty spared them to me."
And now, in 1826, came the choice of a profession. I have been unable to find out what determined
him to be a mining engineer. My uncle writes:—"I do not know anything that might have stirred his
inclination to pit-work. He had always talked of being a solicitor, owing, I think, mainly to the fact
that Mr. Carr** and his wife were very fond of him." All that is certain is that the choice was his own,
and from August, 1826, to August, 1830, he 'served his time'—first, at Cocken White House, and
afterwards, I believe, at Bowes' House, with Mr. Thomas Crawford, then manager of Lord Durham's
extensive collieries. Mr. Crawford was a viewer of the
* This man was an ally of the boys, and, perhaps, somewhat of a butt at the school. He had some
peculiarity of speech which caused him to be called " Willy Buston with the hot 'tatie in his mouth ! "
** A friend of my grandfather, and a solicitor practising in Newcastle.
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old school, and under him, undoubtedly, he learnt very thoroughly the practical part of his business,
as it was then understood ; but I should imagine, from what my father has told me of Mr. Crawford,
that any thing in the shape of theory or ' book-learning' would have been scouted by him as
unpractical and unnecessary."
In 1830 he went to Edinburgh University for the session commencing in October of that year, and
here he stayed until the following May, attending lectures during two sessions of the University. For
the benefit of the curious, it may be worth while to give the curriculum he followed. Here is a day of
his life at the University:—Ten to eleven, lecture on Chemistry, by Dr. Hope ; eleven to half-past
twelve, Practical Demonstration in Chemistry, by Dr. Boswell Reid ; then an interval for lunch ; two to
three, lecture on Mathematics, by Dr. Leslie ; three to four, lecture on Natural History, which
included Geology, Mineralogy, and Zoology, by Dr. Jamieson.
After this all too short university training—all, however, that was deemed necessary at that time—
he returned home to Ryton Grove, and, to use his own language, from May, 1831, to October, 1832,
he was " an idle man at home." He kept his hand in during these years by going regularly down the
Towneley Main Colliery, and in the latter year visited, in company with the late Mr. Matthias Dunn
(some time head viewer at the Hetton Colliery, and afterwards, I believe, the first Government
Inspector of Mines for the North of England), various collieries in Scotland, at Preston Grange, near
Edinburgh, and at Kilmarnock, Middleton, and Dalmallington in Ayrshire, in some of which, I believe,
Mr. Dunn was at that time interested. It was, probably, through Mr. Dunn that he obtained his first
appointment as under-viewer and surveyor at the Hetton Colliery in 1832, the late Mr. John Robson
being the resident viewer. Here he remained from 1832 to 1837. To this period of his life he owed
many important friendships with Mr. Nicholas Wood, Mr. T. E. Forster, and one which he valued
more than any other, with Mr. William Armstrong.
In 1837 he removed to Urpeth, as resident viewer of the Urpeth Colliery, then owned by Messrs.
Bell, Morrison, & Co. It was in this year also that he obtained, mainly through the influence of
Archdeacon Thorpe, rector of Ryton, and an old friend of my grandfather, the appointment of
mineral agent to the Dean and Chapter of Durham. Prior to this year, Mr. T. Fenwick, of Dipton, had
been the mineral adviser, both to the Bishopric and to the Dean and Chapter ; but after his
retirement the Bishop and the Chapter resolved each to hold their own. Henceforward my father
held the agency for the Chapter, Mr. Nicholas Wood acting for the Bishop.
For this appointment he and Mr. Armstrong were candidates, berth of them having assisted Mr.
Fenwick, who then lived at Dipton, prior to his retirement. Of this period of his life Mr. Armstrong
writes kindly and generously :—
" My first knowledge of your father was when he was underviewer at the Hetton Colliery, having
John Robson as his chief. I had entered my apprentice term with Mr. T. E. Forster on the 12th of
August, 1829, before Robson or your father had entered, and the connection was carried on, I think,
for four years, with but little more knowledge of each other. I had engaged to assist old Mr. Thomas
Fenwick in all the Chapter and Bishop's collieries; and up to his resignation I was the accepted
working viewer under my old friend. Then came the contest for the appointment, and your father, as
an older man, and with more experience, was appointed by the Dean and Chapter, Archdeacon
Thorpe throwing his influence—and very properly—into your father's candidature; and he was
inducted, and I retired, and fought myself into a 'cleanly position.' With the church agency, your
father's professional agency speedily increased, and he became the almost universal agent of all the
clergy, and was recognised by the trade as the general adviser of all clerical mining business in
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the county. He was, I think, the most industrious fag at his work I ever remember. Late and early he
was to be found ploughing the country roads, and he used to turn up at unexpected points, from his
thorough knowledge of the bye roads and lanes of the country."
This agency for the Dean and Chapter of Durham, which he held at first under the Dean and Chapter,
and afterwards under their successors, the Ecclesiastical Commissioners for England, until his death,
gave him an unrivalled experience of the Durham coal-field. Each year in the ordinary course of his
business he had to examine, and indeed made a close personal inspection, note-book in hand of
more than sixty collieries in the county of Durham.
Mr. Thomas Douglas, who served his time with my father, from 1845 to 1851, writes of this period
:—
" The periodical visits to those mines occupied a large portion of the year, and on these visits I
usually accompanied him. I have a lively recollection of our visits to the Chapter House at Durham,
where we met those most reverend personages, the Dean and Chapter, explaining to them the
condition and prospects of the many mines from which their large revenues were being drawn.
During September and October it was usual to spend nearly every day in visiting different collieries
in the county working, Dean and Chapter coal, and I can vouch for the indefatigable way in which
Mr. Boyd performed the duties of his office. It was no unusual thing for him to start in the morning
at 8 o'clock, and not return home again until 8 or 9 o'clock at night, including in the day's work a long
and searching pit visit, with the examination of the tentale account afterwards. His note-books will, I
feel sure, record much of the work then done. Pencil and note-book were to him constant
companions, and I believe that until his dying day he could not refrain at any meeting he attended
from producing them, and noting down what interested him."
At this time also he was manager of the Wylam Colliery, on behalf of the Blackett family, and crossed
and re-crossed the country between Wylam and Urpeth at untimely hours, sometimes stopping for
the night at Ryton on his way.
During the next twenty years, from 1837 to 1857, my father continued to live at Urpeth House. Here,
too, he married in 1841 Ann, daughter of Mr. George Anderson, of Newcastle-upon-Tyne, whose
family were then living at Benwell Tower, near neighbours and friends of my grandfather at Ryton.
And here he spent many happy years of married life, chequered only by one terrible calamity in the
months of February and March, 1848. All his five then living children were stricken with scarlet fever,
and four out of the five passed away within the compass of a month —my sister Julia being the sole
survivor. Very sad and very pathetic are the entries in his diary at that time.
From the year 1837 onward, very ample materials are in existence for an extended memoir. He
kept a pocket book or diary, in which are set down in beautiful, but very minute handwriting, the
short particulars of every letter that he received, or wrote, and a faithful record of the work and
events of every day.
Two centuries hence, if these books are in existence, they will be found to contain a very instructive
account of a busy viewer's life in the 19th century. But I have found it impossible, owing to pressure
of business, to go through them all with any degree of thoroughness. Nor, indeed, does it seem, for
present purposes, to be necessary.' Every now and then I meet with an entry which reminds me of
stories told me by my father. For instance, on Moiiday, the 7th of January, 1839, there is the
following entry :—

" Windiest day I ever remember, a perfect hurricane : no looking at the wind :
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ropes off pullies and pit off in consequence: chimnies blown over and roofs unshipped : Chester
Church Vane and Ryton : six men killed in Sunderland : Very bitter at top of pullies at 6 a.m."
The last entry has reference to a feat of which my father was (perhaps pardonably) a little proud. He
had asked for a volunteer to help him to put the ropes on the pullies again, so as to get the men out
of the pit who had been working the night shift, and who were congregated at the bottom of the
shaft in great anxiety, fancying there must have been an accident, One, James Dorman, still living in
Chester-le-Street, volunteered, and he and my father went up together to the top of the pullies that
bitter January morning, and put the ropes on together. This storm is still well remembered in the
district as perhaps the most tempestuous of modern times, and the day is always spoken of as "
Windy Monday."*
Again on the 14th of March, 1839, there is the following :—" In new pit: broken and cross-cut way N.
: Then joined the Durham and Wynyard hounds at Chester Bar : short run near to Newton Hall :
country very heavy : query propriety."
This is a very characteristic entry. No one was fonder of a run with the hounds than he was until
quite late in life, and at this time his diary shows that he had a horse called " Paddy," of whose
performances he was not a little proud, yet he never indulged himself in this relaxation without
some slight qualms as to the propriety of doing so, as is shown by the above entry.
In April, May, and June of the same year (1839), there are many entries of meetings with Mr. Buddie,
in connection with Wylam Colliery. I do not know what position Mr. Buddie held with regard to the
colliery, but I have often heard my father express in the most unqualified terms his admiration and
respect for Mr. Buddie, as the ablest mining engineer of his day. One story of his I may be forgiven
for recalling. It related to some visit that Mr. Buddie had paid to London in connection with the
business of his numerous and influential clientele. The hotel being full, and the hotel-keeper
unaware of the importance of his visitor, Mr. Buddie was shown into a small room upon the third or
fourth floor, when to the astonishment of mine host up drove carriage after carriage, with my lord
this, and the duke of that to call upon the insignificant guest, until the small room was unable to
hold them all. Needless to add that Mr. Buddie was speedily made free of better accommodation.
1844 was the year of the great strike, and the Urpeth and Wylam Collieries passed through that
anxious ordeal. The entries in my father's diary for June and July of that year show that all the
workmen at both collieries turned out, and visits on horseback are recorded into Cumberland,
Yorkshire, and the western parts of the County of Durham, in search of new hands. At the close of
this trying period a striking proof of the confidence which he had inspired in his men at Urpeth was
given by them. A delegate was to be sent from Urpeth to the newly formed Miners' Union. The men
came in a body and asked him to go as their representative. Of course, he was obliged to explain
that this was impossible, whereupon they asked him to choose for them. This he did, selecting an
upright, straightforward man, who gave them entire satisfaction.
One other incident, which had all but cut short untimely his life and that of Mr. Douglas, may be
recorded here. Upon the 11th July, 1850, he had occasion to visit the Haswell Colliery, in company
with the late Mr. John Taylor, the assistant viewer, Mr. John Johnson, Mr. Philip Cooper, and Mr.
Douglas, when a fall of stone occurred. The rest is best told by the entry in his own diary, which is
as follows :—

" Early start from Castle Eden Cottage (where he and my mother were staying with the dowager
Mrs. Burdon) to Haswell by train. Arrived at 9 o'clock. Tom
* See the Newcastle Daily Chronicle, January the 10th, 1890, p. 6, where some further notes of the
storm will be found.
[Supp. 9]
Douglas brought John Johnson from Fencehouses, and so after plans examined : down pit to
examine generally. Memorable to me as the day of severe accident and near approach to death by
stone falling on self and Tom Douglas whilst travelling . company with the rest in the west incline
exploring drifts about 700 yards from head of long incline : stone said to be 8 feet by 6 by about 20
inches thick : required two to lift it off me and then unable to rise. Oh ! how near to the grave and
how strange the thought that for a time at least I was out of being : query one's preparation. The
agony of being conveyed on a shutter 1 mile and 600 yards and 165 fathoms up a strong downcast
pit, where 90,000 cubic feet per minute of air is descending: the comfort of being able to write a
note to my poor wife: the application of wet bandage : swoon on lifting into bed."
Mr. Douglas adds some further particulars. The front end of the stone fell on to my father's back
who was in front of Mr. Douglas and the hinder part caught Mr. Douglas on the head and shoulders.
They were forced from under it and removed to the house of Mr. Taylor. Mr. Douglas was able to
return home on the 22nd, but my father was unable to bear removal until some time later on. My
father suffered in his back and hips from the effects of this accident to the end of his life. He used to
describe graphically himself how the stone falling upon him, as he was going along in a stooping
position, crushed the trunk down between the legs, how the first efforts to move the stone so as to
get him out from under were unavailing, and the agony of feeling, still conscious, the stone which
had been momentarily upraised, coming down upon his body again. Sir Benjamin Brodie, whose
advice he took when he was able to go to London in the following year, always declared that had he
been a stout man he must inevitably have burst asunder in the midst.
The North of England Institute of Mining Engineers was founded in 1852. Many serious accidents in
mines had taken place at or about that time, notably that at Seaton Colliery. The need was felt for
some medium of intercommunication between mining engineers and those interested in pit
management, with a view if possible of ascertaining their causes and preventing their recurrence.
Out of this need, felt long before, but expressed apparently at first at the inquest which followed
upon the accident at Seaton Colliery,* sprang the Northern Mining Institute. My father lent all the
assistance in his power to its formation and advancement, was a constant and assiduous attendant
at its meetings, and served the office of Treasurer from its foundation until 1869, when he was
elected President upon the resignation of Sir George Elliot.**
* See the inaugural address of Sir George Elliot, Transactions, vol. xviii. p. 20. The inquest took place
upon the 23rd June, 1852. A meeting of colliery owners and viewers was held at the Coal Trade
Offices upon the 3rd of July (vol. i. p. v.), at which a committee was appointed to report. The
committee reported at a subsequent meeting upon the 21st of August, and officers were appointed
and the Institute sprang into full being upon the same day. The rapidity with which the matter was
carried through is wonderful, and shows, I think, how much the Institute supplied an admitted need.
** He contributed to the Institute the following papers :—
(1) " On a Part of the Carboniferous or Mountain Limestone Series of North Northumberland."—
Transactions, vol. ix. p. 185. This paper, the fruit of actual surveys and observations, deals with the

geology of a district up till that time little known, and the information for it was collected during the
yearly visits which he paid as agent for Lord Crewe's Trustees to Bamborough and Scremerston, and
upon several expeditions made for the purpose of finding coal upon the estates of gentlemen
resident in that neighbourhood. On many of these expeditions he was accompanied and assisted by
Mr. W. H. Hedley.
(2) In conjunction with Mr. Nicholas Wood, "On a Wash or Drift through a portion of the Coalfield of Durham," by Nicholas Wood and Edward Fenwick
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In 1855 my grandfather died, leaving behind him a moderate fortune, of which my father had his
share. The bulk, however, was held in shares of the Northumberland and Durham District Bank,
which, during the mania for joint stock banks in 1845, had replaced the old firm of Sir Matthew
White Ridley & Company. In 1856 my father bought the property at Moor House, where he
afterwards resided, built himself a house, resigned his position as manager of Urpeth Colliery, and
was proposing to take life somewhat more easily. Then came the financial crisis of 1857, and the
District Bank went down. Those were days before the Companies' statutes had limited a
shareholder's liability, and the shares which my father held in the bank engulphed not only the
fortune which he had inherited from my grandfather, but his private savings also, and he saw himself
at the age of forty-seven with a young family to educate (three boys had been born to him since
1818) and his fortunes to begin afresh. Such a prospect might have daunted a less buoyant nature. It
only nerved him to fresh exertions. He kept on his old and took on fresh agencies, and the years
from 1857 to 1872 were among the busiest and fullest of his full and busy life. His efforts were well
seconded by my mother, but for whose calm courage, he has often told me, things might have gone
very differently. The assistance of her courage, sustained throughout a long and hopeless illness,
which lasted from 1853 to 1861, was not much longer vouchsafed to him. She died upon the last day
of the year 1861.
In 1858 my father became the chief mining engineer to the Consett Iron Company, and until 1872 he
directly superintended the working of their various collieries, spending three consecutive days there
every fortnight. In 1872 he relinquished the more active management into the hands of his friend
and former assistant, Mr. W. H. Hedley, but continued his connection with the company, as
consulting engineer, until August, 1887. In those early days no passenger railway had as yet reached
Consett, and my father usually went off on horseback early on Thursday morning for his fortnightly
visit. No weather deterred him from these journeys. Mr. Hedley recalls one instance in particular of
his perseverance in the face of difficulty. On the 20th of December, 1859, he set out in the teeth of a
severe snowstorm. As he went on the wind increased, and the drifting of the snow was so blinding
that he became exhausted, and at last, on nearing Overton, could make no further headway against
the weather, and, all but spent, was fain to return to Lanchester and seek shelter there for the night.
During the years which followed the time when he left Urpeth in 1857, his practice as a consulting
engineer and check viewer was very extensive. He was largely employed also as an arbitrator and as
a witness upon mining matters. I do not feel sure that he made a very good expert witness. His
knowledge and experience were great, but he was never able to accept what seems to be the
modern notion that an expert witness should become the advocate of that side which employs him,
and he was too much inclined to be angry with any cross-examining counsel who, he thought, was
imputing to him motives of that character. I have seen this myself on more than one occasion.

[Cont. from p. Supp9] Boyd.— Transactions, vol. xiii. p. 70. This paper, also, was the result of much
original research and observation, and its correctness has, I believe, been verified upon more than
one occasion.
(3) " Remarks on the Coal-Measures and Oil Produce of the United States of America," collected
during a visit to that country in the autumn of 1875.—Transactions, vol. xxv. p. 145.
(4) Besides these he had a large manuscript collection of sections of the various strata through
which pits in different parts of the counties of Durham and Northumberland were sunk. Some of
these were published by the Mining Institute separately from the Transactions.
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These years, between 1861 and 1871, were to us boys very happy ones. Monetary cares, no doubt,
my father had, but, except for injunctions to a strict economy (not unfamiliar, I believe, between
father and son), they were never brought to our notice. It was a habit of his during our summer
holidays to take us for long drives in an open waggonette, carrying the minimum of luggage, and
stopping for the night at the roadside or village inns. Various parts of the country, Northumberland.
Cumberland, the western parts of Durham, Yorkshire, and the south of Scotland were traversed in
this fashion, and every thing upon the road of interest, artistic, antiquarian, geological, thoroughly
investigated. His sketch-book was ever in his hand, and he did his best to inspire us also with the
same delight he had himself in drawing from nature. It was matter of regret to him that, with the
exception of my sister, we did not show much aptitude in that line. It would be impossible to
imagine a more delightful companion and friend than my father was to us upon these journies—
brimful of energy, activity, and high spirits, and as much a boy as the youngest of us. Those were
indeed golden days, but I must not be tempted to linger too long over them.
Upon the 7th of August, 1869,* my father was elected President of the Institute. Mr. Armstrong's
name had also been put forward, but that gentleman generously refused to be put into competition
with his old friend, and my father was elected by an unanimous vote. This public recognition of his
services to the Institute gave him the most unaffected pride and pleasure.
Two principal events distinguished his term of office, the foundation and affiliation with Durham
University of the Physical Science College, and the opening of the Wood Memorial Hall.
The project of a Physical Science College for Newcastle was of old standing. It engaged the earnest
attention and anxious thought of the first founders of the Institute. It is referred to, if I mistake not,
in more than one of Mr. Nicholas Wood's annual addresses to the Institute, and my father's diary for
1855 shows that he was in communication with Mr. Wood upon the subject in that year. No one of
them was more impressed than was my father with the advantages of scientific education, and the
need which existed for it in the North of England. His own experience at Edinburgh, all too short as it
had been, had taught him this, and he had been shocked by instances of ignorance and
incompetence on the part of men to whose care were committed the lives of hundreds of their
fellow-countrymen.**
It was felt that to affiliate the new mining College with Durham University would give it a prestige
that it would not otherwise possess. And on the other hand, it might not be improper, nor in
disaccord with the intentions of the founders of that University if some portion of its revenues were
diverted for the endowment of professorships of chemistry, geology, mining, and mathematics,
subjects which bore specially upon the training of those who had to manage the staple industries of
the district. My father very shortly after the foundation of the Institute acted as intermediary

between the Institute and Archdeacon Thorpe, then Warden of the University, with a view to
obtaining his co-operation towards the furtherance of these objects. But the project at that time, for
various reasons, which it is not necessary to recapitulate, fell through. Through years of
discouragement my father clung to the idea with characteristic pertinacity, and endeavoured to
inoculate others with the same enthusiasm. At last, in 1870, his opportunity came, and he promptly
seized it. There was at that time a conjuncture of favourable circumstances. The trade of the
district was in a flourishing condition. There was a
* Transactions, vol. xviii. p. 153. His Inaugural Address as President was delivered upon the 6th of
November, 1869. Transactions, vol. xix. p. 41.
** It was not, I believe, until the Mines Regulation Act of 1872 that pit managers were required to
pass any public examination whatsoever.
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strong and well-sustained demand for young men of ability and energy to manage the industries of
the district. The need for a more thorough scientific training was self-evident; and the present Dean
of Durham, whose reputation had preceded him was installed as Warden of the University. The time
seemed ripe for a new departure. Very shortly after his arrival in Durham my father called upon
Dean Lake, and laid the whole case before him. The Dean listened favourably, and asked for further
confirmation of his views. This was supplied by Sir Isaac Lowthian Bell, who had come into the plan
warmly, and whose high scientific attainments well qualified him to give assurance on the subject.
The Dean writes :—" It was owing to their advice that it was determined to found the College at
Newcastle, and not, as some wished, at Durham ; and it was by their support and encouragement
that a large sum of between £30,000 and £40,000 was collected, which, in addition to the annual
subvention from this University, was the means of founding the College." The movement gathered
impetus as it went, and many other gentlemen in and out of the Institute gave earnest and ready
help, notably Lord Armstrong, who, with his usual liberality and public spirit, contributed largely
towards the necessary funds. If I may judge from the entries in my father's diary, the subject was
hardly ever absent from his thoughts from the autumn of 1869 until the matter was completed in
1871. On the 9th of November, 1869, a committee was formally appointed by the Mining Institute to
confer with the Principals of Durham University. Many private conferences took place in 1870
between the Dean of Durham, my father, Sir Isaac Lowthian Bell, and others interested in the
movement, at which the basis of agreement was settled. Upon the 11th of March, 1871, the matter
was ripe for public discussion, and a meeting was held in Newcastle, before which my father laid the
proposals of the Dean. Upon the 25th of March, 1871, another public meeting in continuation took
place, at which the Dean, who was present, further developed his proposals, some of which had
been criticised at the previous meeting. They were then unanimously adopted, and subscriptions to
a large amount, upon the suggestion of Mr. Joseph Cowen, were promised in the room. The matter
then proceeded rapidly and smoothly, and the constitution of the College was passed upon the 10th
of June, 1871.* For the smooth and successful working out of the details, the College owes a deep
debt of gratitude to the late Mr. T. W. Bunning. For many years my father was hardly ever absent
from the Council meetings of the College, and he always took the warmest interest in its welfare,
and looked forward eagerly to the erection of such a building as the College now possesses. It would
be idle to assert that the College has hitherto had a large measure of success. At the same time,
instances are not wanting of colleges (not to say nations) which, from small beginnings, have
attained a conspicuous position, and there is no reason to doubt that the Physical Science College of
Newcastle, with the increased facilities it now possesses, and supplying as it does an admitted need,
will in time fulfil the wishes and anticipations of its first founders. My father, to his great regret, was

not able, owing to ill-health (he had had a slight threatening of paralysis in the spring of that year),
to attend the ceremony when the foundation stone of the new buildings was laid upon the 15th of
June, 1887. His views as to the proper aims and aspirations of the College, and as to the best means
in his opinion of attaining success, are contained in two letters which he published in the Newcastle
journals.**
* See the following references, where further information upon this subject will be found :—Times
(leading article), 9th November, 1869; Times. 12th November, 1869 (letter from the Dean of Durham
in reply) ; Newcastle Daily Chronicle, 18th and 27th March, 1871 (accounts of the public meetings) ;
Durham County Advertiser, 12th November, 1869, and 31st March and 12th May, 1871 ; Times, 12th
April, 1871 (leading article).
** Newcastle Daily Chronicle, October 13th, 1885, and Newcastle Daily Journal, at some date in June
or July, 1887.
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It is hardly necessary to do more than refer to the opening of the Wood Memorial Hall in the
summer of 1872, upon which occasion my father as President delivered an address.*
It gave a local habitation to the mining body, and besides doing honour to their first President, and
evidenced the full growth of an institution on whose infancy Mr. Wood had watched with loving
care. My father's health at that time was the subject of grave anxiety to his family and friends. An
ulcerated sore upon his cheek had developed during the last year to an alarming extent, and at the
very moment when he was penning the address to which I have alluded, it was decided that the
surgeon's knife was the only perfect cure. No sooner had he delivered the address than he left for
London to undergo the operation at the hands of Sir James Paget. Happily it proved successful, and
though at the moment erysipelas supervened, this difficulty too was conquered, and for some years
afterwards he enjoyed his wonted health and vigour.
In 1875, my brother, Robert Fenwick Boyd, joined my father as partner, and from that time forward
took from off his shoulders all the heavier part of his work. In this year also he visited for the first
and only time in his life the United States, and there gathered the materials for a paper upon " The
Coal-Measures and Oil Produce of the United States of America,"** which was the last he read
before the Institute.
About this time he was made a magistrate for the county, and henceforward devoted a good deal of
his time, while health remained, to the administration of the law and to county business. He brought
to the exercise of his new functions the same pervading sense of duty which was the keynote of his
life ; and served I believe, usefully and energetically upon many of the committees through which
the business of the county was principally conducted. As regards the exercise of his summary
jurisdiction, I think he was always inclined to temper justice with mercy, at least if I may draw that
inference from one day's experience before him (not as a culprit), at the Houghton-le-Spring bench.
One other narrow escape from death he had upon the 3rd of June, 1878. His friend Mr. John Burdon,
of Castle Eden, had thrown a light iron suspension bridge across the Dene, at a point where the fall is
a sheer descent of more than one hundred feet. There was some slight ceremonial of opening for
which my father had gone over to Castle Eden. The iron framework of the bridge was laid but not
the planking, and the only method of crossing was by loose planks which had been left by the
workmen. Mr. Burdon and my father crossed the bridge and then re-crossed, but somehow or other
my father stepped upon the end of one of the planks, which swerved or tilted up, and his body

dropped between the girders of the bridge. Fortunately he got his left arm across one of the girders,
and Mr. Burdon turned, caught him by the collar, and held on tight, till other help arrived. The arm
was found to have been dislocated at the shoulder joint, and but for Mr. Burdon's help, my father
could not have held on long. The shock to his nervous system told upon him heavily all that autumn.
My father's health began visibly to fail in 1883.
I was absent from England for about two years at that time without seeing him, and upon my return
in the summer of 1884 the change was very marked. From a young man he had become suddenly an
old one. Old age which makes others talkative seemed to impose silence upon him, and it was very
sad to see one who had been the merriest and brightest of the family circle sit silently and
abstractedly
* Transactions, vol. xxi. p. 223,

**Transactions, vol. xxv. p. 145.
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in the place where formerly his sallies and his stories had been wont to " set the table in a roar." Yet
I do not think he was unhappy, and he was carefully watched and tenderly cared for by a much loved
daughter, who had since 1861 taken, so far as it was possible for anyone to take, my mother's place
beside him. It is pleasant too, to think that his powers of mind never failed him and that he was able
to take much interest in his garden, in his books, and above all in his beloved painting, down to
within four days of his death.
And so the end came upon the 31st of August, 1889, quietly and peacefully, though somewhat
suddenly at the last. All his children, except my eldest brother, were at his bedside, and he retained
a full, a most remarkable, possession of all his faculties to the very end. The doctors went in to see
him at half-past six o'clock in the evening. They spoke to and were answered by my father, who did
all that he was bid to do. We had hardly left the room with them, and they were just announcing to
us that the end was imminent, when we were hastily summoned back by the attendant. My father's
breathing, which before was heavy, had changed and become soft and gentle as that of a little child.
We were there only two minutes. His breath came and went softly for a few seconds, then stopped,
then went on again, then stopped—and all was over.
I cannot close this very imperfect record of my father's life, without referring, for one moment, to
my father's very strong feelings on the subject of religion. He was not a man who made much
outward profession of religious sentiments to the world at large, but on all the sad occasions of this
life his deep feelings upon the subject betray themselves by entries in his diary of a touching
simplicity and earnestness. For this, as well as for his strong attachment to the Church of England, he
was indebted in a particular degree to his brother, Archdeacon Boyd, for whose character he had the
deepest veneration, and whose influence over him, at all times great, was especially so in early years
at Ryton. This strong attachment to the Church of England, one of the most marked features in his
character, was increased, doubtless, by his long connection, upon the most friendly footing, with the
Dean and Chapter, and especially with Henry Philpotts, Bishop of Exeter, whom he always regarded
as the bulwark and mainstay of the Church. Holding these views, he promoted, to the utmost of his
power, the extension of the Church's influence in the diocese of Durham. He was a member of the
Council of the Diocesan Society and the Durham Training College for schoolmasters, and never,
except from illness, absent from their meetings. The amount of time and real hard unselfish work
which he devoted to these matters at the busiest time of his career was simply marvellous. Indeed,
he never grudged time given to this object. It was largely owing to his exertions that churches and
schools were built and parishes set apart at Pelton, in which Urpeth is situated, at West Rainton, in

which Moor House is situated, and at Leadgate, where the collierie of the Consett Iron Company had
brought together a teeming population. It speaks well for my father's tact and amiability that his
work for the Church was acknowledged and appreciated by such very different men as Bishop
Longley, Bishop Baring, and Bishop Lightfoot. His own views were those of the old High Church party.
In Newcastle-upon-Tyne the Parish of All Saints, in which my father and my uncle were both born,
was conspicuous for wide extent, an enormous population, and neglected church interests. My uncle
took up the matter warmly, and was ably seconded by my father. Through their efforts the Parish of
Christ Church, Shieldfield, was carved out of the parent church, and church and schools erected. This
took place, and the church was consecrated in November, 1861. Afterwards it was
[Supp. 15]
found that Christ Church did not quite reach the lower population of the parish. Another effort was
made, and another parish (St. Cuthbert's) set apart, and a church, schools, and endowment
provided. This was done in January, 1881.
From the time when he went to live at Urpeth, until very shortly before his death, my father taught
regularly in the Sunday-school, and he was never tired of impressing upon young viewers that they
should lose no opportunity of obtaining and exercising a humanising influence over their men. His
own practice was fully in accordance with his precept. He took a direct personal and neighbourly
interest in the welfare of the men and the education of their children. At Pelton, long before the
Education Act, he instituted the following plan for the day-school :— Every miner, when he received
his pay, was to deposit a sum for the schooling of the village. The bachelors objected, but my father
acted the part of the benevolent dictator, and stood firm. " No," he said, " as it is for the good of the
community, I can't let you off."
At Pelton and elsewhere he was instrumental in founding workmen's clubs or institutes, and he did
his utmost to encourage among the men all such civilising influences as the love of home, the love of
gardening, and the love of books. His diaries abound with entries of " books suitable for workmen's
clubs," and one of the last things he wrote and read before the Workmen's Institute at Annandale
was an address on " The Use of Books to Working Men." His view always was that the strength of the
public-house lay in its appeal to the social and gregarious instincts which exist in every man's breast,
and that the only method of contending successfully with that influence was by providing some
counter-attraction which should appeal to the same instinct.
It is almost impossible for a son to be critical of his father, and that is, I suppose, the reason why
biographies should be written by others who can take a more judicial view. I feel that in what I have
written I have dwelt too much upon the personal as opposed to the professional side of my father's
life, but I have endeavoured to set before the Institute a picture of my father as he was, such at any
rate as he presented himself to me.
His scientific attainments were considerable, and in the practical part of his profession he was, I
should imagine, second to few, if any, in knowledge and experience of pit work and pit
management.
In early life he had a light, active, well-knit figure, a little over middle height, a chest deep rather
than broad, a constitution capable of undergoing immense fatigue, a face full of animation and
energy, with dark and very penetrating eyes, and a mouth of great sweetness and nobility. In later
life when his hair, of which he had an abundant quantity, grew white, leaving his eyebrows dark and

bushy; he presented a singularly picturesque subject for the painter's art. The portrait of him
prefixed to this memoir is from a photograph taken in 1886.
In character he was without exception the most simple, straightforward, childlike man I have ever
met, singularly careful of the interests of others committed to his charge, always and under all
circumstances preferring their interest to his own. Indeed, in all things and in all ways he showed a
singular carefulness for others, and as singular a carelessness of self. Like all such men, he was at
once very brave and very gentle. His was indeed a most sweet and winning personality, the memory
of which those who knew him best will not willingly let die.
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ANNUAL REPORT OF THE COUNCIL.
The following table shows the membership during recent years:—
[table]
The maximum number of Members was attained on August 1st, 1877, viz:—23 Honorary Members,
792 Members, 142 Students, and 14 Subscribing Collieries, a total of 971 Members.
The effects of the Bye-Laws which came in force in 1889 are now being experienced, and there is
every reason to hope that they will ultimately lead to a steady and continued increase in the
membership. The class of Associates, consisting of persons occupying subordinate positions in
engineering, has been successfully initiated, and must eventually tend to the efficiency of the
Institute.
The Federated Institution of Mining Engineers has now completed the second year of its existence,
during which there have been three general meetings— Nottingham on September 24th and 25th,
1890; Newcastle-upon-Tyne, January 21st and 22nd, 1891 ; and London, May 28th and 29th, 1891.
These meetings have been attended by a large number of the members of the four Federated
Institutes, and there has been a marked increase in the number of papers read at these meetings. In
addition to receiving the papers read before this Institute, the members now receive, without extra
cost, the papers read at the meetings of the Federated Institution of Mining Engineers, and of the
Chesterfield and Midland Counties Institution of Engineers, the Midland Institute of Mining, Civil,
and Mechanical Engineers, and the South Staffordshire and East Worcestershire Institute of Mining
Engineers. With continued attention of the Federated Institutes, the Federated Institution of Mining
Engineers ought eventually to include all of the institutes interested in mining, metallurgical, and
mechanical engineering.
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The Committee on Mechanical Ventilators has not completed its report owing to the mass of
calculations required in the reduction of the experiments, but there is every reason to hope that it
will be completed at an early date.

The Committee on "Flameless" Explosives hopes to commence its practical experiments shortly.
Messrs. W. J. Bird and M. Walton Brown have ably translated the " Report of the French Commission
on the Use of Explosives in Mines," for the use and information of the members of the Committee,
and it has been issued to the members of the Institute by order of the Council, who are of opinion
that this volume is a valuable addition to the publications of the Institute. Mr. M. Walton Brown was
present, on the request of the Committee, at some experiments on explosives at Cymmer Collieries,
and his interesting report was communicated by the Committee to the members.
The " Borings and Sinkings" are now approaching completion, and a fifth volume will be published
during the ensuing year.
The Library of the Institute continues to be maintained in an efficient state, and the members in the
vicinity are reminded that the books and weekly engineering papers are available daily from 10 a.m.
to 5 p.m., whilst those at a distance may avail themselves of the Library by communication with the
Librarian.
Material changes have taken place in the officers of the Institute through the death of Mr. F.
Gosman, on September 12th, 1890, after many years of faithful attention to the interests of the
Institute, and through the retirement of the Secretary, Professor Lebour, in January last. The Council
trust that the appointment of their successors will tend to the efficient conduct of the business of
the Institute. Mr. M. Walton Brown has been appointed Secretary and Mr. Reginald Guthrie,
Treasurer.
The Institute has again been placed on the list of corresponding societies of the British Association,
and the Council have appointed Professor J. H. Merivale, M.A., to act as their delegate at the ensuing
meeting at Cardiff.
The Council deeply regret the death during the year of Mr. John Marley, Past-President, and of Mr.
James Willis, H.M. Inspector of Mines, Vice-President—two gentlemen who have at all times
contributed every assistance to the well-being of the Institute.
The papers contributed during the year are as follow:—
" Experiments with Explosives used in Mines." By Mr. M. Walton Brown.
" On the Bending of Beds near Veins." By Mr. David Burns.
" Some Banket Deposits of the Gold Coast, West Africa." By Mr. Edward Halse.
" Experiments with Carbonite." By Messrs. M. Walton Brown and William Foggin.
" The Waddle Patent (1890) Fan." By Mr. M. Walton Brown.
" On the Present Position of the Question of Transmission of Power." By Mr. A. L. Steavenson.
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" On the Pumping Arrangements at Eltringham Colliery." By Mr. J. Kenneth Guthrie.
" On a Duplex Arrangement of Centrifugal Ventilating Machines." By Mr. W. Cochrane.
In concluding their fortieth annual report, while the Council congratulate the members upon the
present position of the Institute, they ask them to bring its claims and advantages before others.

FINANCE REPORT.
The income for the year 1890-1 amounted to £1,790 9s. 0d.; deducting from this a sum of £200
received from the Coal Owners' Associations towards the costs to be incurred by the Explosives
Committee, shows the ordinary income to be £1,590 9s. 0d., an increase of £80 14s. 10d. over the
preceding year.
The total receipts for subscriptions and arrears amounted to £1,302 14s. 0d., an increase of £93 8s.
4d. The amount of subscriptions in arrear beyond one year now amount to £141 15s. 0d. The sum of
£180 12s. 0d. has been struck off during the year as irrecoverable.
The total expenditure during the year has amounted to £2,232 8s. 3d., which is considerably in
excess of that of the previous year, but during this year, two years' payments to the Federated
Institution have been made.
August 1st, 1891.
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His Grace the DUKE OF NORTHUMBERLAND.
His Grace the DUKE OF CLEVELAND.
The Most Noble the MARQUIS OF LONDONDERRY.
The Right Honourable the EARL OF LONSDALE.
The Right Honourable the EARL OF DURHAM.
The Right Honourable the EARL GREY.
The Right Honourable the EARL OF RAVENSWORTH.
The Right Honourable the EARL OF WHARNCLIFFE.
The Right Reverend the LORD BISHOP OF DURHAM.
The Very Reverend the DEAN AND CHAPTER OF DURHAM.

WENTWORTH B. BEAUMONT, Esq,, M.P.

Honorary Members
Elected.
* Honorary Members during term of office only.
Mem. Hon.
1 The Right Honourable the EARL OF RAVENSWORTH, Ravensworth Castle, Gateshead-on-Tyne ...
...
...
1877
2*J. B. ATKINSON, Esq., Inspector of Mines, Glasgow
1870 1888

......

3*W. N. ATKINSON, Esq., Inspector of Mines, Newcastle, Staffordshire
1868 1888

...........................

4*W. BEATTIE-SCOTT, Esq., Inspector of Mines, Great Barr, near Birmingham
...
..
1888

...

...

..

...

5*Prof. P. PHILLIPS BEDSON, D.Sc. (Lond.), F.C.S., Durham College of Science, Newcastle-on-Tyne
...
...
1883
6*THOMAS BELL, Esq., Inspector of Mines, Durham

......

7 M. DE BOUREUILLE, Commandeur de la Legion d'Honneur, Conseiller d'etat, Inspecteur
General des Mines, Paris......
1853
8*Prof. G. S. BRADY, M.D., LL.D., F.R.S., F.L.S., Durham College of Science, Newcastle-on-Tyne
...............
1875
9 Dr. BRASSERT, Berghauptmann, Bonn-am-Rhein, Prussia
1883

...

10 JOSEPH DICKINSON, Esq., F.G.S., Inspector of Mines, Manchester ...
...
...
...
...
1853
11*C. LE NEVE FOSTER, Esq., D.Sc., F.G.S., Inspector of Mines, Llandudno
1888

...

...

...

...

........................

12*Prof. WILLIAM GARNETT, M.A., D.C.L., Principal of the Durham College of Science,
Newcastle-on-Tyne.........
1884
13*HENRY HALL, Esq., Inspector of Mines, Rainhill, Prescott
1876

...

14*Prof. A. S. HERSCHEL, M.A., D.C.L., F.R.S., F.R.A.S., Observatory House, Slough, Bucks.
............
1872
15 The Very Rev. Dr. LAKE, Dean of Durham
1872

.........

16*Prof. G. A. LEBOUR, M.A., F.G.S., Durham College of Science, Newcastle-on-Tyne.....................
1873 1879
17 J. A. LONCRIDGE, Esq., Greved'Ayette, Jersey..........
1886
18*J. S. MARTIN, Esq., Inspector of Mines, Clifton .........
1888
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HONORARY MEMBERS.
Elected.
Mem.

Hon.

19*A. E. PINCHING, Esq., Inspector of Mines, Stoke, Devonport ...
1888
20*JOSEPH T. ROBSON, Esq., Inspector of Mines, Swansea
1888

...

21*J. M. RONALDSON, Esq., Inspector of Mines, 44, Athole Gardens, Glasgow...........................
1888
22*A. H. STOKES, Esq., Inspector of Mines, Greenhill, Derby
1888
23 M. E. VUILLEMIN, Mines d'Aniche, Nord, France
1878

...

......

24*FRANK N. WARDELL, Esq., F.G.S., Inspector of Mines, Wath-on-Dearne, near Rotherham...
...
...
1864 1868
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OFFICERS, 1891-92.
President
J. B. SIMPSON, Esq., F.G.S., Hedgefield House, Blaydon-on-Tyne.
Vice-Presidents
WM. ARMSTRONG, Sen., Esq., F.G.S., Pelaw House, Chester-le-Street.
C. BERKLEY, Esq., Marley Hill, Whickham, R.S.O., Co. Durham.
T. DOUGLAS, Esq., The Garth, Darlington.
W. LISHMAN, Esq., Bunker Hill, Fence Houses.
G. MAY, Esq., Harton Colliery Office, South Shields.
A. L. STEAVENSON, Esq., Durham.
Council.

...

HENRY ARMSTRONG, Esq., Chester-le-Street.
WM. ARMSTRONG, Jun., Esq., Wingate, Co. Durham.
T. W. ASQUITH, Esq., Harperley, Lintz Green, Newcastle-upon-Tyne.
T. W. BENSON, Esq., 11, Newgate Street, Newcastle-upon-Tyne.
R. F. BOYD, Esq., Houghton-le-Spring, Fence Houses, Co. Durham.
W. F. HALL, Esq., Haswell Colliery, Haswell, via Sunderland.
J. L. HEDLEY, Esq., 1, Lovaine Crescent, Newcastle-upon-Tyne.
T. LISHMAN, Esq., Hetton Colliery Office, Fence Houses.
Prof. J. H. MERIVALE, M.A., 2, Victoria Villas, Newcastle-upon-Tyne.
H. PALMER, Esq., East Howle Colliery, Ferry Hill.
M. W. PARRINGTON, Esq., Wearmouth Colliery, Sunderland.
A. M. POTTER, Esq., Shire Moor Colliery, Earsdon, Newcastle-upon-Tyne.
R. ROBINSON, Esq., Howlish Hall, Bishop Auckland.
T. O. ROBSON, Esq., Redheugh Colliery, Gateshead-upon-Tyne.
T. H. M. STRATTON, Esq., Cramlington House, Northumberland.
S. TATE, Esq., Trimdon Grange Colliery, Co. Durham.
R. L. WEEKS, Esq., Willington, Co. Durham.
W. O. WOOD, Esq., South Hetton, Sunderland.
{SlR GEORGE ELLIOT, Bart., M.P., D.C.L., 1, Park Street, Park Lane, London, W.

}

{Lord ARMSTRONG, C.B., LL.D., D.C.L., F.R.S., Cragside, Rothbury.
{LINDSAY WOOD, Esq., The Hermitage, Chester-le-Street.

}
}

Ex-Officio
{G. C. GREENWELL, Esq., F.G.S., Elm Tree Lodge, Duffield, Derby.
}Past-Presidents
{G. B. FORSTER, Esq., M. A., F. G. S., North Jesmond, Newcastle.

}

{JOHN DAGLISH, Esq., Rothley Lake, Cambo, R.S.O., Northumberland.

}

{Sir LOWTHIAN BELL, Bart., D.C.L., F.R.S., Rounton Grange, Northallerton.

}

{WM. COCHRANE, Esq., Grainger Street West, Newcastle-upon-Tyne.

}

{ T. J. BEWICK, Esq., M.I.C.E., F.G.S., Suffolk House,
Retiring Vice President.
Laurence Pountney Hill, London, E.C.
Treasurer
REGINALD GUTHRIE, Esq., Neville Hall, Newcastle-upon-Tyne.

Secretary
M. WALTON BROWN, Esq., Neville Hall, Newcastle -upon-Tyne.
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List of Members.
JULY 31, 1891.
Members
Marked * are Members for Life.
Elected.
1 Ackroyd, Wm., Morley Main Collieries, Morley, near Leeds ..

Feb.

2 Agniel, S., Mines de Vicoigne (Nord), Noeux (P. de C), France ...

April 23, 1887

3 Aitkin, Henry, Falkirk, N.B...............

Mar.

7, 1880

2,1865

4 Allan, John F., La Carolina, Provincia de St. Luis, Argentine Republic .............. Feb. 10, 1883
5 Allison, J. J. C, Hedley Hill Colliery, Waterhouses, Durham...

Feb. 13, 1886

6 Anderson, C. W., Belvedere, Harrogate............

Aug. 21, 1852

7 Anderson, R. S., Elswick Colliery, Newcastle-on-Tync......

June

9, 1883

Oct.

5, 1872

8 Andrews, Hugh, Swarland Hall, Felton, Northumberland
9 Archer, T., Dunston Engine Works, Gateshead.....

...

...

July

2, 1872

10 Armstrong, Lord, C.B., LL.D., F.R.S., D.C.L., Cragside,Rothbury
(Past-President, Member of Council)

......

May

11 Armstrong,Hy.,Pelaw House,Chester-le-Street (Mem. of Council)

3,1866
April 14, 1S83

12 Armstrong, Wm., F.G.S., Pelaw House, Chester de-Street (Vice-President,
Member of Council)...............

Aug. 21,1852

13 Armstrong, W., Jun., Wingate, Co. Durham (Mem. of Council)

April 7, 1867

14 Armstrong, W. L., Newton Lane Colliery, Victoria Coal and Coke Co., Limited,
near Wakefield

............

