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PREFACE

THE high importance of a uniform and sufficient supply of fresh air for
the life and health of the workers in mines, and indeed for the perform-
ance of the various operations therein, would seem to justify special treat-
ment of this branch of the art of mining.

The Author’s first idea was to undertake a translation of Theophil
Guibal’s work on Ventilation ; but more than twenty years have elapsed
since the death of that authority, during which period great progress has
been made in the ventilation of mines; and, especially as opinions and
knowledge have undergone considerable modification with regard to the
dangerous gases occurring in mines, it proved necessary to amplify
Guibal’s work and bring it up to date. One point that required intro-
duction was the matter of respiration and rescue apparatus. Another
was the cooling of the workings, surrounding rock, and the air of the
mine, this question having been brought to the front of late, in conse-
quence of the ever-increasing depth of miuning operations, and the accom-
panying rise in the rock temperature; to which must be added, in the
case of coal mines, the increase in temperature due to the absorption of
oxygen by coal at the ordinary temperature.

As is well known, continued exposure to high temperature is injurious

~to health, and, since the working efficiency of the miners is reduced in

proportion as the pit temperature is increased, it is necessary to take
steps to combat this unfavourable influence. Now the only way to do
this effectually is to replace the usual, simple air ways by driving three,
four, and more intake and return air ways in setting out the mine, thus
considerably increasing the surface of contact between the air current and
the gallery walls, reducing the velocity of the current, and prolonging the
period of contact.

The individual ventilating and working sections must also be reduced
in size, and the excessive length of the air ways avoided.

It will be evident that, in future, just as much care must be bestowed
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vi PREFACE

on the provision of an ample supply of motive power for the efticient
ventilation of a mine as has to be done in connection with the establish-
ment of the necessary powerful engines for pumping and winding.

In this respect typical examples are afforded by existing installations
at well-ventilated fiery pits—such, for instance, as that at the Hibernia
pit, Gelsenkirchen, deseribed by Behrens in his work on the Firedamp
Problem.

The Author is only too conscious that the present work is lacking in
completeness, and would be grateful for any corrections and supple-
mentary information from experts interested in the matter, for insertion
in a subsequent edition.

TARNOWITZ, December 1901.
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VENTILATION IN MINES.

e

INTRODUCTION.

1. MINES are artificial subterranean cavities made for the purpose of
recovering minerals, and as a rule their communication with the outer
air is merely by means of a few narrow orifices, the consequence being
that, where the underground workings are extensive, difficulties arise in
connection with the introduction of fresh air and the removal of con-
taminated air.

The atmospheric air is of almost invariable composition everywhere,
and contains 20°93 parts by volume of oxygen, 7810 of nitrogen, 094
of argon, and 003 of carbon dioxide, small quantities of water vapour
being always present up to saturation point. In the course of its
ceaseless movement around the globe, the air carries on its waves a
number of light, minute bodies, germs of plants and animals, mineral
dust, gases resulting from the decomposition of plants and animals, or
from combustion and respiration, smoke, and, in the vicinity of large
towns, factories, and smelting works, various impurities, such as sulphur
dioxide, metallic vapours, and the like; the amount and character of
these extraneous admixtures influencing the suitability of the air for
human respiration.

So far, however, as the ventilation of mines is concerned, these
atmospheric impurities are devoid of importance, since, just in the same
manner as river water laden with the refuse matters of large towns and
certain factories quickly purifies itself, so these contaminating ingredients
of the air are soon eliminated therefrom. Rain and dew carry down
the floating solid particles and many gases, whilst the excess of carbon
dioxide is removed by plants, especially extensive forests, with the collabo-
ration of light, the carbon being retained and the oxygen liberated into
the air again.

2. Consequently, though the air is exposed to various local modi-
fications, its general composition will be found fairly constant, provided

I
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the samples examined have not been drawn too near a source of con-
tamination. It may therefore be concluded that, in the case of pit air,
we have not to trouble ourselves with the question of how to restore
the contaminated air of the mine to its original good condition, but
all that has to be considered is how the same can be returned into the
general mass of the atmosphere and replaced by pure air, in order to
keep the pit air healthy and respirable. This object is effected with the
aid of a ventilating current. '

To produce such a current entails the exertion of force, or an
expenditure of energy in overcoming resistances opposing the movement
of the ventilating current. This must, however, be accomplished in such
a manner as to ensure that all the spaces in the mine are traversed by
this current, without injury to the health of the miners; moreover, an
endeavour must be made to carry out the plan in the most economical
manner, by suitably arranging the underground workings, diminishing the
resistances, and suitably selecting the ventilating appliances.

3. The science of mine ventilation, which deals with the ways and
means of providing a supply of fresh air to the pit, may be divided into
the following five sections for treatment :—

I. The causes of the contamination of pit air, and the means of pre-
venting the resulting dangers to the life and health of the miners.

II. The calculation of the amount of ventilating required to counter-
act the contamination.

III. The determination of the resistances opposing the flow of the
ventilating current.

IV. The means of providing the necessary current of air.

V. The ways and means of utilising the air current to the utmost
advantage and distributing it throughout the workings.



CHAPTER L
CAUSES OF THE CONTAMINATION OF PIT AIR.

1. The causes of contamination in pit air are partly natural and
spontaneous, partly artificial and due to the conditions of working.

In the first place, the air may be fouled by the exhaustion or con-
sumption of the oxygen necessary to respiration; secondly, by the
liberation or production of injurious gases; and thirdly, by the presence
of. finely divided particles of solid matter, such as coal dust, soot, and
smoke.

The health of the miners is also prejudiced by an excessively high
temperature in the pit air, especially when the same is saturated with
water vapour and the current moves with such velocity as to produce an
excessive draught.

COMPOSITION OF THE AIR.

2. As already mentioned, atmospheric air contains 2093 (21) parts
by volume of oxygen and 79 parts of nitrogen (with 094 of argon).
One cubic metre of air weighs 1-2936 kilogrammes at 0" C. and 760
millimetres pressure.

THe OXYGEN OF THE AIR.

3. The life-maintaining constituent, oxygen, the chemical symbol for
which is O, has the specific gravity 1'10566 compared with air; 1 cubic
metre weighs 1:430 kilogrammes.

OXYGEN is a colourless, odourless, and tasteless gas, which enters into
combination with all the elements except fluorine, and also combines with
many compound bodies. Hence a considerable amount of oxygen is con-
sumed in mines. According to the researches of Dr. Schondorf, in the
mines at Saarbruecken, the consumption of oxygen by the miners, the
horses, and the lamps in a pit amounts to only about one-seventeenth of
the total consumption therein, the remainder being used up in the oxida-
tion of coal and pyrites, by absorption into the rock, and by the putre-

faction of the pit timbers.
3
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The combination of oxygen with other substances is known as oxida-
tion, and if the operation be accompanied by evolution of heat and light
it is termed combustion.

Luminons combustion proceeds only in the case of gaseous bodies, or
such solid or liquid bodies as are gasified by the heat generated during
combustion ; or again in the case of gaseous, combustible decomposition
products. Other substances, e.g. carbon (coke), burn without flame, merely
becoming incandescent on combining with oxygen.

Oxidation also occurs during respiration. Here the oxygen comes
into contact with venous blood in the lungs, whereupon the carbon in the
blood -is oxidised into carbon dioxide (carbonic acid, CO,), which is then
exhaled.

Of late, oxygen has been prepared artificially, and is sold in the
condensed form, which is administered for artificial respiration in many
cases of disease, as also in the event of carbon monoxide (CO) poisoning.
In the condensed state it is also used for charging the respiratory and
rescue appliances employed when spaces filled with irrespirable gaSes
have to be entered.

Until recently it was believed that suffocation necessarily ensued in
the human subject on exposure to an atmosphere so poor in oxygen as to
be incapable of supporting combustion in the ordinary sense. This has
been shown to be incorrect by Dr. Haldane of Oxford, who was entrusted
by the Home Office with the investigation of the causes and results of
the colliery explosions at Tylerstown, Brancepeth, and Micklefield. His
researches have thrown a great deal of new light on the effects of air poor
in oxygen, and of the poisonous gases present in the afterdamp succeed-
ing explosions of firedamp, as well as those in the fumes generated by
pit fires.

4. When the oxygen content of inhaled air is gradually reduced, the
respiration of the human subject is found to slightly decrease in depth
on the percentage of oxygen falling to 12 per cent. At 10 per cent.
of oxygen, breathing is accelerated, the respirations are deeper, and the
lips turn pale blue. At 8 per cent. the face assumes a bluish-grey tinge,
although no great uneasiness is so far manifested. Laboured panting
first appears at 5 to 6 per cent., and is succeeded by unconsciousness,
death finally occurring after a shorter or longer interval. When the
inhaled air contains less than 1 to 2 per cent. of oxygen, unconsciousness
supervenes after 40 to 50 seconds, without previous panting. Conscious-
ness vanishes more rapidly than it does under water or in strangling,
since not only is the patient deprived of a supply of oxygen, but that
already in the lungs is immediately expelled by the violent breathing.
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Loss of consciousness is followed by cramp, and respiration ceases. In
the case of dogs or cats, the heart of the subject continues to beat for 2
to 8 minutes; but in the case of man this period would be of longer
duration, it being apparently a general rule that the resistance to suffoca-
tion increases with the size of the organism. Dr. Haldane himself continued
to inhale air containing only 07 per cent. of oxygen for half a minute
without losing consciousness, whereas a mouse under the same conditions
was seized with convulsions in 15 seconds, respiration ceasing almost
entirely. So long as the beating of the heart continued, it was found
easy to resuscitate the affected animal by means of artificial respiration.
Sometimes this artificial respiration must be prolonged for a considerable
time, since the injuries may be grave, in which case recovery is a slow
process. It also happens that consciousness is not restored for some
hours after the resumption of respiration, and in such event there is
danger of a fatal result unless the patient be treated with extreme
care and skill

Great exertion in an atmosphere impoverished of oxygen to a certain
extent may produce unconsciousness. Consequently such exertion must
be avoided in the pit when the impoverishment of the air is manifested
by the extinction of the lights. The flame of the miner’s lamp goes out
when the oxygen content of the pit air has receded to 17-6-17°1 per
cent. The first quoted figure, 17°6 per cent., refers to a candle held
upright, whereas when held horizontally it is not extinguished until the
percentage has fallen to 17-1.

From the foregoing it follows that the extinction of lights in conse-
quence of a lack of oxygen in the air does not imply danger to human
life by suffocation, this danger not arising until the percentage of oxygen
is much lower (below 7 per cent.).

NITROGEN.

5. NITROGEN (symbol N), the second chief constituent of the air, has
no chemical action on mankind or animals. It is an inert gas, devoid of
colour, smell, or taste; the specific gravity is 09731, and 1 cubic metre
weighs 1:2553 kilogrammes.

The argon recently discovered in air by Lord Rayleigh and Professor
Ramsay seems to resemble nitrogen in its properties, but it is still
imperfectly known. The amount present in air is stated to be about
0-94 per cent.
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OTHER CONTAMINATING (GASES PRESENT IN PIT AIr.

6. The following gases escape in smaller or larger quantities from the
fissures and pores in the rock, or are liberated in consequence of atmos-
pheric influences, warmth, or mining operations :—

(@) Carbon dioxide, CO,; density, 1'5240. A cubic metre weighs 1-9714 kilos.

(b) Carbon monoxide, CO ; density, 0-968. K B 15252 75,
(¢) Methane, or pit gas, CH, ; density, 0-558. o 0 0:7218 ,,
(d) Pure hydrogen, H ; density, 0:0693. & = 0-0896 ,,
(¢) Sulphuretted hydrogen, H,S ; density, 1'191. ,, £ 15407 ,,
(/) Sulphurous acid, H,SO, ; density, 2-21. ,, o5 2:859" ,,
(9) Water vapour ; density, 0:624. b o 0-8072 ,,

(k) Various miasmatic gases resulting from the decomposition of organic matter ;
also certain metallic vapours, especially mercury.

7. With regard to the appearance, properties, and influence of these
gases and vapours on animals and the human organism and on pit lights,
the following observations may be made.

8. CARBON DIOXIDE is a colourless gas, with a prickling, faintly acid
taste and smell, and is met with very extensively, both free and combined,
in pature. In the vicinity of voleanic rocks it is often found issuing in
abundance from the ground, eg. at the so-called Dog’s Grotto near Naples,
the Dunsthoehle near Pyrmont, at the Bromthale in the Rhineland district,
etc. As already mentioned, atmospheric air contains usually 003 to
0-04 per cent. of this gas; pit air generally a somewhat larger proportion.
Small quantities are also found in all well and spring waters, and larger
amounts in many mineral springs. Some coal seams contain carbon
dioxide, eg. those in the Haenichen Colliery near Dresden. On the other
hand, firedamp is encountered in the same seam in the adjoining colliery
belonging to Baron von Burgk, which is situated farther within the limits
of the small Dresden coal basin; whereas the seam found in the Govern-
ment colliery at Zankeroda, which is situated in the other wing of the
basin, again contains carbon dioxide. Consequently, both here and in the
Haenichen pit it is impossible, on account of the escape of carbon dioxide
(chokedamp), to cut on the bottom of the seam; neither can the miners
be allowed to remain singly in the working places, on account of the
danger of stupefaction by the gas, which would be infallibly attended with
fatal results.

In addition to that present, either free or combined with minerals,
in nature, carbon dioxide is continually being produced from organic
substances at the ordinary temperature by fermentation, respiration,
decomposition, or putrefaction; in the first and last cases with the
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collaboration of micro-organisms. It is also formed at higher tempera-
tures by combustion.

Many kinds of coal and lignite, when brought into contact with
air, undergo gradual oxidation, whereby carbon dioxide is formed in
large quantities. The temperature of the coal slowly rises, and this
may proceed so far that spontaneous ignition ensues. This gradual
" accession of temperature is also noticeable in working seams that are
rich in pyrites and of considerable thickness, more especially when the
pillars suffer compression and the coal is converted into dust, so that
it presents a large surface to the air. On this account, large volumes
of carbon dioxide are formed in old workings (goaf) of such seams, owing
to the large quantity of coal dust left behind there.

Other sources of carbon dioxide in the pit are the miners’ lamps,
and the respiration of the men and any animals there. The amount
produced in this way is, however, comparatively unimportant; so that
a slight ventilating current would suffice to carry it away as soon as
formed.

Another important source of carbon dioxide in the pit is the ignition
of firedamp—a matter to which we shall revert later on. As carbon
dioxide does not enter into any chemical combination with the blood,
it cannot be regarded as a poisonous gas, though irrespirable and incap-
able of supporting life. Dr. Haldane, it is true, looks on CO, as exerting
a poisonous action, because when present to the extent of 5 per cent.
in inhaled air it rapidly causes death by suffocation, whereas a similar
proportion of a natural gas, such as hydrogen or nitrogen, does not
produce this result. This fact, which has been demonstrated by experi-
ments with animals, is, however, explainable by the greater denmsity of
carbon dioxide, and by the circumstance that this gas is constantly
produced in the lungs. Man is also suffocated when submerged in
water, without any assumption being urged that this liquid is
poisonous.

In any event, the action of carbon dioxide on the human organism
is less injurious than it is generally assumed to be, the evil reputation
it enjoys among miners being really due to the action of the hitherto
insufficiently recognised carbon monoxide. ‘

The first effects of the presence of carbon dioxide in air begin to
manifest themselves when the proportion of this gas attains 3 to 4
per cent. At this stage the depth of the respirations is slightly
increased, though without any resulting disturbance or injury to the
organism; and animals that are kept for several weeks in such an
atmosphere exhibit no unusual phenomena. The depth and frequency
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of the respirations increase with the percentage of the gas; at 6 per
cent. decided gasping occurs, accompanied by a slight pain in the fore-
head, this usually becoming somewhat worse on a return to a purer
atmosphere. At 7 to 8 per cent. the oppression and panting become
very painful, especially at the outset; but it is only when 10 per cent.
is reached that the difficuly becomes severe. At a slight increase
beyond this stage suffocation ensues, and the subject of the experiment
loses consciousness, without—as tests on animals have demonstrated —
there being any actual danger to life.

The effect of carbon dioxide on the light of lamps or candles seems
to increase regularly in proportion as the amount of oxygen in the air
decreases. According to Professor Clowes, the presence of 15 per cent.
of carbon dioxide in the air causes the extinction of the flame; and
the same result ensues when the air is mixed with 17 per cent. of
nitrogen.

Dr. Haldane has demonstrated that a candle will continue to burn
in a mixture containing 75 per cent. of carbon dioxide, provided the
remaining 25 per cent. consists of oxygen. Since carbon dioxide, though
not poisonous, is irrespirable, care is always necessary on entering a
place where its presence is suspected; and such places should on mno
account be entered without a light. Owing to its greater density, this
gas does not readily mix with air, but often collects, in a fairly pure
state, in considerable quantity in low-lying spots, such as the bottom
of shafts and wells and the floor of pit headings. If the lamp is
suddenly extinguished on being gradually lowered from above to the
gallery floor, a dangerous accumulation of carbon dioxide may be con-
cluded, and caution is necessary. Shafts of wells may often be entered
after water has been run in for some time, since this liquid carries
air down with it, and displaces the carbon dioxide; or, again, the air
may be set in action by quickly raising and lowering a bundle of
brushwood or straw suspended by a rope. However imperfect these
methods may appear, they are nevertheless able to do good service
when it is a question of saving the life of some one who has been
overtaken by the gas and has lost consciousness. Another plan recom-
mended is to pour in milk of lime, since this absorbs the CO, If,
however, these means should prove ineffectual, then attempts must be
made to induce a ventilating current, as will be described later on.

9. CARBON MONOXIDE is a colourless, tasteless, and inodorous, but
combustible gas, and therefore extremely poisonous, even in small quan-
tities. It is produced only at high temperatures, whereas the dioxide
is formed at ordinary temperatures as well. When carbon dioxide is



CAUSES OF THE CONTAMINATION OF PIT AIR ¢

passed over glowing charcoal it is reduced to CO, which latter burns
with a blue flame on contact with the air, and is reconverted into carbon
dioxide.

Many metallic oxides also suffer reduction when heated to incan-
descence with carbon, CO being formed. Consequently large volumes
of this gas are produced in certain metallurgical processes, e.g. in blast
furnaces. It is customary to say that carbon monoxide is formed
by incomplete combustion, when the amount of oxygen present is
insufficient to entirely consume a fuel to CO,. '

Somewhat large amounts of CO are also formed when gunpowder
is exploded—this powder being, as is well known, a mixture of finely
pulverised charcoal, sulphur, and saltpetre—especially when the powder
is damp, or contains too small a proportion of saltpetre (below 78 per
cent.), since in such event the amount of oxygen in this latter is
insufficient for the complete combustion of the sulphur and carbon
present. Consequently in such cases the poisonous CO and the still
more poisonous sulphuretted hydrogen are formed. A considerable
amount of carbon monoxide is associated with the dioxide in after-
damp: the dangerous mixture of gases resulting from the explosion
of firedamp, and the gasification and combustion of fine coal dust.
It is also present in dangerous quantities (up to 275 per cent!) in
the fumes generated during the progress of pit fires.

A larger proportion of carbon monoxide is furnished by the com-
bustion of coal than is the case with wood ; this result being apparently
due to the circumstance that with the former there is always a certain
amount of glowing carbon, which presents an opportunity for the carbon
dioxide to become reduced to monoxide. Illuminating gas, resulting
from the distillation of coal, contains about 5 per cent. of the monoxide,
and is therefore highly poisonous.

10. The reason for the poisonous action of carbon dioxide when
breathed will now be more closely explained. ~When respiration is
conducted in ordinary air the oxygen is absorbed through the lungs
into the blood, and forms with the red blood corpuseles (haemoglobin)
an unstable chemical compound: this is conveyed by the circulation
into the parts of the body where it can be utilised for the needs of
the latter, namely, into the tissues. However, as was shown by Claude
Bertrand, the hemoglobin of the blood has a far (about 250 times)
greater chemical affinity for carbon monoxide than for oxygen; and,
so soon as it is saturated with CO to form carboxyglobin, it ceases to

! The characteristic smell of these fumes is due, not to the presence of carbon monoxide,
but to smoke and distillation products (hydrocarbons, ammonia, etc.).
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take up any further oxygen from the air. Consequently no oxygen
finds its way into the tissues, and a fatal termination results, just as
though the inhaled air contained little or no oxygen at all. It is thus
evident that the disturbances produced in the organism by CO do not
appreciably differ from those resulting from a deprivation of oxygen.
If one remained for some time in an atmosphere containing 0'1 per
cent. of CO, the blood would finally be equally saturated with CO and
. 0. On returning to pure air a gradual elimination of CO from the
blood ensues, inasmuch as it is probably converted into carbon dioxide.
In pure oxygen the elimination proceeds five times as rapidly as in
atmospheric air. So soon as the blood is saturated with 50 per cent.
of CO all control over the limbs is lost, the sufferer is unable to move,
and finally becomes unconscious. When the proportion of CO in the
air reaches 0°1 per cent.,, then the blood cannot become saturated to
a greater extent than 50 per cent., and no immediate danger to life
ensues; but with 02 per cent. of CO in the air the saturation limit
of the blood is increased to 67 per cent., the sufferer becomes unconscious,
and death supervenes. The presence of 0°3 per cent. of CO is exceed-
ingly momentous and dangerous.

It is also a mafter of some importance to ascertain the interval
elapsing between poisoning with CO and loss of conseciousness there-
through. In order to approximately estimate this interval, it may be
taken for granted that the blood of a full-grown man can absorb about
1-1 litre of CO and O before saturation. On the other hand, a man
when at rest will inhale and exhale from 55 to 66 litres of air per
minute. Furthermore, it has been shown by experiment that only 60
per cent. of inhaled CO is actually absorbed into the blood.

