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INTRODUCTION.

MY first edition of ‘The Winning and Working of Collieries’ having been so well
received by the public that it is now out of print, I have been induced to venture upon a second,
which will, I flatter myself, be found to contain a vast accession of practical and interesting facts.
The appointment which I have had the honour to receive since the first edition was
published, has naturally enabled me to accumulate materials much more extensively, with regard
to the number, the thickness, and the variety of the coal seams in the several districts; whilst
additional attention has been paid to the engravings and the style of printing; and, as the
principal objects of the work were stated at length in the first edition, I will content myself with
transcribing a portion of its introduction, and pass, without delay, to the body of the work.
It has long been matter of deep regret to persons interested in mining property, to
scientific strangers, and especially to young men studying for the profession of colliery viewers,
and it is indeed a subject of general surprise, that, in a nation so deeply interested as this is in
the study of mining, there should not exist any established elementary work on the science. Of
late years, we have seen the subject of ventilation, and the cause and prevention of colliery
accidents, attract the public attention so much as to produce pamphlets and controversies; and
the legislature has even been induced to adopt measures somewhat similar to the practice of the
continental governments. But none of the sources previously published supply that which is
evidently required.
Whoever turns his attention to the subject, will find that a system of working is pursued,
in each locality, that has probably been handed down from time immemorial; the persons
conducting such system being satisfied of its propriety, but seldom able to inform the inquirer
as to the nature or applicability of the systems pursued elsewhere, although the object in
working may, in point of fact, be the same, and the circumstances, perhaps, similar.
Now, it is well known to persons acquainted with the subject, that, on the adoption of a
proper or an improper system of working, vast interests are dependent, materially affecting the
mine owner, the persons engaged in the prosecution of the works, and the preservation of life
and health to the working miner.
First, with regard to the lessee of the mine, it is especially his interest to work upon a
system the most approved, and the best adapted to the peculiar circumstances of the case, so as
to raise the requite quantity of large coals, with the smallest number persons, and at the least
possible expense; to accomplish which, his colliery must be fitted up suitably, and with the best
modern machinery; for we frequently observe systems pursued which are destructive as to large
coal whilst they are more expensive in labour and materiel. The lessee is also deeply interested
in the adoption of a proper and efficient system of ventilation, not only for the carrying out of
the best system, but because the very name of an ill-ventilated colliery not only demands a
higher rate to the workmen, but every explosion that happens occasions interruption to the work,
as well as great expense in reorganising the colliery; not to mention the moral obligation that lie
outrages, by neglecting to avail himself of the best principles of safety extant. The legal
obligation of the lessees, or workers of collieries, is also at present undergoing a severe
scrutiny, and may probably lead to an alteration of the law, inasmuch as it is seen that very many
colliery accidents occur either from the employment of ignorant and insufficient managers, or
that the custom of the district entails upon the collier the obligation of setting his own timber
and managing his own ventilation. Therefore, whilst the conduct of the contractor or
submanager has been pronounced criminal by juries, the head proprietor or chief manager has
hitherto remained unchallenged.
The lessor, or owner of the mine, is interested in inducing a system that shall extract the
greatest quantity of coal per acre, with a fair regard to the interest of the lessee; and, in this
respect, as before observed, every thing depends upon the mode of working adopted by the
lessee. The lessor, therefore, ought to understand the matter sufficiently to take care that the
lease shall provide such modes of working as will insure to him the most effective exhaustion of
the mine. A nation’s wealth has been lost to those two parties, and to the public, by improper
working, large quantities of coal having been left in pillars, to be either irrecoverably lost, or so
overrun by creeps as to destroy half their value; and, in other instances, by too much coal having
been prematurely taken away, creeps and crushes are induced, the result of which has been to
convert the otherwise large coal into small, as well as to occasion numerous and unnecessary
sinkings. So long as such erroneous systems are persevered in, the consequent needless
expenditure must operate in the reduction of the landlord's rent, as well as the lessee’s profit.
I trust that the above explanation will testify that a good system of mining is invaluable,

not only to the parties more immediately concerned, but also to the nation at large. As a
practical person, therefore, I do not hesitate to affirm, that, instead of the interference of
government being deprecated (as it has been by certain persons), it will, on the contrary, be
productive of incalculable benefits, by urging on, more rapidly than would otherwise have been
done, those mining improvements, which, being hidden from the common observer by the
peculiar circumstances of the case, are more slowly transplanted from district to district than
other inventions.
In the early working of collieries, and in the ignorance which naturally prevailed, the
permanent interests of the mine were, in a great measure, disregarded. Possessing what
appeared to be inexhaustible fields of coal, parties did not incur the trouble or expense of
working the difficult tracts; and therefore the first working was run over without any due
consideration as to the substantial interests of the property. Consequently, thousands of acres
of valuable coal have been permitted to creep, and become so diminished in value, as to be
irrecoverably lost. But the scene is now changed. The extra-ordinary and incalculable increase
in demand must gradually exhaust the coal fields; and the advance of knowledge, gained by
extensive working, proves that mining operations can be carried on so as to compass all the
advantages much more effectually than heretofore.
It therefore comes home to the consideration of every lessor or lessee, to ascertain by
which of all the known methods a colliery ought most properly to be worked and ventilated; viz.,
by long wall or by stall and pillar? Are the pillars to be so small as to be given up for lost, or
are they to be so large as to be intended for future working? By which means will the greatest
quantity of coals produced? What ought to be the width of the chief workings, considering the
nature of the roof? To what distance ought the workings to be extended, and in what rotation
should the near-hand or distant coal be worked? Should the coal field form one establishment,
or be subdivided into two or more? What should be the height of the principle roads, and by
what sort of tub, basket or skip, ought the produce to be conveyed out of the mine? Should the
conveyance be by manual labour, by horses, or by inclined planes? What should be the
arrangement and distance of shafts, and what species of separation, and where made, as between
the large coal and the small? Into how may departments ought the labour to be subdivided, and
in what manner out the prices to be settled? What should be the principle of ventilation? What
the artificial means to be employed?
Now, all these considerations, and many others, are demanded in the proper arrangement
of a extensive colliery; and who will deny that science and enlightened practice are required for
the well-being of such work?
It is, therefore my intention, in the following treatise, to explain, in a homely and practical
manner, the course pursued in different parts of the country, drawn from my own professional
information, and thereby to enable the reader either to form his own conclusions, or to procure
such practical advice as shall lead to his permanent interests, and to the advancement of the
science of mining.
As the present work is intended to be confined strictly to the winning and working of
collieries, the reader will not expect that I shall occupy much of his time with the geology of the
subject, which can be found widely diffused in the works of many eminent writers. I will,
therefore, content myself with explaining the nature and deposition of coal beds, in
contradistinction to other mineral deposits in which coal is wanting.
Difficult as it may be to reconcile conflicting theories as to the origin of coal, we may take
it as sufficiently admitted for the present purpose that it is of vegetable origin, and had once
existed in the shape of immense deposits of wood or peat, reduced into its present variable
qualities by the inscrutable processes of nature, and by the lapse of ages far beyond human
comprehension.
Beds of coal are found interstratified with shales, sandstones, basalt, limestone, ironstone,
fire clay, &c., constituting indefinite districts, of a basonic form, which are called coal fields or
coal basins.
The term basin has undoubtedly originated in the fact that all coal fields have a common
centre, around which they rise on every side, till they terminate either by cropping out at the
surface or by being violently up-thrown by some fault. The above alternations with which coal
is stratified, as well as the coal itself, are subject to perpetual changes of nature and thickness, as
we trace them from one district to another.
When these outcrops occur in strata which have been denuded of alluvial matter, of course
the coal beds become visible, and lead to their working by means of drifts from the surface; and
such may be said to have been invariably the case in the early working of all coal fields.
In flat countries, covered thickly with alluvial matter, no such criteria can be discerned.
Therefore, although the theory of the extension of those seams of coal to the dip, which are seen

at the outcrop, is well admitted, yet there are no means of ascertaining either the depth at which
they lie, or whether, and to what extent they vary in their nature, save' by boring or sinking.
The plane at which coal seams lie is also continually changing, as from the Edge seams of
Mid Lothian to the perfectly horizontal; and every coal field is more or less intersected with
faults or slip dykes, in which dislocations of the whole strata (in consequence either of elevation
or depression) have left the beds upon the one side considerably higher than on the other.
The strata are also accompanied, more or less, with water, inflammable air, choke-damp,
pyrites, whin dykes, and other appendages, which will be brought into notice in the course of the
work, as calling forth the ingenuity of the miner, and demanding a suitable capital from the
adventurer.
With respect to dykes, although they frequently give a complete interruption to the coal
field, and require some expensive process of sinking or drifting to regain the coal, yet they are
often found to constitute the saving of coal fields, inasmuch as they may have taken place at
parts close upon the natural outcrops of the seams; whereas, by the intervention of down-cast
dykes, they are again depressed many fathoms, so as to constitute new coal fields.
With these introductory observations, I will, without further preface, proceed to that
division of the work which may be designated the practical department.

WINNING AND WORKING
OF
COLLIERIES.
____________________________
SECTION I.
ON SEARCHING FOR COAL.

THE principal rocks which are mentioned by mineralogists as indicative of coal are the
following:
1. White argillaceous sandstone. If this sandstone is interspersed with bituminous or
carbonaceous matter, it is reckoned a good indication of coal.
2. If schistose clay and argillaceous ironstone be discovered in the bituminous shale, it is
a further and a very favourable indieati9n of coal.
3. If sandstone and limestone alternate, and be accompanied with bituminous shale, it is
reckoned favourable for coal.
4. When sandstone and basalt alternate, coal is indicated.
5. Mr. Kirwan remarks that there is great probability of finding coal in the neighbourhood
of mountains of argillaceous porphyry.
6.Although coal has never been found alternating with primary strata, yet it has been
sometimes found in their immediate vicinity, and coal has been observed lying on granite.
7. In the Hurlet district, near Glasgow, the roof of the coal is alum shale, and above it a
blue limestone.
In searching for coal, the beds and banks of rivulets, as well as ditches, must be examined.
We sometimes observe a sooty-like substance spread on the ground: this is formed from the
decomposition of coal, and is therefore a good indication of its vicinity.
It often happens, however, that a district may be very favourable for coal, yet no pieces of
coal not sooty matter be observed, owing to the coal strata lying deep. In such cases, a good
deal of discernment is necessary to determine the particular places in which the trials should be
made. Hence the necessity for boring.
BASALT IN CONNECTION WITH COAL.
Jameson, in his ‘Mineralogy of the Scottish Isles,’ in observing upon a twelve-inch seam
of blind coal, and of sandstone, in the island of Arran, says, “We invariably find it to be the
case, that wherever coal strata come into the vicinity of high mountains, they most certainly
decrease in breadth and become bad, owing to the admixture of earthy matter. Thus, many of
the seams of coal found in France are trifling, and continue but a short way, owing to their
situation beingfoun4 in valleys bordered by granite or other primary rocks.
“Near Arran, in the island of Mull, upon. the shore is a seam of coal, twelve inches thick,
having a mass of imperfectly shaped basaltic pillars for its roof, its pavement being also of
basalt; and sometimes, interposed between it and the basalt, there is a thin layer of blaes
(schistose clay), which is mixed with the coal, and deteriorates its quality. Coal is seldom so
regular under basalt as under sandstone; but at Borrowstowness, there are thick strata of basalt
interposed between beds of coal, which are worked to a great extent (some peculiarities of which
will be noticed hereafter); and at Bathgate Hills, coal and basalt alternate with each other. At
Meisser, in Hesnia, a bed of coal, from six to nine feet thick is found covered with basalt to the
height of six hundred feet.”
The lower part of the thick coal At Kilmarnock is constructed of semi-columnar pillars,
rounded; and the floor of the coal abounds in impressions of marine shells.
In the island of Skye near Loch Staffling, a seam of coal, one to two feet thick, is observed

resting on basalt, and covered by a similar mass from fifteen to twenty feet high. In the coal are
seen pieces of carbonated wood, which could not be distinguished from carbonised fir. The
impression of vegetables in stone or clay is a particular indication of coal in the lower strata.
Whitehurst, in his ‘Theory of the Earth,’ has given some very interesting statements
regarding the Bally Castle coal field, in the north of Ireland. He assumes that all the way from
Port Rush to the Giant’s Causeway, and from the Giant’s Causeway to Bale Castle, has been
one immense mass of lava, where it finally terminates upon a stratum of white limestone, and
where a new arrangement of strata, of quite a contrary nature, commences. Two miles east of
Bale Castle, the following stratification begins:1. Whinstone, a quartzose substance,
which strikes fire with steel.
2. Firestone, argillaceous.
3. Till shale, or laminated clay.
4. Stone, argillaceous.
5. Till or shale.
6. Freestone, argillaceous.
7. Coal, four and a half feet thick.

8. Stone, argillaceous.
9. Till or shale.
10. Brown limestone.
11. Band, indurated clay,
12. Stone, argillaceous.
13. Strata, not ascertained.
14. Millstone grit, quite like that of
Derbyshire.

A considerable portion of the strata incumbent on coal, whether argillaceous stone or clay,
contains a great variety of vegetables, or tile impressions of them, and particularly the bamboo
of India, striated and jointed at different distances; the euphorbia of the East Indies; the
American ferns; corn-grass, and many other species of the vegetable kingdom not known to
exist in any part of the world in a living state. The vegetable forms, and the strata containing
them, are strong indications of coal.
It is a matter worthy of notice, that the superior strata contain ironstone, coal, and
vegetable impressions, but no marine productions whatever; and that the inferior strata, which
are limestone, contain the exuviæ of marine animals, but no vegetable forms. (Whitehurst on
Derbyshire.)
Throughout the Staffordshire and Worcestershire coal field, a stratum of basalt prevails,
but is especially conspicuous at the mountain of Rowley Regis. On approaching this mountain,
the coal becomes charred. For many years, it was considered that the green rock terminated the
coal strata; but, on a trial being made, (although difficult and expensive to sink through,)
valuable coal and ironstone mines are found below.
The basaltic rock varies in hardness, thickness, and position with respect to the different
coal beds, as is proved in different parts of the country; but, in general, it may be said to average
about five or six fathoms in thickness, and to lie about 100 yards below the thick coal, or 80-feet
seam. In the neighbourhood of Bloxwich, it lies much nearer; but it is found throughout the
whole district, except where cropped out. There is, however, no seam of coal in Staffordshire
analogous to the blind coal of other districts. The most productive strata of ironstone are found
underneath this basaltic formation. A similar basaltic stratum accompanies the coal throughout
great portion of Ayrshire, where it is understood to have been instrumental in converting (the
otherwise) bituminous coal into excellent blind coal, as will be noticed elsewhere.
At Borrowstowness, the green stone is stratified with the coal. At one part of the colliery,
it is 10 fathoms thick; and near the shore of the Forth, it is increased to nearly 70 fathoms, but is
very mild and easy to work, and pretty free from water.
I am not aware of any such stratified basalt in the coal fields of Yorkshire and Lancashire,
although dykes are of frequent occurrence; but basalt is found regularly stratified, and reposing
upon limestone, in the neighbourhood of North Sunderland, county of Northumberland. In the
neighbourhood of Bambrough, the same basaltic formation is found resting upon sandstone,
which is much contorted and affected by contact with the basalt.

NEW RED SANDSTONE.
The red sandstone, like the magnesian limestone and basalt, were considered, for many
years, as inimical to the existence of coal; inasmuch as, by their intervention, a bar was put to
further exploration, except by the adoption of more powerful means of sinking; whilst, at the
same time, great uncertainty prevailed, both as to the quality of the mines and the capital

required to pass into the terra incognita that lay beneath. Such was the case with the coal
districts of the counties of York and Durham, as they approached the magnesian limestone, with
the coal beds dipping at the rate of one to ten or twelve, as progressive trials were made; when it
was at length discovered that the limestone had nothing whatever to do with the nature of the
coal and its accompanying strata, having been merely overlaid in ages succeeding the formation
of the coal; and we may now be astonished at the irrational conclusions then formed by practical
persons of otherwise enlightened minds.
The coal fields of North Wales and Cheshire are apparently terminated to the northward
by the intervention of the red sandstone, which is found in the neighbourhood of the Ness
colliery, at Park Gate. When met with, it had the appearance of a downthrow fault, whereby the
red sandstone strata are lowered, and continue to occupy the entire surface from thence across
the Mersey, towards the coal field of Lancashire. Hitherto, no trial to any depth has been made
throughout this district; but there is no reason whatever to doubt that the coal fields of Wales
and Lancashire underlie this mass of sandstone.
A similar phenomenon prevails in the Lancashire coal fields around Newton, where, upon
the west, north, and east, the margin of the red sandstone is clearly pourtrayed, the north margin
wedging out, and having been, in several instances, penetrated for the lower coals; whereas, on
the opposite side, near Huyton, it is ascertained to appear as if thrown in by a downcast dyke, or
a subsidence of the whole mass, similar to the appearance at Ness, and which, as before stated,
is continuous over Cheshire; whilst the strata are seen to lie remarkably flat and regular, holding
out great promise to the experiment of boring in the valley of the river Mersey.
This theory is further corroborated by the tracing of the red sandstone to the eastward and
southward of Manchester where the opposite side of the basin, with its south rise, seen to
emerge from under the sandstone which terminates a little to the southward of Manchester, and
beyond which we find the extensive collieries in the neighbourhood of Oldham, Ashton, and
Hyde.
The Brampton and the St. Bees coal fields, in Cumberland, are similarly circumstanced in
respect to red sandstone, especially the latter, which was mined up to in many places, and which
presented itself in the form of a downthrow fault, occupying the entire surface around St. Bees
Head.
Another remarkable instance is the termination of the Staffordshire coal field, to the
eastward of West Bromwich, in which the red sandstone intervenes in a manner similar to a
downthrow fault. The sandstone is ascertained to pervade the country from thence to a
considerable distance beyond Birmingham; but it is notorious that the coal fields again emerge
in Derbyshire and Warwickshire, which fact leaves no room to doubt that the coal fields
underlie the red sandstone throughout a great extent of country around Birmingham.
In the county of Durham, a red or yellow sandstone is generally found underneath the
magnesian limestone, and is visible at the debris of Pensher, Houghton, Boldon, and Pittington,
where it is chiefly deposited as sand, 50 or 60 feet in depth. In the deep sinkings, it is
sometimes found thin a~ dry, in other cases thick, and so quick and liquid, that it is pumped up
with the water, requiring to be spiled and tubbed, as at the winning of Dawdon, at an immense
expense. At the Haswell colliery, the first winning was lost, at the depth of 43 fathoms, by the
intervention of 20 fathoms of sand, which produced 4000 gallons of water per minute; whereas,
at the second winning, scarcely any sand was found.
The red sandstone is found interstratified with shales, limestone, and grit rocks in the
northern part of Northumberland, especially on the banks of the Tweed near Berwick. The
lower beds of red sandstone rise out to the northwest, underneath the mouth and on the south
bank of that river.
The seams of coal worked in this district, according to Mr. Winch, are eight in number,
and occur near the bottom of the above series of sandstone, limestone, and shale, resting upon,
and immediately above, the red sandstone of the Tweed; shewing that the seams of coal in that
district occupy a position in the lowest series of the carboniferous limestone formation.
From Berwick-upon-Tweed along the coast to Lamberton, the stratification is, for the
most part, significantly flay, and constitutes so remarkable a section that I will transcribe it from
my former work:Red freestone
Black shale
Blue limestone
Coal
Marl

Fath Feet In
15
0 0
2
0 0
0
4 0
0
0 3
2
0 0

Brought forward
Coal
Fire clay
Red freestone
Grey shale

Fath Feet.
30
4
0
1
7
0
4
0
4
0

In
3
2
0
0
0

Red Freestone
Marley fire clay
Freestone
Fire clay
Forward

4
6
0
0
30

0
0
3
3
4

0
0
0
0
3

Red freestone
Fire clay
Good coal

1
1
0

0
1
3

0
0
5

Total

45

4

10

At a short distance to the northward, an upcast trouble throws out the coal strata; and,
soon after, the clay slates and basalt, intervene.
LIMESTONE
It has already been observed, that limestone composes a very prominent portion of the
strata of coal fields; the magnesian occupying the most superior or recent formation, as in the
counties of Durham, Yorkshire, and Lancashire. The blue, or mountain limestones, being
intermixed with the lower series of the coal formations, as particularised in the counties of
Durham and Northumberland, in many cases form the grand barrier between the carboniferous
strata and the transition rocks, in which we find no coal, as exemplified in the great Lothian coal
field. The lowest carboniferous strata are found every where resting upon a stratum of compact
grey limestone; the latter forming, as it were, the shell which envelopes the entire coal formation,
and cropping out immediately below the lowest coal. Such, I may say, is the general
arrangement of coal fields, viz., that their base is constituted of mountain limestone; whilst the
lower series, in certain districts, display to us a series of coal seams interstratified with beds of
limestone.
A curious case of interatratification with limestone occurs at A comb colliery, near
Hexham, where, at a 30 fathom slip dyke, so great a deposit of galena has been found, as to have
induced the working of it for many years the main sinking having been executed through
limestone to the bed of coal, and thence into the lead vein. The following is a section of that
coal pit:24 Alternations of shale and limestone.
4 Little limestone.
1 2/3 - Plate.
Coal 3
1 - Coal, Acomb seam,
Band 0
Coal 1
1 - Plate and grey beds.
15 - Hazle and grey beds.
15 - Plate.
10 - Great limestone, 11 feet thick.

0
9
8

CHALK.
Although chalk, in Britain, is always considered most remote from any connection with
coal strata, yet it prevails to a great extent over the coal fields of France and Belgium, and
especially in the district of Mons, where the Grand Hornu colliery is sunk through 210 feet of
chalk. On its course westwards, the chalk increases in thickness; and it has been proved to the
depth of 400 feet. It continues to thicken until it exhibits itself in the cliffs upon the coasts of
France and Belgium; and there is no reason to doubt that it is continuous to the cliffs of Dover;
in which case, it suggests the very curious and important question as to whether or not the
carboniferous coal fields of Belgium exist under the similar chalk formation of Britain.