Mar.

15 Arnold, T., Mineral Surveyor, Castle Hill, Greenfields, Llanelly

3,1864
Oct.

2, 1880

16 Asquith, T. W., Harperley, Lintz Green, Newcastle-on-Tyne
(Member of Council)

..................

Feb.

17 Atkinson, A. A., Barrow Collieries, Barnsley, Yorkshire

...

2,1867
Aug.

3, 1878

18 Atkinson, Fred. R., Murton Colliery, via Sunderland......

Feb. 14, 1874

19 Aubrey, R. C, 14, St. Paul's Square, Southport......

Feb.

...

5, 1870

20 Austine, John, Cadzow Coal Co., Glasgow

........

Nov.

21 Ayton, Henry, Cowpen Colliery, Blyth, Northumberland

...

Mar.

22 Bailes, E. T., Wingate, Ferryhill ...............

June

23 Bailes, T., Jesmond Gardens, Newcastle ...

..

...

4,1876

7,1879
Oct.

7, 1858

June

2, 1859

25 Bain, R. Donald, 85, Pembroke Road, Clifton, Bristol......

Mar.

3, 1873

26 Bainbridge, E., Nunnery Colliery Offices, Sheffield

Dec.

3, 1863

24 Bailey, Samuel, 30, Waterloo Street, Birmingham

......

......

27 Ball, Alfred F., 14, Landsdowne Terrace, Gosforth
28 Banks, Thomas, 60, King Street, Manchester
29 Barrett, C. R., New Seaham, Sunderland

...

6, 1875

...

...

Dec. 11, 1886

.........

Aug.

.........

Nov.

4, 1877

7, 1874

30 Bartholomew, C, Castle Hill House, Ealing, London, W. ...

Aug.

5, 1853

31*Bartholomew, C. W., Blakesley Hall, near Towcester .. ...

Dec.

4, 1875

Dec,

5,1868

32 Batey, John, Newbury Collieries, Colcford, Bath...
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33 Baumgartner, W. O., Houghton-le-Spring, Fence Houses

...

34 Bayldon, Daniel Hy., M.E., 3, Draper's Gardens, London, E.C.
35 Beanlands, Arthur, M.A., Palace Green, Durham

Sept. 6, 1879
Feb.

......

8, 1890
Mar. 7, 1867

36 Bell, Sir Lowthian, Bart., D.C.L., F.R.S., F.C.S., Rounton Grange, Northallerton
(Past-President, Mem. of Council)
37 Bell, C. E., Park House, Durham...............

July

6, 1854

Dec.

3,1870

38 Bell, Geo. Fred., 4, St. Thomas' Square, Newcastle-on-Tyne ...
39 Bennett, Alfred H, Dean Lane Collieries, Bedminster, Bristol

Sept. 6, 1879
April 10, 1886

40 Benson, J. G., Accountant, 12, Grey Street, Newcastle-on-Tyne...

Nov.

7, 1874

41 Benson, T. W., 11, Newgate .Street, Newcastle (Mem. of Council)

Aug.

2,1866

42 Berkley, C., Marley Hill, Whickham, R.S.O., Co. Durham
(Vice-President, Member of Council)............
43 Berkley, Frederick, Lumley Thicks, Fence Houses

Aug. 21, 1852
......

44 Berkley, R. W., Marley Hill, Whickham, R.S.O., Co. Durham ...

Dec. 11, 1882
Feb. 14, 1874

45 Bewick, T. J., M.I.C.E., F.G.S., Suffolk House, Laurence Pountney Hill,
London, E.C. (Retiring Vice-President, Member of Council).................

April 5,1860

46 Bigge, D. Selby, 27, Grey St. Newcastle-on-Tyne
47 Bigland, J., Henknowle, Bishop Auckland

......

June 13, 1891

...

...

June 4, 1857

48 Bilgrami Syed Ali Shamsul Ulama, B.A., Assoc. R.S.M., &c,
Director-General of Mines, Hyderabad, Deccan, India

...

April 11, 1891

49 Binns, G. J., F.G.S., M.G.S.A., Netherseal Colliery, Burton-on-Trent.................Aug. 7, 1886
50 Biram, B., Peaseley Cross Collieries, St. Helen's, Lancashire ...

1856

51 Bishop, James, Manager, Grey Valley Coal Co., Brunnerton,
Greymouth, New Zealand

................

52 Black, W., Hedworth Villa, South Shields

April 13, 1889

.........

April 2, 1870

53 Blackburn,Wm. Stevenson, Astley House,Woodlesford, nr. Leeds
54 Blackett, W. C, Jun., Acorn Close, Sacriston, Durham

...

55 Blagburn, Charles, 150, Leadenhall Street, London, E.C.

Dec. 10, 1887
Nov.

...

4, 1876
April 13, 1889

56 Blakeley, A. B., Soothill Wood Colliery Co., Ltd., near Batley

Feb. 15, 1879

57 Bolton, Edgar Ormerod, M.E., Executor of Col. Hargreaves'
Colliery Offices, Burnley

.........

......

April 12, 1890

58 Bolton, H. H, Newchurch Collieries, near Manchester......

Dec.

59 Booth, R. L., Ashington Colliery, near Morpeth.........

1864

5, 1868

60 Boucher, A. S., P.O. Box, 53, Krugersdorf, South African
Republic

........................

Aug. 4, 1883

61 Boyd, R. F., Houghton-le-Spring, Fence Houses, Co. Durham
(Member of Council)

.........

.........

Nov. 6,1869

62 Boyd, Wm., North House, Longbenton, Newcastle-on-Tyne
63 Bradford, Geo., Witton Park, Darlington

...

.........

Feb.

2, 1867

Oct. 11,1890

64 Bramwell, Hugh, Clifton Coll., Great Clifton, near Workington

Oct.

65 Breckon, J. R., 41, Fawcett Street, Sunderland.........

4, 1879

Sept. 3, 1864

66 Broja, Richard, Koeniglicher Oberbergrath, 35, Friedrich Strasse,
Halle, a/S.........................
67 Brough, Thomas, New Seaham Colliery, Sunderland

......

Nov.

6, 1880

Feb.

1,1873

68 Brown, M. Walton, 3, Summerhill Terrace, Newcastle-on-Tyne
(Secretary).....................
69 Brown, Robert M., Norwood Colliery, via Darlington......

Oct.

7,1871
April 10, 1886

70 Brown, Thomas, Manager, Westport Coal Co., Coalbrookdale
Colliery, Westport, New Zealand

............

April 13, 1889

71 Brown, Thos. Forster, F.G.S., Guildhall Chambers, Cardiff ..
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72 Browne, Sir Benjamin C., M.I.C.E., Westacres, Benwell,
Newcastle-on-Tyne.....................

Oct.

73 Bruce, John, Port Mulgrave, Hinderwell, R.S.O., Yorkshire ...
74 Bryham, William, Rosebridge Colliery, Wigan ...

Feb. 14, 1874

......

75 Bryham, W., Jun., Douglas Bank Collieries, Wigan

1, 1870

......

76 Bulman, H. F., Byer Moor, Burnoptield, near Newcastle-on-Tyne

Aug.

1,1861

Aug.

3, 1865

May

2, 1874

77 Bunning, C. Z., F.G.S., c/o The Borax Co., Limited, 2, Macri Khan,
Constantinople

...

..............

Dec.

6,1873

Feb.

9,1889

78*Burls, Herbert T., Assoc. R.S.M., F.G.S., M.E., Box 76
Barberton, Transvaal, South Africa

............

79 Burn, James, 28, Fawcett Street, Sunderland

.........

80*Burns, David, C.E., F.G.S., Canal Bank, Carlisle

Dec. 13, 1890

......

81 Burrows, J. S., Yew Tree House, Atherton, near Manchester ...
82 Cabrera, Fidel, c/o H. Kendal and Son, 12, Great Winchester Street, London

May

5, 1877

Oct.

11, 1873

Oct.

6, 1877

83*Candler, T. E., F.G.S., Springfield, Samos Road, Anerley,London, S.E.

May

1, 1875

84 Chambers, A. M., Thorncliffe Iron Works, near Sheffield

Mar.

6, 1869

Oct.

13, 1888

86 Charlton, W. A. (of Tangyes Limited), 8, Richmond Terrace, Gateshead.....

Nov.

6,1880

87 Cheesman, I. T., Throckley Colliery, Newcastle-on-Tyne

...

Feb.

1, 1873

88 Cheesman, W. T., Wire Rope Manufacturer, Hartlepool

...

Feb.

5, 1876

June

8, 1889

..

85 Chapman, Alfred Crawhall, 29, St. Nicholas' Buildings,
Newcastle-on-Tyne...

...

...

...

...

...

...

89 Chicken, Lancelot W., Boldon Colliery, Co. Durham......
90 Childe, Henry S., Mining Engineer, Wakefield.........

Feb. 12,1887

91 Clark, C. F., Garswood Coal and Iron Co., Limited, near Wigan
92 Clark, R. B., Springwell Colliery, Gateshead

.........

93 Clough, James, Willow Bridge, Choppington, Morpeth......

Aug.
May

2,1866

3,1873
April 5, 1873

94 Cochrane, B., Aldin Grange, Durham

............

95 Cochrane, C, Green Royde, Pedmore, near Stourbridge

...

Dec.

6, 1866

June

3, 1857

96 Cochrane, W., St. John's Chambers, Grainger Street West,
Newcastle (Past-President, Member of Council)

......

97 Cockson, Charles, Ince Coal and Cannel Co., Ince, Wigan

1859
...

April 22, 1882

98 Cole, Robert Heath, Endon, Stoke-upon-Trent.........

Feb.

99 Collis, W. B., Swinford House, Stourbridge, Worcestershire ...
100 Colquhoun, T., West Stanley Colliery, Co. Durham

...

June
...

.....

May

...

Sept.

103 Corbitt, M., Wire Rope Manufacturer, Teams, Gateshead

6, 1861

Dec. 14,1889

101 Cook, J., Washington Iron Works, Washington, Co. Durham ...
102 Corbett, V. W., Chilton Moor, Fence Houses

5,1876

...

8, 1869

3,1870
Dec.

4, 1875

104 Coulson.F., 10, Victoria Terrace, Durham............

Aug.

1, 1868

105 Coulson, W., No. 1, Pimlico, Durham

Oct.

1, 1852

............

106 Coulthard, Francis, Arica Villa, Fox Houses, Whitehaven ...
107 Cox, John H., 10, St. George's Square, Sunderland

June

......

Feb.

108*Coxe, E. B., Drifton, Jeddo, P.O. Luzerne Co., Penns., U.S. ...
109 Craven, J. Hiram, Mechanical Engineer, Sunderland

......

114 Crone, S. G, Forest Hall, Newcastle
[017]

...

Oct.
Mar.

112 Crone, F. E., Seaton Burn Colliery, Newcastle-on-Tyne...
113 Crone, J. R., Tudhoe House, via Spennymoor

1, 1873

April 12, 1890

110 Crighton, John, 2, Clarence Buildings, Booth Street, Manchester
111 Crone, E. W., Forest Hall, near Newcastle-on-Tyne

6, 1875
Feb.

......

3, 1889

...

...

...

............

8, 1887

5, 1870
Sept.

2, 1876

Feb.

1, 1868

1853
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115 Cross, John, 77, King Street, Manchester............

June 5, 1869

116 Croudace, C. J., Bettisfield Colliery Co., Ltd., Bagillt, N. Wales

Nov.

117 Croudace, John, West House, Haltwhistle

June 7,1873

.........

118 Croudace, Thomas, Lambton Lodge, New South Wales......
119 Curry, W. Thos., Chelvey, West Town, R.S.O., Somerset

2, 1872

1862
...

120 Dacres, Thomas, Dearham Colliery, via Carlisle.........
121 Daglish, John, Rothley Lake, Cambo, R.S.O., Northumberland

Sept. 4, 1880
May

4, 1878

(Past-President, Member of Council)............

Aug. 21,1852

122 Daglish, W. S., Solicitor, Newcastle-on-Tyne

........

July

2, 1872

123 Dakers, W. R., Croxdale Colliery, Durham

.........

Oct.

14,1882

124 Dale, David, West Lodge, Darlington

............

Feb.

5,1870

125 Darling, Fenwick, South Durham Colliery, Darlington......

Nov.

6, 1875

126 Darlington, James, Black Park Colliery, Ruabon, North Wales

Nov.

7, 1874

127 Davey, Hy., C.E., 3, Princes Street, Westminster, London, S.W.

Oct.

11, 1873

128 Davies, Lt.-Col. Jasper G. S., R.E., Marton, Middlesbrough ...

Aug.

3, 1889

129 Davies, John, Hartley House, Coundon, Bishop Auckland

April 10, 1886

130 Davis, Kenneth McRae, Dudley Coll., Northumberland

...
...

April 13, 1889

131 Dees, J. Gibson, Floraville, Whitehaven............

Oct.

132 Dees, R. R., Solicitor, Newcastle-on-Tyne...........

Oct.

13, 1883

7, 1871

133 Denniston, Robert B., Stuart Street, Dunedin, New Zealand ...

Dec. 11, 1886

134 Dixon, D. W., Lumpsey Mines, Brotton, Saltburn-by-the-Sea ...

Nov.

135*Dixon, James S., 97, Bath Street, Glasgow............

Aug.

3,1878

136 Dixon, Nich. ........................

Sept.

1, 1877

137 Dixon, R., Wire Rope Manufacturer, Teams, Gateshead...

...

138 Dodd, B., Bearpark Colliery, near Durham...........
139 Dodd, M., Burncroft, Hexham

2, 1872

June 5, 1875
May

...............

3,1866
Dec.

4, 1875

140*Donkin, W., Warora Coll., Wardha Coal State Railway, C. P., India

Sept. 2, 1876

141 Douglas, A. S., Hucknall Torkard Collieries, Nottingham

June

1, 1878

Mar.

6, 1869

142 Douglas, C. P., Parliament Street, Consett, Co. Durham

...
...

148 Douglas, John, Jun.,Seghill Colliery,Dudley,Northumberland...

April 22, 1882

144 Douglas, M. H, Marsden Colliery, South Shields

Aug.

......

2, 1879

145 Douglas, T., The Garth, Darlington (Vice-President, Member of Council)....

Aug. 21, 1852

146 Dowdeswell, H., Butterknowle Colliery, via Darlington

April 5, 1873

..

147 Doyle, Patrick, C. E., F. M. S., F. L. S., M. R. A. S., F. G S., M. S. I.,
Indian Engineering, 19, Lall Bazar, Calcutta, India

...

148 Dunn, A. F.........................

Mar.
June

1, 1879

2,1877

149 Eden, C. H., Old Etherley, by Darlington............

June 14, 1890

150 Edge, J. H., Coalport Wire Rope and Chain Works, Shifnal, Salop

Sept. 7, 1878

151 Elliot, Sir George, Bart., M.P., D.C.L., 1, Park Street,Park Lane,
London, W. (Past-President, Member of Council)

Aug. 21, 1852

152 Ellis, W. R., F.G.S., Wigan.................

June

1, 1878

15.3 Elsdon, Robert, The Highlands, Burnt Ash Hill, Lee, Kent

Nov.

4, 1876

154 Elwen, Thomas Lee, Littleburn Colliery, near Durham......

Oct.

13, 1888

155 Embleton, T. W., The Cedars, Methley, Leeds .........

Sept.

6, 1855

Sept.

2, 1865

Mar.

2, 1872

156 Embleton, T. W., Jun., The Cedars, Methley, Leeds

...

...

157 Eminson, J. B., Londonderry Offices, Seaham Harbour ...

...

158 Erskine,Capt.,W. C.C., Inspector of Mines, Kimberley, So. Africa

Dec. 14, 1889

159 Everard, J. B., M.E., 6, Millstone Lane, Leicester

Mar.

[018]
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160 Fairley, James, Craghead and Holmside Coll., Chester-le-Street
161 Farmer, A., Seaton Carew, near West Hartlepool
162 Farrow, Joseph, Brotton Mines, Brotton, R.S.O.

......

Aug. 7, 1880
Mar. 2, 1872

......

Feb. 11, 1882

163 Favell, T. M., F.G.S., Etruria Iron Works, nr. Stoke-on-Trent
164*Fenwick, Barnabas, 84, Osborne Road, Newcastle-on-Tyne

April 5, 1873
...

Aug. 2, 1866

165 Ferens, Frederick J., Silksworth Colliery, Sunderland......

Dec.

166 Ferens, Robinson, Oswald Hall, near Durham

April 7,1877

.........

4, 1880

167 Ferguson, D., Persian Bank Mining Rights Corporation Ld.,
6, Draper's Gardens, London, E.C. ............

Dec.

8, 1883

168 Fisher, Ed. R., NantGlas, Cross Hands, near Llanelly, S. Wales...

Aug.

169 Fleming, C. E., Black, Hawthorn, and Co., Gateshead-on-Tyne...

April 13, 1889

170 Fletcher, H., Ladyshore Coll., Little Lever, Bolton, Lancashire

Aug. 3, 1865

171 Fletcher, John, Rock House, Ulverstone

July

.........

172 Foggin, W., North Biddick Coll., Washington Station, Co. Durham

175 Forster, C. W., 8, East Parade, Newcastle-on-Tyne

......

6, 1875

.... April 12, 1884
April 12, 1884

June 10, 1882

176 Forster, G. B., M.A., F.G.S., North Jesmond, Newcastle-on-Tyne
(Past-President, Member of Council).........

2, 1872

Mar.

173 Forrest, B. J., Villa Maria, Province of Cordoba, Argentine Republic
174 Forrest, J. C, Witley Coal Co., Limited, Halesowen, Birmingham

2,1884

Nov. 5,1852

177 Forster, J. R., Water Company's Office, Newcastle-on-Tyne ...

July

2, 1872

178 Forster, J. T., Burnhope Colliery, near Lanchester, Co. Durham

Aug

1, 1868

179 Forster, Thomas E., North Jesmond, Newcastle-on-Tyne

Oct.

7, 1876

180 Foster, George, Osmondthorpe Colliery, near Leeds
181 Fryar, Mark, Denby Colliery, Derby

...

......

Mar. 7, 1874

...........

Oct.

182 Galloway, T. Lindsay, M. A., Argyll Colliery, Campbeltown, N.B.
183 Galloway, Wm., Mining Engineer, Cardiff

........

7,1876

Sept. 2, 1876
April 23, 1887

184 Geddes, George H., 142, Princes Street, Edinburgh

......

Oct.

1, 1881

185 Gerrard, James, 19, King Street, Wigan............

Mar.

1S6 Gerrard, John, Westgate, Wakefield

Mar. 5, 1870

...........

3,1873

187 Gilchrist, J. R., Wharncliffc Silkstone Collieries, near Barnsley

Feb.

188 Gillett, Leonard F., 163, Osmaston Road, Derby

June 14, 1890

189 Gilroy, G., Woodlands, Parbold, near Wigan

......
.........

Aug. 7,1856

190 Gilroy, S. B., Mining Engineer, Nuneaton............
191 Gjers, John, Southfield Villas, Middlesbrough

Sept. 5, 1868
.........

192 Goddard, F. R., Accountant, Newcastle-upon-Tyne
193 Greaves, J. O., St. John's, Wakefield

....

3, 1877

......

June 7,1873
......

Nov. 7, 1874

...

Aug.

7,1862

194 Green,J.T.,Mining Engineer, TyCelyn,Abercarne,Newport,Mon.

Dec.

3, 1870

195 Greener, Henry, South Pontop Colliery, Annfield Plain

Dec. 11, 1882

...

196 Greener, T. Y., West Lodge, Crook, Darlington.........

July

2, 1872

197 Greenwell, G. C, F.G.S., Elm Tree Lodge, Duffield, Derby.
(Past-President, Member of Council)............
198 Greenwell, G. C, Jun., Poynton, near Stockport

Aug. 21,1852
......

Mar.

6, 1869

199 Gresley, W. S., F.G.S., Assoc. Inst. C.E., Reed House, Erie, Pa., U.S.A. .....

Oct.

5, 1S87

200 Grey, C. G., 20, Northbrook Road, Leeson Park, Dublin

May

4, 1872

...

201 Griffith, N. R., Wrexham ..................

1866

202 Grimshaw, E. J., 23, Hardshaw Street, St. Helens, Lancashire...

Sept. 5, 1808

203 Guthrie, James K., Eltringham Colliery, Prudhoe, R.S.O.

Aug.

3, 1S89

Oct.

7, 1870

204 Haddock, W. T., Jun., Ryhope Colliery, Sunderland
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205 Haggie, D. H., Wearmouth Patent Rope Works, Sunderland ...
206 Haggie, Peter Sinclair, Gateshead-on-Tyne
207*Hague, Ernest, Castle Dyke, Sheffield

.........

Mar. 4, 1876
April 14, 1883

............

Mar. 2,1872

208 Haines, J. Richard, Adderley Green Colliery, near Longton,
Stoke-on-Trent

.....................

Nov.

7,1874

209 Hall, M., Lofthouse Station Collieries, near Wakefield......

Sept. 5, 1868

210 Hall, M. S., 8, Victoria Street, Bishop Auckland

Feb. 14, 1874

......

211 Hall, Tom, Haswell Colliery, Haswell, via Sunderland......

June 8, 1889

212 Hall, Wm., Murton Colliery, via Sunderland

Dec.

.........

4,1875

213 Hall, William F., Haswell Colliery, Haswell, via Sunderland
(Member of Council)

...........

......

May 13,1858

214 Hallas, G. H, Wigan and Whiston Coal Co., Limited, Prescot ...

Oct.

7,1876

215 Hallimond, Wm Tasker, Estate Manager Randt Coal Mining and Land
Company, Ld., P.O. Box 506, Johannesburg, Z.A.R.

Dec. 14, 1889

216 Halse, Edward, 15, Clarendon Road, Notting Hill, London, W. ...

June 13, 1885

217 Hamilton, E., Rig Wood, Saltburn-by-the-Sea

Nov.

218 Hann, Edmund, Aberaman, Aberdare

.........

............

1,1873

Sept. 5,1868

219 Harbottle, W. H., Orrell Coal and Cannel Co., near Wigan ...

Dec.

220 Hargreaves, William, Rothwell Haigh, Leeds ...

Sept. 5, 1868

221 Harle, Richard, Browney Colliery, Durham

......

.........

222 Harle, William, Pagebank Colliery, near Durham

April 7, 1877
......

223 Harris, W. S., Kibblesworth, Gateshead-on-Tyne
224 Harrison, R., Eastwood, near Nottingham

Oct.

......

1861

225 Harrison, W. B., Brownhills Collieries, near Walsall .....

April 6, 1867

226 Hay, J., Jun., Widdrington Colliery, Acklington.........

Sept. 4, 1869

.........

228 Hedley, J. J., Derwent Cote House, Lintz Green Station

7,1876

Feb. 14, 1874

.........

227 Head, Jeremiah, Queen's Square, Middlesbro'

4, 1875

Aug.
...

3, 1889

April 6, 1872

229 Hedley, J. L., 1, Lovaine Crescent, Newcastle-upon-Tyne
(Member of Council)

...............

......

230 Hedley, Sept. H., Bank Chambers, Wakefield

Feb.
.........

231 Hedley, W. H., Consett Collieries, Medomsley, Newcastle-on-Tyne

5,1870
Feb. 15, 1879
1864

232 Henderson, H., Pelton Colliery, Chester-le-Street

......

Feb. 14, 1874

233 Henderson, Jos. J., U.S. Engineeer's Office, Kingsbridge, New
York, U.S.A.....................

June 13, 1891

234 Henshaw, A. Mayon, Talk-o'-th'-Hill Coll., Stoke-on-Trent

...

June 8, 1889

235 Heppell, T., Leafield House, Birtley, Chester-le-Street......

Aug. 6, 1863

236 Heslop, C.,,Upleatham and Lingdale Mines, Upleatham, R.S.O.,
Yorkshire

........................

Feb.

1, 1868

237 Heslop, Grainger, Deptford Hall, Sunderland .........

Oct.

5,1872

238 Heslop, Thomas, Storey Lodge Colliery, Cookfield, via Darlington

Oct.

2, 1880

239*Hewitt, G. C, Coal Pit Heath Colliery, near Bristol

June 3, 1871

240 Hewlett, A., Haseley Manor, Warwick

......

............

Mar. 7,1861

241 Higson, Jacob, J. & P. Higson, 18, Booth Street, Manchester ...

1861

242 Hill, William, Carterthorne Colliery Offices, Witton-le-Wear ...

June 9,1883

243*Hilton, J., 72, Hawkshead Street, Southport

Dec.

...

...

244 Hilton, T. W., F.G.S., Wigan Coal and Iron Co., Limited, Wigan

Aug. 3, 1865

245 Hodgson, John, Edmondsley Colliery, Chester-le-Street......

Oct. 12, 1889

246 Holliday, Martin F., Langley Grove, Durham.........

May

247 Hollis, Henry Wm., North Lodge, Darlington.........

June 8,1889

248 Holmes, G, Grange Hill, near Bishop Auckland.........

April 11, 1874

249 Homer, Charles J., Mining Engineer, Stoke-on-Trent......

1,1875

Aug.

250 Hood, A., 6, Bute Crescent, Cardiff...............
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251 Hopkins, Edward, Weardale Place, St. John's Chapel......

Oct. 12, 1889

252 Horsley, W., Whitehill Point, Percy Main, Newcastle-on-Tyne

Mar.

5, 1857

253 Hoskold, H. D., C. and M.E., F.R.G.S., F.G.S., M. Soc. A., &c., Inspector
General of Mines of the Argentine Republic, and Director of the
National Department of Mines and Geology, Casilla, Correos, 900,
Buenos Ayres ...

...

...

254 Humble, John, West Pelton, Chester-le-Street .........
255 Hunter, J.........................

April 1, 1871
Mar.
Mar. 6, 1869

4,1871

256 Jackson, C. G., Anderton Hall, near Chorley

...

...

...

June

257 Jackson, W. G., Hicklam House, Aberford, near Leeds......

June

7, 1873

258 Jacques, J. Routledge, Box 21, Heidelberg, Transvaal, S.A.R.

June

8, 1889

259 Jarratt, J., Houghton Main Colliery, near Barnsley
260 Jeffcock, T. W., 18, Bank Street, Sheffield

...

...

.........

261 Jenkins, W., M.E., Ocean Collieries, Treorky, Glamorgan

...

Nov.

2, 1867

Sept.

4, 1869

Dec.

6, 1862

262 Jenkins, Wm. , Consett Iron Works, Consett, Durham ......

May

2,1874

263 Jepson, H., 20, The Avenue, Durham

July

2,1872

............

4, 1870

264*Jobling, Thos. E., Croft Villa, Blyth, Northumberland......

Oct. 7, 1876

265 Johnson, J., Carlton Main Colliery, Barnsley....... ...

Mar.

266 Johnson, R, S., Sherburn Hall, Durham ............

Aug. 21, 1852

267 Johnson, W., Abram Colliery, Wigan

Feb. 14,1874

............

7,1874

268 Johnson, Wm., Radcliffe Colliery, Acklington, Northumberland

Dec.

269 Joicey, J. G., Forth Banks West Factory, Newcastle-on-Tyne ...

April 10, 1869

270 Joicey, W. J., Sunningdale Park, Berkshire

.........

Mar.

271 Kayll, A. C, Gosforth, Newcastle-on-Tyne

...

272 Kellett, William, Portland Bank, Southport

..........

273 Kendall, John D., Roper Street, Whitehaven

......

274 Kirkby, J. W., Kirkland, Leven, Fife

......

..

Oct.

7, 1876

June

1, 1878

Oct.

3,1874

............

Feb.

9, 1882

6, 1869

1, 1873

275 Kirkup, J. P., c/o Hyderabad Deccan Co., Secunderabad, Deccan,
India.........................

April 11, 1891

276 Kirkup, Philip, Cornsay Colliery Office, Esh, near Durham

...

Mar. 2, 1878

277 Kirton, Hugh, Waldridge Colliery, Chester-le-Street ......
278 Knowles, John, Westwood, Pendlebury, Manchester

April 7, 1877

......

Dec.

279*Knowles, Robert, Ednaston Lodge, near Derby.........

5, 1856

April 10, 1886

280 Lamb, R., Bowthorn Colliery, Cleator Moor, near Whitehaven...

Sept.

2, 1865

281 Lamb, R, O., The Lawn, Ryton-on-Tyne

Aug.

2,1866

282 Lamb, Richard W., 29, Great Cumberland Place, London, W. ...

Nov.

2, 1872

283 Lancaster, John, Airfield House, Leamington

Mar.

2,1865

Sept.

7, 1878

..

......

...

.........

284 Lancaster, John, Auchinheath, Southfield and Fence Collieries,
Lesmahagow

...

...

...

...

...

...

...

2S5 Landale, A., Comely Park Place, Dunfermline

.........

286*Laporte, H., M.E., Flenu, near Mons, Belgium

Dec.

......

May

2, 1858

5, 1877

287 Laverick, John Wales, Tow Law Colliery Office, Tow Law,
R.S.O., Co. Durham

..................

Dec. 11,1882

288 Laverick, Robt., West Rainton, Fence Houses ...

...

289 Lawrence, H., Grange Iron Works, Durham

...

290 Laws, W. G., Town Hall, Newcastle-on-Tyne

.........

...

...

Sept. 2, 1876

...

291 Leach, C. C, Seghill Colliery, Northumberland.........

Aug.

1,1808

Oct.

2,1880

Mar. 7,1874

292 Lebour, G. A., M. A. .F.G.S., Durham College of Science, Newcastle Feb.

1, 1873

293 Lee, John P., Castle Eden Colliery, Co. Durham.........

June 13, 1885
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294 Lever, Ellis, Fan-y-Bryn, Colwyn Bay

.........

1861

295 Lewis, Sir William Thomas, Mardy, Aberdare.........

1864

296 Liddell, G. H. .....

.....

...

............

Sept.

297 Liddell, J. M., 3, Victoria Villas, Newcastle-on-Tyne ...

...

298 Linsley, R., Cramlington Colliery, Northumberland

...

299 Linsley, S. W., Whitburn Colliery, South Shields

.....

300 Lishman, R. R., Durham Main Colliery, Durham ...

...

4, 1869
Mar.

...

July

6, 1875
2, 1872

Sept. 4, 1869
...

June

9, 1883

301 Lishman, T., Jun., Hetton Colliery, Fence Houses (Member of Council)

Nov.

5, 1870

302 Lishman, Wm., Holly House, Witton-le-Wear

1857

.........

303 Lishman, Wm., Bunker Hill, Fence Houses (Vice-President,
Member of Council)

..................

Mar.

304 Lisle, J., De Beers Mine, Kimberley, So. Africa.........

July

7, 1861
2, 1872

305 Liveing, E. H, 52, Queen Anne St., Cavendish Sq., London, W.

Sept.

1, 1877

306 Livesey, C, Bradford Colliery, near Manchester ...

Aug.

3,1865

307 Livesey, T., Bradford Colliery, near Manchester........

Nov.

7,1874

308 Llewellin, David Morgan, F.G.S., Glanwern Offices, Pontypool

May 14, 1881

309 Logan, William, Langley Park Colliery, Durham

Sept. 7, 1867

...

...

......

310 Longbotham, J., Barrow Collieries, Barnsley, Yorkshire......
311 Longridge, Jethro, Coxlodge Colliery, Newcastle-on-Tyne

May
...

2, 1868
Dec. 14, 1889

312 Lowdon, Thos., Colliery Manager, Hamsteels, near Durham
313 Lupton, A., F.G.S., 6, De Grey Road, Leeds

...

Dec. 14, 1889

.........

Nov.

6, 1869

314 MacCabe, H. 0., Russell Vale, Wollongong, New South Wales...

Sept.

7, 1878

315 Maddison, Thos. R., Dirtcar House, near Wakefield

Mar.

3, 1877

......

316 Maddison, W. H. F., The Lindens, Darlington .........
317 Makepeace, H. R., Newcastle, Staffordshire

June, 14, 1890

.........

Mar.

3, 1877

318 Maling, C. T., Ellison Place, Newcastle-on-Tyne.........

Oct.

5, 1872

319 Mammatt, J. E., C.E., St. Andrew's Chambers, Leeds ......

1864

320 Markham, G. E., Howlish Offices, Bishop Auckland
321 Marley, J. W., Thornfield, Darlington

......

............

Dec.

4, 1875

Aug.

1, 1S68

322 Marshall, F. C, Messrs. R, & W. Hawthorn, St, Peter's, Newcastle

Aug.

2, 1866

323 Marten, E. B., C.E., Pedmore, near Stourbridge.........

July

2, 1872

324 Martin, Tom Pattinson, Allhallows Colliery, Mealsgate, Carlisle

Feb. 15, 1879

325 Matthews, J., Messrs. R. and W. Hawthorn, Newcastle-on-Tyne

April 11, 1885

326 Matthews, R. F., Harehope Hall, Alnwick............

Mar.

5,1857

327 Maughan J. A., Manager of the Government Central Provinces'
Collieries, Umaria, via Katni, India, C.P..........

Nov.

7,1863

328 May, G., Harton Coll. Offices, nr. South Shields (Vice-President,
Member of Council)

.....

...........

Mar.

6,1862

329 McCarthy, E. T., A.R.S.M., c/o Col. Pigott, Archer Lodge,
Charles Road, St. Leonards-on-Sea, Sussex
330 McCreath, J., 95, Bath Street, Glasgow

.........

...........

Oct.

8,1887

Mar.

5,1870

331 McCulloch, David, Beech Grove, Kilmarnock, N.B. .....

Dec.

4,1875

332 McLaren, B., Heddon Coal and Fire Brick Co., Wylam-on-Tyne

Dec. 10, 1883

333 McMurtrie, J., Radstock Colliery, Bath............

Nov.

7,1863

334 Merivale, Prof. J. H., M. A., 2, Victoria Villas, Newcastle-on-Tyne
(Member of Council)

..................

335 Merivale, W., The Deanery, Ely

...............

336 Meysey-Thompson, A. H., Sun Foundry, Leeds.........
337 MilIer, N., 31, Hyde Lane, Hyde, near Manchester
338 Mitchell, Chas., Jesmond, Neweastle-on-Tyne.........

May

5,1877

Mar.

5,1881

April 13, 1889
.....

Oct.
April 11, 1874

5, 1878
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339 Mitchell, Joseph, Mining Offices, Eldon Street, Barnsley

...

Feb. 14, 1874

340 Mitcheson, George Arthur, Dresdon, Longton, Staffordshire...

Oct. 11, 1890

341 Mitchinson, R., Jun., Pontop Colliery, Lintz Green Station, Co.
Durham

........................

Feb.

342 Monkhouse, Jos., Gilcrux, Cockermouth............

4, 1865
June

343 Moor, Wm., 15, Salem Hill South, Sunderland

.........

July

344 Moore, R. W., Somerset House, Whitehaven

.........

Nov.

345 Moore, William, Loft us Mines, Loftus-in-Cleveland, R.S.O. ...

4, 1863
2,1872
5,1870

Nov. 19, 1881

346 Moreing, C. A., Suffolk House, Laurence Pountney Hill, London, E.C. ................Nov. 7, 1874
347 Morison, John, New battle Collieries, Dalkeith, N.B.......

Dec.

348 Morris, W., Waldridge Colliery, Chester-le-Street

1858

......

4,1880

349*Morton, H. J., 2, Westbourne Villas, South Cliff, Scarborough ...

Dec.

350 Mulholland, M. L., West Cornforth, R.S.O., Co. Durham

Dec. 11, 1886

...

5, 1856

351 Mundle, Arthur, St. Nicholas' Chambers, Newcastle-on-Tyne...

June

5, 1875

352 Mundle, W., Redesdale Mines, Bellingham

Aug.

2,1873

353 Murton, Chas. J., Delaval Benwell Colliery, Newcastle-on-Tyne

Mar.

6, 1880

354 Musgrave, Henry, Havercroft Main Colliery, Wakefield

June 12, 1886

.........

...

355*Nasse, Rudolph, Geheimerbergrat, Dornsbergstrasse [Doernsbergstrasse],
6, Berlin, W., Germany

... ..............

...

Sept. 4, 1869

356 Nevin, John, ' Dunbottle House, Mirfield, Normanton .....

May

2, 1868

357 Nichol, Wm., De Beers Mine, Kimberley, South Africa......

Oct.

9, 1886

358 Nicholson, Marshall, Middleton Hall, Leeds

.........

Nov.

7,1863

Feb.

3, 1866

360 North, F. W., F.G.S., Rowley Hall Coll, Dudley, Staffordshire

Oct.

6, 1864

361 Ogden, John M., Solicitor, Sunniside, Sunderland

Mar.

5, 1857

359 Noble, Captain, C.B., F.R.S., F.R.A.S., F.C.S., Jesmond, Newcastle-upon-Tyne .....................

......

362 Ogilvie, A. Graeme, 8, Grove End Road, St. John's Wood, London

Mar.

363 Ornsby, R. E., Seaton Delaval Colliery, Northumberland

Mar. 6, 1875

364 Palmer, Sir Chas. Mark, Bart., M.P., Quay, Newcastle-on-Tyne

...

3, 1877

Nov. 5, 1852

365 Palmer, A. S., Usworth Hall, Washington Station, Co. Durham

July

2, 1872

366 Palmer, Henry, East Howie Colliery, near Ferryhill (Member
of Council)

.....................

Nov.

367 Pamely, C, 21, Morgan Street, Pontypridd, South Wales

2, 1878

...

Sept.

368 Panton, F. S., Silksworth Colliery, Sunderland.........

Oct.

5,1867

Dec.

1,1864

5, 1868

369 Parrington, M. W., Wearmouth Colliery, Sunderland [Member
of Council)........................

370 Parsons, Hon. Charles Algernon, Elvaston Hall, Ryton-on-Tyne...........................June 12, 1886
371 Peace, M. W., Wigan, Lancashire..............

July 2,1872

372 Peake, C. E.........................

Nov. 3,1877

373 Peake, R. C., Cumberland House, Redbourn, Herts
374 Pearce, F. H., Bowling Iron Works, Bradford

......

Feb.

.........

7, 1880
Oct.

1, 1857

375 Pease, Sir J. W., Bart., M.P., Hutton Hall, Guisbrough, Yorkshire

Mar.

5, 1857

376 Peile, William, Cartgate, Hensingham, Whitehaven ......

Oct.

1, 1863

377 Pickup, P. W., 71, Preston New Road, Blackburn

......

Feb.

6, 1875

378 Plummer, John, H.M. Inspector of Mines, Bishop Auckland ...

June

8, 1889

379 Potter, Addison, C.B., Heaton Hall, Newcastle-on-Tyne

Mar.

6, 1869
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380 Potter, A. M., Shire Moor Colliery, Earsdon, Newcastle (Member
of Council)........................

Feb.

3,1872

381 Potter, C. J, Heaton Hall, Newcastle-on-Tyne.....

..

Oct.

3,1874

382 Potts, Jos., Jun., North Cliff, Roker, Sunderland

......

Dec.

6, 1879

383 Prest, J. J., Kimblesworth Colliery, Chester-le-btreet ......
384 Prest, T., Bedlington Colliery, R.S.O., Northumberland
385 Price, J., 6, Osborne Villas, Jesmond, Newcastle-on-Tyne
386 Price, J. R. ........................

May 1,1875
...

June 14, 1884

...
Aug.

Mar.

3, 1877

7,1869

387 Price, S. R., c/o Messrs. Forster Brown and Rees, Guildhall Chambers,
Cardiff.....................
388 Pringle, Edward, Choppington Colliery, Northumberland

Nov.
...

389 Pringle, H. A., The Southern Coal Company of New South Wales, Limited,

3, 1877
Aug.

4, 1877

Wollongong, New South Wales

......

390*Prior, Edward G., Victoria, British Columbia.........
391 Proctor, C. P., Lightcliffe, near Halifax, Yorkshire

Dec.

4,1880

Feb.

7,1880

......

392 Ramsay, J. A., Sherburn and Littletown Collieries, near Durham
393 Ramsay, Wm., Tursdale, Co. Durham

............

Oct.

7, 1876

Mar.

6, 1869

Sept. 11, 1875

394 Rathbone, Edgar P., Johannesburg, P.O. Box 563, Transvaal,
South Africa

.....................

Mar.

395 Reid, Andrew, Newcastle-on-Tyne.........

...

7,1874
April 2, 1870

396 Rhodes, C. E., Carr House, Rotherham.............

Aug.

4,1883

397 Rich, William, Minas de Rio Tinto, Provincia de Huelva, Spain

June

9, 1888

398 Richardson, H., Backworth Colliery, Newcastle-on-Tyne

Mar.

2, 1865

Sept.

3, 1870

399 Richardson, J. W., Iron Shipbuilder, Newcastle-on-Tyne

...
...

400 Richardson, Ralph, Eppleton Colliery, Fence Houses, Co.
Durham

...........

.....

......

June

401 Ridley, G., 16, Dean Street, Newcastle-on-Tyne.........

9, 1883
Feb.

4, 1865

Nov.

7, 1874

402 Ridyard, J., Bridgewater Offices, Walkden, near Bolton-le-Moors,
Lancashire ...

...

...

..

...

...

...

403 Ritson, U. A., 6, Queen Street, Newcastle-on-Tyne

...

.....

Oct.

7, 1871

Aug.

2, 1890

404*Robertson, J. R. M., M.D., F.G.S., Linton, Mitson's Point,
Sydney, N. S. W. ..............

......

405 Robertson, W., M.E., 123, St. Vincent Street, Glasgow

...

406 Robinson, G. C., Brereton and Hayes Coll., Rugeley, Staffordshire

Mar.

5, 1870

Nov.

5, 1870

407 Robinson, R., Howlish Hall, near Bishop Auckland (Member of
Council)

........................

408 Robson, J. S., Butterknowle Colliery, via Darlington

Feb.
......

1, 1868
1853

409 Robson, T. O., Redheugh Colliery, Gateshead-upon-Tyne (Member
of Council) ......

......

............

410 Rochester, William, River View, Blaydon-on-Tyne

Sept. 11, 1875
......

Dec. 13,1890

411 Rogerson, John, Croxdale Hall, Durham...........

Mar.

412 Roscamp, J., Shilbottle Coll., Lesbury, R.S.O., Northumberland

Feb. 2, 1867

413 Ross, J. A. G., Consulting Engineer Newcastle-on-Tyne ...

...

6,1869

July 2, 1872

414 Rosser, W., J.P., Rhydyrhelig, Sketty, Swansea.........

1856

415 Rothwell, R. P., 27, Park Place, New York, U. S. ......
416 Routledge, Jos., Ryhope Colliery, Sunderland

Mar.

........

5, 1870
Sept. 11, 1875

417 Routledge, W. H, The Rhyd, Tredegar, Mon, Wales......
418 Russell, Robert, Coltness Iron Works, Newmains, N.B.

...

419 Rutherford, W., South Derwent Coll., Annfield Plain, Lintz Green

Oct.

7, 1876

Aug.

3, 1878

Oct.

3, 1874

420 Ryder, W. J. H., Messrs. Mills & Sons, Collingwood Street,
Newcastle-on-Tyne

..............
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4, 1876
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Elected.

421*Saise, Walter, D.Sc. (Lond.), F.G.S., M.Inst.C.E., Manager
E.I.R. Collieries, Giridi, Bengal, India............

Nov. 3, 1877

422 Sawyer, A. R., Ass. R.S.M., F.G.S., late H.M. Insp. of Mines,
Manager Transvalia Land Ex. and Mining Co., Ld., and
La France Gold Mg. Co., Pretoria, Transvaal. Transactions
to 40, Brompton Sq., London, S.W. ............

Dec.

423 Scarth, W. T., Raby Castle, Staindrop, Darlington

......

April 4, 1868

424 Scott, Andrew, Broomlnll Colliery, Acklington.........

Dec.

425 Scott, C. F., Grove Cottage, Leadgate, Co. Durham

...

6, 1873

...

7,1867
April 11, 1874

426 Scott, Walter, 46, Senhouse Street, Maryport .........

Sept. 6,1879

427 Scott, Wm., Brancepeth Colliery Offices, Willington, Co. Durham

Mar.

428 Scoular, G., Cleator Moor, via Carnforth ...

...

July

429 Selby, Atherton, Leigh, near Manchester

.........

...

...

4, 1876
2,1872

Oct. 13,1883

430 Seymour, L. Irving, De Beers Consolidated Mines, Ld., Kimberley,
South Africa

....................

Feb. 14,1891

431 Shaw, W., Wellington Cast Steel Foundry, Middlesbrough
432 Shiel, John, Framwellgate Colliery, Co. Durham

...

June 3, 1871

......

May

433 Shipley, T., Woodland Colliery Office, Woodland, Butterknowle,
R.S.O., Co. Durham

..................

Aug. 2, 1884

434 Shone, Isaac, Great George Street Chambers, Parliament Square,
London, S.W. ....................

1858

6, 1871

435 Shore, Wm. Martin, Manager, Kaitangata Railway and Coal
Co.'s Collieries, Otago, New Zealand .............

April 13, 1889

436 Shute, C. A., Portland House, Eastbourne, Darlington......

April 11, 1874

437 Simpson, F. L. G., Mohpani Coal Mines, Gadawarra, C.P., India

Dec. 13, 1884

438 Simpson, F. R., Connock Chase Colliery, Walsall.........

Aug.

4, 1883

Dec.

6, 1866

439 Simpson, J., Heworth Colliery, near Gateshead-on-Tyne

...

440 Simpson, J. B., F.G.S., Hedgefield House, Blaydon-on-Tyne
(President, Member of Council)

............