Now, if we assume the air to contain 0'1 per cent. of CO, the
amount of this gas absorbed will average about 000396 litre per
minute, and thus 4 hours and 36 minutes will elapse before 11 litre
of CO is taken up into the blood. When the proportion of CO is
02 per cent. the time will be reduced to one-half, with 0:3 per cent.
to one-third, and so on. The period will, however, be still further
shortened when the individual has already spent some time in an
injurious atmosphere, and has not since fully recovered. =~ Moreover,
when at work or in motion, a man inhales about three times as much
air as when at rest, and in such case only about one-third the usual
time will be required for the absorption of a given quantity of CO
into the blood. With air containing 0-3 per cent. of CO the blood
will be saturated with this gas in half an hour, and consciousness will
be lost in quarter of an hour (semi-saturation). With 1 per cent. of
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CO this will not take longer than 5 to 6 minutes, even supposing that
the ill-ventilated place does not already contain other injurious gases or
impoverished air, which will generally be the case in the pit.

11. The danger of entering headings laden with afterdamp containing
CO, smoke, or products of combustion, must therefore be regarded as con-
siderable, owing to the possibility of traversing a good distance therein
before the action of the injurious gases becomes apparent, and that when
this does occur the power to gain safety by retracing one’s steps is lost.
Hence, when the necessity arises for penetrating an atmosphere laden with
carbon monoxide or smoke fumes, it is strongly advisable to keep a number
of men in the rear, in a pure atmosphere, as a reserve for rendering
immediate aid in case of need. Many lives have been saved in English
collieries by the adoption of this precaution.

Again, before entering an ill-ventilated place, filled with smoke, the
mouth and nose should always be covered with a damp cloth, to prevent,
at any rate, the penetration of dust and smoke into the air passages and
lungs, and the consequent hindrance to recovery. '

12. When sojourning in air containing carbon monoxide, the condition
of total helplessness is preceded by phenomena which should be very
carefully observed, namely, giddiness, swelling of the veins in the fore-
head, a feeling of dulness in the limbs, weakening of the sight, and
palpitation of the heart under the slightest exertion. These indications
are very decided when the saturation of the blood has attained 25 to 30
per cent., and increase therewith. At 50 per cent. the limbs become very
feeble and refuse their office, unconsciousness rapidly supervening. When
the saturation by carbon monoxide reaches 79 per cent., death is inevitable.
Moreover, the above indications are accompanied by very painful sensa-
tions. The crippling of the limbs is followed by a weakening of the
senses, as under the influence of gradual suffocation.

When the percentage of CO attains 1 to 2 per cent., unconsciousness
is quickly followed by cramp, just as in cases of suffocation through lack
of oxygen. With a little under 1 per cent. of CO in the air, death
approaches very quietly : this is evidenced by the condition observed in
individuals who have been suffocated by a low percentage of carbon
monoxide in pit air.

Those who have partly lost consciousness through the influence of
CO, experience, for several days or even weeks after recovery, disturbances

in health which may be very severe. Should the action of the poisonous
gases have been more prolonged, recovery is doubtful, whatever the
remedies applied. In any case it would be very protracted, and accom-
panied by pains demonstrating the great extent to which the blood has
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been injuriously affected by the carbon monoxide, and how greatly the
nervous system has suffered. The breathing and pulse are irregular; the
temperature of the body rises to 39° C. and over. Every attempt to move
the arms and limbs gives rise to muscular spasms and epileptic cramp.
Even if the result is not fatal, prolonged illness is certain.

If, on the contrary, the period of unconsciousness has been merely of
short duration, and the sufferer has been quickly brought into a pure
atmosphere, recovery will generally ensue within a few hours. It is
accompanied by violent headache, and also by nausea and vomiting. The
disturbing effects will be greater in proportion as the sojourn in the
poisonous atmosphere was prolonged.

Dr. Haldane ascertained, by personal experience, that exposure to an
atmosphere containing even only 007 per cent. of CO was sufficient not
merely to produce vertigo on the slightest exertion, but also to cause
headache lasting for over 12 hours.

He also demonstrated by experiment that, after a strong poisoning
with CO, it takes about 6 hours to free the blood from the poison ;
whereas, on the other hand, it has been determined that the combination
between the red blood corpuscles and CO is so stable in the case of persons
who have died from this cause, that the presence of CO can be proved by
spectrum analysis after the body has lain twelve months in the grave.
This proves that the living organism alone is in a position to eliminate
the carbon monoxide absorbed during respiration. The means by which
this is accomplished is, as already indicated, by conversion of the CO in
the blood into carbon dioxide.

13. Carbon monoxide gains access to the blood solely in the breath,
and not by absorption through the skin. The dark red colour of the
blood is changed by the absorbed gas into a highly characteristic pale to
rose-red shade. Those parts of the body where the colour of the blood
can be observed through the skin, eg. the lips, also assume a decidedly
palé red coloration in cases of fatal poisoning by this gas, whereas in the
event of death from other causes they turn a leaden grey or have a pallid
look. By reason of this rose colour, the bodies of persons who have died
from carbon monoxide poisoning look as though still in life.

The same pale red coloration due to CO poisoning is very decidedly
apparent when the muscles are dissected. It may, however, happen that
this coloration has again disappeared, if the sufferer remained unconscious
for some time after inhaling the poisonous gas, instead of dying im-
mediately. If in the interim the ventilating current has been restored
and has carried away the poisonous gases, then the absorbed CO may have
been eliminated from the blood, though the case terminated fatally all the
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same, Instances of this kind have been frequently noted in English
collieries.

The small proportions of CO required to produce a fatal result cannot
be detected, either by the lJamp flame or otherwise, since this gas does not
form a flame cap unless present to the extent of at least 1 per cent. in
the air. Chokedamp from fires, which also contains up to 3 per cent. of
CO, usually exhibits, it is frue, a peculiar burning smell; but this, as
already mentioned, arises not from CO but from certain hydrocarbons,
ammonia, ete. '

A point that should be particularly borne in mind is that, CO
being an inflammable gas, lamps are not extinguished by an atmosphere
containing a fatal dose of this component. Such a gaseous mix-
ture is not explosive until the proportion of CO attains over 15 per
cent.

MzeaNs oF DETEcTING CO IN AIR.

14. It is also a matter of great importance to have some means of
reliably detecting the presence of CO in the air. It is already known
that the blood of small animals is more quickly saturated with CO than
is the case with man. It therefore follows that a mouse, for example,
will more quickly exhibit the effects of carbon monoxide than a human
subject ; or, in other words, the condition of a mouse after a brief
sojourn in an atmosphere containing a dangerous proportion of CO will
be the same as that of a man after a longer exposure therein. The
coefficient is about 20 for a man at rest.

Thus Dr. Haldane found that, with 04 per cent. of CO in the air,
a mouse gave symptoms of illness after a sojourn of 1% minutes, and
became unconscious in 3 minutes; whereas the experimenter himself did
not feel serious discomfort until half an hour had elapsed. This propor-
tion of CO is present in the afterdamp succeeding firedamp explosions.
and is frequently injurious to rescue-parties.

When one desires to enter a part of the pit laden with afterdamp or
chokedamp, the mouse can be carried in a small cage, or inside a gauze
from a safety lamp. For this purpose, a few mice should be kept in
readiness in the engine-house or other suitable place.

On entering such contaminated air, the latter may be regarded as
really dangerous from the moment when the test-mouse becomes incapable
of motion and falls down unconscious. -

15. So far as concerns the detection of CO in the blood of living
human beings and corpses, this can be effected in the first place by
spectrum analysis, and secondly by the difference between the colour
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(dark red) of pure blood and the rose-red shade of blood containing
this gas.

SPECTROSCOPIC EXAMINATION OoF CO IN THE BrLooD.

16." If a drop of the blood under examination be diluted with water,
so that the two absorption bands of CO are perfectly visible in the
spectroscope, the two bands will remain almost as decidedly visible after
an addition of ammonium sulphide and gentle warming, if CO be present
and the blood is saturated therewith. According to Dr. Haldane, how-
ever, this test gives unreliable results when the degree of saturation by
CO in the blood is only 40 per cent. or less.

COLORIMETRIC EXAMINATION OF THE BLoop ror CO.

The same authority states that better results are furnished by the
second method, namely, the colorimetric test, which also enables the degree
of saturation to be approximately gauged at the same time. The method
of applying the test is as follows :—

As already mentioned, the blood of living mammals exhibits a more
or less decided pale to rose-red colour when partly or completely saturated
with CO. The only means of changing the dark red colour of pure blood
into this paler tint is by the addition of a definite quantity of a 1 per
cent. aqueous solution of carmine, which forms the reagent employed in
the present test. A standard solution for comparison is prepared by
making a 1 per cent. aqueous solution of pure blood, and saturating
the same with CO by means of coal gas (which contains about 5 per

cent.). 5
The blood under examination for CO is converted into a 1 per cent.

aqueous solution and placed in a test-glass. To this solution is now
added the 1 per cent. solution of carmine, run in drop by drop from a
burette, whereupon it will gradually assume the rose-red tint of the
standard check solution. The carmine solution having previously been
standardised on a 1 per cent. solution of pure blood, so as to ascertain
the quantity required to bring the latter to the same shade as the check
solution, it is then possible to calculate the percentage of CO in the blood
under examination. It is evident that, the larger the percentage of CO
in the solution under examination, the smaller will be the amount of
carmine solution required to bring it to the standard colour. If no
addition is needed, and the test solution is already of the same shade as
the check solution, then the blood in question is evidently saturated with
CO. If, on the other hand, one-half the predetermined quantity of car-
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mine solution is needed to bring the solution to standard, the saturation
with CO is only 50 per cent., and so on.

TREATMENT oF ViIcTIMs oF CO PoIsSoNING.

17. It is clear that, in cases of CO poisoning, the main essential for
securing the elimination of the CO from the blood is the administration
of oxygen, and that consequently the victims must be carried into a pure
atmosphere. If respiration has ceased, it must be restored by artificial
means.

When the pulse is weak, it becomes necessary to administer stimulants
acting on the heart and stomach. Good results in such cases have been
obtained by Dr. Morris with hypodermic injections of ether.

The first effect of fresh air on a vietim of CO poisoning seems to be
attended with a certain danger. On the occasion of a firedamp explosion
at the Albion Colliery it was found that several of the miners suffering
from CO poisoning first lost consciousness on being brought to bank.
This unfavourable symptom has also been observed in other cases of pit
accidents, and no satisfactory explanation has yet been afforded. TPossibly
the reduction of pressure on ascending o the pit mouth diminishes the
flow of blood to the brain, and thus causes loss of consciousness.

In cases of CO poisoning among small animals, a considerable diminu-
tion in the generation of heat is observed; but this is perfectly natural,
in view of the fact that the absorption of oxygen into the blood is
retarded. Recovery in pure air is considerably accelerated by warming
the animal under experiment. The application of artificial heat seems
therefore indicated in such cases of poisoning, and it is advisable to apply
hot-water bottles to the sufferer and wrap him in woollen blankets.

Exceedingly favourable results attended the exhibition of pure oxygen,
by inhalation, in restoring consciousness to the vietims of CO poisoning
at the Micklefield Colliery explosion. This explosion took place on 30th
April 1896, and resulted in a loss of 60 lives. The pit is not a gassy
one, but is very dusty. In the opinion of the Committee of Inquiry, 46
of the victims were killed by the action of CO in the afterdamp. A
number of the rescuers were made seriously ill from the same cause, and
had to be sent up as quickly as possible, the CO being evidently to blame,
since the lamps continued to burn regularly, and therefore the symptoms
could not be attributed to a lack of oxygen in the pit air. A supply of
condensed oxygen was readily available, and proved highly useful in
restoring the sufferers o consciousness.

True, as the following example will show, one must not expect too
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much from the employment of condensed oxygen. One of the Micklefield
miners was discovered, still alive but senseless, among a number of the dead,
56 hours after the explosion. A little farther on, it may be remarked in
passing, a pony was found in a healthy condition. Dr. Ialdane was in
the pit at the time this man was discovered, and immediately proceeded
to administer oxygen. Breathing and pulse were both regular, but the
members were cold. After wrapping up the vietim as warmly as possible,
he was caused to inhale pure oxygen for 20 minutes, the gas being
supplied through a tube placed in the mouth, with the precaution that
the nostrils were compressed at each breath. He was then sent up to
bank in a litter as quickly as possible, laid in front of a good fire, and
surrounded with warm-water bottles until the members attained a sufficient
temperature. The blood of this patient was found to be saturated to the
extent of 20 per cent. of CO after half an hour’s sojourn above ground.
The temperature was normal, and his condition seemed to have improved ;
nevertheless he remained unconscious and died the following day, the
exposure to the poisonous gas having been too protracted to admit of
recovery.

18. HyproGEN (H) is also a colourless, inodorous, and tasteless gas,
which burns in air with a somewhat reddish, faintly luminous, though
extremely hot flame. Although not poisonous, the gas is incapable of
supporting life. In the coal pit it is liberated in cases of fire, along with
other unconsumed gases, from the distillation of the coal, on the explosion
of blasting charges of inferior powder, and also in smaller amount in fire-
damp explosions and coal-dust explosions. By reason of its affinity for
oxygen, it increases the explosive and combustible character of inflammable
gaseous mixtures to a very considerable extent, even though present only
in minute quantities.

19. SuLpnurerTED HYDROGEN (H,S) is a colourless gas, with a dis-
agreeable smell of rotten eggs and a sweetish taste. It burns with a
bluish flame, sulphurous acid and water being formed. When inhaled it
is exceedingly poisonous, more so indeed than carbon monoxide. Birds
will die when placed in an atmosphere containing 007 per cent. (1 part
in 1500) of this gas; dogs when the percentage reaches 0°125 per cent.,
or 1 part in 800. The presence of 01 per cent. is sufficient to
produce unconsciousness in man within a short time, and finally lead to
fatal results.

Sulphuretted hydrogen occurs in many natural mineral waters; it is
also formed during the putrefaction of sulphurous organic matter and in
the decomposition of metallic sulphides. In mines this gas frequently
appears in small quantities associated with firedamyp, and is also liberated
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to a very troublesome extent in blasting,—especially in the case of damp
charges, and black powder deficient in saltpetre.

20. WATER VAPOUR.

Like the majority of gases, atmospheric air absorbs a larger or smaller
proportion of water vapour—according to the temperature and pressure
—in all degrees up to saturation point. Pit air is for the most part
completely saturated with water vapour, or nearly so, since nearly every-
where underground water escapes from the rock and is vaporised. An
unfavourable effect on human health is produced by an insufficiency as
well as by an excess of moisture in the air. As the proportion of
moisture present modifies the specific gravity of the air, the amount
may be ascertained by a specific gravity instrument or hygrometer,
the usual form being that invented by Daniel
(Fig. 1).

Two hollow glass bulbs, A and B, are con-
nected by a bent glass tube. The bulb A is fitted
with an external annular covering of gold, on which
the deposition of dew can be observed. This bulb
is charged with ether, into which dips the bulb
of an enclosed thermometer . The second bulb B
is swrrounded with gauze. The interior of the

UM
apparatus is exhausted of air, and a second thermo- Fic. 1.——~Dani .
meter T, for recording the temperature of the hygrometer.

surrounding air, is mounted on the stand of the hygrometer. On
pouring a few drops of ether on the bulb B, the latter is rapidly cooled
down by the evaporation of the ether, whereupon the ether in A is
volatilised and passes over for condensation into B. This causes A to °
cool down, the result being a deposition of moisture (dew) from the
surrounding air upon the gold ring A. The temperature at which this
occurs is known as the dew-point, 7.e. the air surrounding A is now so
far cooled as to be saturated with the contained water vapour. The
temperature of this dew-point is indicated by the interior thermometer ;
but, as this thermometer is necessarily somewhat cooler than the sur-
rounding air, the temperature it records is lower than the truth. For
this reason the observer waits until the dew disappears again from the
gold ring, then takes a second reading, and sets down the mean Ti of
the two. The temperature Ta of the outer thermometer T is also noted
down. The degree of saturation E of the external air is equivalent to

the tension f of water vapour at the dew temperature T¢, divided by
2



18 VENTILATION IN MINES

the tension F of water vapour at the outer temperature Te. Conse-
/.
F
the internal and exterior temperatures is found in Table (p. 37), when
it is a question of determining the weight of a cubic metre of pit air.

quently E= The respective tension (f and F) of water vapour at

TABLE OF AIR TEMPERATURES, wira TexsioN F oF THE CoNTAINED WATER
Varour AT COMPLETE SATURATION. THE TENSION IS EXPRESSED IN MILLIMETRES
or MERCURY.

(For Caleulation in Metres divide by 1000.)

Tension F Tension F
Temperature, of Water Differences. Temperature. of Water Differences.
Vapour. Vapour.
e mm., Hg. RC: mm. Hg.
0 4°6 0°34 27 2650 1+60
3 4-94 0-36 28 28°10 168
2 5°3 0+39 29 2978 7
3 5°69 0°41 30 3155 1-85
4 6°10 043 31 33°40 196
5 6534 0°-47 32 35°36 205
6 7°00 0+49 33 37°41 2-15
7 749 053 34 3956 2:27
8 802 055 35 41°83 237
9 8°57 0-59 36 44°20 25
10 9:16 0°63 37 46°7 2°6
11 979 067 38 493 Nt
19 1046 070 39 52-01 289
13 1116 074 40 54906 6°485
14 11-91 079 45 71-391 20°591
15 12-699 0°837 50 91-982 25496
16 13536 0-87 55 114°478 31°313
7 14-42 095 60 148-791 38154
18 1536 1:00 65 186°945 46°148
19 1637 1-04 70 233°093 . 55424
20 17-39 110 ¥o 288517 66126
21 1849 bl 80 354°643 78398
22 1966 123 85 433044 92-351
23 20°89 1:296 90 525°392 108300
24 2218 137 95 633692 126308
25 2355 1+44 T 100 760°0
26 24-99 151

21. SurLpnurous AcID, H,SO, is at the ordinary temperature a colour-
less gas, of disagreeable pungent smell and poisonous action ; it is formed
in small quantities in chokedamp, and in the afterdamp succeeding
firedamp explosions. According to Lehmann, the presence of 0:001 per
cent. of this gas in the air is sufficient to produce slight irritation of the
mucous membrane of the respiratory organs; and with 0°003 per cent.
the irritation becomes clearly apparent. Ogata found that, in the case of
rabbits and other small animals, 0°04 per cent. of sulphurous acid was
sufficient to produce pectoral congestion, as well as inflammation of the
eyes and air passages; 0'1 per cent. produces fatal results in a few
seconds.
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This gas causes the decomposition of the red blood corpuscles, and
thus renders the two absorption lines exhibited by dissolved blood less
clearly visible than is otherwise the case.

METHANE, pit gas, marsh gas (firedamp), CH,, has the specific gravity
0:558; 1 cubic metre weighs 0-7218 kilogramme.

22. OCCURRENCE OF FIREDAMP IN NATURE.

In certain collieries the mining operations pursued in winning the
coal cause the liberation of a larger or smaller volume of a light hydro-
carbon gas, methane, which when mixed with atmospheric air is termed
firedamp by the miners, on account of its inflammable character and
its property of exploding with violence under certain -circumstances.
This firedamp plays an important part in the working of such gassy
seams, on account of the dangers to which it gives rise, the difficulties
it produces in coal getting, and the arrangements and precautions that
have to be devised on this score. Nevertheless, despite all precautions,
firedamp explosions still oceur, and are attended with very injurious
consequences to both the health and the life of the miner. Firedamp
is also encountered in salt mines, in variegated sandstones and eclays
where saline deposits are found, and also wherever petroleum is discovered ;
and,it often escapes in large quantities from the ground, either associated
with this oil or alone.

Methane is also known as marsh gas, because it is formed in abundance
from putrefying vegetable matter in the mud of peat mosses, and escapes
in the form of large bubbles on this mud being stirred. Since coal
seams were undoubtedly formed by the decomposition of vegetable matter,
under the conjoint action of moisture and heat generated by pressure, in
the absence of air, it is evident that hydrocdrbons must also have been
produced at the same time. These have either been dissipated, owing to
the absence of an hermetical cover rock of sufficient thickness and close-
ness of texture, or else have remained behind, wholly or in part, on the
deposition of impermeable strata above the coal seams.

Since certain coal seams, are even now undergoing a slow process of
decomposition, or dry distillation, and—owing to the inequality prevailing
in respect to the extent with which decomposition has proceeded—contain
unequal percentages of volatile constituents, it is probable that, under
certain circumstances, the formation of methane is still going on.

Though firedamp is usually only met with in bituminous coal seams,
yet there are some seams of this kind that are free from gas; conversely,
it may happen, though rarely, that gas is met with in anthracitic coal
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seams, ¢.4. those at Charlerol. Irregularity also prevails with regard to
the appearance of inflammable gases in different parts of one and the
same seam or group of seams. When the adjacent rock is porous, this
also may become impregnated with firedamp. The most gas is generally
found in disturbances and fissures, containing cavities or disintegrated
rock affording space for the accumulation of the gas. Moreover, hori-
zontal portions of a seam—as is, for instance, the case in the Hibernia
pit at Gelsenkirchen—usually contain more gas than the inclined por-
tions, apparently because the gas has greater opportunities for escaping
from the inclined seams, in the direction of stratification, than it has for
passing transversely through the strata in the other case. On account of
the greater pressure,the accumulation and density of the gas increase with
the depth, and consequently the danger of firedamp explosions increases
in a corresponding manner. At the same time, since the rock temperature
increases with the depth, a more extensive liberation of gas occurs.