SECTION II.
ORIGIN AND PROGRESS OF GOAL MINING.
It was remarked in the introduction, that the commencement of coal mining took place
where the mines were rendered visible by the denudation of the surface, or at the debris of the
stratification in the valleys, formed by the running of streams; which, at the time, afforded the
opportunity of draining the mines by means of adits or surface drifts, the said drifts
undercutting the coal strata, and thereby relieving them of water.

In conformity, therefore, with this natural inference, we find that the first collieries in the
north of England were established in positions which enabled the adventurers to avail
themselves of the advantages of surface levels, viz.
In the year 1288 - The high grounds in the neighbourhood of Newcastle-upon-Tyne.
In 1880 - The coal fields at Collierly, near Lanchester.
In 1848 - The collieries at Merrington and Ferry Hill.
In 1500 - Those of Gateshead, Whickham, Tynemouth, &c.
But these means were only available to a limited extent; hence the succession of
improvements according to the progress of science and the art of mining, which having
enumerated at length in my ‘History of the coal Trade,’ I will here confine myself to a very
cursory notice of their gradual development.
Prior to Mr. Newcome’s application of the steam engine to the drainage of mines, about
the year 1700, water was raised by engines worked by horses; for, in 1625, a patent was granted
by James VI. of Scotland to a Mr. David Ramsay, for the discovery of an engine for raising
water from coal mines, which I apprehend to have been the water-wheels recently at work in the
county of Fife.
Grey, in his ‘Chorographia,’ published in 1649, says, “Some south gentlemen, upon hope of
benefit, came into this county (Durham) to hazard their monies in coal mines. Mr. Beaumont, a
gentleman of great ingenuity and rare parts, adventured into our mines with his £30,000, who
brought with him many rare engines not known then in these parts, as the art to bore with rods,
to try the deepness and thickness of the coal; rare engines to draw water out of the pits;
waggons with one horse to draw coals from the pits to the staiths, to the river, &c. Within a few
years he consumed all his money, and rode home upon his light horse.”
“Now the trade of coal began not past fourscore years since. Coals, in former times,
were only used by smiths and for burning lime.”
“Notwithstanding this, it appears that, in 1602, the trade had arrived at such an extent as
to occupy twenty-eight acting fitters or hostmen, who were to vend by the year nine thousand
and eighty tons of coals, and find eighty-five keels for that purpose.
“In the year 1600, among other regulations made ‘at a Gourte of the Hostmen’s
Company at Newcastle,’ wains were ordered to be all measured and marked; - for it appears
that, 'for time out of mind, yt hath been accustomed that all cole wains did usuallie carry and
bring eighte boulls of coles to all the staiths upon the Ryver of Tyne; but of late several had
brought only or scarce seven boulls.’ The same record mentions ‘two small maunds or
pannyers, holdinge two or three pecks a.piece.’”
From these paragraphs it plainly appears that coals, in those days, were not only carried in
carts along the ordinary roads, but that a practice then prevailed of conveying them on the backs
of horses.
Amongst the rest of the rare engines introduced by Master Beaumont into the coal trade,
one was, “waggons with one horse to carry down coals from the pits to the staiths to the river.”
Lord Keeper Guildford thus describes them:- “The manner of the carriage is by laying rails of
timber from the colliery down to the river, exactly straight and parallel, and carts are made with
four rollers fitting these rails, whereby carriage is so easy that one horse will draw down four or
five chaldrons of coals, and is an immense benefit to the coal merchants.”
In 1676, Lumley colliery, as well as the collieries of Heaton and Jesmond, had chain
pumps, worked by water-wheels. The earliest mention of a steam engine, for mining purposes,
was at the colliery of Griff, near Coventry, about the year 1700, when the proprietors are also
said. to have maintained a great number of horses, at a heavy expense.
Mr. Bald, in his ‘Coal Trade of Scotland,’ published in 1812, says that, in 1690, waterwheels and chains of buckets were commonly employed to drain the collieries in that county.
The axle of the wheel extended across the pit mouth, and small wheels were worked upon the
axle, to receive endless chains of two or three tiers, which reached down to the coal. To these
chains were attached a number of oblong wooden buckets or troughs, in a horizontal position,
which circulated continually with the chains, ascending on one side, and descending on the
other, filling at the bottom, and discharging at the top, as they turned over the wheels on the
great axle-tree. For a pit of 80 yards in depth, the cost was £160; and continual repairs were
also required. When a joint gave way, the whole set of chains and buckets fell to the bottom;
every bucket being splintered to pieces. When water could not be procured, the same sort of
machinery, upon a smaller scale, was worked by horses.
In 1708, wind-mills were also erected to work pumps in several collieries in Scotland, but
were ineffective in calm weather, and their application was therefore limited.
In 1709, John, Earl of Mar, who paid great attention to the improvement of his collieries in
Clackmannanshire, sent the manager of his works to Newcastle, to inspect the machinery of that

district. From his report, it appears that the machines there in use were water-wheels and horseengines, with chain pumps. The common depth of the pits was from 20 to 30 fathoms, and a
few were from 50 to 60 fathoms. The expense of sinking these was about £55, and the cost of
the machine for drawing the coals (a horse-gin) £28.
It appears that when it was requisite to draw water from the depth of 80 fathoms, two pits
were sunk; one being 30 fathoms deep, and the other, perhaps, only half that depth. One
machine drew the water, say, half way up the deep pit; and then it was poured into a mine which
communicated with the bottom of the other pit, from whence the water was raised to the surface
by another machine. In deeper mines, a third pit, with a third machine, was resorted to; but in
Scotland, at the same time, the machinery was more powerful, as water was raised at once from
the depth of 40 fathoms, by the chain of buckets before described.
Mr. Hodgson, in his ‘History of Northumberland,’ states that the first steam engine, in
this part of the country, was erected at Byker in 1714, by the son of a Swedish nobleman, who
taught mathematics in Newcastle. These primitive engines were worked by the pressure of the
atmosphere above the piston, whilst the vacuum was created below by the injection of water into
the cylinder; these alternate movements being executed by the hand of the attendant, until the
year 1718, when a Mr. Beighton invented the method of performing the operation by the engine
itself, by the application of rods and levers for the opening and shutting of the cocks a discovery
which was justly considered an immense stroke of inventive genius. At this period, the pumps
were of wood; the smaller sizes being bored out of the solid, and the larger sorts built with
staves and hooped with iron.
Immediately after this era, the erection of engines became general throughout the northern
district, and led to the winning, during the eighteenth century, of numerous collieries in the
counties of Durham and Northumberland, which, previous to that time, had been deemed
unattainable.
The Newcome engine was quickly followed by the improved engines of Trevithwick,
Bolton and Watt, Wolf, and others, the object of which was to dispense with the atmospheric
pressure, and work entirely by steam. This led to the erection of engines under ground; as we
learn that, so early as 1776, one was placed 80 fathoms below the surface at Whitehaven, and
was applied to the working of pumps for draining the water from a deep mine. The pumps
lifted four fathoms each, one to the other, and were worked by one sliding red from the engine.
The application of steam to the winning and working of coal mines brought with it a great
revolution in the trade. In the north of England, a powerful company, called the Grand Allies,
whose descendants yet continue to be the workers of several extensive collieries, concluding that
coal was unattainable beyond certain depths, attempted a monopoly, by leasing extensive tracts
of available coal; the leading condition of each leases being the payment of certain annual rents,
proportioned to the extent of mining ground leased. But the progress of science soon rendered
the attempt abortive, by the winning of a succession of the hitherto-difficult mines; and the
parties were embarrassed with many of these leases for a series of years, without being able
either to work or dispose of them.
In concluding the subject of engines for drawing water, I may remark that Cornwall is
said to have arrived at a much higher state of perfection, in this respect, than any other district, in
consequence of the heavy cost of fuel. Whatever may be the merit (in comparison with the
common bucket) of the forcing ram so generally applied in Cornwall, and which constitutes the
main feature of the shaft improvements in that district, there can be no doubt that the economic
management of the steam apparatus there, far exceeds the usual arrangements in the coal
districts; the boilers, cylinders, and pipes being covered with the most studious care, as well as
the utmost attention paid to every point relating to the best construction of flues and chimneys;
whilst it cannot be denied that, notwithstanding the cheapness of fuel in the colliery districts,
great and unnecessary waste of material occurs from the mismanagement of these most
important articles.
UNDERGROUND DEPARTMENT.
The foregoing observations mainly refer to engines applied to the drainage of mines. I
will now take a glance at the progressive measures employed in the carrying on of the works
underground, beginning with the bearing of coals upon the backs of women, not only in the
interior of the mine, but also up to the surface by means of inclined planes, or by perpendicular
shafts with circular stairs.
1. The bearing system, which was peculiar to Scotland, and had prevailed from time
immemorial up to the period of Lord Ashley’s Act for the exclusion of women and boys under

10 years of age, passed in 1843, originated in the edge seams, and before the use of wheel
carriages. The women, who carried full loads, provided themselves with wicker creels or
baskets, which were fitted to the back, and steadied by a strap around the forehead. The boys
and girls carried single blocks of coal, proportioned to their strength and expertness; and they
deemed it an enviable event when they arrived at an age suitable for bearing a creel. The wages
of a regular bearer was 12d. or 1s. 2d. per day, finding her own light and creel. The light was a
small oil lamp, hooked into the cap; and the ordinary load of coals consisted of from 200 to 240
lbs. In the flat seams, they would convey, for the distance of 70 yards, 40 such loads per day, or
equal to from three to four tons. The difficulty of procuring hired bearers naturally led the
colliers to seek in marriage women who had been so trained up, and which necessarily served to
perpetuate the debasement. Indeed, the collier families in Scotland were formerly transferred
along with the estates.
2. The sledge, drawn by men or boys, was the first species of machinery employed to
convey the coals from the workings.
3. The barrow succeeded the sledge; and where the floor of the mine was soft, a gangway
of planks was laid, which originated the expression, familiar even in the present day, of
‘barroway.’
4. The inconvenience felt in the transfer of the coals from the barrow to the tub or basket
in which they were to be drawn up the shaft, originated the tram with wooden wheels, upon
which the coal could be conveyed, in a tub or basket, from the working places to the top of the
pit, without transfer. The barroway suitable for the tram consisted of three planks, the upper
one forming the guide for the tram wheels.
In Staffordshire, the skip is in general use. It consists of a round or square frame, with
wheels, and moves along the levels. The coals are brought out of the working places by means
of sledges, and piled upon the skip to be drawn up the pit. They are secured in their place by
means of wood or iron rings, so that they are built up to several feet in height, and contain 30 or
40 cwt.
5. The introduction of horses and ponies, to draw the sledges, abolished the plank
barroways; and the trams were fitted up with broad wheels, for the better traversing of the floor
of the mine. Whilst this system continued, it was attended by the most brutal disregard to the
poor animals; for as the putters worked by the score of baskets, they urged the horses at speed
through the dark sinuosities of the workings, to their continual disfigurements and destruction.
6. Up to this period, the main roads from the shaft to the working places were of wood,
the wheels of the rolleys of cast iron; the rolleys carrying two or three baskets each, and the
baskets being transferred from the tram, or in-by rolley, to the out-by rolley, by means of a
crane.
7. At length, the invention of cast iron tramways, by the late Mr. Curr, brought back the
system of tramming, and the substitution of manual labour for that of horses in the interior
workings; the vessel commonly used for containing the coals being the corf, or wicker basket.
Cast iron, and afterwards malleable iron, waggon-ways then came into use. The horsesledges were abolished at the pit-heaps, the platforms of which were elevated, and trams and
tramways substituted. The coals were received in tubs, instead of their lying in bulk; and
machinery was introduced for lowering the waggons to the decks of the vessels, as well as to
hoist them out of the keels on shipboard, for the saving of labour and the avoidance of
breakage.
8. Underground engines were introduced, both for the forcing of water by means of
cranks and pumps, and also for the drawing of coals up pits and inclined planes. Machinery
was also applied for lowering the coals from the rise to the dip, as well as down perpendicular
staples from one level to another.
The blasting of the coal with gunpowder, instead of the hitherto laborious application of
the maul and wedge, was another material improvement.
Lastly may be sketched the existing state of mining in the districts most advanced in
improvement. The present age is remarkable for the introduction of wheeled tubs, edge railways, and wooden guides, whereby the cage, containing two or mere tubs, is enabled to traverse
the shafts with the greatest expedition. Numerous other inventions will come under notice in
the progress of the work; such as the gradual improvements in ventilation, the air tubes, the
substitution of the safety-lamp for the steel-mill, &c., all of which will be discussed seratim.
GROUND ARRANGEMENTS.
With regard to the mode of raising the coals from the mine, it cannot but be interesting to

review the practices which prevailed during the infancy of the art, and the gradual progressive
advancement of the present extraordinary powers of production.
1. The most rude and barbarous of these practices was the bearing system of Scotland,
already described.
2. Hand-windlasses, or jack-rolls, were the first species of machinery employed for
drawing the produce up the shafts.
3. Horse-gins; an early specimen of which was the cog and rung gin. The vertical shaft,
to which the horse was attached, was fitted up with wooden cogs, working into those of an
horizontal wheel and drum, overlying the pit, unto which the ropes were appended; whilst the
horse, in raising the load, made a circuit around the pit.
4. This machinery was simplified into the present gin, which it is scarcely necessary to
describe, otherwise than that the ropes are attached to an upright drum, eight to fifteen feet in
diameter, to the vertical axle of which the horse lever is fastened, the corf or basket being
employed to contain the coals. As this machine was the only resource during a long course of
years for the drawing of coals, even at a depth of fifty or sixty fathoms, the gins were oftentimes
erected of large size, with double starts whereby four horses could be applied at the same time;
and they were driven at such great speed, that they required to be relieved every four or six
hours.
5. The introduction of Newcome’s engine enabled the water-wheel to be made use of. It
was constructed of two sets of buckets, for the purpose of reversing the motion, the rope-roll
being attached to the same axis. Over all was a large wooden cistern, with suitable valves
applicable to each set of buckets; and one of Newcome’s engines was placed contiguous, to repump the water, expended upon the wheel, back into the cistern. Cords were led from these
valve levers to the brakesman stationed at the top of the shaft. A succession of levers also
served to work the brake.
In order to husband the water lost in the constant reversion of the motion, Mr. Smeaton
introduced the single-bucket wheel, which worked the rope-roll by means of cog gear, so
contrived, that by shifting the rope-roll, the motion was reversed; the water-wheel keeping
always the same course of revolution.
6. At length the steam- engine, by means of a crank axle, was made to work the rope-roll
direct; but great difficulties were experienced in applying the atmospheric engine to this
purpose, especially in regard to a proper adjustment of the fly-wheel., until science obviated its
imperfection. The engines were unmanageable, and, consequently, unsafe; and many accidents
resulted therefrom.
7. Much good was effected by the introduction of the counterbalance weight, which
worked in an adjoining shaft sunk for the purpose; and which was so contrived, as always to be
ready with its weight to aid the engine in lifting the load from the bottom of the pit.
8. The competition in the trade originated the coal skreen. The baskets at the top of the pit
were landed upon sledges drawn by horses, and so conveyed to the screen; or the coals
accumulated in heaps of some thousands of tons each, to await the expected trade. The
waggon-ways were originally formed of beech rails, and the waggon wheels also of wood.
The invention of the flat rope and the Bolton and Watt double-powered engine, with a
scientific arrangement of the fly-wheel, seemed to form the very acmé of perfection; for the
operation of the rope formed a natural counterbalance, and the working entirely by steam
reduced the engine to an uniform movement. The handles for working the engines, also, had
become so improved that the steam could be applied and withdrawn with the greatest nicety. Of
late years, the invention of the wire rope has paved the way to great advantages, both for drawing
engines and inclined planes, on account of its lightness and durability, which will be remarked
upon in another place.

SECTION III
VARIETIES OF COAL.
THE Mines of Coal comprise innumerable varieties, both in colour, I texture, and quality.
The Household may be generally described as bright and cubical; compact, so as to turn water
under pressure; burning first to a black cinder, which in turn is consumed, leaving a small
portion of ashes; specific gravity from 1.2 to 1.3. It also produces coke, but not always free
from sulphur.
Steam, or Splint Coal is sometimes bright and sometimes grey in colour. In many cases,

the laminæ are so open as to allow the passage of water, especially the splint coals in Scotland
and Derbyshire, all of which leave a white ash.
Parrott Coal of Scotland. A clayey-coloured, laminated coal. It is open in the partings,
and contains purer gas and reddish calx. It is seldom found to exceed two feet in thickness, in
greater quantity than any other known coal. It leaves a but is often in connection with ordinary
coal.
Cannel Coal of Lancashire is cubical in fracture, exceedingly bright, abounds in gas, and
burns to a red cinder. It is found in various places and in different thicknesses. Wigan is its
chief locality.
Orrell, and the best Coals of Lancashire greatly resemble the middling coals of the
Newcastle district, producing a tolerable coke, but light, and much inferior to the cannel for the
production of gas.
Bovey or Brown Coal found in the pipe clays of Dorsetshire and in appearance little
removed from charred wood, is very light, and often found stratified in seams of 2 or 4 feet in
thickness.
Anthracite or Stone Coal is remarkable for producing very little smoke or flame. Its
specific gravity is to common coal
as 1.46 to 1.25. It is supposed to owe its nature to the influence of basalt, either by the
formation of dykes or of regular underlying strata. In the neighbourhood of Kilmarnock, in
Ayrshire, there is a remarkable proof of this influence, inasmuch as three of the upper seams
consist of the ordinary bituminous coal, whereas the fourth seam, in consequence of its vicinity
to an under stratum of basalt, is perfect anthracite. When this seam is found considerably apart
from the greenstone influence, its nature changes to the bituminous; and where the basalt again
approaches, it regains its anthracite nature. The anthracite is found in extensive districts of
South Wales, in the west of Scotland, and in the counties of Kilkenny and Tipperary. The very
ancient collieries of the Ormond family, in the former county, consist entirely of anthracite coal,
which was, for many years, sold at 20s. per ton at the top of the pit.
Mr. Richardson, an accomplished chemist of Newcastle-on-Tyne, has analysed several
specimens of coal, and has obtained the following results:-

New analyses of inflammable gases, found in different seams, were made by Sir H. de la
Beche and Mr. Lyon Playfair, during their examination of the various collieries in 1846, viz.:-

________________

SECTION IV.
PECULIARITIES IN COAL FIELDS.
ALL coal fields are, more or less, affected by various irregularities, which have either
occurred during the period of their formation or afterwards, and which are ascertained during
the course of mining. Those interruptions have necessarily led to the exercise of ingenuity in
the application of manual power or of machinery. I therefore purpose, in the first place, to
describe those peculiarities, and then to explain by what sort of process the communications
between the shaft and the coalfield, so severed, may be restored and maintained.
Hitches are minor dislocations, whereby one portion of the coal bed is elevated a few feet
above the plane of the other. They are only termed hitches when the throw is less than the
thickness of the seam. The interruption is overcome by cutting away the roof or floor into an
easy inclined plane.
Baulks are excrescences of the roof or floor, by which the seam is partially thinned.
Nips signify that the roof and floor approach each other, thereby diminishing the natural
thickness of the coal. Sometimes a six-feet seam will be thus temporarily nipped into one of a
few inches.
Slip Dyes. The slip dyke is but the hitch in magnitude. It is the vein or fissure which has
been occasioned by the violent separation of the strata, whereby one side is depressed and the
other elevated, as illustrated by the accompanying

diagram. For instance, the main dyke, which traverses the coal district north-west of Newcastleon-Tyne, is known to be coincident with the depression of the coal upon the north side. to the
extent of more than 180 fathoms.
The character of these dykes differs considerably; but where the coal strata are flat, these
intersections are pretty perpendicular, always sloping towards the dip side, and vice versa. In
the deep mines, those faults are generally as sloping as the coal, although in a different
direction; so that, in mining up to a fault, the viewer is guided by their appearance as to whether
the coal be thrown up or down, but to what extent he cannot judge till he has mined through.
The vize or vein of the fault is generally filled with ground strata, water, fire clay, or calcareous
spar, and is often the receptacle of fire-damp; and it is in those fissures that galena and other
minerals are found.
Whin Dykes are basaltic formations, intersecting coal districts for several miles; such, for
instance, as the Cockfield dyke in the county of Durham, or the Whorlton dyke in the county of
Northumberland. These dykes are formed of solid basalt, ten to twenty yards in thickness, of
unascertained depth, and, from the perpendicular formation of their sides, leave no room to
doubt that the strata had, at one period, been entirely severed, and the space filled up with
burning lava. As a proof, the seams of coal which they have intersected are cindered on each
side to a considerable distance; and as they have been frequently worked through, their
construction and character are exactly ascertained.
The following is an extract from a notice of the Cockfield green-stone dyke, which was
communicated to the Newcastle Natural History Society, by the late Mr. Witham, of
Lartington:“The dyke is traceable for a distance of seventy miles, running in a direction south-east.