441 Simpson, R., Moor House, Ryton-on-Tyne ..

Oct.

.........

4,1860
Aug. 21,1852

442 Slinn, T., Plashetts Colliery, Falstone, Northumberland

...

July

2, 1872

443 Smith, Eustace, Wire Rope Manufacturer &Shipbuilder,Newcastle

June 11, 1887

444*Smith, R. Clifford, F.G.S., Ashford Hall, Bakewell

Dec.

5, 1874

445 Smith, T. E., Phoenix Foundry, Newgate St., Newcastle-on-Tyne

Dec.

5, 1874

446 Sopwith, A., Cannock Chase Collieries, near Walsall

Aug.

1, 1868

......

...

...

447 Sopwith, Thos., 6, Great George St., Westminster, London, S.W.

Mar. 3,1877

448 Southern, E. O., Ashington Colliery, near Morpeth

Dec.

...

...

5, 1874

449 Southern, R., Burleigh House, The Parade, Tredegarville, Cardiff

Aug. 3, 1865

450 Southworth, Thos., Hindley Green Collieries, near Wigan

...

May

451 Spence, R. F., Cramlington, R.S.O., Northumberland ...

....

Nov. 2, 1878

452 Spencer, Francis H., Robinson Gold Mining Co., Witwatersrand
453 Spencer, John, Westgate Road, Newcastle-on-Tyne

2, 1874

......

Dec. 13, 1890
Sept. 4,1869

454 Spencer, John W., Newburn, near Newcastle-on-Tyne ...

...

May

4, 1878

455 Spencer, T., Ryton, Newcastle-on-Tyne

...

Dec.

6, 1866

...

...

...

456 Stansfeld, Harold Sinclair, Flockton Manor, Wakefield

...

Oct. 13, 1888

457 Steavenson, A. L., Durham (Vice-President, Member of Council)

Dec.

6, 1855

458 Stephenson, G.R., 9, Victoria Cham., Westminster, London, S.W.

Oct.

4,1860

459 Stevens, James, 9, Fenchurch Avenue, London, E.C.

Feb. 14, 1885

...

460 Stobart, F., Biddick Hall, Fence Houses............
461 Stobart, H. T., Wearmouth Colliery, Sunderland
462 Stobart, W., Pepper Arden, Northallerton

......
.........

463 Stobart, Wm. Ryder, Etherley Lodge, Darlington

...

Aug.

2, 1873

Oct.

2,1880

July 2,1872
......

Oct. 11,1890
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464 Stoker, Arthur P., Birtley, near Chester-le-Street

......

465 Storey, Thos. E.,Clough Hall Iron Wo rks,Kidsgrove, Staffordshire
466 Straker, J. H., Stagshaw House, Corbridge-on-Tyne

......

Oct.

6, 1877

Feb.

5, 1872

Oct.

3, 1874

Dec.

3,1870

467 Stratton, T. H. M., Cramlington House, Northumberland
(Member of Council)

..................

468 Streatfield, Hugh S., Ryhope Colliery, near Sunderland

...

June 8, 1889

469 Swallow, J., Bushblades House, Lintz Green, Newcastle-on-Tyne

May

470 Swallow, R. T., Wardley Hall, Newcastle-on-Tyne

1862

......

471 Swan, H. F., Beaufront Castle, Hexham............
472 Swan, J. G., Upsall Hall, near Middlesbrough

2, 1874

Sept. 2,1871
........

Sept. 2, 1871

473 Tate, Simon, Trimdon Grange Colliery, Co. Durham (Member of
Council

........................

Sept. 11, 1875

474 Taylor, Hugh, King Street, Quay, Newcastle-on-Tyne......
475 Taylor, T., Quay, Newcastle-on-Tyne

Sept. 5, 1856

............

July

476 Taylor-Smith, Thomas, Heathdale, Gosforth, Newcastle-on-Tyne

2,1872
Aug. 2, 1866

477 Telford, W. H., Hedley Hope Collieries, Tow Law, R.S.O., Co.
Durham

.......................

Oct.

478 Thompson, Charles Lacy, Milton Hall, Carlisle.........
479 Thompson, R., Jun., 19, The Crescent, Gateshead

3, 1874

Feb. 10, 1883
......

Sept. 7, 1867

480 Thompson, W., Ross Buildings, Charters Towers, North
Queensland, Australia

...

...

...

...

...

...

Aug. 4, 1888

481 Thomson, John, Eston Mines, by Middlesbrough.........

April 7,1877

482 Thomson, Jos. F., Manvers Main Colliery, Rotherham......

Feb.

483 Tinn, J., C.E., Ashton Iron Rolling Mills, Bedminster, Bristol...

Sept. 7, 1867

484 Todd, John T., Bedford Lodge, Bishop Auckland.........

Nov. 4, 1876

6, 1875

485*Tyers, John E., Nerbudda Coal and Iron Company, Limited,
Mohpani Coal Mines, via Gadawarra, C. Provinces, India ...
486 Tyzack, D., F.G.S., Mining Institute, Newcastle-upon-Tyne ...

Dec. 10, 1887
Feb. 14,1874

487 Varty, Thomas, Skelton Park Mines, Skelton, R.S.O., Cleveland
488 Vitanoff, Geo. N., Sophia, Bulgaria

............

Feb. 12, 1887
April 22, 1882

489 Vivian, John, Diamond Boring Company, Whitehaven......

Mar. 3,1877

490 Waddle, Hugh, Llanmore Iron Works, Llanelly, South Wales...

Dec. 13, 1890

491 Wadham, E., C. and ME., Millwood, Dalton-in-Furness

Dec.

...

7, 1867

492 Wain, Wm. Holt, Podmore Hall Coll., Newcastle-under-Lyne

Feb. 12, 1887

493 Walker, J. S., Pagefield Iron Works, Wigan, Lancashire

...

Dec.

4, 1869

494 Walker, Sydney Ferris, 196, Severn Road, Canton, Cardiff ...

Dec.

9, 1882

495 Walker, W., Hawthorns, Saltburn-by-the-Sea .........

Mar. 5,1870

496 Walker, Wm., Jun., H.M. Inspector of Mines, Durham......

Aug. 3, 1889

497 Walker, William Edward, Lowther Street, Whitehaven
498 Wallace, Henry, Trench Hall, Gateshead

...

Nov. 19,1881

.........

Nov. 2,1872

499 Wallau, Jacob, Messrs. Black, Hawthorn, and Co., Gateshead ...
500 Walton, J. Coulthard, Writhlington Coll., Radstock, via Bath
501 Ward, H., Rodbaston Hall, near Penkridge, Stafford

Dec. 10, 1887
Nov. 7, 1874

......

Mar. 6, 1862

502*Ward, T. H., F.G.S., Ainlea House, Alexandra Road, Crosby,
near Liverpool

.....................

Aug.

7,1882

503 Watkyn-Thomas, W., M.E., Mineral Office, Cockermouth Castle

Feb. 10, 1883

504 Watson, Thomas, Trimdon Colliery, Trimdon Grange ......

Oct. 11,1890

505 Wears, W. G.........................

June 9, 1888

506 Webster, H. Ingham, Morton House, Fence Houses
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MEMBERS.
Elected

507 Weeks, J. G., Bedlington, R.S.O., Northumberland

.....

Feb.

4, 1865

508 Weeks, R. L., Willington, Co. Durham (Member of Council) ...

June 10, 1882

509 Westmacott, P. G. B., Elswick Iron Works, Newcastle......

June 2, 1866

510 White, C. E., Hebburn Colliery, near Neweastle-on-Tyne

...

511 White, H., Walker Colliery, Newcastle-on-Tyne.........
512 White, J. F., M.E., Wakefield

1866

...............

513 White, J. W. H., Woodlesford, near Leeds

Nov. 4, 1876

July 2, 1872
...

......

514 Whitehead, James, Brindle Lodge, near Preston, Lancashire ...

Sept. 2,1876
Dec.

4, 1875

515 Whitelaw, John, 118, George Street, Edinburgh.........

Feb.

5,1870

Dec.

5, 1874

517 Widdas, C, North Bitchburn Colliery, Howden, Darlington ...

Dec.

5,1868

518 Wight, Edwd. S., Mount Keiron Colliery, Wollongong, N.S.W. ...

Dec. 12, 1885

519 Wight, W. H., Cowpen Colliery, Blyth

Feb.

516 Whittem, Thos. S., Wyken Colliery, near Coventry

......

............

520 Wilson, J. B., Wingfield Iron Works and Colliery, Alfreton ...

3,1877

Nov. 5, 1852

521 Wilson, J. D., Ouston House, Chester-le-Street........

Sept. 11, 1875

522 Wilson, John Robinson, c/o T. A. Walker, Esq., Contractor,
Manchester Ship Canal, Manchester

...

523 Wilson, Robert, Flimby Colliery, Maryport

...

...

...

.........

June 9, 1883
Aug. 1,1874

524 Wilson, W. B., Thornley Coll., by Trimdon Grange, Co. Durham

Feb.

525 Winstanley, Robt., M.E., 28, Deansgate, Manchester......

Sept. 7, 1878

526 Winter, T. B., Grey Street, Newcastle-on-Tyne.........

Oct.

527 Wood, C. L., Freeland, Forgandenny, Perthshire........

6, 1869

7,1871
1853

528 Wood, Lindsay, The Hermitage, Chester-le-Street (PastPresident, Member of Council)......

........

529 Wood, Thomas, Rainton House, Fence Houses ...

.....

Oct.

1,1857

Sept.

3,1870

530 Wood, W. H, Coxhoe Hall, Coxhoe, County Durham ......

1856

531 Wood, W. O., South Hetton, Sunderland (Member of Council) ...

Nov. 7, 1863

532 Woolcock, Henry, St. Bees, Cumberland............

Mar.

3, 1873

533 Wormald, C. F., Mayfield Villa, Saltwell, Gateshead-on-Tyne ...

Dec.

534 Wrightson, T., Stockton-on-Tees ...............

Sept. 13, 1873

535 Young, John A., 7, Tyne Vale Terrace, Gateshead
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Associate Members.

......

8, 18S5

Dec. 10, 1887

27

Marked * are Life Associate Members.
Elected.
1 Armstrong, J. H. St. Nicholas' Chambers, Newcastle-on-Tyne ...

Aug.

2 Armstrong, T. J., Hawthorn Terrace, Newcastle-on-Tyne

Feb. 10, 1883

...

1, 1885

3 Audus, T , Mineral Traffic Manager, North Eastern Railway,
Newcastle-on-Tyne.....................
4*Bell, Thos. Hugh, Middlesbrough-on-Tees............

Aug. 7, 1880
Dec. 11, 1882

5 Brough, Bennett H., A.R.S.M., F.G.S., 5, Robert Street,
Adelphi, London, W.C...................

Dec. 10, 1887

6 Burdon, A. E., Hartford House, Cramlington, Northumberland

Feb. 10, 1883

7*Carr, William Cochran, Benwell Colliery, Newcastle-on-Tyne...

Oct. 11, 1890

8 Cochrane, Ralph D., Hetton Colliery Offices, Fence Houses ...

June 1, 1878

9 Cockburn, W. C., 1, St. Nicholas' Buildings, Newcastle-on-Tyne

Oct.

10 Cooper, R. W., Solicitor, Newcastle-on-Tyne

Sept. 4, 1880

.........

8, 1887

11 Edwards, F. H., Forth House, Bewick Street, Newcastle-on-Tyne

June 11, 1887

12 Fletcher, William, Brigham Hill, via Carlisle.........

Oct. 13,1883

13 Guthrie, Reginald, Neville Hall, Newcastle (Treasurer)

...

Aug. 4, 1888

14 Hedley, E., Rainham Lodge, The Avenue, Beckenham, Kent ...

Dec.

15 Hedley, J. Hunt, John St., Sunderland ............

June 13,1891

16 Hedley, T. F., Jun., Valuer, Sunderland............

April 23, 1887

17 Henderson, C. W. C, The Riding, Hexham

.........

2, 1871

Dec. 11, 1882

18 Henzell, Robt., Oil Manufacturer, Close, Newcastle-on-Tyne ...

April 11, 1891

19 Hooper, Edward, c/o J. H. Hooper, College Precincts, Worcester

June 4, 1881

20 Hopper, J. I., Wire Rope Manufacturer, Tyne Dock, South Shields

Dec.

21 Irvine, Joseph R., Hendon Ropery, Sunderland ...

.,.

...

3, 1888

Dec. 10, 1887

22*Pease, Arthur, Darlington..................

Dec. 11,1882

23*Proctor, John H, Ironmonger, 29, Side, Newcastle-on-Tyne

June 8, 1889

24 Redmayne, R. Norman, Chemical Manufacturer, &c, 26, Grey
Street Newcastle-on-Tyne

...............

Oct. 12,1889

25 Ridley, Sir Matthew W., Bart., M. P., Blagdon, Northumberland
26 Scurfield, George J., Hurworth-upon-Tees, Darlington

...

Feb. 10, 1883
Dec. 11, 1882

27 Shaw, Saville, Durham College of Science, Newcastle-on-Tyne

April 13, 1889

28 Topley, William, F.R.S., F.G.S., of H.M. Geological Survey,
28, Jermyn Street, London, S.W. ............

Oct.

29 Wilson, Arthur P., Mansion House Chambers, Queen Victoria
Street, London, E.C.
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...

...

...

Aug. 3, 1889

ASSOCIATES.
Elected.

12,1889

1 Barrass, M., Tudhoe Colliery, Spennymoor

.........

Dec. 10, 1883

2 Bates, Sidney, The Grange, Prudhoe-on-Tyne

.........

Feb.

3 Bell, John, Wardley Colliery, Newcastle-on-Tyne
4 Chandley, Charles, Aberdare, South Wales

......

8,1890
Feb.

.........

8, 1890

Nov. 6,1880

5 Cheesman, Ed. Taylor, Blaydon Main Coll., Blaydon-on-Tyne

Aug. 2, 1890

6 Clark, Thomas, Dipton Colliery, Lintz Green Station ......

Oct. 11, 1890

7 Draper, William, New Seaham Colliery, Sunderland ......

Dec. 14, 1889

8 Forster, John William,24, Silksworth Terrace, New Silksworth,
Sunderland........................

Dec. 14, 1889

9 Fryar, John William, Seghill Coll., Seghill, Northumberland

June 14, 1890

10 Griffiths, Ed., High Street, Coedpoeth, Wrexham

June 13, 1891

......

11 Guy, John George, M.E., 8, South Terrace, Jobs Hill, Crook,
R.S.O., Co. Durham

..................

Aug. 3, 1889

12 Hall, John Charles, Pegswood Colliery, near Morpeth

...

Dec. 14, 1889

13 Hepburn, Thomas, Langley Park, Durham............

Feb.

14 Mackintosh, Thos. L., Waterloo, Blyth ............

April 11, 1891

15 Mason, Benj., Burnopfield, R.S.O., Durham

......

...

8,1890

April 11, 1891

16 Nicholson, J. H., Seaton Delaval Colliery, Northumberland ...

Oct.

1, 1881

17 Oates, Robert J. W., Manager Rajdoha Mining Co., Limited,
via Kalkapur, P.O., Dhalbhooin, District Singhbhoom,
Bengal, India

....................

Feb. 10,1883

18 Parkinson, Wm„ 5, Elm Street, South Moor, Chester de-Street...

June 13, 1891

19 Richardson, Robert, Throckley Colliery, Newcastle-on-Tyne ...

Feb.

20 Riddell, John, Shilbottle Colliery, Lesbury, R.S.O., Northumberland
21 Ridley, Geo. D., Tudhoe Colliery, Spennymoor ........

....
Feb.

8, 1890

Dec. 14,1889
8,1890

22 Rontree, Thomas, Harton Colliery, South Shields

......

Aug. 2, 1890

23 Shaw, John, Cramlington Colliery, Northumberland

......

April 11, 1891

24 Southern, John, Heworth Colliery, Newcastle-on-Tyne.....

Dec. 14, 1889

25 Steavenson, C. H., Brotton Mines, Brotton, R.S.O., Yorkshire...

April 14, 1883

26 Stephenson, William, Garesfield Colliery, Lintz Green......

Dec. 13, 1890

27 Walton, Matthew, Dearham Colliery, Carlisle .........

Dec. 14,1889

28 Watson, Andrew, New Seaham Colliery, Sunderland
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Students.

.....

Feb.

8, 1890

29
Elected.

1 Andrews, Geo. Murray, B.A., Broomhill Coll., Northumberland

Oct. 11, 1890

2 Bell, Walter, 23, Windsor Crescent, Newcastle........

Oct. 12, 1889

3 Bitzos, N. J., Broomhill Colliery, Acklington

Feb. 14, 1891

........

4 Brown, Westgarth F., Alston House, Cardiff.........
5 Burn, Frank H, Beaconsfield, Cullercoats

Oct.

.........

Feb.

9,1886

9, 1889

6 Carr, John Evelyn, Cowpen Colliery, Blyth, Northumberland ...

June 8, 1889

7 Cochrane, Napier, Aldin Grange, Durham............

Dec. 8,1888

8 Cole, Colin, De Beers Mine, Kimberley, South Africa ......

Oct. 18, 1882

9 Crawford, James Mill, Murton Colliery, near Sunderland

...

Dec. 11, 1882

10 Forster, George W., Heworth Colliery, near Newcastle-on-Tyne

Oct.

8, 1887

11 Gallwey, A. P., c/o Ed. Chester. Esq., Box 138, Post Office,
Johannesburg, Z.A.R. ..................

Oct.

12 Haggie, Douglas, Thorncliffe Iron Works, Sheffield

......

13 Hall, Fred. W., Durham Road, Leadgate, Co. Durham

2, 1880
April 14, 1883

...

June 8, 1888

14 Hare, Samuel, Brymbo Collieries, near Wrexham, North Wales

Aug. 2, 1879

15 Hay, William, Jun., Woodview House,Stanton, Burton-on-Trent

Dec. 10, 1883

16 Hurst, George, 58, Eldon Street, Newcastle-upon-Tyne......

April 14, 1883

17 Hutt, E. H., Holdfast Main Reef Gold Mining Company, Limited,
Boksburg, Z. A. R...................

Aug. 4, 1883

18 Kellett, Matthew H., Castle Eden Colliery, near Castle Eden

April 11, 1891

19 McMurtrie, G. E. J., Foxes Bridge Coll., Cinderford, Gloucestershire .........

Aug. 2, 1884

20 Mordy, Wm., Kimblesworth Colliery, Chester-le-Street......

April 11, 1891

21 Nicholson, A. D., Elemore Colliery, Fence Houses, Co. Durham

June 13, 1885

22 Patterson, Thomas, Craghead, Chester-le-Street.........

April 13, 1889

23 Potter, E. A., Cramlington, Northumberland

.........

Feb.

6, 1875

24 Pringle, Hy. Geo., Tanfield Lea Colliery, Lintz Green Station, Newcastle ..... Dec.
25 Redmayne, R. A. S., Manager, Walmsley Collieries, Limited,
near Newcastle, Natal, South Africa ..............

Dec. 13,1884

4, 1880

26 Ridley, Wm., South Tanfield Colliery, Stanley, R.S.O.,
Newcastle-on-Tyne.....................

Dec. 11, 1882

27 Ritson, Jno. Ridley, High Marley Hill, Whickham, R.S.O. ...

April 11, 1891

28 Scott, Joseph S., East Hetton Colliery, Coxhoe, Co. Durham ...

Nov. 19, 1881

29 Shute, Wm. Ashley, Portland House, Eastbourne, Darlington

April 11, 1885

30 Stanton, Philip, Trimdon Grange, Co. Durham.........
31 Sykes, Frank K., Springwell Villa, Bishop Auckland

Dec.
......

8, 1888
Feb. 13, 1886

32 Waugh, C. L. Ffalda Steam Coal Coll., Garw Valley, nr. Bridgend

Nov. 19, 1881

33 Weightman, Percy O., Sheffield Road, Woodhouse, near Sheffield

Oct. 12, 1889

34 Wood, John, Coxhoc Hall, Coxhoe, R.S.O., Co. Durham

June 8, 1889

35 Yeoman, Thomas, Brandon Colliery, Co. Durham

...
......

36 Zumbuloglon, Geo. Chrisostom, Broomhill Colliery, Acklington
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Feb. 14, 1885
Feb. 14, 1891

SUBSCRIBERS.

1 Owners of Ashington Colliery, Newcastle-upon-Tyne.
2 Birtley Iron Company, Birtley.
3 Bridgewater Trustees, c/o Clifford Smith, Esq., Bridgewater Offices, Walkden,
Bolton-le-Moors, Lancashire.
4 Marquess of Bute.
5 Earl of Durham, Lambton Offices, Fence Houses.
6 Haswell Coal Company, Haswell Colliery, Haswell, via Sunderland.
7 Hetton Coal Company, Fence Houses.
8 Hutton Henry Coal Company, Limited, 7, Bondgate, Darlington,
9 Marquess of Londonderry, c/o V. W. Corbett, Esq., Londonderry Offices, Seaham
Harbour.
10 North Brancepeth Coal Company, Limited, 7, Bondgate, Darlington.
11 Owners of North Hetton Colliery, Fence Houses.
12 Ryhope Coal Company, Sunderland.
13 Owners of Seghill Colliery, Seghill, Northumberland.
14 Owners of South Hetton and Murton Collieries, 50, John Street, Sunderland.
15 Owners of Stella Colliery, Hedgefield, Blaydon-on-Tyne.
16 Owners of Throckley Colliery, Newcastle-upon-Tyne.

17 Owners of Victoria Garesfield Colliery, c/o George Peile, Esq., Shotley Bridge,
Co. Durham.
18 Owners of Wearmouth Colliery, Sunderland.
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CHARTER
of
THE NORTH OF ENGLAND
Institute of Mining and Mechanical Engineers
Founded 1852.
INCORPORATED NOVEMBER 28th, 1876.
VICTORIA, by the Grace of God, of the United Kingdom of Great Britain and Ireland, Queen, Defender
of the Faith, to all to whom THESE PRESENTS SHALL COME, GREETING :
Whereas it has been represented to us that Nicholas Wood, of Hetton, in the County of Durham,
Esquire (since deceased) ; Thomas Emerson Forster, of Newcastle-upon-Tyne, Esquire (since
deceased) ; Sir George Elliot, Baronet (then George Elliot, Esquire), of Houghton Hall, in the said
County of Durham, and Edward Fenwick Boyd, of Moor House, in the said County of Durham,
Esquire, and others of our loving subjects, did, in the year one thousand eight hundred and fifty two,
form themselves into a Society, which is known by the name of The North of England Institute of
Mining and Mechanical Engineers, having for its objects the Prevention of Accidents in Mines and
the advancement of the Sciences of Mining and Engineering generally, of which Society Lindsay
Wood, of Southill, Chester-le-Street, in the County of Durham, Esquire, is the present President.
And whereas it has been further represented to us that the Society was not constituted for gain, and
that
neither its projectors nor Members derive nor have derived pecuniary profit from its prosperity ;
that it has during its existence of a period of nearly a quarter of a century steadily devoted itself to
the preservation of human life and the safer development of mineral property; that it has
contributed substantially and beneficially to the prosperity of the country and the welfare and
happiness of the working members of the community; that the Society has since its establishment
diligently pursued its aforesaid
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These experiments are interesting, but there is not much prospect of finding in mixtures of dynamite
and coal-dust an explosive showing any security ; for, in spite of the results of the experiments, it
seems possible that with coal a little more inflammable, or under peculiar circumstances, difficult to
define, the coal-dust raised to a high temperature may burn in the air. The result obtained with
lignite renders this reservation necessary.
Dynamite and Lignite Dust (Brown Coal).—Lignite yields a still larger proportion of volatile matters
than coal.
A brown lignite, coming from Germany, powdered under rollers at the Sevran Powder Mill was used,
containing 62.4 per cent, of volatile matter.

A mixture of two parts of dynamite and one part of lignite ignited fire-damp. This result, though
apparently contradictory to the former, is easily accounted for, if it be considered that not only is
lignite much more inflammable than coal, but also that on distillation, a kind of charcoal,
inflammable at a low temperature, is produced.
Dynamite and Nitrate of Ammonia.—Guided by the theoretical reasons, subsequently explained,
experiments were made with mixtures of dynamite and nitrate of ammonia. These mixtures differ,
however, from those which are known under the name of ammonia dynamite, in that, not desiring
to increase the mechanical effect of the explosive, the excess of oxygen in the dynamite and in the
nitrate was not utilised by the addition of a carbonaceous substance.
An intimate mixture of 20 per cent, of dynamite (No. 1. Vonges) and of 80 per cent, of nitrate,
exploded unconfined, in two experiments did not ignite the gaseous mixture.
Nitrate of ammonia does not play here altogether the same role as substances like sal-ammoniac,
because it is itself an explosive, and gives off heat in decomposing into nitrous oxide
(N2[subscript]O) and water (H2[subscript]O). But it gives off less than dynamite, and the explosive
effect of the mixture is consequently diminished. The theory of these phenomena, will be hereafter
considered.
Gun-cotton and, Sal-Ammoniac.—Gun-cotton has been mixed with various substances. This mixing is
most difficult; and was effected under the lightest stones at the powder mill.
The first experiments were made with mixtures of mine gun-cotton with sal-ammoniac.
A mixture of 80 per cent, of mine cotton with 20 per cent, of sal-ammoniac did not ignite fire-damp
(1 experiment only), but a mixture of 75 per cent, of cotton and 25 per cent, of sal-ammoniac did
ignite it. It would be necessary in order to ensure a sufficient degree of security to increase the
proportion of sal-ammoniac, but in doing so a non-explosive point is soon reached. Similar mixtures
were, therefore, given up.
Gun-cotton and Nitrate of Ammonia.—Mixtures of cotton and nitrate ot ammonia were next tried.
Messrs. Sarrau and Vieille have made an exhaustive study of a mixture containing 60 per cent, of
endecanitric cotton, (*) and 40 per cent, of nitrate of ammonia, in which the oxygen of the nitrate
suffices, with a very small excess, to complete the combustion of the cotton.
Cartridges manufactured with this composition, some years ago at Moulin-Blanc, do not explode or
explode imperfectly. New cartridges were made at Sevran, by employing either military guncotton (= .81 cubic inch, NO2[subscript] per grain), or a much less nitrated cotton (= .68 cubic inch,
NO2[subscript] per grain).
[(*) Endecanitric gun-cotton may bo represented by C24[subscript] H29[subscript]
(NO2[subscript]11[subscript] O20[subscript].
[21]
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Cartridges containing 30 parts of military cotton and 70 parts of nitrate have ignited fire-damp twice
out of thrice.
Cartridges containing 20 per cent, of military cotton and 80 per cent, of nitrate, have ignited firedamp once out of twice.
A cartridge containing 35 per cent, of cotton (.68 cubic inch, NO2[subscript] per grain), and 65 per
cent, of nitrate ignited the fire-damp.

Cartridges containing 20 per cent, of cotton (.68) and 80 per cent, of nitrate did not ignite the gas. In
seven experiments the detonation was effected easily enough in all of them, with two caps of 23
grains of fulminate.
It appears, therefore, that cartridges containing 20 per cent, of lowly nitrated cotton, are practically
secure. It is possible that security will be still better ensured, without compromising the
completeness of the detonation, at least when confined, by still further diminishing the proportion
of cotton.
Lastly, it is clearly evident from the experiments that it is possible, by mixing an explosive with
substances which are non-explosive in themselves, or which produce a smaller explosive effect than
the explosive itself, to diminish their power, and thus to manufacture dual explosives which, while
producing sufficient mechanical effects, do not cause, at least in the majority of cases, fired without
envelope, the ignition of the gaseous mixtures which surround them.
Attention may be directed to an important point. With simple explosives, such as dynamite, the
ignition of fire-damp, if the explosive is liable to effect it, is always and certainly produced.
For certain dual mixtures the phenomena appear to be very constant; but for many others the
ignition occurs capriciously, being produced on one day and not on another. This singularity will be
explained in a later chapter.
IV.—THEORETICAL INQUIRIES.
Ignition of Gaseous Mixtures.—Two of the members of the Sub-Commission, in previous researches
(*), estimated the temperature of ignition of fire-damp at about 1,202 degs. F. These observers,
however, laid great stress on the considerable retardation of ignition, which may occur in mixtures
of fire-damp with air or even with oxygen. This retardation is naturally greatest when the
temperature, to which the mixture is heated, is about 1,202 degs. F. ; at this temperature even, the
retardation may amount to ten seconds.
This allows the perception of the possibility of this fact, in appearance paradoxical, that with a
gaseous mixture inflammable at 1,202 degs. F., gases may be produced, without causing the
explosion of the mixture, whose temperature is, as shewn hereafter, above 3,632 degs. F. But as
these gases have been formed by the detonation of an explosive, they are suddenly given off, and
under a very high pressure; they expand and cool with extreme rapidity (in some thousandths of a
second), before having had time to ignite the mixture of air and fire-damp with which they come in
contact.
Would the previous experiments have given an altogether different result had they been made in a
mixture of any other gas than fire-damp ? A cartridge made up of equal parts of dynamite and
Blanzy coal-dust, which does not ignite mixtures of fire-damp, does ignite mixtures of air and coalgas (**).
These mixtures,, however, still shew a certain retardation of ignition ; with mixtures of air and
hydrogen, this phenomenon, if it exists, is less marked; and it has been found that a plugged cap of
23 grains of fulminate, which ignites neither firedamp nor coal gas, ignites hydrogen.
(*) Mallard and Le Chatelier.— Researches on the Combustion of Explosive Gaseous Mixtures.
Annales des Mines. 8th Series. Vol. IV., p. 274, 1883.
(**) The experiments with coal-gas have been commenced ; but are not yet completed.
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Temperature of Detonation of Explosives—Formulae for its Calculation.— It is customary to look
upon explosives only as regards their force, that is to say, the intensity of the mechanical effects
which they may produce. They are now to be considered from a different point of view. The chief
consideration now, is not the force developed, but the temperature produced. This leads to an
endeavour to calculate the temperature of detonation of a mixture, whose composition, the laws of
its decomposition, and the thermo-chemical phenomena by which it is characterised, are known.
The process of these calculations is well known. As it is important to obtain figures as near as
possible to the real temperature of detonation, the increase of the specific heat of gases, as
established by the experiments of Messrs. Berthelot and Vieille, and by those of Messrs. Mallard and
Le Chatelier, is introduced. The formulae given by the latter for carbonic acid, aqueous vapour, and
the so-called perfect gases (elementary gases, carbon monoxide, hydro-chloric acid, &c.) have also
been used (*).
These calculations have been applied to numerous explosive substances, and more particularly to
mixtures of dynamite and of nitrate of ammonia, endecanitric cellulose with nitrate of ammonia, and
octonitric cellulose with nitrate of ammonia. The results are graphically shewn by the curves (Figures
5, 6, and 7). For each of the three above-named mixtures, two curves are shewn, having for
abscissas the weights of nitrate contained in ten parts by weight of the mixture. One of the curves
has for ordinates the temperatures of detonation t, the other the quantity f, which somewhat
defines the power of the explosive, and which is expressed by the equation—
[mathematical formula]
[graph]
Parts of nitrate of ammonia in ten parts of mixture.
Figure 5.—Dynamite and nitrate of ammonia.
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in which
v0[subscript] the volume of the gases produced by the explosion, reduced to 0° Cent.
and 760 mm. (29.92 inches) of mercury ;
w, the weight of these gases ;
T, the absolute temperature of explosion.
[graph]
Parts of nitrate of ammonia in ten parts of mixture.
Figure 6.—Endecanitric cellulose and nitrate of ammonia.
[graph]
Parts of nitrate of ammonia'in ten parts of mixture.
Figure 7.—Octonitric cellulose and nitrate of ammonia.

With mixtures of dynamite and nitrate of ammonia the decomposition occurs with excess of
oxygen, and the gases are completely burnt.
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With mixtures of nitric cellulose and nitrate of ammonia, the mode of decomposition, described in
the note by Messrs. Mallard and Le Chatelier(*) added to the report is adopted. When the amount
of oxygen is not sufficient to completely burn the combustible gases to carbonic acid gas and water,
it is supposed that the oxygen, after converting the whole of the carbon into carbon monoxide, is
divided between this gas and the hydrogen.
Pressure Developed by Explosives.—Formulae for its Calculation.—The exactness of the results given
by calculations have been compared with the pressure readings made by Messrs. Sarrau and Vieille.
The pressure P, developed in a volume V, with a charging density [delta], may be obtained by using
the formula of Clausius
[scientific formula]
when c, [beta], u are co-efficients peculiar to each gas.
For high temperatures, and as long as the ratio V[divided by] vo[subscript] is not too small, the
expression
[scientific formula]
may practically be eliminated.
The co-efficient u, which may be called the co-volume, is nearly the same for all gases, as shewn by
the experiments of Mr. Amagat and the calculations of Mr. Sarrau, and may be taken as equal to
0.001. (**)
Therefore

[scientific formula]

It is remarked that with a charging density of [delta], then
[scientific formula]
this formula becomes [scientific formula]
in which the co-efficients f and a can be calculated, so that the theoretical figures may be compared
with the experimental values.
Comparison of Theoretical with Experimental Pressures.—This comparison is made more simple, if
the last equation is put into the form
[scientific formula]
The line which has P [divided by] [delta] for ordinates and P for abscissae should be a straight line
whose angular co-efficient is a and the ordinate at the commencement is f.
(*) See page 69.
[25]

(**) See page 68.
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Figure 8 shews the position of these straight lines given by this equation, for
[graph]

[26]
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nitrate of ammonia, dynamite, gun-cotton, a mixture of 60 per cent, of nitrate of ammonia with 40
per cent, of military cotton, the Favier explosive, endecanitric cellulose and picric acid.
Each of these lines has been traced with the calculated angular co-efficient a. The dotted line in the
figure is the theoretical line ; the continuous line is drawn as near as possible to the experimental
points, always with the same angular co-efficient a.
The difference between the theoretical and the experimental lines for nitrate of ammonia, the
Favier explosive, and the mixture of cotton and nitrate is less than the possible errors of observation
and calculation. For dynamite the difference is only 1/30. This concordance is closer than might
have been expected.
For gun-cotton the difference is as much as 1/10, taking the latest pressure readings quoted by
Messrs. Berthelot and Vieille in their paper on fulminate of mercury, in which the results are not
perfectly concordant. But in this case, a substance is being considered whose chemical composition
is uncertain, and, moreover, whose method of decomposition on explosion is doubtful. The
calculations have been made by accepting the mode of decomposition, not actually observed, but
assumed by Messrs. Sarrau and Vieille, as being the limit towards which the observed mode tends.
The observations relative to picric acid are found to lie very nearly on a line having the calculated
inclination a. The difference between this line and the theoretical line is similar to that shewn by
gun-cotton. Picric acid is also a substance whose manner of decomposition is doubtful.
These examples amply prove that the method of calculation employed represents the facts almost
exactly. The temperature and the pressure developed by the detonation of any explosive of known
composition can, therefore, be calculated with sufficient exactness, provided that the method of
decomposition of this explosive, when detonated, is known.
The calculated curves in figures 5, 6, and 7, therefore, represent the phenomena somewhat correctly
if the decomposition of the explosive occurs conformably with that assumed in the calculation.
V. EXPERIMENTAL STUDY OF THE UNCONFINED DETONATION OF EXPLOSIVES.
Incomplete Detonation of unconfined Explosives.—Experiment has shewn that a mixture containing
67 per cent, of dynamite, and 33 per cent, of sal-ammoniac ignites fire-damp; that a mixture of 40
per cent, of sal-ammoniac ignites it seldom; and that a mixture of 50 per cent, of sal-ammoniac does
not ignite it. Now if the curve which represents the temperatures of detonation of these mixtures be
continued downwards, the mixture of 33 per cent, of sal-ammoniac will develope a temperature of
2,732 degs. F. ; the 40 per cent, mixture, a temperature of 2,012 degs. F., and the 50 per cent,
mixture a temperature of 743 degs. F., if the decomposition can be considered as complete in each
case. Moreover, this assumption is certainly incorrect for the 50 per cent, mixture, because, at the
temperature of 743 degs. F., sal-ammoniac is not decomposed. Admitting the correctness of the
hypothesis for the other mixtures, it may be concluded that the temperature, which the gases from
the explosion should not surpass to ignite the fire-damp, is lower than 2,912 degs. F. This deduction
is not correct, as will be shewn hereafter.
Lastly, it may be said that explosives, especially if they consist of dual mixtures, on the contrary, are
not always decomposed in a complete manner when exploded unconfined.
[27]
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Method of Experiment. —It is interesting to study this fact with precision. For this purpose the
amount of heat developed by the detonation of an unconfined explosive, was measured by, in some
way, transforming the boiler into a calorimeter. A cartridge, exactly weighed, is fired in the boiler,
closed and filled with air. A water-gauge is used to measure at known intervals, starting from the
moment of firing, the excess pressure P'-P of the air in the boiler above the initial pressure. A curve,
representing these observations, is used to determine, by extension, the pressure exerted at the
moment of detonation, which cannot be directly observed on account of the shock imparted at that
moment to the water in the water-guage. Figure 9 shews examples of the curves so drawn. The
precise significance of the figured curves will be indicated further on.
[graph]
The measurements thus made are evidently inexact; however, they are sufficient for the
desired object.
The volume of the boiler being 359.2 cubic feet, the volume of gases resulting from he explosion of
the cartridge (the weight of which is from 772 to 1,543 grains) is relatively insignificant.
The increase of the pressure of the air inside the boiler is, therefore, almost entirely due to the
increase of temperature of this air, raised from t to t' by the effect of the heat Q developed by the
detonation. If w be the weight of air in the boiler, and c the specific heat with constant volume,
then
w c (t'~t] = Q.
Moreover, P and P' being the pressures expressed in metres of water before and after the
detonation, T = t + 273 the absolute temperature of the air before
explosion, P its pressure in metres of water, then—
[scientific expressions]
[28]
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Again,
[scientific expressions]

[in which H is the height of barometer in millimetres of mercury, 10.171 cubic metres is the capacity
of boiler, and 1.293 kilogrammes is the weight of one cubic
metre of air at normal temperature and pressure.]
Experimental Result for Dynamite.—Almost completely detonated unconfined.— Take the case of
dynamite. A cartridge (curve N fig. 9) of 772 grains of dynamite (Vonges at 75 per cent.), detonating
unconfined, develops a pressure
P' — P = 0-83.
Hence

Q = 48.5,

and for 100 grammes (1,543 grains),
Q = 97.

The heat produced by the complete decomposition of dynamite, may be reckoned at 1,110 calories,
or 55.5 calories for 50 grammes. The silica, however, absorbs a certain quantity of heat which is
taken at 138 calories (the temperature of detonation of dynamite being equal to 5,252 degs. F., and
the specific heat of the earth being 0.19). If this quantity of heat is not immediately restored to the
air in the boiler, the quantity of heat Q would not be more (for 10 grammes) than 97.2 calories. The
figure differs so little from that observed experimentally, that it may be assumed that the
detonation of uuconfined dynamite causes its complete decomposition.
Experimental Results for Various Explosives.—If similar calculations are made for the other
explosives, the results contained in the annexed table are obtained.
This table shews that dynamite, as previously mentioned, detonates almost perfectly when
unconfined.
Military gun-cotton ( = .81 cubic inch) approaches very nearly to complete detonation under the
same conditions.
In mining gun-cotton, even for certain mixtures, low in nitrogen, of cotton of .68 and of nitrate of
ammonia, and for mixtures of dynamite and of sal-ammoniac, the amount of heat disengaged on
detonation is greater than the theoretical quantity.
With most of the other explosives the amount of heat disengaged on detonation is less than the
theoretical amount ; it should be concluded from this that these explosives only detonate
imperfectly when unconfined.
This imperfect detonation is doubtless due to the fact, that the reactions assumed in theory, and
which are actually produced in a closed vessel, as will be shewn further on, have not time to be
produced, when the explosive is not confined, in the infinitely short time during which the gases are
kept in contact. Not only are the reactions very incomplete, but they become altogether different
reactions from those expected. Mr. Berthelot has laid great stress on this possible variation in the
nature of the decompositions and reactions, more especially in the case of nitrate of ammonia.
Moreover, one imagines that the phenomena would be still more marked with dual explosives, in
which it is assumed : (1) That the detonation of one of the two substances entails that of the other,
and (2) that the gases produced by the simultaneous detonation react on each other. These two
hypotheses may both fail together, or the first may be realised without the second.
[28]

USE OF EXPLOSIVES IN MINES.

29

[table]
I
(1) Calculated assuming 17.5 per cent, dinitro-benzol, and 82.5 per cent, of nitrate of ammonia.
(2) Decomposed to Ba CO3[subscript].
(3) Decomposed to Ba CO3[subscript].
(4) Quantity of heat calculated assuming complete combustion of the nitroglycerine and simple
dehydration of the alum.
(5)These quantities of heat are calculated on the supposition of the decomposition of the salammoniac into HCl2[subscript] +N +3H, and the complete combustion of the nitro-glycerine.

The first case is that of mixtures of dynamite and of sal-ammoniac, which develop an amount of heat
little inferior to that caused by the detonation of dynamite alone. The speed of decomposition of
the sal-ammoniac is too slow to allow time for that decomposition to be effected, and the effect of
the detonation of the dynamite is doubtless to decompose a very small part of the mixed salt and to
project the rest which acts as an inert body.
It will be seen later on that the decomposition of sal-ammoniac has not sufficient time allowed, even
when the explosive is stemmed in a tin tube of .98 and 1.57 inches in diameter.
[30]
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Ammonia-alum, mixed with dynamite, seems to act differently to the sal-ammoniac, as the quantity
of heat observed is almost equal to that deduced from the combustion of the nitro-giycerine and the
dehydration of the alum. It will be shewn, however, later on that there is reason to doubt the
correctness of this conclusion.
Moreover, these facts very well explain the capricious phenomena that explosives, especially the
dual explosives, produce, detonating unconfined, as regards the ignition of fire-damp. When an
explosive is not completely detonated, the reactions consequent on its detonation cannot be
precisely defined, and may vary a great deal, under the influence of secondary conditions. Notably,
they will vary when the explosive is fired by a more or less powerful detonator ; when the explosive,
at the moment of detonation, is raised to a more or less high temperature, the elevation of
temperature producing complete detonation, &c.
The anomalies met with in the Prussian experiments, and in the French, thus receive a satisfactory
explanation.
It is supposed consequently, that the safety of an explosive, detonating imperfectly when
unconfined, cannot be completely assured, if, among all the possible methods of decomposition for
this explosive, even one is found liable to ignite firedamp.
The object to be attained in the search for an explosive of perfect safety, if one exists, is, therefore,
to find an explosive, always detonating completely when unconfined without igniting fire-damp ; or
to find an explosive which, when partially detonating, cannot take any mode of decomposition
capable of igniting fire-damp.
Peculiar Phenomena Exhibited by Low-nitrated Cottons, Detonating Unconfined.— A very curious
fact, an apparent paradox, is that compressed mining cotton always ignites fire-damp, and that
compressed military cotton, though more highly nitrated, and having a higher temperature of
detonation, does not always ignite it. The experiments on detonation explain this anomaly.
Indeed, the detonation of a cartridge of 772 grains of military cotton has twice given a pressure
equal to 28.35 inches, which corresponds very nearly, as already mentioned, to the complete
decomposition of the cotton.
A 772 grain cartridge of mining cotton has twice consecutively produced a proportionately
enormous pressure, which the pressure gauge could only imperfectly register, but which must have
been higher than 58.27 inches, corresponding to 341.4 units of heat, or 3,097 units per pound. The
decomposition of mining cotton (nononitric cotton) should disengage about (*) 1,862 units of heat
per pound (aqueous vapour), and the heat from complete combustion is, according to Mr.
Berthelot, about 4,232 units.

It is, therefore, perfectly evident .that the gases yielded from the explosion of mining cotton are,
after the explosion, burnt almost completely when unconfined.
Why does this phenomenon not occur with military cotton, whose gases are also combustible ? It is
difficult to reply. All that can be said is that an equivalent of a nitro-cellulose of n degree necessarily
yields (if it be assumed that the decomposition produces only CO2[subscript], CO, H2[subscript]O, H,
and N.), a volume of combustible gas (CO + 2H) equal to
(48—5n[divided by]2 x 22.32.

(*)

(*) See Note a, page 60.
[31]
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The volume of combustible gas increases, therefore, as n diminishes ; it is equal to 25.5 x 22.32 litres
= 568.7for enneanitric cellulose, and to 20.5 x 22.32 litres = 457.2 for endecanitric cellulose. The
gases from the detonation of the former are, therefore, a little more combustible than those from
detonation of the latter. Nevertheless it is singular that such a slight difference should have such a
marked effect.
However this may be, this well-ascertained phenomenon immediately explains why cottons low in
nitrogen, such as that yielding .68 cubic inch of N02[subscript] per grain, and whose temperature of
detonation should be less than 3,632 degs. F., easily ignite fire-damp, when military cotton (yielding
.81 cubic inch of N02[subscript] per grain), whose temperature of detonation is about 4,784 degs. F.
does not always ignite it.
The mixtures of cotton-powder (=.68) and nitrate of ammonia, containing 90 per cent, and 80 per
cent, of cotton, when exploded unconfined, disengage an amount of heat greater than the
theoretical quantity. The oxygen from the nitrate does not burn off enough of the gases yielded by
the decomposition of the cotton for them to remain capable of being completely burnt.
Explanation of the Phenomena presented by Mixtures of Gun-Cotton and Nitrate of Barium—
Pyroxyline-Powder.—The same phenomena allows the suggestion of an explanation of a fact which
has astonished many. Pyroxyline-powder, which contains 60 per cent, of cotton (=.71), 30 per cent.
nitrate of barium, and 6 per cent. nitrate of potash, ignites the fire-damp only exceptionally,
although cotton alone on the one side and mixtures with larger proportions of nitrate of barium on
the other side invariably ignite it.
Gun-cotton containing .71, corresponds almost to octonitric cotton ; its temperature of detonation
is, therefore, about 3,632 degs. F. It will not ignite the fire-damp if the gases from detonation do not
happen to burn unconfined; for it will be demonstrated later that the apparent temperature of
ignition of fire-damp, under the influence of explosives, is about 3,992 degs. F.
If the cotton is mixed with a sufficient quantity of nitrate of barium to burn the gases yielded by the
explosion, the temperature of the detonation is raised to 4,622 degs. F., if the dissociation of the
carbonate after explosion is assumed. This temperature is sufficient to ignite fire-damp.
But if the proportion of nitrate is diminished, the temperature is lowered and the gases of the
detonation are burnt sufficiently by the oxygen of the nitrate to be no longer inflammable, and to
act like those of military cotton.
Mixtures could, therefore, be found like that constituting the pyroxyline powder, whose
temperature of detonation will be so low that they will not ignite fire-damp, at least regularly.