As a general rule, the pit gas is intimately combined with the coal,
and occupies all the cavities therein. In such event, it escapes from
the exposed wall of coal in proportion as the work of coal getting pro-
ceeds and the seams are traversed by headings, the escape being fre-
quently accompanied by a peculiar noise resembling the sound produced
by rubbing crab shells together, or like the patter of fine rain on foliage.
This noise is observed where the gas is being liberated in quantity from
damp coal and under pressure. It may be remarked, in passing, that a
similar noise is made by carbon dioxide in escaping under analogous con-
ditions from the coal; this has been noticed at the Haenichen Colliery
near Dresden.

23. BLOWERS. — Firedamp sometimes occurs in so-called blowers,
which greatly resemble water springs, issuing from fissures in the rock.
" These blowers often continue to discharge gas for weeks and months in
succession, in which event they must communicate with extensive reservoirs
in the adjacent rock, partly filled with dust or loose rock, or with faults,
some of which latter may traverse several seams.

24. SUDDEN OUTBURSTS OF GAS (DEGAGEMENTS INSTANTANES).—In
contrast to the above-mentioned occurrence of methane, wherein the gas
uniformly permeates the entire mass of the coal, or issues from cracks
and fissures in the rock, another method of occurrence is known, peculiar
to Belgian coal basins, the gas being found in large volumes and under a
high pressure, accompanied by a certain kind of very porous coal dust
(houille daloide), imprisoned in large underground chambers. When a
reservoir of this kind is accidentally tapped in driving a heading, an
irruption of large volumes of gas and coal dust occurs with great
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suddenness, filling up the workings immediately and causing enormous
devastation.

These occurrences seem to have a very intimate conmection with
local geognostic conditions, and are caused by the extensive dynamic dis-
turbances in the Belgian coal measures, as may be gathered from the
plans and profiles of such pits. At some time or other the Belgian coal
measures have been subjected to an extremely heavy horizontal pressure,
in consequence of the shrinkage of the earth and the subsidence of its
solid crust. This has caused extensive lateral thrust, tilting, folding,
buckling, and overthrow, the result being that some of the formations,
instead of being thrust under, above, or side by side with one another,
have been telescoped one into the other with enormous force. The
natural consequence of this is that certain parts of the rock, and
especially the less solid coal seams, must have been ground down and
disintegrated in places, and this rock, interspersed with cavities, has then
absorbed gas liberated by the coal, the gas itself being greatly compressed
by the heavy rock pressure.

It is also quite natural that such disintegrated masses of rock should
only be encountered at great depths, since rocks near the surface would,
on being exposed to such unusual horizontal pressure, be more easily
deflected upwards and so escape disintegration.

The extensive and sudden irruptions of gas and coal dust in the pits
at Gard, Midi de Dour, and Agrappe (Belgium) are well known. At the
last-named colliery about 500,000 cubic metres of gas and a great mass of
coal dust broke out into a heading at a depth of 610 metres (2000 feet),
blocking up all the workings and the shafts, and taking fire at the pit
mouth, all the head gear, buildings, etc. being thereby entirely destroyed.
When the liberation of gas subsided a little, violent explosions occurred in
the workings, and the shaft openings were rendered quite inaccessible.
This accident involved the sacrifice of one hundred and one lives, in
addition to eleven men injured.

Where such sudden and enormous outbreaks are caused by the
conditions of deposition, it is almost impossible to guard against their
occurrence ; whilst otherwise firedamp explosions in mines can best be
hindered by preventing any accumulation of the gas, and by removing
the liberated gas, where it occurs continuously from the coal, rock, or
blowers, by the aid of a powerful ventilating current, and finally diluting
it to such an extent that ignition or explosion is no longer possible.

To prevent one or all of the seams in a section of the workings
from getting overwhelmed with firedamp when the same is uniformly
distributed, it is furthermore advisable to subdivide the section into
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smaller working fields as quickly as possible, by driving the drainage
galleries, middle galleries, and air ways, and then the inclines, as far as
the boundary, or to the natural limit of the mine (fault), and in this
manner tap the seams to some extent before commencing the work of
coal getting, which will expose every day a large surface of gas-exhaling
coal. '

Of course it will be necessary in this preparatory work to have a
good system of mechanical ventilation already installed, of the kind that
will be referred to later on; the same is also indispensable for the
subsequent coal getting.

PHYSICAL AND CHEMICAL PROPERTIES OF FIREDAMP.

25, In many cases firedamp does not exclusively consist of pure
methane, and it is frequently a mixture of olefiant gas (C,H,), nitrogen,
oxygen, carbon dioxide, hydrogen, and occasionally small quantities of
sulphuretted hydrogen. In Belgian pits the admixture reaches as high
a figure as 30 per cent., but generally is only about 10 to 15 per cent.
According to the tests made at the Hibernia pit (Westphalia) in 1894
and 1895, the firedamp at this colliery contained—methane, 95 to 995
per cent.; CO, 0°44 to 1'6 per cent.; and nitrogen, 0 to 4'5 per cent.
By reason of the presence of other gases, the specific gravity of firedamp
is higher than that of pure methane, and reaches about 0°7.

26. METHANE is colourless, inodorous, and tasteless. Some miners,
however, profess themselves able to see firedamp, the appearance being
said to resemble that of a spider’s web. According to Dumas, the ex-
planation of this assumption is as follows:—By reason of its lower
density, the methane accumulates near the roof of the headings, and, as
the rays of light in passing through air strata of different density are
refracted differently, the phenomenon becomes visible. Among English
miners this appearance is termed silver gas.

A person accustomed to sojourning in firedamp experiences a peculiar
sensation on entering an atmosphere highly charged with this gas. Though
the latter should be tasteless and inodorous, it is credited with possessing
a flavour similar to that of apples, and a curious smell that is difficult
to describe but is very well known to the miner. When taken into the
lungs, firedamp is not poisonous ; nevertheless, like nitrogen and hydrogen,
it is incapable of replacing oxygen as a supporter of life, and therefore
produces suffocation when in the pure state or present to the extent of
50 per cent. in the inhaled air.

According to Guibal, even 33 per cent. of firedamp in air will produce
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suffocation, whilst 5 per cent. will extinguish the flaine of a safety lamp.
Hence, apart from the risk of ignition, care is mnecessary in entering an
atmosphere laden with firedamp—{for example, in ascending a pit incline
for the purpose of rectifying the ventilation at the upper end, the danger
being intensified by the fact that the percentage of gas increases very
rapidly in the higher levels, so that one might suddenly find himself in
an atmosphere containing too little oxygen to maintain life. With a
view to obviating this risk, the advance should be gradual, and the
explorer should be followed by one or two men a short distance in
the rear.

It is also necessary, in traversing fiery mines, to hold the lamp low
down, the dangerous gas, as has been said, accumulating at the top and
diffusing but imperfectly. On the other hand, when it is desired to test
the condition of the atmosphere by means of the lamp flame, the lamp
should be raised and the test applied near the roof.

Even where galleries and working places are traversed by a ventilating
current, accumulations of firedamp will often remain obstinately in
cavities in the roof, and resist diffusion. However, once the gas has
become mixed with the air, it will not separate again.

INFLAMMARILITY OF FIREDAMP.

27. Firedamp is ignited by a flame, since the two constituent elements
C and H are able to combine with O, a lambent bluish flame being
generally produced. Water and carbon dioxide are the products of com-
bustion. When ignited in a current of pure air, pure methane burns
with a white flame, the reaction proceeding in accordance with the
equation—

CH, + 20, = 2(H,0) + CO,.

Owing to the fact that the water vapour produced by the reaction is
almost instantaneously cooled and condensed, two shocks, the shock proper
and the counter-shock, are produced in quick succession when an ex-
plosion of firedamyp occurs. The former results from the sudden expansion
of the hot gases at a pressure of 4 to 6 atmospheres; whilst the weaker
counter-shock is caused by the inrush of air to occupy the vacuum
formed by the condensation of the resulting water vapour. The ignition
temperature of firedamp is 650° C. according to Demanet, or 780° C.
according to Koehler. The only way to produce ignition is by contact
with a flame or an electric spark. As a rule, no ignition is produced by
glowing iron, glowing tinder, or by the spark formed by the impact of a
steel tool on a hard object (rock, ete.); though instances have been
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reported where ignition of firedamp has been alleged to have ensued from
the sparks produced by a drill working in hard sandstone. In a Galician
petroleum shaft, where a hewer was working without a light on account
of the shallow depth of the pit, an explosion was caused by the stroke
of a pick. The circumstance that glowing iron does not usually cause
the ignition of firedamp is explained by the so-called retardation of
ignition. The inflammable gaseous mixture requires a certain time to
attain the ignition temperature, but as the particles of gas in contact
with the hot metal become lighter than the rest as they are warmed, and
therefore ascend, they cannot become heated to the requisite point for
ignition to ensue. The case is different when their ascent is retarded by
any obstacle, such as an inverted bucket, etc., above the glowing metal ; and
in such event an ignition of the inflammable mixture might easily occur.

The ignition of firedamp during shot firing will be dealt with later
in the chapter on Coal Dust.

The inflammability and explosibility of firedamp vary in accordance
with the proportions of the mixture with air. In the event of the fire-
damp consisting of pure methane, and the air containing 231 parts by
weight of oxygen and 769 parts of nitrogen, the most violent explosion
would occur in the case of a mixture containing 1+ 74 =135 per cent.
by volume of methane. Owing, however, to the fact, as already stated,
that pit gas also contains other gases, the maximum explosibility is
exhibited when the proportion of firedamp is about one-eighth to one-
ninth the entire mixture, 7.e. 125 to 11°1 per cent. When the propor-
tion of gas is as low as one-thirtieth to one-fifteenth (3:33 to 6:66 per
cent.) of the total volume, the ignition of the mixture is confined to such
portions as are immediately in contact with the igniting flame. The
resulting combustion does not spread over the whole mass, but the flame
becomes elongated and broader in proportion as the gas content increases,
and is surrounded by a lambent aureole, or flame cap, which diminishes
in proportion as the percentage of the mixture approximates to one-
thirtieth, at which point it disappears. When the gas content rises to
one-fourteenth (71 per cent.), ignition extends throughout the entire
volume of the mixture, and a slight explosion occurs. The more the
percentage of gas increases the more decided is the ignition, and conse-
quently the more violent the explosion, the maximum being attained at one-
eighth. Beyond this point the violence of the explosion again diminishes,
the amount of oxygen present being then more and more insufficient to
permit complete combustion of the carbon and hydrogen to CO, and H,0.
The detonations therefore gradually decrease in intensity, and cease
entirely when the proportion of gas has reached one-third of the total
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volume of the mixture, at which point simple ignition occurs. The final
limit of inflamnmability is reached at 50 per cent., beyond which point the
mixture will not burn at all, and in fact simply extinguishes an introduced
flame. The above particulars have been collected into the table now given.

Ratio of CH, to Air (by Volume). Reaction.

Below ;. i . A ’ None.

Between w5 and 5 - . . | The aureole round the flame gradually increases.

At £ : : : . | The ignition of the mixture is communicated to the
: entire volume.

At % 3 ¢ . | Maximum of explosibility.

BetV\ een § and % S g . | The explosions diminish in intensity.

Between }and § . : . | Simple ignition.

Above 3 . s : 2 . | The mixture ceases to ignite, and extinguishes any flame

introduced therein.

An addition of one-seventh = 145 per cent. of carbon dioxide to the
most explosive mixture of air and firedamp entirely deprives it of this
property. Of course no one could live in such a mixture, nor would
any light burn therein.

)
PRESSURE UNDER WHICH FIREDAMP IS IMPRISONED IN COAL.

28. The hissing of escaping firedamp, already alluded to, indicates that
the gas is Imprisoned under pressure in the coal. This is perfectly
natural, the rock pressure implying a corresponding pressure in the con-
tained gas when the latter has no avenue of escape.

The gas pressure can be measured by means of a pressure gauge
inserted air-tight into a borehole drilled for a depth of several metres into
the coal. An approximate idea of this pressure can also be obtained by
immersing in water a piece of coal, freshly detached from the working
face, collecting the evolved gas, and comparing the relative volume of
this gas and the lump of coal.

This gas pressure, which naturally increases towards the interior of
the mass of the coal, is often very considerable. According to Behrends,
a pressure of 146 atmospheres was observed at the bottom of a bore-
hole, 4 metres in depth, in a newly opened section of the No. 13 seam at
the Hibernia Colliery, Gelsenkirchen (Westphalia). In very deep Belgian
pits, pressures of 20 to 23 atmospheres have been recorded, and as high
as 425 atmospheres in a borehole in unworked coal! It may therefore

I The theory that firedamp may be present in a liquid or solid condition in coal seams, by
reason of high pressures, is untenable, since the critical point of this gas resides at —81°8° C.
and 549 atmospheres pressure, whereas such a low earth temperature is impossible.
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be accepted as a rule that the greater the depth of a seam below the
surface, and the more effectually it is shut off by impenetrable cover rock,
the higher will be the pressure of the imprisoned gas, and consequently
the more violent the outrush of gas‘when the seam is tapped. On the
other hand, the longer the seam is worked and the greater the number
of galleries and other openings made therein, the more will the initial
pressure and outflow diminish in course of time, until finally the latter
ceases altogether or diminishes to an imperceptible quantity. From this
it follows that a larger amount of gas will be met with in opening out
a new section than when the same is being worked and has long been
traversed by headings. There is thus evidently a certain analogy between
the occurrence of firedamp and pit water, inasmuch as in both cases the
initial outflow is the greatest, diminishing in a short time as drying
progresses.

Some relation must undoubtedly exist between the pressure under
which gas is imprisoned in the coal and the volume escaping therefrom,
this being a natural law. Nevertheless, thete is no practical advantage
to be derived from expressing the relation between gas pressure and
volume liberated by mathematical formule, such, for instance, as the
formula for the equivalent orifice, according to which Q = pa v/2gh,
wherein Q indicates the volume of the outflow in cubic metres per
second, p the coefficient of contraction, ¢ the equivalent orifice in square
metres, g = 9:81, and % the pressure in millimetres of the water gauge.
(This formula will be referred to later on.)

No serviceable value or regularity can be laid down for the dimension
a of the eftfluent orifice from the solid coal; and besides, these orifices are
numerous and not confined to a single one. Moreover, since the pressure
h has no constant value in the present case capable of being accurately
determined beforehand for even a small portion of the area, and since
this pressure diminishes in an uncontrollable degree as the liberation of
gas proceeds, it is evident that a mathematical treatment of the question
will lead to no practically useful result. If no further production of
gas occurs in the coal, under the conditions of temperature prevailing in
the rock, then the escape of gas must cease at some time or other after
the section of the field has been tapped. Of course the total amount
of gas escaping from the pit will not suffer diminution (and may even
increase), so long as fresh gassy portions of the field continue to be opened
up and placed in communication with the existing workings; and this is
a contingency that must be borne in mind when planning out the working
and ventilation of a mine. The outflow of gas can be to some extent
kept under control, inasmuch as it is possible to reduce the volume of



CAUSES OF THE CONTAMINATION OF PIT AIR 27

gas that has to be daily or hourly removed by the ventilating current,
by limiting the output of coal, and more especially by regulating the
preliminary work of opening up new sections of the pit.

29. Since, under ordinary conditions, the gas intimately permeates
the coal and fills its pores at a higher or lower pressure, the gas also
influences the coherence and firmness of the seam, and, under certain
circumstances, may make the coal friable and brittle. For this reason,
fiery bituminous coal seams frequently yield nothing but small coal; and
occasionally this factor becomes so prominent as to make coal getting
dangerous, especially in sloping seams. This evil can be counteracted by
tapping the seam with boreholes before commencing to win coal from
the face: in this way the coal is rendered more solid and resistant.
More especially has this contingency to be taken into consideration
when two gassy seams are situated in close juxtaposition. In such
event the coal could undoubtedly be more easily won by working both
seams simultaneously, but only small coal would be obtained; whereas,
by working one seam before the other, an opportunity is afforded for the
gas in the second one to escape, and the coal won from this will then be
more solid and furnish a larger proportion of lumps.

INFLUENCE OF ATMOSPHERIC PRESSURE ON THE LIBERATION OF
FIREDAMP.

30. The escape of firedamp is influenced by another important
factor, namely, the pressure of the atmosphere. It frequently happens
that a condition of high or low atmospheric pressure prevails for many
days in succession; but, on the other hand—and especially at certain
times of the year—considerable changes in pressure may occur within
twenty-four hours, or even a shorter time. It is assumed that such
fluctuations of pressure have a by no means inconsiderable influence on
the outflow of certain springs; so much the more should they have an
effect on the outflow of firedamp, a substance of such tenuity and
elasticity that its volume is affected by the slightest alteration of
pressure. As the barometer falls, so the firedamp escapes in larger
amount, the converse occurring when the glass rises; and an increase is
noticeable in stormy weather. This will be easily understood when it
is remembered how greatly gusts of wind affect the escape of smoke
from the chimney stacks of factories, dwellings, ete. ~On the other
hand, it is freely admitted, and regarded as a happy circumstance, that
the ventilation of a large mine, when carefully planned, supervised, and
carried out by the aid of powerful fans—but in such event only—is not
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so readily subject to disturbance from this cause; but, as we shall see
later on, this influence of so-called natural ventilation still makes itself
felt even in the case of artificial ventilating currents, and consequently
any change in the atmospheric temperature or pressure will have some
effect on the liberation of firedamp.

If we regard the gas pressure existing in the coal of a fiery pit as
representing one limb of two vertical tubes, filled with liquid and con-
nected at their lower extremities, the second limb being formed by the
atmosphere, it will be evident that any alteration of pressure, or any
movement in the one limb, cannot remain without  influence on the
condition of the other limb.

Also subject to the influence of atmospheric pressure are any
accumulations of gas in the cavities of the worked-out portions of
the pit (goaf) and in the interstices of the packing; expanding when
the pressure diminishes, and escaping into such portions of the workings
as are traversed by the ventilating current, and thus raising the
percentage of gas therein beyond its normal level.

The influence of atmospheric fluctuations on the liberation of fire-
damp from coal has been set beyond doubt by the observations made
in the collieries of the Archduke Albrecht at Karwin (Moravia), the
aforesaid Hibernia pit in Westphalia, and at other collieries in different
countries.

In a communication dealing with the firedamp question, Behrends
reviews the observations made by himself and W. Koehler in this
connection, as follows :—

(1) Increasing atmospheric pressure retards the escape of firedamp,
whilst diminishing pressure accelerates it.

(2) The greater the increase in atmospheric pressure per unit time,
so much the more is the liberation of gas diminished; the more the
pressure falls per unit time, the larger is the escape of the gas.

(3) If the barometric pressure, having attained a certain height—
the result of which has been to diminish the escape of firedamp—remains
at that level for some time or permanently, the percentage of gas
gradually increases again, though without attaining the original figure,
so long as the increased pressure continues. The diminution in the
outflow, induced by a permanent increase in the atmospheric pressure,
is smaller when the gas pressure in the coal is high, and greater when
the gas pressure is low. Conversely, when the atmospheric pressure
falls—which condition is accompanied by an increase in the escape of
gas—and then remains at this point, either for some time or permanently,
the percentage of gas gradually decreases again, though it does not recede
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as low as the original level, so long as the pressure remains constant ;
the increased outflow of gas, due to the permanent fall in the pressure, is
smaller when the gas pressure in the coal is high, and greater when the
gas pressure is low.

(4) Should a sudden rise of atmospheric pressure be succeeded by a
more gradual increase, a slow acceleration of the gas outflow ensues;
on the other hand, when a rapid fall in the barometer is followed by a
more gradual one, the retardation of the gas outfiow proceeds slowly.
In no case, however, do the maxima or minima of the barometric curves
correspond to maximum or minimum rates of outflow of the gas.

In England special attention is paid to barometric observations in the
case of fiery mines, the state of the glass being examined several times
a day by the officials, and the readings entered in the journal. This
procedure has its justification in the circumstance that, in consequence
of the stratigraphical condition of the seams and the methods of working
pursued, large empty chambers are frequently left in the goaf, which
spaces fill up with firedamp. Falls of roof or sudden barometric
depressions may force this gas into the workings, and give rise to
explosions. There is no doubt that great explosions of firedamp often
coincide with falls in the atmospheric pressure, and that consequently
attention must be paid to the latter. Again, accessions of temperature
and fluctuations in the percentage of moisture in the air, especially in the
warmer seasons of the year, are not without influence on the escape of
firedamp. .

The following short table gives a review of the firedamp explosions
occurring in English collieries from 1868 to 1872, and shows that one-
half of these coincided with fluctuations of atmospheric pressure :—

Proportion attributable to
Proportions
Year. E*(Niz.si%il‘ls due to other
xp 4 Falls of the Rises of the Causes.
Barometer. Thermometer.
Per cent. Per cent. Per cent.

1868 . 154 47 2/ 26
1869 . 200 48 v 35
1870 . 196 50 24 26
1871 . 207 55 19 26
ST 233 58 17 25

It is thus evident that half these explosions were coincident with
falls of the barometer, one-quarter with accessions of atmospheric
temperature, and one-quarter with undetermined causes.
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Since, as we have seen, fluctuations of atmospheric pressure have
certainly an influence on the liberation. of firedamp, meteorological
stations should be provided at all fiery pits, and daily observations of
the barometer and thermometer should be made and entered in the
journal. On days when a heavy fall in the barometer is noticed, special
care should be bestowed on the possibility of accumulations of firedamp,
and great precaution observed in shot firing.



CHAPTER IL

PREVENTING THE DANGERS RESULTING FROM CONTAMINATION
OF PIT AIR.

DETERMINING THE PERCENTAGE OF METHANE IN PIT AIR—TESTING
FIREDAMP—FIREDAMP INDICATORS.