Under the common, several seams of coal have been worked. Within fifty yards of the
dyke, the coal begins to change. It first loses the calcareous spar which occurs in the
joints and faces, and also loses its quality for burning. As it comes nearer, it assumes the
appearance of half-burnt cinder; and, approaching still nearer the volcanic mass, it grows
less and less in thickness, becoming a pretty hard cinder, and only two-and-a-half feet
thick; eight yards further, it is converted into real cinder, and more immediately in contact
with the basalt. It becomes, by degrees, a black substance called swad, resembling soot
caked together; the seam of coal being reduced to nine inches in depth. There is a large
portion of pyrites lodged in the roof of that part of the seam which has been reduced to
cinder. On each side of the dyke, between it and the regular strata, there is a thin gut or
core of clay, about six inches thick, which turns the rain water on the rise side, and forces
it to the surface, numerous springs as it traverses the country.”
The coal deteriorated by the greenstone dyke is as follows:Bad, short coal, half reduced to cinder
Cinder
Sooty substance
Total

25 yards.
16 ,
10 ,,
51 ,

If a similar effect has taken place on the rise side, of which there is little doubt, it will
make altogether upwards of one hundred yards of coal rendered unfit for commerce. The dyke
itself, at this point, is eighteen yards in thickness. Waterworn stones have occasionally been
found embedded in the solid coal in the main seam.
Mr. Francis Forster, in 1830, published an investigation of the nature of the several
specimens of coal, &c., from this dyke, of which the following are extracts:The basalt is light grey, fine-grained, and compact, interspersed with crystals of felspar; specific
gravity, 2.672; loses eight per cent. in a strong air furnace heat, and becomes fused into a brown
glass. The coke or carbonised coal, mixed up with the basalt, is extremely hard, fracture uneven,
grey, mixed with irregular streaks of carbonate of lime and sulphuret of iron; specific gravity,
1.957, that of the coal which it represents being 1.27. The coke, when reduced to powder, and
calcined in a strong red heat, leaves 23 per cent. of heavy incombustible powder, of a reddish
colour.
The course of the Whoriton, or Coaly Hill dyke, near Newcastle, is traceable from the
former place, to the eastward, through the collieries of Kenton, Spital Tongues, Shield Field,
Byker, St. Anthony’s, Walker, South Hebburn, and thence, past Brockley Whins, to the seacoast; being worked at the surface for road-stones in various places.
In these collieries, it has been frequently passed through horizontally; and the following
section was ascertained in one of the passages at St. Anthony’s, where the high main seam lay
at the depth of 60 fathoms from the surface:-

FROM SOUTH TO NORTH
Cinder coal
Sandstone
Whin
Blue stone. mixed with sandstone
Sandstone
Blue stone, mixed with sandstone
Whin
Cinder coal
Total

Feet.
114
0
9
6
3
4
7
114
261

in.
0
6
8
8
8
9
9
0
0

[The coal was very little thrown at this passage and the cindered coal was so charred as to be rendered
incombustible under ordinary heat.]

Whin dykes of lesser importance traverse the coal fields of Acklington, Cramlington, and
Hartley, in the county of Northumberland; their general line of direction being about N. 55 deg.
W.
Water. - Generally speaking, coal beds, found at material depths from the surface, do not

give out water to any amount. The structure of some coal seams is close and impervious to
water, however great the pressure; whereas others, such as splint coals and parrott coals, are
laminated, so that they will pass water for hundreds of yards. These coals, therefore, are
difficult to mine towards the dip; whilst the close coals in the county of Durham and elsewhere
do not produce any water at even the greatest depths. I have elsewhere observed upon the
remark-able fact, that considerably more salt than is contained in sea-water, is sometimes found
in springs at various depths, although no trace of salt rock has ever been discovered in their
vicinity.
The salt spring at Birtley, county of Durham, which has continued with little or no change
for a great number of years, comes from the fissure of a fault, bears a high temperature, and
contains nearly three times as much salt as sea-water does.
Pyrites (sulphate of iron) is found embedded in the coal. It is separated in the working,
and sold to the makers of coppears.
Iron-stone is found embedded in the shales, accompanying the coal, and in the bands
which separate one portion of the coal from the other. In ordinary cases, it does not exceed a
few inches in thickness; and the stratification is, in general, very irregular. The specific gravity
of the ordinary clay ironstone is 3.54, yielding from 25 to 30 per cent. of iron.
The strata below the thick coal of Staffordshire, Worcestershire, and Shropshire, contain
several seams of valuable iron-stone, averaging from four to six hundredweight per square yard,
and yielding from 40 to 60 per cent. of iron. The gubbin stone lies in irregular masses of from
15 to 25 inches in thickness, and is of most productive quality. The following layers are in
course of working in different parts of the district, viz.:Between the great seam and the heathen coal - Gubbin stone and lamb stone.
Below the heathen coal - Brown Stone end new mine stone.
Between the fire-clay coal and the green rock - White stone. Below the bottom coal Gubbin stone, blue flatts, silver thread, and diamond stone.
The four latter seams, being embedded amidst the lowest of the ascertained coal strata,
have not been generally worked, but are found to be signally valuable in the neighbourhood of
Walsall.
The black band of Scotland also deserves to be specially noticed. It varies from 10 to 20
inches in thickness, and differs little in appearance from the black and brown shales contigueus
to the coal. For many years, it escaped observation as containing iron; and although its riches
were discovered, and occasioned the erection of the iron-works in the neighbourhood of Airdrie,
that district was, for a considerable period, understood to contain the only bed of that
description in the country. But since the rage for iron-making became so intense, search has
been made in many parts, and that search has been rewarded by the discovery of various beds in
Fifeshire and the Lothians. The neighbourhood of Kilwinning, Kilmarnock, and Dairy, in
Ayrshire, have presented abundant supplies, which have induced the erection of extensive ironworks, enjoying the advantage of large fields of cheap working coal.
[Then works are situated at Glengarnock, Eglinton. Blair, Portland, Dalmellington, Lugar, and Muirkirk.]

A great advantage is possessed by this black band iron-stone in its ready calcination,
which takes place in large heaps, intermixed with waste coal, and the produce exhibiting scoriæ
of 60 per cent. of iron, which scoriæ is also much more easily fluxed than the raw iron-stone of
other districts.
Extensive iron works have, of late years, been established upon the coal and iron-stone in
the very lowest series of the Newcastle coal field, at Redeadale and Hareshaw Common, in
Northunberland, where numerous irregular beds of iron-stone are found, possessing excellent
quality; but the space which intervenes between them, the thinness of the only coal seam, and the
distance of the manufactured article from the market, have rendered the proprietors unable to
compete with the works of Staffordshire and Scotland.
The most improved and extensive of all the English works in this neighbourhood are
those of Shotley Bridge and Consett, where numerous blast furnaces, with the most powerful
rolling apparatuses in the kingdom, have been established. The same range of iron-stone has
occasioned the erection of extensive furnaces in the western parts of the county of Durham, near
Wolsingham; but the supply of coal is drawn from the abundant coal fields to the north of the
river Wear, above Auckland, where the cheapness and quality of the coal, for coking and ironmaking, counterbalance the distance and expensive carriage to the several markets.
Extensive ranges of iron-stone have been recently discovered to the south of the river
Tees, in Yorkshire, towards the sea coast. They are now undergoing development, and promise
to furnish one of the most abundant supplies in existence.

Fossils, in great variety, are found in the bands, as also in roofs and floors of coal mines.
The ‘Fossil Flora’ of Hutton contains numerous specimens, which exhibit, in a striking manner,
the extraordinary changes that have taken place in this terrestrial globe; as a great number of
those specimens, both of animals and plants, appertain to those of tropical climates.
The culm beds of Ireland are thin seams of coal, in a disjointed and coagulated state,
having no consistency, but seeming to have been loosely deposited in the earth. Their quality is
anthracite.
Bands of shale or sandstone are common occurrences in the seams of coal. In one
locality, the seam may be perfect; whereas, at a short distance, it may become subdivided by
bands, which, from being scarcely perceptible, gradually thicken till they render the seam
unworkable. The Heworth band, in the neighbourhood of Newcastle, is a striking example.
Indeed, it is owing to this ever varying formation of the strata, and the designations appended to
the seams of coal in each locality, that it is so difficult to trace and identify one coal field with
another, although continuous.
Washes, or gravel beds, are frequently discovered many fathoms below the surface of the
earth, bearing the appearance of having once constituted the beds of lakes or rivulets, one of
which is generally found contiguous. The most remarkable instance that I know of is in the
county of Durham. It is very well ascertained to exist at Newton, contiguous to the river Wear,
and is traceable through the colliery at Harbour House, where, at the depth of 24 fathoms from
the surface, and 16 fathoms beneath the bed of the Wear, it completely intersects the Hutton
seam. It consists of gravelly sand, saturated in Water. From Harbour House, it extends
towards Chester-leStreet, and thence down the valley of Birtley, where it interferes with the main
coal seam at the depth of about 30 fathoms. Its course continues down the Ravensworth vale,
and under the town of Newcastle, till its appearance is very clearly seen in the contiguous
colliery of St. Lawrence, at the depth of 20 fathoms, and which was made the subject of a paper
read by the anther of this work, at a meeting of the Natural History Society of Newcastle, on
November 30, 1834. The circumstances tend to show that a subterranean lake and river at one
period existed, extending from the neighbourhood of Durham to the lower part of Newcastle, as
proved by the sand and gravel met with in modern mining.
The edge seams of Mid Lothian, consisting of 24 workable seams, amounting to 94 feet
in thickness, constitute so very remarkable a group of coal beds, that I was induced to draw up a
paper on the subject, which was read at a meeting of the above society in August, 1830, and
from which the following' particulars are extracted.
These seams are seen to crop out along the shore of the Firth of Forth, in the
neighbourhood of Portobello; the streak or water level course bearing 5.20 deg. W., with N.W:
rise and S.E. dip. Originally, coal levels extended from this quarter into the country, and won
successively, to the level of the sea, the estates of Duddingstone, Brunstane, Niddrie,
Edmonstone, Drum, Gilmerton, Somerside, Sheriff Hall, &c., forming, at that period, the chief
supply for the city of Edinburgh; but the upper levels having been extensively worked, the
expense of winning and working the lower coals, and the opening out of flat coal fields by
means of public railways, have entirely abolished the working of the edge coals, notwithstanding
the excellence of their quality, and their close vicinity to so fine a place of sale.
These seams, at their outcrop near Edmonstone, are almost perpendicular; the lower seams
gradually radiating till the north green, or lowest seam, is worked at an angle of 30 deg.
Towards the valley of the Esk, in the collieries of Edmonstone and Sheriff Hall, we observe a
succession of seams lying nearly flat; and upon the south side of the river, these edge seams are
identified in the collieries of the Duke of Buccleugh and the Marquis of Lothian, having a
counter-rise towards the south. The outcropping of the edge seams, according to the undulation
of the surface, occupies a space from south-east to north-west of 1000 or 1,500 yards.
Underneath the north green seam, at the depth of about 40 fathoms, ranges a bed of
encrinal or carboniferous limestone, about 30 feet in thickness, and which is extensively worked
in the Gimerton estate, by pillar and stall, at the depth of 30 fathoms from the surface. It lies at
an angle parallel with the north green seam. The winning at Gilmerton, in 1829, to the seam just
named, was the deepest which was ever sunk upon the edge coals, being 96 fathoms to a stone
drift, which cuts the coal at 80 yards. The neat thickness of the coal was from 5 to 6 feet, and
lying at an angle of ab9ut 40 deg. with the horizon Until the passing of Lord Ashley’s act the
bearing system was the usual method of bringing up the coals. Towards the latter days of
Gilmerton colliery, however, in 1836, tramways were introduced, which, by cutting diagonally
down the seam, enabled horses and putters, in a great measure, to supplant the bearing system.
As a proof of the force of custom in mining affairs, it may be mentioned that the flat
collieries, in the valley, were at. one period, wrought by bearers. The necessary number at
Edmonstone, for raising 30,000 tons per annum, always exceeded 130; and, notwithstanding the

obvious contrast between so rude a system and that of railways, many years elapsed before the
owners of these collieries were converted to the policy of substituting the latter. When Lord
Ashley’s commissioners visited the mining districts of Scotland, they found great numbers of
poor women dragging on their existence in this degrading employment; and, in many collieries,
the coals were borne up the shafts, by means of circular stairs, upon the backs of these women.
Thanks to his lordship’s exertions, however, there is scarcely a trace left of this rude and
demoralising custom.
Before quitting this part of the subject, it may be interesting to give a synopsis of the
seams in the Newcastle district, by way of showing the manner in which the succession of
seams in the coal field appear and disappear, acquiring, in each portion of the district, different
names, applicable to the altered circumstances under which they are found.

SYNOPSIS OF THE NEWCASTLE COAL FIELD.
The influence of bands in the coal, as well as the continual already noticed. These, with
the local names attached to the thickening and thinning of the carboniferous strata, have been
seams, tend to confuse enquiry as to the identity of coal fields, although they may be known to
be continuous.
The late Mr. Buddle, in the year 1830, presented to the Natural History Society, of
Newcastle-upon-Tyne, a paper upon this subject, the object of which was to classify the various
seams worked in different parts of the district, many of them appearing under changed names
and altered circumstances. In the course of that paper, Mr. B. remarked, that “almost all the
seams of coal deteriorate in quality, as well as are more subject to pyrites, whenever sandstone
happens to form the immediate roof;” consequently, that the best coals have a roof of shale.
The Newcastle coal field is divided into two large districts, called the Tyne and Wear; and the
following table represents various seams of coal, which are ascertained in each portion of the
coal field and are identified with the seams as they are ascertained in other parts.

The reader will observe, that column No.1 represents the eastern or dip portion of the
Tyne district, in which the lowest seams have not yet been explored.

No.2 - the centre of the Wear district the seams being in several instances split, others
have thinned out, and but a few preserve their identification, although under different names.
No3 column, may be said to lie to the full; rise of No.2, very few of the seams retaining

their former names.
No4 column, represents the strata west of Newcastle, and to the exact rise of No.1,
although upon the dip side of the great downcast dyke - all the other sections being through
strata upon the rise side; but the whole district is, in common with other coal fields, intersected
by numerous minor dykes, of less importance. It is worthy of remark, that the quality of each
seam of coal is found to vary exceedingly, as between one district and another. For instance, the
Tyne Low Main, which (in No.1) is but a very second-rate coal, is found in No.3 to be the most
valuable coal in the district, notwithstanding the magnesian limestone occupies a great portion of
the superior strata.
A very remarkable formation accompanies the Hurlet coal, the lowest of all the series of
the Glasgow coal-field, viz.:Blue limestone
Alum schist from 6 inches to
Hurlet coal seam

Ft.
4
3
5

in.
0
0
9

The alum shale is extensively manufactured in the district; and the limestone is also drawn
up, and calcined for general male. This alum ore, after undergoing chemical process, has been
found to contain 75 per cent. of alum.
At King’s pit, and Tanhill, upon Stainmoor, in Yorkshire, a seam of coal, from four to five
feet thick, is extensively worked, and the position of which is interesting in a geological point of
view, as will appear from the following summary account of the strata, from thence down the
country to the valley of the Swale, viz.:-

[*This is assumed to he the same stratification which supplies the iron-smelting establishments of Redesdale
and Hareshaw, in the county of Northumberland.]

Near Brough, in Westmoreland, a sixteen inch seam of coal is ascertained to extend over a
considerable district, being situated between the four fathom limestone and that beneath. It has
a plate roof of considerable thickness, extending to within four or five feet of the limestone.
The coal-field of South Wales, though of great capabilities, and rising in importance for
continental supply, does not present any distinctive feature interesting to the general reader.
____________________

SECTION V.
VARIOUS MODES OF LETTING COLLIERIES.
The principle upon which rent is reserved by the proprietor, in the leasing of collieries, is
governed, in different districts, by ancient custom, or by some peculiar circumstance; but the
basis is founded upon the probable profit to arise from the fair and proper working, and the
extraction of the greatest quantity of coal possible from the mines. In many cases, customs
were established under circumstances subsequently altered; but, as I before observed, all are
more or less intended to bear upon an efficient working of the mine, and the disposal of the
produce. Hence the now universal custom of reserving the rent upon one or other of the
following principles, viz.:-

1. Rent upon tonnage.
2. Rent upon the amount of sales.
3. Rent by the acre of coal, one foot thick, and so in proportion.
4. Rent certain - viz., a certain sum per annum, independent of the quantities of coal that
may be raised from the property. This principle of letting, however, is now nearly obsolete.
I. THE RENT UPON TONNAGE
Is prevalent over the north of England and other parts in which the amount value of the
coal is variable; one price being allotted to the round coal, and a proportionate rent to that of
small, passed through a skreen of certain defined dimensions. It is a necessary principle in the
Newcastle collieries, because in the vending of the coals, whether to manufacturers or to the sea,
freightage and railway dues attach to the transit; and if the coal owner consigns to a broker, the
actual returns of sales of these coals can only be procured after the lapse of considerable time,
and under such devious and complicated accounts, that it would ill suit the landlord to
embarrass himself with the investigations necessary to adapt the rents to a percentage of the
amount of sales. Hence the general custom of levying the rents per ton respectively of round
coal and of small coal. These rates, of course, differ according to the relative advantages of
locality, the value of the coal, cost of working, &c.; but they may be stated in the north of
England at for round coal 6d. to 12d., and for small coal 2d. to 4d. per ton ; and in Scotland and
elsewhere, from one-twelfth to one fourth of the value sold. At the same time, a certain annual
rent floats over the property, payable on account, until the periodical settlement of the quantities
be made.
In the provision for rent, there is always sufficient time allowed to win and open the
colliery, before the commencement of the payments. I will here enumerate the general clauses
inserted in colliery leases.
1. Terms of years determinable on the part of the tenant at any or at certain periods of the
lease, by giving twelve months’ notice in writing; or, in case of the exhaustion of the coal, or the
mine becoming unworkable to profit.
2.
Certain rent, payable half yearly, without regard to the working of coals, or at the option of
the landlord; so much per ton for round coal, and so much for small passed through a skreen of
certain dimensions; or so much for coals just as they are brought from the mine, but sold, the
colliery consumption being thereby allowed rent-free.
3. Tenants to be liable to all surface damages (generally double the annual rent), and at the
expiration of the term to restore or pay for such damaged land, according to the arbitration of
disinterested persons.
4. Power to make up shorts for rent prepaid, that is, by working up quantities of coals, at
the agreed rate per ton, such privilege to remain either for certain periods or during the whole
term.
5. Lessee to leave certain defined barriers of coal against adjoining properties.
6. Power of working other properties by outstroke underground, paying for the same
according to circumstances, for one or more of the privileges, as follows:-

Per breaking the barrier - or underground wayleave
For shaft rent, drawing up the shaft
For wayleave rent over the surface

Per Ten of 48 Tons.
2s. to 3s.
2s. to 3s.
2s. to 3s.

7. Landlord reserves all power and privilege of examining the mine or the books,
measuring the waggons or tubs, &c. with power to levy for over measure.
8. All buildings of brick or stone to be left to the landlord at the end of the lease.
9. Landlord to have power to purchase any part of the stock by giving months’ notice
previous to the determination of the lease.
10. Lessee covenants to work fairly and orderly, according
-to the most approved principles of mining, or to some specific contract; otherwise, in case of
misconduct, to be liable to damages, with power for the landlord to re-enter the lease. The same
applies to unpaid rents.
11. Lessee allowed to dig clay, quarry stones, &c., for the purposes of the colliery, rentfree.

12. Lessee bound to leave the colliery in a fair tenantable condition, with proper passages
to the whole coal, &c.; other-wise liable to damages.
13. General clause for reference, in case of dispute upon any subject arising out of the
lease.
II LEASES UPON THE AMOUNT VALUE SOLD.
Throughout Scotland and many other coal districts, it is customary to levy, for rent, a
proportion of the amount value of coals sold; and this rent varies from 1-5th to 1-15th,
according to the value of the coal and the cost of producing it. In some cases, a colliery is re-let
which is already won and in course of working: whereas another is let to win at great risk, and
demanding much capital. This description of rent, therefore, is payable upon the value of the
coal at the pit top; so that the expense of delivering it at the depot, or place of shipment, is
deducted from the value at such distant point before estimating the rent.
This is a very fair principle of proportioning rent; but where the coals are conveyed to
distant markets by the proprietor, and the sale is devious, it becomes difficult, as before
observed, to apportion the value.
III. LEASES FEE THE ACRE.
Throughout Lancashire and the neighbouring counties, it is common to let or sell coal by
the Cheshire acre, which consists of 10,240 square yards; the statute acre being 4,840. The
lessees are also bound to a certain rent, equivalent to so many acres per annum, at the agreed
price per acre. In this case, the tenant is left to work the colliery to the best advantage, in regard
to getting out all the coal possible, inasmuch as it is assumed to be paid for as totally worked.
The price per acre differs according to the ever-varying circumstances of collieries; but, in order
to apply the principle to every variety of seam, it is levied at so much per foot thick per acre, the
said footage ranging from £40 to £140 per acre; and in order to arrive at the proper quantity
worked each half-year, the average thickness of the seam is taken, and the quantities computed
accordingly each year’s measurement being differently coloured upon the plan, and the
workings balanced and accounted for, along with the certain rents payable on account
However equitable in principle this mode may be, it leaves too much of calculus in the
office of surveyor; for many parts of the mine may become inaccessible between one period of
measurement and another, and may also be irregular in thickness, on account of bad coal, bands,
or other frequent causes. By force of custom, however, the different seams, in neighbourhoods
where they are known, assume a sort of current value, which becomes sufficiently satisfactory.
This mode of estimating the rent is in favour of the lessee whose knowledge, experience,
and capital induce him to carry on the most improved system of working, whereby either a
larger gross quantity of coal than ordinary may be produced from the mine, or a greater
proportion of large coal yielded; the rates of rent having been founded upon the average
produce, or the general practice in the district.
The available produce of ordinary mining may be stated at three-fourths of the gross
contents; and of those three-fourths, a certain proportion consists of small coal, over and above
that which is left underground. If therefore, by an improved mode of working, these available
proportions are amended, it amounts to a reduction of the ordinary rent.
A Cheshire acre of coal, one foot thick. may be said to contain.
Suppose to he left underground, in pillars and small coals
Available
Suppose small at surface and colliery consumption
Produce of large coal, per foot thick. per Cheshire acre

3000 tons.
800
2200
600
1600

IV. LEASES FOR CERTAIN RENT ONLY
Were common in former times, in cases of grants from the crown, or of manors where the
existence of coal was uncertain or problematical, or in properties so small or so isolated as t~ be
incapable of ordinary rule. The want of the clause for tonnage has been known to invalidate
colliery leases in the Court of Chancery.