Force of Explosives.—Hitherto the force of explosives has not been considered. This element is not
the important element in the matters that have been considered. What the worker of a fiery mine
first seeks, is an explosive whose temperature of ignition will be so low that the detonation can
never kindle the gas. As for the force of the explosive, generally it is more than sufficient ; the
worker will be satisfied if the new and safe explosive, which will be given him, does not cost more,
per unit of force, than the explosives now in use.
But it is easy to shew that not only does the unit of force cost no more, but that the price may be
materially diminished.
Take, for example, mixtures of dynamite and nitrate of ammonia. It is evident on examining the
results of figure 5, for the mixture of 80 per cent, of nitrate, the quantity f which measures the
pressure obtained is 477 foot-pounds, the same
[32]
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quantity / for dynamite alone being 680 foot-pounds. The useful effect of the mixture is, therefore,
about three-fourths that of dynamite. But if the selling price of nitrate of ammonia is 4 3/4d. per lb.,
and that of dynamite is 1s. 1d. per lb., the selling price of the mixture will be 6.4d. per lb., that is to
say, less than half that of dynamite.
It is true that the fixed duty of 8.6d. per lb. slightly modifies the result and raises the price to 1s. 9
1/2d. per lb. for dynamite, and to 1s. 3d. per lb. for the mixture. But the ratio between these two
costs is little less than three-fourths ; and doubtless the proportion of nitrate might be increased.
The unit of useful effect can, therefore, be obtained at less cost with this dual explosive than with
dynamite. It is true that effects of as great intensity cannot be produced, but these effects are
useless and can even become injurious in the working of coal in mines.
Possible Influence of the Aqueous Vapour contained in Air, on the Inflammability of Fire-damp.—In
conclusion, an observation which became evident, as soon as the atmospheric temperature became
high, and which possibly may have a certain importance, should be mentioned.
On two occasions, the 19th of May and the 4th of June, experiments were made in warm and sultry
weather ; on the 19th of May especially, the experiments were made in the morning, the weather
was oppressive and seemed to presage the thunderstorm which burst in the evening. Explosives
which had never ignited fire-damp either before or since, did ignite it on this day. Thus pyroxyline
powder, which produced ignition twice consecutively, has never reproduced the same effect since.
On the 4th of June, the stormy character of the weather was less pronounced than on the 19th of
May, but still it was very marked, and the mixture of 67 per cent, of dynamite and 33 per cent, of
ammonia-alum, which had not ignited gas, either on the 24th of April or the 1st of June, ignited firedamp on that day. Pyroxyline powder, however, remained unaffected.
It is not believed that the rise in temperature was the only cause of the increase in the
inflammability of the fire-damp, for, on the 1st of June, the temperature was higher than on the
19th of May or the 4th of June; but the weather was very dry, and the result in question was not
observed. One is inclined to believe that the aqueous vapour, which is present in the air in
considerable quantities in warm and stormy weather, would be the preponderant factor. It is
possible that the retardation in the ignition of the fire-damp may diminish with the increase in the
quantity of the aqueous vapour contained in the air. Indeed it is recognised, and an English chemist,

Mr. Dixon in particular, has thrown a light on this phenomenon, that carbon monoxide does not
combine with oxygen under the influence of the electric spark when these gases are perfectly dry.
A similar fact for fire-damp mixtures would be of great importance in mines, where the air is most
frequently saturated with moisture. Laboratory experiments, which are in progress, but are not yet
completed, can alone make this question clear.
Summary.—In reviewing this first part of the researches, it may be said, without entering anew into
details of the experiments, that they demonstrate that it is possible, by mixing certain substances
with explosives whose detonation ignites fire-damp, to lower the temperature of this detonation, so
that the resulting gases do not ignite, at least under ordinary conditions, the fire-damp mixtures
amongst which they are detonated unconfined.
[33]
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Among the mixtures tested by the Commission, those which are the most worthy of examination,
are—
(1) The pyroxyline powder of Moulin-Blanc, which, however, under circumstances perhaps rather
exceptional, has twice ignited fire-damp, the total number of trials being 19.
(2) The mixture of 20 per cent, of gun-cotton (low in nitrogen) with 80 per cent. of nitrate of
ammonia, whose theoretical temperature of ignition is 3,488 degs. F. with f = 542 foot-pounds,
which in seven trials did not once cause ignition.
(3) The mixture of 20 per cent, of dynamite with 80 per cent. of nitrate of ammonia, whose
theoretical temperature of ignition is 2,732 degs. F. with f = 453 foot-pounds, which has not
produced ignition of gas, although only two trials were made.
(4) Bellite, whose composition is not known with certainty, whose detonation, difficult when
unconfined, is incomplete, even with 46 grains of fulminate, and which under these conditions has
only been thrice tested, and did not ignite the fire-damp.
With the composition as given by the inventor, the temperature of detonation would theoretically
be 3,967 degs. F. with f= 217 foot-pounds.
(5) Lastly, the Favier explosive, whose theoretical temperature of detonation would be 3,848 degs.
F., and which apparently does not explode at all when unconfined, even with heavy charges of
fulminate ; whose practicability of detonation under working conditions is not well known ; whose
intermediate detonator, such as has been proposed by the inventor, should be suppressed, and
which reduced, it is true, to a state of fine powder, has once ignited a gaseous mixture.
The trials made with bellite and the Favier explosive cannot be considered as finished. It has been
thought proper to mention these two explosives here, because the experiments already made do
not appear unfavourable, and they seem to theoretically be among the class of substances incapable
of igniting fire-damp mixtures.
The substance which appears, the most suitable for diminishing the temperature of detonation of
explosives such as dynamite and gun-cotton is nitrate of ammonia. The other substances which may
be mixed with the explosive, such as hydrated carbonate of soda, hydrated sulphate of soda,
ammonia-alum, and sal-ammoniac, are only very partially decomposed by the detonation, and their
action is, for that reason, more uncertain.

The trials made with mixtures of dynamite or of cotton with nitrate of ammonia should be
continued, and it is permissible to hope that there may be formed with these substances, mixtures
in varied proportions possessing, along with great certainty of safety, all the degrees of explosive
power which may be regarded as necessary m practice.
[34]
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CHAPTER III.
EXPLOSIVES FIRED IN A CLOSED VESSEL.
Much time has been devoted to the phenomena which explosives exhibit when detonated
unconfined, although this method of detonation, tor which they are not intended, ought to be
prohibited in mines. But it is evidently under these conditions that explosives present the maximum
daaiger, and under which it is easier to classify them as regards safety.
Moreover, it may often accidentally happen, in consequence of the imprudence or inattention of a
workman, or from any other cause, that the explosive used in the workings may be detonated
before being stemmed in the bottom of the shot-hole. The danger peculiar to unconfined detonation
is not, therefore, purely imaginary.
It is none the less true that in normal use, explosives should be fired in a closed vessel, and the
dangers which can arise under these conditions, will now be examined.
Process of Experiment.—When an explosive detonates at the bottom of a shot-hole, if the shot is
not blown out, fissures more or less great are produced in the broken mass, through which the
resulting gases escape. The variety of means by which this effect can occur is infinite, but in almost
all, if not in all, cases the gases of the explosion only come in contact with the external air, after
having exerted a certain mechanical work on the rock.
To realise something analogous in the boiler, but under conditions certainly more dangerous than
those which can be met with in practice, the explosive enclosed in a metallic tube of lead or of tin
closed at the bottom, and open at the top, was suspended in the midst of the fire-damp. The
explosive, in this tube, rested on a plug of 2 to 2 1/2 inches of clay or sand ; it was covered with a
stemming of clay, of sand, or even in certain cases, of coal-dust, generally 4 inches to 4 3/4 inches
thick.
The detonation, when it occurred, projected in a state of metallic dust the part of the tube with
which it was in contact. The lower and the upper parts of the tube usually remained nearly intact at
the bottom of the boiler.
The nature of the metal (lead or tin), and especially its thickness, could be varied. These
observations, however, have not been made, and would be of interest only with unconfined
explosives igniting fire-damp.
Experimental Results.—Under normal conditions of detonation, the explosive being well rammed
against the sides of the tube and between the two tampings, the facts summarised in the annexed
table were observed.
Doubtless, all explosives cease to ignite gas when the thickness of the sides of the tube is sufficiently
great, but the thickness adequate to produce this effect varies with the explosive.
With gun-cotton, a lead tube of 1.18 inches and 1.38 inches, and only .10 inch thick, is sufficient to
hinder ignition.

With dynamite No. 1, a lead tube 1.06 inches and 1.57 inches, or a tin tube of 0.98 inches and 1.57
inches is required.
Gelatine-dynamite acts nearly the same as No. 1 dynamite.
[35]
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[table]
With blasting-gelatine, the tin tube of 0.98 inches and 1.57 inches is not sufficient to prevent the
ignition of the fire-damp ; this is in accordance with the considerable amount of heat developed by
this explosive, which, amongst all those derived from dynamite, should be considered as the most
dangerous.
Explanation of the Effect Produced, as regards the Ignition of Fire-damp by the Tube which Envelops
the Explosive.— Work Developed by the Bursting of the Sides of the Tube.—It may be asked, what is
the cause of the effect produced by the tube, which, on the whole, does not prevent the gases of the
explosion from coming very rapidly, and at a very high temperature, in contact with the fire-damp
mixture. It appears that this cause should be solely attributed to the cooling which the gases
undergo in consequence of the mechanical work which has to be expended to impart a certain
kinetic energy to the sides of the shattered tube.
This mechanical work is considerable, and may be estimated in a very simple manner by exploding
the cartridge, stemmed in its tube, in the midst of the closed boiler filled with air, and registering the
pressure caused by the explosion, as has been previously remarked. The observed initial pressure
P'—P gives, when multiplied by the co-efficient 58.4 (see page 28), the amount of heat Q' imparted
to the air in the boiler after the explosion. But this amount of heat is equal to that Q, set free on
explosion, diminished by the amount of heat AU, equivalent to the kinetic energy U, communicated
to the walls of the tube.
If, first of all, by the unconfined detonation of the same explosive, Q has been measured ; AU can be
found by subtraction.
Under these conditions, a cartridge of 50 grammes (772 grains) of No. 1 dynamite has given (*) :—
When unconfined a pressure P'—P = .83 metre of water, corresponding to Q = 48.5.
(*) See the curves of pressure deduced from observation (p. 27. Fig. 9). It will be remarked that the
progress of cooling indicated by the curve corresponding to detonation in the tube is slower than
that corresponding to unconfined detonation. The heat transformed into kinetic energy
communicated to the fragments of the tube, is brought back into the state of heat by the impact of
the fragments against the shell of the boiler, and this heat is gradually restored to the air in the
boiler, which retards the progress of the cooling.
[36]
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In a tin tube of 0.98 inch and 1.57 inches, P'—P = .525 metre of water, Q' = Q — AU = 30.6.
Therefore,
AU =

17.9, and AU[divided by]Q = 17.9[divided by] 48.5 = 0.37.

The amount of heat transformed into work by the disruption of the sides of the tube and by the
projection of the fragments, varies, moreover, with the nature and size of the tube. Other things
being equal, it diminishes with the thickness.
Working always with dynamite it was found that, with a lead tube of 1.26 inches and 1.65 inches, the
portion of heat absorbed in mechanical work is about .44.
With a lead tube of 1.18 inches and 1.38 inches this portfon is .33.
In this experiment, therefore, a little more than a third part of the total heat is transformed into
work. This is about half of the transformation that the expansion of the hot gases resulting from the
explosion of dynamite, thoroughly stemmed in a close space, would theoretically be able to
produce.*
Apparent Temperature of Ignition of Mixtures of Fire-damp and of Air under the Influence of
Explosives.—The experimental results obtained with dynamite, moreover, allow the calculation (at
least approximately) of the temperature which the gases produced by the detonation of the
explosive should possess, in order to ignite the mixture of fire-damp and air.
In fact, since the expansion of the gases produced by the detonation of the dynamite has lost, by
communicating it as kinetic energy to the sides of the tube, .37 of its quantity of initial heat, it
preserves no more than .63 of it.
By a calculation similar to that used to ascertain the temperature of detonation, it is found that the
gases, at the moment when the tin tube, of 0.98 inches and 1.57 inches, has been shattered, come in
contact with the inflammable mixture, they have a temperature of 3,902 degs. F. The mixture not
igniting by this contact, it can be said that the apparent temperature of ignition is, under the
conditions of the experiment, above this figure.
After the projection of the tube of 1.18 inches and 1.38 inches, the temperature of the gases should
be 4,136 degs. F. ; but they ignite the fire-damp. The apparent temperature of ignition of the
mixture of fire-damp and air will, therefore, be, as far as can be judged from purely approximate
calculations, between 3,902 degs. F. and 4,136 degs. F., or about 3,992 degs. F.
If the same calculation is made for blasting-gelatine fired in a tin tube of 0.98 inches and 1.57 inches,
it is found that the temperature of the gases, after the bursting of the sides of the tube, should be
about 4,352 degs. F. These gases consequently ignite the fire-damp mixture.
It must be recollected that the high value of the apparent temperature of ignition of fire-damp,
deduced from observations, is due, at least in great part, to the considerable delay of the ignition
displayed by fire-damp mixtures, and to the very rapid expansion of the gases resulting from the
detonation of explosives, which causes an extremely quick cooling. It consequently applies only to
the particular experimental conditions under which it was obtained.
Explosion amongst Water.—Trials were made as to what effect can be attributed to the Settle
cartridges, formed, as previously mentioned, of an impermeable paper tube, closed at the bottom,
which can be filled with water, and in the midst of which the explosive is placed. This tube is
intended to be placed in the shot-hole, which it fills. It has a greater diameter than that of the
explosive cartridge which is isolated from the sides by metal projections.
(*) See note B, page 71.
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Fig. 10 [diagram]
It was found on suspending the Settle cartridge in the midst of a fire-damp mixture, and placing a
cartridge of powder in the midst of the water, that the detonation of the latter caused the ignition of
the external gas.
When the powder was replaced by a cartridge of 772 grains of dynamite, the same effect was
produced once in two trials.
Variation of Work Developed by the Gases of the Explosion with Density of Charging.—Tests were
made as to what effect an empty space left between the explosive and the tube could produce ; or,
to put it more generally, the variation of what may be called the density of charging; that is to say,
the proportion between the weight of the explosive and the volume which it occupies in the tube.
With this object 401 grains of dynamite were rammed into a tube of thin glass, of an external
diameter less than 1 inch, and this little tube was placed inside a tin tube of 0.98 inch and 1.57
inches, closed at one end, and above a plug of clay of 2 inches thick. The upper part of the tin tube
was stemmed from 4 inches to 4 3/4 inches thick with clay.
This method of charging is shewn in fig. 10, where t is the internal glass tube filled with dynamite, TT
the tin tube, A the clay plug, and B the clay stemming.
Under these conditions, the two curves of the variation of pressure are shewn by fig. 11.
The initial pressure developed by <he 26 grammes (401 grains) of dynamite detonating unconfined
(curve T), may be deduced :—
P'—P = .420 metre of water, whence Q' = 24.5.
This result is in accordance with the experiment made with 50 grammes (772 grains).
As to the detonation in the internal glass tube inside the tin tube, the initial pressure is found to
be—
P'—P = .330 metre of water, whence Q" = 19.3.
Fig. 11
[graph]
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Under these new conditions of charging, the quantity of heat AU expended in mechanical work is
equal to 5.2 calories, and the proportion of this quantity to the
total amount of heat given off from the explosion is only 5.2 [divided by] 24.5 = .21.
The mechanical efficiency which with ordinary stemming was about 1/3, is now no more than
about 1/5. (*)
This difference can be accounted for, by noting that the density of charging being diminished, the
gases of the explosion expand themselves in the tin tube before exerting pressure on its sides, and
maintaining their temperature, because there has been no work effected. The pressure exercised by
the gases on the walls of the tube being less, these sides are projected with leas force and acquire
less kinetic energy, whence there results a less production of mechanical work.**

It follows naturally for that reason that the temperature of the gases, after the destruction of the
tube, is less reduced, and in consequence higher than under the normal conditions of stemming.
Under the preceding conditions, with the internal glass tube inside the tin tube of 0.98 inches and
1.57 inches, it was found that the temperature of the gases of the explosion, after the mechanical
work effected, was equal to 4,568 degs. F. The gases of the explosion, which do not ignite fire-damp
under normal conditions of stemming, can, therefore, ignite it under these new conditions. This has
been verified with a lead tube of 1.06 inches and 1.57 inches. A cartridge of 463 grains of dynamite,
which, stemmed in the metallic tube in the ordinary way, does not ignite fire-damp, ignites it every
time when it is placed in an internal glass tube stemmed into the lead tube, as has been observed.
For a similar reason, dynamite simply poured into a lead tube of 1.26 inches and 1.65 inches, and
then stemmed, ignites fire-damp, although under the same conditions dynamite rammed down does
not ignite it.
From this, the very important practical conclusion is deduced, that it is always necessary to ram
down and carefully stem, though not excessively, the explosives in the shot-hole ; they work better
and are less dangerous.
By varying the shape of the vessel, which contains the explosive, the density of charging is not
affected, but the work imposed per unit of volume of the gases produced by the detonation is
varied. For example, by flattening the tube, the work is increased. Thus the observed fact that
dynamite enclosed in a lead tube, of circular section of 1.18 inches and 1.57 inches, ignites the gas,
although ignition is not produced when the same tube is flattened.
It has been shewn that the gases of the detonation issuing from the tin tube of 0.98 inch and 1.57
inches, which contains the internal glass tube filled with dynamite, should possess a temperature of
about 4,532 degs. F. They no longer ignite the gas, but this effect must be on the point of
production, for with a lead tube of 1.06 inches and 1.57 inches ignition took place. It appears
consequently that the apparent temperature of ignition is a little above 4,532 degs. F. By another
method, it was found to vary between 3,902 degs. F. and 4,136 degs. F. The discordance between
these two estimates will not appear considerable, if the numerous sources of error which might
affect them are considered. The latter value is a special function of very numerous variables, such as
the dimensions of the internal glass tube, the space left between the sides of this tube and those of
the metallic tube, and possibly even the shape of this space. For these
(*) This experiment shews there is no advantage in placing the explosive in a more or less enlarged
cavity, as has been often suggested for the purpose of increasing the useful effect of this explosive.
(**) See Note B, page 71.
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various reasons, the first estimate, which fixes the apparent temperature of ignition of fire-damp
mixtures at about 3,992 degs. F., appears to deserve most confidence.
Method of Detonation of Various Explosives in a Closed Vessel. —Experimental Researches.—The
results given by the detonation of explosives in tubes, have been made use of, in order to gain some
notion of the method of decomposition of these explosives in a closed vessel.
Indeed, if an explosive properly stemmed in a tin tube of 0.98 inch and 1.57 inches, is detonated in
the boiler, and if the compression produced is measured, this compression will correspond to about
.63 of the heat developed by the explosion, which can thus be at least approximately measured.

The results contained in the following table have been so obtained :—
[table]

This table shews that blasting-gelatine is not perfectly detonated, even when stemmed in a tin tube
of 0.98 inches and 1.57 inches. The complete detonation of
this substance, that is to say, the complete combustion of the gases of the cotton by the oxygen of
the dynamite, requires stronger vessels, capable of keeping the
gases a longer time in mutual contact. It is probable that gelatine, in soft rocks of little resistance,
only developes a part of its energy.
Bellite and pyroxyline-powder detonate completely in the tin tube of 0.98 inch 1.57 inches ; bellite
detonates perfectly, even in a lead tube of 1.18 inches and 1.38 inches.
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Mixtures of dynamite and sal-ammoniac detonate in the tin tube of 0.98 inch and 1.57 inches, nearly
the same, as they detonate when unconfined. The decomposition of the sal-ammoniac is not
effected or very partially so, even under comparatively favourable conditions. The speed of
decomposition of the sal-ammoniac is too little.
Mixtures of dynamite and ammonia-alum, are similar.
Mixtures of 20 per cent, dynamite and 80 per cent, of nitrate of ammonia detonate perfectly in the
tin tube of 0.98 inches and 1.57 inches.
Mixtures of cotton (= .68) and nitrate of ammonia, are similar.
Effect produced by Explosives stemmed in a Shot-hole and Ignited with Fuse.—The explosives
detonate by the action of the detonators ; they may continue to burn, at least generally, when they
are ignited by flame.
When this second method of decomposition happens, it may be the cause of special dangers in fiery
mines. If it occurs unconfined, the fire-damp would be ignited, but it is rather difficult to understand
how a similar accident could be produced in practice.
When the explosive is placed at the bottom of a shot-hole, it may be ignited by the action of the
Bickford fuse, if that fuse comes in contact with the explosive before it fires the detonator.
These conditions have been reproduced, with a dynamite cartridge well stemmed in a tin tube of
0.98 inches and 1.57 inches; into this cartridge and right to the bottom is inserted a Bickford fuse,
carrying at its end a detonator of 23 grains of fulminate. The fire-damp is ignited. This effect does
not occur if detonator is not used. Doubtless the detonator has the effect of projecting outside, the
already swollen tube, the flame which fills it entirely.
Safety, therefore, imperiously demands, as well as the useful employment of the explosive, that the
Bickford fuse should never be in contact with the explosive.
Summary,—General Rule for the use of Explosives in a Fiery Mine.— This part of the studies of the
Commission may be summarised by saying that explosives which do work are less dangerous than
those which do no work, and that they are so much the less dangerous as they work better. All the

conditions which tend to diminish the useful effect of the explosive, such as the absence of
stemming or imperfect stemming, the space left behind the stemming or between the stemming and
the stemming and the explosive, and contact between the Bickford fuse and the explosive, ought to
be avoided with the utmost care.

CHAPTER IV.
METHOD OF FIRING SHOTS IN MINES.
Detonators Plugged and Unplugged—Difference of their Effects on the Ignition of Fire-damp.—The
detonation of explosives necessitates the use of a detonator, which is usually formed of a small
cylindrical vessel of copper or brass, generally containing fulminate of mercury, more or less mixed
with other substances.
It was found, as already mentioned, that so-called plugged detonators, with 23 and even 31 grains of
fulminate, do not ignite the fire-damp. Plugged detonators with 23 grains fulminate do not even
ignite mixtures of air and coal-gas, but they do ignite mixtures of air and of hydrogen.
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Plugged detonators containing 77 grains of fulminate ignite fire-damp.
With unplugged detonators, the charge of 23 grains of fulminate, will produce ignition of mixtures of
air and of fire-damp.
The principal difference between the unplugged and the plugged detonators is that, in the latter, the
fulminate placed at the bottom of the cylinder is almost covered by a small metallic bonnet, with an
orifice at the top which exposes the fulminate and allows firing to be effected. Moreover, the
thickness of the metal is greater, and the fulminate, being more compressed, has a greater density.
According to the principles whose correctness has been demonstrated above, the plugged
detonators having a greater metallic mass and a greater density of charging, the gases resulting from
the detonation of the fulminate, expend more energy, in the shape of mechanical work, before
coming in contact with the external gas ; they ought, therefore, as has been observed, with equal
charges, to ignite gaseous mixtures with greater difficulty.
Moreover, if an unplugged detonator with 23 grains of fulminate, be lapped externally with
contiguous spirals of fine copper wire, the mechanical work that the gases of the detonation must
produce is increased, and it has been proved that, under these conditions, the detonation of the
unplugged detonator no longer ignites the fire-damp mixture. This experiment is a new
demonstration of the principles above stated.
Various Detonators.—It has been found that the detonators from Paulilles, those fired by electricity,
as well as those fired by Bickford fuse, do not ignite fire-damp. The same may be said of the Abegg
detonators, fired by electricity.
The Ruggieri and Scola (*) detonator does ignite the fire-damp mixture.
Dangers which Characterise the Bickford Fuse.—The detonation of the detonator can be caused by
the Bickford fuse, and it has been ascertained that the combustion of this fuse can occur in the midst
of a fire-damp mixture without igniting it, provided, be it well understood, that the end which is
lighted be outside the imflammable mixture.

The dangers attendant on the use of this fuse are, however, very evident.
It is safe only when of good quality, and its safety depends on the perfection of its make, which it is
impossible to control.
Another very serious cause of danger arises from the possibility of a mistake by the workman
pushing the fuse too deeply into the cartridge, and thus putting it in direct contract with the
explosive. Under these conditions the explosive, burning before detonation, may project the gases
produced by the combustion, outside the hole and produce an ignition of fire-damp. This source of
danger is so much the more grave, as the safety of the mine depends upon an operation performed
by a workman and impossible to control. Without speaking of the inconvenience which results from
lighting the end of the fuse, which can only be done at a point in the drift where the absence of firedamp is well ascertained; it, therefore, seems desirable that the use of the Bickford fuse should be
suppressed in fiery mines.
Use of Electricity.—Electricity, either tensional or in currents, may then be employed. Without
entering into a profound discussion of the various means of electric ignition, the inconveniences of
tensional electricity which may give off,
(*)The Ruggieri and Scola detonator is a kind of small rod formed of priming powder, which the
fuse, by means of a small quantity of explosive, projects, from the unstemmed orifice of the shothole, upon the cartridge placed at the bottom.
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on its circuit, sparks capable of igniting the fire-damp, and which can only be carried to a rather
short distance, when the wires are not perfectly insulated, should be considered.
It seems, therefore, that, as regards safety at least, currents at low tension are preferable.
Detonating Strings.—It was proposed to replace the electric wire by a detonating string of nitrocellulose, which would be made to explode by means of a plugged fulminate detonator placed
outside the hole, and ignited either by electricity or a friction match, or even by a Bickford fuse,
which would be much less dangerous, because then it could never come in contact with the
explosive. At the same time, the inconvenience of stemming upon a detonator which explodes by
percussion would be avoided, and that of having, after a miss-fire, a cartridge with its detonator at
the bottom of the hole.
Unfortunately, it is certain that these strings, when of small diameter, do not cause with certainty
the detonation of the less sensitive explosives such as mixtures of cellulose (low in NO2[subscript]),
and nitrate of ammonia, pyroxyline powder, &c.
On the other hand, by increasing the diameter of the string, there is perhaps the risk of too much
enlarging the pipe, which is formed by the string in the stemming, and which it widens on
detonation. The gases resulting from the detonation of the explosive might escape by this orifice,
and cause the ignition of the fire-damp mixture outside.
This idea has, therefore, been abandoned, at least until more complete experiments may have been
made on this subject.
Friction Detonators.—Lieutenant-Colonel Lauer, of the Austrian Engineers, has recently proposed to
fire explosives stemmed at the bottom of a shot-hole by a friction detonator. This detonator, sunk

into the cartridge, is set in action by means of a metallic wire enclosed in a small tube embedded in
the midst of the stemming.
This system is already exclusively employed in a number of Austrian mines, where it would appear to
be giving satisfaction. As soon as a sufficient number of Colonel Lauer's detonators are
available, experiments will be made upon them, and a report made to the Commission.
CHAPTER V.
CONCLUSIONS.
The conclusions warranted by the researches of the Commission are as follows :
1. Blasting-powder, even fired in the midst of water, can ignite mixtures of fire-damp and air.
2. Most of the known explosives, detonating uncontined, are liable to ignite fire-damp mixtures ;
dynamite, military or mining gun-cotton, particularly the latter, blasting-gelatine, gelatine-dynamite,
and ammonia-dynamite of Paulilles are in this category.
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3. It is possible, however, to find explosives which detonate at a temperature low enough not to
provoke, at least in the great majority of instances, detonating unconfined, the ignition of fire-damp
mixtures. Among the explosives tested by the Commission which realise these conditions, more or
less perfectly, may be mentioned :—
(1) Intimate mixtures of 50 per cent, of dynamite with 50 per cent, of crystallised carbonate of soda
; sulphate of soda with 10 equivalents of water ; ammonia-alum ; or sal-ammoniac.
(2) The pyroxyline powder from Moulin-Blanc.
(3) The mixture of 20 per cent, of dynamite (75 per cent.) with 80 per cent. of nitrate of ammonia.
(4) The mixture of 20 per cent, of gun-cotton (= .68 cubic inch of NO2[subscript] per grain) and 80
per cent, of nitrate of ammonia.
(5) Bellite, the composition of which is not known with perfect certainty, and which, as yet, has
undergone an insufficient number of tests.
(6) Favier explosive, made of about 90 per cent, of nitrate of ammonia, and 10 per cent, of
mononitro-naphthalene, which appears likely to equal bellite as regards safety, but whose
intermediate detonator, such as has been submitted to the Explosive Substances Commission,
should be suppressed, and upon which further experiments should be made.
4. By reason of the complexity and the lack of certainty of the phenomena which may attend the
detonation of unconfined explosives, it will always be prudent to avoid firing shots (even charged
with one of the explosives considered the safest) at a point where the mixture of fire-damp and air
may be inflammable. The choice of these explosives should be considered as considerably lessening
the danger of explosion ; it should not be considered as absolutely suppressing it.
5. Explosives must always be used under the conditions which allow them to develope the
maximum of useful work. Both economy and safety agree in the recommendation of this rule.
Consequently, the explosive must be carefully stemmed at the bottom of the shot-hole, which must
be deep enough ; the leaving of an empty space either in front of or behind the cartridge, or on one

side must be avoided ; contact must be avoided between the explosive and the Bickford fuse, if the
detonator is fired by that means, the danger of which is besides serious enough to make it desirable
to replace it by a safer means of firing.
The Commission had not to consider matters of management. It may be seen, however, that the
preceding conclusions tend to the abandonment of blasting-powder in fiery mines, and even to
throw suspicion on ordinary dynamite, blasting-gelatine, and ammonia-dynamite, as now
manufactured ; blasting-gelatine appearing to be the most dangerous of all these substances.
The explosives which can best be recommended as regards safety are dual mixtures of an explosive
such as dynamite, gun-cotton, or dinitro-benzol, with nitrate of ammonia. The mode of
manufacturing these mixtures, the manner in which they can be protected from atmospheric
moisture, and the greater or less duration of their resistance to this Influence ought to be tested. It
will also be necessary to test the useful effect of these mixtures in practical experiments, the manner
in which tney act in breaking down stone, and more particularly coal. The study of these questions
will require experiments, most of which can only be made at the mine, and by the managers.
The Commission express the desire that the Government Powder Mills should manufacture a
sufficient number of cartridges of these various explosive mixtures,
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to be distributed to those managers who would be willing to try them in a practical way.
The trials finished, there would remain the question of the manufacture on large scale. For some
of the mixtures which appear to possess good enough guarantees of safety, such as gun-cotton and
nitrate of ammonia, the Government Powder Mills have the monopoly of manufacture.
The mining industry, moreover, would only gain from the establishment of an active competition in
the manufacture of the explosives, at present almost an actual monopoly. This advantage will be still
greater when it is a question of mixtures, the comparative safety of which depends upon the exact
proportion of the mixed substances, which is difficult to regulate.
The Commission, therefore, express the view that the Government Powder Mills should take
measures to supply to the trade those mixtures based on gun-cotton recognised as advantageous as
regards the safety of fiery mines.
5th July, 1888.
The President of the Sub-Commission and Reporter,
Er. Mallard,
Adopted by the Commission at their sitting of the 5th July, 1888, P. Vieille, Secretary.
Berthelot, President.
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TABLE OF EXPERIMENTS MADE AT THE SEVRAN-LIVRY POWDER MILL.
From November, 1887, to June, 1888.
Notes.—I signifies that the gaseous mixture was ignited by the detonation of the explosive.
N signifies that there was no ignition of the gaseous mixture.

In the list of dates the numbers after the date itself show that the experiment was made
with the first, second, or third gaseous mixture prepared on that
day.
[tables]
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NOTE A.
ON THE CALCULATION OF THE TEMPERATURES OF DETONATION AND THE POWER OF EXPLOSIVES.
By Messrs. Mallard and Le Chatelier.
Theoretical calculation of the temperature of detonation.

If C is the specific heat under constant volume averaged between 0° and t[degrees] of the gaseous
products of the detonation of a certain weight of an explosive ; if Q is the heat of decomposition
corresponding to that weight, and to the mode of decomposition realised on detonation, the
temperature t is given by the formula.
(1)

Ct = Q.

The specific heat C is not constant at all temperatures as has been shewn by the experiments of
Messrs. Berthelot and Vieille (*), and our own (**).
If it be assumed that the value of C, at any temperature, is represented by a linear expression
(2)

C = a + b t,

the preceding equation becomes
a t + b t[squared] = Q.
To ascertain t; a, b, and Q, must be ascertained, which supposes that the law of decomposition is
known. This hypothesis being realised, the numerous researches of Messrs. Berthelot, Sarrau, and
Vieille will determine Q. As regards a and b, the decomposition of the explosives usually producing
condensible gases such as CO2[subscript] and H2[subscript]O, and non-condensible or perfect gases,
such as CO, HCl, and the elementary gases ; they can be deduced from the experiments, given in the
memoir already quoted from the specific molecular beats of these gases, under constant volume
and the mean temperature between 0° and t°. These expressions are in little calories (grammedegree C).
For CO2[subscript](***)
For H2[subscript]O

............
...............

For the perfect gases .........

C = 6.26 + 0.0037 t,
C = 5.61 + 0.0033 t,
C = 4.80 + 0.0006 t.

If the equivalent weight S' of the explosive is decomposed according to the formula
aCO2[subscript], + [Greek character] H2[subscript]O + [Greek character] P
P representing one molecule of a perfect gas, the co-efficients a and b of equation (2) will be
respectively
a = 6.26 [alpha] + 5.61 [beta] + 4.8 [Greek character],
b = 0.0037 [alpha] + 0.0033 [beta] + 0.0006 [Greek character]
(*) Comptes Rendus, volume 98 (1884).
(**) Comptes Rendus, volume 92 (1882), and Ann. des mines, 8th series, volume 4 (1883).
(***) Different expressions all giving the same value at 2,000 degs. (C) have been proposed for the
specific heat of carbonic acid. Preference has been given to the linear expression which leads to
the simplest calculations.
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and if Q is the heat of decomposition of the weight w, the temperature t will be found by the
formula

(3)

[mathematical expression]

FORMULA OF CLAUSIUS.—CO-VOLUMES.
Clausius shewed that the pressure P, the volume V, and the absolute temperature T, of a gas which
occupies the volume vo[subscript] under the pressure p0[subscript] at the absolute temperature 273
degs. (C), may be connected by the formula
[mathematical expression]
which, with the very high temperatures and pressures now being considered, can be materially
reduced, provided that [V divided by vo[subscript]]— be not too small, to
(1)

[mathematical expression]

The co-volume is obtained for a very small number of gases, by the mathematical deductions which
Mr. Sarrau has drawn from the experiments of Mr. Amagat (*).
He obtained the following values :—
Hydrogen

.................

0.000887

Nitrogen.....................

0.001359

Oxygen.........

0.000890

............

Carbonic acid ..................

0.000866

Marsh gas

0.001091

..................

Ethylene....................

0.000967

It is remarkable that with gases so different in all their properties as hydrogen and carbonic acid for
example, the values of u are so closely approximate. This naturally leads to the conclusion, as Mr.
Bouty remarks (**) that the co-volumes of all the gases are identical. Indeed the co-efficient u is
difficult enough to calculate, owing to the numerous experiments. The best proof is that Mr.
Sarrau, using the experiments of Mr. Amagat, found for carbonic acid u = .000866, and later when
he took into account the experiments of Regnault on saturated steam, and of Messrs. Cailletet and
Hautefeuille on the density of liquid carbonic acid, he has admitted u = 0.00115 (***) which
approximates but on the opposite side to the average 0.00101 of the six values of u for different
gases deduced from the experiments of Mr. Amagat.
Doubtless it will not be far from the truth to
assume that u has the same value for all gases ; and to take that value as equal to 0.001. This
assumption is adopted in the following calculations.
CALCULATION OF THE EXPLOSIVE FORCE.
According to formula (1)—
(2)

[mathematical expression]

P being expressed in kilogrammes per square centimetre.
(•) Comptes Rendus, volume 94, pp. 639, 718, 845 (1882).
(**) Jamin and Bouty, Cours de Physique, Complement, p. 103.
(t*** Comptes Rendus, volume 101 p, 1,145, (1885).

[59]

USE OF EXPLOSIVES IN MINES.

59

If the gas considered possesses the weight w, its density [delta] will be, [delta] = [w divided by V],
which gives
[mathematical expression]
In the experiments on the pressures developed by explosives, [delta] has been called the density
of charging.
Introducing this value of V into (2) it becomes—
[mathematical expression]
or

[mathematical expression]

or, lastly,
(3)

[mathematical expression]

supposing
(4)

[mathematical expression]

(5)

[mathematical expression]

The two co-efficients f and a are characteristics of each explosive; or in simpler terms, f is the
explosive force of the explosive, and a is its co-volume.
MODE OF DECOMPOSITION OF AN EXPLOSIVE.
The mode of decomposition of an explosive, under the influence of detonation, is only known with
certainty when this explosive contains enough oxygen to completely burn off the combustible
elements C and H, which enter into its composition. The following are included in this class; nitroglycerine C3[subscript]H5[subscript]N3[subscript]09[subscript], nitromannite
C6[subscript]H8[subscript]N6[subscript]O18[subscript], nitrate of ammonia
N2[subscript]O3[subscript]H4[subscript], and certain mixtures formed of two substances, the oxygen
in excess in one of which is sufficient to completely burn the carbon and hydrogen of the other; such
as the mixture of endecanitric cotton and nitrate of ammonia
C24[subscript]H29[subscript]N11[subscript]O42 [subscript]+ 20.5 N2[subscript]O3[subscript]H4. It is
sufficient then to admit that the explosion produces the complete decomposition of the two
substances, and that the subsequent reaction lead to the complete combustion of the dual
explosive. These assumptions will be found generally correct, at least in the case of confined
explosion.
When the explosive does not contain enough oxygen for its complete combustion, but still contains
more of it than the quantity required for the combustion of C to the state of CO, it may be assumed
that after detonation it only forms oxygen compounds, that all the carbon burns to CO, and that
there is a certain division of tne remaining oxygen between the CO and hydrogen.
The consequences which this hypothesis entails will now be examined.
If the explosive is represented by the formula Cp[subscript] H2q[subscript] Or[subscript]
N2S[subscript], the law of its decomposition will be expressed in a general manner by
[mathematical expression]
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The following equations may be then admitted :—
[mathematical expressions]
whence it may be concluded :—
1. That the volume of the gases formed at 0° is constant, whatever may be the mode of
decomposition, and equal to
v= (p + q + s) x 22.32 litres ;
2. That the sum of the volumes of the perfect gases [chemical formula], is also constant, and equal
to
(2 p + q — r + s) x 22.32 litres ;
3. That the quantity of heat at a constant volume Qg[subscript] (water gaseous) disengaged by the
decomposition, calling F the heat of the formation of the substance from its elements, is
[mathematical expression] ,
or, A being a constant independent of the mode of decomposition
[mathematical expression]
The heat of decomposition (water liquid) is
[mathematical expression],
almost independent of [Greek character], that is to say, of the mode of decomposition.
As [Greek character] cannot be negative, there is a maximum value of [Greek character], which is the
least of the two quantities q and 2 p + q — r, and a minimum value, which is either zero or r — p —
q, if that expression is negative.
In the absence of exact experiments almost impossible to make, on account of the reactions put into
play during the cooling, the variable [Greek character] may be assumed to have an average value
between the maximum and minimum. Thus the mode of decomposition would be fixed.
All these preceding remarks rest on the hypothesis that the products of decomposition are simply
the products of oxidation, and that there is no formation, during the detonation, of hydro-carbons,
such as marsh gas CH4[subscript], acetylene C2[subscript] H2[subscript], etc., or any other
compound.
Messrs. Sarrau and Vieille, in their profound researches on the decomposition of explosives (*), have
indeed found that the gases remaining within the bomb, after the detonation of endecanitric cotton,
are almost exclusively formed of oxides, for densities of charging, varying from .0098 to .3; firedamp appeared only in extremely small quantity for a density of charging of .3
They admit, that for the usual densities of charging, the decomposition of endecanitric cotton
should be, according to the formula
12 CO2[subscript], + 12 CO + 6 H2[subscript]O + 8-5 H2[subscript]+ 5.5 N2[subscript].

On the other hand, they have found that for cottons less nitrated, there are found in the products of
decomposition after the explosion, notable quantities of marsh gas, and even, with cotton of three
equivalents of nitrogen (and 17 equivalents of hydrogen), cyanogen and ammonia.
Unfortunately these results, interesting as they may be, do not give with any certainty what is
important to be known, that is to say, the composition of the gases at the moment of explosion,
whose composition has only to be taken into account in calculating the heat of decomposition, the
temperature of decomposition, and the co- efficients f and a.
(*) Memorial des poudres et saltpetres. Volume II. p. 126.
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Indeed, the analyses can only be made after cooling, that is to say, at a moment when the complex
ulterior reactions may have modified the nature of the products, more or less materially.
In the absence of any positive indications, those which result from the hypotheses just mentioned,
and which do not appear to be far removed from reality, at least for highly nitrated cottons, picric
acid, &c, may be adopted.
MODE OF DECOMPOSITION OF NITRIC COTTON.
It will be by no means useless to examine more closely the special application of these hypotheses to
nitric cottons, on account of the importance of these explosives.
The composition of any nitric cotton may be represented by
[chemical formula]
The maximum value of n will be 12 ; in practice n does not surpass 11.
Usually gun-cottons are classified according to the volume (in cubic centimetres) of nitrogen dioxide given off per gramme, in the analysis by the Schloesing process. The following is the relation
between this volume and the number n of the preceding formula.
[table]
In these calculations use has been made of the experimental results given by Messrs. Sarrau and
Vieille for the combustion of endecanitric cotton. They found that with a charging density of 0.023
and the formula of decomposition being
15 CO + 9 C02[subscript] + 5.5 H2[subscript] + 9 H2[subscript]O + 5.5 N2[subscript],
the reaction disengages 1,230 calories (liquid water), which gives for the heat of formation of guncotton, from its gaseous elements
F = + 624.
Mr. Berthelot, on the other hand, has found, by fixing 11 equivalents of nitric acid to the cotton,
according to the formula
C24[subscript] H40[subscript] O20[subscript] + 11 N03[subscript] H—11 H2[subscript]O,
it gives off a quantity of heat equal to 125.4. That gives for the formation heat (A) of cotton
C24[subscript] H40[subscript] O20[subscript],
A + 11 x 46.1-11 x 69 + 125.4 = 624,

whence

A = 800.

The heat of formation of a cotton containing n equivalents of nitrogen will be
Fn[subscript] = 800 + 41.6n — 69n + 11.4n,
or

Fn[subscript] = 800 — I6n.

Nevertheless, it must be remarked that these numbers do not agree with the figures found two
years ago, by Messrs. Berthelot and Vieille, for the heat of formation of cellulose, by the reliable
method of combustion in oxygen. They found for C6[subscript] H10[subscript] O5[subscript] = 162
grammes, A = 227.2, whence it may be calculated for C24[subscript] H40[subscript] O20[subscript] A
= 908 instead of 800. It may also be deduced that the heat of formation of endecanitric cotton is 732
instead of 624.
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Only new experiments can cause this discordance to disappear, and the cause cannot be sought in
an error in the analysis of the products of the decomposition of endecanitric cellulose, under a
density of charging of 0.023. The quantity of heat Q (water liquid) corresponding to a simple
oxidation of the carbon and of the oxygen may be easily found by the following equation :—
[chemical formula]
If

Q = 1,230, and F = 732, it becomes
1,858.4—0-8 [Greek character] = 1,962,

an impossible equation, whatever [Greek character] may be. It will, therefore, be necessary to
assume another reaction, such as a combination of carbon with hydrogen, which has not been
ascertained by observation.
However this may be, if the numbers of Messrs. Sarrau and Vieille be adopted, as well as the heat of
substitution of nitric acid given by Mr. Berthelot; if the exclusive formation of oxidised products, and
a formula of decomposition a mean between those which correspond to the minimum and
maximum of free hydrogen be adopted, the formula of decomposition of a cellulose containing n
equivalents of nitrogen may be assumed to be
[chemical formula]
when
[chemical formulae]

The heat of decomposition under constant volume Q (water gaseous) is
[chemical formula].
The volume V of the gases supplied by the reaction is constant, whatever n and [Greek character]
may be, and is equal to
V = 44 x 22.32.
TABLE OF THE TEMPERATURES OF DETONATION AND EXPLOSIVE FORCES OF VARIOUS EXPLOSIVES.
,.