31. The percentage of methane in pit air can be accurately deter-
mined by chemical analysis. For this purpose, samples of air must be
taken at the places where a knowledge of the composition is desirable,
and these samples submitted to examination in the laboratory. In this
connection reference may be made to Winkler’'s Technical Analysis of
Gases, and to Dr. Schondorf’s paper on the ILaboratory Apparatus of the
Prussian Firedamp ‘Commission, in Zeitschrift fiir das Berg-, Hiitten-, und
Salinenwesen, 1887.

For the estimation of carbon dioxide, carbon monoxide, and oxygen the
Schwackhoefer apparatus may be used; and all gases, methane included,
may be determined by the Orsat apparatus. The Bunte burette can also be
employed for this purpose; whilst the Coquillon “ Grisoumetre ” (firedamp
tester) is intended for estimating the percentage of firedamp exclusively.

By means of such gas analyses the composition of the air in the
upcast ventilating shaft can be ascertained, and, when the volume of the
effluent air has been determined by measurement (an operation which
will be described later on), the total amount of firedamp discharged from
the pit will be revealed. The same can also be done in the case of split
air currents, and will permit of measures being taken to diminish the
percentage of gas in the main current or in a branch of same. This
estimation of methane by analysis is indispensable in all fiery pits;
though such analysis will not preclude the risk and possibility of firedamp
explosions in portions of the pit where inflammable gaseous mixtures can
be formed.

For this reason it is desirable, and even necessary, that one should be
able to ascertain, n sitw, the percentage of firedamp in the pit air where-

ever firedamp makes its appearance, even in minute guantities.
31
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It has already been stated that methane is considerably lighter than
ordinary air, and that consequently it preferably accumulates against the
roof or in cavities therein, and will obstinately remain there unless
directly encountered and driven away by the ventilating current. Hence
we may always expect to find a larger percentage of firedamyp near the
roof than elsewhere. It was also mentioned that this gas in burning
exhibits a flame by which its presence is revealed; and, in fact, the flamne
of the miner’s lamp is the only known means whereby the occurrence of
this gas in any place can be detected. Of course, when a flame is used
for ascertaining the presence of firedamp, the experiment must not be
made with a naked light, but with the flame of the safety lamp. And,
as every miner in the pit should be in a position to detect the presence
of firedamp, up to a certain extent, in his working place by means of his
lamp, it follows that safety lamps alone should be allowed in any fiery
pit—as is indeed made obligatory by legislative or other administrative
enactments.

The first Davy safety lamp (Figs. 2 and 3, Plate L) afforded, as is
well known, but little protection and security against the penetration of
the lamp flame through the gauze, or against the ignition of inflammable
gaseous mixtures, and therefore urgently needed improving. Neverthe-
less, on account of its simplicity and convenience, it still remained in use
for testing the presence of ﬁredamp, even after the introduction of
improved lamps. According to Davy’s own observations, the flame in his
lamp underwent a decided elongation in presence of 3:33 per cent. of
gas. According to Koehler, the shortened flame of the Davy lamp,
burning rape oil, in presence of—

2 per cent. of gas, is elongated by an aureole of 7 mm.

2% E2) i) 3] 10 2]
3 3 1 t}) 20 H)
3% 2] 13 H) 35 2]
4 » ”» 2» 60 bb

When the percentage of gas reaches 4% per cent. the apex of the
flame touches the top of the gauze cylinder.

According to Lamprecht, it is possible with a little skill to detect
2 per cent. of gas by means of the Mueseler oil safety lamp, though the
lowest limit of definite indication is afforded by 3 per cent.

In making the test the lamp should be raised very slowly from the
gallery floor to the roof, and then lowered again in the same manner.

Early in the ’eighties a proposal was made by Pieler, of Ruda (Upper
Silesia), to feed the Davy lamp, for testing purposes, with® pure spirit,
absorbed by cotton-wool, instead of with rape oil. The spirit flame,
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though intensely hot, has but little illuminating power, but, in presence
of an inflammable gas in the atmosphere, elongates and surrounds itself
with a bluish aureole (flame cap); consequently, by suitably shortening
the wick, the presence of } to } per cent. of methane can be detected by
this means. When the gas content aftains 14 per cent. the flame
reaches to the top of the gauze cylinder, so that no larger percentage can
be detected. In using a spirit lamp for testing purposes it is necessary
to also have an ordinary safety lamp at hand to give light, since the
illuminating power of the former is practically nil. Furthermore, the
lamp is a source of danger when the gas content reaches 2% to 3 per
cent., and therefore some means must be employed for instantly extin-
guishing the flame when necessary. ’

Superiority in this respect is exhibited by the Clowes lamp for
testing firedamp (Fig. 4), this being fed with pure hydrogen. Tt was
based on the construction of the Gray oil safety lamp, and will reveal, by
the flame cap, from 0'2 to 6 per cent. of methane, and can also be used
for ordinary lighting purposes.

Fig. 5 illustrates the Chesneau test lamp, which is similar to the
Pieler-Davy lamp, and is fed with methylated spirit, containing a little
ethylene chloride and copper nitrate, this admixture giving the flame a
greenish tinge, and therefore rendering it more visible.

The Friemann and Wolf (Zwickau) spirit-fed testing lamps, illustrated
in Figs. 2 and 3, are graduated on the outside to indicate the length
attained by the flame in presence of different percentages of methane in
the air. Absolute alecohol is the fuel used. Before applying the test, it
is advisable to regulate the flame in pure air in such a manner that the
tip of the flame cone is flush with the upper rim of the small sheet-metal
chimney.

On account of the great advantages exhibited by benzine safety
lamps in comparison with those fed with rape oil, they have rightly
almost entirely replaced the latter for pit use. These advantages
also comprise superior capacity for indicating the presence of firedamp
mixtures.

According to the makers’ catalogue, the benzine lamp, with inside
lighter and bottom draught, shown in Figs. 6 and 6a, is capable, with a
little practice on the part of the user, of indicating as little as § per
cent. of methane, and 1} per cent. with perfect certainty.

Figs. 7 and 8 illustrate the appearance of the flame given by the
lamp Fig. 6, the former figure showing the normal flame, and Fig. 6«
the appearance of the flame when shortened by turning down the
wick.
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READILY INFLAMMABLE ExrrosiveE Coarn DusT.

32. A second source of the origin and liberation of inflammable gases
in coal mines is formed by a certain kind of fine coal dust—inevitably
produced in coal winning, and distributed throughout the workings—
which comes into play so soon as, from any cause, it is acted upon and
gasified by a high temperature.!

Certain sintering (clod) coals and non-caking coals in many districts,
and especially when present in thick seams, have long been known to
possess the dangerous property of occluding and condensing oxygen, and
then gradually entering into combination therewith to form carbon
dioxide, the heat thus generated producing spontaneous ignition and pit
fires, frequently attended with disastrous consequences.

The dusty state of these coals greatly facilitates the absorption of
oxygen, and spontaneous heating. Moreover, it has now been indubitably
demonstrated that the almost exclusive cause of serious explosions of coal
dust in well-ventilated coal mines is the coal dust partly floating about in
the pit air and partly deposited on the walls, floor, and timbering of the
galleries, which dust may also have been the initial cause of the ignition.
In the majority of instances this ignition is brought about by shot firing.
It has been experimentally demonstrated that the dust of certain kinds
of true coal is not only capable of producing explosion, even in the
absence of firedamp, but inspection of the underground workings after
an explosion has clearly shown that the explosion flame almost exclu-
sively traverses the drainage galleries and main haulage and air ways,
where also most of the victims of afterdamp are found, and that these
galleries, though in general containing very little firedamp, exhibit quan-
tities of coal dust, which is found, after an explosion, on the bodies of
the victims, the timberings, and the floors, in the form of a degasified,
coky incrustation. Apparently these particles of dust have been deprived,
by dry distillation, of the bulk of their volatile constituents, which have
then become ignited and fed the flame of the explosion, leaving the coky
residue behind as a deposit.

As we know, the various kinds of coal contain very unequal per-
centages of volatile matters; and the volatilisation of these constituents
also seems to be effected at different temperatures. This circumstance
is the chief cause of the susceptibility of certain classes of coal dust to
explosion. It may also be assumed that the physical condition of the

! Those acquainted with even the rudiments of chemistry will be aware that it is not the
solid substance, in any case, that ignites direct and burns with a flame, but the gas—in the
case of coal dust, combustible hydroearbon—driven out from the solid body by any source of
heat whatsoever.
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coal—hardness, solidity, porosity, and friability—is not without influence
on this susceptibility, or tendency to liberate methane when heated. At
any rate, it is certain that the gas driven out of the coal dust by heat
is what burns in the event of an explosion, and not the coal dust
itself.

The gas first disengaged in considerable amount when coal dust is
heated is undoubtedly methane, since, as we know, this gas is the first
to pass over in any quantity in the production of coal gas by distillation.
Methane is therefore revealed as the cause of firedamp explosions, no
matter whether it is liberated from the coal at ordinary temperature or
driven out by higher temperatures from the coal dust floating in the air
of the pit or deposited anywhere therein. It is urgently desirable that
this susceptibility of certain kinds of coal dust should be made the
subject of a more thorough chemical investigation, and that it should be
determined at what temperatures the liberation of methane from coal
dust begins and reaches a maximum. It should also be borne in mind
that the afterdamp following coal dust explosions (to retain this term
for the sake of brevity, though admitting methane as the real cause of
same) must invariably contain considerable quantities of carbon monoxide,
since this afterdamp has proved itself so highly poisonous. Now, Dr.
Brookmann of Bochum has shown that the product of the imperfect
combustion of methane is ethylene (olefiant gas), and not carbon monoxide.
Consequently the coal dust is the sole cause of the formation of CO,
and of the poisonous and dangerous character of the afterdamp.

Experience has proved the great danger attending the presence of
certain kinds of coal dust in mines; and it has furthermore been demon-
strated that neither the provision of a powerful ventilating current, nor
the division of extensive workings into smaller areas of ventilation,
affords the least protection against the occurrence of explosions of firedamp
and coal dust; but that, on the contrary, the dust is carried in larger
quantities and to a farther distance from the centre of production the
stronger the ventilating current traversing the mine. It thus became
evident that the prevention of such catastrophes in future entailed the
adoption of one of two courses,—either suppressing the formation and
distribution of fine coal dust altogether, or, should this prove impossible,
the employment of means to render the dust innocuous.

METHOD OF RENDERING CoaL DustT INNOCUOUS.

33. The only means found capable of counteracting the excessive
production of coal dust in the pit, and of rendering any existing dust
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innocuous, is by thoroughly moistening and wetting the face to be next
worked, and the coal won therefrom (this being the chief source of the
dust), as well as to thoroughly saturate any dust that may have been
formed despite the earlier precautions adopted. The various galleries,
headings, etec. must be kept constantly wet for a distance of at least
30 feet from the working face, and all inclines in work must be wetted
throughout their entire length. The same precaution must be adopted
in the main haulage ways and drainage galleries, whilst, according to the
experience gained in the Saarbruecken district, galleries connecting
adjacent divided-current air ways are sufficiently protected by sprinkling
in belts at intervals in their length.

CONVEYING THE WATER FOR SPRINKLING THE COAL AND
CoaL Dusr.

34. As a general thing, it may be taken for granted that every coal
pit contains, in daily influx of pit water that has to be raised through
the shafts, a sufficient quantity—at the rate of about 3000 to 3300
gallons per 100 tons of coal raised per diem—of water for the work of
sprinkling.  Should, in exceptional cases, the pit be free from water,
or the influx be insufficient, then water must be led into the mine from
the surface. In order to prevent clogging of the upcast pipes, the pit
water is clarified before arriving at the pumps, by allowing it to pass
through several broad settling basins, and finally through a sieve; and
the water for sprinkling is delivered from the pumps—or special down-
pipes, when these are required—into the different working levels, by
means of pipes provided for that purpose.

As a working pressure in the delivery pipes, 5 to 10 atmos-
pheres will be more than sufficient; and : higher pressures will be
required only in cases where the sprinkling mains have also to con-
vey water for the transmission of power, and for driving underground
machinery—a condition probably obtaining in the majority of mines.
It must, however, be borne in mind that, in order to stand heavy
pressure, the pipes will then have to be of more than the usual
thickness—a circumstance that considerably increases the cost of
installation. : 4

The diameter of the pipes should be so chosen that the rate of flow
will not much exceed 40 inches, even in the event of the network of
pipes having to be subsequently extended in consequence of the working
area of the pit being enlarged. As a rule, a diameter of 3} to 4} inches



37

PREVENTING DANGERS FROM CONTAMINATION

.. ber e ] [ e s R R R AR oezl -
’ 2 T R X | |teog | 192 oczl -
s co e e L aer | ooz wer| wst | aer| o || lzeot| Ter 1 szt -

1] 0.TT | 091 = GL-0T | 8¢ST | 23T Tty p9ser) 99t wer| X
ot | - | ez we.¢ [orr | oot - || lzss | eer | ezl %
1% | 6s | o8 | vev |63 | 08 |vec | g6 ag o £
s W B ™ 90.2 |c.g0 [c.ze | - | cozlos|ogl - ez oz ! 09
e N : ““Novz | 6g | o | T0.2| 99| 0c| - et 19| og
4 SR RS = Leat | o3y “ leet!srlor] o lent 87| 68
P R o leetleelogl - < beogo | cgel oz
 leeo | 2zlozl 1 1co 12! 0z

g | rwuw | cwur | gg .EE_.EE ‘yg | ww | cww | ocyg | cwm S | ww | ww ] cqs [wmwgwmuy s | cww | ocun | ocyg | cwiw |

o =y @ = (@] = (=} o = (@)F] [{*1=) o = o =
| Pz 8|5z |8|F|2 |k y | 5| F| 2 |E|F|g| 8| %2 5|°?
=! g <R J= ¢ = g = g 2 . = g =2 E
3 i £ & ¥ 2 2 &

“I9JOULBI(] 1030uUreI(] *1930WRI(] “J93ourer([ “Toomer(] Jajeurel(]| *1970WeL(] *1930UIe(]

8 L 9 g i4 g 4 T

‘aamssoxd
‘wngreydse arsog oanssaad ‘sownje O -axussoxd +aqussoxd
3LM pogeod woaj saquy *SOW3E O *YSTUIRA 10 'soqn} [0038 pue)s 03 ¢pajeoo sounje o¢ ‘SOYe O]
SO} UOIL S 10] saqu3 1993 | ITM PaJeOO sequ, UUBWSIUUABTY -yreqdse ‘saquy saqng Ja[10q puvgs 01 ‘sadid
-1USnoIA PopIe M : SSO[UIBAS JUIET uoar-3ySnora UOT-JSNOI A uoar-Snor gy

a8uey esoory

\LOTYISIA NEMOHNYIYVVS HHL NI NAY TYLAN T U4 SAJId 0 IS0D




38 VENTILATION IN MINES

will be sufficient for the shaft mains, and the following dimensions for
the various branches :—

In cross drivages and drainage galleries . 3 3 inches.
In winzes and inclines 2 4 : A 2 5
In working galleries ; . : . 4101 inch.

Only in the event of the sprinkling mains being used for the transmission
of power are larger sizes—up to about 10 inches—necessary.

The usual material for the smaller pipes is wrought-iron, and for the
larger ones steel (Mannesmann tubes, spiral-welded, and patent-welded
wrought-iron gaspipe).

The pipe joints consist of loose flanges.

Cast-iron pipes, which are less liable to rust than those of steel or
wrought-iron, are seldom used, and then only for the larger sizes (over
10 inches). In this case the flanges at the joints are fixed. The pipes
are in lengths of 12 to 16 feet.

It is advisable to coat the pipes inside and out with red-lead paint,
hot linseed oil, or asphaltum. Galvanising also helps to prevent rusting.

In galleries the pipes are laid close up against the roof, and are sup-
ported by wooden pegs or iron hooks; those of smaller diameter may
also be suspended from the timbering by wire loops. In laying the pipes
a level must be constantly employed, so as to keep them horizontal or
at an almost uniform slope throughout the gallery.

To prevent breakages of the pipes in galleries where the rock is not
of a firm character, short lengths of rubber piping lined with coiled wire
are inserted at intervals.

It is a bad practice to bend the pipes cold for passing round curves,
a better plan being to fill them with sand and then apply heat. Where
a right-angle turn has to be made, junctions of cast or wrought-iron are
best; and 3-way (T-piece) or 4-way connections should be inserted for
branches, and attachments for valves, hose lengths, ete. Valves are
preferable to taps for cutting off the supply, in order to diminish the
suddenness of the cut-off and the attendant risk of shock and breakage.
These valves cost from 10s.to 26s. apiece, according to the diameter
(1 to 3% inches).

Rubber hose, § inch in internal diameter, } inch thick, and in
lengths up to about 60 feet (costing 1s. to 1s. 9d. per yard rum), is
used for sprinkling. This hose is permanently attached to the supply-
pipe in working places, and is connected to hydrants in the headings
wherever required.

35. WErTiNG THE CoAL Fack.—The Meissner system of wetting the
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coal face consists in drilling one to three holes to a depth of 40 inches
in the coal during the shift preceding that in which the coal is to be
worked. A %-inch iron pipe is then fitted into each hole by the aid
of a wooden washer, and connected up with the supply-pipe, the water
pressure being then allowed to act on the coal for eight hours. In this
manner the coal is so completely permeated with moisture that the
formation of dust in winning is precluded. This method, however, does
not act in the case of very hard or fissured coal, in which event the
working face and the won coal must be the more frequently and
thoroughly sprinkled with the hose.

In inclines, haulage ways, etc. hydrants are attached to the supply-
pipe at intervals of about 50 to 80 yards. To these hydrants are
connected lengths of hose sufficient to reach half-way along, and by
means of these latter the men charged with the sprinkling wet the walls,
floor, efe., and swill away any accumulations of coal dust. This operation
is repeated every two to three days, a longer interval (a week) being
permissible only in special cases.

In headings connecting two adjacent working sections, wet zones, 50
to 80 yards in length, are provided every 70 to 100 yards, in order
to restrict any explosion of firedamp or coal dust to the originating
centre. The efficacy and utility of such wet zones has been amply
confirmed by experience.

COST OF SETTING UP AND WORKING INSTALLATIONS FOR
' SPRINKLING.

36. The cost of installation of a system of sprinkling pipes amounts
to 2s. 3d. to 3s. per yard run; or up to 4s. where larger pipes are used
for transmitting power.

According to Droege, the working expenses of such installations in
the Saarbruecken district (1895-1896) ranged from 6s. 6d. to 13s. 4d.
per 100 tons of coal raised, and were highest where the action of heavy
rock pressure necessitated frequent repairs.

ADVANTAGES AND DISADVANTAGES OF SPRINKLING CoAL DUST.

37. In addition to preventing explosions, the sprinkling of the
working face and the wetting of coal dust in the galleries is also
attended with other considerable advantages in the working of the pit.
In the first place, shot firing, which in many places would otherwise
be dangerous and prohibited, can be resumed without objection when
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sprinkling is practised. The removal of coal dust from the air of the
mine makes the latter far healthier for the miners, and the disease known
as “coal lung” disappears. Sprinkling also considerably reduces the
very high temperature usually prevailing in deep pits—a result that is
not only agreeable but also conducive to health. The sprinkling pipes
can also be used for transmitting power for the purposes of separate
ventilation, ete.; and, furthermore, extensive and thorough sprinkling
diminishes the frequency of pit fires, whether arising from spontaneous
ignition, malice, or negligence. At the same time, should a conflagration
break out, the water and means for its prompt extinction are ready to
hand.

Nevertheless, sprinkling has also certain disadvantages. Where the
rock is clayey in character, swelling of the floor and its attendant
inconveniences are caused or furthered; the coal is also often made dirty
and unsightly, and in winter is rendered liable to freeze in the haulage
tubs, storage towers, and railway trucks, by reason of the large amount
of water present. These disadvantages, however, are not very weighty,
and must be put up with.

OTHER PRECAUTIONS FOR PREVENTING EXPLOSIONS IN FIERY
AND Dusty MINES.

38. In the same manner that a barrel full of powder will not
explode unless admission is gained by an igniting spark, so also is an
explosion of firedamp or coal dust impossible without ignition.

Up to now we have considered the means whereby firedamp can
be removed from the pit without injury, and the accumulation of
inflammable coal dust prevented; nevertheless, in order to prevent
the unforeseen failure of these precautions, it is essential that there
should be no chance of the dangerous substances in question being
ignited.

It has been already stated that the ordinary open miners’ lamps
must be replaced by safety lamps in fiery mines. In this latter class
of lamp the flame is surrounded by a strong and well-cooled glass
chimney (cylinder), in order to facilitate the transmission of light to
the outside. Of course the oxygen necessary to support combustion
is derived from the outer air, but the admission and discharge passages
are interrupted by fine wire gauze, which is doubled in the newer forms
of safety lamp. By this means the flame is prevented from deflection
by strong draughts, and at the same time is incapable of producing
ignition of inflammable gases in the outer air. Furthermore, even
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though these gases penetrate with the air into the interior of the lamp,
and there become ignited, the ignition cannot be transmitted to the
outside, since the burning gases are so far cooled in passing through
the double gauze as to be incapable of communicating the ignition to
the outer air and thus inducing an explosion.

At the present time the greatest amount of safety against the ignition
of firedamp mixtures is afforded by the Iriemann and Wolf benzine
lamp, with inside lighting device and double gauze cylinder (shown in
Figs. 6 and 6a), and consequently this lamp is more and more replacing
the rape (colza) oil lamp. Such benzine lamps give a better light than
rape oil, and a flame perfectly free from smoke and soot; the light
is cheaper; the lamp when extinguished can be immediately and safely
relighted without opening; the wick does not require cleaning; the
presence of 1 per cent. of methane in the air can be readily detected ;
the lamp flame does not strike through, nor will it ignite a 9 per
cent. firedamp mixture in the most powerful draught (air velocity 60
feet per second).