SECTION VI.
BORING.
HAVING, in another portion of this work, placed before the reader a general idea of the
disposition of coal fields, and shown that many extensive mines of coal are so embedded in
alluvial matter that no correct judgement of their existence can be formed from Visible outcrop,
it will be seen that it becomes advisable to ascertain the depth, nature, and thickness of the seams
by boring; for, without this preliminary process, neither the engine power, nor other
expenditures which may be necessary to attain the desired object, can be estimated. Various
new methods have been suggested, from time to time, in this important branch of mine
engineering; but I am not aware of any material improvements that have been effected, superior
to the system which has been pursued from time immemorial, viz. by the common cutting chisel
and wimble.
It is unnecessary, in this place, to give a detailed schedule of implements used in boring,
as they are familiar to all persons interested in mines. I shall content myself; therefore, with a
concise description of the operation.
Simple boring consists in raising the rods, armed with a chisel, a few inches, and then
letting them fall by their own weight, at the same time turning them gradually round at every
stroke; the object being to cut away the strata piece by piece. The process is greatly aided by
keeping the hole well moistened with water, if there be not a natural supply. The rods are, from
time to time, drawn up, and unscrewed into convenient lengths; the blunted chisel is replaced by
the wimble, for bringing up the cut strata; and so on alternately. When the hole becomes deep,
and the rods too heavy to be conveniently lifted by manual labour, a brake or lever is employed,
whilst a labourer keeps continually turning them round. A jack-roll (windlass), horse-gin, or
steam-engine is frequently employed for more readily raising and lowering the rods, which, in
deep borings, becomes both laborious and critical, as exemplified by the undermentioned scale
of prices established by the borers of the present day:1st 5 fathoms
2nd
do
3rd
do
4th
do

6s. per fathom.
12s.
do.
18s.
do.
24s.

5th 5 fathoms
6th
do
7th
do

3Os. per fathom.
36s.
do.
42s.
do.

And so on. Extra charges are made for conveying the rods, fixing the apparatus, or
boring through whin or other extraordinary hard metals.
and thickness of the strata bored through, and can form a very correct opinion as to the
probable amount of the feeders of water met with in the process. This is justly considered a
very onerous and important duty, inasmuch as a false or ignorant account of strata may lead to
ruinous expenditure and irretrievable disappointment; a result which has not unfrequently
occurred.
Patents for presumed improvements in boring have been successively taken out by Mr.
Ryan, Mr. Taylor of Furnival’s Inn and other ingenious persons; but the common principle has
never been practically superseded.
Borings have been frequently executed in the north of England to the depth of 130
fathoms; but where that is intended to be the case, a shaft is generally sunk to an indefinite
number of fathoms, in order to expedite the work by unscrewing the rods in greater lengths; or,
where the bottom of a coal shaft can be made available, the proving of the lower strata is thereby
greatly facilitated.
It frequently becomes necessary, in mining, to bore holes upwards, which, for short
distances, is effected with great facility by means of the brake or lever, inasmuch as the hole
clears itself without the intervention of the wimble.
It often happens that both the hole and the rods are lost by the unscrewing of the joints, or
from the rods becoming fastened by the falling in of loose stones, or by projections of the
rugged strata at troubles, &c.; to avoid which, in deep borings, the most consummate care and
experience are required.
In prosecuting borings through alluvial substances or soft strata, it is proper to secure the
bore-holes by means of pipes of wood or iron, the hole being enlarged accordingly; and as the
power of driving down the pipes is limited, recourse is had to the insertion of one length within

the other, upon the principle of a telescope.
So important is the process of boring, and so changeable and uncertain is the disposition
of coal fields, that prudent persons do not satisfy themselves with one boring; but by executing
a succession of borings to some well-ascertained seam, a fair opinion may be formed of the
direction and amount of the dip and rise, as also the nature of the roof of the coal. At the same
time, the intervention of slip dykes often renders such precautions nugatory, and misleads the
speculator in regard to the disposition of the beds of coal. It is, therefore, only common
prudence to bore a succession of holes to some upper seam, as it may be safely inferred that the
principal seams lie parallel to it, whatever their relative depths may be.
Boring is frequently resorted to in workings in which a waste, w, (see diag.)
is suspected, and the boundaries of which are unascertained. These borings
are necessarily horizontal; and, as they might perchance be approaching a
part of the workings of irregular shape, a pair of drifts, a, are driven in
advance of the main workings. In the leading drift, a direct hole, is kept
continually six or eight yards in advance; and flank holes, cc, are bored
upon each side to a similar length; such holes being resumed at every five or
six yards. As the consort drift, e, is kept a few yards behind the leading
drift, certain of the holes may be safely dispensed with.
As soon as a perforation into the waste occurs, the hole ought to be
carefully plugged with wood; a new position, and should be taken up 20 or
30 yards back; and new boring drifts, at right angles to the right and left, should be executed,
until the position of the waste be completely ascertained, and within which lines all the interior
workings may be considered safe.
Notwithstanding these precautions, however, whether from casual neglect or unforeseen
accident, inundations have frequently taken place. Such, indeed, was the ease at Heaton colliery,
near Newcastle-upon-Tyne, in 1815; for although the general position of the drowned waste had
been well defined along a face of many hundred yards, yet, in an unhappy moment, a failure
took place in exploring through a fault, and the water rushed in, to the destruction of nearly a
hundred men and boys, who were entombed alive in the upper parts of the mine, without the
remotest chance of escape; and there their bodies remained for many months afterwards.
The neglect of boring, where wastes were suspected to exist, has often led to most
disastrous results; for although, in many cases, both the coal and the superior strata are so open
that they indicate the vicinity of a drowned waste, long before the workings are brought in
contact with it, yet it is frequently the reverse, in consequence of both the coal and the stone
being so completely water-tight that they exhibit no symptom of water till the communication
actually takes place. In collieries, therefore, lying to the dip of drowned wastes of uncertain
form and extent, cautious system of boring is most necessary; for when once the position of the
waste is ascertained, the water can be gradually let off to the pumping engines till exhausted;
and then the coal, which had previously been left as a barrier of safety, can be worked away at
pleasure.

SECTION VII.
SINKING
THE results of the borings having satisfied the adventurer that a sinking is advisable, the
question is raised as to which of all the various plans ought to be pursued; and its decision
ought to be governed entirely by the combined circumstances of the cage. Should the coal lie at
an easy depth from the surface, attended with little water, and to which shafts may be sunk at a
moderate expense, the position of the pit is not very material, because the distance to which the
workings may extend will be limited; and it is advisable that the pits should be in pairs that is,
without the brattice which is so customary for each pit in the deep collieries. Seven or eight feet,
therefore, is an ample diameter, except a portion be required for a column of pumps; in which
case, the engine shaft would require to be a foot extra in size.
[In Scotland and other district, where the tubbing back of water it not practised, oblong shaft are very general,
being 4.5 or 5 feet wide, and a convenient length, with brattice down the centre but these shafts, are unfitted for
contending with difficulties.]

Practical persons attach great importance to the procuring (if possible) an offtake of a few
fathoms, by executing a drift from a lower surface level to the engine pit, wherein to deliver the
water of the colliery.
It is in deep collieries, where the shafts require the expensive process of tubbing, and
which, from the quantity of water with in. sinking, are necessarily very costly, that human
ingenuity has been excited to construct one large shaft to answer the purpose of two or three
coal-drawing shafts, as well as for the engine pumps; and this is accomplished by means of
wooden partitions, either formed of buntons clad with deals, OF with three-inch planks placed
edgeways upon each other.
The subjoined diagrams show the various systems upon which some of the deep collieries
in the Newcastle district have been established, and which systems many of them retain to the
present day, notwithstanding the objections urged against their efficiency in point of ventilation,
and the great drawback that attends them with regard to wear and tear.

Since the introduction of cages and spears instead of baskets, however, this part of the objection
is much obviated. To allow one of these shafts to be so divided, it was necessarily constructed
14 or 15 feet in diameter; but the day is now past for a repetition of this practice. All the recent
winnings have been made to consist of two or more shafts. Indeed, the space contained in the
shafts of some of the old collieries is admitted to be insufficient for passing the quantum of
atmospheric air necessary for duly ventilating such extensive areas, and ensuring the safety of
the people employed in the mine.
In order to illustrate the sinking department upon a general scale, and also that the most
approved method of accomplishing that object in the north of England may be fully appreciated,
I will assume the depth of an intended winning to be 100 fathoms, with a pair of shafts each 10
or 12 feet in diameter, prepared for pumping apparatus, and requiring walling and tubbing, with
all the appendages necessary for efficiently sinking through heavy feeders of water.
For reasons stated in the preceding section, I refrain from describing the various hacking,
wedging, and blasting apparatus, used together with gins, crabs, &c. as being sufficiently known
to practical persons.
The passage through the soil, clay, or other alluvial matter, before reaching the rock, is
generally performed at first in a temporary manner, and afterwards succeeded by stone walling
or tubbing. It may, however, be necessary to glance here at the preparatory measures for
carrying out such an undertaking as the completion of a shaft of 100 fathoms deep under
contemplated difficulties; for, as they will eventually be wanted, it is wise and prudent to be
provided beforehand for all contingencies.

First, there must be, in addition to the implements to be handed by the
sinkers, wrights’ and smiths’ shops, cottage houses, office, crabs, shearlegs, a winding and pumping engine, ponds, fire-amps, sinker’s lodge,
heap-stead, and other accommodations suitable to the peculiar
circumstances. As the walling, before mentioned, will require considerable
space, the first excavation of the shaft requires to be made two feet wider
than it is intended to be when finished; and, in the first part of the process,
the alluvial deposit is secured by wooden circular curbs, a, (see diagram,) at
every 3 or 4 feet; the said curbs being 4 or 5 inches square; and behind
these curbs are built deals, b, of suitable thickness, nearly close together,
which process is followed up as fast as the shaft is excavated, until it
reaches the rock head. The shaft being now reduced to its finished size, a
circular walling is made to substitute the curb timbering, till it reaches a
convenient height above the ground, the timber being removed as the
walling goes on.
The sinking to the stone head is not always accomplished without
difficulty; for quicksands are but too common, and, when of considerable depth, require great
skill, command of engine power, and abundant capital; as no expense should be spared whilst
the operation of passing through a quicksand is in progress.
The usual and most effective mode of securing a shaft through a quicksand abounding
with water is by piling, viz.:
by providing a series of long planks, armed at the ends with iron, and driven down side by side
round the shaft. These planks are supported by inside curbs, followed up by successive tiers of
less diameter, supported also by curbs, until the solid ground be reached; the excavation of the
shaft and the drawing of the water and sand proceeding quickly or slowly, at the discretion of
the managers. Such was the system employed at the late deep winning of Dawdon, near
Sunderland. In some cases, cast iron segments are bolted together, and sunk by an excess of
pressure. This was done at the sinking of the first pit at Hetton colliery, near Houghton-leSpring. On meeting with the sand, the sinkers endeavoured to draw it off by engine-power, but
were obliged to desist, as the ground for a considerable distance around sunk in. The sinking
of the shaft, however, was ultimately accomplished by means of cylinders of cast iron, although
at enormous expense.
When the shaft, secured as above described, has reached the depth of 10 or 12 fathoms, it
becomes necessary to prepare for ventilation by a brattice, either temporary or permanent. In
some districts, this is accomplished by means of air-pipes or boxes, having at the top an air
funnel with expanded mouth, which is turned round to a suitable position for receiving the wind;
but this method is so very ineffective that it is never practised in the north of England. By the
brattice a spacious air-course is commanded, which does not fail to carry off both carbonic acid
and inflammable gases, as well as powder smoke, which would otherwise annoy the sinkers ;
for, in passing the chinks of rocks, as well as small scams of coal, blowers of inflammable gas
are frequently met with, as well as discharges of choke damp.
If the ordinary brattice does not produce an adequate ventilation, it is rendered effective by
building a spacious chimney, containing a furnace contiguous to the pit, and communicating by
a drift with one side of the brattice; that part of the shaft being closed at the top. This
arrangement maintains the ventilation ample and regular. The brattice, as before remarked, is
either constructed with buntons across the shaft, sheathed with deals, or formed of planks
placed one above the other, their joints being rendered air-tight by slivers of wood or iron let
into a groove in each corresponding plank.

The above diagram represents the shaft temporarily arranged for sinking, with deals, gin,
and shaft frame, sliding deals, e, brattice, c; the back part of the shaft, b, being covered up at f, so
as to form an air current to the ventilating lamp and chimney.
The following diagram shows the application of the ventilating tubes, both for obtaining
fresh air, as at a, or for sheltering the discharge of the upcast air, as at b; the tops of the said
tubes being so constructed as to revolve by the action of the wind. The darts, d, show the course
of the air current.

When the sinking begins to penetrate the rock, more or less water may be expected, which
must either be drawn permanently to the surface by means of engine power, or be shut off by
tubbing.
Surface feeders are such as have a direct communication with the surface of the earth, and
are therefore influenced by wet and dry weather, and all the varieties of the seasons.
Partial feeders are such as gradually decrease after being opened, and in time become
entirely exhausted.
Permanent feeders continue for many years with but little diminution, finding their way
through the interstices of the strata for considerable distances; and when stopped back, it must
be accomplished with such height of tub, and strength of material, as shall withstand the
pressure at the highest level from which these waters derive their supply.
In the establishment of a deep winning, wherein the quantity of water to be met with
cannot possibly be anticipated, it becomes imperative to stop back every important feeder, rather
than allow it to fall to lower depths. Upon such a feeder being met with, therefore, measures
ought to be taken to shut it back by means of tubbing, either of stone, wood, or iron.
Stone tubbing is merely common walling; but the foundation is made water-tight by
means of grooves cut in the stone, as also by the space behind being filled up with cement,
which, when carefully executed, will answer a very good purpose for light pressures; but the
success of this operation is of too precarious a nature to meet with general acceptation for
important works. Wood or iron, therefore, is generally preferred. In all cases, it is desirable
that the foundation of the tub should rest upon a water-tight stratum, except (as frequently
happens) when one tub is merely inserted pro temp., for the better command of the water, with
the design of adding other joining tubs underneath, as the pit progresses. It is not at all

uncommon to find a shaft constructed of eight or ten tubs, successively under built as the shaft
progresses, and at length forming one continuous tub of curbs and segments.
Before proceeding further, it will be necessary to explain the nature and construction of
the several descriptions of tubbing, successively used in the deepest and most difficult sinkings
in the north of England.
Plank tubbing was used in the sinking of Hebburn and other deep collieries about the
year 1790. It was constructed as follows:- The shaft was first widened for the length of the
intended tub, if not already anticipated in the sinking. The rock upon which the two foundation
wedging curbs were intended to rest, and upon which the tub was to be built, was first levelled
and smoothened with great care; its surface being also covered with flannel, white lead, or some
other yielding substance. This preparation being completed, the first wedging curbs, a, were
laid, consisting of segments of the best oak, 8 or 9 inches square; each joint and bed being lined
with thin deal, placed endways, for the purpose of being afterwards wedged. The slit deal
throughout the whole fabric, as well as the space behind, was wedged so long as a chisel could
be made to enter, followed up with dry wooden wedges, till it became one solid mass.
Next followed the ordinary spiking curbs, of similar dimensions, adjusted by a centre line
to the same range, being of similar lengths, but not so broad, and placed at intervals of from 18
to 30 inches, according to the expected pressure.
These curbs were wedged sufficiently to sustain them firmly in their places, to abide the
spiking which attached them to the planking, c, and which constituted the tub. It usually
consisted of deals, 2j or 3 inches thick, applied at lengths of 8 or 10 feet, being first well planed,
and their joints bevelled to the circle of the shaft; after which, they were fastened to the curbs by
iron spikes. In some of the deep collieries of the Tyne, however, the saline water was of so
corrosive a nature as completely to eat away and destroy these iron spikes, the replacement of
which was attended with such incalculable labour and expense as eventually to lead to the
substitution of copper spikes.
This species of tubbing, when well executed, will bear a pressure of 100lbs. to the square
inch, and endure for many years in situations where the water is tolerably fresh; but, in collieries
where the water corrodes the iron, the most ruinous and destructive effects ensue, as it is next to
impossible to reach the spike holes after the shafts are fitted up with brattices and pumps, and
the leakage of water under pressure (however small the space) becomes insupportable. A
practical fact, relative to this, occurred at Hebburn colliery, where the old plank tubbing, which
had endured for many years, was entirely withdrawn, and cast iron substituted, chiefly on
account of the increasing leakages and the difficulty of stopping them.
Curb or solid cubbing. The labour of constructing, and the difficulty in ensuring
tightness in the plank tubbing, led to the introduction of solid wood tubbing, which possessed
the advantage of requiring neither planks nor spikes, and therefore, when once well constructed,
and of sufficient strength, was proof against any damage that could produce leakage, whilst, at
the same time, it presented a smooth circular surface for the general purposes of coal drawing.
The foundation is placed upon wedging curbs, prepared in a manner similar to those
above described; and upon them are built' successive segments of elm or oak wood, 6 or 8
inches square, prepared to indefinite lengths, and fitted up at every joint, whether horizontal or
vertical, with a lining of end ways half-inch deal. These courses. so prepared, are built or walled
upon each other, and carefully adjusted to the centre of the shaft by a centre line. As the
building proceeds upwards, the space between the curbs and the rock is carefully packed with
small coal, or other soft materials, so as to fix the curbs steadily in their position. When the
building is finished above the altitude of the water feeders, it is surmounted by ordinary stone
walling or brick-work; and then the successive wedgings take place in the sheathing so long as
any leakage appears. The wedges used for this purpose are clean, well-seasoned fir; an iron
chisel being applied to perforate the wood, and for the purpose of introducing the wedges. In
case of faulty curbs giving way under severe wedging, they are cut out and replaced by sound
ones. This tubbing is incomparably more safe and durable than plank tubbing, especially in
collieries where the water is corrosive.
It frequently happens that a detached piece of tubbing requires to be inserted in a portion
of a shaft apart from a walling, in which case the shaft. is widened to the required length, and the
top and bottom are squared and levelled for the reception of two respective wedging curbs; the
whole being closed by wedging.
Again, it is often the practice to widen the shaft underneath a certain tub, and in due time
to join another portion of the tub into that already completed; and so firmly does the wedging
curb and the side wedging sustain the whole fabric, that there is no danger of its giving way
whilst the operation of undercutting is going on.
When the wedging is completed, and the roughness adzed off, the shaft, so constructed,

represents a perfect cylinder; and it is not uncommon to see a tub of this description sustain a
pressure of 50 fathoms of water, equal to 20 atmospheres, or 300lb. per square inch.
The manner of stopping back water in Belgium is worthy of record. The shaft is formed
into 15 or 16 sides, by means of straight logs of timber, 20 inches long, and 6 or 8 inches
square. The ends are bevelled to the circle, and the tub is completed by piling a succession of
these logs upon each other to the surface; all the joints, as well as the space between the wood
and the rock, being wedged with wood. When this tubbing is well executed, it will stop water
for many fathoms; and the chalk, which generally forms the base, is well adapted, from its
closeness, for the foundation.
Metal tubbing. No sooner was the above invention of wooden tubbing perfected, than a
suggestion arose that segments of east iron might be substituted to still greater advantage,
especially in the saving of time and labour in the adaptation. This was first attempted by adding
one entire ring, the full size of the shaft, to another; but although, in some isolated cases, this
system was applied to the top of the shaft, as against gravel and quicksand, yet it could not
possibly be practised in the interior of a sinking pit, containing pumps, brattice, &c. The idea
was conceived, therefore, of adopting segments of cast iron, varying in size and thickness
according to the expected pressure; but, generally speaking, their length may be stated at 3 or 4
feet, their height at 2 feet, and their thickness at from three-eighths of an inch to an inch. These
segments were made to present a smooth, uninterrupted surface in the shaft. They were fitted to
each other by means of overlap flanches, of 3 or 4 inches, extending outwards from the centre.
The space between these segments was filled up with sheathing deal, for the purpose of
wedging; and the space between the tub and the rock was also filled up in the manner before
described; each segment having a plug-hole left in the centre, for the purpose of hanging it, as
well as for discharging air and water during the operation, which hole was afterwards plugged
with the wood at the finish.
This is the sort of tubbing now universally used; and the only disadvantage which attends
it, is its liability to be corroded by certain saline waters, especially in hot smoky shafts, where
the metal, in the course of time, is found to carbonise to such a degree, that it may be cut with an
ordinary pocket knife. In such eases, the tubbing is frequently known to give way, and
consequently to be attended with serious consequences by the letting down of the waters.
Indeed, many instances can be adduced where, in hot shafts, the tubbing requires to be replaced
in the course of ten years, unless protected by a lining in front of wood or fire-brick, which is
now commonly resorted to.
Before the invention of the steam engine, it was, in ancient times, a grand consideration to
endeavour to effect the winning of a coal field near some brook or river, where the stream of
water could be made available for turning a wheel, upon the axis of which were fixed one or
more pumping beams, reaching to the engine shaft. This sort of machinery was introduced into
the mining operations in England, about the year 1680, and into Scotland about the year 1712.
Several of these engines had wheels of 30 feet in diameter, the beams being wood, strengthened
by kin9 posts. By this contrivance, the winnings of Heaton and Jesmond, near Newcastle, were
accomplished. The water-wheels, once in motion, needed no attendance, so that, where
applicable, and for moderate depths, the system was invaluable.
The sinking of Morton West Pit, in the county of Durham, in 1806, will give a good
practical illustration of some of the obstacles met with, and the remedial measures adverted to, as
explained in the following record of the particulars of the sinking:Yds.
At
76
Bottom of wedging curb, four feet below the main coal, and two lengths of plank
tubbing, each twelve feet long, were put in.
78
Wedging curb inserted of eight inches thick, to stop back a feeder of Water amounting
to two hundred gallons per hour.
85
Ditto
l00
Top of tubbing curb upon curb, for the purpose of shutting off the Maudlin seam.
l05
Bottom wedging curb of ditto, at which place a feeder of two hundred gallons per hour
was met with; also a blower of inflammable air, which was piped to the surface: when first raised, it fired at the
furnace, blasted, and blew out the whole of the brattice, and kept burning and blasting for five hours.
1O7
Wedging curb, which stopped back a feeder of a thousand gallon, per hour, with a good
deal of inflammable air.
115
Wedging plank ends, two hundred gallon, per hour stopped.
ll7
Bottom of low main seam tubbed off.
144
Bottom of Hutton seam.
Note. At this period, metal tubbing had not come into use in the county of Durham.