The following table has been calculated, starting with the assumptions and hypothesis, which have
just been explained.
The factors have been constantly designated as follows :—
Q, the heat disengaged by the decomposition of the equivalent, the water being supposed
gaseous; expressed in large calorics (kilogramme - degree C);
Qk[subscript], the same heat for one kilogramme ;
F,

the heat of combination of the equivalent from the elements ;

w, the weight, in kilogrammes, of the portion of the equivalent, reduced to gases by the
detonation ;
w',

the total weight of the explosive ;

...

vo[subscript], the volume, in litres, of the gases formed by the detonation, reduced to 0°C and 760
mm. pressure ;
t,

the temperature of detonation ;

[delta]', the apparent density of charging, i.e., the ratio w'[divided by] V', between the weight of
the equivalent and the volume that the internal tube would have, if the charge which it
contains were one equivalent;
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[delta], the actual density of charging, i.e., the ratio between the weight w, of the gases formed, and
the volume V occupied by these gases in the internal tube. If v is the volume of the solid matters,
entering into the composition of the explosive, or formed by its detonation, then
[mathematical expression]
P, the pressure in kilogrammes per square centimetre, produced by the decomposition of the
explosive in a closed vessel, under the apparent density of charging [delta] (*) ;
,,

the force of the explosive given by the equation
[mathematical expression]

a, the co-volume represented by the expression [mathematical expression], in wnicn u is
assumed
constant, and = 0.001.
[table]

A.—SIMPLE EXPLOSIVES.
I.—Dynamite (75 per cent).
[chemical formulae and tables]
(* ) These experimental figures are published in the experiments of Messrs. Sarrau and Vieille.

(**) Sarrau and Vieille. — Memoire sur les manometres a ecrasement (Memorial des poudres et
saltpetres, Vol. I., page 415). The movement 6.50 observed with a piston of four kilogrammes has
been taken, thence P has been deduced by the formula [chemical formula]
(***) Report on the Favier explosive made to the Explosive Substances Commission, by Mr. Vieille
7th July, 1887.
(****) Deduced from the heat of formation F = + 98.2.
(*****) These figures have been supplied by Messrs. Sarrau and Vieille ; they have been only
imperfectly published in the Comptes Rendus, Vol. IV., page 1,223, (1887).
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[tables and formulae]
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[tables and formulae]
The preceding calculations, and some others, which are not reproduced here, being of less interest,
are the calculations from which the curves, shewn in figures 5, 6, and 7,* have been traced. These
curves shew the manner in which the temperature of detonation, and the explosive force f, vary for
mixtures, in different proportions, of dynamite or gun-cotton with various substances liable to
decomposition under the influence of a high temperature.
COMPARISON BETWEEN THE CALCULATED PRESSURES AND THE PRESSURES
EXPERIMENTALLY OBSERVED.
The calculated figures for the temperatures of detonation and the explosive forces f, depend on such
of the calorimetric indications as can be considered certain; upon the formulae of the decomposition
of explosives which are only certainly known when the explosive is completely burnt; lastly, upon
the values of the specific gaseous heats deduced from these experiments. It is very interesting to
compare the calculated results with the observations of Messrs. Sarrau and Vieille on the pressures
developed by the gases resulting from the decomposition of explosives in closed vessels.
Indeed these pressures may be calculated by the formula
(1)

[scientific formula]

when f is known. But there is then interposed another co-efficient a which is never known with
certainty. Furthermore the preceding equation which is no other than that of Clausius, has, up till
now, only been verified for comparatively small pressures and for very high temperatures.
(*) See pages 22 and 28,
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The attempted verification will, therefore, depend on four elements :—

1st. The accuracy of the law of increase of specific heats which has been assumed, and that of the
independence of the specific heat and of the pressure, which has been ascertained by Messrs.
Berthelot and Vieille, as well as by ourselves, as far as 16 or 17 atmospheres ;
2nd. The accuracy of the expression (1) which follows directly from the equation of Clausius ;
3rd. The accuracy of the value 0.001 which has been assigned to the co-volume, and which has been
assumed to be the same for all gases;
4th. The correctness of the mode of decomposition of the explosive, adopted in the calculations.
For this verification formula (1) has been transformed into
(2.)

[scientific formula]

The experimental pressures P under the various charging densities [delta] being known, calculating
P [divided by] [delta] , and considering the values of P as the abscissae and the values of P [divided
by] [delta] as the ordinates of a line; this line, if the theories are correct, should be a straight line,
the angular co-efficient of which [scientific formula] depends solely upon the co-volume, and whose
originating ordinate f depends upon the temperature of detonation to which it is proportional, and
the gaseous volume which itself depends upon the law of decomposition.
The experimental points having for their abscissae P and for their ordinates P [divided by] [delta]
should be placed on this theoretical straight line.
If the specific gaseous heats and the law of decomposition assumed in these theoretical calculations
are not accurate, but if the law of the co-volume is so, the experimental points should be in a
straight line ; lastly, if the value assumed for the co-volume is accurate, which assumes the
correctness of the law of decomposition, this straight line must have an inclination defined by the
theoretical angular co-efficient a.
On figure 8 (p. 25) the experimental points, for various explosives, deduced from the trials of Messrs.
Sarrau and Vieille, have been placed on a plan in which the scale of the abscissae is the same as that
of the ordinates. To understand all the relative values for the various explosives, on the same page,
and to avoid confusion, the origin of the ordinates is different with each explosive.
The lines representing the theoretical co-efficient a which pass, as nearly as possible, through the
experimental points, are continuous lines.
It is, first of all, evident from an examination of the figure, that the experimental points (if those
which have no relation with the others, and are evidently erroneous are eliminated), depart very
little on one side or the other from the lines thus traced.
With nitrate of ammonia, for example, the two observations are placed exactly on the line of
inclination a. It is the same for the mixture of cotton and nitrate of ammonia giving completely
burnt products.
With cotton-powder and picric acid the agreement is also very satisfactory, and especially it is the
case with picric acid which has been observed as far as the enormous pressure of 7,660
kilogrammes.
DEDUCTIONS AS TO THE LAW OF THE CO-VOLUME AND THE VALUE OF THAT COEFFICIENT.

It results, therefore, from this first point that the formula of the co-volume verified from the lowest
pressures up to 10 or 20 atmospheres, is still true for pressures
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which surpass 7,500 atmospheres. The identity of the co-volume for all gases which has been
assumed, and the value of 0.001 attributed to that co-volume, are thus verified in as satisfactory a
manner as possible, for the nature of the burnt gases is very different with picric acid, on the one
hand, which contains only one volume of water vapour and one volume of carbonic acid against 16
volumes of perfect gases, and with nitrated cotton on the other, which contains 24 volumes of
carbonic acid and 55.5 volumes of water vapour, against 26 volumes of perfect gases.
The experiments of Messrs. Sarrau and Vieille would, therefore, tend to shew that, from the lowest
pressures up to those of 7,000 or 8,000 atmospheres, the gaseous molecules had an invariable
volume, the same for all, and very nearly equal to the one thousandth of the gaseous volume at zero
centigrade and 760 millimetres pressure.
DEDUCTIONS AS TO THE VARIATION OF THE SPECIFIC HEATS OF THE CONDENSED GASES WITH
TEMPERATURE AND PRESSURE.
On figure 8, by the side of the continuous line, which may be called the experimental line, a dotted
line having the same inclination a, and having the value of f found by calculation as the ordinate at
origin, has been drawn.
The space between these two straight lines, experimental and theoretical, is represented by the
differences of the ordinates at the origin of each of them.
The two straight lines are very little different, one from the other, for nitrate of ammonia ; the
difference between the two ordinates at the origin, 5,400 and 5,180 is 220, or a proportional error of
about 4 per cent. This difference may be considered as insignificant.
With dynamite there was only one experiment. The theoretical line is above the experimental line by
(8,410 — 8,165 = ) 245, or a proportional error of 3 per cent., which may also be considered as
unimportant.
With cotton and nitrate of ammonia the coincidence of the two lines is almost perfect. The
theoretical line is below the experimental line by (8,680 — 8,630 =) 50, a proportional error of 0.57
per cent., which is in the class of accidental errors.
For endecanitric cotton the difference is greater; the theoretical line is above the experimental line
by (9,490 — 8,700 =) 790, or a proportional error of 8.4 per cent.
With picric acid the difference
is still greater ; the theoretical line is again above the experimental line to the extent of (9,600 —
8,650 = )950, or a proportional error of 10 per cent.
It, therefore, follows from this comparison that substances which yield, on decomposition, very
little of the perfect gases, such as dynamite (24 per cent. of perfect gases) or ammonia-cotton (24.8
per cent, of perfect gases) shew a very satisfactory agreement between theory and experiment, the
difference not surpassing 3 per cent.
It may be concluded that the expressions of the specific heat of carbonic acid and aqueous vapour,
deduced from the earlier experiments, ought to be practically accurate ; that these expressions can
be extended as far as 3,000 degs.; and lastly, that they are still independent of the pressure, even
when the pressure amounts to 3,000 or 4,000 atmospheres.

DEDUCTIONS AS TO THE EXISTENCE OF THE VARIATION WITH TEMPERATURE OF THE SPECIFIC
HEAT OF PERFECT OR NON-CONDENSIBLE GASES.
The theoretical lines for cotton and picric acid depend on the law assumed for the formula of
decomposition, and, in a great measure at least, on the law of
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increase in the specific heat of perfect gases, which has an especial importance, for the reality of the
increase itself remains doubtful to many scientists.
For endecanitric cotton, the formula of decomposition assumed appears sufficiently established ; it
follows from analyses made by Messrs. Sarrau and Vieille, of the gases yielded by detonation. It is
true that these gases, during the cooling, may re-act mutually, so that the composition observed
may be very different from the composition at the instant of detonation. Nevertheless it can be
taken as certain that it is not composed of hydro-carbons in notable proportion. The formula of
decomposition should then be, as previously shown, represented by the expression
[chemical formula]

The number [Greek character] can vary only from [Greek character] = 0 to [Greek character] = 14.5 ;
the amount of heat experimentally ascertained cannot vary. Under these conditions the value of f
can only vary from 9,170 to 9,440.
These numbers allow the difference between the theoretical and experimental lines to remain
always in the same relation.
The theoretical line has been calculated by assuming a certain increase (a very small one) of the
specific heat of simple gases, according to the formula 4.8 + 0.0006 t. If this increase was not
assumed, the temperature of detonation would be 2,820 degs. C and f = 10,060. The experimental f
is 8,700 ; the difference would be 1,360, or the relatively enormous error of 15 1/2 per cent.
The increase in the specific heat of perfect gases is, therefore, a certain consequence of the
experiments of Messrs. Sarrau and Vieille[this sentence in italics].
DEDUCTIONS AS TO THE RATE OF INCREASE WITH TEMPERATURE OF THE MOLECULAR SPECIFIC
HEAT OF PERFECT OR NON-CONDENSIBLE GASES.
The rate of increase, 0.0006 per degree of the specific heat has been deduced from these
experiments, rather discordant on this point, because this value is shewn as the difference between
quantities themselves variable. A maximum value of 0.0012 and a minimum value of 0.0003 have
been found for this coefficient. The assumed value 0.0006 was an average which is presented with
due reservation.
It is natural to seek what would be the value that must be attributed to this increase to bring about a
coincidence between the theoretical and experimental lines. The calculation is simple, and with the
experimental value of f = 8,700, t will = 2,437 and for perfect gases, the expression
4.8 + 0.0014 t.
This rate of increase appears a little too great. It is greater than that which was deduced from the
experiments of Messrs. Berthelot and Vieille with cyanogen burning to CO, and which was 0.0011.

The formula of decomposition of picric acid is not well known. Messrs. Sarrau and Vieille, according
to the analyses of the gases resulting from detonation, give the following formulae :—
[formulae]
The salient fact shewn by these analyses, is the presence of marsh gas in notable quantity and
increasing with the charging density. This gas has a great influence, as Messrs. Sarrau and Vieille
remark, on the amount of heat of decomposition.
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With the figures given, this amount of heat would be :—
3.12 x 94.0 = 293-3 calories.
7.62 x 25.8 = 196.6

do.

1.19 x 18.5 =

22.0

do.

0.25 x 58.0 =

14.5

do.

_____
526.4 do.
Heat of formation of the acid

98. 2 do.
_____
428.2 do.

The temperature of detonation can be calculated with this number. It is true that the rate of
increase of the specific heat of marsh gas with temperature is not known, but that only having little
influence, the same rate as for C02 may be assumed. Thus the analysis of Messrs. Sarrau and Vieille,
with a charging density of 0.5 leads to a detonating temperature t = 3,300 degs., to an f = 10,410 and
to an a = 0.77
But a straight line having an inclination, represented by this new value of a, cannot pass at once
through all the experimental points, as shewn in figure 8. Further, a straight line passing through the
observed point, corresponding to the density 0.3, and having the inclination a = 0-77 gives an f =
9,420, which differs considerably from 10,410. The analyses of Messrs. Sarrau and Vieille, therefore,
do not agree with their observations of pressure, if they are considered as representing the
composition of the gases at the moment of detonation; and it is very probable that the gases
analysed had already undergone many transformations during cooling.
However this may be, if the law of decomposition be allowed, which has been assumed in supposing
that the decomposition does not give rise to any hydrocarbons, inquiry should be made as has been
made with carbonic acid, as to what rate of increase in the heat of the perfect gases will bring about
coincidence between the experimental and theoretical lines.
It will be found that for the detonating temperature t = 2,227 degs., and for the specific heat of
perfect gases
c = 4-8 + 0.0013 t.

The rate of increase does not differ much from that which has been deduced from the experiments
made with gun-cotton.
In any case, the result of this inquiry is the incontestable reality of the increase in the specific heats
of the perfect gases with the temperature. As to the rate of this increase, laid down linearly, it would
appear to be more marked than that (0.0006), which has been assumed, and even much greater
than that (0.0011) resulting from the experiments of Messrs. Berthelot and Vieille.
Unfortunately the uncertainty of the mode of dimposition of gun-cotton and picric acid does not
permit the deduction of positively certain conclusions as to the exact value of this co-efficient.
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NOTE B.
ON THE QUANTITY OF HEAT WHICH CAN BE TRANSFORMED INTO WORK BY THE ADIABATIC
EXPANSION OF A GAS.
By Messrs. Mallard and Le Chatelier.
The solution of the question, now to be considered, is well known in the case where the specific heat
of gases is assumed to be constant. In that case, if
T0[subscript], the absolute initial temperature of the gas,
T, the absolute final temperature of the gas,
P0[subscript], the initial pressure,
P, the final pressure,
V0[subscript], the initial volume,
V, the final volume,
Q, the quantity of heat equivalent to the work, effected by the adiabatic expansion from
P0[subscript] to P,
c,

the specific heat of the gas under constant volume,

c', the specific heat of the gas under constant pressure,
It is known that
[scientific formulae]
Analogous equations can be easily formed, naturally a little more complex, when the specific heat
under constant volume, is a function of the temperature.
Supposing that the temperature remains high enough and V0[subscript] [divided by] V is relatively
large, then the equation of Clausius can be reduced to the expression
(1)

[scientific formula]

u being the co-volume, and v0[subscript] the volume of the gas at 0°C and 760 millimetres pressure,
P being expressed in kilogrammes, V and v0[subscript] in cubic metres.
By differentiation it may be deduced that

(2)

[scientific formula]

The gases following the law of adiabatic expansion, then, A being the calorific equivalent of a
kilogram-metre,
(3)

[scientific formula]

C being the true[italics] specific heat of the mass of the gas under consideration.
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From equations 1 and 2, it follows that
(4)

[scientific formula]

If the average specific heat, under constant volume, of the mass of the gas, between 0°C and t° is
expressed by c = a + b t, then for the true specific heat,
at t
C = a + 2bt = a + 2b(T — 273),
or, by taking
a' — a — 2 b x 273,
C = a' + 2 b T.
Transposing this value of T into the equation and integrating, it becomes definitely
(5)

[scientific formula]

If the specific heat be supposed constant and equal to c, then b = o, a' = c, and the equation would
be reduced to
[scientific formula]

Moreover, if we refer back to the value of R, it will be seen that A R is the quantity of heat,
equivalent to the work of the expansion of the gas, under atmospheric pressure for 1 deg. variation
in temperature ; therefore, A R = c' - c, which reconciles the expression with the known form
[scientific formula]

By placing in (4) the value of P drawn from (1), it would be easy to get an equation between V and T;
which it is useless to set down.
As to the quantity of heat Q expended by Ahe gas in producing expansion from P0[subscript] to P, it
corresponds to the loss of internal energy in the gas from T0[subscript] to T, and may be expressed
(6)

[scientific formula]

calling t0[subscript] and t the temperatures reckoned from zero, which respectively correspond to
the absolute temperatures T0[subscript] and T.

The formula (5), when ordinary logarithms are introduced, and the constant is determined by
writing, the expression is verified for the pressure and initial temperature
P0[subscript] and T0[subscript], takes the form
(7)

[scientific formula]

and
[scientific formula]
M being the ordinary logarithm of e.
When the value of T = t + 273 has been deduced from equation (7) for any given expansion P
[divided by] P0[subscript], the quantity of heat Qu[subscript] utilised by the expansion, by means of
the expression
Qu = Q — (a t + b t[squared]).
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The following table is formed in this manner. An expansion of 1-10,000th has been assumed, which
will reduce to the atmospheric pressure, the gases assumed originally to have a pressure of 10,000
kilogrammes. The table shews for four explosives, the weight u of the unit of volume assumed equal
to 22.32 litres ; the co-efficients a and b of the expression of the specific heat of the unit of volume ;
the initial temperature t0[subscript] of detonation ; the final temperature t after the expansion of 110,000th; the heat Qd[subscript] expended in expansion per unit of weight; the heat Qk[subscript]
representing the calorific energy developed by the detonation of 1 kilogramme.
The co-efficients
f, calculated in Note A are also added.
[table]

An examination of this table shews that a varies little with one explosive or another ; while on the
contrary b varies greatly ; that in proportion as b augments, the final temperature t increases also ;
and the ratio Qd[subscript] [divided by] Qk[subscript] of the energy Qd[subscript] utilized in
expansion to the total energy Qk[subscript] diminishes.
With explosives whose gases are incompletely burnt, and which consequently consist largely of
perfect gases, the expansion utilises almost the whole of the disposable energy.
Besides, this table shews how different is the order in which the explosives can be classed, according
to the use to which they are to be applied.
If it is intended to merely produce in a rock, fissures which will allow a subsequent breaking down, it
is the pressure developed by the explosive in the shot-hole which is the most important factor, and
the value of f will govern the classification.
In mines, the value of f it is evident should be especially taken into consideration.
If, on the contrary, it is desired to excavate and displace a great amount of earth, the value of
Qd[subscript] becomes the essential element.
The preceding examples shew that, though Qd[subscript] may be, especially with explosives
completely burnt and with a high temperature of detonation, sufficiently different from

Qk[subscript], the difference is not yet great enough so that the total energy Qk[subscript] per
kilogramme, can not be taken as the measure of what may be called the mining[italics] power of the
explosive.
It is seen that an explosive can give up, on expansion, almost all the energy which it holds
accumulated. The experimental result found by the Sub-Commission, which is equal to about a third
part of the total energy of the explosive, the energy transformed into work by detonation in a tin
tube of 0.98 inch and 1.57 inches diameter, shews that under these conditions, the share of the
disposable calorific energy is far from being all utilized.
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In conclusion, it may be remarked that the equation (7) justifies the experimental result obtained by
the Sub-Commission, that the temperatures of the gases, after the projection of the sides of any
given tube, such, for example, as the tin tube 0.98 inch and 1.57 inches, varies inversely with the
density of charging. Indeed, the density of charging diminishes the initial pressure P0[subscript],
without changing either the initial temperature T0[subscript] or consequently the co-efficient k. The
final pressure P, which, in the experiments of the Sub-CommissioD, was the atmospheric
pressure, also remains the same, the ratio P [divided by] P0[subscript]increases as the density of
charging diminishes ; and it follows from equation (7) that the final temperature T also increases.
[75]
SUPPLEMENTARY REPORT OF THE (FRENCH) COMMISSION ON THE USE OF EXPLOSIVES
IN THE PRESENCE OF FIRE-DAMP IN MINES.
In the report of the 5th July 1888, the Commission stated that the experiments would be continued
in such a way as to solve, as far as possible, certain questions still remaining doubtful. The months of
July, August, September, and October, 1888, have been employed in these new researches, the
results of which are now published.
I.—EXPLOSIVES IN PRESENCE OF MIXTURES OF AIR AND GOAL GAS.
It seemed interesting to experiment with inflammable gaseous mixtures in which marsh gas was
replaced by (illuminating) coal gas. Indeed, it was desirable that trials similar to those which had
been made at the Sevran-Livry Powder Mill by the Commission should be repeated without too
many difficulties, either to ascertain the degree of safety of any new explosive, or to ensure that
explosives supplied by manufacturers should give the necessary degree of safety. It was, therefore,
very desirable that trials should be made, and that marsh gas, the manufacture of which in
quantities is both difficult and costly, should be replaced by coal gas.
The most explosive mixtures of air and coal gas contain from 15 to 16 per cent, of gas. The power of
the ejector was insufficient to allow the preparation of similar mixtures in the boiler. Experiments
made with mixtures containing 10.3 per cent, of coal gas were considered sufficient for the objects
in view. Moreover, it was observed that the inflammability varied little, within certain limits, with
the proportions of the mixture.
It was sought, as in the case of mixtures of air and fire-damp, to determine, for mixtures of air and of
coal gas, the apparent temperature of ignition under the influence of the detonation of explosives.
Tin tubes of 0.98 inch and 1.57 inches diameter, in which 771.6 grains of various explosives were
successively stemmed, were burst in the midst of gaseous mixtures.
Under these conditions, mixtures containing 10 gun-cotton and 90 nitrate of ammonia, 20 cotton
and 80 nitrate, and 30 cotton and 70 nitrate were tried. None of these mixtures ignited the gas. It

was useless to experiment with mixtures containing larger proportions oi gun-cotton, because the
mixture of 30 per cent, of cotton gives complete combustion and the highest temperature; on the
other hand, by increasing the proportion of cotton, the gases produced by the detonation would
have been combustible and might have ignited in contact with the gaseous mixture.
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Afterwards, mixtures of dynamite and nitrate of ammonia were tried. Mixtures containing
respectively 60, 70, 80, and 90 of dynamite when detonated in a tin tube 0.98 inch and 1.57 inches
diameter, did not ignite the gaseous mixture. Dynamite unmixed with nitrate, on the contrary,
produced this ignition, when detonated in the same manner.
The gases resulting from the detonation of a mixture of 90 of dynamite and 10 of nitrate, after
having accomplished the necessary work of shattering the tube and projecting its debris, retained, as
was shewn in the report of the 5th July, only 63 per cent, of the original amount of heat.
It follows from this, that the temperatures of the gases, when they come in contact with the external
gaseous mixture, is about 3,758 degs. F. It has been previously calculated that dynamite, under the
same conditions, gives gases of a temperature of 3,902 degs. F. ; the apparent temperature of
ignition of a mixture of air and coal gas containing 10 per cent, of this gas, would, therefore, be
about 3,812 degs. F. With mixtures of air and fire-damp, the temperature was found to be about
3,992 degs. F.
As regards this temperature, thus determined in a roughly approximate manner, it is necessary to
make the same reservations as those which have already been made in the first report when
treating of marsh gas.
However this may be, it is evident that the inflammability of mixtures of air and coal gas, under the
conditions of the experiments, is not much greater than that of mixtures of air and fire-damp.
Therefore, without too much exaggeration, the condition of not igniting, at least in the great
majority of cases, mixtures of air and coal gas, in which they are detonated unconfined, may be
imposed upon the explosives intended for use in fiery mines.
This conclusion, moreover, up to a certain point, might have been expected from the experiment
made in May, 1887, in the laboratory of the School of Mines, of which an account was supplied to
the Commission. It was ascertained that a plugged detonator containing 23.15 grains of fulminate,
and detonating in a bomb of a capacity of 244.11 cubic inches, ignited neither the mixture containing
10 per cent, of fire-damp, nor that containing 15 per cent. of coal gas, although it did ignite the
mixture containing 30 per cent, of hydrogen.
II.—INFLUENCE OF AQUEOUS VAPOUR UPON THE INFLAMMABILITY OF FIRE-DAMP MIXTURES.
Certain capricious effects of explosives detonating unconfined had led to the supposition that the
inflammability of the gas might vary with certain circumstances, and particularly with the humidity
of the air. Experiments undertaken in the laboratory have not confirmed this hypothesis, and no
appreciable difference has been found between the inflammability of more or less humid mixtures.
III.—ON THE METHOD OF DETONATION OF EXPLOSIVES.
In the previous report, everything of interest as regards the object of these researches has been
shewn concerning the study of a question still imperfectly known, in spite of the valuable studies of
Messrs. Berthelot, Sarrau, and Vieille, respecting the mode of the detonation of explosives.

On one side, it is important, with the numerous explosives which have beeu invented, to be able to
ascertain with some precision the greater or less aptitude of their detonation ; for a very imperfect
aptitude, a priori, would be enough to reject the use of the substance.
On the other side, the temperature of the detonation is one of the most important elements
affecting safety, and it depends essentially on the mode of decomposition.
[77]

ON THE USE OF EXPLOSIVES IN MINES.

77

Lastly, the mode of decomposition of the same explosive substance varies with the circumstances
under which the detonation occurs. It is certainly, at the least, not necessarily the same when the
substance detonates unconfined, or when it detonates in a resisting vessel, and the conditions of
safety may vary much in one case or the other.
Without hoping to completely solve these delicate questions, till now but little studied, it appeared
interesting to multiply researches on this point. A certain number of new facts have been added to
those contained in the first report, and for greater clearness the old and the new facts will be here
summarized.
The experimental methods which have been employed, and the motives of which have already
found a place in the first report, will be again described.
Mode of Conducting the Experiments. To ascertain the quantity of heat disengaged by the
detonation of an explosive, the detonation was made in the closed boiler, and the pressure
developed by the rise of internal temperature due to detonation was measured by means of a
water-gauge. The temperature falls rather rapidly by cooling; by observing for some seconds the
progress of this cooling, the pressure developed at the very moment of detonation, before the
cooling had commenced, may, by an allowable assumption, be estimated. The pressure P being
known (in metres of water), and the capacity of the boiler (thus transformed into an air calorimeter),
then the quantity of heat Q developed in the boiler may be expressed by
Q = 58.4 P.
Unconfined Detonation.—When the explosive detonates unconfined, Q is the quantity of heat
developed by the detonation. Indeed, this is confirmed by the following experiments, made with
substances whose mode of unconfined detonation may be considered as well known.
[table]
The agreement between the numbers in the two last columns is very satisfactory, if the inevitable
uncertainties of the experiments be considered, no attempt being made to secure the precision of
which they might be susceptible.
Detonation in Resisting Vessels.—When the explosive was fired, stemmed in a resisting metallic
tube, it was shewn, in the first report, that the quantity of heat communicated to the air in the
boiler, at the precise moment immediately after
(*) For this and the following explosives, the theoretical quantities of heat have been calculated on
the assumption that the heat communicated to the inert earth of the dynamite is not immediately
restored to the surrounding air.
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the detonation, was equal to the heat of detonation, less that transformed into mechanical work
represented by the bursting of the tube and the projection of its fragments.
To deduce from the quantity of heat q observed in the air calorimeter, the quantity of heat Q
actually developed by the detonation, it would be necessary to know
the ratio q[divided by]Q. This ratio necessarily varies with the nature and dimensions of the tube.
It also varies with the nature of the explosive. The following table, however, shews, at least with
explosives whose mode of action is not too unlike, that q[divided by]Q remains, with the same tube,
almost independent of the nature of the explosive.
The experiments mentioned in this table have, moreover, been made with substances whose
detonation, it may be assumed with certainty, was complete in the metallic tube, so that Q was
known with exactitude.
[tables]
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Experiments of this nature can, however, only be approximate, for it has been shewn that the
quantity of heat transformed into work varies with the manner in which the explosive is charged into
the tube, and, however great the care with which it is placed therein, it is impossible to be certain
that the charging has always been made in the same manner.
However, it will be seen that, at least with the explosives with which the experiments have been
made, account can be taken in a sufficiently precise way of the manner in which an explosive
detonates in a tube, or, to speak more exactly, of the quantity of heat which it thus develops on
detonating, by multiplying the quantity of heat observed q, by the inverse of the ratio q[divided by]Q
as shewn in the preceding table, and corresponding to the tube employed.
Experimental Researches.
When the explosive wave is propagated through a medium susceptible of its transmission, this
propagation is accompanied with certain chemical reactions which constitute what is called the
decomposition of the explosive. To examine the mode of this decomposition, it is necessary to
distinguish two classes of explosives :
1.—Simple explosives, or those formed of one chemical substance only;
2.—Dual or multiple explosives, formed of an intimate mixture of two or more substances.
Each of these two classes will be examined in succession.
1.—Simple Explosives.
When the simple explosive contains enough oxygen for its complete combustion, it is known that
the mode of decomposition, under the influence of the explosive wave, usually corresponds to
complete combustion.
The experiments just reported as regards nitromannite and dynamite, shew indeed a perfect
agreement between the quantity of heat deduced by this rule and that which has been
experimentally observed.
Nitrate of ammonia should, as an explosive, be ranked in this category. But this substance is much
less susceptible of detonation than the former, and it should not even be assumed that its

detonation has yet been directly ascertained. By using it in a dry and powdered condition, and
stemming it in a tin tube of 0.98 inch and 1.77 inches diameter, true detonation of a +cartridge of
771.6 grains has been obtained, under the action of a detonator containing 23.15 grains of
fulminate. The quantity of heat disengaged was about 27 calories per 1,543.2 grains, although
theory requires 38 calories for the mode of decomposition represented by the formula
N2[subscript]H4[subscript]03[subscript] = N2[subscript] + 2(H2[subscript]0)+ 0.
The explosive wave, therefore, has not travelled all over the cartridge, or rather another mode of
decomposition has been produced. Mr. Berthelot, It is well-known, laid particular stress on the
numerous modes of decomposition which can occur with nitrate of ammonia.
When the explosive does not contain enough oxygen for the complete combustion of all its
elements, the mode of decomposition which the explosive wave may produce is little known. If the
explosive contains carbon, and if the oxygen is insufficient to burn it entirely to the state of carbon
monoxide, it may be assumed
[80]
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that the oxygen is altogether used in the formation of carbon monoxide, the rest of the carbon
remaining free. This mode of decomposition is expressed by the formula
[formula]
This mode of decomposition has been observed by Messrs. Berthelot and Vieille for nitrate of
diazobenzol, if the secondary products, which may be attributed to reactions subsequent to
detomtion, are neglected.
When the oxygen is more than sufficient to transform all the carbon into carbon monoxide, the
excess of oxygen is divided between the carbon monoxide and the hydrogen, according to a still
unknown law. Messrs. Mallard and Le Chatelier have shewn, in the note affixed to the previous
report (*), that whatever this law may be, it is somewhat near the truth to assume that, in this case,
the quantity of hydrogen remaining free after the decomposition is the mean between the minimum
and maximum quantities which it is permitted to assume.
When the gases produced by the decomposition of the explosive are combustible, they may happen
to burn in the external air. At the same time this combustion, subsequent to the true detonation,
does not occur in all cases. Indeed, the Commission has not proved the combustion, by the external
air, of the gases produced by unconfined detonation, of endecanitric cellulose (military gun-cotton),
although it has proved this phenomenon for the gases produced by the unconfined detonation of
nononitric (mining) and octonitric cellulose.
The Commission, moreover, has proved that a reduction of the temperature of the gases of the
detonation can suppress this ulterior combustion. Indeed, if the gases yielded by the detonation of
octonitric cotton happen to burn in the air, when they are detonated without a resisting envelope,
they no longer burn when the detonation occurs in a tin tube of 0.98 inch and 1.57 inches, or even in
a tin tube of 0.98 inch and 1.22 inches diameter. The detonation is even imperfect under these
conditions. This is shewn in the following table :—
[table]
2.—Dual Explosives.
Two principal classes can be distinguished in which

1.—The gases produced by the simultaneous decomposition of two mixed substances are
incapable of mutual reaction ;
(*) See page 57.
(**) This number is reduced to 63 if it is assumed, as is not improbable, that the decomposition
under the influence of the explosive wave entails the complete combustion of the hydrogen of the
octonitric cotton.
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2.—The gases produced by the simultaneous decomposition of two substances are capable of
mutual reaction.
In each of these classes, unconfined detonation without an envelope, and detonations in a more
or less resisting envelope, should be noted.
First Class— The Gases of the Detonation are Incapable of Mutual Reaction.
The Commission examined mixtures of dynamite and nitrate of ammonia, as as well as those of
dynamite and ammonia alum.
Mixtures of Dynamite and Nitrate of Ammonia.
1.—Unconfined Detonation—Unconfined detonation in the boiler has been effected with
mixtures in which nitrate of ammonia is found in gradually increasing proportions, beginning with 10
per cent. The results are classified in the following table :—
[table]

Note.—In all these experiments the detonator contained 23.15 grains of fulminate.
It is seen, by this table, that complete decomposition of the explosive only occurs with mixtures
containing more than 50 per cent, of dynamite. With other mixtures, the decomposition increases
with, and in a sensibly proportional ratio, to the proportion of dynamite.
In this last case, it does not happen that the decomposition of the explosive approximates notably to
the theoretical decomposition, by increasing the charge of fulminate. Indeed, the mixture of 20 per
cent, of dynamite with 80 per cent, of nitrate, under the influence of 61.73 grains of fulminate, has
given a pressure equal to 9.84 inches of water; scarcely different from the pressure of 9.45 inches of
water obtained with 23.15 grains of fulminate.
2.—Detonation in Resisting Vessels.—By detonating a cartridge of 771.6 grains of the mixture of 20
of dynamite and 80 of nitrate in a tin tube of 0.98 inch and 1.22 inches, a pressure of 8.66 inches of
water is obtained, which, taking into account the amount of heat converted into work, corresponds
to 32 calories. Unconfined, 28 calories were found, which is almost the same.
By detonating a cartridge of 771.6 grains of the same mixture in a tin tube of 0.98 inch and 1.57
inches, 53 calories were obtained, which corresponds almost exactly to the complete decomposition
of the dynamite and of the nitrate.
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The decomposition which, unconfined and in the tube of 0.98 inch and 1.22 inches, occurs almost in
the same manner and remains incomplete, becomes, therefore, complete in the tube of 0.98 inch
and 1.57 inches diameter.
Various Mixtures.
The Commission tried, under the same conditions, the detonation of a mixture of 67 of dynamite
and 33 of ammonia alum. The quantity of heat required for the de-hydration of the ammonia alum is
about 350 calories per kilogramme. Complete detonation of the dynamite, and complete dehydration of the alum in the mixture in question, would give 53 calories per 1,543.2 grains ; the
detonation of the dynamite, the alum remaining unaltered, would give 66 calories.
Unconfined detonation has given 52 calories, which would accord with the total de-hydration of the
alum. But it is very probable that this is a mere coincidence, and that the unconfined detonation is
only incomplete, for in the tin tube of 0.98 inch and 1.57 inches diameter, the detonation has given
71 calories, that is to say, very nearly equal to the amount of heat corresponding to the detonation
of the dynamite, without the diminution which should accompany the de-hydration of the alum.
The ammonia alum has, therefore, not had time for de-hydration, at least to any material extent,
during the detonation of the dynamite, even when the detonation occurs in a vessel with resisting
sides. Doubtless it would be quite otherwise in a vessel completely closed and of invariable capacity.
It may be now mentioned that the Commission arrived at the conclusion that even in tin tubes of
0.98 inch and 1.57 inches diameter, the mixtures of dynamite and sal-ammoniac detonate without
causing, to any notable degree, the decomposition of the sal-ammoniac.
Recapitulating, it seems to follow from the preceding facts, that when a mixture of several
substances, whose products of decomposition have no mutual reaction, is detonated, the
substances which are not explosive, that is to say, whose decomposition absorbs heat, are only
decomposed during the propagation of the explosive wave; and that their decomposition only
occurs on detonation in a closed vessel.
With mixtures of dynamite and nitrate of ammonia, the decomposition, unconfined or in tin tubes of
0.98 inch and 1.22 inches diameter, is only complete when the proportion of dynamite exceeds 50
per cent. On the other hand, it is complete in tin tubes of 0.98 inch and 1.57 inches diameter, at
least when the proportion of dynamite equals or exceeds 20 per cent.
Second Glass.—The Gases from the Detonation are Capable of Mutual Reaction.
The Commission experimented with a great number of mixtures formed by adding nitrate of
ammonia to a combustible substance, or to one decomposing by
detonation into combustible products.
Unconfined Detonation.
Mixtures of Octonitric Cotton and Nitrate of Ammonia.—-The annexed table gives the results
obtained by the unconfined detonation of mixtures, in various proportions, of octonitric cotton and
nitrate of ammonia.
It is interesting to compare the amounts of heat directly observed with those which have been
calculated on the hypothesis where the two mixed substances are simultaneously decomposed by
the explosive wave, and the products of that decomposition, one a supporter of combustion, the

others combustible, do not mutually react. Indeed, it is proved that, as long as the cotton is not in
excess,
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that is to say, does not exceed 60 per cent., the maximum amounts of heat, which appear to
correspond to the limit of detonation, and which have been observed with a given mixture by
causing detonation with very powerful detonators, are equal to the calculated quantities of heat. It
appears, therefore, as if the explosive wave provoked the decomposition of the two mixed explosive
substances, without the gases resulting from that decomposition having time, before being
dispersed in the surrounding air, for mutual reaction.
UNCONFINED DETONATION.
[table]
When the proportion of octonitric cotton exceeds 60 per cent., the gases produced by the
decomposition of this cotton are burnt more or less completely in contact with air, and the quantity
of heat observed is then greater than that which would result even from the mutual and complete
reaction of the oxygen of the nitrate on the gaseous products of the decomposition of the cotton.
(*) The quantities of heat in this column are calculated on the hypothesis of the decomposition of
two mixed substances, without ulterior reaction.
(**) Two detonators of 23.15 grains each.
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Mixtures of Dinitro-benzol and Nitrate of Ammonia.—These mixtures are formed by mixing the dry
and powdered nitrate with the melted dinitro-benzol. They have given, detonated unconfined, the
following results :—
[table]
It seems as if the limit of detonation corresponded to simultaneous decomposition, but without any
ulterior mutual reaction of the products of that decomposition.
Mixtures of Picrate and Nitrate of Ammonia.—The following experiments have been made on dry
and powdered mixtures of picrate and nitrate of ammonia, filled by hand into paper cylinders :—
[table]
This table shews the singular fact that the quantity of heat disengaged by the explosion increases
somewhat regularly with the proportion of nitrate, and that it appears as if the explosive wave
produced the decomposition of tbe nitrate alone without producing that of the picrate.
Various Mixtures.—Cartridges have been detonated unconfined, filled with mixtures of nitrate
of ammonia with various combustible substances, but not
(*) Two detonators of 23.15 grains each.
(**) Assuming the simultaneous decomposition of the two substances, but without ulterior reaction.
/
(***) Assuming the decomposition of the nitrate alone.
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detonating unconfined by the action of detonators, such as naphthaline, resin, coal-tar, and heavy
tar oils. The unconfined detonation of these mixtures is very imperfect, and only gives very small
pressures, which indicates, at least in the great number of cases, that the explosive wave dies away
before having penetrated through the mass of the explosive.
Summary.—Briefly, the mixtures formed by the addition of various combustible substances
(explosive or non-explosive) to nitrate of ammonia, always detonate unconfined in a very imperfect
manner. Sometimes the explosive wave, originated at one point, dies away before having
penetrated the mass of the explosive ; sometimes it appears as if the explosive wave, penetrating
through the cartridge, limited its effect to provoking the decomposition of the explosive substances
which the mixture contains, the gases resulting from that decomposition being dispersed before any
mutual reaction takes place.
Detonation in a Massive and Resisting Vessel.
The effects of detonation in a resisting vessel were next examined. Detonation was made in a tin
tube of 0.98 inch and 1.22 inches diameter, with the following results:—
Detonation in a Tin Tube of 0.98 inch and 1.22 inches diameter.
[table]

With mixtures of octonitric gotton and dinitro-benzol, detonation is effected in a tin tube of 0.98
inch and 1.22 inches diameter, almost in the same manner as when unconfined; mutual reaction
of the products of detonation
(*) The quantities of heat are calculated on the hypothesis of the simultaneous decomposition of
two substances without ulterior reaction.
(**) 61 calories, when the complete oxidation of the hydrogen of the octonitric cotton is assumed.
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does not appear to be produced, doubtless on account of the insufficient resistance opposed to the
expansion of the gases. It will be remarked that the gases resulting from decomposition of the
mixture of 90 cotton and of 10 nitrate, are not ignited on contact with air, as was the case after
detonation without covering.
Mixtures of naphthalene and nitrate, which do not detonate unconfined, detonate by disengaging an
amount of heat which may be considered as equal to that which the decomposition of the nitrate
alone would disengage.
The amount of heat disengaged by the mixture of 8 coal-tar and of 92 nitrate, is very little more than
would be given off from the decomposition of the nitrate alone, and which is equal to 35 calories.
The amount of heat given off by the mixture of 10 heavy oil and of 90 nitrate, is a little less than that
(36 calories) which the decomposition of the nitrate alone would disengage.
With mixtures of picrate and nitrate of ammonia, the quantities of heat disengaged are generally
slightly greater than those resulting from simultaneous decomposition without mutual reaction.
Most of the tubes were completely shattered, and there remained in the boiler only the end

containing the stemming placed above the explosive. The ends of the tubes containing the mixtures
of 10 and 90, and of 60 and 40 were, however, from .4 to .8 inches longer than the stemming,
shewing that the bottom of the cartridge had not detonated. With these mixtures the amounts of
heat observed were less than the amount which would result from simultaneous decomposition
without mutual reaction.
The results obtained by detonation in the tin tube of 0.98 inch and 1.57 inches diameter, are very
different from the preceding, as the annexed table
shews:—
Mixtures of octonitric cotton and dinitro-benzol, on detonation in tubes of 0.98 inch and 1.57 inches
diameter, yield amounts of heat corresponding to complete
detonation.
With mixtures of mononitronaphthalene, naphthalene, or picrate, the amounts of heat are usually
much greater than those which correspond to the decomposition of the nitrate of ammonia, or to
the simultaneous decomposition of the two substances, but they are more or less inferior to those
which would result from complete detonation.
With mixtures of picrate, except with those which contain 10, 20, or 60 of picrate, it is certain that
the metallic tubes were completely shattered in all the parts containing the explosive, which appears
to indicate that all the cartridge has detonated, although the amounts of heat observed are very
much less than those which should have been developed if the mutual reactions of the gases
produced had occurred in their entirety.
With mixtures of coal-tar and of heavy oils, the amounts of heat disengaged are scarcely above
those which would result from the decomposition of tne nitrate
alone.
Lastly, experiments were made in tin tubes of 0.98 inch and 1.77 inches ; the results were not very
different from those obtained with tubes of 0.98 inch and 1.57 inches diameter.
STUDY OF EXPLOSIVES AFFORDING GUARANTEES OF SAFETY.
The Commission, in its previous report, laid down the principles which, ought to guide the search for
explosives calculated to secure the safety of fiery mines. The experiments made since the
publication of that report have confirmed these principles, and allowed of their extension on certain
points.
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Detonation in Tin Tubes of 0.98 inch and 1.57 inches diameter.
[table]
The Commission ascertained that explosives detonating in metallic tubes, only cease to ignite the
most explosive fire-damp mixtures when the work imposed on the gases resulting from detonation
is sufficient to reduce their theoretical temperature below 3,992 degs. F.
Hence it is concluded that explosives for use in fiery mines should be sought tor among those whose
temperature of detonation is less than this figure, and whose gases are not combustible after
decomposition. Among the simple explosives, nitrate of ammonia is the only one now known which

satisfies this double condition ; but this substance, as has been seen above, detonates only
imperfectly when it is alone, and its explosive force is inconsiderable. Therefore, it is necessary to
resort to dual explosives.
From the composition of the dual mixtures capable of employment, the Commission has discarded
the use of substances, which, non-explosive in themselves, are not
combustible. Indeed, these substances, as has been previously mentioned, do not
(*) The amounts of heat are calculated on the hypothesis that after the decomposition of the two
substances, the gases react completely one on the others.
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decompose under the influence of the explosive wave. When detonated unconfined, they act,
therefore, only by cooling the gases by reason of their capacity for heat, and this necessitates their
employment in great excess. But on detonation in a closed vessel, the decomposition as soon as it
starts absorbs a great amount of heat, and diminishes the explosive force too much.
Dual mixtures of two classes are, therefore, necessarily used. Either the two mixed substances are
both explosive and supporters of combustion ; or else one of the substances being explosive and a
supporter of combustion, the other, explosive or non-explosive, is capable of being burnt by the
excess of oxygen, yielded by the decomposition of the first.
Mixtures of two Combustion-Supporting Substances.
Mixtures of Dynamite and Nitrate of Ammonia.—The only explosives now known which decompose
with excess of oxygen are nitro-glycerine, nitromannite, and nitrate of ammonia. The temperature of
detonation of nitro-glycerine is about 5,702 degs. F ; that of nitromannite is almost the same. It is,
therefore, impossible to use these explosives alone, or mixed together. Moreover, nitromannite is a
substance whose price is rather high. Thus the only mixtures which can be tried are those of nitroglycerine and nitrate of ammonia. For these trials the Commission has always used nitro-glycerine in
the state of dynamite, that is to say, mixed with 25 per cent, of absorbent silica.
In its manufacture on a large scale, endeavours should be made to dispense with the silica, and to
use the nitrate of ammonia as the absorbent body, without risk of finding, under the influence of the
atmospheric moisture, the water expelling the nitro-glycerine from the nitrate, thus causing the
latter to exude, and making the explosive dangerous to handle.
It was shewn in the previous report that the mixture of dynamite and of nitrate of ammonia, whose
temperature of detonation is about 3,992 degs. F., contains 60 parts of dynamite and 40 parts of
nitrate. This mixture and all those containing a greater proportion of nitrate, may be, therefore,
considered as possessing a certain degree of safety in presence of fire-damp under ordinary usage,
that is to say, when they explode stemmed (even lightly) in shot-holes. Indeed, a cartridge of 772
grains, containing 60 parts of dynamite and 40 parts of nitrate, has been exploded unconfined in a
mixture of air and fire-damp without producing ignition of the explosive mixture. This fact is a strong
confirmation of the theories enunciated by the Commission, that this mixture detonates completely
when unconfined, as has been shewn above, and that the cartridge has certainly developed, in the
midst of gas, the temperature of 3,992 degs. F., or a temperature very near it.
Safety in the use of explosives stemmed in the bottom of a shot-hole is evidently of the greatest
importance, for it must be laid down, as an absolutely imperative rule, that explosives shall never be
used otherwise, and that in no case and under no pretext should they ever be exploded without

covering when unconfined. However, it may be feared that this rule, which should be so imperative,
may happen to be broken, either by a clumsy fault of a workman, or by an accident, no doubt rather
difficult to imagine, but which is by no means impossible in fact, and which it is proper to provide
for.
The experiments of the Commission, agreeing with the Prussian experiments, have shewn that the
detonation of explosives without covering gives rise to phenomena which are not always identically
reproduced. If substances whose temperature of detonation when unconfined is above 3,992
degs. F.,
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such as dynamite or mixtures of dynamite and of nitrate of ammonia containing more than 60 parts
of dynamite, always ignite the fire-damp mixtures, in the midst of which they detonate without
covering; mixtures whose temperatures of detonation are below 3,992 degs. F. may, detonating
under the same conditions, from causes ill-defined, and which even appear difficult to prevent,
produce ignition of the gas. Furthermore, the Commission had taken great care to point out "the
complexity and the lack of certainty of the phenomena which may attend the detonation of
unconfined explosives." (*)
It has been shewn that, as regards mixtures of dynamite and of nitrate, the unconfined detonation is
always produced under well defined conditions, as far as the quantity of heat developed. There are
irregularities only in the phenomena of the ignition of the external fire-damp mixture. It seems,
therefore, possible, if not very probable, that these irregularities are due to the imperfection, almost
impossible to avoid absolutely, of the mixture of the two substances. It is imagined that a portion of
dynamite may detonate alone on the surface of the cartridge and cause ignition of the gas. If this is
the case, there would be more chances of ignition the greater the surface of the cartridge, that is to
say, the bigger the cartridge. There would also be more chances of avoiding ignition when the
amount of nitrate was in a higher proportion than that of the dynamite. These two consequences
are in agreement with the facts.
To determine the proportions of the mixture of dynamite and nitrate which was suitable for the use
of workers of mines, the Commission detonated, unconfined, mixtures in which the proportion of
nitrate was gradually increased, and which each time was placed under more dangerous conditions
by increasing the weight of the cartridge. The following results have thus been obtained :¦—
[table]
Moreover, it was found that a cartridge of 771.6 grains of the mixture of 20 of dynamite and 80 of
nitrate could be detonated in a mixture of air and coal gas without igniting it.
The mixture of 20 of dynamite with 80 of nitrate, and even the mixture of 30 of dynamite with 70 of
nitrate, may, therefore, be considered as possessing very high guarantees of safety.
(*) See page 43.
(**) N signifies non-ignition, and I ignition of the gaseous mixture.
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Moreover, these two mixtures constitute powerful explosives, as is shewn by the following table :—
[table]