DANGERS OF BLASTING IN FIErRy MINES.

39. A great source of danger in fiery and dusty mines resides in
the operation of blasting; and a careful investigation of the causes of
firedamp explosions in various countries has shown that shot firing is
the usual cause of ignition in such accidents.

Ordinary black powder has proved especially dangerous in this
connection. Although this powder explodes at a far lower temperature
than the so-called high explosives, which are prepared by nitrating
organic substances, it generates such a large volume of inflammable
and also very poisonous gases that the absolute prohibition of this
powder in its present form is highly necessary, not only in fiery pits,
but for all underground work whatever, unless an addition of at least
78 per cent. of saltpetre be made to the charge. According to Demanet
(Traité d Exploitation des Mines de Houtlle, 2nd ed. vol. ii. p. 61), the
gases liberated by the combustion of black powder low in saltpetre
consist of—
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Of these gases 48'84 per cent. are combustible, and 40°76 per cent.
exceedingly poisonous.

Since the combustion of 1 gramme of such powder furnishes over
300 cubic centimetres of gas, 1 pound of the powder will contaminate
36 cubic metres of pit air with CO and H,S to such an extent that the
mixture will quickly prove fatal to human life.

It is further evident that an explosive generating such a large volume
of combustible gas cannot contain nearly sufficient oxygen to oxidise
this gas, and therefore urgently requires the addition of a carrier of
oxygen. Moreover, the introduction of combustible gas from powder
into a pit air containing an insufficient amount of firedamp to be inflam-
mable may easily render the latter explosive.

Powder with a deficient proportion of saltpetre or oxygen is unsuitable
for the preparation of fuses.

However, even the high explosives made from nitroglycerin do not
afford sufficient protection against the ignition of firedamp and coal
dust, especially when the shot holes are overloaded or give blown-
out shots, or in the event of accidental explosion of the explosives in
the mine. Pictures taken at the instant of shot firing with these high
explosives show a decided external flame, from which it may be concluded
that firedamp mixtures and coal dust could be ignited thereby under
certain circumstances. On this account the practice has arisen of tamping
the shot holes with water cartridges, or of mixing crystalline salts with
the explosives themselves, in order to cool down the ejected combustible
gases formed by the firing of the charge, and thus prevent the formation
of a flame. In addition, there have been introduced, for use in fiery
mines, so-called safety explosives (free from nitroglycerin), which explode
at relatively low temperatures (1500° to 1800° C., and exceptionally up
to 2000° C.), consist mainly of ammonium nitrate and aromatic hydro-
carbons (benzol, naphtha, aniline, resins, fats, ete.), and can only be fired
by very powerful detonating caps, but not by direct flame or red-hot
iron. The conveyance, handling, and storage of these explosives are
free from danger. The larger the proportion of hydrocarbons used in
their manufacture, the more powerful the explosives; hence the more
readily do they produce an external flame when fired, and therefore
the lower the degree of safety afforded. On the other hand, the safety
is increased by additions of ammonium oxalate, or salts of chlorine,
bromine, and iodine, which at the same time diminish the explosive
power.

In Saarbruecken the best results have been obtained with the safety
blasting powder of the Koeln-Rottweiler Pulverfabrik, dahmenite and
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new westphalite coming next; in the Maehrisch-Ostrau distriet, pro-
gressite has proved the best. Demanet gives the following list of safety
explosives: Roburite, ammonite, bellite, securite, westphalite, antigrisou
Favier; none of which, however, afford absolute safety against the
ignition of firedamp mixtures. They can only be regarded as relatively
safe, provided the amount of the charge in each borehole does not
exceed 250 grammes (9 ounces).

When the safety-lamp -test reveals the presence of firedamp at a
working place, shot firing should be unconditionally prohibited there. In
- all the mining districts of Germany this question is dealt with minutely
by the regulations of the mining police.

.

SHOT FIRING WITHOUT DANGER IN FIERY MINES.

40. It would naturally be useless to prescribe the exclusive use of
safety lamps and safety explosives in fiery mines were permission given
to fire the shots by means of a naked light, ordinary fuse, or burning
straw. No sufficient degree of safety would either be assured by lighting
the fuse with tinder kindled with flint and steel, since the fuse itself
throws off sparks of flame in burning, and is therefore capable of
igniting firedamp. Moreover, the so-called safety lighters, enclosed in
incombustible wrappers, cannot be classed as absolutely safe when
they contain a powder core.

ELEcTRICAL IGNITION.

41. In any case the best method of firing the blasting charge is
by electricity, the safest being the so-called incandescent (or glow) lighter,
actuated by an induction machine (Siemens & Halske type, for instance).
In Maehrisch-Ostrau permission is granted to fire shots in gassy mines
with Lauer’s friction igniter or Tirmann’s percussion igniter, which method
" is said to be quite innocuous (Koehler).

The central igniter of Jarolimek, consisting of a detonating cap fired
by means of compressed quicklime and water, is also characterised as safe.

EXPLOSIONS OF (GAS AND FIREDAMP CAUSED BY SHAFT AND PIT FIRES
IN Fiery MINES AND IN MINES WORKING ANTHRACITIC AND

SINTERING COAL.

42. Pit fires are in themselves a very dangerous foe to the miner.
They ave liable to hreak out in shafts and underground workings, and
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may be started as a result of carelessness or malice. As already men-
tioned, pit fires also occur as a result of spontaneous ignition of the
coal, and are unfortunately of very frequent occurrence in mines with
thick seams of clod coal, eg. those of Upper Silesia. Seams of gassy
long-flame coal are less liable to spontaneous ignition, since here the
pores of the coal are filled with methane, which retards the absorption
of oxygen from the air, and consequent oxidation. On the other hand,
fires due to carelessness or malice are just as readily caused, as in other
pits, with non-caking coal ; or, finally, may result from explosions of gas
or coal dust. :

The condition into which such a pit then falls is one of extreme
danger, since it is almost impossible to barricade the fire in the immediate
vicinity of its seat by means of dams of masonry, ete., as this would
entail a cessation of the ventilating current, leaving the disengagement
of gas unrestricted, or even increased, as a result of the fire. The con-
sequence would be the production of secondary explosions, attended with
the gravest danger to the men engaged in dam building. In such
cases the only thing that can generally be done is to submerge the
seat of the fire for some time, which usually means the flooding of the
whole pit; or the shafts may be hermetically closed and working
discontinued until the fire has been suppressed, and the seat of same
sufficiently cooled down. This cooling, however, cannot be successfully
effected so long as the internal pressure, recorded by a pressure gauge,
considerably exceeds that of the atmosphere. For the. same reason,
the burning section cannot be reopened until the excess pressure has
disappeared.

If a revival of the fire be feared, in reopening a gassy pit that
has been closed on account of fire, as was the case, for example, at
the Wilhelm shaft of the Kaiser Ferdinands - Nordbahn Colliery at
Polnisch-Ostrau in 1884, the sole way to carry on the recovery work
is by the aid of the Von Bremen rescue apparatus, the ventilation of
- the pit being stopped, and the air supplied to the workmen through
pipes and hose.

In pits working anthracite and caking coal seams no inflammable
gas is liberated at the ordinary temperature; but at higher temperatures,
ie. in the case of a pit fire, this liberation may easily occur, and in
such event gas explosions may result, even though merely in a lesser
degree. As a matter of fact, such explosions have been observed in
Upper Silesian pits.

Special caution is necessary in visiting the headings in the vicinity
of masonry dams erected to isolate a burning section, since in these
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localities accumulations of inflammable gas are particularly liable to
occur, especially against the roof, owing to the escape of gas through
cracks in the dams, coal, or surrounding rock. For this reason, such
spaces near dams should not be visited with naked lights, but should
be tested with safety lamps. The chemical composition of the gas
escaping from burning sections of pits working sintering coal is analo-
gous to that of erude coal gas, and in any event contains a large amount
of methane, this being lighter than ordinary air, and collecting, as has
been said, near the roof of the adjacent galleries. Owing to the presence
of carbon monoxide, the gas escaping from the seat of a pit fire is
exceedingly poisonous. It should not, however, be assumed that such
gas owes its explosive character to carbon monoxide, the density of
this latter being very little greater than that of the air, whereas the
fire gas is apparently much lighter. To render fire gases inflammable
or explosive from CO, they must contain over 12 to 15 per cent. of
this constituent; at least, such is found to be the case in the gases
from blast furnaces. As CO is of nearly the same density as atmos-
pheric air, and therefore readily diffusible therein, it follows that such
a high percentage would prove fatal to all life in the vicinity of
the burning section, since we have seen that even 0'3 per cent. of
this gas is fatal to the human organism. On the other hand, the
largest proportion of CO that has ever yet been detected in fire gases
is less than 3 per cent. (See Lamprecht’s ZLecovery Work after Pit
Fires?)

PRECAUTIONS FOR OBVIATING AND REPAIRING THE INJURIOUS EFFECTS
oF FIREDAMP HEXPLOSIONS.

44. Properly speaking, all workers in fiery mines should be obliged
to protect the nose and mouth with respirators of fine metal gauze,
like the wire gauze of safety lamps, in order to prevent, in case of
an explosion, the inhalation of the fiery gases into the air passages
and lungs, and guard against the grave internal injuries inevitable
thereon. This inhalation frequently occurs in cases of firedamp explo-
sions, and is known among English and Belgian miners as “swallowing
the fire” At all events, every one who is obliged to remain any time
in a fiery pit should be provided with a wet cloth, so that he can
protect his mouth and nose when an explosion is feared (eg. in shot
firing), or when the approach of a fire is observed. This wet cloth
will play the same part as the gauze of a safety lamp, and prevent

! Published by Scott, Greenwood & Co. London, 1901.
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the flame penetrating the mouth and air passages, or keep these organs
from being obstructed by smoke and dust.

Firedamp explosions are attended with injurious and destructive
consequences—

(1) Owing to the resulting dangerous gases (afterdamp), and the
excessive consumption of the atmospheric oxygen, whereby the miners
are liable to be poisoned and suffocated.

(2) Through the high temperature following on the combustion of
firedamp and coal dust, whereby the miners may be burned and injured,
and pit fires caused ; and

(3) Owing to the mechanical force, exerted by the explosion, injuring
or killing the miners and any animals engaged in the pit, as well as
destroying and throwing down the pit timbering, causing falls in the
headings and other spaces, damage to the ventilating appliances, especially
the air doors, brattices, air erossings, and finally also to the shaft appli-
ances, the ventilating machinery, the air conduits, and the shaft doors.

THE CHEMICAL COMPOSITION OF AFTERDAMP.

44¢q. The chemical composition of afterdamp—the presence of which
is generally revealed by the dense smoke and dust following an
explosion—has not yet been accurately determined by analysis, it being
extremely difficult, if not impossible, to obtain samples of the same
immediately after an explosion, by reason of the exceedingly poisonous
nature of this gas. This composition is sure to be very irregular, owing
to the fact that the amount of the firedamp and coal dust burned during
an explosion fluctuates from place to place.

In any given locality in the pit, however, there will always be
more firedamp near the roof than near the floor. Moreover, the firedamp
will at one time be predominant, so that the atmospheric oxygen present
will be insufficient for the complete combustion of the methane, whilst
at another time the latter will be lacking, and the oxygen therefore in
excess. Again, owing to the specifically lighter nature of the firedamp,
the gas and air are never, or very seldom, thoroughly mixed.

It may, nevertheless, be accepted as a fact that undiluted afterdamp
invariably contains a considerable amount of carbon monoxide, and is
therefore quickly fatal to animal life. Even when diluted and mixed
with the air, which rushes in from adjacent headings (unaffected by the
explosion) in consequence of the condensation of the water vapour produced
by the explosive reaction, the afterdamp is always still sufficiently poisonous
to generally cause the death of any person coming within its influence.
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According to Dr. Haldane, afterdamp may be assumed to contain
about 80 to 85 per cent. of nitrogen, 12 to 14 per cent. of oxygen,
4 to 6 per cent. of CO,, 0°6 to 1'5 per cent. of CO, together with small
quantities of sulphurous acid, sulphuretted hydrogen, and unconsumed
methane. The percentage of oxygen, however, must often exceed 17:6
per cent., since, in many cases of explosions where miners have been
" found overcome by afterdamp, their lamps have been discovered either
still alight or else with the entire supply of oil consumed.

BEHAVIOUR OF THE MINERS IN AFTERDAMP.

45. The first problem now arising is in what manner and by what
line of conduct it is possible for miners overtaken by an explosion to
best make their escape and preserve their lives. Certain experiences
made in this connection tend to show that persons unfortunate enough
to be so overtaken are able, by calm consideration and procedure—and
provided they are not exposed to the first effects of the accident—to
do much more for their own preservation than can be effected by the
rescue-parties which — for the most part too late — hasten to their
assistance. Now, careful investigations and observations into the great
firedamp accidents which have occurred — principally in England —
during the past few years, show that only a small proportion of
the total fatalities are due to the primary destructive action of the
explosion, the greater part—from 75 to 90 per cent.—succumbing
afterwards to the effects of afterdamp, mostly during the flight towards
the shaft.

On this account, the men should be urgently recommended to throw
themselves flat on the floor on the approach of the explosion flame ;
and, provided they are not directly in the midst of the smoke and
fumes at the site of the explosion itself, they should remain in that
attitude, in the first place to avoid injury from flying objects, but mainly
in order that they may be able to breathe the air near the floor,—because
at the outset, after an explosion, the poisonous gases are still warm, and
therefore collect nmear the roof, whereas the air against the floor is still
cool and fresh. ’

The following instance bespeaks the accuracy of this advice :—

On the occasion of an explosion in No. 8 pit at the Tylorstown
Colliery, the rescue-party found a number of mice still alive and running
about in a part of the pit where the whole of the miners had been
killed by poisonous gas (carbon monoxide). These mice had escaped
the injurious influence of the afterdamp through being naturally on the
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floor, though, as we know, such small animals are more susceptible to
poisonous gases than man.

It must also be remembered that men breathe much less when
at rest than when in active motion, and can therefore exist longer in
foul air by remaining quiet than by a hasty flight. In many instances
the men in a working place that has not been reached by the flame
of the explosion could save themselves by setfing up a brattice to close
the heading leading to the portions of the workings laden with aftérdamp,
and in this manner remain until reached by the rescue-party after
ventilation has been re-started; whereas by running away immediately
they would certainly encounter and be overcome by afterdamp. For
it is certain that, in the case of an explosion extending throughout an
entire section of the pit, the flame will traverse the main haulage ways
and drainage galleries through which the men would have to pass on
their way to the shaft; and that consequently these ways will be laden
with afterdamyp until such time as the latter is removed by the restored
ventilating current. Whilst it is true that, with the recently introduced
safety lamps with internal lighting devices, it is easy to relight the
lamps after they have been extinguished by an explosion (provided,
of course, the atmosphere is not of such a character as to preclude
all combustion), nevertheless this should not mislead the men into
making a heedless flight towards the shaft along a way where death
is surely waiting them. Furthermore, it should be remembered that
an explosion can be—and very often is—followed by the appearance
of gaseous mixtures, which contain carbon monoxide in fatal amount,
though they will still support the combustion of the lamp. As already
stated, the presence of the smoke generated by the explosion affords
the sole means of ascertaining whether one is in the midst of a fatal
gaseous mixture, or near same. When this is the case it may be possible
to find safety in a side gallery, out of the path of the explosion.

MEANS OF BRINGING HELP FROM OUTSIDE TO THE IMPRISONED
MINERS AFTER A FIREDAMP KEXPLOSION.

46. To ensure that the aid sent to the imprisoned miners from
outside after an explosion will be effectual, the first thing to be done
is to restore—if possible in an increased degree—the ventilation that
has been interrupted by the mechanical effects of the explosion; this
with the object of driving the afterdamp out of the underground work-
ings in the shortest possible time. Unless the rescue-parties are to be
sacrificed uselessly, they must not enter and traverse the pit except
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along with the fresh air current, or after they have been provided with
respiratory (rescue) apparatus. Should the pit be provided with a spare
ventilating fan, this must be set to work as well, in order to strengthen
the current. As a rule, the only part of the pithead gear damaged
by a powerful explosion is the cover of the upcast shaft, and for this
reason a supply of suitable materials should always be kept at hand
for repairing the same inmediately. Movable caps, resembling the bell
of a gasometer, and guided in the same way, will probably be lifted by
the force of the explosion, and then automatically reclose when the
force has spent itself.

It is also advisable to provide several large flap valves in the culvert
leading from the upcast shaft to the fan, which flaps will open outwards
when an explosion oceurs, and then close again of themselves as soon as
the pressure of air from the shaft ceases to act.

The next step (one of special importance) is to send the rescue-party
down as quickly as possible, and to provide for the immediate repair
of the damaged ventilation appliances in the pit, especially the brattices,
air doors, and air crossings, since, until this is done, the ventilating
current will traverse the shortest way from the intake to the upcast
shaft, leaving all the other workings untouched. It may also happen
that the winding shaft or the cage has suffered damage, thus greatly
retarding the descent of the rescue-party. In order to reduce the
possibility of this accident to a minimum, the shaft and the surrounding
headings and pass-byes, for a distance of at least 100 yards, must be
kept constantly free from accumulations of coal dust and thoroughly
wetted.  Sprinkling the shaft affords at the same time an effectual
and highly necessary protection against the dangerous and injurious
outbreak of shaft fires.

When the intake and upcast shafts are situated very close together,
any headings leading from one to the other must be made narrow, and
provided with very strong air doors.

All points respecting the fitting out and performance of rescue work
must be accurately defined and practised beforehand, and be properly
made known to the officials of the mine. The men of the rescue-parties
should also be made familiar in advance with the dangers attending
exposure to the influence of afterdamp, and should be acquainted with
the indications which the safety lamps are capable of furnishing.

Safety lamps are extinguished by the presence of 3 to 4 per cent.
(5 per cent. at the most) of methane in the air, or by 15 per cent.
and over of carbon dioxide; as also when the percentage of oxygen
falls below 18 per cent. (176 per cent.). If a mouse or two be taken

4
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along with the party, the latter will then be in a position to detect
the presence of a dangerous proportion of carbon monoxide in the pit
air, or afterdamp, as already described. In the case of oil-burning
safety lamps, the presence of 1 per cent. of CO will be revealed by
the appearance of an aureole round the flame; but this seems to be
less reliably shown by benzine lamps. Moreover, as already stated,
1 per cent. of CO in the air will prove fatal to hwman life in a very
few minutes.

The rescuers should take good note of places where the timbering
has been dislodged, and where roof falls have occurred or are imminent ;
and under certain circumstances these defects should be temporarily
repaired as well as possible, or the places of their occurrence avoided.

It is also important that the rescue brigade should take with it the
necessary implements and materials for repairing damaged air doors, air
crossings, ete.

The care of the sick and wounded found in the mine should, as
far as possible, be left to the charge of persons having special knowledge
in such matters; of course they must have at disposal a supply of
medicaments and restoratives, as well as a sufficient number of bearers,
litters, etc., in order to usefully render Samaritan service.

RESPIRATION AND RESCUE APPARATUS FOR ENTERING WORKINGS
LADEN WITH INJURIOUS (GASES.

47. Respiration and rescue apparatus are employed in certain manu-
facturing industries and by fire brigades ; but mainly in mining, for the pur-
pose of effecting an entrance into workings, ete. filled with an irrespirable
atmosphere, so as to perform work therein for a longer or shorter period,
or to rescue miners who have fallen unconscious and are endangered by
poisonous gases there. Almost without exception, miners are brought info
this unfortunate condition as a result of explosions of firedamp or coal
dust, or fires in the shaft or the pit.

The oxygen necessary for respiration may then be derived—

() Either from the surrounding atmosphere, or
(b) From a distance.

If the oxygen be taken from the surrounding air, which at the
same time contains irrespirable gases, it is above all essential that
the oxygen itself is present in sufficient quantity therein, the next
indispensable condition being the possibility of preventing the simul-
taneous entry of the injurious gases into the lungs of the person breathing
this air.
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If, however, the oxygen needed for respiration in an ill-ventilated
place has to be brought from elsewhere, this can be done in two ways,
namely, by either supplying the pure air through a pipe or tube, or else
providing the user with a vessel charged with compressed air, or, better
still, oxygen.

The apparatus in the former case consists of fixed pipes—an arrange-
ment well adapted for use in cases where prolonged work has to be
performed in- an irrespirable atmosphere at a given spot. Though in
such event there is no limit to the time. the apparatus can be used,
‘the user is restricted in his movements by the length of piping provided.

The other kind of apparatus (the portable) is best adapted for rescue
work in case of pit accidents, since the user is allowed perfect freedom of
movement to great distances, though the time limit is fixed by the amount
of the oxygen contained in the apparatus.

The fixed-pipe apparatus can be supplied with air by suction or
by a force-pump. In the former case the air is drawn by the user
through a length of pipe not exceeding 50 yards at the most, and usually
measuring half that distance. This pipe is about 1 inch in diameter,
and connects the mouth of the user with the place whence the supply
of air is to be drawn.

When pumps are used to force the air through the pipe, the above
distance can be increased to 100 yards, the pump supplying air being
situated in a place where the air is fresh. Compressed air may also
be used, and in such event the pipe may extend for distances up to about
200 yards, and be fitted with connections for the attachment of branch
hose at suitable intervals.

Whatever apparatus be used, it is indispensably necessary that
measures be taken to prevent the entry of the surrounding impure
atmosphere into the wearer’s lungs. In the apparatus now in use this
end is attained by the user breathing through a mouthpiece at the end
of the tube, the nose being kept shut by a clamp; or else the face is
entirely covered by a mask, which keeps out the foul air and is provided
with a glass window in front. In the newer forms of apparatus the
face mask is provided with a helmet resembling that of a diver, covering
the entire head, and affording protection against the influence of heated
air and the like.