[It often become, necessary to provide for a discharge of the inflammable, gas contained amongst the water, until
the spaces behind the tub become completely filled with water.]

Pumping Processes. Hitherto we have pre-supposed that the water met with was
manageable with a horse gin; and now that the first tubbing is taken to be completed, as well as
the walling to the top of the shaft, the sinking is resumed, at the neat size of the intended shaft,
which is progressively enlarged for receiving successive portions of additional tubbing,
according to circumstances, it being the intention that, until within a reasonable distance from
the coal, the waters should be so disposed of, that, at the commencement of coal work, the shaft
shall be comparatively dry although, during the processes above described, as much water has
been stopped back as would have overpowered very large engines. For instance, at the sinking
of Dawdon colliery, in the county of Durham, in 1842, whilst passing through the quicksand, at
the depth of 73 fathoms, there were employed 18 columns of pumps, 19.5 inches diameter each,
and 9 columns of pumps of 16 inches diameter each.
To work these pumps, there were employed;Three engine of 350 horsepower each
And two do. of 130 do
Total horsepower

1050
260
1310

The estimated effect of these engines, and the above apparatus, upon the sand and water, was
calculated at 10,000 gallons per minute raised 73 fathoms in height and yet, by the completion
of the metal tubbing, which varied from three quarters of an inch to an inch and a quarter in
thickness, the waters were completely stopped, and the shafts, 14 feet in diameter and 248
fathoms deep, when finished to the coal, were completely dry.
The steam engine and pumping apparatus, then, being in-dispensable to the winning of a
deep colliery, it may be well to advert to the various modes of applying them, according to the
custom of districts, or the judgement of the persons in charge; as well as to the progressive
advance of experience and science.
When the waters to be met with are expected to be moderate, and only to require partial
pumping, it is usual to increase the power of the intended winding engine, or to introduce teeth
wheels to reduce its speed, and so enable the pumping apparatus to be attached to some of. its
working parts, either by an additional beam or by movements supported by framing, and
extending from the engine to the pit shaft, there to be connected to a quadrant, one portion of
which works the pump rods, whilst another carries a balance weight.
This is a very general practice throughout Lancashire and Staffordshire, where the waters
are light, and where it is customary for the engine to work a rope in two or more shafts; and,
being placed 80 or 100 yards distant from each, it is consequently too remote from the pumping
pit to reach it by any other means.
When temporary measures are resorted to in the deep collieries in the counties of Durham
and Northumberland, they are generally managed by placing the engine (see diagram) within a
beam’s length of the shaft, and obtaining a movement either by lengthening the

engine beam, a, over the cylinder, b, or by attaching the pumping beam, c, to some other
movement of the engine; the beam, a, being applied to the turning of the fly-wheel axle and rope
roll, d, and the beam, c, being applied to the pumping in the pit A.
In order to obviate the inconvenience incidental to an engine which is required to draw
both water and stones during the sinking, I had a working barrel (see the following diagram),
extending from above to beneath the bucket, a, fitted up with a side pipe, c, and regulating stopcock. Before the adoption of this application (which answered the most sanguine expectation),
the speed of the engine in drawing the mine produce would have kept the pump continually

working upon air, and have necessarily produced great violence upon the machinery; whereas a
certain portion of the column of water being
let back by a discretional use of the cock, from above the bucket, a, to the space
between the bucket and clack, b, tended both to regulate the draught of water
from the bottom of the pit, and to keep the pumps steadily balanced. It was also
singularly useful in clearing away gags of wood or oakum from the clacks;
whereas, if some such expedient had not been adopted, it would have been
frequently necessary to draw the column of pumps to the surface, at great
expense and annoyance.
The sketches (plate ii. fig.1, 2) will show different modes of
communicating the power of the winding engine to the pumps; and, in many
instances, the pumping engine is designedly fitted up with a fly-wheel shaft, as
being more suitable in its application than the ordinary beam engine.
I may here observe, that, generally speaking, it is bad policy to endeavour
to produce a two-fold purpose from a single engine, inasmuch as the speed and
requirements of the water and mine produce are so discordant, that the attempt is
productive of incalculable inconvenience. At the same time, it must be
acknowledged that it frequently succeeds at moderate depths, where a horse-gin
can be applied to the drawing of the debris until the shaft is completed, when
copious standage can be provided, and the water drawn at opportunities when the engine is
otherwise unemployed.
However feasible it may be thus to apply partial resources for the winning of minor
collieries, it is yet necessary to contemplate a much more formidable application of engine
power, for commanding the heavy pumping apparatus necessary for the winning of a deep
mine. I will, therefore, assume the propriety of adopting a regular pumping engine, with beam
over-hanging the shaft, and will proceed to describe the various appendages shown by
experience to be useful and advantageous in so critical an operation. The drawing, in reference
to this part of the subject, is not modern, but may suffice to explain the general arrangement of a
colliery under the process of winning.
The first view (plate i. fig.3) represents an engine, working with a chain and beam head,
which have been superseded since the adoption of the double-powered engine. From the beam
end, fig.2, is hung the Y D, a piece of sound oak timber thereon to screw and affix the pump
rods, E, overhanging their respective columns of pumps. These pump rods, in lengths of 30 or
40 feet each, are joined together by plates of iron and bolts, F, being first half lapped as in fig.7.
The beam is fitted up with a catch pin, which confines it correctly to the stroke, by means of the
spring beams, G g, which spring beams also assist the engine in the raising of the loaded spears,
as well as provide against accidents by violent concussion.
At the top of the shaft is shown an apparatus for hanging and lifting the pumps, m, by
means of five-fold blocks and ropes. They are attached, at the bottom, to the ground spears,
which are joined and lengthened, as the sinking proceeds, in a similar manner with the pump
rods. The contrary ends of the ground ropes are attached to a pair of windlasses, or ground
crabs, o o, by which means not only are the pumps, P, commanded with an easy bearance upon
the bottom of the pit; but, when required, are lifted so as to enable them to be moved to different
quarters of the shaft, for the accommodation of the sinkers. These ground spears are very
instrumental in steadying the column of pumps, especially in sumping shots where the
foundation is shot away from under them.
The shear legs, which surmount the whole, are often 50 or 60 feet in height, and are
required for the application of the main crab rope, A A, which is used for raising and lowering
the pumps, spears, and other heavy lifts wanted in the engine shaft. They are fitted up with
suitable sheaves, e and 8, for guiding the ropes into the required direction. To the shear legs are
affixed commodious steps for ascen4ing to arrange the various apparatus. The main crab, F, is
connected, at a convenient distance, with the tail crab, the utility of which consists in
overhauling and belaying the tail rope, so as to maintain the main crab-way clear for action.
As all the operations in the engine shaft must be done with care and caution, it is requisite
to provide a jack gin, G, with its rope, led over the shear legs, e, to the engine pit, for the purpose
of conveying persons up and down, during the fixing of pumps, the changing of buckets and
clacks, and the examination, from time to time, of the moving parts. From the slowness of its
movement, and the altitude of its sheave, it can be led into any part of the engine shaft without
inconvenience. The sinking gin (until it gives place to a permanent winding engine), being only
a temporary arrangement, may stand in front of the pit, or in some other convenient place, to be
removed before the coal working is commenced.

Whatever may be the ultimate plan of arranging the pit for coal work, the sinking must
necessarily be carried on by means of tubs, boucs, or baskets; consequently, the top of the shaft
is arranged with sliding deals, e, &c. for the better landing of the tubs containing the mine
debris; and, as extreme care is needed in these matters, the employed hook is so contrived as to
lock itself by means of a spring.
The drawing (plate ii.) represents the engine pit with pumps, at the bottom of which are
the working barrel, bucket tree, and windbore, furnished with valve seats and doors, for
changing the buckets and clacks, so as to avoid the necessity of drawing either the pump rods or
pumps to the surface; for (except under an excessive flow of water) these buckets and clack
doors may be unscrewed, and the disabled bucket or clack replaced with one in good order.
When the water is so fluent as to prevent this from being done, the bucket or clack must
necessarily be drawn to the top of the shaft, and there changed; to effect which, the spears must
be disjointed in convenient lengths which is a process attended with serious risk, expense, and
delay.
In many mining districts, where these matters are not well understood, bucket and clack
doors are not used. Consequently, every change must be made at the top of the pumps, the loss
of time and expense of which are incalculable. If so great an oversight as this were to prevail
generally, the sinking of deep collieries, with heavy water, would be entirely impracticable.
The top of the pump column (Plate i.) is furnished with a hogger, or delivery pump, fitted
up with a leather conduit pipe to the cistern, for the purpose of accommodating the ever varying
altitude of the column. The pumps are steadied in their places by means of temporary butons
and collaring , B B, which also require frequent adjustments, as the sinking proceeds and the
pumps lower.
In many cases, and with light sets of pumps, this ground rope apparatus is dispensed with,
and the pumps are either hung upon chains or allowed to slide through clams fixed with a screw
bolts upon strong beams across the shaft.
In other cases, the windbore is made to slide out from the pumps, like a telescope, as the
pit sinks; pump after pump being added to the bottom part of the column, and the top part
remaining permanently fixed upon buntons. But these measures can only be practised where
the water is very light, as there is no provision for lifting the pumps en masse if required.
Sometimes, the whole column of pumps is raised, by means of shams and screws attached to a
beam, adequately strong, which is laid across the shaft; but this application is very limited in its,
scope, as it can only be effective for a few inches in height. It may, however, serve to take out
and replace a split pump or bad working barrel.
This five-fold system is little practised in the southern coal district: it will, however, be self
evident that material disadvantages must attend deep sinkings attempted without it. I have
before remarked that brattice either temporary or permanent is carried forward progressively
with the sinking, which isolates the engine side of the pit, and keeps it conveniently distinct from
the: proceedings in the other divisions.
The sinking is effected, in a great measure, by means of hacks, mauls and wedges; but
their effect in the hard strata is greatly facilitated by blasting with gunpowder, according to the
following processes:A hole, 1.5 or 2 inches in diameter, is drilled to the depth of 2 or 3 feet, and then a charge
of gunpowder, 5 or 6 inches in length is' introduced. The powder is folded up in brown paper,
and, where the strata is damp, is smeared with pitch. The charge is then perforated with the
pricker, around which the upper part of the hole is firmly stamped up with dust or soft mine
debris; the pricker is then withdrawn,. and a straw, filled with gunpowder, substituted, which is
fired off by menus of a piece of candle, set at such a distance as to allow the men time to arrive
at the surface before the explosion takes place. As the loss of time occasioned by the ascending
and descending of the men in deep sinkings is very objectionable, a practice has recently been.
adopted of providing a moveable iron hut, which remains at the bottom of the pit, and into which
the sinkers retire whilst the blast is exploding.
When the strata is dry, the ordinary mode of blasting is the most ready and efficacious;
but when the strata is wet, it is impracticable, inasmuch as the powder becomes damp before it
can be fired. In such cases, great relief is afforded by tin cartridges, which consist of a tin ease
for enclosing the powder charge, having a small tube reaching to the top of the hole, by which
means the powder in the lighted straw is made to communicate with the charge. Under this
application, the powder is very ineffective, in consequence of the loose state in which it is
retained, and the impracticability of stemming the hole, as in the. ordinary process. A great
improvement in the means of blasting, where the strata is attended with water, accrued from the
invention of the patent fuse, by Bickford, Smith, and Co., of Camborne, Cornwall. It consists of
a water-tight cord, containing, in the centre, a core of gunpowder, which answers every purpose

of a charged straw, whilst it will explode a charge of gunpowder at any distance under water. In
using this device, the charge must be enclosed in paper or cloth, well saturated with heated pitch
or tar, and then the patent fuse inserted ready for lighting. A drawback, is, however, attached to
it also, from the impracticability of stemming the hole. A great advantage attending the patent
fuse, is, that the time required to run the fuse can be exactly regulated, thereby allowing the
workmen ample opportunity to preserve themselves from the danger which always attends
ordinary blasting, especially in hard rocks, where the charges are necessarily heavy, and the
stones are projected to a great distance. The cost of the patent fuse is about four pence for 22
yards in length; it is seldom used for coal blasting, but is invaluable for the blasting of hard
rocks, or with heavy charges in quarries of stone or limestone. Some quarries of freestone and
limestone are blasted by means of the galvanic battery. A range of holes are drilled and charged
with powder, having a wire communication to each, as well as to the battery, so that every hole is
exploded at the same instant, and has the effect of severing immense blocks, as it 'were, by one
definite cut.
Hitherto our description 'has only had reference to a single column of pumps; for,
practically speaking, it is desirable that each column should not exceed 30 or 40 fathoms; but, in
deep shafts it is necessary to provide a landing place, on which to fix each successive standing
set whilst a loose column of pumps is hung for the purpose of sinking, the water of which is to
be delivered into and supply the nearest fixed set, which in turn delivers it to the next, and so on
to the surface.
When the standing set is to be established, it is necessary to affix a cistern at a convenient
position in the shaft, which is generally selected where some coal bed or soft strata intervenes.
The cistern is placed upon a strong beam, thrown across a portion of the shaft, and in which is
placed the windbore of the upper set of pumps. The windbore and working barrel of the
sinking set are then attached to the ground spears, with a hogger pump serving into the cistern ;
the same process being pursued as before described., and the additional spears or pump rods
attached to a portion of the Y of the engine, or to the pump rod, by means of clams (screws).
The length of each column of pumps is greatly governed by circumstances; such, for
instance, as the expected depth of the shaft, and the facility or difficulty of affixing the cistern.
As it is necessary to have a recess, it is exceedingly inconvenient to apply a cistern where the
shaft requires to be tubbed; and it therefore frequently becomes matter of necessity that a
column of pumps should be extended far beyond a desirable or economical length; because,
when the pressure becomes excessive, the destruction to buckets and clacks becomes proportion
ably increased, whilst the speed of the engine is necessarily retarded, on account of the shock
which takes place at each reversed stroke. From 35 to 40 fathoms, therefore, is considered the
extent of economical application, although instances may be found in which 60 or 70 fathoms
are in operation.
These cisterns are sometimes constructed of wood, and sometimes, of iron; and they are
not unfrequently formed by excavating the strata, especially if a seam of coal, however thin, can
be ma4e subservient. As small, feeders of water are found exuding from, the rock, or other
parts of the shaft, which cannot be enclosed in any tub, they are collected together by means of
horizontal recesses or grooves cut in the shaft, from which they are led to the sump, or into one
or other of the cisterns, by means of boxes or pipes; so that a well arranged pit, in which the
waters are partly tubbed and partly collected, as above mentioned, though it be 100 fathoms in
depth, will be perfectly dry and comfortable, even should the engine be working with three or
four columns of pumps.
I may here mention, that if any waters are met with at a distance within 10 or 20 fathoms
of the coal, they arc not tubbed off; because, in the working of the pillars, the stratification
would naturally be broken, and these waters let down; but it is not so with water situated 30 or
40 fathoms above the coal, unless the strata be peculiar, and the coal very thick, so that water will
scarcely be let down even by the working of the pillars. Many instances might be enumerated,
in which this working of pillars is extensively carried on, with a drowned waste 30 or 40
fathoms above.
Where the sinking is carried on by means of pumping, many difficulties occur; for, whilst
it is requisite that the water should be drained as low as possible, to enable the sinkers to
prosecute their work, if it happen that the speed of the engine at all exceeds the growth of water,
the snore holes will become dry, and the bucket will draw air as well as water, which
immediately creates a violent derangement of the mechanical equilibrium, and is attended
(especially in heavy engines) with great danger. To obviate this, the lower port of the windbore,
which rests upon the bottom, is perforated with a number of circular holes, for the purpose of
being more or less plugged with wood; but the grand safeguard, and which is an invaluable
addendum to mine engineering, is the regulation of the steam valve of the engine, by means of

catrakes, first introduced by Bolton and Watt. They consist of a pair of cisterns containing
water, having plugs or valves, so contrived, by means of adjusting screws, that the discharge of
water can be regulated, at any given rate, by the engineer. As soon as the water has discharged
so far, rods, connected with these valves, and with the working gear of the engine, are made so
as to operate upon its steam valves, and to regulate its speed from half a stroke per minute up to
its maximum extent. These catrakes are sometimes made to work by means of steam or air,
applied to small cylinder. with regulating cocks; but they are more complex and greatly inferior
to the simple water catrake of Bolton and Watt.
The working of the pumps is frequently interrupted by gags of weed, by the oakum used
in blasting, and by the incessant wearing of the buckets and clacks, in consequence of the sandy
state of the water, as well as by various indescribable accidents and breakages; so that the most
watchful care is demanded from every person concerned.
In proportion, also, as the pit deepens, so must the balances of the pumping apparatus be
adjusted, and the pumps and appears closely collared to prevent, as much as possible, the
vibration occasioned by the movement of such heavy masses of matter. Spare gearing of all
sorts should also be kept in readiness to provide against accidents.
Before the introduction of the double-power engine by Bolton and Watt, the pumping was
invariably carried on from the outer end of the beam, aided by balance beams, to overcome vis
inertiæ of the dry spears, chains, &c. but Messrs. Bolton and Watt, by their double-powered
engine, communicated idea of attaching a considerable portion of the pumping ,apparatus to the
cylinder end of the beam thereby producing increased power by means of a counterbalance.
This mode of application was denominated a V’bob (see plate ii. fig 1). It consisted of a beam,
H H, extending from the contiguity of the cylinder, F, diagonally down to the pumping shaft, m,
where it was attached to a lever, N, upon which were suspended the pump rods, Y Q, of another
set or sets, P, the said lever being fitted up with Y, for hanging other standing set spears, &c.
On its introduction, it was considered a great advantage over the former practice; but, if we may
judge from its discontinuance, it was attended with various objections, such as the material
weakening of the engine foundations by the necessary cutting. When the water was to be
delivered to the surface, it could not well be applied; and, besides, the inconvenient diagonal
motion had a tendency to neutralise the advantages otherwise arising from the counterbalance.

The annexed diagram represents an engine upon this principle.
a is the principal shaft to the coal; b, a staple sunk about half
the depth of the shaft; c is a water drift between a, the main pit
and the staple pit; d, an extension of the beam beyond the
cylinder, e, for the purpose of working the staple pump rod; so
that the water is first raised from the mine to the water drift,
and thence to the surface by the other end of the beam. In this
arrangement, it is necessary to proportion the length of stroke
and size of the pump in the staple to that in the main shaft; but,
in principle, the application is most excellent; and it affords a
fine opportunity for the introduction of the force-pump
system, so highly prized in Cornwall.
Sometimes, the balancing of the columns is performed
by means of chains and pullies (plate ii. fig.1); but the wear
and tear, as well as the liability to accident, render their
application very limited and objectionable.
The common pumps are generally in lengths of 10 or 12 feet each, having a flanch, with
bolt holes at each end; also spigot at one end and fawcett at the other, for the more accurate
fitting of the joints. The three lowest pumps consist of the workin9 barrel bucket tree, and
windbore, which are fitted up with the bucket and clack doors before spoken of, for the more
ready and effective changing of the buckets and clacks. These doors consist of blocks of wood
or iron, faced with leather so as to render them air-tight, and are fixed by means of strong cross
bars and screw bolts. The sides and falls of the buckets and clacks (plate i. fig.5 and 6) are also
fitted up with leather, which fittings are changed as they wear out. They are likewise attached to
a short rod, with an offtake joint, for the more ready performance of the change. The sinking
clacks are furnished with a projecting bow (fig.9), to enable them to be taken hold of. when
required to be drawn up to the pumps. The pump rod is furnished with an offtake joint, (fig.7
and 8), by which means one bucket can be disengaged, and another attached at the doorway
before mentioned. The pumps are jointed with flannel, saturated with tar or white lead; or,
according to a recent invention, with collars of caoutchouc or off sheet lead. The total weight of
an ordinary column of 12-inch pumps, 40 fathoms in length, with their apparatus of ground
spears, &c., will amount to 14 or 16 tons. The clack piece is sufficiently lengthy to contain two
or three clacks at the same time, without disparaging the working; as it frequently happens that a
clack becomes disabled, and yet cannot be extracted. Another clack is therefore dropped down,
and sometimes a third one, so that a pump may be working with three clacks, more or less
serviceable, rather than advert to the tedious and expensive process of drawing out the whole
column of pumps.
The main pumping engine has, of late years, been arranged upon a principle comprising
all the advantages of the counter-balance, whilst it is free from the objections which attend the
V-bob
Necessity and experience have led to the adoption of various instruments for
extracting buckets and clacks, under the numerous accidents which befall them, the minutiæ of
which are too tedious to enumerate. Two of them, however, the fish head (fig.10), and the
grappling hooks (fig.11), are worthy of notice. The fish head is intended to be driven forcibly
through the clack, and, by the expansion of the wings, to fasten and draw it away, by means of
the crab rope. The use of the grappling irons is self-evident. In sinking shafts, the lower
pump, and especially the working barrel, are hooped with iron, so as to withstand the many
violent shocks which are inevitable; and the reader will have an idea of the cumbrous load to be
managed, from the following data:- The 12-inch pump, 10 feet long, weighs about 10 cwt., and
one of 18 inches ditto, 20 cwt. As it commonly happens that two or three such are hung at a
time upon the main crab, the load is guided up or down the narrow passage by a person
hanging upon the jack rope, and communicating by signal with the persons at the top who have
charge of the crab or engine movements.
When it becomes necessary to draw either the pumps or pump rods, they are disjointed in
convenient lengths, according to the weight of the pumps, or the power of the crab, rope, &c.,
and in like manner lowered down again to their place. The drawing and replacing the lower set
of pumps, in crowded shafts, is attended with great risk and difficulty, and often occupies
several days.
The working barrels used. for sinking are generally of east iron, on account of the
scouring of the sand; but, in collieries where the water is corrosive, it is preferable that they
should be of brass, or east iron lined with brass or copper.
PRESTON GRANGE WINNING.