The pressure obtained in a closed vessel, by the mixture of 20 of dynamite and 80 of nitrate, with
equal density of charging, would be, therefore, almost 0.74 of that which is obtained with dynamite.
It is true that the power of projection would be about one-half, but this is an element which plays
the least important role in mines.
The Commission has ascertained that these explosives detonate completely under the action of
plugged caps containing only 7.72 grains of fulminate.
Mixtures of a Combustion-Supporting Substance and a Combustible Substance.
Mixtures in which one of the explosives is a supporter of combustion, and the other a combustible
will now be discussed. The excess of free oxygen in the products from the combustion-supporting
explosive, being always small, there is an inducement, when it is desired to achieve a complete
combustion, which is one necessary guarantee of security, to employ a considerable proportion of
that explosive. With dynamite and nitromannite inadmissable temperatures of detonation would be
incurred. The only combustion-supporting explosive which can be employed is nitrate of ammonia.
As regards the combustible explosive, on the contrary, the choice is very great ; resort may be had to
cellulose more or less nitrated, to dinitro-benzol, to mononitronaphthalene, to nitrate of
diazobenzol; and to various solid or liquid hydrocarbons, &c.
Mixtures of Gun-cotton and Nitrate of Ammonia.—After various trials the Commission selected
octonitric cotton, yielding about 173 cubic centimetres of dioxide of nitrogen per gramme (.68 cubic
inches, per grain). An explosive is thus obtained at a lower price than if a higher nitric cotton had
been used, and it moreover reduces the temperature of detonation.
It was thought desirable to use these mixtures in a compressed state, for their better protection
against moisture; but special experimeuts have shewn that as soon as the compression reached 25
atmospheres, the explosive detonated badly under the action of one 23 grain detonator. It was then
considered sufficient to force the substance by hand into paper cylinders coated with paraffin. A
second covering, also of paper coated with paraffin, completed the protection of the substance
against moisture.
The complete combustion of octonitric cotton is obtained with a mixture of 30 of cotton and 70 of
nitrate. It is, therefore, only this mixture or mixtures with larger proportions of nitrate that
should be examined, because the
*) f is the co-efficient called the force of the explosive in the first report.
**) Qk[subscript] is the amount of heat disengaged by the detonation of 1 kilogramme of the
substance.
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condition ought to be imposed that, on detonation in a closed vessel, or after stemming at the
bottom of a shot-hole, the gases from the detonation shall not be combustible, that is to say, should
contain neither hydrogen nor carbon monoxide. Mixtures more or less rich in nitrate (of ammonia)
have been submitted to various trials in the same way as mixtures of dynamite and nitrate. The
results have been as follows :—
[table]

The mixture of 20 of cotton with 80 of nitrate affords a sufficient degree of safety, but the safety of
the mixture of 15 of cotton and 85 of nitrate is still higher ; it is proper, therefore, to recommend
this mixture or mixtures still more highly charged with nitrate.
The explosive is sufficiently energetic, as shewn by the following :—
[table]

With equal density of charging the pressures would be, for the mixture of 15 of cotton and 85 of
nitrate, .83 of the pressures given by dynamite. The amounts of disposable heat are in the
proportion of .64 to 1.
It is well known that these mixtures detonate badly when the weight of fulminate in the detonator is
less than 23 grains.
Mixtures of Dinitro-Benzol and Nitrate of Ammonia.—These mixtures are made by melting the
dinitro-benzol and incorporating in it very finely powdered nitrate of ammonia, The grains of nitrate
are thus in a manner enclosed by the dinitro-benzol; consequently these mixtures are less sensitive
to the influence of atmospheric moisture than mixtures of cotton and nitrate. Besides, they are
further protected by a double covering of paraffined paper.
Complete combustion is obtained with a mixture of 12.5 of dinitro-benzol, and 87.5 of nitrate. The
mixture invented by Mr. Lamm, under the name of Bellite, appears to consist of 15 of dinitro-benzol
and 85 of nitrate. The possible proportions of the mixture are very limited. Proceeding in the same
manner as with the other mixtures, the following results have been obtained :-—
[92]
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[table]

It is seen that the mixture of 10 of dinitro-benzol, and 90 of nitrate, possesses a high degree of
safety, because ignition of the gases has only been effected with a cartridge of 3,086.5 grains, and
then once only out of two trials. It might be attempted to diminish still further the proportion of
dinitro-benzol, and the trial would probably succeed, for the mixture of 10 of dinitro-benzol still
detonates very well under the action of a 23 grain detonator. It will be better perhaps to compress,
if possible, the substance which has been used in the powdered state in the preceding experiments.
This mixture is, moreover, sufficiently energetic, as is seen by the following table :—
[table]

The mixture of 10 of dinitro-benzol detonates badly with detonators containing less than 23 grains
of fulminate.
Mixtures of Mononitronaphthalene and Nitrate of Ammonia.—Complete combustion takes place
with a mixture of 9.15 of mononitronaphthalene and 90.85 of nitrate. In a powdered state this
mixture detonates in an uncertain manner when unconfined. It has, in this state, given the following
results on detonation, unconfined in the midst of fire-damp :—

[table]
Mixtures of Naphthalene and Nitrate of Ammonia.—Mixtures of naphthalene with nitrate of
ammonia have been tried.
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The mixture affording complete combustion contained 6 of naphthalene and 94 of nitrate. It was
prepared by pouring the dry and powdered nitrate into the melted naphthalene. This appeared to
absorb the nitrate with greater difficulty than was the case with dinitro-benzol. Hence a less perfect
enclosing and a more uncertain protection of the nitrate against moisture. The mixture detonates
unconfined only in a very imperfect fashion. In the tin tube of 0.98 inch and 1.22 inches the
explosive wave produces decomposition, but the detonation, still very incomplete, appears to
correspond only to the detonation of the nitrate (see table p. 85). In the tin tube of 0.98 inch and
1.57 inches the detonation is still imperfect, but it approximates to completion, for a production is
observed of 68 calories per 1,543.2 grains, although theory exacts 94 calories (see p. 87). It may be
assumed, therefore, that in shot-holes properly stemmed the detonation will be complete.
In a shot-hole 40 inches deep, drilled at Sevran in an argillaceous earth, a cartridge of 3,086.5 grains,
carefully stemmed, produced a chamber of compression, the three principal dimensions of which
were 1 foot 7.7 inches x 1 foot 7.3 inches x 1 foot 5.7 inches.
Experiments made with mixtures of air and fire-damp have given the following results :—
[table]
One of the two 3,086.5 grains cartridges tested was fired by the action of three plugged detonators
of 23 grains each, in spite of that the detonation was extremely feeble.
Two cartridges, one of 1,157.4 grains and the other of 1,697.6 grains, stemmed in tin tubes of 0.98
inch and 1.22 inches, have detonated freely without igniting the fire-damp.
Trials have also been made in mixtures of air and coal gas ; which have given the following results :—
[table]
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A cartridge weighing 771.6 grains stemmed in a tin tube of 0.98 inch and 1.22 inches detonated
freely without igniting the gaseous mixture.
To sum up, therefore, ignition of the internal gas can only be produced by the naphthalene and
nitrate mixture, with a cartridge of 3,086.5 grains detonating unconfined in a mixture of air and coal
gas.
The naphthalene and nitrate mixture could, therefore, be used advantageously and safely if, as is
very likely, its aptitude of detonation was considered practically satisfactory.
The physical and chemical data for this mixture are :—
Naphthalene and nitrate of ammonia.
[chemical formula]

[table]
Trials made in a bomb by Mr. Bruneau with 15.43 grains of fine powder as an igniter, have given the
following results :—
[delta] = 0.2, P = 1,850 k, P (theoretical) = 2,050,
[delta] = 0.8, P = 3,246 k, P (theoretical) = 3,400.
Mixtures of Coal-Tar and Nitrate of Ammonia.—A mixture of 88 of nitrate of ammonia with 12 of
coal-tar (in its ordinary state) was also tried.
The substance detonated badly even in tin tubes.
In fire-damp with cartridges of 3,086.5 grains, ignition has only been produced once in three
experiments.
In the two experiments where ignition did not occur, the pressure which the detonation produced
amounted once to 0.50 metre (19.68 inches), and another time to 0.56 metre (22.05 inches) of
water column.
The mixture was heated at 149 degs. F. in a stove for two hours to expel the most volatile matters ;
two cartridges of 3,086.5 grains thus treated detonated in fire-damp without igniting it, but without
producing any notable pressure in the boiler.
A mixture of 8 of tar and 92 of nitrate heated for one hour at 149 degs. F. was also tried. The results
of detonation have been, under the same conditions, better than with the preceding mixture.
In fire-damp, two experiments, made with cartridges of 3,086.5 grains, have given in the boiler
pressures of 0.58 metre (22.83 inches) and 0.60 metre (23.62 inches) of water column, without
igniting the gas; a third experiment ignited it.
Mixtures of Heavy Oils from Coal Tar with Nitrate of Ammonia,—A mixture of 10 of heavy oil with 90
of nitrate of ammonia was tried.
Like the mixture of 8 of tar and 92 of nitrate dried for one hour at 149 degs. F., decomposition even
in the tin tube of .98 inch and 1.67 inches appeared to correspond only to the decomposition of the
nitrate of ammonia.
In fire-damp two cartridges of 3,086.5 grains were detonated, producing insignificant pressures, and
without igniting the gas.
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Mixtures of Resin with Nitrate of Ammonia.—A mixture of 10 of resin and 90 of nitrate of ammonia
detonated badly when unconfined, but appeared to detonate well enough in metallic tubes. In firedamp it has given the following results :—
[table]
Mixtures of Picrate of Ammonia with Nitrate of Ammonia.—Picrate of ammonia [chemical formula]
maybe supposed to decompose according to the formula [chemical formula], it will then disengage
137 calories (water gaseous) at constant volume per 246 grammes or 3,796.4 grains, or 560 calories
per kilogramme.

Its aptitude of detonation is medium, for it has not been detonated unconfined, and it only
detonated very incompletely in tin tubes of .98 inch and 1.57 inches.
Complete combustion requires the mixture of 27.7 of picrate with 72.3 of nitrate of ammonia. This
mixture only detonated very incompletely when unconfined (see page 84, for table).
Two mixtures, one containing 10 of picrate and 90 of nitrate, the other containing 20 of picrate and
80 of nitrate, were tried in mixtures of air and fire-damp. The results were as follows :—
[table]

Moreover, these mixtures have very little practical interest, as they are relatively somewhat costly,
and they would have no advantages either as regards explosive force or aptitude of detonation.
Mixtures of Nitrate of Cupro-Ammonia and Nitrate of Ammonia.—Ammoniacal nitrate of copper, or
nitrate of cupro-ammonia, is a salt which has the formula
[chemical formula], it is easily obtained in beautiful indigo-blue crystals, when a solution of nitrate of
copper saturated with ammonia is evaporated to dryness. Under the action of heat this salt
melts, and at the end of a certain time deflagrates on fusion, without producing any detonation,
properly speaking.
The detonating properties of this composition, both alone and mixed with nitrate of ammonia, have
been studied. It was found that the salt, either pure or mixed with 1 2/3rds of its weight of nitrate of
ammonia, freely detonates under the action of one fulminate of mercury detonator.
The specific gravity of the salt is 1.87.
It detonates very feebly under the hammer.
The heat of dissolution in water is negative and equal to 60.6 calories per kilogramme, or 15.48
calories for the double equivalent weight of 255.5 grammes. The heat of dissolution in dilute nitric
acid of 2.2 calories, is 53 calories per kilogramme, or 13.54 calories for the double equivalent weight.
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From this last value, combined with those which are given in Mr. Berthelot's tables (Annuaire du
Bureau des Longitudes, 1888), the heat of decomposition of the salt into its gaseous elements, Cu 0
being supposed unaltered, may be easily-deduced. Thus :—
Heat of formation, 4 (N + H3[subscript]) dissolved

.........

84.0

Do.

do.

(N2[subscript] + 05[subscript]) dissolved

.........

28.6

Do.

do.

(CuO + N2[subscript]O5[subscript])............

15.0

Do.

do.

(N2[subscript]O5[subscript] + 4NH3[subscript]) ........

50.0

-----Total........................
Heat of dissolution in dilute nitric acid

177.6
.........

13.5

Heat of formation (N6[subscript] + H12[subscript] + O5[subscript] + Cu O) ......... 164.1

From this number, combined with that of the heat of dissolution in water, it follows :
N2[subscript] O5[subscript] Cu O (dissolved) + 4 N H3[subscript] (dissolved) = 20.77 calories.
N2[subscript] O5[subscript] Cu O + 6 H2[subscript] O (solid)' + 4 N H2[subscript] (gaseous)
= N2[subscript]O3[subscript] Cu O, 4 N H3[subscript] (solid) + 6 H2[subscript] (solid)
disengages 69.28 calories.
The products of its decomposition have not been examined. The mode of decomposition which
would disengage the maximum of heat corresponds to the
formula,
N2[subscript] O5[subscript], Cu 0, 4 N H3[subscript] = 3 N2[subscript] + H2[subscript] + 5
H2[subscript]0 + Cu 0,
assuming that the Cu 0 remains unaltered, and would disengage 131.8 calories (volume constant
water gaseous) for 255.5 grammes or 516 calories per kilogramme. When the salt is detonated
unconfined, abundant white fumes of nitrate of ammonia and nitrous vapours are produced and
observed. The mode of decomposition which then occurs cannot be stated with certainty.
Complete combustion with nitrate of ammonia occurs according to the formula
N2[subscript] O5[subscript], Cu O, 4 N H3[subscript] + 1/2(N2[subscript] O5[subscript]
N2[subscript] H8[subscript] O) = 4 N2[subscript] + 8 H2[subscript] O + Cu O.
The proportions in which the two salts should be mixed is, therefore, 76 of the copper salt, and 24
nitrate of ammonia.
The amount of heat disengaged by combustion is 655.5 calories per kilogramme. By the ordinary
method, and taking into account the specific heat of oxide of copper (which is 11.22 with Cu O = 70)
the following figures are easily found :—
Qk[subscript] = 655.5, t = 1,750°C, f=- 6.090, a = 0.796.
The temperature of detonation being relatively low, the Commission thought that this mixture,
either alone or with the addition of nitrate of ammonia, might constitute an explosive which might
be found safe for use in fiery mines.
Calorimetrical experiments on its detonation were made in the boiler, filled with air, as shewn in the
annexed table :
The unconfined detonation of the pure salt, although it certainly leaves no residue, yields an amount
of heat much less than that which would correspond to complete detonation. The production of the
white and nitrous fumes previously mentioned shews that a different reaction occurs.
The unconfined detonation of the mixtures with nitrate of ammonia is also very incomplete, and
becomes almost nil when the proportion of nitrate of ammonia amounts to double that of the cupric
salt.
In tin tubes the decomposition is still incomplete ; from the pure salt, as far as the mixture of 10 of
salt with 90 of nitrate of ammonia, the heat disengaged remains nearly equal to three-fourths of the
theoretical quantity. It may, therefore, be assumed that in a shot hole the decomposition will be
sufficiently complete.

Fusion, like compression, hinders the detonation.
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[table]
It is certain that these mixtures require for detonation, detonators containing at least 23.15 grains of
fulminate.
In a shot-hole 40 inches deep, drilled at Sevran in the midst of argillaceous rock, a cartridge of
3,086.5 grains of the complete combustion mixture produced a chamber of compression whose
principal dimensions were 1 foot 11.62 inches x 1 foot 5.72 inches x 1 foot 5.72 inches.
Under the same conditions a cartridge of 3,086.5 grains of the mixture of 33 of nitrate of cuproammonia with 66 of nitrate of ammonia produced a chamber 11.81 inches x 11.81 inches x 11.81
inches.
(*) Calculated, assuming the decomposition to be complete, with mutual reactions of the gaseous
products.
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Experiments made in fire-damp yielded the following results :—
[table]
A cartridge of 1,543.2 grains of the mixture of 20 of the salt with 80 of ammonia nitrate in a tin tube
0.98 inch and 1.22 inches on detonation produced a pressure of
8.66 inches of water without igniting the fire-damp.
The experiments have, therefore, been thoroughly satisfactory, when unconfined, in fire-damp, for
mixtures, even the most explosive of the cuprous salt and nitrate of ammonia.
Experiments were next made in a mixture of air containing 10.3 per cent. of coal-gas. The results
have been as follows :—
[table]
[99]

ON THE USE OF EXPLOSIVES IN MINES.

99

The mixture of 75 parts did not ignite coal-gas with 1,543.2 grains cartridges.
The mixture of 33 parts ignited with a 3,086.5 grains cartridge, and with a 956.8 grains cartridge
placed in a brass case open at the top. The singular fact was observed that the ignition of the
gaseous mixture occurred one or two seconds after the detonation of the cartridge.
The mixture of 20 parts did not ignite either with 1,543.2 grains or 3,086.5 grains cartridges.
It should be remembered that these experiments were made in a gaseous mixture notably more
inflammable than the fire-damp mixture, and as the experiments made in fire-damp did not produce
ignition even with mixtures of 75 parts, and cartridges of 3,086.5 grains, it seems that the mixture of
nitrate of ammonia with nitrate of cupro-ammonia should be considered to possess very satisfactory
guarantees of safety whenever the proportion of nitrate of ammonia reaches 25 parts per hundred.

The mixture containing 80 per cent, of nitrate of ammonia, which is proved safe, even in coal-gas,
with two cartridges of 3,086.5 grains, detonates at a temperature of 2,372 degs F., and possesses a
force f equal to about 5,500 kilogrammes.
Experiments on detonation, made in a bomb by Mr. Vieille, have given the following results :—
[table]
The combustion is always slow enough if the rupture is static.
The firing has been effected through the intermediary of a detonator of 15.43 grains of extra-fine
powder; to allow for this, the observed figures have been reduced by 150 kilogrammes when [delta]
= 0.2 and 200 kilogrammes when [delta] = 0.3.
CONCLUSIONS.
The new facts which are herein explained, confirm the conclusions of the first report, and allow their
definition and completion.
The normal temperature of ignition of fire-damp mixtures is known within 90 degrees F., but it is
necessary that the effect of that temperature should be prolonged for some time in order-that
ignition may be produced.
The new experiments, in harmony with the previous ones, shew that, owing to
(*) It is assumed tliat the decomposition occurs according to the formul 3 N2[subscript] + 6
H2[subscript]O + Cu
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the retardation of ignition characteristic of fire-damp mixtures, owing also to the almost
instantaneous mixture of the gases resulting from detonation with the surrounding air, and to the
quick cooling consequent thereupon, explosives whose temperature of detonation is less than about
3,992 degs. F., are incapable of igniting fire-damp mixtures when detonated under the normal
conditions of their use, that is, in holes properly stemmed. The stemming, made with care, should
always be vigorously enforced as one of the most essential conditions of safe blasting.
The guarantees of safety diminish, all things being constant in proportion as the stemming becomes
more imperfect. At the limit, and when the cartridge detonates unconfined without envelope, the
conditions of safety cannot be formulated with any exactitude.
Safety would doubtless be still ensured completely, if the explosive consisted of one substance only,
whose detonation would develop a temperature sufficiently low and only yield incombustible
products. Unfortunately, nitrate of ammonia is, as yet, the only substance known which realises
these conditions, and its facility of detonation appears insufficient.
Resort must, therefore, be made to mixtures, at least dual, and which are never absolutely intimate,
whatever may be the precautions taken. Now, if one of the mixed substances is combustible, or
when detonated alone, is susceptible either of developing a temperature higher than 3,992 degs. F.,
or of giving off combustible gaseous products, it may always be feared that a particle of that
substance, placed on the surface of the cartridge, may happen, at the time of detonation, to ignite
the exterior gas. Such is doubtless the cause of the irregularities which occur in the ignition of firedamp by the unconfined detonation of the same mixture.

These ignitions, in a way accidental, are the more to be dreaded, as the substance which may
produce them is used in higher proportions, as the mixture is less intimate, and as the surface or
(which is nearly the same thing) as the weight of the cartridge increases.
The only means by which this happily secondary cause of danger may be avoided, is to ensure the
utmost perfection in mixing, and to diminish as far as possible without too greatly reducing the
facility of detonation and the power of the explosive, the proportion of the substance capable of
igniting the gas.
Besides it is important to remark that safety in the use of explosives in the midst of a fire-damp
atmosphere depends, as has been previously mentioned, upon the almost instantaneous mixture of
the gases of the detonation with a sufficient volume of surrounding air. It would, therefore, be
dangerous to fire shots in a too limited space, and with a weight of explosive too great for the
volume of the surrounding air as compared with that of the gases of detonation.
These various considerations justify the recommen dation given by the Commission in the first
report, and which is repeated verbatim. (*)
"4. By reason of the complexity and the lack of certainty of the phenomena which may attend the
detonation of unconfined explosives, it will always be prudent to avoid firing shots (even charged
with one of the explosives considered the safest) at a point where the mixture of fire-damp and air
may be inflammable. The choice of these explosives should be considered as considerably lessening
the danger of explosion; it should not be considered as absolutely suppressing it."
In the present state of knowledge, the dual mixtures which may be used as explosives, suitable for
ensuring the safety of fiery mines, necessarily contain nitrate of ammonia as one of their elements,
and can be divided into two categories.
(*) See page 43
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I. Nitrate of ammonia may be mixed with a substance detonating at a high temperature, but yielding
incombustible products, nitro-glycerine for example. Safety appears to be sufficiently assured when,
the nitro-glycerine being used in the state of dynamite, the proportion of dynamite does not exceed
30 per cent. Two cartridges of 3,086.5 grains, containing 30 parts of dynamite, with 70 parts of
nitrate, were detonated unconfined in a fire-damp mixture without igniting it. Cartridges of 771.6
grains, 1,543.2 grains, and 3,086.5 grains of a mixture containing 20 parts of dynamite and 80 parts
of nitrate, did not produce ignition of the fire-damp. A cartridge of 771.6 grains of the same
explosive can even be detonated unconfined, in a mixture of air and coal gas, without igniting it.
II. Nitrate of ammonia can also be mixed with a substance, combustible in itself or yielding
combustible products on detonation.
Mixtures of this nature should satisfy the following conditions :—
Develop a temperature of detonation as low as possible, and in all cases less than 3,992 degs. F. ;
Not yield combustible gases after complete detonation ;
Possess sufficient explosive force so as to avoid the use of great weights of explosive;
Possess a great facility of detonation, at least in a stemmed hole, so that the proportion of missed
shots may be unimportant;

Capable of preservation for a long time, against all changes ;
Lastly, be capable of sale to the users at a not too high price.
Among the numerous mixtures based on nitrate of ammonia, fulfilling more or less completely all
these conditions, and which the Commission has tested, those which ought apparently to be
mentioned in preference are as follows :—
(1). Mixtures containing at the most 75 parts of nitrate of cupro-ammonia, this maximum
proportion, detonating unconfined, has neither ignited fire-damp with cartridges of 3,086.5 grains (3
expts.) nor coal-gas with cartridges of 1,543.2 grains (2 expts.) ;
(2). The mixture containing 6 parts of naphthalene, which, detonating unconfined, did not ignite
either fire-damp with cartridges of 3,086.5 grains (2 expts.) or coal-gas with cartridges of 771.6
grains (2 expts.); and only ignited coal-gas with cartridges of 3,086.5 grains ;
(3). The mixture containing 15 parts of octonitric cotton, which, detonating unconfined, did not
ignite fire-damp with cartridges of 3,086.5 grains (2 expts.);
(4). The mixture containing 10 parts of mononitronaphthalene, which, detonating unconfined, in five
experiments made with cartridges of 925.9 grains, 1,543.2 grains, and 3,086.5 grains, only once
ignited the fire-damp with a cartridge of 925.9 grains ;
(5). The mixture containing 10 parts of dinitro-benzol, which, detonating unconfined, did not
ignite fire-damp with cartridges of 1,543.2 grains (4 expts.), and with cartridges of 3,086.5 grains,
only ignited it once in three experiments.
Practical trials made in the mine, and which are now being made, can alone enable mine-owners to
choose between the various explosives.
8th November, 1888.
The President of the Sub-Commission and Reporter,
-

Er. Mallard.

Adopted, by the Commission at their sitting of the 8th November, 1888.
P. Vieille, Secretary.
President.
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TABLE OF EXPERIMENTS MADE AT THE SEVRAN-LIVRY POWDER MILL.
From June to October, 1888.
A. Experiments made in Combustible Gases.
[tables]
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PRACTICAL EXPERIMENTS IN COLLIERIES

on explosives commended by the
EXPLOSIVE SUBSTANCES COMMISSION.
SUMMARY OF THE REPORTS ON THE EXPERIMENTS.
By Er. MALLARD.
An account of the experiments made by the Explosive Substances Commission, on the use of
explosives in the presence of fire-damp was recently published. It
may be remembered that the Commission arrived at conclusions which may be summarised as
follows :—
(1). An explosive, whose detonation is due to the explosive wave, may be harmless in the presenceof
fire-damp, if its temperature of detonation be below the temperature of ignition of fire-damp. It is
only necessary, although not sufficient, that the temperature of detonation should be less than
3,992 degs. F. The degree of safety becomes greater as the temperature of detonation falls below
this figure ; and it may be sufficient when it is reduced to 2,732 degs. or 2,912 degs. F.
(2). The temperature of detonation of an explosive, i.e., the temperature to which the detonation
raises the products of the decomposition, maybe approximately calculated when the chemical
equation governing the decomposition is known, and also the amount of heat disengaged

corresponding to it ; and when it is assumed that the specific gaseous heats vary with temperature
according to the laws indicated by Messrs. Mallard and Le Chatelier.
(3). The explosives which, in the present state of knowledge, appear suitable for use in fiery mines
are at least dual mixtures. One of the substances is intended to diminish the temperature of
detonation; and it is important, as regards the useful effect, that this substance should be itself an
explosive; consequently, nitrate of ammonia is used, whose temperature of detonation barely
exceeds 1,832 degs. F.
Accepting these general principles, the Commission experimented with a number of mixed
explosives, which complied with the conditions recognised as essential for safety, and expressed
their desire that these mixtures should be tested in mines, in order to ascertain their practical value.
The directors of the Government Powder Mills at once complied with their desire, and two
successive parcels were sent to the managers of Anzin, Firminy, Blanzy, and Ronchamp collieries,
who were desirous of carrying out the experiments proposed by the Commission.
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The first of these parcels, sent during September, 1888, contained 22.05 pounds of each of the
following mixtures :
I. 30 parts of dynamite (containing 25 per cent. of silica) and 70 parts of nitrate of ammonia ;
II. 10 parts of dinitrobenzol and 90 parts of nitrate of ammonia;
III. 15 parts of octonitric gun-cotton and 85 parts of nitrate ammonia.
The second supply sent during January, 1889, contained 33.07 pounds of each of the following
mixtures :
I. 20 parts of nitrate of cupro-ammonia and 80 parts of nitrate of ammonia;
II. 70 parts of nitrate of cupro-ammonia and 30 parts of nitrate of ammonia;
III. 5 parts of naphthalene and 95 parts of nitrate of ammonia ;
IV. 20 parts of dynamite (containing 25 per cent, of silica) and 80 parts of nitrate of
ammonia.
These explosives were made up in cartridges of 771.6 and 1,543.2 grains, protected by a double
wrapping of paper soaked in paraffin. The mine managers who were desirous of making the trials,
were requested to compare the results obtained by the use of the new explosives, both in stone and
in coal, with those obtained with dynamite and with powder, both as regards the bulk and the
condition of the coal detached.
The reports addressed to the Commission from the mines at which the experiments were made, are
published in detail. It was thought useful to preface them with this short note summarising the
principal results obtained.
I. —MIXTURES CONTAINING EITHER NAPHTHALENE OR NITRATE OF CUPRO-AMMONIA.
The mixture composed of 5 parts of naphthalene and 95 parts of nitrate of ammonia shewed a
decidedly deficient facility of detonation. The same defect occurred with the mixture containing 20
parts of nitrate of cupro-ammonia and 80 parts of nitrate of ammonia.

The mixture containing 70 parts of nitrate of cupro-ammonia and 30 parts of nitrate of ammonia
caused several missed shots; and the fear is specially mentioned that the cupreous vapours,
disengaged by the detonation, may affect the health of the workmen.
II.—MIXTURES CONTAINING NITRO-GLYCERINE.
Mixtures of dynamite have in every case been considered as possessing a very satisfactory facility of
detonation; no missed shots have been reported, and detonation has been effected of the mixture
of 20 parts of dynamite and 80 parts of nitrate of ammonia, by detonators containing 11.57 grains of
fulminate, or with the extra strong detonators of the Dynamite Company.
The explosive power of these mixtures, compared with that of blasting-gelatine and dynamite no. 1,
has been estimated as shewn in the following table :—
[table]
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The Anzin experiments were made according to the well-known method, by placing 154.3 grains of
the explosive, covered by a stemming of sand, 1.97 inches thick, in cylindrical cavities bored in the
middle of a block of lead. After the explosion, the volume which the cavity occupied was measured,
a volume which remains almost constant for each explosive fired, under the same conditions.
The ratios of the volumes thus measured for the various explosives, may be considered as giving the
proportion of their explosive forces.
In the trials made in stone, the method adopted at Anzin, Firminy, and Blanzy, as will be seen from
the appended reports, consisted in firing shots with the new explosives, and in estimating what
charge of blasting-gelatine, for instance, would have been used to produce the same result. It is
evident that, even assuming things at the best, accuracy could only be approached after a very large
number of tests.
At Ronchamp, the system used, appears at first sight to be more exact. The new explosives, and no.
1 dynamite were used successively at the face of a stone drift. In each case, the charge employed
and the mass of stone broken down were noted ; by this means, with each explosive, the ratio of the
mass detached and the weight of the charge used, could be compared. Unfortunately, this method
of procedure is only exact if, for each substance, there was a certainty that each charge was so
proportioned to the resistance as to obtain the maximum useful effect. For instance, in the
experiments made with the mixture of 20 parts of dynamite and 80 parts of nitrate, the stone was
exceptionally hard, and the shot-holes being drilled in the same manner, were charged with
practically equal weights, both of the new explosive, and of no. 1 dynamite. The most feeble
explosive was then certainly used at a disadvantage, and the ascertained useful effect was less than
that which would probably have been observed, if, other things being equal, the charge of the
dynamite-nitrate mixture had been increased in a proper proportion. This may be the true
explanation of the very low value of the explosive force of the mixture of 20 parts of dynamite and
80 parts of nitrate, compared to that of no. 1 dynamite observed at Ronchamp, On the other hand,
the explosive force of the mixture of 30 parts of dynamite and 70 parts of nitrate, ascertained in a
very easily worked stone, may have been estimated too
highly.
Under this uncertainty, it would perhaps be advisable to adhere provisionally to the results obtained
by the experiments in blocks of lead, which show for the two mixtures, what is very probable, very

little difference in explosive power, which appears to be a little more than half of that of blastinggelatine, and to two-thirds of that of dynamite no. 1, and double that of compressed blastingpowder. The four reports are unanimous in stating, that no difficulty would be encountered in the
practical employment of these mixtures of dynamite and nitrate of ammonia. The two mixtures
shew only a very slight difference in explosive force, and, therefore, the one which affords the
maximum of safety, that containing 20 parts of dynamite and 80 parts of nitrate, is the one which
should be adopted, at least in the working of coal, which is the most dangerous.
The production of disagreeable fumes is recorded at Blanzy, Ronchamp, and Firminy. An
explanation of this phenomenon was found at the Firminy colliery. The fumes were due to the
paraffin, with which the double paper covering of the cartridge was saturated ; and they
disappeared when the outside paper was removed, and the paraffin adhering to the interior paper
was scraped off.
Certain inconveniences were also experienced at Firminy, manifestly arising from the necessarily
imperfect manufacture of the cartridges used. When manufactured on a commercial scale, probably
these would disappear.
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Mixtures of nitro-glycerine and nitrate of ammonia have already been tried at Anzin on a
considerable scale.
A very interesting report (*) on this subject has been made by Mr. Francois, who superintends the
underground workings at Anzin collieries. The Commission suggested (**) the advantage there
would be in suppressing the silica (as an inert matter). At Anzin, a mixture of 12 parts of
nitroglycerine slightly gelatinised, and 88 parts of nitrate of ammonia has been used. According to
calculations made at Anzin on the lines of those made by the Commission, the temperature of
detonation of this mixture should be about 2,732 degs. F., or practically the same as that of the
mixture of 20 parts of dynamite and 80 parts of nitrate. This substance has the advantage of being
more plastic and a little denser (1.04 instead of 0.94). The explosive power is greater, and has been
considered by the Anzin engineers from their experiments as equal to 111, that of dynamite no. 1
being 100, and that of blasting-gelatine 185. The substance detonates easily under the action of a
detonator containing 11.57 grains of fulminate.
It is sold by the Dynamite Company at 1s. 6.3d. per pound. The price of blasting-gelatine is 2s. 1.8d.
per pound, or 1s. 5.2d. per pound duty deducted. The nitrate of ammonia costs 4.3d. per pound ;
taking these figures, the selling price of the mixture should be 5.9d. per pound and 1s. 2.5d. per
pound including duty.
Two tons of this explosive has already been employed at Anzin, and it has proved very satisfactory in
the work of enlarging roads ; no explosive is used at Anzin in getting coal.
In stone-work, for which the mixture of 12 parts of nitro-glycerine and 88 parts of nitrate is
considered as rather light, it has been proposed to use mixtures containing 20 to 30 parts of
gelatinised nitro-glycerine.
A note (***) has been kindly forwarded by Mr. Viala, the director of the Lievin collieries (Pas-deCalais). They use, under the name of grisoutines A and B, mixtures supplied by the Dynamite
Company, and which appear to be :—(A.) a mixture of 20 parts of dynamite and 80 parts of nitrate of
ammonia, and (B) a mixture of 12 parts of nitro-glycerine and 88 parts of nitrate of ammonia, but it

appears that they have not been able to ascertain from the company the exact proportions of these
mixtures.
It may be pointed out that serious consequences result from putting into the market explosive
mixtures, under fancy names; it being impossible for the users to know either their composition or
their proportions. Under these circumstances, the identity of the substance is in no way guaranteed
by its name, and even the most lengthy experiments lose all their value, when the material with
which they have been made is not exactly known. In the absence of legal enactment, which seems
necessary, the managers of mines should exact from the manufacturers the precise composition of
the explosives with which they are supplied.
Whatever this may be, neither of these last-mentioned explosives ignited a gaseous mixture
containing 10 per cent, of coal-gas and air, when detonated, without stemming, at the bottom of a
hole drilled in a block of steel; ignition has only occurred when the gaseous mixture contained 12 per
cent, of coal-gas. In our opinion, these results should be considered as very satisfactory, if it be
remembered that mixtures of air and coal-gas are more inflammable than those of air and firedamp, and that the detonation of a cartridge, at the bottom of a shot-hole, without any stemming,
appears nearly impossible, unless expressly, intended by the workman.
It was found that the new explosives are easily used, and do not give off
disagreeable fumes.
(*) Page 136.
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III.—MIXTURES CONTAINING EITHER GUN-COTTON OR DINITROBENZOL.
Mixtures containing 15 parts of octonitric cotton and 85 parts of nitrate of ammonia, and 10 parts of
dinitrobenzol and 90 parts of nitrate of ammonia have been very variably estimated as regards their
facility of detonation.
At Ronchamp, no missed shots are mentioned, the extra strong detonators of the Dynamite
Company being used.
At Anzin, where plugged detonators containing 23.15 grains of fulminate were used, only one missed
shot occurred with the mixture of 10 parts of dinitrobenzol and 90 parts of nitrate.
At Firminy, where the same detonators were used, one miss-fire occurred in 34 shots with the
mixture of 15 parts of cotton and 85 parts of nitrate of ammonia, and two mis-fires out of 21 shots
with the dinitrobenzol and nitrate mixture.
At Blanzy, the explosion of the charge was not certain, even when detonators were used containing
30.86 and 46.30 grains of fulminate.
The results given by these two explosives need not be further discussed (*) as further experiments
are to be made on cartridges manufactured at the Sevran-Livry Powder Mills with improvements
suggested by the experiments, and a detailed account of which will be appended.
IV.—INSTANTANEOUS FUSE.
Instantaneous fuses are used in military operations, made of a more or less flexible tube of lead, tin,
gutta-percha, &c, containing a high explosive such as gun-cotton, dynamite, &c. These fuses can

transmit the explosion with remarkable speed. Mr. Berthelot, (**) from experiments made by the
Explosives Substances Commission gives indeed a mean velocity of 17,000 feet per second as
representing the speed with which the explosive wave is propagated through an instantaneous fuse
of lead, of about .04 inch internal diameter, filled with compressed gun-cotton.
These instantaneous fuses can be used when blasting in mines, by placing one of the ends into the
cartridge and by covering the free end with a special detonator with two open ends ; the safety fuse
being placed in the remaining opening.
The advantages are considerable : on one hand the stemming is made with greater safety; and on
the other, several cartridges can be fired with practically perfect simultaneousness. It is sufficient to
attach to the principal fuze[sic] another piece of fuze [sic], and to cut both so as to expose the
explosive at the point of contact; and to ensure their contact by wrapping the two fuses together
with string.
About 220 yards of fuse, made of compressed gun-cotton in a tin tube, was sent to each colliery.
At Anzin the contrivance was considered as hardly practicable, and without interest. At Firminy,
opinion was a little less unfavourable. Mr. Mathet, at Blanzy, considered that the instantaneous
fuses could be used advantageously when firing a number of simultaneous shots in the gobbing
quarries. No reply was received from Ronchamp.
APPENDIX.
Since the report was sent to the printers, a communication (***) has been received from Mr.
Francois, of Anzin, giving an account of experiments made with the mixtures containing—(a) 10
parts of dinitrobenzol and 90 parts of nitrate of ammonia, and (b) 10 parts of octonitric cotton and
90 parts of nitrate of ammonia. These explosives were carefully manufactured at the Sevran-Livry
Powder Mills, and sent for trial to several mine owners.
(*) See page 139.
(**) Comptes rendus de l'Academie des Sciences --Vol. C, page 314 (Feb. 9,1885).
(***) See page 139.
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The mixture containing dinitrobenzol will be shortly, it is said, placed on the market by the company
owning the Favier patents.
The Explosives Administration announces that it has placed the cotton mixture on the market at the
price of 1s. 5.2d. per pound.
Mr. Francois' note accompanies this report (*). He appears to be satisfied with the cartridges
manufactured at Sevran-Livry Powder Mills.
Mr. Francois, in this note, treats of mixtures made of gelatinised nitro-glycerine and nitrate of
ammonia, which are now currently used in the fiery Anzin collieries, where more than 20 tons have
already been used. Three kinds are used, containing respectively 12, 20, and 30 parts of gelatinised
nitro-glycerine; whose corresponding temperatures of detonation are, in round numbers, 2,732
degs., 2,912 degs., and 3,452 degs. F.; and their explosive forces have been estimated at 111, 118,
and 122, that of no. 1 dynamite being 100. The two first mixtures, and especially the first, should be
preferably used in the working of coal, and the third in working of stone.
(*) See page 136.
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FIRST SERIES OF EXPERIMENTS.
I.—ANZIN COLLIERIES.
REPORT ON THE PRACTICAL EXPERIMENTS WITH THE EXPLOSIVES RECEIVED FROM THE SEVRANLIVRY POWDER MILLS.
Preliminary Experiments.—Before making the practical experiments requested by the Explosive
Substances Commission, a few preliminary experiments were made to ascertain the explosive power
of each of the three mixtures to be used. For this purpose 154.3 grains of each of the explosives was
detonated in cubes of lead, 7.87 inches on each side. These cubes were fitted with a cylindrical hole,
0.47 inch diameter and 4.72 inches deep. The explosives were stemmed carefully into the hole, the
detonator containing 23.15 grains of fulminate was placed on the top, and the hole was then filled
up with very fine dry sand.
These experiments were several times repeated with the explosives, and with blasting-gelatine, and
no. 1 dynamite, and from these repeated trials, the following table was prepared, shewing the
power of these explosives, assuming that the volumes of the cavities produced are proportional to
the power of the respective explosives, that of blasting-gelatine being taken at 100 :
[table]
It was thought that the length of stemming above the charge of explosive might have a certain
influence on the results. In the case of blasting-gelatine and no. 1
dynamite, with 1.97 inches of stemming, the excavation took the shape shewn in figure 1, whilst the
other explosives, where there was less stemming, produced
excavations similar to that shewn in figure 2. It is evident that the orifice of
[diagrams]
Figure 1.

Figure 2.

issue for the gases is not the same in the two cases, and it may be supposed, with the mixtures of
the Commission, that the gases escaped before utilising all their explosive force in producing the
excavation.
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Other experiments were then made by increasing the height of the leaden blocks so as to have 1.97
inches of stemming above the charge, all the other conditions being the same as in the preceding
experiments.
The holes produced have been very similar to that of figure 1, but a marked increase of volume only
occurred in the case of the mixture of gun-cotton and, nitrate of ammonia :
[table]
Practical experiments were made by blasting in coal and stone, after these results were obtained.

Comparison with Blasting-Powder.
Experiments in Coal.—Miners do not use explosives in working coal in the Anzin collieries ;
nevertheless, the two following series of experiments were made, which include most of the
conditions found in practice. The experiments were made in the Renard Pit in the Henriette seam,
which is 1 foot 11 1/2 inches thick. In the first series, the shot holes a b (figure 3) were drilled 3 feet
11 1/4 inches deep
Fig. 3
Fig. 4
[diagrams]
[121]

ON THE USE OF EXPLOSIVES IN MINES.