The nose clamp and the goggles, also necessary to protect the eyes
when working in smoke fumes, are very inconvenient, and are easily
displaced when the wearer is at work or afflicted with copious perspira-
tion ; and, moreover, the mouthpiece impedes speech, and may easily be
dislodged during work or as a result of coughing, thus endangering the
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wearer, on which account it will be evident that the use of such
apparatus as are provided with a mask, which obviates all these risks,
is to be preferred.

The remark made under A, to the effect that oxygen may be
derived from the surrounding air when breathing in dangerous gases,
does not imply that the rescuers, hastening bravely to the succour of
imprisoned comrades, should enter an atmosphere of poisonous gases
without any protection and with uncovered mouth and nostrils, but has
reference to the provision of appliances to be interposed between the
organs of respiration and the foul atmosphere, in order to keep the
injurious gases away from the lungs. It has been already mentioned
that in such cases the mouth and nose should at least be covered with
a damp cloth, to keep out smoke and dust, and thus prevent mechanical
obstruction of the air passages.

THE ROBERT RESPIRATION APPARATUS.

48. Very little superior to a wet cloth in point of efficacy is the
oldest form of respiration apparatus—that of Robert. This consists of
a perforated sheet-metal cylindrical vessel, carried in front of the wearer
by means of a belt, and containing a sponge saturated with milk of lime.
A pipe leads from the interior of the vessel to the mouth of the wearer,
so that, in the act of inhalation, the outer air is drawn through the
sponge, the carbon dioxide being absorbed and retained by the milk
- of lime.

As will be gathered from what has been already stated, the amount
of carbon dioxide present in afterdamp from explosions of firedamp
or coal dust, or in the products of combustion of pit fires, is rarely so
extensive as to cause suffocation, even on prolonged exposure thereto,
the greatest risk being due to the presence of the still smaller propor-
tion of carbon monoxide in the air. Now, milk of lime has not the
slightest retentive aftinity for carbon monoxide, so that in such cases the
Robert apparatus is incapable of affording more than a slight degree
of protection, if any at all

It has been averred—and this opinion is shared by Dr. Haldane
that no substance is known to be capable of absorbing and fixing CO.
This, however, is incorrect, a solution of cuprous chloride (Cu,Cly) in
hydrochloric acid taking up this gas readily and in large amount
(Lohrscheid). It would therefore be worth while to test this property
Ly means of an apparatus similar to that of Robert, but using cuprous
chloride to saturate the sponge.
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FIXED RESPIRATION APPARATUS.

49. The respiration apparatus of L. von Bremen (Kiel) is shown in
Figs. 9, 9a, and 9b. It chiefly consists of a metal case A, weighing
about 1 pound, and suspended on the wearer’s back by means of a shoulder
strap and a belt. The case contains two rubber valves, @ and b (Fig, 9b),
the former being the inlet valve, and the latter the discharge valve.
Both are made of the finest soft caoutchouc, so that the two plates of
which they are composed fit easily together in an air-tight manner.
Each of the rubber valves is slipped over the end of a corresponding
tubular attachment fitted to the metal case. The slightest pressure on
the elastic valve plates causes them to separate,
so that the air can pass between them, whereas
the gentlest excess of external pressure immedi-
ately causes them to reclose.

In the act of inhalation through the tube
C the valve ¢ allows the fresh air to enter the
case A and flow into the wearer’s mouth, whilst

the valve b opens during the exhalation of air
and allows the expelled gases to escape into the
outer air, whereupon the valve itself immediately
recloses.

By means of a 1-inch pipe attached to the
lower end of the case A the wearer of this
apparatus is enabled to breathe at dis-
tances up to about 50 yards from the
source of fresh air. Fic. 9.

Fig. 9c¢ shows a pair of goggles, which
also act as a nose clamp, and are used when the wearer has to enter
an atmosphere of pungent smoke fumes, an ordinary nose clamp
being sufficient in other cases. The body of the goggles consists of
a rubber bag, which can be inflated by means of a small tube s,
and tap v, after the apparatus has been fastened round the head
by the small strap shown in the drawing, whereupon it fits
tightly against the face. Small slides are provided for cleaning the
glasses. {

The complete apparatus consists of an intake. tube C, with mouth-
piece, a case A, with two rubber valves a and 0, a nose clamp K, or
goggles, a shoulder strap, and a waist belt. Two extra mouthpieces,
two rubber valves, and two simple nose clamps are included in the set.
The cost is 50s. without the goggles, or 72s. 6d. with the latter.
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The ordinary piping costs about 4s. 6d. per yard rum, or 8s. if covered
with pure rubber.

THg voN BrEMEN SMOKE HELMET, WITH PIPE AND JACKET.
(Fig. 10, Plate IV.).

50. This apparatus, which has proved highly useful for prolonged
work in irrespirable gases at a fixed station in the mine, consists of a

e

PRESEEe

F1G. 9e.

Fic. 9a. Fic. 9b.

light leather jacket attached to a wicker helmet stiffened with Spanish
cane, and provided in front with a glass plate which opens like a window.
After the jacket has been put on, it is fastened in an air-tight manner
by means of a waist belt and straps on the sleeves, s0'as to prevent the
entrance of dangerous gases.  The pure air is introduced, under a pres-
sure of about 0-2 atmosphere (1-2 atmospheres absolute pressure), through
a 4-inch pipe debouching at the back of the head, from an available
source, and is carried through the helmet in three air passages, which
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open in the form of slits in front of the mouth. The discharged air makes
its escape partly through leakages in the jacket, partly through a gauze
sieve in the helmet. A slight excess pressure must.always be maintained
inside the jacket and the helmet, to prevent an inrush of poisonous gases
from outside. The air supply is delivered through piping by means of a
double-action lever air-pump (B, Fig. 10), or, better still, by a double-
cylinder air-pump of the kind used with diving gear (Figs. 11 and 12).

The admission pipe may also be connected with a compressed-air
supply, when such is available in the pit, the air in this case being
delivered by a compressor. An arrangement of this kind was used in
the recovery work at the Wilhelm shaft of the Kaiser Ferdinands-
Nordbahn Colliery (Polnisch-Ostrau) in 1884, and described by Meyer in
the Oesterreichische Zeilschrift fir Berg- und Hiittenwesen, 1887.

This apparatus also proved useful at Count ILarisch’s colliery,
Karwin (compare above journal, 1895).

51. In place of a helmet entirely covering the head, the same maker
supplies the apparatus illustrated in Fig. 12. In this case the wearer’s
nose is simply closed with a clamp, and respiration is performed through
a case mounted on his back, similar to that described in Fig. 10. This
type, however, has not met with any extensive application in practice.

There is not very much difference between the Bremen apparatus and
the Stolz rescue mask (Fig. 13), or the Mueller smoke helmet (Fig. 14).
The Stolz mask is made of brass, and fits close against the face by
means of a pad of rubber placed round the edge. Two openings,
covered with fine wire gauze, are provided for the eyes, and through
these apertures the expelled air makes its escape along with any excess
of air from the supply-pipe. This pipe is divided, at the back of the
wearer, into two branches, which are attached to the sides of the mask.

52. The Mueller smoke helmet (Fig. 14; see also Lamprecht’s
Recovery Work after Pit Fires) is manufactured by the firm Neupert’s
Nachfolger, Vienna. It is made of deerskin, and the opening in front
of the face is covered with a double layer of wire gauze, through which
the discharged air escapes. The lower edges of the mask are drawn
tight, by chains passing under the wearer’s arms, to prevent any influx
of foul gases from the outside. The complete mask, with chains, spiral
spring, and 40 yards of rubber pipe, costs £6, 10s.

Erecrric Lavps ror USE IN DANGEROUS (GASES.

53. Portable electric lamps, deriving their current from batteries or
td
accumulators, are now generally and successfully used for lighting in
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irrespirable gases. A very useful type of electric accumulator lamyp is
the Bristol, or that of the Berlin Akkumulatorenfabrik employed in the
Shamrock Pit (Westphalia).

PorTABLE (KNAPSACK) RESCUE APPARATUS.

54. As far back as 1876 a rescue apparatus of the knapsack type,
fed with compressed air, was introduced by L. von Bremen. The time
limit (25 minutes) was, however, too short for the suceessful perform-
ance of rescue work in irrespirable gases.

Subsequently compressed oxygen was employed for the same purpose,
with better results; well-known specimens of this type being the oxygen
apparatus of Schwann (Liége) and Fleuss (London). Though successfully
used for rescue work in English collieries on various occasions, the
original Fleuss pattern did not altogether answer
in the Saarbruecken district, and had to be modi-
fied. In Maehrisch-Ostrau, also, according to a
report by J. Mayer, it was found, in the course
of tests with the Fleuss apparatus, that the same
could only be worn for about 10 minutes, before
considerable oppression supervened. Recently the
Fleuss apparatus has been considerably improved
by Winstanley, so that its future now seems assured,
the more so because of the greater ease with which
a supply of compressed oxygen can now be obtained.

Fre. 15a. The cost, however, is rather high, namely, £13.

The Giersberg portable rescue apparatus (1901 pattern), Figs. 15a
and 156, for use in irrespirable atmospheres, represents a distinet advance
in the designing of this class of apparatus, inasmuch as the oxygen
supply is uniformly regulated and the purification and return flow of the
exhaled air are effected by the power stored up in the compressed oxygen.

It is well known that even men who are skilled in the use of oxygen

respiration apparatus are only too prone to open the oxygen valve
unduly wide, thus inducing too high a pressure within the mask or air
bag, and thereby increasing the difficulty of breathing and unnecessarily
shortening the working period of the apparatus.

In the Giersberg apparatus a similar mask to that of the Neupert
apparatus (Figs. 19—19a-¢, Plate VI.) is used, the illustration in Fig. 15¢
being a mere outline sketch. The mask M is made to fit air-tight
against the face by means of a pneumatic rubber tube g, and is
held fast by a strap » passing round the back of the head.  The
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wearer has no difficulty in hearing and communicating with persons
near by.

The lower part of the mask is widened below the chin into a
leather-covered pouch B, into which the exhaled air sinks, and which
also contains the mouth of the supply and discharge tubes @ and ¢
(Figs. 15a and 15D).

All the rest of the apparatus is enclosed in a knapsack, and carried
on the wearer’s back. The two oxygen bottles SS are fastened together
and are connected by the metal pipe @ with the wearer’s mouth. The
pipe a is fitted with a pressure -re-
ducing valve and a pressure gauge.

The pressure gauge would seem to M
be out of the wearer’s sight—a defect,
however, easily rectified by providing a .

flexible metallic gauge pipe, which could
be attached to @, and would enable the
gauge to be carried in the pocket. The
tube ¢ debouching at the other side of 1
the mask conveys the exhaled air and

carbon dioxide to the absorption vessel ||°

C, whence, after purification, it is re-
turned to a through the pipe b, being
drawn therethrough by the injective c b \L-g:
action of the oxygen flowing from )
bottle S into the mask. Solid soda-lime

is the absorbent used in the vessel C. ( v

This material allows the air to filter
through, and is easily replaced when
exhausted. The apparatus being auto-
matie, can be relied on to work for
a given period (2 hours) when once
charged. The cost is 175s. (Berlin), fitted with two oxygen bottles.

55. In Austria two useful and not too expensive systems of portable
oxygen apparatus for rescue work have been introduced of late, and
have already been largely tested. These are—the Walcher-Gaertner
pneumatophor, made and sold by Waldeck, Wagner & Benda, of Vienna;
and the apparatus made by Neupert’s Nachfolger, also of Vienna, after
the designs of J. Mayer and Pilar.

The original pattern of pneumatophor consists of a flat, rectangular
bag, carried on the chest, and measuring 22 inches in length and 18
inches in width. This bag (A, Fig. 15) is of close rubber, and contains

(o2}
—

Fie 156.
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a steel bottle S, (charged with compressed oxygen), and a second bottle
L, the latter being of glass, charged with a 40 per cent. solution of
caustic soda for the absorption of the exhaled carbon dioxide, and
surrounded by a perforated jacket of sheet-metal. From the bag A a-
30-millimetre (1} inch) valveless pipe R leads direct to the wearer’s
mouth, and is held fast between the lips by the mouthpiece M. The nose
is closed by a clamp N; whilst in an atmosphere charged with pungent
gases the eyes must be protected by goggles. In breathing with this
apparatus the wearer admits oxygen from the steel bottle S, into the
bag A, as required, by means of the valve and hand-wheel 7, the soda
flask having first been broken by the pressure of a screw s, so that the
lye can saturate the woollen lining of the bag A, and thus be in a position
to absorb the exhaled carbon dioxide. As the soda solution tends to
run down and accumulate at the bottom of the bag A, the latter must
be reversed and shaken up from time to time to redistribute the liquid on
the lining. In this operation care is, however, necessary to see that the bag
does not get into such a position that the soda runs out into the mouthpiece,
otherwise the caustic action of the lye would be attended with very dis-
agreeable results. The original model having been found burdened with
certain other defects, apart from the absence of a protective mask, it
was modified and improved by Behrens for use at the Hibernia Colliery,
(Westphalia).

In the new apparatus (Figs. 16, 17, and 18) the rectangular bag
has been retained, but the alkali flask is no longer used, the liquid being
poured direct into the bag A. Furthermore, the woollen lining of the
latter has been replaced by a pad of loofah fibre to absorb the alkali;
and, in order to ensure a better distribution of the weight, the oxygen
bottle—or, rather, two bottles each containing 0-6 litre, and fitted with
a valve—is carried in a bag resembling a cartridge pouch (Fig. 17).
The oxygen is compressed to 100 atmospheres, and the bottles are con-
nected with the bag A by means of ‘a tube passing over the shoulder.
Since the average consumption of the oxygen is at the rate of 1 litre
per minute, the supply is sufficient for a couple of hours. The total
weight of the apparatus, filled and ready for use, is 19} pounds.

The tests made with this improved model at the Hibernia Colliery
show that it is suitable not only for rescuing miners from remote parts
of the workings in an atmosphere of irrespirable gases, but also for use
in prolonged dangerous work in the pit, such as erecting, opening, and
closing fire dams, putting up timbers, ete. in spaces filled with carbon
monoxide.

Behrens gives the following particulars respecting the prime cost and
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yearly upkeep (including instruction to the miners) of ten sets of the
improved apparatus, each with two oxygen bhottles:—
I. Prime cost—

1. One Stohmann charging apparatus for oxygen . 137 shillings.

2. Five steel cylinders, of 10 litres capacity, at 45s. . 225 s

3. Ten sets of respiration apparatus, at 127s. 6d. b GG 5

4. Keys, carriage, etc. . 5% 3 ; ! 63 g
Total ; el KO RS

or 170s. a piece.

II. Expense of upkeep, when ten men are exercised with the
apparatus eight times a year—

() Cost of charging with caustic soda, 0:39s. a time . 312 shillings.

5  Oxygen, 12 litres per time and man, at 1:72s. 1376 55
(b) Men’s wages, 0-75s. per hour = 225s. per three hours 1800

Total : 173488 =
or 34:88s. per set per annum.

As a rule, each rescue-party includes four men well skilled in the
use of the apparatus; and in large pits ten sets of apparatus should be
kept in good vorder, charged with the necessary oxygen, ready for
emergencies.

Compressed oxygen can be obtained in commerce. It is, however,
better to send the small bottles to be filled at the works than to charge
them from storage cylinders at the pit, since, in the latter event, it is
apparently impossible to obfain the necessary pressurc of 100 atmos-
pheres, even when an apparatus of the Stohmann type is used, unless
the pressure in the storage cylinders is higher than the figure quoted
above.

THE O. NEUPERT'S NACHFOLGER RESPIRATION APPARATUS.

56. This useful apparatus, shown in Figs. 19, 19¢«, 195, 19¢, and 20,
consists of a bag AA (Fig. 190), which is divided in the middle and is
worn on the shoulders like a fur collar, the smoke helmet H, with the
face mask M, being fitted over the open space. The mask is provided
with a hollow rubber ring W, which fits tightly against the face when
strapped on by means of the head and neck straps RR’, thus preventing
any access of outside air to the face as soon as the pane of glass in front
is closed. This window is protected from breakage by iron arches, and
can be cleaned from deposited moisture by a wiper actuated from the
outside. When the mask has been strapped on, the smoke helmet is
placed over the head, one part of the bag AA fitting on the chest and
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the other on the wearer’s back. The oxygen necessary for breathing is
contained in a steel bottle B (Fig. 19a), which is carried in a pouch on the
left side, suspended from a strap. The bottle is connected with the air
bag by a flexible tube, usually attached to the latter. When the apparatus
is in position this tube is attached by a screw connection to the oxygen
bottle, whereupon oxygen can be admitted to A by easing the valve as
required. From A the air is drawn into the lungs through two metal
tubes, ¢ and b, connecting the bag with the space. between the mask and
the face.

The tubes @ and b are fitted with valves of mica (Fig. 20), opening
in opposite directions, in order to regulate inhalation and expiration and
control the admission of oxygen to the nose and mouth of the wearer.
At the same time, these valves prevent the immediate return of the
expelled carbon dioxide to the lungs.

The steel bottle usually holds 1% litres of oxygen, compressed to 100
atmospheres, though bottles holding 1 or 2 litres can also be used.
When empty, the bottles can be easily disconnected and replaced by full
ones during use in irrespirable gases, the tube being kept closed by the
finger until attached to the fresh bottle. ‘

In this case, unlike the Walcher-Gaertner apparatus, the exhaled
carbon dioxide is absorbed, not by liquid caustic soda, but by solid sticks
of caustic potash, introduced into the bag A through an aperture closed
by a simple clamp. The caustic potash also absorbs the exhaled water
vapour, and entirely prevents facial perspiration—a great advantage.
The bag may also be emptied and cleaned through the aperture men-
tioned above.

A man consumes, when at rest, 20-8 litres or 295 grms. of oxygen per hour.

5 at work, 279 ,, 398 v 5

And produces, when at rest, . 194 litres of CO, or 38:0 ;, 5
o vs AL OTK S 12 T2 & - BGF 5 o

Consequently the maximum hourly consumption of KHO would be 136
grammes. The Neupert apparatus, however, is charged with 500 grammes
of KHO, or more than sufficient for two hours’ use.

The store of oxygen in a 1} litre Dbottle is about 2} times they
quantity theoretically required ; but since there is always a loss of oxygen
through leakage, and a cerfain excess of pressure must be constantly
maintained within the mask, the supply of oxygen only lasts two
hours.

The weight of the apparatus when fully charged is 151 lbs.

As a rule, four men are associated with each rescue-party, the fourth
carrying a couple of full oxygen bottles to act as reserve store, and also
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for use in resuscitating any sufferers discovered in an unconscious
condition.

The complete set of apparatus costs, with one oxygen bottle, 140s.
ex-makers’ works, Vienna, ten sets being supplied for 1225s. The com-
pressed oxygen costs about 4d. to d. per litre.

According to experiments carried out by Dr. Heller, the wearers of
the Walcher-Gaertner apparatus suffer considerably from perspiration
during prolonged use ; furthermore, the percentage of CO, in the air bag
increased from 3-2 per cent. to 8:2 per cent., and a considerable accelera-
tion in the number of pulsations and respirations was recorded. On
the other hand, with the Neupert apparatus these inconveniences were
not apparent, and the wearer experienced no oppression. These oxygen
apparatus, however, still suffer from one defect, n‘amely, that the supply
of oxygen must be adjusted by the wearer. Now, as a rule, in conse-
quence of insufficient experience, far too much oxygen is admitted to the
air bag, the result being an excess of pressure, which retards exhalation
and is thereby injurious. For this reason, frequent exercise with the
apparatus is indispensable in order to prevent waste of oxygen in time
of need, and thus uselessly shorten the length of time the apparatus can
be used, and even perhaps cause the wearer to run into danger through
remaining too long in the irrespirable atmosphere.

Recently the makers of this apparatus have introduced a machine
for filling the oxygen bottles from the large (10-litre) gas cylinders.
This pump costs £40, can be worked by two men, and will charge the
bottles up to a pressure of 100 atmospheres in a short time.

THE CONTAMINATION OF PIT AIR FROM OTHER CAUSES THAN
INJURIOUS GASES.

57. It will be apparent from what has already been stated that the
gases escaping from the rock at ordinary temperature, liberated from the
coal at higher temperature, or disengaged by shot firing, and capable of
dangerously contaminating the air of the pit, are few in number.

Many pits are almost or entirely free from such gases. Nevertheless,
other causes of air contamination, which in time may injure the health
of the miners, are present in all pits. These causes are partly physical
partly mechanical in character, the former including excessively high
temperature and moisture in the pit air, whilst the second category com-
prises the dust from rock and coal, and lamp smoke. An excessive
draught is also injurious to the health of the men.

It is certain that in fiery pits, where there is urgent necessity for
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driving out the pit gases by a strong ventilating current, the air is
generally far better and purer than in pits where firedamyp is absent and
where ventilation is often neglected, the health of the miners suffering
in consequence, as may be seen by a single glance at the appearance of
the older men. These show the characteristic signs of deep suffering,
namely, anemia and bronchial emphysis, the face being pale, somewhat
bluish and wrinkled, and the neck stooping forward when in motion: at
the least strain the men become exhausted and prematurely invalid.

Such contaminations of the air must be regarded as equally dangerous
with explosive gases; and here also the ventilating current should be
powerful and well distributed in the workings, in order to keep the
latter. in a healthy condition.

ACCESSIONS OoF TEMPERATURE IN THE PIT.