As a practical illustration of the winning of a colliery by the application of engines,
pumps, tubbing, &c. I subjoin a few passages from a paper read before the Natural History
Society of Newcastle-upon-Tyne, February 20, 1832, on the sinking of Preston Grange pit, East
Lothian, in the year 1829, being the first metal tubbing applied. in Scotland, and for which I had
the honour of receiving a silver medal from the Edinburgh Society of Arts.
The main shaft was 10 feet in diameter,4.5 being bratticed off for ventilation, and the
pumping apparatus; and the sinking was commanded; by a pumping engine capable of raising
400 gallons of water per minute; also with an associate winding engine. Gins, crabs, five-fold
ropes and sheaves, and other apparatus for hanging and working the pumps, were duly
provided.
No sooner had the sinking arrived at the depth of 7 fathoms, than a feeder of water of 200
gallons per minute was met with, which required to be tubbed off; and which was accordingly
done by affixing wedging curbs after the manner previously described, with a suitable quantity
of tubbing, in segments 4 feet long by 2 feet high, and three-eighths of an inch thick, the whole
being outset by walling. As was expected, the water, which had forsaken the neighbouring
wells, again returned to its channel and discharged at the surface.
The sinking was then resumed; and at the depth of 22 fathoms the shaft intersected the
fissure of a trouble, which gave out a new feeder consisting of 300 gallons per minute. It was
not till the shaft had reached the depth of 28 fathoms, that a suitable watertight stone could be
selected wherein to fix the two wedging curbs for another tub; but, as there was reason to
believe that this water also would rise to the surface level, it became necessary either to join it to
another tub, to affix it, top and bottom, in water-tight stone, by means of wedging curbs, which
latter mode was adopted; the shaft being first widened to receive the tub and wedging curbs, so
as to preserve a uniform finished size. The curb which surmounted the tub was held firm by a
succession of wooden stays against the superior rock, after which the wedging was completed,
all this water was stopped, except a few small streamlets, which were collected into boxes and
conveyed down the shaft. On account of the additional pressure, the thickness of this tub was
increased to half an inch.
The sinking was then resumed with little interruption, till, at the depth of 36 fathoms, a
similar feeder demanded the application of a third tub, 4 fathoms in length.
At this period, the sinking set had been hung upon ground ropes; but a thin seam of coal
caused it to be converted into a standing set, 31 fathoms long, which was done by excavating a
space for the reception of a cistern, fixed upon strong buntons across the shaft. At the same
time, the hitherto common pump was replaced by a forcing set, with ram ; the barrel being
bestrode by a pair of iron rods, for the working of the intended hanging pumps underneath the
forcing barrel.
The second column of pumps now became the hanging set, and the sinking proceeded to
the depth of 44 fathoms, where 4.5 fathoms o! tubbing were again required to stop back water
to the extent of 350 gallons per minute. These segments were increased in thickness to fiveeighths and six-eighths, with still deeper flanches.
Here a new difficulty occurred from a considerable discharge of carbonic acid gas with
the water, which affected the eyesight of the sinkers; and it so operated against the tightening of
the tub, that, at one time, it was feared that air pipes to the surface would have been necessary to
discharge the gas.
As all the waters were derived from an origin considerably above the level of the shaft top,
the pressure upon the last mentioned tub, at 264 feet perpendicular, exceeded 120 pounds upon
every square inch of its surface; and, as the surface con tamed an area of 768 square feet, it
sustained a pressure of 6000 tons.
Little additional water was met with below this point; but, at the depth of 55 fathoms, the
second column of pumps was converted into a fixed set, by establishing another cistern, and the
third column was attached in its turn, as the sinking set. At the end of two years, the coal was
sunk through, 70 fathoms in depth, at which period the total water did not exceed 50 gallons per
minute, or one-eighth part of the engine power.

TABLES OF THE DIFFERENT TUBS AND THEIR EFFECTS

HARTON WINNING, COUNTY OF DURHAM.
I have been favoured by my friend, Mr. Wm. Anderson, of South Shields, with some
particulars of the winning of this colliery to the Bensham seam, which is 215 fathoms in depth.
The shaft passed through 145 alternations of the ordinary strata of the district, and was
situated a short distance to the westward of the outcrop of the magnesian limestone.
Numerous thin seams of coal were found interspersed amongst the strata, as well as those
portions of the Tyne Main coal in continuation from the collieries of South Shields and Jarrow,
and which are subdivided under the influence of the Heworth band, already noticed.
This pit is remarkable for the unusual quantity of metal tubbing inserted seriatim, one
length under another, chiefly occasioned by the intervention of a trouble, and the consequent
openness of the strata; so that no sooner was the water stopped, than, upon sinking underneath,
it followed down the chinks of the strata, occasioning a succession of tubs till 80 fathoms were
completed, which was surmounted with 11 fathoms of walling. Now, assuming that these
waters were derived from the surface, the lower part of this tubbing was required to sustain the
enormous pressure of 15 atmospheres, or 225 pounds per square inch.
POSITION OF COAL SEAMS, Etc.

At 45 - Coal

Fath.
2
85 - first salt water
119 - Coal
155 - High Main coal
174 - Supposed metal coal
196 - Supposed yard coal
210 - Bensham coal
3 0
splint
3 2.5
coal
2 9.5

Ft.
10

In.

2
1
1
4

6
5
10
0

6

0

The shaft (single) was 14 feet in diameter, divided into two parts by a cross brattice, viz:-

Engine share
Coal shaft

Ft.
5
8
13

In.
8
1
9

THE WINNING.
1841, May 10.
Commenced sinking with the gin.
July 26.
Suspended till the winding engine of 95 horse-power was erected, the pit being then sunk

21 fathoms. 1842,
June 7.
Winding engine completed for partial pumping, which continued till July, 1843, when the
main pumping engine of 250 horse-power commenced.
1844, July 10. - Sunk through the Bensham seam.
The working barrel of these pumps was 15 inches, and the arrangement of the columns in
the shaft was as follows:-

Top set
2nd set
3rd set
4th set

Fathoms.
49
53
These sets were all upon the forcing
58
principle.
56
Common lifting pump.
216

The successive tub. were six in number.
At the bottom and top of each tub a cast iron wedging curb was inserted, 12 inches in the
bed and 6 inches high. The thickness of metal and the size of the segments were arranged as
follows:-

The extraordinary quantity of tubbing was caused by a slip trouble, which continued in
the pit for 70 fathoms.
The main pumping engine has a stroke of 10 feet in the cylinder, with a similar stroke in
the pit.
The walling inserted at different parts of the shaft, oil account of soft stone and trouble,
amounted to:Tubbing
Naked rock
In all

95 fathoms.
79
40
214

DAWDON WINNING, COUNTY OF DURHAM.
I shall close this part of my subject with one more practical description of a winning, the
most arduous and costly, perhaps, of any upon record, viz., that at Dawdon, or, more properly
speaking, Murton Colliery, in the Hetton district of the county of Durham.
The South Hetton Company (Col. Braddyll and Partners), having considerably increased
their tract of coal under lease, decided on the propriety of also increasing their powers of
working. A site for a new winning was fixed upon, and the necessary borings commenced, to
ascertain the thickness of the sand underlying the magnesian limestone. This having been
accomplished, the ground was broken for the first shaft on the 19th February, 1838. Two
months afterwards, another shaft was begun, and they were carried forward simultaneously;
both pits being 14 feet in diameter.
The upper stratification consisted of;Soil, gravel, and strong blue clay
Soft marl, mixed with beds of craggy limestone
Strong brown limestone
Blue metal (soft)

Fa.
7
48
19
0

ft.
4
4
0
2

in.
9
9
0
6

Quicksand
Total

5
81

4
4

6
6

Little or no water was met with till the pits reached the depth of 82 fathoms, after which
the quantity gradually increased, until the sand feeders were encountered, which were
successively tubbed off whenever favourable foundations were met with; so that, previous to the
sand being tapped, the shafts were freed from water. On the 26th June, 1839, the sand-feeders
burst away from the bottom of the shaft, throwing up, with gigantic force, four feet of strong
limestone which intervened between the bottom of the shaft and the top of the sand, with such
violence did this eruption take place, that before the capstans could heave the pumps up from the
bottom, they were all choked, and upwards of ten feet of sand deposited in the pit.
The difficulties of this gigantic and critical undertaking now commenced in earnest. The
engine power placed on the shaft, which first pierced the sand, not being able to make any
impression upon the water, several large boreholes were made through the bottom of the other
shaft, (then close upon the sand,) so that the united engine power might be applied. This being
accomplished, every nerve was strained to make the application most effective: 4,678 gallons per
minute were drawn to bank for some time, without making any sensible impression upon the
feeders, and which thus effectually prevented the further progress of sinking.
This difficult and unpromising state of things would have allayed the ardour of less
adventurous speculators; but the company were determined, cost what it might, to brave every
obstacle, notwithstanding the warnings and condolence of many sage persons in the trade.
A third shaft, of greater diameter than any hitherto sunk, was commenced, and furnished
with an unprecedented force of engine power. as applied to one shaft. This new pit was urged
forward with every dispatch, and in six months reached the depth of 73 fathoms, being
completed with walling, metal tubbing, brattice, pumps, cisterns, &c. Two pumping engines, and
two winding engines, constructed also to pump, were like-wise erected upon this shaft, and were
set to work simultaneously with the sinking. The total amount of engine power thus brought
into action was as follows, viz.:Horse power
3 pumping engines of 350 horse power each
1050
2 winding engines, also employed in pumping, of 130 each.
260
1 winding engine, do. do
100
2 winding engines for drawing stones, of 25 horse power each 50
1 winding engine,do
18
Total
1478
To maintain this enormous engine power, 34 boilers were required, and also 27 columns
of pumps, viz.: 18 columns of 19.5 inches, and 9 of 16 inches diameter.
When the necessary preparations were completed, the sand was broached. in the last
mentioned pit, and the operation of sinking the whole of the shafts through it was commenced.
The sand, although tolerably firm when dry, was found to be so disintegrated by the action of
the water, that it was necessary to suspend the men whilst working in it. The scouring effect of
this mixture of sand and water upon the buckets of the pumps, as well as upon the working
barrels, was found to be a serious impediment to the progress of the work, the buckets being
frequently ‘worn off’ at the end of from two to four hours. The engines at this time drew
10,000 gallons per minute. Every expedient which the ingenuity of the persons in charge of this
difficult work could devise, was put in requisition. Success at length crowned their exertions, by
the completion of all the shafts through this formidable quicksand.
The whole of the feeders of water were effectually stopped back by metal tubbing, of from
three quarters of an inch to on and one quarter inch in thickness, and the shafts rendered
perfectly dry.
The two original pits were then sunk to the several seams of coal usually found in the
district, and which in this locality consist of 23 beds, five of which are found to be of workable
thickness.
The Hutton seam, lying at the depth of 248 fathoms from the surface, was sunk to on the
15th April, 1843.
The thickness of the three principal seams of coal recognised in the Wear district, were
found here as follows, viz.:The Main Coal

Ft.
6

in.
2

The Low Main coal
The Hutton seam

4
4

7
0

In resumption of the general subject, the shaft may now be considered to be completed to
the mine, but must be continued in an indefinite distance further as a sump, to provide standage
for the water; and as this is a necessary portion of mining economy, it is often advantageous to
carry out driftings in stone or coal, so as to secure a reservoir of at least a few days or weeks’
accumulation, not only with a view to economy, but also the better to provide against casualties
which may be attended with an unexpected influx of water, or from the suspension of the
pumping power by unforeseen accidents. This sump, then, and standage, ought to be spacious,
and to be secured with walling, or arching, if necessary.
This done, a strong scaffold of beams of timber is affixed at the bottom of the seam, the
brattice is carried down and completed, and the necessary height and accommodation made at
the shaft bottom for dispatching the coals; and where the roof stone is brittle, strong timbering
or arching with stone is required.
Whilst the preparations are going on underground, the top of the pit must also be
prepared for the dispatch of business, and, according to the north country fashion of the present
day, must be provided with spacious skreens, and apparatus for weighing the tubs of coals
received from the colliers, as well as those sold in carts or waggons. The top of the shaft, for a
considerable distance round, must be covered with plates of iron, and all appendages completed
for the rapid conveyance of the tubs to and from the shaft’s mouth. Many collieries also
require an apparatus for the re-skreening of the small coal. In shafts which are sufficiently
spacious, it is common to see two tubs alongside each other, in the same cage; but, when much
contracted, one tub is placed above the other, the departments of the cage being kept quite
distinct.
The formation of these skreens is varied according to the views of the artificer or the
peculiar requirements of the coal (see plate iii. fig.3); but, in general, they are erected from 16 to
20 feet in height, fitted up with bars of iron half an inch apart, with convenient slope, so as to
enable the coals to slide easily into the waggons below. To guard against breakage, stoppers are
hung at intervals to interrupt the coals in their descent to the platform below, where they are
cleared of refuse before falling into the waggons.
The small coal which passes through the skreen bars is either delivered into waggons for
immediate sale, accumulated in heaps, or hoisted up and re-skreened, into rough, small, and dust,
by the apparatus before mentioned, which consists of a skreen highly elevated, the small coals
being drawn up an inclined plane by a chain movement from the winding engine; the tub
containing the coals being ingeniously contrived to discharge itself when at the proper height on
the apparatus.
Of late years, a new and important trade has been opened for the small coal, in the
formation of coke, for the use of locomotive engines, iron works, breweries, &c. at home, as
well as for general consumption abroad. Indeed, so rapid and important has been the increase
of this trade, that some collieries have erected an apparatus for crushing their large coal into
small coal, the better to effect the production of coke. Of course, the erection of coking ovens,
in that ease, becomes contingent; and these consist of a succession of domes of various forms,
which are lined with fire brick, and contain, according to the most approved practice, from 6 to 8
tons each. Influenced by the especial object of consumption, the coke is roasted for 60 to 90
hours, producing, according to the quality of the coal, and the duration of burning, from 40 to
55 percent coke. The said ovens cost £30 to £50 each and the value of the coke varies from 8s.
to 10s. per ton at the place of delivery.

_______________________

In concluding the section on sinking, it may be necessary, practically to illustrate it by a
ground plan of the apparatus requisite to carry out the winning of a colliery upon a extensive
scale, and according to the principles laid down in the text. (See Plate iv).
A
The pit shaft, subdivided by a brattice, and fitted up with buntons, ff, whereupon are fixed
the sheaves for the ground ropes &c.
a

The two horse gin.

bb The crabs for ground ropes.
c
The jack gin
d
The main crab.
e
The tail crab.
g
The winding engine, to axle of which is attached a temporary pumping beam, h, long
enough to reach the shaft, and supported by a stone pillar, k.
ll
The shear legs, overhanging the engine shaft.
m
The pump.
n
The main pumping engine, with beam top the shaft.
oo Boiler houses.
p
Lodge for drying sinkers’ clothes.
______________

SECTION VIII
ON THE DIFFERENT SYSTEMS OF WORKING, WITH THEIR
RESPECTIVE RESULTS.
The shaft and surface preparations having all been completed, and the pumping and
winding engines established, we arrive at the commencement of the coal working; and this is
perhaps the most convenient stage in which to explain the nature of the various leading systems
adopted, influenced, as they are, by the different circumstances which attend each locality, or by
the prejudice, judgement, or experience of the party who directs the work.
The details of working would form an endless variety; but the leading principles may be
classified under two heads, viz., pillar and stall working, and long wall working. The
excavations of the former are termed, in different districts, board, stall, wicket, uphill, &c.
The pillar and stall principle comprises the working away of a certain portion of the mine
as a first measure, leaving the remainder in pillars, either to be permanently lost, or to be, at
some future period, partially or totally removed; and it is on the form of these pillars, and the
proportion of the mine eventually to be obtained, that so much controversy has arisen, and in
which such momentous interests are embraced.
In the North of England collieries, where the board and pillar system may be said to be
universal, it is adopted with the full design (unless some special reason to the contrary exists) of
eventually removing the pillars; therefore the proportion of coal to be produced by the first
working is no criterion of the ultimate result, but is varied according to the nature of the coal,
roof, and other peculiar circumstances of the mine.
In the collieries where the coal lies at an easy depth from the surface, the pillar and the
wicket may be said to be equal in area; whereas, in deep collieries, and in other districts in which
a different system is adopted, the area of the pillar amounts to three or four times that of the
board or excavation.
In districts in which the roof is bad, and especially in the of Staffordshire the pillars are so
disproportionately small, in comparison with the quantum of excavation, that they are looked
upon as lost; and in order to guard against the effects of creeps or thrusts, which necessarily
follow upon the pillars being left too weak, considerable barriers of coal are arranged, which
have the effect of dividing one district of the workings from another.
It is not at all uncommon to find collieries working upon a principle of losing pillars; and
although, in some obscure cases, this may be unobjectionable, yet it frequently arises from a
want of due consideration and from a lack of practical science. Until very lately, the general
system which prevailed in Scotland was to have all the excavations 4 to 5 yards wide; the pillar,
constituting one-fourth or one-third of the mine, being give up for lost. Under the principle
above mentioned, an endless variety of systems may be found, many of which will afterwards be
brought under notice.
With respect to long wall working, it has also its abettors and objectors. The principle is
founded upon the extraction of all the available coal, by the process of first working; the roads
being maintained by means of stone walls or wooden props. The system itself does not admit
of much variety of operation; but sufficient variety of instances will be given to explain its
bearing and effects, as contrasted with that of pillar and stall working.

Then, prefactory remarks are for the purpose of apprising the reader of the paramount
importance which attaches to the arrangement most suitable to the seam about to be worked.
The following circumstances must, therefore, be duly weighed and considered as essential; for it
is impossible to enumerate the endless varieties of circumstances which may occur. I will,
however, at once assume some general principles applicable to the long wall system, taking it
for granted, that all coal mines differing from these data are proper subjects for working by
means of pillar and stall.
MINES APPLICABLE TO LONG WALL SYSTEMS.
The following are the conditions requisite for this system:1. If the coal be thin, hard, and capable of bearing pressure, or the top or bottom be soft,
requiring a considerable quantity of cutting for the necessary tram height.
2. If band or rubbish is mixed with the coals, or small coarse coal requiring to be stowed
underground, so as to afford a cheap and plentiful supply of debris for filling up the hollows.
3. If the extent from the shaft to the boundary be very limited.
4. If the roof be free from water, and the workings clear of building, rivers, &c.
5. If the roof contain iron stone, to be worked with the coal, thereby producing much
refuse; or if it be so soft and brittle that it will not stand for the ordinary width of excavations.
Under these and many other contingencies, the long wall system may be recommended.
There may, however, be objections rendering such working impracticable, viz.:1. In case the working produce a considerable quantity of inflammable air, either from the
seam worked or from some superior seam.
2. If the roof contains water, the letting down of which would spoil the tramways, or
overpower the engine apparatus.
3. If the coal be so near the surface that the long wall working would have the effect of
damaging buildings.
4. If the cuttings of the roof or floor for height be so soft and friable that they would not
be sufficient to support the roads; the expense, in which case, of setting props, or of procuring
building material from the surface, may exceed the value of the coal.
5. If the seam be deep from the surface, and from its thinness suitable for long wall, yet
the small quantity ordinarily producible from one establishment may render its working
unprofitable; or, in other words, the maintaining of extensive roads, or the necessary quantity of
pits required, may not be repaid by the working thereof.
PILLAR AND STALL WORKING.
On the other hand, the working by board and pillar implies a moderate thickness of seam,
with tolerable roof; in which case, its working is available by any one of the numerous systems
which science or the fancy of individuals may dictate; that is, either to work upon the principle
that the pillars are irrecoverably lost, or that they are to be left so strong, and the passages to
them guarded, that eventually they may be profitably worked away.
After the above remarks, it will easily be understood that a just consideration of the
various incidents belonging to each coal field, carries with it, both to the landlord and tenant,
very important results, with regard to the most advantageous system of working the mine. The
tenant, when left to himself, not unfrequently sacrifices the pillars, under the impression that his
interest is different to that of the landlord; whereas, if the working is properly laid out, perhaps
the fact would be quite the reverse. The proportion of the mine to be taken away, and of that to
be left, so as to maintain at once perfect access to the coal, and to avoid a creep or thrust, depend
upon the nature of the roof and floor, the hardness of the coal, and the depth from the surface;
and it is in the undue calculation of this combination of circumstances that so many and such
flagrant errors have been committed, and such paucity of science and experience has been
exhibited.
If the roof be sandstone or a firm dry shale, then the principal workings (if the Newcastle
system be pursued) may, with good effect, be carried on at a width of 4 or 5 yards, the cross
holings being half that width; whereas, if the roof be soft shale or broken sandstone, the chief
preparatory workings must be still more guarded.
I could refer to incalculable injury committed upon many properties from the want of
practical experience in this respect; for, where an undue proportion of coal is taken away by the
first working, creeps are induced, with all the concomitant evils of crushed coal - the dilapidation