121

in a direction at right angles to the working face. The shading shews the planes of cleavage.
These shots should detach the prism of coal a b c. [Figure 4 shews
the details, A B is a shot-hole in front of the gateway, and this shot should detach the prism of coal
DBC.] Several absolutely similar shots were fired with
compressed blasting-powder, and with the three explosives, and it was found that the following
were the amounts required to produce equal effects :—
Compressed blasting-powder

......

Dynamite and nitrate of ammonia

5.0 ounces,
... 3.0

„ ,

Dinitrobenzol and nitrate of ammonia ... 2.5

,,

Gun-cotton and nitrate of ammonia

,,

... 2.5

,

whence the comparative power of an equal weight of these explosives would be (that of blastingpowder being taken at 100) :—
Compressed blasting-powder

...

...

Dynamite and nitrate of ammonia

...

..

...

... 100
166 2/3

Dinitrobenzol and nitrate of ammonia............
Gun-cotton and nitrate of ammonia

...

...

200
...

...

200.

In every case, whether the prism of coal was removed by hand, with blasting-powder, or with the
other explosives, the coal is always very small.
In the second series of experiments, the holes were drilled, a b (figure 5), 3 feet 3 1/4 inches deep,
for the purpose of detaching the block of coal a b c d. [Figure 6 shews the details, the shot E F being
intended to dislodge the piece of coal E F G H.] All the shots were fired under the same conditions,
the blasting-powder also being ignited with a detonator containing 23.15 grains of fulminate.
Fig. 5
Fig. 6
[diagrams]
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From a comparison of the results obtained, the relative power of an equal weight of the explosives
would be (that of blasting-powder being taken at 100) : —
Compressed blasting-powder ...
...
..
...
... 100,
Dynamite and nitrate of ammonia

............

Dinitrobenzol and nitrate of ammonia...
Gun-cotton and nitrate of ammonia

...

166 2/3,

...

...

...

166 2/3,

..

...

...

200.

The mixture of dinitrobenzol and nitrate of ammonia produced the same proportion of round coal as
blasting-powder. The other two explosives produced about 12 per cent. more small coal. In one of
the shots, charged with dinitrobenzol and nitrate of ammonia, the detonator exploded without
detonating the explosive.

Comparison with Blasting-Gelatine.
Experiments in Stone.—It was considered most important to see how these explosives acted in
making roadways in thin seams in fiery pits.
Dynamite is used for this work at the Anzin collieries, A hole is drilled 3 feet 11 1/4 inches deep in
the thill of the roadways, as shewn in figures 7 and 8,
[diagram]
Fig. 7
[diagram]
Fig. 8
and 9 and 10, and this shot usually lifts 3 feet 4 inches in thickness of stone, in the case of a working
seam 1 foot 11 1/2 inches thick.
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Several shots were fired under the same conditions, with blasting-gelatine, and with the three
experimental explosives, and the following are the ascertained
Figure 9.
[diagram]
Figure 10.
[diagram]
values of the explosive force for equal weights, that of blasting-gelatine being taken at 100 :
Blasting-gelatine (Dynamite Company) ............

100,

Dinitrobenzol and nitrate of ammonia

80,

Dynamite and nitrate of ammonia

...

...

75,

Gun-cotton and nitrate of ammonia

............

72.

These explosives reduced the stone to smaller pieces than blasting-gelatine, which is desirable.
Fig. 11
[diagram]
The explosives were also tried in drifts driven by machine drills, (*) and excellent results were
obtained, comparable, as regards explosive power, to those obtained in the enlargement of roads,
so long as the charge did not exceed 6,173 grains.
This fact can be explained in the following manner :—a shot charged, for instance, with the least
voluminous mixture (dinitrobenzol and nitrate of ammonia) occupies 2 feet 3.56 inches of the length
of the hole, whilst the corresponding charge of blasting-gelatine only occupies 11.81 inches. In hard
stone, where heavy charges are required, it is evident that the charge which occupies the least
length of hole will shatter the stone more thoroughly than a charge of equal power of another
explosive, which would occupy a greater length of hole. This has been frequently ascertained, shots
charged with blasting-gelatine shattered the stone back to the end of the hole, while equally
powerful charges of the Commission's explosives only shattered the stone for 8 or 12 inches at the
outer end of the hole, even when the charge exceeded 5,400 or 6,200 grains.
[(*) The position and order of firing of the various shots is shewn in figure 11, blasting-gelatine was
always used in the case of nos. 1, 2, and 3 shots, and the mixed explosives were used in nos. 4, 5, 6,
7, 8, and 9 holes. The.holes were 3 feet 11 1/4 inches long. The beds of schist were horizontal,
with about 1 foot 8 inches of post near the roof.]
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Lastly, each of the three explosives were fired in holes tamped with water. A cartridge of blastinggelatine contained the detonator. The effects produced were similar to those obtained with ordinary
stemming.
Speaking generally, the fumes are less obnoxious than those produced by blasting-gelatine.
Conclusions.
Briefly, the experiments have been very satisfactory. The mixture of 10 parts of dinitrobenzol and 90
parts of nitrate of ammonia, gave the best result for heavily charged shots, which may be easily
explained by accepting the last-named theory, and remembering that this explosive is the least
voluminous. The mixture of gun-cotton and nitrate of ammonia, which gave the best results in the
two trials in lead, resumes its superiority in lightly charged shots, and this was confirmed by the
second series of experiments in coal, where all the shots were lightly charged. This mixture is the
most voluminous one.
For shots requiring charges heavier than 6,173 grains, it will always be advisable to use blastinggelatine, whose use is always preferable in stone drifts and staples driven by machine drills. The new
explosives advantageously replace blasting-gelatine, no. 1 dynamite, and blasting-powder, for coalgetting, and for stone work, especially in the enlargement of roads in fiery mines.
The 771.6 grain cartridge is 5.91 inches long with the mixture of gun-cotton and nitrate of ammonia,
4.92 inches with the mixture of dynamite and nitrate of ammonia,

4.33 inches long with the mixture of dinitrobenzol and nitrate of ammonia, whilst the 1,543.2 grains
cartridges of the various kinds of dynamite are only 4.72 inches long.
Undoubtedly the results given by these explosives could be improved, if they were compressed into
smaller volumes.
Two-thirds should be supplied in 1,543.2 grains cartridges of 1.18 inches diameter, and the
remainder in 771.6 grains cartridges.
At the end of a month, the explosives in the cartridges were still very dry, and in good condition.
Instantaneous Fuse.

,

The instantaneous fuse weighs 470 grains per running foot, and contains about 154.47 grains of guncotton. On explosion, the tin tube is shattered to fragments. It should only be used in the
simultaneous firing of several shots. A long time and much skill is required to make the junctions on
the fuse which is attached to the ordinary safety fuse, and in the experiments which have been
made there has always been at the least one missed shot to four shots properly fired.
With electricity, several shots could be fired simultaneously in a more rapid and economical way.
12th October, 1888.
[Note.—The details of the experiments have not been translated. They will be found in the Annales
des Mines, 1889, Vol. 16, pages 30-37.]
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II.— BLANZY COLLIERIES.
TRIALS OF THE NEW EXPLOSIVES FROM THE SEVRAN-LIVRY POWDER MILLS.
Herewith are forwarded the results (*) obtained with the three kinds of explosives, of which three
sample cases of 100 cartridges each were forwarded. These results are divided into three tables
under the headings of :—Explosives no. 1, no. 2, and no. 3, which summarise the number of shots,
the charge, and the mass detached in tubs containing 1,234 pounds.
In addition to the tables, there is a detailed statement giving, for each shot of no. 1 explosive (which
appears to be the only practical one), all the details relative to the firing of each shot, with sketches
of the working places, the effects produced, volumes detached, the effects of the fumes on the
workmen, &c, &c.
The difficulties which have been experienced in detonating no. 2 and no. 3 explosives, and
particularly the latter, render them certainly of little practical use.
Instantaneous Fuse.—Trials of instantaneous fuse for the simultaneous firing of several shots were
made ; but the unusual consumption of strong detonators, and the care which the wrappings require
when ordinary detonators open at one end are used, have led to the interruption of these trials, and
to an order being sent to the Gaupillat Company for a supply of coupling detonators, charged with
30.86 grains of fulminate.
These experiments will be resumed as soon as these detonators are supplied.
Only two experiments have been made with the following results :
Fig 12

[diagram]
In an open quarry three shot holes wore drilled 31.50 to 35.43 inches deep, the distances between
each hole being about 6 feet 6 inches. The fuse was arranged as shewn in figure 12. One of the ends
leading from the charge (1,543.2 grains) of gelatine in no. 1 hole, containing a strong detonator,
extended along the ground and entered no. 3 hole containing a charge and detonator. Another end
of fuse with charge and detonator was placed in no. 2 hole, and was joined to the first by simple
binding at A, prepared by exposing the substance in the two fuses and then uniting the bared
surfaces with strong string. The end b was fitted with a strong detonator which was united to
another, containing the end of the ordinary fuse to which the light was applied.
[(*) The details of the experiments have not been translated. They will be found in the Annales des
Mines, 1889, Vol. 16, pp. 37-47.
The following remarks may, however, be introduced.
No. 1 Explosive, containing 30 parts of Dynamite and 70 parts of Nitrate of Ammonia.—This
explosive was ignited completely with Abegg electrical detonators (triple) containing 8.33 grains of
fulminate. No flame was observed.
No.2 Explosive, containing 15 parts of Gun-cotton and 85 parts of Nitrate of Ammonia—-This
explosive was ignited with fuse and detonators containing 30.86 grains of fulminate. The complete
combustion of the charge has not been always produced with these detonators, in two cases the
explosive remained intact. No flames were observed. ,
No. 3 Explosive, containing 10 parts, of Dinitrooenzol and 90 parts of Nitrate of Ammonia.—This
explosive was only ignited by placing the detonator in the midst of the charge, but there have been
charges which were not ignited. In the last two experiments, with 46.30 grains detonators, some of
the explosive was left intact in the bottom of the hole. Flame was not observed.]
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The result was satisfactory, the instantaneousness perfect, and the displacement of stone
considerable. The length of fuse employed was 29 1/2 feet.
Five shots, 1, 2, 3, 4, and 5 (figure 13), in the same quarry had been drilled
Fig. 13
[diagram]
3 feet 7.31 inches deep on the side of a ledge. They were capped, charged, and stemmed as
before ; but the charge of gelatine was 4,629.7 grains for each shot. There were three connections
from fuse to fuse, and one at A from detonator to detonator.
The shots 1, 2, 3, and 5 were fired simultaneously, producing one and the same detonation; but the
fourth shot was not fired, the fuse being broken at the connection B. This same fuse was tried twice
afterwards without success ; a third attempt was more successful, and the shot fired.
The cause of this failure was doubtless due to the fuse being too large in diameter for the
detonators, and it may be that the fuse was not in perfect contact with the fulminate.
As soon as the coupling detonators are received, these experiments will be resumed.
November 7, 1888.

A. Mathet.

The results obtained with the instantaneous fuse have now been completed.
Fifty-eight shot-holes, about 3 feet 4 inches deep, and from 3 feet 4 inches to 3 feet 8 inches apart,
were prepared on the side of a bench in the gobbing quarries. Each of these holes was charged with
a gelatine cartridge of 1,543.2 grains, capped, with a length of fuse from 4 feet 3 inches to 4 feet 7
inches inserted into a cap of 30.86 grains of fulminate.
Each of these pieces corresponding to each hole, was united to the principal fuse laid on the ground,
close to the shot holes, by means of a string which bound together the points of contact, previously
stripped down to the explosive substance.
Fig. 14
[diagram]
The three last shots 56, 57, and 58 had been connected to. the principal fuse by a crossed binding, as
shewn in figure 14 ; whilst with all the other shots the ligature was tied tangentially, as shewn in
figure 15, which certainly is the best.
Fig. 15
[diagram]
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On the firing of this series of 58 shots, only one violent detonation was heard, the first 55 shots did
good work ; but the three last, which had been connected by the crossed binding, did not explode.
When retied to the principal fuse by a tangential ligature they fired immediately.
The length of fuse used in this experiment was 197 feet for the main fuse, and 247 feet for the
branch fuses to the holes. This experiment seems conclusive, and shews that every time a great
number of shots are to be simultaneously fired, as may occur in a quarry or even in sinking shafts,
the use of instantaneous fuse will advantageously replace the use of electricity.
November 24, 1888.

A. Mathet.

III—FIRMINY COLLIERIES.
REPORT ON THE PRACTICAL EXPERIMENTS MADE AT THE FIRMINY COLLIERIES, AT THE REQUEST
OF THE EXPLOSIVE SUBSTANCES COMMISSION.
The various mixtures were tried as follows:—
No. 1.—30 parts of dynamite and 70 parts of nitrate of ammonia,
No. 2.—15 parts of octonitric gun-cotton and 85 parts of nitrate of ammonia,
No. 3.—10 parts of dinitrobenzol and 90 parts of nitrate of ammonia.
The results of the experiment are summarised in the following tables (*) :—
No. 1, in coal, table A ; No. 1, in stone, table A';
No. 2, in coal, table B; No. 2, in stone, table B';
No. 3, in coal, table C ; No. 3, in stone, table C'.

The coal-getting experiments were made in a rather hard seam of coal, whose thickness is about 20
feet, and the inclination 25 degs., and which is worked in horizontal lifts. The levels, on the thill,
and the cross levels, extending from thill to roof, are 10 feet wide and 8 1/4 feet high. The lifts,
which extend from thill to roof, are 33 to 40 feet wide.
The stone trials were made in compact schist, and in post, in driving the cross drifts, or in taking
down the roof of a thin seam.
These experiments will now be described under different heads :—(1) The difficulties or
disadvantages of the use of the new explosives ; (2) their useful effect in coal-getting; (3) the
condition of the detached coal; and (4) the economic results.
(1). Difficulties or Disadvantages.
Whatever explosive is used, it is important that no empty space be left between the charge and the
sides of the shot-hole. With dynamite this condition is easily . realised : the cartridges are cut and
the charge is forced to the end of the hole with the stemmer, only reserving a portion of the
cartridge of length strictly necessary for the insertion of the detonator. With loose blasting-powder,
the workman puts the charge into a paper cartridge suitable to the diameter of the hole drilled. The
new explosives are pulverised and protected against damp by a double wrapping of paraffined
paper. The cartridges cannot be divided into pieces, because the loose substance spills out. No
incisions should be made in the paper. The external wrapper should only be removed, and the
cartridges thoroughly stemmed in the bottom of the hole ; but the filling up of any vacant space is
not effected, owing to the resistance of the paraffined paper. This inconvenience may be diminished,
if cartridges of various diameters are provided. The detonator should be placed in one whole
cartridge, which must not be crushed. To diminish as much as possible the length of the space which
perforce remains around this last cartridge, it would be desirable to have special cartridges of the
same length as the detonators.
(*) The details of the experiments have not been translated. They will he found in the Annales des
Mines, 1889, Vol. 16, pp. 54-59.]
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As the cartridges can not be divided, it will be necessary to have at hand cartridges of graduated
lengths so as to vary at will the charge in blasting. With dynamite and blasting-powder this difficulty
does not exist.
It requires about five minutes more to charge a hole with the new explosives than with blastingpowder or dynamite.
The nitrate of ammonia explosives yield no fumes. A very disagreeable smell is experienced when
these cartridges are used ; but this bad odour may be avoided if, before charging, the outside
wrapper is removed, and the paraffin adhering to the inner wrapper is scraped away.
With the no. 2 explosive, one missed shot occurred out of 34 shots ; the three cartridges in it burnt
without detonating, although great care had been taken that the fuse never penetrated into the
cartridge.
With the no. 3 explosive two missed shots occurred out of 21 fired ; in these two shots, the
detonator only had detonated, and the substance was recovered in rather hard yellowish lumps.
Perhaps it had been already altered before use.

(2). Useful Effect,
In getting coal, each shot usually consisted of 5,092.7 grains of loose blasting-powder or 1,311 .7
grains of blasting-gelatine. It was found that the same effective result was obtained with 2,314.8
grains (3 cartridges) of the no. 1 explosive. Explosive no. 2 was a little less powerful, and no. 3 was
still less powerful.
Occasionally, when the " kirving " was insufficient or the coal a little hard, instead of breaking down
the coal over the " kirving," only a conical piece of coal was thrown from the face.
In stone work, one cartridge of 771.6 grains of the explosives nos. 1, 2, or 3 appears equivalent to a
triple charge of blasting-powder.
(3). Condition of the Detached Coal.
The state of division of the detached coal was generally the same as with dynamite, and almost the
same as with blasting-powder. With the nitrate of ammonia explosives, as with dynamite, there
are always 8 or 10 lbs. of powdered coal around the charge ; that is the only difference found as
compared with the effects of blasting-powder.
(4). Economic Results.
In coal work, the cost of one ordinary shot is :—
Grains.
Blasting-powder

...

Per pound.

5,092.7 at 10.12d..........

Blasting-gelatine ...

1,311.7 at 2s. 4.01d.

Explosive no. 1

2,314.8 at

x

...

= 7.36d.

... +

.50d.(*) ...

= 5.75d.

...

+

.50d.(*) ...

=

?

=

?

,, 2

...

2,314.8 at

x

...

+ 1.00d.(**) ...

,, 3

...

2,314.8 at

x

...

+ 1.00d.(**) ...

=

?

The time required in charging should also be reckoned ; as previously remarked, it takes about five
minutes more with the new explosives than with powder or
dynamite.
Instantaneous Fuse.
The instantaneous fuse from the Sevran-Livry Powder Mills has also been tried. It allows several
shots to be fired perfectly simultaneously. It was found that for the transmission of explosion, it
was necessary to fix a plugged detonator at the beginning of each branch. It was also found that it
was not sufficient to strip the covering and place the gun-cotton in contact.
This fuse would be of service in fiery mines by allowing several shots to be fired at a time, but the
regulations require the use of one fuse to each shot.
H. Voisin.
[Note—The details of the experiments have not been translated.
Annales des Mines, 1889, Vol. 10, pp. 54-59].
[ (*) Ordinary detonator],

[ (**) Plugged detonator.]

They will be found in the
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IV.— RONCHAMP COLLIERIES.
EXPERIMENTS WITH THE EXPLOSIVES SENT FROM THE SEVRAN-LIVRY POWDER MILLS.
The experiments were made in a stone drift in the south district of the Magny Pit. They were made
for the purpose of comparing these explosives with no. 1 dynamite.
Speculative experiments were inadmissible, as there was only a rather small quantity of each of
these explosives (about 11 pounds). Moreover, it was thought desirable not to make any change in
the ordinary method of working the stone drifts; depth, position, number of shot-holes, all remained
under the same conditions.
As regards the charge, the weight of no. 1 dynamite usually employed was replaced by an equal
weight of the new explosives.
The stemming was made as usual, with from two to three inches of clay ; lastly, as regards
detonators, use was made of the so-called extra strong detonators of the Dynamite Company.
The face of the working place was entirely in compact schists ; the inclination of the strata being only
a few units per cent., and all the experiments having been made almost simultaneously, it may be
assumed that as regards facility of detachment, the place remained constantly under the same
conditions.
On an examination of the summarised experiments, it is evident that, as regards blasting-power, the
explosives may be classed in the following manner :—
Dynamite no. 1

...

...

...

...

...

...

100,

No. 1 (30 parts of dynamite and 70 parts of nitrate of ammonia) ...

97,

No. 2 (10 parts of dinitrobenzol and 90 parts of nitrate of ammonia)

95,

No. 3 (15 parts of gun-cotton and 85 parts of nitrate of ammonia) ...

79.

Nos. 1 and 2 explosives appear to differ very little from dynamite no. 1. Nevertheless, it must be
remembered that the blasting was effected under especially favourable conditions for two reasons
:—(1) the presence of two slips in the face ; and (2) the softness of the stone.
Experiments made in harder stone would certainly be more conclusive; the explosives would remain
ranked in the same order, but it is probable that each of them would possess a materially lower coefficient.
In conclusion, it may be noted that the fumes of these explosives cause a rather severe coughing,
and appear (especially those of no. 3) to be more painful to respire than those of no. 1 dynamite.
Note.—As regards ignition, the so-called safety fuse was used.
Ronchamp, December 3, 1888.
[Note,—The details of the experiments have not been translated. They will be found in the Annales
des Mines, 1889, Vol. 16, pp. 62-65.]
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SECOND SERIES OF EXPERIMENTS.

I.—ANZIN COLLIERIES.
REPORT ON THE TRIALS MADE WITH EXPLOSIVE MIXTURES SENT FROM THE SEVRAN-LIVRY POWDER
MILLS.
1. Mixture of 20 parts of nitrate of cupro-ammonia and 80 parts of nitrate of ammonia.
2. Mixture of 70 parts of nitrate of cupro-ammonia and 30 parts of nitrate of ammonia.
3. Mixture of 5 parts of naphthalene and 95 parts of nitrate of ammonia.
4. Mixture of 20 parts of no. 1 dynamite and 80 parts of nitrate of ammonia.
Before making the practical experiments, some preliminary trials were made so as to ascertain the
explosive power of each of the four mixtures to be tried. These experiments consisted in the
explosion of 154.3 grains of each substance in leaden cubes of 7.87 inches on the side. The cubes of
lead were pierced, following the vertical axis by a cylindrical hole 0.47 inches in diameter, and of
variable length so as to ensure 1.97 inches of stemming above 154.3 grains of explosive. The mixture
to be tried was carefully stemmed into the hole, a detonator was placed above containing 23.15
grains of fulminate of mercury; and the hole was then filled up with very fine dry sand. These
experiments, several times repeated, gave every time the same result for the same mixture, which
shews that these experiments are perfectly comparable for the same explosive substance ; but for
compositions of different kinds, each having a particular mode of decomposition, the results are only
comparable with each other with a certain degree of approximation.
At the end of these trials, the following table was drawn up, shewing the explosive powers of each of
these mixtures, assuming that the volumes of the cavities produced are proportional to the powers
of the said explosives; the explosive force of blasting-gelatine being taken at 100.
[table]
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The practical experiments consisted in firing shots for the enlargement of roads in thin seams. The
charges of explosives varied from 1,543.2 grains to 9,259.4 grains. The charges used were compared
with those which would have been used of blasting-gelatine, and it was considered that with the
same weight the explosive power of the mixtures tested is so much per cent. of that of blastinggelatine.
Some of these mixtures detonated very badly ; several times after lighting the fuse, detonation was
heard, but the shot was not blown out, and the stone was undisturbed. The explosion shews that
the fulminate had detonated and probably with it a portion of the mixture. The unramming of shots
being prohibited, the quantity of explosive which had detonated along with the cap could not be
ascertained. In the report and in the detailed list, this case is indicated under the name of partial
detonation without blowing out.
At other times detonation was heard, the stone remained intact, but the shot was blown out; a
portion of the mixture remaining undetonated at the end of the hole. This special case is indicated
under the name of partial detonation with blowing out.
With mixtures which detonate badly, it was thought that the folds of paper which are found at the
ends of the cartridge might be an obstacle to the propagation of the explosive wave ; sometimes,
indeed, this thickness of paper reached 0.24 inch at one end, and very frequently this paper was

removed so that the explosive formed a continuous cylinder in the shot-hole. This method of
charging is indicated by saying that the cartridges were unsealed.
The following are the results of these experiments :—
(1). Mixture of 20 parts of Nitrate of Cupro-Ammonia and 80 parts of Nitrate of Ammonia.
In two shots, whose detonation was provoked by a detonator containing 23.15 grains of fulminate of
mercury, there occurred each time only a partial detonation without blowing out. The cartridges
were unsealed.
In two other shots, whose detonation was provoked in each case by two detonators placed side by
side, together containing 46.30 grains of fulminate, one partial detonation occurred without blowing
out, and one partial detonation with blowing out. The cartridges were also unsealed.
This mixture appeared to detonate completely when a cartridge of blasting-gelatine or no. 1
dynamite is used as a priming cartridge with a detonator containing 11.57 grains of fulminate of
mercury.
It was found by firing several shots under these conditions, that the explosive force of this mixture
was 54 per cent, of that of blasting-gelatine.
(2). Mixture composed of 70 parts of Nitrate of Cupro-Ammonia and 30 parts of Nitrate of Ammonia.
In three shots, whose detonation was provoked by a detonator containing 23.15 grains of fulminate
of mercury, two shots fired well, and the third was partially detonated without blowing out.
In four shots, whose detonation was each time provoked by two detonators containing 46.30 grains
of fulminate of mercury, three shots fired well, but the fourth partially detonated without blowing
out.
From the five well-fired shots, it appears that the explosive force of the mixture is 57.6 per cent, of
that of blasting-gelatine.
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This mixture appeared to be very completely detonated every time, by the use of a cartridge of
blasting-gelatine as a priming cartridge.
In the above seven experiments, the cartridges were unsealed.
After the explosion, the fumes were very dense and irritated the mucous membranes of the eyes
and nose.
Nitrate of cupro-ammonia contains 24.85 per cent, of copper, and as the mixture includes 70 per
cent, of this nitrate, it must contain 17.4 per cent, of copper. After explosion, this copper is probably
suspended in the atmosphere in the state of dust oxide of copper (the decomposition yields an
excess of oxygen), which dust will be breathed by the workmen, and might cause injurious results.
(3). Mixture composed of 5 parts of Naphthalene and 95 parts of Nitrate of Ammonia.
This mixture detonated very badly.
The cartridges have always been unsealed.

In five shots, whose detonation was effected by a detonator containing 23.15 grains of fulminate of
mercury, two shots have given partial detonations without blowing out, and the three other shots
were partial detonations with blowing out.
In two other shots, whose detonation was provoked each time by three detonators, together
containing 69.45 grains of fulminate of mercury, only partial detonations without blowing out
occurred.
In one of these shots, 6,172.9 grains of the mixture were left at the bottom of the hole (out of
9,259.4 grains of the charge), two cartridges of blasting-gelatine were placed on the top and one
detonator of 11.57 grains ; the shot fired well; nevertheless when clearing it away, pieces of the
mixture were found which had not detonated. The largest of these fragments weighed 123.46
grains, and the mixture was melted. This fact emphasised the low aptness of detonation of this
explosive.
By placing 1,543.2 grains or 3,086.5 grains of this mixture with charges of at least 4,629.7 grains of
blasting-gelatine, complete detonation was obtained, and its explosive force was estimated as 72
per cent, of that of blasting-gelatine.
(4). Mixture composed of 20 parts of No. 1 Dynamite and 80 parts of Nitrate of Ammonia.
It was ascertained that the mixture in several cartridges was very badly made. The grains of nitrate
of ammonia were not more than .04 inch, but the grains of no. 1 dynamite were as large as 0.28
inch.
This mixture detonated freely with detonators containing 23.15 grains of fulminate of mercury, and
also with detonators containing 11.57 grains.
The explosive force, for shots with less than 7,716.2 grains, is 64.1 per cent, of that of blastinggelatine.
This mixture gives off less fumes than the different dynamites.
General Observations.
Of the four explosives tested, two are wanting in facility of detonation, and ought to be set aside for
that reason. These two mixtures are : (1) that composed of 20 parts of nitrate of cupro-ammonia
and 80 parts of nitrate of ammonia, and (2) the mixture of 5 parts of naphthalene and 95 parts of
nitrate of ammonia.
The third mixture composed of 70 parts of nitrate of cupro-ammonia and 30 parts of nitrate of
ammonia was only detonated completely five times out of seven ; it is
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also deficient in facility of detonation, and further there is reason to consider whether it should not
be rejected on account of the large proportion of copper it contains, and the noxious influence
which these dusts may exercise on the bodies of the workmen.
The fourth mixture composed of 20 parts of no. 1 dynamite and 80 parts of nitrate of ammonia is the
only one which is really practicable.
These explosives were supplied in cartridges of 771.6 grains and 1,543.2 grains. The 771.6 grains
cartridges were 1.18 inches diameter, and averaged 4.53 inches long ; those of 1,543.2 grains were

1.30 inches diameter, and averaged 7.09 inches long, which saved a length of 1.97 inches when
1,543.2 grains were used, and, by using 1,543.2 grains cartridges, the density of charging was
increased
1.97[divided by] 2 x 4.53
= 21 per cent, above that obtained by using cartridges of 771.6
grains. About 90 per cent, of the supply should be in the form of 1,543.2 grains cartridges, and only
10 per cent, of 771.6 grains. They should all be 1.30 inches diameter.
Conclusions.
Three of the explosives tried some months ago remain available, viz. :—
1. 10 parts of dinitrobenzol and 90 parts of nitrate of ammonia;
2. 15 parts of octonitric gun-cotton and 85 parts of nitrate of ammonia ;
3. 30 parts of no. 1 dynamite and 70 parts of nitrate of ammonia ;
and one of the latest mixtures, that which consists of :—
4. 20 parts of no. 1 dynamite and 80 parts of nitrate of ammonia.
According to the experiments of the Explosive Substances Commission, the last mixture gives
greater safety than the former, and as it has been proved really practicable, there is justification for
its trial in a pit for several months and on a considerable scale.
The mixtures of dinitrobenzol and nitrate of ammonia, and of gun-cotton with nitrate of ammonia,
have also been recognised as very practicable, but they were sometimes found defective in the
experiments, of the Explosive Substances Commission.
It should be remembered that these explosives cannot be used to advantage with charges greater
than 7,716.2 grains, and that blasting-gelatine and no. 1 dynamite will always be used for work
requiring the use of heavy charges, such as stone drifts driven by the machine drills, sinking of shafts,
&c, &c.
The new explosives should be reserved for the ordinary workings, such as enlarging roads in thin
seams, driving of inclined planes, and coal-getting in mines where this work is affected with powder.
Such work is most dangerous, owing to the presence of fire-damp.
February 15, 1889.
[Note.—The details of the experiments have not been translated. They will be found in the Annales
des Mines, 1889, Vol. 16, pp. 71-75].
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II.—FIRMINY COLLIERIES.
REPORT ON THE SECOND SERIES OF PRACTICAL TRIALS MADE IN THE FIRMINY COLLIERIES, AT THE
REQUEST OF THE EXPLOSIVE SUBSTANCES COMMISSION.
The following explosive mixtures were tried :—
No. 1, 20 parts of nitrate of cupro-ammonia and 80 parts of nitrate of ammonia ;
No. 2, 70 parts of nitrate of cupro-ammonia and 30 parts of nitrate of ammonia ;

No. 3, 5 parts of naphthalene and 95 parts of nitrate of ammonia ;
No. 4, 20 parts of dynamite and 80 parts of nitrate of ammonia.
The trials were made in the same workings, and under the same conditions as those described in the
report of November 29, 1888.
The results are stated in the appended tables. (*)
The difficulties and disadvantages are the same as those indicated for the explosives previously
tried. The workmen, moreover, complained of the bad odours which remained for some time
after firing ; sometimes they have even had pains in the head and eyes.
Nos. 1 and 3 explosives could not be detonated with plugged caps containing 23.15 grains of
fulminate. In the first experiments, the cartridges were well rammed ; in the latter they were only
lightly rammed ; in every case the hole was well stemmed ; and the result has always been negative.
With no. 2 explosive, when using the 771.6 grains cartridges, the detonator cartridge alone
detonated, and the others were found intact.
In working coal, 3,086.5 grains of the explosives nos. 2 and 4 produced nearly the same result as
5,092.7 grains of loose blasting-powder, or 1,311.7 grains of blasting-gelatine.
The condition of the detached coal is generally the same as with dynamite, and nearly the same as
with blasting-powder.
March 9, 1889.

H. Voisin.

III.—BLANZY COLLIERIES.
REPORT ON THE TRIALS OF THE EXPLOSIVE MIXTURES FROM THE SEVRAN-LIVRY POWDER MILLS.
No. 1 Explosive, 20 parts of Dynamite and 80 parts of Nitrate of Ammonia. (**)
The shots in coal, charged with the new powder, worked very well, when the charge was increased
in the proportion of 2 to 3 of the usual charge of blasting-gelatine. The fumes are rather
disagreeable ; no observations have been made as to the presence of flame.
New Mixtures.
No. 2 explosive, nitrate of cupro-ammonia 70 parts and nitrate of ammonia 30 parts.
No. 3 explosive, naphthalene 5 parts and nitrate of ammonia 95 parts.
No. 4 explosive, nitrate of cupro-ammonia 20 parts and nitrate of ammonia 80 parts.
[(*) The details of the experiments have not been translated. They will be found in the Annales des
Mines, 1889., Vol. 16, pp. 78-83.]
[(**) The details of the experiments have not been translated. They will be found in the Annales des
Mines, 1889, Vol. 16, pp. 84-86.]
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It may be concluded from the experiments with the different powders :—
1. That nos. 1 and 2 may advantageously replace compressed powder for working stone or coal;
and that they are inferior to dynamite or blasting-gelatine ;

2. That, in the workings, the fumes derived from the explosion are more disagreeable than those
from dynamite or blasting-gelatine ;
3. That no. 3, and especially no. 4 explosive, are very difficult to detonate, even with charges of
fulminate of 30.86 grains and upwards ; and that, for this reason, and owing to the disadvantages
which result during their ordinary use, and the least of which would be the loss of the charged and
miss-fired shots, they cannot be generally used in mines.
There have been no observations made as to the flames produced, and consequently as to their
action in an air charged with fire-damp.
March 28, 1889.

A. Mathet.

IV.—RONCHAMP COLLIERIES.
EXPERIMENTS ON THE DUAL EXPLOSIVES SENT FROM THE SEVRAN-LIVRY POWDER MILLS.
The conditions were made absolutely similar to those of the experiments of December, 1888, in
order to try the practical working of these new explosives. The trials were made in a stone drift going
south from the Magny pit. It was being driven in fragile stone, fissured, and consequently easy to
break down during December, 1888; at this time the drift was in conglomerate. It may be said, as
regards blasting, that it was under particularly unfavourable and almost exceptional conditions.
Indeed, there is no stone in Ronchamp more difficult to blast; the bastard posts are certainly harder
to drill, but the shots work better.
The mixture of 20 parts of dynamite and 80 parts of nitrate of ammonia was the only one which gave
any result. But the experiments shew that the useful effect of this mixture is less than half that of no.
1 dynamite.
All the shots were very carefully stemmed with clay.
Safety fuse and the so-called extra strong caps of the Dynamite Company were used for igniting the
shots.
The workmen found the fumes of these explosives very troublesome to breathe ; especially the
mixtures of nitrate of cupro-ammonia and nitrate of ammonia.
March 30, 1889.

T. Gruner.

[Note.—The details of the experiments have not keen translated. They will be found in the Annales
des Mines, 1889, Vol. 16, pp. 88-89].
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SUPPLEMENTARY DOCUMENTS.
ANZIN COLLIERIES.
I.—ON EXPLOSIVES USED AT THE ANZIN COLLIERIES.
Historical.
In consequence of Mr. Mallard's reports on behalf of the Explosive Substances Commission, and of
the experiments made on some explosives sent by the Commission, the Anzin Collieries Company
commenced to use the new explosives in their gassy workings, always observing the same measures
of precaution in firing shots as formerly.

The Anzin Collieries Company applied to the Dynamite Company for supplies of mixtures of
dynamite or gelatinised nitro-glycerine and nitrate of ammonia, prior to the time when the
Government Powder Mills were able to supply the new explosives.
First Explosive Used.
The first order was for half a ton of a mixture of 20 parts of dynamite and 80 parts of nitrate of
ammonia, which affords high guarantees of safety; its temperature of detonation being only 2,732
degs. F. This mixture was supplied in cartridges weighing 1,419.8 grains, and being 1.30 inches
diameter and 4.53 inches long. It was enclosed in a double envelope of rather thin and impermeable
paper. The cartridges were arranged in 4.4 pounds pasteboard boxes, and hermetically sealed.
These boxes were then placed in the usual way inside wooden chests.
This explosive detonated very freely with plugged detonators containing 11.57 grains of fulminate of
mercury. Its actual explosive power has been recognised as equal to 91 per cent., that of no. 1
dynamite being 100. The density was only 0.936. This explosive contained 20 per cent, of no. 1
dynamite consisting of 75 per cent, of nitro-glycerine, and consequently a certain quantity of silica or
inert matter which it appeared desirable to avoid.
Second Explosive Used.
In consequence of the indications given in the second report of the Commission (page 88), and on
the advice of Mr. Mallard, it was sought to suppress the 5 per cent, of inert matter ana replace the
no. 1 dynamite by nitro-glycerine slightly gelatinised by means of an addition of 2 to 3 per cent, of
octonitric cotton. This blasting-gelatine is very plastic; its density is 1.43 ; it readily fills the empty
spaces
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between the grains of nitrate of ammonia, and, consequently, materially increases the density of the
mixture, which is very important as regards the practical explosive power.
The curves (figure 16) shew the temperature of detonation and the force of the explosive for
different mixtures of these two substances. The abscissae shew the proportions of nitrate of
ammonia and the ordinates the corresponding temperatures and explosive forces.
[graph]
Figure 16.—Mixtures of blasting gelatine and nitrate of ammonia.
These curves are calculated by means of the formulae given in Note A at the end of the first report
of the Explosive Substances Commission. (*) It is assumed that the gelatinised uitro-glycerine
contains 3 per cent, of octonitric gun-cotton and that one kilogramme (2.204 pounds) of this
gelatinised nitro-glycerine disengaged 1,545 calories, and that one kilogramme (2.204 pounds) of
nitrate of ammonia yields 380 calories. The gases resulting from the detonation of these two
substances cannot react on each other, as both of them yield an excess of oxygen.
(1). 12 to 14 parts of Gelatinised Nitro-glycerine and 88 to 86 parts of Nitrate of Ammonia.—The first
mixture used contained 12 to 14 parts of gelatinised nitroglycerine and 88 to 86 parts of nitrate of
ammonia. The cartridges weighed 1,157.4 grains, are 1.30 inches diameter, and 3.35 inches long.
The envelope of the cartridges and the packing were the same as previously described. This
explosive detonated well with plugged caps containing 11.57 grains of fulminate of mercury.
[(*) See page 62.]
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It is now ordinarily employed, and more than two tons have been used. The practical explosive
power is 110.6, that of no. 1 dynamite being 100. The calculated temperature of detonation is 2,721
degs. F.
(2). 20 parts of Gelatinised Nitro-glycerine and 80 parts of Nitrate of Ammonia. —Experiments have
also been made with a second mixture containing 20 parts of gelatinised nitro-glycerine and 80 parts
of nitrate of ammonia. The cartridges weighing 1,157 .4 grains, are 1.30 inches diameter and only
2.95 inches long. The density is 1.17. The explosive power is equal to 118.6, that of no. 1 dynamite
being 100. The calculated temperature of detonation is 2,980 degs. F.
(3). 30 parts of Gelatinised Nitro-glycerine and 70 parts of Nitrate of Ammonia. —With a view of
having an explosive capable of superseding blasting-gelatine, and having always the temperature of
detonation less than the apparent temperature of ignition of fire-damp, 2 cwt. of a mixture of 30
parts of gelatinised nitroglycerine and 70 parts of nitrate of ammonia was ordered. This mixture
should , have sufficient density, and consequently will develop a greater pressure per square inch in
the shot-hole. The calculated temperature of detonation is 3,400 degs. F.
This order has not yet been supplied.
Experiments with the New Explosives with Blown out Shots.
The results obtained vary with the resistance that the stemming can oppose to the issue of the gases
resulting from the explosion. This resistance is dependent on the nature and length of the stemming.
The work which the gases expend in blowing out the stemming reduces their temperature, and this
diminution may be so great that certain explosives, usually giving off flame, no longer do so.
The following table summarises these experiments :—
[table]
Nature of Fumes.
The fumes resulting from these three explosives are much less injurious than those produced by no.
1 dynamite and blasting-gelatine.
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The appended table gives in cubic feet at 32 degs. F. and 29.92 inches, the gases resulting from the
detonation of one pound of the following explosives :—
[table]
Table shewing the explosive power and the density as deduced from the experiments made at Anzin.
[table]
June 1, 1889.

M. Francois.

II.—ON THE USE OF THE HUNDREDWEIGHT OF EXPLOSIVES RECEIVED PROM SEVRAN LIVRY POWDER
MILL.
Mixture of 10 parts of Dinitrobenzol and 90 parts of Nitrate of Ammonia.

This explosive was supplied in cartridges weighing 771.6, 1,543.2, and 2,314.8 grains. The diameter
of the cartridges was 1.26 inches, and the lengths 2.87, 5.59, and 8.46 inches. The average density
was 0.93. The density of the long 2,314.8 grains cartridges was practically the same as that of the
smaller cartridges, and as they are less handy, it would be better to use, in the future, cartridges of
77l.6 and 1,543.2 grains, the latter constituting 80 per cent, of the total weight.
Explosion was effected by plugged detonators containing 30.86 grains of fulminate of mercury, and
only one incomplete detonation was observed. This explosive gives off but little fumes, and acts very
well. It was found that with the same weight the explosive power was the same as that of no. 1
dynamite.
Mixture of 10 parts of Octonitric Cotton and 90 parts of Nitrate of Ammonia.
This explosive was also sent in 771.6, 1,543.2, and 2,314.8 grains cartridges, 1.26 inches diameter,
and 3.15, 6.10, and 9.29 inches in length. The average density was only 0.84, and practically the
same in cartridges of 771.6 and 1,543.2
(*) The trials made to determine the value 118.6 are as yet not very numerous, and there may be
reason to modify it subsequently.
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grains, so that the 2,314.8 grains cartridges could again be dispensed with. The plugged detonators
containing 30.86 grains of fulminate have always effected very complete detonations. The fumes are
rather dense, but do not cause any disadvantage to the health of the workmen.
It was found that with the same weight, the explosive power was the same as that of the preceding
mixture or no. I dynamite.
Advantages and Inconveniences of these Explosives.
These explosives act well at the Anzin collieries, they are manufactured very carefully, detonation
has always been easily effected, and their employment is very practicable.
They have the disadvantage of having a very low density, and if it is desired that the explosive should
not occupy too great a length of the hole, they must be used (as they have this time been supplied)
in cartridges 1.26 inches diameter, which necessitates the drilling of rather large holes, so that the
drilling costs a little more than with smaller holes.
These explosives also require, for complete detonation, plugged detonators containing 23.15 or
30.86 grains of fulminate of mercury, although the other explosives detonate well with detonators
of 11.57 or 15.43 grains.
There have been used for some months at the Anzin collieries, grisoutine B, grisoutine F, and
grisoutine-gelatine, which are mixtures of 12 and 88, 20 and 80, and 30 and 70 parts respectively of
gelatinised nitro-glycerine and nitrate of ammonia. The density, and the relative explosive power for
the same weight is greater than that of the preceding mixtures. The cartridges are only 1.10 inches
diameter. The degree of safety is also very great, for the temperature of detonation is not high.
The following table shews a comparison between these explosives and those from the Sevran-Livry
Powder Mill :—
[table]

The calculation of the temperatures of detonation of the Sevran-Livry explosives has been made by
taking from the table of the temperatures of detonation in Mr. Mallard's report (pages 64 and 65),
the results given for complete combustion mixtures of dinitro-benzol and nitrate of ammonia, and of
octonitric cotton and nitrate of ammonia, and by calculating that 1 kilogramme of dinitro-benzol and
1 kilogramme of octonitric cotton, completely burnt, disengage, the first 3,988 calories, and the
second 2,512 calories.
From these figures, and knowing that 1 kilogramme of nitrate of ammonia, on decomposition, gives
off 380 calories, it was easy to calculate the temperatures of detonation of these mixtures where
there was an excess of oxygen.
October 5, 1889
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LIEVIN COLLIERIES.
ON THE EXPLOSIVES IN USE AT LIEVIN COLLIERIES.
The explosives in use at Lievin are :—
1. Blasting-gelatine ;
2. Ammonia-dynamite (of Paulilles) ;
3. Grisoutine A (of Paulilles) ;
4. Grisoutine B (of Paulilles), corresponding according to the makers, to the ammonia-dynamite
recommended by the Explosive Substances Commission.
Blasting-gelatine is highly appreciated on account of its powerful action. But since 1887, when
experiments on the action of explosives in presence of dust alone, were made at Lievin, it was
recognised that blasting-gelatine may, when it is placed without stemming in the bottom of a shothole, cause great ignitions of dust, the same as blasting-powder.
But, if blasting-powder strongly stemmed still causes great ignitions of dust, blasting-gelatine with
even a slight stemming does not ignite dust; very numerous experiments have established this fact.
On the other hand 2,623.5 grains of blasting-gelatine placed at the bottom of a shot-hole, and
stemmed with wet clay, detonating in a mixture of air and 14 per cent, of coal-gas has not ignited
that mixture (two tests made at Lievin). Unfortunately, it has been impossible to continue operating
with such strong charges; the steel block being shattered after the third trial.
It appears, therefore, that blasting-gelatine, carefully stemmed, is not so dangerous as might be
concluded from its behaviour without stemming.
At Lievin, blasting-gelatine is only used in stone-drifts, and then only when heavy work has to be
done. For ordinary blasting in stone-drifts and cross-cuts the various ammonia-dynamites of Paulille
are used.
It is considered that the disuse of blasting-gelatine, and its replacement by feebler explosives would
entail a material increase in the cost of stone-drifts, and a decrease in the speed of advancement.
For this reason, and as it is certain that careful stemming greatly diminishes the danger, it is
desirable that this explosive should be retained or replaced by an equally powerful explosive, at least
in stone-drifts.