58. The temperature of pit air is an important matter, both as con-
cerns the health and working efficiency of the men. Miners who labour
in hot atmospheres exhibit oppression, stagnated circulation in consequence
of excessive perspiration, and short, quick breathing. Their capacity for
work diminishes as the heat increases; and pit temperatures of 27° to
30° C. are quite unbearable.

One of the prime causes of heated pit air is the depth of the
workings below ground, It is well known that, up to a depth of
20 to 25 yards from the surface, the rock temperature is invariable all
the year round, and corresponds to the mean annual temperature of the
locality (10° to 12° C.). Lower down, the temperature rises in propor-
tion to the depth, the average rate being 1° C. for every 35 to 40 yards.
The figures are not the same everywhere, but fluctuate a little in
accordance with the geognostic character of the rock. At some places,
again, high temperatures obtain close to the surface—for instance, where
hot springs ascend from the depths and warm the surrounding rock, or
where volcanic activity has not yet entirely become extinct. Thus at
Teplitz (Bohemia) the sinking of shafts at the springs had to be quickly
abandoned, owing to the high rock temperature, and recourse had to deep
boring, when the thermal springs had to be deepened in consequence of
the loss by drainage into adjacent pit workings. The air in coal pits is
almost invariably warmer than the adjacent rock, owing te the liberation
of heat by the oxidation of the exposed coal. Heat is also generated
by the presence of men and animals, burning lights, shot firing, decaying
wood, etec. However, by passing a continuous air current of sufficient
strength through the pit, the temperature of the surrounding rock is
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gradually reduced, and as the other sources of heat lose their action the
air is brought into a bearable condition.

MOoOISTURE IN PIT AIR.

59. Owing to the previously mentioned faculty of air to greedily
absorb moisture, and since water usually exudes from the gallery walls,
pit air is generally saturated with water vapour. Now, very damp air
is just as bad for the human organism as very dry, since it retards
evaporation from the skin and diminishes the amount of oxygen inhaled.
On strong constitutions, however, the moisture in pit air has but very
little effect. '

MECHANICAL CAUSES OF CONTAMINATION IN PIT AIR.

59%¢. In dry pits the working operations result in the production of
rock dust and coal dust, which spread through and are deposited in all
parts ; hence the stronger the air current the farther is the dust carried.
Now, as already stated, the only way to nullify the dangerous tendencies
of coal dust is by a thorough wetting. This is an instance where it is
necessary to choose the lesser of two evils.

Certain kinds of metallic dust, such as that from arsenie, cinnabar,
copper, lead ores, ete., are also injurious to respiration.

Tamp smoke is most frequently generated in lamps fed with colza
oil, and is very troublesome to the lungs; tallow gives less smoke than
colza oil; and it has already been mentioned that benzine safety lamps
are free from smoke or fumes, on which account alone they would be
preferable to colza oil lamps. Excessive draughts, especially in narrow
headings, are a frequent cause of colds in miners, and therefore it is
necessary, from hygienic considerations, to avoid a higher velocity than -
5 to 6 yards per second for the air currents Other reasons favour the
same course ; but this is a matter that will be discussed later on.



CHAPTER IIL

CALCULATING THE VOLUME OF VENTILATING CURRENT
NECESSARY TO FREE PIT AIR FROM CONTAMINATION.

60. REPLENISHING PI1T AIR BY FRESH AIR FROM ABOVEGROUND.

It is evident from the foregoing that pit air gets foul in a very short
time, and to remedy this state of things the air must be continually
renewed—an object effected by forcing through the underground workings
a current of fresh air, which takes up the injurious gases and carries
them away uninterruptedly. The question then arises as to how much
fresh air must be passed through the pit in a given time, in any particular
instance, in order to keep the atmosphere in a fit state for respiration,
preserve the health of the miners, and prevent the occurrence of fire-
damp explosions.- Some of the factors influencing this calculation are:
the number of men and animals employed, but more particularly the
volume, admittedly great, of noxious gases liberated by the decom-
position of the blasting explosives used ; then the extent of the workings
or the quantity of the diurnal output of minerals therefrom ; and, finally,
the presence or absence of firedamp—since, as we have seen, the only
means for obviating the dangers from firedamp is by sufficiently diluting
the pit gas with air and then carrying it away out of the mine.

Again, it has already been mentioned that pit air can be contaminated
either by the abstraction and consumption of the contained oxygen, or
by the admixture of irrespirable gases. As the following calculation will
show, the former of these causes is of comparatively minor importance,
whether in the air of ore mines, safe coal mines, or fiery pits.

A man at rest consumes 20°8 litres of oxygen per hour and 27-2
litres when at work, <.c. a mean consumption of 24:35 litres. Now,
pure air contains about 21 per cent. by volume of oxygen and 79 per
cent. of hydrogen, so that if we assume—as may safely be done in view
of what has been stated above with regard to oxygen—that 2 per cent.

of the atmospheric oxygen can be abstracted during respiration, without
U4
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injury to health, then the requirement z of the human organism in

respect of air will amount to 24-:35 =9i.05(2)’

or =1218 cubic metres
(43 cubic feet).

Allowing an equal quantity for the miner’s lamp, then one man with
a lamp will consume 2:436 cubic metres (86 cubic feet) of air per hour.

Moreover, if we accept Dr. Schondorf’s assumption that the oxygen
so consumed hourly by a man and lamp is only one-seventeenth of the
total oxygen consumption in the pit, then each man would require
17+ 2436 =41-412 cubic metres (1460 cubic feet) per hour, or 0-7
cubic metre (24} cubic feet) per minute. This, however, is far from
sufficient, especially when a deal of shot firing is in progress.

According to Demanet, the following gases are liberated by the
explosion of blasting powder :—

Co, . : ; : . 32-13 per cent.

Co . ; - ; ; 33 OR

N . ; . . ST i 1 a3

GBS : 5 i : KD 3

EI : : . 3 524

CHLE: ; : ; : NIt
10000 ,,

The whole of these gases are irrespirable, and 40:85 per cent. of
them are even highly dangerous.

Theoretically, 1 gramme of powder liberates 331 cubic centimetres of
gas at 0° C. Consequently 1 kilogramme of powder liberates, on ex-
plosive decomposition, 3-31 cubic metres of gas, which at 20° C. occupies
a space of 3:31 (1420 x 0:003665) =335 cubic metres.

Thus if one kilogramme of powder be consumed per minute in the
pit, and furnish 3:35 cubic metres of injurious gas, then, assuming that
the outflowing air may contain 0-06 per cent. of such gas without injury,
the volume of pure air introduced into the mine per minute must be
1667 x 3-35 = 55845 cubic metres, or 93 cubic metres per second.

According to a report by Mining Inspector Nimptsch, the amount of
blasting material consumed at the Deutschland pit, Schwientochlowitz,
near Koenigshuette, Upper Silesia, per eight hours’ shift, is: 342 kilo-
grammes (powder, 328 kilogrammes ; dynamite, 13-5 kilogrammes, and 118
rings of fuse), or 07 kilogramme per minute. The amount of gas thereby
liberated, on the basis of 3-35 cubic metres per kilogramme at 20° C.,
would therefore be 2:345 cubic metres; and therefore, to ensure reduc-
tion of the gas content to 006 per cent., or 1667-fold dilution, the
volume of air necessary per minute would be 2:345 x 1667 = 3909 cubic

5
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metres, or 65 cubic metres per second. As a matter of fact, however,
the air supply in this pit is only 3200 cubic metres per minute, or 53}
metres per second.

Such an amount of ventilation just about reaches the necessary limit,
without, however, enabling one to say that the condition of the air is
very good.

Since the amount of coal raised at the pit in question is 2360 tons
per shift of 680 men, the volume of air supplied per ton of coal raised
is 1:35 cubic metres, or 4:7 cubic metre per man.

In the construction work of the Mont Cenis Tunnel it was found that
the amount of fresh air required was 10 cubic metres per man and 7
cubic metres per lamp an hour, and 250 cubic metres for removing the
gas liberated by each 1 kilogramme of explosive in blasting. Now, these
quantities are evidently insufficient, it being well known that the whole
of the working staff in the Mont Cenis Tunnel is affected with tunnel
sickness ; and though this complaint is immediately caused by an intes-
tinal worm (Anchylostomun duodenale), yet the circumstance that this
worm is able to thrive in the viscera of the workmen must be mainly
attributed to imperfect ventilation.

Experiments on the amount of air necessary in the pit have also been
carried out in ‘Vestpha,lia, with the following results :—

Air required per hectare (21 acres) of pit area . 6:120 cubic metres.
o ,, ton of coal raised . . 1034 4
5 ,» Man at work . : R TAL2 »
per minute.

These figures seem rather low, but apply solely to the actual working
places.

It is highly desirable that further observations should be made and
published with reference to the amount of explosives consumed in non-
fiery mines, the resulting volume of irrespirable gases, and the condition
of the effluent pit air, the state of our knowledge in this respect being
still very imperfect.

Fiery mines naturally require a larger volume of air in order to
reduce the percentage of firedamp in the effluent air to 0:5-06 per
cent., or 1 per cent. at the maximum, always premising that any dangerous
coal dust must have first been thoroughly sprinkled in the manner already
described.

In reality, a larger proportion of methane is often found in the up-
cast air current. Thus Dr. Haldane gives the following figures at several
English collieries :—Podmore Hall, 11 per cent.; Talk o’ th’ Hill, West
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Bullhurst, 0-88 per cent.; Tylorstown, 1'87 per cent. The last-named
figure is indeed far too high, and indicates imminent risk of a firedamp
explosion in the event of any check in the ventilation. For the same
reason, all fiery pits are compelled to have a large reserve of ventilating
machinery so as to be able to increase the current in the event of an
emergency, such as a local ignition of firedamyp, a sudden inrush of gas,
cte.,, and thus restore the pit to its normal condition in the shortest
possible time.

GENERAL REMARKS ON THE FLow OF (GASES.

61. In order to deal with the flow of gases and gaseous mixtures
arithmetically, it is necessary to first know their density; and this
property is infiuenced by the chemical composition, warmth, atmospheric
pressure, and the percentage of moisture present. As a rule, the chemical
examination can be dispensed with in the case of air, since any other
than the ordinary gases present will usually be so in such minute pro-
portion as to leave the specific gravity practically unaffected.

Temperature is measured with the mercury thermometer, in using
which the following precautions should be borne in mind :—

(1) When the bulb of the thermometer has become covered with
drops of moisture, these should be carefully wiped off before taking the
reading, otherwise the water in evaporating will lower the temperature.

(2) The reading must be commenced after a short rest, and then
repeated several times, since individual gusts of air may give a tempera-
ture that is not the true mean. .

(3) The readings must be repeated, because the temperature of the
pit may momentarily alter. For reading off temperatures in the shaft,
the latter is, divided into three equal sections or levels, the mean tem-
perature is ascertained in each, and from these results the density of
the whole coluinn of air is deduced. Occasionally the temperature of
the surrounding rock will have to be determined as well. With this
object, a hole is drilled not less than 1 foot deep into the rock, an
interval of one quarter-hour being then allowed to elapse before inserting
the thermometer: this is because the sides of the hole may have become
somewhat heated in drilling. When the thermometer is in position the
hole is plastered up with clay, and the temperature is read off after a
short interval.

62. ATMOSPHERIC PRESSURE.—This pressure is measured with the
barometer, and all readings that are taken at any other temperature than
zero Centigrade must be calculated to that standard.

2
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The formula for pressure is I’ =4 x p (height X weight) kilogrammes,
and it is on this principle that the mercury barometer and the pressure
gauge (manometer) have been constructed. The mercury barometer
records the pressure of the atmospheric colummn. In this case P=
h x 13598 kilogrammes, the last figure indicating the density or weight
of a cubic metre of mercury at 0° C. Under the influence of heat this
metal expands 5355 of its volume for each 1° C. traversed. Therefore,
by including the factor of temperature, the above pressure formula will

assume the following form:—P =7 x 13598 x - Ll
5656041

» Wherein ¢* ex-
presses the temperature in degrees C.

Assuming the height of the mercury column to be 2 =075 metre
and the temperature "= 0°, then P =101985 kilogrammes per square
metre. When £ =16°C, P=10161"7.

Hence temperature cannot be neglected in barometric readings.
Aneroid barometers are not instruments of precision, and therefore cannot
give accurate readings.

63. The object of the manometer or pressure gauge is to record
the difference of pressure of two media or in two separate spaces.

The simplest form, and the one mostly used for measuring the pressure
of air in mines, is the water gauge (Fig. 21). This consists of a bent
glass tube with two limbs @ and b, the bent end of & projecting through
a partition separating the chamber M from M/, the former of which
exhibits a higher atmospheric pressure than the latter. The bent portion
of the tube is filled with water. The difference between the pressures
obtaining in M and M’ is recorded by the difference % in the water level
in @ and b, measured in millimetres on the graduated scale. When, as is
customary, distilled water is employed, P’ =/ x 1000 ; and for 2 = 1 milli-
metre, ' = 0001 x 1000 = 1 kilogramme. Consequently every millimetre
difference between the two water levels corresponds to 1 kilogramme extra
pressure per 1 square metre. True, water expands slightly when heated
(z2'%sw per 1° C.); but this slight error can be generally neglected. It
is necessary to have gauge tubes of somewhat large diameter, in order
to counteract the meniscus forming at the planes of contact with the
water. _

64. THE DE Vaux PreEssUrRE GAUGE (Fig. 22) consists of a cylin-
drical vessel A, paitly filled with water and provided with a central
cylindrical orifice B, the walls of which do not reach quite to the bottom
of A, A float f rests on the water surface O O, and is balanced by a
weight ¢.  The fluctuations in the water level are communicated to the
indicator # by means of a cord attached to the float f, and passing
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round a pulley 7. Communication with the outer air and the interior
of the vessel A is established by turning a tap 7, whilst a tap »" enables
the space C to be put in communication with M, the pressure wherein
is to be measured. -

" The instrument is so arranged that a slight fluctuation of the water
level causes a wide sweep of the indicator #. Though the cord passing
over the pulley », and actuating the indicator x, may slip over the
said pulley, it is nevertheless easy to test the instrument by the aid of
the taps = and #/, and set the instrument to the zero point on the scale.

65. FLUCTUATIONS OF PRESSURE IN PRESSURE (GAUGES.

These pressure gauges are attended with the defect that the surface
of the water is subject to continual fluctuation while the measurements
are being taken, the consequences of this irregularity being more par-
ticularly noticeable in the case of ventilating fans that exhibit variable
efficiency, in which cases it is difficult to obtain accurate measurements.
As a rule, in such event the mean of the maximum and lowest readings

is taken <M+ Vi

>. Occasionally, however, this furnishes inaccurate re-

sults ; and therefore, in order that the reading shall correspond exactly
with the truth, the time factor of the highest and lowest readings must
be taken into consideration. The fluctuations in the water level are
due to the momentary displacement of the mass of water by the variable
pressure to which it is exposed. To make allowance for the time factor,
it is sufficient to interpose a resistance in the tube connecting the two
limbs of the gauge. This can be done by constricting the connecting
tube (Fig. 23), or by dropping some shot into the bottom of same.
Nevertheless, these artifices are not entirely reliable, since the connecting
tube may thereby become choked up completely.

66. THE GUiBAL PrEssURE GAuckE (Fig. 24).

This instrument contains two wide glass tubes A and B, which are
provided with metal covers and tubular connections, and are joined
together below by a narrow tube, fitted with a tap 7, that can be
opened or closed to any desired extent. The tube A is opened at the
top, and is in direct communication with the outer air, whilst B is con-
nected by means of a rubber tube with the space wherein obtains the
pressure to be measured. Between the two is mounted a vertically
adjustable scale. The rapid fluctuation of level in the tubes can be
retarded by adjusting the tap =
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67. THE MaEss Vacuum METER WITH FLOATING ScALE (Fig. 25).

This instrument, the invention of W. Maess, of Dortmund, consists
of a glass @, of oval cross section, containing water in which floats the
scale . At the upper end this vessel is connected by a tube e with
the space to be tested for the degree of attenuation (vacuum) of the
contained air, ete. At the same time a is connected at the bottom
with a narrow tube ¢, the water level in which recedes in proportion as
the pressure above the surface of the water in A is reduced. The in-
strument is attached to a board d, for convenience in hanging up. No
fresh water need be poured into the wide vessel ¢ until the loss by
evaporation is such that the float of the scale touches bottom.

67a. MULTIPLICATION PRESSURE GAUGE (Fig. 26).

When great accuracy is required with tubular gauges, use is made of
the so-called multiplication pressure gauge (Fig. 26), wherein the two
parallel tubes are set on a slope. The most suitable gradient is 1:5,
in which case the length measured on the slope will be five times the ver-
tical length. The two limbs, which are connected below, terminate at the
upper portion in vertical ends, to which are attached the rubber tubes con-
necting the instrument with the space under examination. For measuring
pressures this space is placed in communication with the upper limb of
the gauge, whilst for vacuum measurements the lower limb is "used.

The gauge glass and scale are mounted on a vertical board, which
is attached to a horizontal board fitted with set screws to ensure
perfect levelling.

68. A very useful pressure gauge, which automatically records the
pressure for twenty-four hours at a time, on a strip of paper mounted

on a drum, and also marks the hours thereon, is that of Ochwaldt
(Koehler).

Pomnts To BE NoTED WHEN WORKING WITH THE
PrESSURE GAUGE.

69. In using the pressure gauge, attention should be bestowed on
the following points :—First is the method of placing the instrument in
connection with the space or chamber under examination. If the air
in this space were stationary, the pressure could be measured without
difficulty. As a rule, however, such is not the case, the air being
generally in motion. According to the law of hydraulics, the
pressure exerted by a fluid in motion on the walls of the conduif
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through which it flows is diminished by that portion of the pressure
by which the effluent velocity is produced.

Now, there are three ways of passing the gauge tubes through the
wall of the air conduit (see Fig. 27). In the first position the bent
end of the tube is parallel to the direction of the air current, and turned
in the opposite direction thereto. Assume the air velocity to be .
When P =the pressure indicated by the gauge, and % the total pressure
inherent in the air current, then P = /. _

If, as in No. 2, the air passes by the straight extremity of the gauge

2 2
tube, then P =7 — ;i Consequently, in order to keep % right, z— must
Y 29
2
be added to the pressure P. <h = P+;—>.
g

Thirdly, if the bent end of the tube, though parallel with the air
current, be turned in the same direction as the flow, then we have
20? v2
P=h—-"v=h——-,
29 g9
It is always advisable to make use of the position No. 1.
It the opening in the wall of the air way be too large for the gauge
tube, the free space must be well plastered up with clay, tallow, or the

like.

MoisTURE CONTENT IN PIT AIR, AND SPECIFIC GRAVITY
DETERMINATIONS.

70. When pure water is allowed to evaporate in air, it is gradually
and completely converted into water vapour. On the other hand, when
a cerfain quantity of water is placed in an enclosed space, eg. under a
bell glass, only a portion will evaporate in any case, owing to the fact
that the space cannot absorb more than a definite quantity of water vapour
—constant with the temperature—which is then termed the saturation
limit of this space at the prevailing temperature. This limit rises with the
temperature: if that increases, then a larger amount of the water evaporates ;
if, on the other hand, the temperature falls, a portion of the water vapour
will be deposited in the form of water drops on the walls of the glass.

Dalton, in 1801, found that the capacity of a space for absorbing
the vapour of any liquid is independent of the presence of any other
gases in this space, and that consequently a space measuring, for example,
1 cubic metre will at any given temperature always absorb the same
amount of water vapour, immaterial whether the same be devoid of air
or filled with atmospheric air, oxygen, hydrogen, or any other gas.

On account of its elasticity, the vapour confined in any space exerts
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a certain pressure on the surrounding walls of the vessel, ete. This
pressure, or the tension of the gas, increases with the temperature, as also
with the amount of water itself. Each temperature therefore corresponds
with a certain limit of saturation and a given tension. Consequently,
in calculating the weight of a volume of air containing water vapour,
the tension of the latter may be taken as a basis instead of the amount
of water, since it follows, from Mariotte’s law, that at a given temperature
and given volume the weight of the water vapour, even below the
saturation limit, increases like the tension.

1f 7 be taken to represent the tension of the water vapour in the

imperfectly saturated air, and I the tension in saturated air at the same
=l i
temperature, we then have -—— =< and ;
mperature, w 100" F Vi 100

The tension of water vapour at any given temperature can be found
in the table already given (p. 18), or may be calculated by means of

the Magnus formula, i.e. F=a x 3 —t{—tm wherein F represents the tension
Y

of water vapour at saturation point (air), £ the temperature in degrees C.
a=4525,8=10""5 and y=234'69.

4

Thus if £ =92° C, F then=4'525 x 10747 x g e 3
234°69+9-2
=8'64. (According to the table, F = 8-69.)

The weight P of 1 cubic metre of pit air is equal to the sum of the
weight of 1 cubic metre of pure dry air and 1 cubic metre of water vapour
at ¢, and with the tension £ We thus have P = 1:29344 B;fx el s

076 14at

Here B refers to the height of the barometer at the site of the
observation, ¢° the air temperature, a the coefficient of expansion of
gases=0'003665, and 129344 is the weight of 1 cubic metre of
dry air at 0° C. and 760 millimetres barometric pressure.  Since
the weight of water vapour is only § that of dry air, the weight
of 1 cubic metre of water vapour I, at the temperature #° and the
tension f, is—

Py =§x129344 Ov-b;(i‘o X 1+1a}:°'

The weight of the mixture P, is therefore—

1
5% 1293 :
P PP gaad S @+i_’fiff_‘,‘1+aﬁ°_f
076 " 1+4at 076
p, = 129344 <B—f &/ 129344 B—3§f
7 1l+4af \0760 0-766>= 1+at®  0760°
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L

K

0 laci by its val
n replacing f by its value 100

, we have—

n
p,_r203as Pdigef
A e 0760 kilogramines.