of roads and air courses - the consumption of labour and material - and the suspension of the
powers of production, whilst additional expenditure is required, to repair the damages arising
from such indiscretion.
It is, therefore, of the greatest importance that the plan upon which a colliery is intended to
be worked, should be digested and laid out by some person whose experience and scientific
knowledge fit him for the task; as nothing is more delusive than appearances in the
commencement of coal workings. The pillars may appear strong, the roof good, and all things
promise an easy and satisfactory tenancy; but after the workings become extended, and
intersected, perhaps, by faults or weak coal, together with water in the floor, the test of strength
approaches; and nothing is more common than to see, in a mine which previously appeared to
be strong and satisfactory, a heaving in the floor, the roof falling in, and, lastly, the pillars
beginning to crack and fritter, producing indubitable signs of an incipient creep; and if barriers
of coal be not left, in anticipation, or stone pillaring introduced instead of them, the creep, once
commenced, may extend over a great portion of the colliery.
The truth of this assertion may be illustrated by reference to the ancient and extensive
colliery property at Castle Comer, in Ireland, in which not less than 1100 shafts have been sunk;
and, although the coal is scarcely ever found to be deeper than 30 fathoms, yet the system of
working has been to leave about one-third in pillars, which have, in after years, been overrun by
creeps. As no plans were kept of these operations, the colliery has, for many years, been worked
upon the remaining pillars; the shafts re-opened, the scraps of coal sought for at random, and
the cost of labour alone requiring half the value of the coal.
It is impossible to calculate the enormous loss of property thus perpetrated (where the
coal was worth 20s. per ton) by the sinking of unnecessary shafts, the loss of so much valuable
mine, and the additional charge of working such portion of the remaining pillars as may be
obtained under such difficult circumstances; one half being crushed into culm.
A similar mode of working was pursued at the Aughabehy colliery, in Connaught, as
explained by Mr. Griffith, in his ‘Geological Survey.’ First, a pair of levels were driven from
the shaft, 40 yards each way. The workings were commenced from the upper side of the rise
drift. Ten colliers, called cleaners, were sent into the drift, who placed themselves 4 yards apart,
and excavated the bottom of the coal 3 feet, for the whole 40 yards. They were succeeded by
two breakers and fillers, who wedge the coal, and filled it into wooden boxes upon sledge feet,
each box holding 2 cwt. Four hurriers were next employed to draw the coals to the pit bottom.
After this came the pillar man, who built small pillars with sandstone: let down into the pit
for that purpose, to support the roof. These pillars were placed in the very centre of the drift, at
the distance of 3 feet from each other; and diagonal roads were left across the workings, which
rarely exceeded 40 yards; the roof being taken down and stowed for protection.
As no effectual means were adopted either for conveying air, or for keeping open the
roads, the shafts were necessarily very numerous..
Similar wasteful results of imprudent working may be traced in almost every coal district.
In many eases, the light of science has introduced such improvements as to prevent the ruinous
effect of creeps and thrusts; whilst in others, a rigid adherence to old the old custom is
maintained.
Thus it is that certain effects naturally follow peculiar modes of working; and as improper
modes are cautiously guarded against in all colliery leases, and often form the subject of
disputes and law-suits, it becomes important to contrast the working of former days, with
present practice, in this and other parts.
Creeps. - In the deep collieries of the Newcastle district, before the mode of managing
inflammable gas and water was well understood, and whilst the steel mill was the only light
applicable under dangerous circumstances, the working of pillars was not contemplated;
therefore, the judgement of the viewers and managers of that day was directed to the procuring
as much coal as possible by the first working, leaving merely as much in pillars as would
support the roof, and no more. With this view, in all the valuable Wallsend collieries, the
quantity of coal taken away carried between one-half and one-third, leaving, respectively, in
pillars from one-half to two-thirds of the whole mine.
This mode of working produced the desired result during a number of years; but, as time
progressed, these pillars naturally weakens, the floor of the mine often became softened by
water, and therefore creeps became universal throughout this extensive district.
The effects upon the surface by creeps greatly depend upon the depth of the coal, as also
upon the extent crept ever. Where that is extensive, although at a depth of l20 or 130 fathoms
the surface is affected, even to the rending of the earth, and the damaging of buildings;
inasmuch as the settling down of the roof progresses irregularly from point to point, and it is by
the settling down of one part of the building, before the other is affected, that the damage is

done. But it is no uncommon occurrence to find that fractures take place soon after the creep
has overrun the whole area.
When some years had elapsed, and the pillars are found still to be upstanding, they were
frequently reduced by a second working, which went to the taking away of one-quarter or one
half of what remained; and this operation invariably produced a creep. This working could be
performed by means of candles, as the wastes were regularly ventilated, notwithstanding the
falling of the roof until the whole mass was set in motion.

The annexed diagram, fig.1, represents the coal workings in their natural upstanding state,
A A being the working, and B B the pillar. But, in consequence of the floor of the mine and the
pillar being deranged by creep, They are made being deranged by creep, they are made to
assume the appearance denoted in fig.2;

the sides of the pillars being disjointed, and the floor of the mine having risen, so as partially to
fill up the previous space, A; whilst the roof, if bad, is brought down to mingle with the general
ruin. Therefore, in re-opening these creep wastes, the old excavations must be cut through at
great expense and risk; for, if any left, they were found to be filled either with choke damp or
fire damp, generally for a considerable time after the action of the creep. Experience, however,
shows, that after the lapse of a few years, these wastes become perfectly harmless, and exhibit
scarcely any noxious gases. The effect of creeps upon the surface are much more serious if the
pillars have been partially worked beforehand, because the concussion is so much the more
violent, and the space to be filled up so much the greater.
In former times, before the effects of creeps were anticipated by the leaving of barriers of
coal, it was very usual to strengthen certain parts of the workings, which were considered weak,
by ‘stowing’; that is, by gathering together the fallen stone from distant workings, with which to
pack up or ‘stow’ a range of ‘boards’ , so as to form an artificial barrier, of from 20 to 50
yards in width; the established custom being to build a dry wall across the board at every 4 or 5
yards, and to fill up the remainder with loose rubbish.
To aid this barrier, a bold practice was sometimes adverted to, viz.: to take out a
corresponding range of pillars alongside of the aid barrier, in the expectation that when the
creep approached the barrier, a violent breakage of the strata would take place, which was
expected to aid the effect of the barrier, in bringing the movement to a state of rest.
Thrusts (fig.3) differ essentially from creeps, inasmuch as the pillars being left weak and
thin, and the floor of the mine dry and hard, it will not yield at all to the pressure.

Therefore, if overpowered, the pillars yield, and are crushed to pieces, and ground into small
coal, often occasioning thereby a fracture of the roof, which may either affect the surface, or the
seams of coal lying above in course of working. Notwithstanding these effects, however, these
old works are frequently re-entered, and both barriers and pillars partly recovered; and the
greater the space of time passed over, the better success there is in the working.
MODES OF WORKING.

The working of whole coal, or in the first process, is comparatively simple where the roof
is good, and the seams free from inflammable air; but the working away of pillars, and the
consequent falling of the roof, is always attended with risk, and requires great experience to
accomplish it properly.
No sooner is a portion of the pillar taken away than the coal must he substituted by
successive rows of props; and, as the removal of the coal proceeds, the back props are drawn
out, if possible, thus allowing the roof to fall; and it is in the different states of tenacity of the
roof that so much caution is required. If it be a brittle shale roof, it tumbles down
simultaneously with the drawing of the props; but in case of a thick sandstone roof, it will be
seen standing whilst the coal is being excavated over an area of 200 or 300 square yards. When
at length the excavation, therefore, shall have reached its maximum, the strata will undergo great
agitation for days together, till it falls with such tremendous violence as to affect the air current,
by blowing open doors and creating fearful commotion through the entire workings.
An important consideration belongs to this question, viz., whether, in case of a variety of
workable seams, the upper or lower seams should be worked first; for this point is often left to
the discretion of the colliery lessee, under a long lease, but which contains the usual clause of
fair and workmanlike practice. In working away the pillars of a thick seam, the breaking of the
strata will damage the seam above, if not very far distant; and if either seam be productive of gas,
that gas will pass up or down the fractures of the strata and incommode the working. It is,
therefore, generally speaking, more advisable to work the upper seams first, provided they be
such as will turn out to profit; but it is not uncommon for the lessee (unless otherwise specially
restrained) to betake himself to that which is most profitable, leaving contingencies to be
provided for by futurity.
In other districts of the country, and especially where the strata generally consist of
clunch, soft metals, or other friable strata, the custom prevails of sinking especially to the lowest
coal or iron-stone first, and successively to work seam after seam upwards; as, by that means,
the partial fracture of the strata drains both coal and stone; whilst the letting down of so much
soft strata is done so gradually and progressively, as to do no injury to the coal beds above.
LONG WALL WORKING.
I will now proceed to describe a few instances of long wall working, and its consequent
effects upon the coal, and the expense of carrying on the works.
The long wall system has prevailed extensively in all parts of Scotland in the
neighbourhood of Edinburgh, where the seams are 4 and 5 feet in thickness, with both good
roofs and bad, as also in the West of Scotland, where the seams of coal and iron-stone range
from 2 feet to 4 feet. In former days, as has been stated, the coals were carried out from the wall
face of the collieries in the Lothians by means of bearer women; in which case, the bearing
roads to the wall faces were distant from 50 to 100 yards from each other, as represented in the
following diagram. The general mode of laying out the works may be described as follows:First, a pair of levels, cc, were extended from the shafts, D U, with so imperfect a
separation wall between them as to be frequently crushed down. One of these levels constituted
a bearing road, together with one direct road from the shaft, and at right angles, e; a solid piece
of coal being left round the shaft. The coal was otherwise wholly excavated, beginning in a
small centre at the rise of the levels, and extending as represented in the sketch. The bearing
roads were pillared up on each side with the strongest parts of the stone which fell from the
roof; and the intermediate gob, b, was filled up with the fallen stone, and the smallest portion of
the coal, which was, in some cases, riddled. The bearing roads formed the air courses; and
when the workings became too extensive for the above three roads to accomplish, viz,, 60 or 80
yards, other additional roads were formed and similarly protected. The wall face (a a) was kept
open by means of props, ranged at every 3 or 4 feet; and, as these props were immediately
affected by heavy pressure, as well as stowed up by the packing of the gob they were either
broken or buried amongst the rubbish.

With respect to the coal itself, the superincumbent strata, being but imperfectly sustained
by the packing of the gob and the broken props, naturally extended its pressure forward to the
solid coal, dd, so that, after being holed at the bottom, it was (together with the loose stone of the
roof) forcibly broken down. If the coal were laminated splinty coal, it came off in long flakes; if
soft, friable coal, it was ground into small coal. But when the loose stone of the roof was not
very abundant, there was a necessity for stowing with the chingle of the valuable coal; so that,
although the seam were all excavated, a very serious drawback would be sustained both in the
quantity and quality of the coal. The hewers were arranged along this wall face, each man
requiring about 7 or 8 yards; and, as there was a necessity for advancing the rows of props as
near as possible to the solid coal, there was scarcely room to pass and repass, especially when
the coal had been brought down. The danger of this mode of working may be conceived, when
an extensive line of holing is going on at the same time, and amidst the necessary noise and
confusion, whilst the coal and are liable to fall without previous warning.
In these gobs or goaves, carbonic acid gas was continually forming; and, as the air which
circulated through the roads was exceedingly weak and ill guided, whenever southerly winds or
warm weather prevailed, they were liable to be vitiated by the stythe, so that candles would not
burn, causing the works to be suspended for days or weeks together. It was, so far fortunate
that inflammable gas was scarcely ever seen in the Lothian district, which I attribute greatly to
the open laminated formation of the coal.
These passages along the wall face (as also the bearing roads), until the pressure had
become quite settled, required constant propping and heavy expense in keeping them open
during the night, the rubbish being actually carried out in creels.
The mode of working at the colliery of Dr. Brown, at Slamannan, in Scotland, where the
coal is 26 and 28 inches thick, may be exemplified as suitable to this especial case, and as being
the principle adopted in the thin coals in the West of Scotland. The coal and loose strata at the
top occupy 2 feet 8 inches, above which is a compact sandstone; the floor of the mine being
pretty firm fire-clay. The levels, with a pillar of 6 yards between, are advanced to win out the
coal for work; and, at every 20 yards, a tramway is commenced five and a half feet in height,
which is defended upon each side by a stone pillar 3 or 4 yards in thickness, formed of the
sandstone roof. The intermediate space is either hollow or partially filled with the refuse of the
working. The coals are conveyed along the wall face to each tramway upon platforms, having
low broad wheels, where they are filled into tubs, containing 4 cwt. each. Very little timber is
used in this work; and from the compactness of the coal, the pressure breaks it off from the
solid, in large flakes, at the same time that the work is kept safe and open.
The thin coal and iron-stone mines in Staffordshire are worked in a similar manner to
those in Lothian; but the mineral is brought along the wall face to the tramroads upon sledges,
and there transferred on to carriages, and eventually drawn up the shafts in skips.
The long wall system may be said to be universally applied to the working of iron-stone,
owing to the quantity of debris greatly exceeding the proportion of mineral to be sent out of the
works: hence the superabundance of rubbish serves to plug up the gob, and to support the
tramroads.
LONG WALL AT MONKWEARMOUTH AND OTHER DEEP COLLIERIES.
Before leaving the subject of the long wall, it may be interesting to describe the particulars
of a system of working now under experiment in the deep and dangerous collieries in the North
of England, partly imported from Midland practice, and partly adopted from the ordinary long
wall system of Scotland. Its novelty consists in being applied to the working of seams of coal
from 4 to 6 feet thick, at depths of from 200 to 300 fathoms, and under a perpetual discharge of
inflammable gas: whilst, in the ordinary stall and pillar working, it was not judged expedient to
take away, by the first working, more 3 than from one-sixth to one-fourth of the mine.

It is, therefore, not a little curious to witness a system of working, in these collieries,
whereby all the coal is taken away in advancing, and the wall face kept so clear that tramways
are laid along it for carrying away the coals. In some cases, the roads, as in ordinary long wall,
are maintained through the goaves by means of pillaring; the tramroads approaching the wall
face every 30 yards, and the roof being taken down for height as the strata sinks. As ordinary
props are totally insufficient to withstand this enormous pressure, cast-iron ones are used, being
circular at the head and foot, and formed with wings; their value being from 2s. to 2s. 6d. each.
But the most unique and effective agent in this species of long wall consists of a set of
timbers, called ‘bulk heads’. They are 3 feet long, and 8 or 10 inches square; being piled up
crosswise two and two, at distances of 6 or 8 yards from each other, and parallel to the wall face.
They are formed in two lines; the column of one line being opposite to the open space of the
other, and the intermediate spaces, where necessary, supported by props. The advanced row
being always kept 6 or 8 feet back from the wall face, abundant room is left for a tramway.
As soon as the pressure from the goaf reaches the rear line of barricades, the whole strata
is broken, as it where, in a line; and then the rear columns are moved in advance of the first, as
the working of the wall face proceeds.
In order to facilitate the removal of each column of timber, it is set upon a quantity of
small coals, which not only serves gradually to sustain the pressure; but, upon loosening the
foundation with the pick, the column is easily withdrawn and removed.
It is an object, in this mode of working, to maintain the wall as straight as possible. One
set of men, therefore, go in simultaneously to curve the coal, and are succeeded by the are to
wedge or blast it down and aid in filling it; the laying on the tramways being moved forward as
the work proceeds.
An improvement upon the system may be mentioned, which, I think, cannot fail to become
generally adopted; that is, to advance into the whole coal successive pairs of drifts, at the
distance of 60 or 80 yards from each other, to be followed up by the long wall as before
described; the said drifts serving not only as air courses, but as tramways, defended by the mass
of whole coal, instead of being, as before, subjected to the pressure of the goaf.
Although this system is still unmatured in the deep collieries, there is every reason to
believe that it is calculated not only to cheapen the cost of working, but, what is still more
important, to improve the proportion of large coal to be got from the mine, whilst it affords a
simple and effective ventilation, supersedes the necessity of maintaining wastes, and embraces
the immediate working of the mine in preference to the formation of pillars to be hereafter
worked away.
Experience also begins to show that the goaf although unventilated, is not dangerous; for
even if it harbour inflammable gas, yet it is 80 u,1mfred with atmospheric air that it will scarcely
explode; and with such currents of air as ought to pass along the wall face, the carbonic acid gas
is easily swept away. fine, the openness of the wall face, and the manner in which this mass of
strata is thus controlled, are matters of surprise even to persons most experienced in long wall
working; and it is but justice to Mr. George Elliott, of Monkwearmouth, to place it upon record,
that he has been highly instrumental in the introduction into collieries of a system apparently the
most untoward and unmanageable, but which now promises to be productive of immense
advantages.
DETAILS OF PILLAR AND STALL WORKING.
Having, in reference to the various systems of working, premised that the pillar and stall
possesses general advantages over the broad wall, I will proceed to detail the process of laying
out and establishing an extensive colliery upon the most improved general principles of the day;
but, considering that this is an elementary work, it is necessary to assume fixed standards, viz.,
that the working boards or stalls be 4 or 5 yards wide, and the cross holings 2 yards; and that
the process of getting the coal is first to undermine the bottom of the seam from side to side, for
the space of 80 or 40 inches, and at a convenient height for the sitting posture of the hewer.
A similar groove is then made up one or both sides of the board, and the mass thus
prepared is wedged or blasted down with gunpowder. In many cases, however, where the coal
is tender, the process is carried out without either wedging or blasting. From the natural high
temperature of the mine, and the necessary exertion of the collier, he works in nearly a state of
nudity: hence the great loss of life in eases of fire from inflammable air.
The Newcastle collier, who procures the coal at from 6d. to 1s. 6d. per ton, according to
the peculiar circumstances of the mine, has no concern with conveying it to the shaft; that
operation being performed by the putter, who fills the coal into tubs, and either conveys it to the

shaft or to the nearest horse road. He also works by the piece, and for which he receives from
2d. to 3d per ton.
Over and above the ordinary tonnage price for the regular working, the collier has certain
extra allowances. In places of less than the ordinary width, he has so much per yard; for
working two in a place, or where it is wet, so much extra per tub; and he is also remunerated for
bad roof, and for working with safety lamps where he cannot blast. But as these conditions
vary with each different case, it is scarcely material to go further into detail.
The tubs or corves, in all extensive collieries, are collected together at certain depths, and
either transferred on to rollies, or, by the modern practice of continuous railways, brought to the
shaft by horses and drivers. These boys are paid from is. 2d. to is. 6d. per day; and one or
more persons are employed at the shaft bottom to arrange and dispatch the work.
The rolleyways are, through necessity, incommoded with doors, which are kept by little
boys earning 10d. per day; and the whole arrangements are overlooked by an overman, with an
adequate staff of deputies, whose business it is to attend to the safety of the people, by setting
the timber to support the roof, directing where safety lamps or naked lights shall be used,
regulating the number of persons ascending or descending the shafts, &c. They must, in fact,
keep a supervising eye over the furtherance of the work; one or other of the party preceding the
workers, and being present in the mine the whole time the people are employed.
The labour performed by the putters in the level collieries is truly surprising. At the
average distance of 180 yards, their price is about 1s. 6d. per score of 20 tubs, carrying 7 or 8
cwt. each; and an ordinary putter will, for a day’s work, convey 80 of such tubs, amounting to
16 or 18 miles per day, and upwards of 30 tons.
It is only in the thin seams that the putting is degrading; and this remark does not apply to
the collieries of the counties of Durham and Northumberland. In many cases, they are obliged
to crawl upon their hands and knees, with a strap around the body, and a chain passing between
their legs, by which they drag the tub. The indecency of this degrading system was formerly
further aggravated by the employment of females, as was amply set forth and published by the
Commissioners who examined the collieries, prior to the passing of Lord Ashley’s Bill for their
exclusion, in 1843.
With respect to the wages of colliers, much depends upon demand and supply. In the
year 1804, so great and unexpected was the pressure for pitmen, in consequence of the opening
of new collieries, that £18 or £20 bounty was given for a year’s engagement, besides an
exorbitant increase to the tonnage prices, as well as a corresponding advance in other colliery
labour.
The yearly hirings, accompanied with house and fire-coal at a very cheap rate, had
continued for many years previous to the year 1845; but the improvident strike of that year was
the means of abolishing this desirable arrangement, and substituting, in its stead, a monthly
notice. At present, the wages of colliers, when fully employed, are from about 4s. per day, so
that they are still better off than the most of labouring people. Of late years, their moral habits
have been greatly advanced by the introduction of schools.

DETAILS OF WORKING.
Before entering upon this part of the subject, I may premise that, in the preparatory
measures of laying open a coal field for working, each system demands at least one uniform
arrangement, viz., the advancement of a pair of drifts or levels, a few yards apart; the width,
height, and direction of which must be according to the peculiar circumstances of the mine.
These drifts are communicated with each other at intervals, for the purpose of ventilation; the
back Openings being stopped by brick and lime. By this means, the current of air is made to
pass inward by one drift, and outward by the other.
In the early working of collieries, the coals were brought direct from the hewer to the
shaft; but as the collieries became extended, horses were employed, not only to draw baskets
upon rollies, with broad wheels, to and from the interior of the workings, but also along
railways to the shaft; the basket being transferred from the in-by rollies to the railway waggons
by means of cranes. Plate iii., fig.2, represents one of the crane places, which, in extensive pits,
displayed a scene of great animation; certain boys being appointed to remove the empty baskets,
and to replace them with others filled with coals; whilst the putter’s care is to see his baskets
regularly put to account.
When the baskets were superseded by tubs, the cranes were dispensed with; and

platforms, covered with iron plates, were employed, on which the tubs were moved to the railway
rollies, which were fitted up for their reception; and, upon arriving at the shaft, they were again
passed into the cage. But as this method was beset with disadvantages, it became desirable to
avoid the necessity of transfer. The tramway has therefore been superseded by edge railways;
and the tubs are now, for the most part, brought direct from the working place to the shaft
bottom.
DISTRICT OR PANEL WORKING.
In early times, where extensive areas of pillars were left standing, the working of them
away was attended, not only with individual risk, but also, by the improvident weakening of the
support of the roof, often produced a general creep. But modern practice has remedied this, by
arranging barriers of coal in such situations as to subdivide the coal field into convenient
districts; so that, if even a creep or other casualty shall take place in one portion of the colliery, it
cannot extend beyond the allotted limits.