The following results have been obtained with the various ammonia-dynamites (of Paulille), by
placing the charge without stemming in a hole, and firing in a mixture of air and coal-gas :—
[table]
The three explosives are, therefore, capable of igniting gaseous mixtures. The latter two are a little
safer than ammonia-dynamite. The series of experiments made with water tamping, have never
caused an explosion.
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Grisoutine A (2,469 2 grains) tried with wet clay stemming did not ignite mixtures of 12, 14 and 16
per cent. of gas. The trials being repeated, with dust in suspension in the air, there was still no
explosion.
Grisoutines A and B were then tried with the Chalon safety tamping (a spongy substance containing
99 1/2 per cent, of water). By merely placing this over the charge, without even covering it with clay
stemming, which is recommended in practice, the most dangerous mixtures were not ignited with
1,234.6 and 2,469.2 grains charges.
These grisoutines from Paulilles, which are capable of igniting 12 per cent, mixtures of gas, when
fired without stemming, possess, therefore, either with the wet stemming or with the Chalon
cartridge, very great security.
Is this security still perfect when very heavy charges are used (4,629.7 to 7,716.2 grains), as
sometimes happen in mines ? The experimental apparatus was smashed by these charges, and a
definite opinion cannot be pronounced.
Experiments have been made underground, with blown out shots of 4,166.7 grains, surmounted
with the Chalon tamping ; only a very slight flame was visible.
It is thought at Lievin, that explosives based on nitrate of ammonia, manufactured at Paulilles,
possess great security when carefully stemmed.
They are easy to use, do not give off disagreeable fumes, and their detonation is ensured, when the
30.86 grains detonators are used.
They are considered sufficiently powerful for use in the hardest stone encountered in ordinary
working, but not including cross-drifts.
Viala.
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MISCELLANEOUS NOTES ON THE USE OF EXPLOSIVES IN THE PRESENCE OF FIRE-DAMP IN MINES.
By Er. Mallard.
i.—Experiments at Anzin, on the flame produced by explosives.
The experiments at the Sevran-Livry Powder Mill were made with maximum charges of 3,086.5
grains. The explosive detonated, either unconfined or stemmed in a comparatively thin metallic
tube. The conditions were, therefore, only imperfectly realised, which occur in a blown out shot,
that is one only producing the effect of projecting the stemming placed on the cartridge. With the
exception of those cases in which the charge, placed at the bottom of the hole, was detonated

without stemming, and which should be prohibited with the utmost severity, these shots are the
most dangerous in fiery mines. This is easily explained, as the mechanical work performed by the
explosion gases is then at the minimum, as well as the corresponding amount of heat which is
subtracted from these gases.
It was, therefore, very desirable to produce, in the profound darkness of a mine, blown out shots,
heavily charged with various explosives, and to observe the greater or less flame, more or less vivid
that the detonation produced under these conditions.
The Anzin Company undertook to make a series of experiments for this purpose. They took place on
the 22nd and 23rd February, 1889, under the direction of Mr. Francois, in the presence of Messrs.
Faucher, Aguillon, Le Chatelier, Bruneau, and the author of this report. Hearty thanks must be
expressed to Mr. Francois and to the engineers under his orders, for the skill and precision with
which the experiments were conducted, and to thank Mr. Guary, director of the Anzin collieries, for
the cordial reception accorded.
The experiments were made in a cross-cut drift in the Bleuse-Borne Pit. The results are collected in
the following table :—
[table]
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It will be seen that fixtures of 20 dynamite and 80 nitrate of ammonia, 70 nitrate of cupro-ammonia
and 30 nitrate of ammonia produced neither flame nor glow even with blown out shots charged with
6,172.9 and 7,716.2 grains. The safety promised by these explosives may, therefore, be considered
as very satisfactory.
With the other explosives indicated by the Commission, blown out shots have only produced
glimmers which appeared incapable of igniting fire-damp mixtures, being much less marked than
those observed on unconfined detonation which, as ascertained at Sevran, only ignited fire-damp
under very rare circumstances.
With roburite (*) and especially with no. 1 dynamite, blown out shots produced large flames.
II.—STEMMING WITH WATER-SATURATED SUBSTANCES.
It was proposed many years ago to ensure the safety of fiery mines, by stemming the shots either
with water or with water-saturated substances.
The Explosives Substances Commission made some trials with Settle cartridges, in which the
explosive is placed in the midst of water contained in an impermeable paper bag. The trials were not
very satisfactory, and these cartridges have, moreover, in addition to the inconvenience of their use,
the grave disadvantage of requiring a considerable increase in the diameter of the shot-holes.
Mr. Galloway proposed to form the first part of the stemming with moss saturated with water.
Messrs. Chalon and Guerin propose the use of a gelatinous substance containing as much as 95 per
cent, of water, and moulded into cylinders of .98 inch in diameter and 3.94 to 4.72 inches long. The
price is 0.60d. each.
The explosive is placed between a number of these stemming cylinders, varying according to the
weight of the charge ; then the safety stemming is violently compressed by the wooden stemmer in

such a way as to cause the gelatinous matter to flow around the explosive. Lastly, the hole is filled
up in the ordinary manner.
In England, a company works the Heath and Frost patent, which is applicable to the Settle variety of
cartridges, in which the water is replaced by a gelatinous substance, made of water and soap.
It has been long known, and all the experiments recently made have fully confirmed it, that all these
methods of stemming are impotent with substances in which the explosive wave is not produced,
such as blasting-powder. The Explosive Substances Commission shewed that, with the substances in
which the detonation is rendered, so to speak, instantaneous by the production of the explosive
wave, the water of the stemming does not act or scarcely acts of itself, and merely intervenes by its
mass, and by the greater perfection which it assures to the stemming.
(*) According to information supplied, the roburite used in these trials was composed of a mixture of
chloro-dinitro-benzol and nitrate of ammonia, corresponding to complete combustion, according to
the formula :—
C6[subscript]H3[subscript] CI (NO2[subscript])2[subscript] + 9N H4[subscript]O3[subscript] =
6 CO2[subscript] + 19 H2[subscript]O + H CI + 11 N = 922.5.
This substance, finely pulverised, detonated very easily. Experiments were made at the Sevran-Livry
Powder Mill, under the same conditions as those indicated in the Report of the Explosive Substances
Commission. A cartridge of 2,623.5 grains suspended in the boiler, ignited a mixture of air and firedamp containing 10 per cent, of gas. Ignition also occurred with cartridges of 3,086.5 grains of a
mixture of 45 roburite and 55 nitrate of ammonia.
A 3,086.5 grains cartridge of a mixture of 22.5 roburite and 77.5 nitrate of ammonia (corresponding
according to the asserted composition of roburite to 5 chloro-dinitro-benzol and 95 nitrate of
ammonia) was detonated in the gaseous mixture without igniting it.
Similar mixtures might be found useful owing to their great facility of detonation.
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The engineers at Anzin and those of Blanzy experimented with the Chalon-Guerin stemming.
In working shots, the use of this stemming does not suppress the great flame given by blastingpowder, but it suppresses that which is produced by blasting-gelatine and no. 1 dynamite.
The use of this stemming does not suppress the flame of blown out shots. Very small charges of
blasting-gelatine (617.3 and 1,234.6 grains) stemmed at the bottom of a shot-hole and covered with
three Chalon-Guerin cylinders, have still allowed the flame to be seen.
The effect of the Heath and Frost stemming is practically the same as that of the Chalon-Guerin
stemming, but their use requires shot-holes 2.76 inches diameter, which is inconvenient in coal and
impossible in stone.
The importance of these various methods of stemming is, moreover, much diminished, since it is
now certain that it is possible to manufacture explosives which do not ignite fire-damp, even with
the most imperfect stemming, and whose safety is certain with any ordinary stemming.
III.—LAUER DETONATORS.

The Explosive Substances Commission pointed out the desirability of the complete disuse, in fiery
mines, of fuse for firing shots. It directed attention to the friction detonators invented by LieutenantColonel Lauer, of the Austrian Engineers, and to which an Austrian Commission awarded a part of
the prize of £475 offered by the Ostrau-Karwin coalowners.
The experiments with these detonators could only be made in a mine. Mr. Francois, director of the
Anzin Colliery, has been good enough to procure, with some difficulty, a number of these detonators
(*), and to submit them to practical tests, the results of which will be found in an appended note
(**).
These results appear somewhat favourable. It will be seen that the process is not novel (indeed it is
known to have been in use by artillery many years ago), and that Mr. Cousin, of Conde, had patented
it in 1868. After some years their use in the Conde collieries was abandoned, in consequence of an
accident caused by a workman, who, while retiring, after having prepared the shot, and holding the
cord in his hand, fell and caused the premature firing of the shot, which killed him.
Mr. Johann Meyer, chief engineer for the Kaiser-Ferdinands-Nordbahn, has published an account
(***) of the results obtained in the Polnisch-Ostrau collieries belonging to the Kaiser-FerdinandsNordbahn, by the exclusive use of the Lauer detonator, since November, 1887.
Mr. Meyer, in the report, by which an important part of the £475 prize offered by the OstrauKarwin coalowners was awarded to Mr. Lauer, states that the number of miss-fires, at first
considerable (14.3 per cent.), has greatly diminished, owing to improvements in the details of
manufacture, until it was less than 0.1 per cent, in the month of November, 1888.
The number of detonators used has been (up to the middle of December, 1888) 82,938 ; six
accidents only have occurred, by which one miner was disabled. Since the month of June, 1888, no
new accident has occurred, and Mr. Meyer attributes this circumstance to the great improvement in
the manufacture.
Two accidents occurred by returning to a missed shot, in spite of the prohibitive rule.
(*) They are manufactured by Mr. Ed. F. Csank, Vienna.
(**) See page 153.
(***) Oesterreichische Zeitsehrift fur [fuer] Berg- und Hutten [Huetten]-wesen (16th February,
1889).
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A third happened at tte moment when the workman was disengaging the cord already hanging
stretched.
A fourth was caused by the fall, upon the wire of the detonator, of the workman standing on a plank
whilst stemming.
A fifth injured a workman remaining (against the rules) in the drift, too near and facing the shot; he
was struck by a fragment of coal.
Lastly, a sixth was caused by the explosion of the cartridge during the process of stemming, probably
in consequence of too violent a blow.

The use of the Lauer detonator is, therefore, not altogether without danger, and it appears very
desirable that some means should be devised by which electrical shot-firing should become
practicable.
IV.—HEATH AND FROST'S LAMP FOR IGNITION OF SAFETY FUSE.
The English Company working Heath and Frost's patents forwarded to the Commission a sample
safety lamp, allowing of the ignition without danger of the safety fuse in fiery mines. The engineers
at the Anzin collieries kindly under-took to test this apparatus, and the report drawn up by Mr. Petit
is appended hereto (*).
V.—CONTINUATION OF THE AUSTRIAN AND PRUSSIAN EXPERIMENTS.
An account was given in the Report of the Explosive Substances Commission of the experiments then
published, made on explosives by the Prussian and Austrian Commissions. New experiments have
been made since that time, and the following are the results :—
1. Austrian Commission.
The very interesting experiments of the Austrian Commission were made, under the direction of Mr.
Johann Meyer, at the Wilhelm Pit of the Kaiser-Ferdinands Nordbahn (Polnisch-Ostrau), from May to
November, 1888. Mr. Meyer has given a short account of them in the Oesterreichische Zeitschrift
fur[fuer] Berg- und Hutten[Huetten]-wesen, in the issues of the 9th, 16th, 23rd, 30th March, and 6th
and 13th April, 1889.
The experiments were nude, like those of the Prussian Commission, in a kind of gallery constructed
on the surface with a compartment into which fire-damp was introduced from the mine. Coal-dust
was spread on the bottom, not to increase the severity of the test imposed on the explosive, but
merely to preserve the gallery, and because it had been observed that the dynamic effects caused by
ignition of pure gas are the most violent. (**)
The cartridge was placed on the bottom, which Mr. Meyer considers as more favourable to ignition
than suspending the cartridge in the midst of the gas. The French Commission did not use this
arrangement owing to the fear of the rapid destruction of their boiler.
During the months of August and November, trials were made as to the safety afforded by the use of
safety cartridges. It was ascertained, as the French Commission had previously found, that it was
sufficient to cover a dynamite cartridge with a thin layer (.4 inch) of dry sand, to render the ignition
of a gaseous mixture containing 9 per cent, of fire-damp impossible, although the exposed cartridge
invariably ignited it.
(*) See page 155.
(**) Wenn nun trotzdem Kohlenstaub beigemengt wurde, so wollt man damit nur die dynamischen
Werkungen der Explosion, zur Schonung des Versuchstollens, abschwacher[abschwaecher], welche
bei reinem Gasexplosionem heftiger verlaufen.
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Dry sand may be replaced by various substances, among which may be mentioned: wet blotting
paper surrounded by about .04 inch of sand; coarse blotting paper doubled and steeped in water,
retaining about 463 grains, &c.

A charge of 3,086.5 grains of dynamite introduced into a hole drilled in the midst of a large ingot of
steel, having 6.69 inches of sand below and 3.15 inches of wet sand above it, will blow out without
igniting the gas. The same result was obtained when the wet sand was replaced by dry clay.
On the other hand, 2,314.8 grains of compressed blasting-powder placed in a shot-hole drilled in the
thill of a gallery, and stemmed with 23.62 inches of wet sand, ignited the gas.
These observations only confirm the facts mentioned by the French Commission, and of which a
rational explanation has been given.
The experiments of the Austrian Commission have more especially been made with the following
mixture :—
Nitro-glycerine ..................

52

Silica

14

........................

Crystallised carbonate of soda

............

34

__
100
This mixture is called Sodawetterdynamit, and would have, according to tests made in leaden blocks,
an explosive power less than that of no. 2 gelatine-dynamite, and greater than that of no. 3
dynamite. Consequently the explosive power may be considered as being less than half of that of no.
1 dynamite.
Mixtures of nitro-glycerine and sal-ammoniac, which is called Ammoniak-wetterdynamiten, were
also tried. Three different proportions were used:
I. Nitro-glycerine
Sal-ammoniac

..................
...

...

60,
...

40.

The explosive force of this mixture would fall between that of no. 1 and no. 2 dynamites.
II. Nitro-glycerine ....
Sal-ammoniac

...

... ............
...

...

...

50,
50.

III. Nitro-glycerine..................

40,

Sal-ammoniac

60.

...

...

...

The explosive force of the last mixture would be practically equal to that of sodawetterdynamit.
The results of the tests with sodawetterdynamit are summarised in the following table :-—
[table]
Note.—I. signifies ignition of gas, and N. signifies non-ignition of gas.
(*) The total charge in two cartridges.
(**) The total charge in one cartridge.
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A 4,629.7 grain cartridge placed, without stemming, at the bottom of a hole pierced in a steel ingot,
detonated without igniting a mixture containing 9 per cent, of fire-damp.
It is a very interesting circumstance, that a 2,314.8 grains cartridge, and even a 1,543.2 grains
cartridge, both made in June, and fired on the 24th August, ignited a mixture containing 9 per cent,
of fire-damp.
Mr. Meyer appears disposed to attribute this anomaly to a partial de-hydration of the soda-salt
which begins about 93.2 degs. F. He also only recommends the use of recently prepared mixtures.
This recommendation seems difficult to follow, and would form a serious obstacle to the general use
of the explosive.
Trials were made with mixtures of nitro-glycerine and sal-ammoniac. No. III., whose explosive force
is the same as that of sodawetterdynamit, has not proved more safe, as a 2,314.8 grains cartridge
ignited a mixture containing 9 per cent, of fire-damp. It may, however, be remarked that, with
equality of safety, this explosive mixture would be better than sodawetterdynamit, as it is much
more stable.
The Austrian Commission made rather numerous experiments with dynamite cartridges placed on
the ground covered with coal-dust. It was ascertained that the detonation of a 771.6 grains cartridge
was sufficient to produce ignition of the dust, although a charge of 7,716.2 grains of
sodawetterdynamit did not produce It.
2. Prussian Commission.
The report of Mr. HugoLohmann (*) only contains the description of the numerous experiments
made ; neither conclusions nor summary being made.
The experiments were made with sodawetterdynamit, containing 40 of carbonate of soda and 60 of
dynamite. With cartridges placed on a block of wood, and in an atmosphere containing 10 per cent,
of fire-damp, the following results were obtained :—
[table]
Blown-out shots were tried, made in a hole 18.11 inches long by 2.16 inches diameter, drilled in a
block of steel 27.17 inches high and 19.49 inches on the side. The block had been tested with a
5,864.3 grains cartridge of dynamite ; the maximum charge in the experiments was 3,858.1 grains.
The block was built into the floor of the gallery, so that the open orifice of the hole was 1.26 inches
above the surface, and that the prolongation of the axis of the hole just met the floor of the gallery
at .20 inch from the wall.
(*) Bericht uber[ueber] weitere in der Versuchstrecke zur-Grube Konig [Koenig] bei Neunkirclien
(Saarbriucken [Saarbruecken]) angestellte Untersuclmngen bezuglich [bezueglich] des Verhaltens
brisanter Sprenstoffe gegen Schlagwetter und Kohlenstaub. (Zeit. fur [fuer] Berg- Hutten [Huetten]
und Salinenwesen, 1889. Vol. 37, page 83.)
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With 3,858.1 grains charges of wetterdynamit placed in the hole without stemming, ignition of dust
occurred once out of six times. In fire-damp, in 14 experiments made with 8 per cent., and 11
experiments made with 10 per cent, of fire-damp, only one single ignition occurred. The trials were,
therefore, very satisfactory. In the mine it was ascertained that the power is about 1 1/2 times that
of blasting-powder, and that the working of coal is made by this explosive in good condition.

Nevertheless, two serious incidents occurred. On April 10th, the stock of one ton kept in the
magazine was frozen, 165 pounds were thawed, without sufficient precaution in warm water ; the
carbonate of soda lost its water, the dynamite exuded, and the cartridges had to be destroyed.
Of two tons stored on July 4th, the cartridges began, at the end of August, to spontaneously exude
their nitro-glycerine ; and conformably to the legal regulations 418 pounds had to be destroyed. This
accident was attributed to bad manufacture of the cartridge, and the insufficient quantity of silica
used.
Some favourable, though insufficient, trials were made with various mixtures of dynamite with
carbonate of ammonia, oxalate of ammonia, and nitrate of soda. The composition of the most
satisfactory mixture was :—
Oxalate of ammonia ............

......

Nitrate of soda.....................
Dynamite

.....................

45
15

40
__
100

Other trials were made in the steel block with five kinds of explosives sent by Mr. Favier. One of
these five varieties did not ignite a mixture containing 8 and 10 per cent, of fire-damp, when a
cartridge of 3,858.1 grains was placed, without stemming, in the shot-hole. But the composition of
this variety is not stated.
Lastly, numerous experiments have been made with various substances, viz. :— carbonite, securite,
roburite, and carbo-dynamite ; but the composition of these substances has been kept secret, and
even appears to have varied during the course of the experiments. These results are, therefore,
deprived of interest, and will not be noticed in this account.
The experiments made with blown-out shots, with or without stemming, were not very numerous,
on account of the difficulties characterising them. The following are those which approach the
nearest to what may happen in mines. It appears, however, interesting to report the following
experiments made by the Prussian Commission, although they were carried out with explosives
whose insecurity is recognised.
[table]
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3. The Schlesbusch Experiments.
The Schlesbusch experiments have had some publicity, as they were made in presence of a number
of Belgian engineers, and because they have been published in the Revue Universelle des Mines (*).
These experiments were made in June, 1888, at the Dynamite Company's explosives factory at
Schlesbuch, near Cologne.

The experiments were intended to shew the safety of an explosive named Grisoutite
(wetterdynamit), whose composition was not stated. It may, however, be assumed to be identical
with the wetterdynamit of the Prussian Commission ; and composed of 40 parts of crystallised
carbonate of soda and 60 parts of dynamite.
The explosive was placed in a hole drilled in a steel block; around which a cylinder of stout sheet iron
59.06 inches high, and 47.24 inches diameter was placed. The lower end of the cylinder was closed
by a tight hydraulic joint; and the upper end was closed at the time of each experiment, by a cloth,
varnished or paraffined, fastened to the rim of the cylinder by a strong india rubber band. The
cylinder was fitted with doors and with plates of mica, for use as windows. The hole, after the
explosive had been placed in it, was then filled up with coal-dust (which contrary to the intention of
the observers greatly increased the safety); gas was introduced and mixed with the air, by a kind of
fan fitted with cardboard vanes, which could be turned from the outside ; this gas was heated to any
required temperature, by driving steam through a small coil of three or four turns placed at the
bottom of the cylinder. These preliminaries being completed, the explosive was fired by electricity,
and the effects produced were carefully noted.
Grisoutite resisted successfully all the tests with charges of 3,858.1 grains, until the inside
temperature having accidentally risen to 93.2 degs. F., the detonation of a charge of 3,858.1 grains
(placed without stemming in the hole) ignited the gas. In two subsequent experiments, the
temperature was maintained at 86 degs. F., and there was no ignition of gas; the temperature was
then raised afresh to 95 degs. F., and ignition of gas was again produced.
The following day, .732 cubic inch of crystallised carbonate of soda was placed above the charge and
the stemming finished with coal-dust, and ignition did not occur even at the temperature of 95 degs.
F.
A grisoutite, in which the proportion of carbonate of soda was increased, did not ignite the gas, with
a charge of 3,086.5 grains instead of 3,858.1 grains.
These experiments, in which the composition of what is called grisoutite is not recorded, are of no
interest in themselves, had they not demonstrated that about 95 degs. F., the decomposition of the
hydrated carbonate of soda, completely modifies the properties of mixtures of dynamite and of
carbonate of soda, and may more or less completely destroy the safety which they possess at lower
temperatures.
4. Summary.
The experiments now described confirm the conclusions of the French Explosives Commission, as
regards the danger which may attend the use, especially with bad or insufficient stemming, of high
explosives, such as dynamite, gelatine-dynamite, and blasting-gelatine. The first series of
experiments made by the Prussian Commission, which led it to formulate contrary conclusions, are
formally nullified, and the results obtained in these researches remain inexplicable,
Neither in Prussia nor in Austria did the observers appear to have any knowledge of the researches
of the French Commission, although they had been succinctly published in the Comptes Rendus of
the Academy of Sciences, of 9th July, 1888.
(*) Third series, Volume V., January, 1889.
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Much research has been expended on explosives whose composition is kept secret and whose
individuality is only expressed by fantastic names. These names, it is needless to remark, may apply
to very different substances, which are varied at the will of the manufacturer ; and experiments
made with such substances have, therefore, no precise scientific value, except perhaps to the
manufacturer. It is very desirable that the sale of explosive cartridges, whose exact composition is
not attached, should be prohibited by legal enactment. Furthermore, no experiments should be
published, especially by an official commission, on explosives whose precise composition is not
made known and certified by the manufacturer ; in the absence of this information the experiments
are entirely void of scientific value, and can only lead the user into grievous mistakes.
The Prussian and Austrian Commissions agree in recommending the use of mixtures of dynamite and
crystallised carbonate of soda. This conclusion cannot be accepted, because these mixtures have not
only a very low explosive force, but, further, the easy dehydration of the salt may lead to serious
inconvenience. It has been previously mentioned that if an attempt is made to thaw cartridges of
frozen dynamite in warm water, the nitro-glycerine is expelled from the pores of the silica, and
exudes when the temperature of the water rises to 95 degs. F.; and the cartridges then become very
dangerous. The same effect may occur, as has been mentioned during summer, in magazines where
the cartridges are stored ; and cartridges prepared some weeks back may be thus seriously
damaged. It appears difficult to recommend the use of such unstable explosives, which may cause
serious accidents, even in the absence of fire-damp.
It is remarkable that several other salts, easy volatilised, but more stable than carbonate of soda
were, not tried, as was done by the French Commission. There is no need, therefore, to repeat the
reasons which led the French Commission to abandon mixtures of this nature, and to replace the
inert salt by a salt, explosive in itself, such as nitrate of ammonia ; as the desired safety may be thus
obtained, without sacrificing too great a proportion of the explosive force.
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APPENDIX.
ANZIN COLLIERIES.
EXPERIMENTS WITH LAUER DETONATORS.
Fig. 17
[diagram]
Description of the Detonators.
These detonators consist essentially of a friction match attached to a plugged detonator
containing 11.57 grains of fulminate of mercury.
The friction match consists of a hollow copper cylinder a c b b c a, contracted at c c (see figure 17,
double size). In this cylinder is placed another cylinder, e d d e, split lengthways, and to which an
iron wire f g h is fixed. The extremity of the iron wire is flattened and bent for about .3 inch,
between the two cylinders ; the part f g is also flattened and notched. Below the contracted part c
c is found the fusee material M M, and below it a little disc of paper n n is placed. Beyond this,
paper is rolled round the wire to maintain the diameter of the tube, and the whole is covered with
a very strong cardboard cylinder at least .04 inch thick. At the end, the iron wire passes through
soft putty ; it is bent as shewn in the sketch, and is maintained in that position by a paper cylinder
i j j i. The working is very simple : when the iron wire is pulled the flattened and notched part f g

is drawn through the fusee material which takes fire, and the flame, having no outlet behind, is
thrown forward and causes the detonation of the fulminate in the detonator.
The Lauer detonator is attached to the cartridge in the same manner as the fuse fitted with an
ordinary detonator. The stemming is done in the usual way. The end of a very supple cord from 30 to
50 yards long, which has previously been unrolled in the drift is attached to the ring of the iron wire
without tearing the paper cylinder i j j i. Once attached, the cord is pulled, the iron wire is
straightened by tearing the paper cylinder, then the roughened part penetrates the fusee material,
ignites it, and the explosion is produced. The manufacturers recommend that the paper cylinder be
torn and the wire straightened, before attaching the cord, but this practice appeared more
dangerous than the preceding. If the drift is crooked, a little guide-pulley is fixed, so that the
direction of the pull does not vary too much from that of the shot-hole.
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Figure 18 shews the arrangement of the cord in order to fire four shots at once. It requires some
practice in order to achieve complete simultaneity.
Figure 18.
[diagram]
Results obtained.
About 66 shots were fired without a single miss-fire. The trials were made in the Reussite, Enclos,
and Bleuse-Borne pits, and in each instance the results were satisfactory. It is intended to apply
this system throughout the Reussite pit, in order to judge of its practical efficacy.
Comparison of the Costs of the Various Systems of Firing, and of the Time occupied in Firing one
shot.
In each instance, plugged detonators containing 11.57 grains of fulminate of mercury were used.
1. Ordinary method with safety fuse.
The cost included one detonator at .380d., 40 inches of fuse at .3l7d., and about .048d. for touch ;
total, .745d.
The time occupied was about 8 minutes, including the time of combustion of the fuse, and for the
dissipation of the fumes.
2. The Lauer process.
The expense included one detonator at 1.140d.; wear and tear of cord .190d., and total of 1.330d.
The time occupied in firing a shot was also 8 minutes.
3. Firing by electricity (Bornhard or Ducretet systems, tried at Anzin).
The expense included one detonator with wires 48 inches long, 2.850d., accessories and redemption
.475d., and total 3.325d.
The time occupied in firing a shot was 12 minutes on the average.
Conclusions.

The mode of ignition with the Lauer detonator costs a little more than the safety fuse method, but
on the other hand it costs much less than the electrical methods hitherto used. The Lauer detonator
avoids the use of safety fuse, and consequently the danger of ignition of fire-damp by the flame
which the fuse projects during the combustion of the portion outside the stemming.
By combining the use of the Lauer detonator with the new explosiyes, it appears probable that shots
might be fired in fire-damp mixtures without danger. Nevertheless, it is always prudent to suspend
firing shots in the presence of gas.
The Lauer detonator, like electrical firing, permits an mmediate return after a missed shot.
i
[155]

ON THE USE OF EXPLOSIVES IN MINES.

155

The principal imperfections of this process are as follows :—
1. A great number of shots cannot be fired so simultaneously as by electricity, for this system is
scarcely practicable for firing more than two shots at once ;
2. The Lauer detonators are 40 inches long ; they are cumbersome and can only be carried with
difficulty in thin seams.
3. In straight drifts, screens must be erected about 40 yards from the face to avoid projected stones
;
4. It is feared that the manufacture of these detonators will not always be satisfactory. Several
collieries in Austrian Silesia, where this system had been adopted throughout, have abandoned it, in
consequence of defective supplies (this information is given by the director of the Karwin collieries).
5. This system possesses certain dangers to which miners are unaccustomed. An unskilful workman
may cause the explosion of a shot before he reaches the shelter.
Remarks.
The method of firing shots with friction matches is not new. Mr. Cousin of Conde, took out a patent
In 1868, and there were used in 1869 at the Vieux Conde collieries, 4,713 Cousin detonators, out of
which there were 128 missed shots, or about 2 1/2 per cent. A fatal accident, in July, 1869, caused
this system to be abandoned.
This accident happened under the following circumstances :—A workman withdrew after preparing
a shot, he held the cord in his hand when he fell down, and not having left go the cord, he caused
the shot to fire prematurely, and was killed.
Such an accident might happen with the Lauer detonator.
THE HEATH AND FROST LAMP.
Use of the Lamp.
The Bickford fuse commonly used for effecting the detonation of the detonator in firing shots, is a
source of danger when its ignition occurs in the presence of fire-damp. The inventors of the Heath
and Frost lamp, tested at Anzin, hope to suppress this permanent cause of accident, by introducing a
special arrangement, which will be described.
Description of the Lamp.

The problem to be solved consisted in using the flame of a safety lamp, Mueseler or any other, to set
fire to the fuse, carefully isolating the internal chamber of combustion from the external
atmosphere.
The lamp is fitted with a tube T (figures 19, 20) pierced at the height of the wick with two little holes
o1[subscript] o2[subscript] placed on the same arc of a circle ; the fuse to be kindled is introduced
from beneath, the gases from the combustion of the powder escaping upwards; the upper part of
the tube carries an inverted truncated cone, which supports the gauze of the lamp ; and its
extremity is covered with a double gauze cap.
The tube T is surrounded with two cylindrical cases ; the upper movable case A, provided with an
arm a, terminated by a catch which moves a similar catch c, attached to the working lever L, and
compresses by its movement a spring S ; the lower fixed case B carries a small square guide pierced
by a hole o3[subscript] at the same height as those in the tube.
The lever L is worked by the small handle placed below the oil reservoir, and carries, soldered to its
end, an iron wire F. .04 inch diameter, curved into an arc of a circle, and controlled in its course by
the guide E.
[156]

FRENCH COMMISSION - NOTES

Method of Using the Lamp.
Fig. 19
Fig. 20
[diagrams]
By imparting to the handle a slight rotary movement in the direction of the arrow 1, the lower cam
lifts the catch of the upper movable case, the spring is compressed and the openings o1[subscript]
o2[subscript] allow the passage of the bent wire which is to be made red in the flame of the lamp.
The end of the fuse outside the shot-hole is introduced into the tube, and pushed up till it just
touches the curved wire.
By working the handle in the direction of the arrow 2, the red-hot wire passes over the fuse, and sets
fire to the powder, the gases from which escape by the tube; the spring brings back the movable
case over the lower case ; and the openings o1[subscript] o2[subscript], communicating directly
between the chamber of combustion, and the external air are closed.
Discussion on the Value of the Lamp.
1. In order that this lamp may fulfil the required purpose, it is evidently necessary that the ignited
fuse be withdrawn, only after the emission of sparks is finished. A great number of trials with
Bickford fuse, used at these collieries, have shewn that this emission only ceases after the fuse has
burnt for a length varying from 2 to 3 inches.
It is right to ask, besides, if a defect in the fuse such as a want of continuity in the protective
envelope would be material when it occurs in the length of fuse placed in the shot-hole.
To verify this, use was made of an iron tube .98 inch diameter, and 27.56 inches long, closed by a
wooden plug at one end, and entirely open at the other; the fuse to be tried was introduced into it
and carefully stemmed with fine sand.

When the defect in the fuse exists in the part outside the shot-hole, a second series of projections is
observed after the first sparks of ignition, when the internal flame reaches the damaged point;
when, on the other hand, this defect is found in the portion placed in the shot-hole, and is covered
with only .4 of an inch of sand stemming, the second series of sparks do not occur.
The rational consequence of the preceding observations are as follows :—A maximum length of four
inches of fuse should be left
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outside the shot-hole, so that the lamp may be entirely safe and to remove any fear from defects in
the fuse. The shot-firer covers the fuse with the safety-lamp, and does not withdraw it until 4 inches
of fuse are burnt.
This obligation will not usually be troublesome, for in taking-up bottom in a fiery seam, there is
usually every facility for drilling shot holes 4 feet and even 6 feet long. When it is necessary for some
reason to use shorter holes, the length of fuse which it will be proper to leave free beyond the hole
being greater, the lamp will be quite safe, when the fuse used is of good quality.
2. Another important point is to ascertain whether the isolation of the internal combustion chamber
from the surrounding air is perfect. It is obvious that in the rotary movement of the curved wire,
there exists a time of whose duration varies inversely as the power of the spring, during which the
tube is in communication through the holes o1[subscript] o2[subscript] with the chamber, and the
external air. Would it not be at once safer and more simple to do away with the spring, the movable
case, and to reduce to the minimum the play between the curved wire and its openings, and, lastly,
to provide it with a little seat, so that its extremity just touches the wall of the tube and never passes
beyond it.
Conclusions.
1. The Heath and Frost lamp affords very great safety in the majority of cases ; nevertheless in firing
shots of short length, much depends on the good quality of the fuse, which ought not in any case to
give lateral projections of flame. It seems possible to obtain fuse of very good quality, and the
English fuse which has been tried, appeared, by reason of its good covering, to solve the difficulty.
2. It is susceptible of modifications, rendering it more simple and more safe.
Anzin, 1st June, 1889.
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DECREE
OF THE
PRESIDENT OF THE (FRENCH) REPUBLIC
OF 26th JULY, 1890,
RELATIVE TO THE
SALE OF DYNAMITE IN CARTRIDGES.
The President of the French Republic,

In accordance with the law of 8th March, 1875, and the decree of 24th August following, as to
dynamite,
In accordance with the advice of the Committee of Arts and Manufactures,
Upon the report of the Ministers of Commerce, of Industry, and the Colonies, of War, of Home
Affairs, of Finance, and of Public Works, Decrees:—
1, That every cartridge of dynamite intended for sale must bear upon its cover an indication of the
nature and proportions of the substances constituting the explosive, in order to allow of the
calculation of the temperature of detonation.
2. That the Ministers of Commerce, of Industry, and the Colonies, of War, of Home Affairs, of
Finance, and of Public Works, are responsible, in so far as it concerns each of them, for the carrying
into effect of the present decree, which shall be published in the official journal of the French
Republic, and inserted in the Bulletin des lois.
(Signed)

Carnot.

The Minister of Commerce, Industry, and the Colonies,
(Signed)

Jules Roche.

The President of the Council and Minister for War,
(Signed)

C. de Freycinet.

The Minister for Home Affairs,
(Signed)
Constans.
The Minister of Finance,
(Signed)

Rouvier.

The Minister of Public Works,
(Signed)
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REGULATION
OF THE
EXPLOSIVES TO BE USED IN FIERY MINES,
AND IN
DUSTY MINES WHOSE DUSTS ARE INFLAMMABLE.
Paris, August 1st, 1890.
To the Prefect of..........
By a circular of November 19th, 1888, which was inserted in the official journal of the 27th of the
same month, my predecessor advised you of the results obtained by a special Commission which he
had appointed for the study of questions relating to the use of explosives in fiery mines. In
consequence of the experiments carried out under the superintendence of the Explosive Substances

Commission, it has been found possible to procure for use in mines, explosives which, although not
capable of giving absolute security (which one can hardly hope to obtain from these materials),
permit the attainment of a degree of safety which was hitherto deemed
unapproachable.
All workers of mines were supplied at the time with full information, thanks to the communication
which you in due course made to them of the reports prepared by Inspector-General Mallard, by
order of the Explosive Substances Commission.
Since that time, the principal explosives recommended by the Explosive Substances Commission
have been extensively tried in many mines, and especially at the Anzin Collieries, where they may be
said to be in current use. These trials have shewn that the question could be held as solved in
practice, as it had from the first appeared to be solved in theory.
On the other hand the Government, desirous of promoting the working of mines, and of facilitating
the use of the new explosives, have, by decrees of 12th June, 1890, reduced to a considerable extent
the taxes upon explosives. Lastly, by a decree of 26th July, 1890, which forced the makers of
explosives to inscribe upon the cartridges intended for sale the composition of their products in such
a way as to allow of the calculation of the temperature of detonation, the Government have given to
the workers of mines the means of compelling the manufacturers, under the penalties provided by
the law of 8th March, 1875, to deliver to them only such materials as afford the necessary
guarantees of safety in use.
Under these circumstances it has become possible to pass from the period of recommendation to
that of enactment. It is now time, moreover, to extend the compulsory use of the new explosives,
not only to fiery mines, but also to dusty mines whose dusts are inflammable.
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I have, therefore, decided, in accordance with the opinion of the General Council for Mines, that in
the two classes of inflammable mines which have been mentioned, the use of explosives shall be
hereafter submitted to the prescribed regulations, in accordance with the form of Prefectoral
Enactment annexed to these instructions.
After the receipt of this circular, you should request the Inspectors of Mines to send you, for each
fiery mine and dusty mine whose dusts are inflammable, the information necessary to allow of the
application of the undermentioned regulations; and the Inspectors should shew in their proposals
the maximum delay with which the decree may be carried into effect. Moreover, the said proposals
should be formally notified to the worker of the mine in your preliminary order for compliance with
the law.
The classification of the mine under one of the two categories above described is an a posteriori
appreciation of fact made with comparative ease by competent engineers, but which evades, as has
been long recognised in every country, a dogmatic definition a priori. You will observe, in regard to
dusts, that in the actual state of our knowledge respecting coal-dust, it is necessary, in order that the
mine may be regulated from the point of view under discussion, on the one hand that it be dusty,
and, on the other hand, that the dusts arising from the combustibles produced be inflammable.
If, moreover, a worker objects to the proposed classification of his mine, and especially concerning
dusts, you must refer to me.

You will have, where necessary, to enact by special decrees, simultaneous or subsequent, which can
always be modified, concerning those derogations whose principles are discussed in Article 7.
These derogations are intended to permit the use either of high explosives, but less safe than those
recommended hy the Explosive Substances Commission, or of a stemming less than that required by
Article 5; this diminution of the stemming proportionately diminishes the safety. The derogations
should, therefore, only be granted when they are justified by the condition of the working-places, as
regards the probable liberation of fire-damp, and only on condition of recourse to special measures
of protection : special inspectors, separate ventilating areas, blasting in the absence of all workmen,
&c.
You will appraise, in each case, the time which may be allowed to the mine-worker for the entire
execution of the decree; it is desirable that these new regulations should be applied as soon as
possible ; but it is necessary to allow to the mine-worker sufficient time to procure the new
explosives.
The Administration intend, so as not to impede any progress in the future, to allow at their own risk
every latitude to the workers in the choice of explosives. The duty of the Administration is fulfilled
when they have indicated, with all desirable precision, the technical conditions which the explosives
must satisfy. If, owing to their composition, certain data are omitted in the tables annexed to this
decree, for the calculation of the temperature of detonation, you should refer to me in order that I
may complete them.
I do not think it useless to advise you, in the present state of the question, that the General Council
for Mines have mentioned amongst the explosives actually known those which satisfy the conditions
required by Article 2 :—
1. Mixtures of dynamite No. 1 (75 per cent. of nitro-glycertne and 25 per cent. of silica) and nitrate
of ammonia, in which the proportion of dynamite should not exceed 40 per cent, for stone work and
20 per cent, for coal-getting ;
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2. Mixtures of blasting-gelatine (91.7 per cent of nitro-glycerine, and 8.3 per cent, of
nononitric cotton), and nitrate of ammonia, In which the proportion of blasting-gelatine should not
exceed 30 per cent, for stone work, and 12 per cent, for coal-getting ;
3. Mixtures of octonitric cotton with nitrate of ammonia, in which the percentage of gun-cotton
does not exceed 20 per cent, for stone work, and 9.5 per cent, for coal-getting ;
4. Mixtures of dinitro-benzol and nitrate of ammonia in which the proportion of dinitrobenzol does
not exceed 10 per cent. for stone work.
The explosives formed by mixtures of dynamite or of blasting-gelatine with nitrate of ammonia,
should be ordered from private manufacturers.
The mixtures of octonitric cotton with nitrate of ammonia remaining a State monopoly, they can
only be sold by its agents, and my colleague, the Minister for War, has stated that the National
Powder Mills were able to supply any demands which might be made.
I desire you to acknowledge the receipt of this circular, a duplicate of which has been forwarded
direct to the Inspectors of Mines.
The Minister of Public Works,

(Signed) Yves Gutot.
_________________
MODEL OF THE PREFECTORAL DECREE ANNEXED TO THE CIRCULAR OF 1st AUGUST, 1890.
We, Prefect of the department of................
In accordance with the law of 21st April, 1810, to 27th June, 1880 ;
In accordance with the decree of 3rd January, 1813, the ordinance of 26th March, 1843, and the
decree of 25th September, 1882 ;
In accordance with the law of 8th March, 1875, and the decrees of 24th August, 1875, and 26th July,
1890, upon the explosives derived from nitroglycerine ;
In accordance with the circular of the Minister of Public Works of 1st August, 1890;
In accordance with the report of the Inspectors of Mines, dated . . . from which it follows that
there is reason to consider
as ( fiery mine
(dusty mine, whose dusts are inflammable, the workings of . . . . attached to the royalty
of . . . . and to place them under the regulation for the use of explosives provided by the
circular issued by the Minister of Public Works ;
In accordance with the decree dated. . . . . . . . by which we have ordered the Owner to present
within . . days, his observations upon the conclusions of the above-mentioned report of the
Inspectors of Mines ;
In accordance with the observations made by the Owner, dated.....
and the report of the Inspectors of Mines dated.....(or, considering that the Owner has allowed . .
days to expire without replying),
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Do hereby enact that—
1. The uste of blasting-powder is forbidden in the hereinafter-mentioned workings of the mine
of..............
2. The worker is forbidden to use in the workings, described in Article 1, any explosives other than
detonating explosives complying with the following conditions :—
1st. The products of their detonation should not contain any combustible matter, such as
hydrogen, carbon monoxide, solid carbon, &c.
2nd. Their temperature of detonation, calculated in accordance with the appendix to the
present decree, should not exceed 1,900 degs. C. for the explosives
used in stone work, nor
1,500 degs. C. for those employed in coal-getting.
3. The explosives must be enclosed in cartridges upon which are shewn the nature and the
proportion of the substances of which they are composed, so as to allow of the calculation of the
temperature of detonation, in accordance with the note attached to the present decree.

4. The Inspectors and Controllers of Mines must constantly assure themselves that the prescriptions
of Articles 2 and 3 have been complied with, by taking from the cartridges ready for use one or more
sample cartridges for analysis, and drawing up at the time an official report which shall be at once
notified to the worker.
5. The stemming of the explosives ordered by Article 2 should be carefully made with plastic matter,
so as to avoid blown-out shots; the length should not be less than 8 inches for the first 1,543 grains
of charge, with the addition of 2 inches for each 1,543 grains additional; and should at all times
exceed 20 inches. The detonation of the cartridge should be caused by a detonator strong enough to
assure the detonation of the explosive even when unconfined.
6. No change is made in the measures of safety previously ordained, relative to the use of explosives
in fiery mines, notably concerning the special shot-firer, the proof of the absence of gas before firing,
&c.
7. Special prefectoral decrees, after the report by an Inspector of Mines, may authorize :—
1st. In a stone drift, the use of detonating explosives other than those named in Article 2 ;
2nd. Derogations from the ordinances of Article 5.
8. The orders of the present decree come into force with a maximum delay of . . . days from
the date hereof.
9. Breaches of the present decree will be established by notice from the Inspectors or
Controllers of Mines whose duty it is to see that it is carried into effect.
10. Copies of the present decree will be sent to the Chief Inspector of Mines at ......, and to the
Mayor at........, who is to advise the worker, and to return to us the report of his official notification
of the same.
Made this......day of......

....

The Prefect..........
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APPENDIX RELATING TO ARTICLE 2 OF THE DECREE OF THIS DAY CONCERNING THE EXPLOSIVES
TO BE USED IN.........COLLIERIES.
The temperature t of detonation shall be calculated, for the application of the prescription of Article
2 of this decree, in accordance with the following rules :—
F, F', F" being the chemical formulae of the substances forming the explosive, whose composition is
represented consequently by the formula, p F + p' F' + p''F''+....., the formula of decomposition by
detonation is :—
[chemical formula] (1)
in which H = 1 gramme
"

C = 12

do.

"

N = 14

do.

"

O = 16

do.

" CI = 35.5 do.
and P being the weight of the solid matter left after decomposition, if there is any.
f, f', f'' are the quantities of heat given off respectively by the formation, from their elements, of the
substances that decompose on detonation, quantities of heat which are given in the following table
for ordinary explosives :—
[table]
The quantity of heat Q given off, at constant volume, by the detonation of the weight of explosive
represented by formula (1) is given in kilogramme-degree calories as follows :—
[chemical formula]

(2)

The specific molecular gaseous heats at constant volume in gramme-degree calories are shewn in
the following formula:—For one molecule CO2[subscript]= 44 grammes.........
Do.

do.

H2[subscript]O =18 do..........

C = 6.26 + .0037 t.
C'= 5.61 + .0033 t.

For one molecule of the perfect gases (O2[subscript], N2[subscript], CI, H, &c.) occupying a volume
of 22.32 litres at 0 degs. C, and under a pressure of 760 millimeters, C" = 4.8 + .0006 t.
The specific heat C, of a gramme taken as the unit of weight of the solid body, is supposed to be
constant with the temperature, and equal to the value given in the following table for the
substances most in use :
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[table]
The equation, giving the required temperature of detonation, t, is then:—
[mathematical expression]
Approved by me, Prefect of the department of...........
for incorporation in the decree of this date, and to be used in accordance with article 2 of this
decree.