If, in addition to water vapour, the pit air also contains other gases,
the value 129344 will have to be replaced by the weight p, of the
dry gaseous mixture. In such case p, is equal to a per cent. air+ b per
cent. I+ ¢ per cent. N+ d per cent. O+ ¢ per cent. CH,+ f per cent. CO
+ g per cent. CO,.

On posing a+b+c+d+e+f+g=1, we obtain—

Po=1%Xa+0x00896 +¢x 12553 +dx1430+¢x 07218

+ /%1252 4 ¢9x19714.
71. Example I.—
Assume the gaseous mixture to have the following composition—

Weight of 1 cubic metre at 1° C.
and 760 millimetres.

Air =090 A : : ; =1-29344 kilogrammes.
Firedamp = 0-09 " : : 3 =07218 o
CO, =001 g : : : =1-9714 5

1-:00

The first thing is to determine the weight of this mixture at 0° C.
and 760 millimetres. In this case p,=090x 129344+ 009 x
072184001 x 1°9714 = 1-248772 kilogrammes.

If now we have to ascertain the weight P of the mixture when the
local barometric pressure is B= 0755 metre, the temperature ¢=16°

C., and the saturation ratio 13 -d=%, then, according to the table on

g po (B=1)
. 18, F =0 : = e (T Laly
P 0:013536. Consequently P, 076 (1 + at)

Furthermore; the weight of 1 cubic metre of water vapour is—
_§x129344f
YT 076 (1 4at)’
and the weight of the mixture Py =P;+ P, ; therefore—
po— o (B—y) §x 129344
Y7076 (L+at) " 076 (1+at)
Now, since f=4% F, and F at 16° C.= 00135636, we have—
p.=Po (B— $x00135636)+§ x 129344 x §x 00135636
: 0-76 (1 +at)

BJ

.
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On substituting the values, we obtain—
P 1 [1:248772 (0755 x 0:8 x 0:0135636)
076 (1416 x 0:003665)
405 % 129344 % 0:013636], 4.e. = 11671 kilogrammes.

Since the weight of pit air mainly depends on " the atmospherie
pressure, temperature, and degree of saturation, these factors alone are
generally taken into calculation. In such event the formula for the
weight of 1 cubic metre is—

120344 X (B—§ | T)
= 076 (1+at) kilogrammes.
72. Example II.—
If the temperature of the pit air be 9-2° C., 1:%: 05, and the local
barometric pressure B = 0:7472 metre, then—
P, = 120344 07472 =75 X 000869 -y imes

0760 (140003665 x 9:2)
P,=1-227496 kilogrammes.

MEASURING THE VENTILATING CURRENT.

73. Fundamental formula for measuring the ventilating current.

If Q be taken to express the volume of air passing through a
heading per second, v the velocity of same per second, and S the
sectional area of the heading, then Q=S X v cubic metres per second.

74. MEASURING THE VELOCITY OF THE VENTILATING CURRENT.

A. Measuremeént by the aid of readily transportable bodies.

B. Measurement of the air velocity at a given spot.

A. When the velocity of the ventilating current is to be measured
by the aid of light substances, it is an essential preliminary that the
sectional area of the heading to be measured must be of constant
uniformity ; in the alternative case, it is merely necessary to deter-
mine the sectional area at the spot where the measurements are
made.

Measurement by the first method is rather unreliable when the
heading in which the measurements are made is greater in some parts
and smaller in others. Headings or cross drivages lined with masonry
are best for this purpose. The operation is performed by determining
with a seconds watch the time occupied by the ventilating current in
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travelling a certain distance. If this distance be represented by W and
the time by T, then the velocity v=~xTY. If the volume W of the air

is to be determined at the same time, the mean sectional area S of the
gallery must be measured and calculated.

(1) Measuring the Velocity of the Ventilating Current by the Avd of
Light Substances. '

The substances chiefly employed for this purpose are down and downy
feathers, which are readily transported by the current and are visible to
the eye, the assumption being that these substances move at the same
rate as the air itself. To perform the operation, two observers are
stationed from 100 to 200 metres apart in the heading. They must
be furnished with watches recording seconds, or else set up a standard
second pendulum (length 09938 metre). The observer nearest the
intake shaft throws a handful of down into the air, and calls to his
companion, who then counts the seconds until the feathers reach his
station. At first a few come in sight, then the bulk, and finally a few
stragglers to finish off. This implies that the air waves in the heading
are not all endowed with the same velocity; and in such event the
mean of the readings given by the first and last feathers, <.c. the quickest
and slowest air waves, is taken. However, as it is rather difficult to
ascertain when the last feathers pass the observer, and as the first are
always seen a little too late, the resulting value for the velocity is more
likely to be below than above the truth.

(2) The Powder Smoke Test.

Somewhat similar results are obtained by burning a little gunpowder
in the measuring section of the gallery. This method has the advantage
that the powder smoke is both seen and smelt, and that it does not hang
to the walls of the heading. The first observer may also fire a pistol
(on giving the word “ One, two, three ”) to produce the smoke. However,
as the shot may easily cause a disturbance in the velocity of the air
current, it should be fired transversely, and not along the heading in
either direction.

(3) The Ether Test.

To measure the velocity of the air current by means of ether, the
first observer is provided with a thin glass bottle filled with that liquid.
At the word of command this bottle is smashed. As in the feathers
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test, both observers must have come to a definite understanding over the
moment of commencing the experiment. The test is not very accurate,
owing to the difficulty of grasping the right moment that the light
ethereal vapours arrive at the second station.

(4) Measurements with the Open Miner's Lamp.

A simple means of measuring currents of moderate velocity consists
in carrying an open miner’s lamp for a distance of 100 to 150 yards
along a heading of large and uniformn sectional area, the pace being so
regulated that the lamp flame remains vertical throughout. In such case
the bearer is evidently moving at the same speed as the air. In this
case, also, the time must be measured with a seconds wateh; the mean
of three observations will give an approximately correct result. ~When it
is merely a question of ascertaining, in slow currents, whether any flow
of air is taking place at all, the best and simplest plan is by blowing
a thick cloud of tobacco smoke into the air. For instance, when it is
desired to find out whether a shaft is acting as an intake, it is easy to
observe, with tobacco or cigar smoke, whether a cloud blown at the pit
mouth is drawn down into the shaft or not.

75. B. Measuring the velocity of the air current in a given spot
by the anemometer. The foregoing methods furnish results that have
not much claim to accuracy. For this reason it is found preferable
to perform the measurements at a given point in the mine, all that is
further necessary being to determine the sectional area of the heading
at that point. In these cases the instrument known as the anemometer
is usually employed. Though greatly improved, so that their errors have
been minimised and can readily be controlled, these instruments are not
perfectly infallible, and therefore it is necessary to guard against the
erroneous idea that absolutely accurate measurements are obtainable by
their aid.

The anemometers used at first were similar to the instruments
employed for measuring the flow of water in rivers—such, for example,
as Ditot’s tubes, the anemometers of Lind and Brunig, the pendulum
anemometers of Devillez, Henault, and Dickinson, the vane anemo-
meter of Combes and Biram. As all these instruments have gone out
of use for pit work, and moreover are fully described in text-hooks on
mining, they need not be dealt with any further here.

The newer types of vane anemometers of Neumann, Casella, Recke,
and Maess are all based on the same principle as that of Combes and
Biram, the air velocity being determined by the revolutions of a fan
connected with a train of counting gear. '



CALCULATING THE VENTILATING CURRENT 7

76. Tur CAsELLA ANEMOMETER (Fig. 28).

This instrument presents the advantage of enabling the velocity of
the air current to be read off direct on the dial plate, thus saving the
trouble of calculating by means of a formula. The eight vanes of the

fan are made of aluminium, and are mounted at an angle of 30 degrees
to the vertical plane, which is normal to the axis of the fan. The shaft
is connected, by means of a worm screw, with the counting mechanism,
which is mounted in a horizontal case. The pointers revolving on the
dial plate indicate the number of revolutions made by the shaft, this
figure being identical with the velocity of the air current in units of
length (in this case metres) per second. All that is necessary before
commencing the observation is to note down the index of the large
pointer, and, in the case of
prolonged observations, the
position of the pointers re-
cording hundreds, thousands,
etc. To start the instrument,
the stop-rod is released, this
allowing the counting mechan-
ism to come into action. At
intervals of 60 seconds the
counting mechanism is stopped
by pressing the stop -rod,
leaving the fan to run free.
The index is finally read off,

giving the number of revolu-
tions made by the fan, each
movement of the large pointer through one division on the dial
plate corresponding to a distance of one metre traversed by the air
current. To the resulting figure must be added a constant (usually ten
per minute), to allow for the effects of friction; and by dividing the
velocity per minute by sixty the value per second is obtained. When
the instrument is in such a position that it cannot easily be reached by
the hand, the stop-rod can be actuated by means of two cords. This is
in so far an advantage, in that it obviates the necessity for the observer
to obstruct the air way with his body and thereby retard the free passage
of the current.

The anemometer can also be fitted with a sleeve for mounting on a
rod; or, again, it can be attached to the board e of a telescopic stand
(Figs. 29 and 29«), which can be fixed up in a heading by means of
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spikes at the top and bottom. The board ¢ is adjustable on the outer
tube a of the stand, and is fixed in any position by a screw-clamp <.

The iron rod b slides in and out of the tube a, according to the height
of the gallery, and is also fixed in
position by a clamp A  When fully
extended, the stand measures about 8
feet in height. When several observa-
tions have to be made in the same
heading at different levels in close prox-
imity, the best thing to do is to drive
a few props slantwise in the gallery, and
hang the anemometer on these.

The Casella anemometer, shown in
Fig. 28, is 75 shillings (W. Maess,
Dortmund) ; the smaller models, shown in
Figs. 30, 31, and 32, for smaller read-
ings, up to 1000 metres and 100 metres
Fx. 39, respectively, costing 54 and 36 shillings.

THE Magss CLOCKWORK ANEMOMETER (Fig. 33).

77. A clockwork anemometer for pit use has recently been intro-
duced by W. Maess, of Dortmund. In this instrument a train of clock-
work is connected with the counting mechanism in such a manner as to
throw the latter into and out of gear, so that the instrument gives in
each case the exact results of one minute’s observation. The clockwork
is wound up by means of the stem winder ¢ (one winding being suffi-
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cient for about twenty observations). Then the hand is set to zero point,
by pressing a small knob b and turning the winder. The difference
between the zero point on the dial and the large O for setting the hand,
serves to replace in this instrument the
correction usually made. Like other vane
anemometers, the instrument is placed in
position with the vanes facing the current,
and the clockwork is started by pushing
the projecting lever ¢ towards the centre
for a moment. After about three-quarters
of a minute the clockwork sets the count-
ing mechanism in action, and this latter
runs for exactly a minute, to be then
stopped by the elockwork again. The clock-
work itself is also brought to a standstill,
and the figures marked by the hand on
the dial plate show the true velocity of
the air current without any calculation

being required.

78. Tur RosiNsoN Cup ANEMOMETER (Figs. 34a and 34D).

In fiery mines it is advisable to measure the velocity of the air
current and the amount of air drawn through the pit, somewhere above-
ground, say, in the manager’s office, and so provide some check on the
regularity of the ventilation. With this object a testing station is provided
in the main air way, and the continuous anemometers therein situated
are connected with an electric counting apparatus above bank. The
best instrument of this type is the Robinson anemometer, improved by
Dr. Schondorff. Four hemispherical cups @, mounted on a rectangular
cross b b, are caused to revolve in the horizontal direction shown by the
arrow (Fig. 34D), because the air pressure on the concave sides of the
cups is greater than on the convex surface. The vertical shaft e,
supporting the cross b b, carries at its upper end a worm d, which drives
a small wheel e. As the wheel revolves, a pin f thereon presses on a
spring ¢, which in turn acts on a second spring g, and thus completes an
electrical circuit. The electric current is conveyed into the anemometer
by means of two wires 2, & and the clamping screws n, n. These wires
are led up to bank, and there attached to a counting mechanism in a
suitable position. When the contact of the two springs g, g closes the
circuit, an armature aboveground is released, and thereby the counting
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mechanism is enabled to move forward by one tooth. The velocity of
the air current can be read off direct on the dial attached to the counting
apparatus, or by means of tables provided for that purpose, or the same
may be recorded graphically by a special appliance.

The mechanism in the underground station is protected by a glass
cylinder % which re-
volves with the arms
b b, and dips into an oil
bath ¢ in the lower part
of the frame, and thus
prevents the incursion
of dust and dirt.

As the cups of this
apparatus rotate, a cer-
tain amount of air is
carried round as well,
and this must be taken
into account in calcu-

lating the air velocity.
According to Grashof,
the air velocity w=
323v: if v be taken to
indicate the difference
between the peripheral
velocity, v, of the cup
centre, and »; the velo-
city of the accompany-
ing air, », should be
set down as equal to
00237 7w.

If, for instance, the

peripheral velocity v, of
Fie. 34a. Fic. 34b. the cup centre is found
to be 2 metres per second, then—
w=323v, and v=2—0:02377w. Consequently—
w=323 (2—~002377w), or
6-46 :
w=646—0076777w; therefore w= 107677 = 599y ~ (in
round numbers, 6 metres per second).
79. Standardising the anemometer is ascertaining the relation between

the velocity of the air and the number of revolutions made by the vane wheel.
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Whatever instrument be used, this relation must be determined
beforehand.  As a rule, the operation is performed by the maker, in
which event the accuracy of the anemometer can be relied on, with
careful treatment, for a considerable time, since, like a watch, it is fitted
with jewelled bearings. Nevertheless, it is a standing complaint against
anemometers of the fan type that they register from 8 to 13 per cent.
higher than the truth. This, however, will be referred to again later on.

The instrument may be tested in the following manner :—

Between the velocity v of the air and the number of revolutions N
of the fan there exists the ratio v=a-+0N. MHere « and b are invari-
able values, which, however, differ with the delicacy of the instrument.
« represents the minimum air velocity at which the fan will move at all;
whilst & is a second constant relating to the same pace and the velocity
of the instrument. In order to determine the value of « and b, two
equations are necessary, owing to the presence of two unknown quantities.
For this reason, two tests must be performed with different but known
velocities. If v=a+ BN, and v* = e+ ON?, then we have—

Ny — Not vt—w
= NN and b——N——l_N. (A).

To apply the test, the observer carries the instrument through a
closed roomn of large dimensions, at a uniform pace, noting down the
time occupied and the number of revolutions made by the fan. It is
important that the air should be perfectly still. ~Two tests made in
this manner, at two different rates of speed, will give the values for
a and b. If no large chamber is available, the test may be performed
in the open air on a perfectly still day. A post is set up in the centre
of an open space, and round this post is loosely slung one end of a stout
cord about 5 or 6 yards in length. The free end of the cord is carried
in the observer’s hand, together with the anemometer, fan foremost, and
he then walks round the ecircle described. By going twice round at
different paces, the values for @ and & will be furnished.

80. WHiM For TESTING THE ANEMOMETER.

A better method, perhaps, for testing the anemometer is by means
of the same kind of whim (Fig. 35) as is used by the makers of these
instruments. )

The anemometer o is fixed on the end of the horizontal arm, at an
accurately measured distance E from the centre of the whim shaft. The
greater the value of B the better, and in no case should it be less than

4 metres. The arm of the whim can be set in motion either by the
6
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observer or by a train of gear. As soon as the arm commences to move,

the fan begins to rotate. In order to be able to start and stop the

counting mechanism at any moment during the observation, the arm of

the whim is provided with a double lever, actuated by cords and pivoted
on z, by means of which the observer can do the needful at any point.

To this testing instrument the objection has been raised that the air

18 at rest and the anemometer is in motion, whereas

« the converse is the case in actual practice; further-

more, that the air waves encounter the vanes slant-
> wise; also, that a vortex is produced by the movement
of the whim in an enclosed space, t.c. that the air
in the testing room is not really quiescent, but moves
in the same direction as the arm of the whim, the
result being to influence the number of revolutions
made by the fan.

81. TuE KRELL ANEMOMETER.

The defects inherent in fan anemometers are
claimed to be obviated in the instrument designed by
Krell, and manufactured by G. A. Schultze, No. 4
Schoenebergerstrasse, Berlin; and this apparatus can
also be employed to test the accuracy of anemo-
meters of the fan type. The measurement of the
velocity of air currents in the Xrell apparatus is
effected by determining the effort exerted by the air
on the surface of a dise set up in a direction normal
to that of the current.

The total effect of the air is composed of the
pressure exerted on that side of the disc that receives
the direct impact of the current, and of the effort
of suction exerted on the rear face of the disc. That
the current produces an effect of attenuation at the
rear face of the disc, or sets up an exhaust action there, is evident
from the fact that, when the funnel -shaped orifice of an air cowl
is turned away from the ventilating current, it draws air from the
shaft.

The excess pressure p, on the windward side of the disc amounts to
2

o= %._s’ wherein » represents the velocity of the air, s the weight of 1
g

F1c. 36.

cubic metre of air, and g = 9-808 the acceleration of gravitation.
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The effort of suction p, on the rearward face of the disec has been
2
determined by numerous experiments to be p, = 0-372 %f The total
<9
effect of the current is therefore—
g
; 1-372s
The apparatus is shown in Figs. 36 and 37. The circular disc
(Fig. 36) consists of two flat chambers separated by a metal partition, the
two compartments being connected below to the tubes & and ¢ respectively.
A small orifice @ is pierced in the centre of each external face of the
disc. On the side marked 4+, which is nearest the current, the latter
exerts a force of pressure on the central partition through the orifice a (+),

2c
p=potp,=13722° and v=
29

Fia. 37.

whilst on the rear face an effort of suction is exerted through the orifice
(—a). The tubes @ and b are attached at their lower ends to rubber
pipes leading to the 4+ and — terminals of the anemometer proper (Fig.
37). This latter consists of a round metal box @, medsuring 100 milli-
metres in internal diameter, and forming ome limb of the gauge. The
second limb, in the form of a glass tube ¢, is connected with a by means
of a stuffing box 5 At the upper end the two limbs & and ¢ are
connected by tubes m; and n with the 4+ and — tubes leading to the
disc. By simultaneously turning the (suitably bored) taps £ and /, by
means of the handle bar m, the box @ and tube ¢ may be put in com-
munication either with the tubes b and ¢, or with the chambers of the
dise @ (Fig. 36), or with the open air. In the former case the pressure
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and suction of the air current are indicated on the scale attached to the
tube ¢ (Fig. 37), and in the second case the level of the liquid in the
tube ¢ sinks to zero. For the purpose of horizontal adjustment the
apparatus is fitted with two spirit levels g, g, set at right angles, and
with three set screws, only two of which (fand f;) are shown in the
drawing. As a rule, the instrument is charged with aleohol of specific
gravity 08 instead of water.

The following table gives the vertical heights of the column of water
corresponding to given velocities of the air current, the caleulation being

1-372v%
based on the formula p = 8720 —_—
29
elouit ¢ A Height of Water Column Height of corresponding Aleohol
P T R corresponding to Column, according to the Formula
Current. _1-373 x 1225602 3 ) 1878 x 122561
% 29 ' 3 OFREA2 R
|
0 0000 0000
1 0085 0°107
2 0342 0482
3 0770 0963
4 1:370 1°712
5 2°140 2675
6 3082 3853
(7 4195 5244
8 5482 6853
9 6935 8669
10 8562 10703
11 10360 12°950
12 12-392 15°490

As may be seen from the table, the increased height of the column
of water or alcohol is greater than the corresponding increase in the
velocity of the air current. Thus, as the velocity increases from » =0 to
v=1 metre, the height of the water column increases only 0:085 milli-
metre, whereas between v =9 and » = 10 the increase amounts to 1627
millimetres. On this account, the measuring tube ¢ has to be bent more
sharply upwards towards the right-hand side, and take a more horizontal -
position towards the left.

81a. STANDARDISING THE KRELL ANEMOMETER.

To standardise the Krell anemometer, a sufficient quantity of liquid
(water or alcohol) is poured into the box ¢ to reach the zero point on
the scale. Since the internal diameter of ¢ is 100 millimetres, the cubical
capacity will be 78:5397 cubic centimetres. On multiplying this figure
by the values given for the different velocities in the above table, and
running the resulting volume of liquid into the apparatus, the different
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graduations of the scale will be ascertained. For instance, the graduation
for » =5 metres per second will be found by placing 785397 x 2:675 =
21:009 cubic centimetres of alcohol in the box @. The intermediate
graduations are obtained by dividing the interval between each pair into
5 equal parts; and, by again dividing each of these, tenths of a degree are
obtained. :
When the disc of this apparatus is set up in a suitable manner in an
air way, or the air conduit of a ventilating fan, the gauge itself can be put

Fic. 38.

in position aboveground and connected with the disec by a pipe. More-
over, since the diameter of the air way is constant, the velocity scale of
the gauge may be supplemented by a second scale indicating the cubic
volume of air passing through the air way per second (see Fig. 38).

82. METHOD OF USING VANE ANEMOMETERS.

Not all positions in the pit, shaft, cross drivage, drainage gallery, or
air way are equally suitable for measuring the air current; for just as in
a river there may be rapids, dead water, vortices, damming-up, and back-
water currents, all of which aggravate the difficulties of measuring the
flow, so also in the pit there are places where the accurate measurement
of the air current is wellnigh impossible, and therefore must, as far as
possible, be avoided in the performance of that task.

Errors in measurement are particularly liable to occur in and adjoining
curves and at air doors, A straight portion of the heading should be
selected, where the walls are smooth and the way clear, and, under certain
circumstances, it is necessary to line the roof, walls, and floor with
boarding * for a distance of 4 to 8 yards, to facilitate the parallel and
uniform flow of the air; and a small recess is hewn<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>