The diagram represents a coal field laid out in this manner; the leading principle being to
extend from the shafts, D U, levels, and also drifts at right angles, for the principal horse roads;
the said roads being defended by barriers of whole coal, from 20 to 50 yards in thickness, upon
each side, so that the intermediate spaces, may be allotted to the numerous boards or working
places; the pillars of which are worked away progressively, or at convenience. This system
enables separate sets of workmen to be employed in different quarters, and large quantities of
coal to be commanded; and, where faults are met with, they are made auxiliaries to the formation
of these barriers.
By this arrangement, general creeps are utterly prevented; and, as the pillars are worked in
limited quantities at each position, the coal is less damaged by pressure, and the process of
ventilation much more conveniently managed, than where a large extent of workings, without
separation, is to be dealt with. Equivalent to this principle is the formation of pillars, so
exorbitantly large, that the working of them away may be carried on in the vicinity of the
working boards, without any danger of creep.
Such is the general principle upon which the extensive mines in the north are laid out, and
for the following reasons:1. It is always inconvenient, and frequently dangerous, to prosecute individual workings
more than 20 or 30 yards in advance of the air current; therefore these successive intersections
serve to bring the circulation freely amongst the workmen.
2. By the intersections, the tramways are enabled to be re-arranged and husbanded, so as
to render a certain stock
3. By this arrangement each workman is provided with an available to the working of
many places and independent working place, clear of the confusion and inconvenience attending
the long wall system.
4. By the coal field being made up of a series of pillars, their future working is facilitated,
by commencing at one or more points at once, which also facilitates the raising of a large

quantity, at the same time confining the roof pressure as much as possible to the individual
pillars in the course of working.
These, then, are the chief advantages of the board and pillar system, the adoption of which
has given the collieries of the north of England their extraordinary powers of production;
because, in an extensive field, the principal horse roads radiate from the shaft into various
districts, each of which holds an independent set of workmen, whether in the first, second, or
mixed stage. At the same time, it must be admitted, that than otherwise admirable system is
sometimes carried to an extreme, by attempting to command an extent of mine excessive either
for economy or safety, inasmuch as every stage of this process demands to be accompanied by
ample ventilation; and, in proportion as gobs or goaves are increased, so also does complicity
of the ventilation increase for avoiding the danger from accumulating gases.
With respect to the proportionate size of the pillar to the board, much depends, as I said
before, upon a combination of circumstances; but, as depth from the surface forms a chief
consideration, I adduce proportions which may be said, in practice to be adequate to the
substantial support of the workings, until the proper time arrives for taking away the pillars.
SCALE FOR FIRST WORKING, WITH DESIGN OP AFTERWARDS TAKING OUT
THE PILLARS; THE WIDTH OF PRINCIPAL WORKINGS BEING FIVE YARDS,
AND CROSS HOLINGS, TWO YARDS.

The Monkswearmouth Colliery, at the depth of nearly 300 fathoms, has been worked With 5 yards openings,
whilst the block of coal is left 40 yards by 29.

Another most important item for consideration, is the angle at which the coal seam lies. In
flat collieries, the greatest possible pressure is imposed, as well as the greatest retention of
moisture ; whilst pressure in the steep collieries is relieved in proportion to the inclination.
In the Mostyn collieries before mentioned, the workings were found to stand quite well at
the depth of 60 fathoms, with an excavation of 55, and a pillar of 45 per cent.; but when any
circumstance took place to weaken these pillars, or to soften the floor, it was followed by a
creep.
With respect to the working away of pillars, objections may prevail similar to those
applying to long wall; and, if these are well founded, the working should be confined to the
principle of procuring as great a proportion of coal as possible by the first working, viz.:If the nature of the coal be soft, and the roof brittle, with a soft spongy floor.
If there be reason to dread the bringing down of water, either from the surface or from
upper workings.
If there be danger of damaging upper seams by fracture of the strata.
The discharge of inflammable air.
he damaging of buildings on the surface.
Sometimes thick seams are worked very near the surface, and small pillars left to preserve
the land.
The effect of working the lower seams first is not always disadvantageous to the upper
strata; for it is not unusually the means of draining them, especially amidst the clunch strata of
Staffordshire.
By these observations, I wish to show how highly important it is, that the working of coal
mines should be directed by persons practically conversant with the subject, and scientifically
instructed, so as to weigh well the various peculiarities; for innumerable are the mischief’s, both
to life and property, where persons attempt to wield such great interests without the above
mentioned qualifications.

I will now subjoin a few practical examples of working in difficult localities.
The mode of working which generally prevails in Lancashire, under a depth of 50 or 60
fathoms, may be described as follows,

(see diagram):- The levels, aa, are driven out narrow, the dip-level being generally adopted as
the horse road and intake, and the rise level the return air course. Out of the rise level, at right
angles, are driven narrow drifts in pairs, having a 4 or 6 yard pillar, 6, between; and extending
towards the former range of workings, dd, which may lie at the distance of 60 or 80 yards.
Between each pair of drifts a barrier of coal is left, containing from 25 to 40 yards, cc; and, as
soon as the said rise drifts have arrived' at the proposed length, they are communicated with
each other, and conjointly bring back the working of the intermediate pillar of coal, cc.
This may be said to be the prevailing plan of working throughout Lancashire, and those
parts of Yorkshire around Wakefield; the general practice being to win from 80 to 100 yards of
dip coal at a time, and the pits along the level line being sunk at every 300 or 400 yards.
Baskets were heretofore used for the conveyance of coal to the shafts, partly upon sledges, and
partly upon wheel carriages; but they are now greatly superseded by tubs and cages.
In coal fields where the seams are 4 feet and upwards in thickness, and of convenient
inclination, this system is clearly impolitic, inasmuch as the cost of conveying underground is,
by modern practice greatly diminished by improved railways, &c.; and there is little doubt that if
the best practice of the day were adopted, important savings might be effected in the working of
such collieries.

The Dukinfield colliery, in Cheshire (see diagram), is one of the deepest in the district,
and deserves mentioning.

The coal lies at an angle of about one in two, and the black mine seam has been exhausted by
successive winnings, till it is now working at the depth of 200 fathoms from the surface.
As the coal is too steep to work the wickets from dip to rise, the plan has been to extend
parallel levels at the distance of 60 or 80 yards, to the dip of each successive range of old
workings, similar to the method used in Lancashire, and at every 130 or 140 yards, to drive up a
pair of drifts (Jigg brows); out of these drifts again to turn level workings, dd, 5 or 6 feet wide,
with a pillar of 8 or 10 yards between, which pillars were to be worked in returning towards the
jigg brow. The low level is the horse road, and the upper one, b, the air road; and, steep, as the
coal lies, the working is carried on by means of tubs, containing 8 cwt. of coal.
In the stages of the colliery, and under a light pressure, may have answered; but, in the
prosecution of the deep workings no suitable consideration was given to the increased depth.
In consequence of this, no sooner had the new area of workings become extended, than the
pressure from the waste above so affected the coal, the roof, and the floor, that a sort of general
creep was generated, which accumulated labour, destroyed the air courses, crushed the coal into
small, and caused the drawing to the surface of great quantities of refuse, arising from the

cuttings for height; the colliery consequently became fiery and dangerous, which was attended
with continual loss of life.
In the Jarrow thick band working, 150 fathoms deep, (see diagram), the High Main coal
contained a band of stone 20 to 30 inches thick, and demanded an especial system of working,
which was adopted as follows;-

Each board or working, aaa, was turned 10 or 12 yards in width, the band being stowed in
the centre, and the tramway laid lip each side; the intermediate space, bb , being stowed up,
formed an adequate support for the roof, as well as a brattice for conducting the air, a door
being applied in the tramway. The weight which was thus superinduced from the roof upon the
wall faces, dd, had a beneficial effect upon the working of the coal. Between each of these wide
working places, a pillar of coal was left, ccc, 2 or 3 yards in width, portions of which were
subsequently taken out.
I have seen this method of working pursued in some parts of North Wales, in which the
seam was 4 feet in thickness, and clean coal, the broken roof forming the material for stowing;
but it is not at all applicable to such a case, for it produces unnecessary breakage both of roof
and coal. A considerable rib of coal is left between each of such workings but the pressure
which is thereby induced has a wasteful effect upon the remaining coal, and renders this system
greatly inferior to the ordinary pillar and stall method.
Coadtalon, North Wales, 10 Feet Seam, 50 Fathoms deep.
This seam, which has a good roof, and lies nearly flat, is worked in the following manner.
See diagram.

fg, The shafts
Three levels are extended from the shaft, viz..
aa The principal horse road.
xx A dip level for water and air way.
oo A rise level, the pillar of which, 5 or 6 yards thick, is intended to defend the horse road
from the pressure created in the body of the workings.
Out of the said rise level, wichets (boards), bb, are driven 6 or 7 yards in width, and are
holed into each other by intersections of a similar width, cc, so that the pillar, dd, is only left 3 or
4 yards square; and, as the work advances, the back pillars are taken out along with the top coal,
3 feet thick, which is left standing during a certain stage of the working.
Upon the same principle, three drifts, e g, are extended to the rise of the shaft. The centre
drift is provided for the coals, and the support afforded by the adjoining pillars protects the said
road from the effects of the adjoining pressure.
The mode of laying out these collieries leaves little more than 80 yards to work from dip

to rise, and a very limited extent of water level ways from pit to pit, although moderate in depth.
The ample section of the seam, and a good roof, enable this working to be prosecuted very
favourably. The coals are brought from the workings to the levels upon sledges, and there
transferred to wheel carriages.
Staffordshire thick coal, or 30 Feet Seam.
The shafts are always sunk in pairs, at convenient distances from each other, after which, a
pair of levels are extended.

On reaching the intended limit, B, the working, FC, is commenced on one or both sides of
the levels, 12 or 15 yards in width; and, at certain intervals, coal pillars of 8 or 10 yards square,
HH, are formed to support the roof, the openings on every side being of similar width. Directly
outside of this side lane, a barrier or fire rib, DD, of 16 or 20 yards in width, is loft, not only for
guarding against the effects of pressure, but also for the purpose of eventually inserting a dam
or stopping at EE, for confining the gases, which will naturally generate in so large a space ill
ventilated. A similar process to the above is repeated until the desired area is mined over; each
individual working or abandoned district being dammed off as soon as it is exhausted, or
overtaken by the breeding fire.
The working of so large a seam, by a single process, is attended with many difficulties;
and, although a considerable quantity of roof coal be left on, yet it frequently breaks away, as
also huge masses of coal in the course of working, so that there is a continual loss of life
accruing from falls of coal alone; and when the ventilation of so immense a space becomes
inadequately supplied with air, the consequence is obvious, in respect to fires and explosions.
In former times, the gas which accumulated in the upper recesses of this large seam, was fired
off from time to time, to the imminent loss of life; but that barbarous practice has been long
since laid aside, and various devices suggested, which will have due notice hereafter.
In the working of the 30 feet seam, the small coal necessarily produced and left below
during the process of mining, and the loss of coal in pillars and barriers, amount, in the opinion
of well informed persons in the district, to considerably more than one-half of the whole
contents of the mine, and, according to others, two-thirds.
During the sitting of the Committee of the House of Lords, in 1849, I gave evidence
regarding the working of this extraordinary seam of coal, which may be condensed as follows:First. - That the mode of working and carrying away the whole height is productive of an
increased proportion of accidents from falls of stone and coal.
Second. - That the generally acknowledged produce of only one-third part of the mine is a
needless waste of property.
Third. - That the ill ventilated state of the workings and the continual production of
noxious gases seriously conduce to the loss of life, either by the inhaling of carbonic acid, or
the explosion of carburrated hydrogen gas. The size of the working places may be stated at 40
feet in width, and 25 feet in height; the only ventilation being communicated by an air head,
about 3 feet square, carried alongside the main working, at the height of 10 or 12 feet from the
floor. The interior part of this immense dome becomes imbedded, 8 or 10 feet thick, with the
successive growth of the small coal, shale, pyrites, and other refuse arising from the working.
The coal being incapable of preservation in a merchantable state, and the skips being ill adapted
for containing this small coal, the mass must necessarily go on accumulating, and, as a matter of
course, produces spontaneous combustion, called ‘fire stink’ or ‘breeding fire’.
An intelligent friend of mine, in Staffordshire, thus writes to me, along with the
accompanying plan (plate vi.):- “It is beyond human ingenuity to keep a side of working
perfectly free from gas: you may ventilate it by an air heading of what dimensions you please,

or by gait-roading, and gas shall lodge in places such as the holes of cutting, or the place where
a drop of coals was last cut from; but the moment the band (rope) commences work, the whole
air of the side of work is agitated, mixes with the gas, and is so carried off by the air head. How
can it be expected that a side of work should be kept clear at all times? The moment our great
skips, of 60 or 70 feet sectional area, have done running, and in spite of a good current of air
running its whole length, and taken off at the highest places, it will collect in every pot hole and
cutting that is above the intake head, but which is almost momentarily carried off in the morning
by a little application of the (poor) colliers' waistcoats. I would wager that if your northern
viewers had the management of a bit of our thick coal, you would have it all of a shine before
four months had gone over your heads.
“About three weeks ago, I had a side of work that on Saturday night was as cool as could
be wished, and, by a little alteration in the air which I ordered to be made on the previous
Wednesday, it was all up with it on the Monday morning; and such was the rapidity of the
combustion, that it was with the greatest difficulty that the whole pit’s crew could master it and
complete the dam, engaging nearly half the men to carry the other half away into the fresh air.
This was the work of 48 hours”. He says, “I have known a side of work extended nearly
double its originally intended size by gauging the air, and so limiting the quantity simply to
what would be actually demanded by the men, horses, and candles.”
I made some remarks to their Lordships’ Committee on this great anomaly. In one part
of the country, we are striving for the advantage of greater ventilation; whilst the people of
Staffordshire say expressly there ought only to be what is demanded for the men, horses, and
candles.
Having been questioned as to whether I could suggest any thing whereby a better
ventilation could be introduced, without being attended with the evil consequences of drawing
into combustion the accumulating rubbish of the mine, I replied, that I had recently examined
some of the thick coal collieries, and I would venture to make some suggestions, although with
great deference to the general practice which prevailed.

“If the present mode of working away the whole height of coal at once, and the use of
skips must be continued, then I believe that the conclusions above quoted are correct; for the
greater the amount of ventilation, the sooner the people would be driven out of the working
places by the ‘fire stink,’ or natural combustion. It is, therefore, to a total change of system that
we must look for an amended state of things, viz., by the substitution of tubs for skips; and,
instead of working the seam the full height, to work it by two or more successive and
independent processes.”
First, to commence with 7 or 8 feet of the seam next the roof; to lay it out in boards and

pillars of suitable width and strength; and, after reaching a certain extent, to work away these
pillars, and so lower the entire strata. During this process, the merchantable small coal would be
removed out of the mine. The ventilation could be conducted according to ordinary rules; and
several years would elapse before the second working came at all in contact with the results of
the first operation.
A similar working might then be carried on in the lower part of the seam, until it had
reached a similar extent, when the taking away of these pillars would bring down the
intermediate coal, consisting chiefly of large blocks, a great proportion of which would be
obtained. By these successive processes, I feel satisfied that not only would a very much
greater produce be obtained from the mine, but that it would be done cheaper; whist it would
very favourably influence the saving of life and limb, accidents being inevitable in so lofty a
seam worked by the prevent system.
This seam often contains bands of stone or refuse coal towards the centre, which would,
of course, influence the sub-division of the mine for the proposed system; and even under
circumstances when it is politic to avoid lowering the surface, this mode of working would be
equally, if not more eligible.
The accompanying plan of a working colliery will best illustrate the present system, with
its air heads, dams, and the fire ribs, all of which are consequent upon this mode of working,
and which forms so extraordinary a contrast to any other in the kingdom.
The 10 feet seams of Workington and Whitehaven are worked by ordinary pillar and stall
with great effect, and the system above proposed would be very analogous to theirs. At any rate,
no bad results could arise from the trial, in the success of which the landlords are equally
interested with the tenants.
Mr. Gibbons, a Staffordshire coal owner, who published a book on the subject of
ventilation, and who was examined before the same Committee, in 1849, says that;- “My
principle is to take all the air into the mine along the working roads and face of the workings,
and take it out again by heads driven as near to the top of the coal as possible.” The quantum
of air in his pit, he says, “would be no more than would be discharged by an air way 2 feet
square for each separate shaft; from 5,000 to 10,000 cubic feet is as much as we require,”
The customary air passage is 4 feet by 3 feet.
“My air descends the shaft, travels along the working road and face of the working, and
ascends in the excavations of the coal into the air passage, which is near the top of the coal. In
the sinking of the pit, there is a channel cut out 2 feet square, which is bricked and separated
from the shaft. The air then travels along the air head, and comes in at the back of the shaft to
the chimney, which is furnished with a fire at the bottom. The channel in the shaft is from 4 to
6 feet area.” Mr. Gibbons has his openings 12 yards wide, and his pillars 12 yards square. He
asserts that gas never passes through the thick coal vertically. “It always passes through certain
partings in the coal horizontally, but not vertically.”
He has introduced the steam jet, with a pressure of only 8lb per inch, as he says, with
considerable advantage; but the respective areas of his 8 feet shaft, 50, and his upcast channel, 4
or 6, seem irreconcilable with any acknowledged principles of good ventilation.
He also says, “Our mines have great deposits of small coal or slack, causing spontaneous
combustion. Our object, there-fore, is to work under those circumstances with as little air as
possible; otherwise you would quicken the spontaneous combustion that does always take
place. Every side of work, 90 yards by 50, is obliged to be surrounded by a solid wall of coal,
and every aperture is obliged to be stopped closely up.”
Mr. Gibbons says that “accidents are frequent, and always will be, when you consider
that there are 20 feet of coal hanging over a man’s head, and that a piece drops out without the
slightest notice. I do not think it is possible to prevent them.” We work,” he adds, “entirely
with chains, consisting of three chains connected together; and I consider them safer than ropes.
We have no guides at all; with our thick coal, we cannot use guides; raise 25 cwt. at a time,
sometimes 2 tons.”
The working of the thick coal is mainly carried on by butty or contractors, to which cause
I attribute many of the existing evils, both as regard loss of mine and loss of life, inasmuch as
both ventilation and other means of safety are left much to the discretion of persons who have a
very unstable interest in the mine, instead of being under the surveillance of a staff of intelligent
persons, acting for the permanent interest of the proprietor of the work. It is true, that in each
pit a doggy is appointed; but these men are, generally speaking, ill informed, and ignorant of
recent improvements; nor is it intended they should be allowed to exercise much discretion win
the employment of people to set timber, conduct ventilation, or carry into effect such
precautionary measures as appertain to the duties of overmen and deputies in well regulated
collieries.

BELGIAN COAL MINES.
I had an opportunity, in the year 1843, of examining the detail of working in some of the
mines in the neighbourhood of Jemappe, in depth from 160 to 190 fathoms, in which a number
of the uppermost seams have been passed through. Every colliery is supplied with a ladder pit,
by which the people are constrained, under an order from the government, to ascend and
descend, the ladders being nearly perpendicular, and arranged in various stage. of from 15 to 30
fathoms each.
The coals are drawn up the shaft in iron tubs (called cuffats), being about 8 feet in length
by 3.5 feet in diameter, carrying from 35 to 40 cwt. each. These tubs stand in the bottom of the
shaft to be filled with coals brought out of the workings in wooden tubs carrying 8 cwt. each.
The smaller tubs are along antiquated tramways, chiefly by females clothed in jacket and
trowsers, and who, on account of the lowness of the roads, drag the tubs by means of a chain
fastened to a belt a and the body, and passing between their legs; their posture being nearly
upon hands and feet!
Owing to the thinness of the seams, and from the very inadequate manner of preparing or
preserving the roads, the working. of each pit are Confined to a very limited extent, which, of
course, calls for a numerous succession of shafts; and, as the seams lie at short intervals from
each other, they cut from the shaft bottom successively into seam after seam, by means of stone
drifts, thereby compassing the working of several seams from the same shaft.
The principle of working. in a 2.5 or 3 feet seam, the shafts being generally 9 feet in
diameter, maybe described as follows:- A pair of levels are extended, being each 2 yards wide,
with an intermediate pillar of 4 yards, holed at intervals for the purpose of ventilation. Out of
these levels arc turned, at right angles, the main preparatory workings, 5 feet wide, with a pillar
between of 13 to 14 yards. If the inclination be great, these workings are driven slopewise
(cross-cut). The main workings (tailles) are carried on in sets of 8 or 10 each, one set being in
advance of another; and, as they extend, the pillars are gradually taken away, to within a short
distance of the whole coal, constituting, in effect, a species of long wall working; the goaves and
hollows being, in the first place, propped with timber; and then filled up with the cuttings of the
bottom, the fallen roof, and the small coal. In driving these preparatory levels, the stone
necessarily taken down for height is, for the most part, drawn to the surface.
By thus prematurely working away the natural support of the roof under so great a
pressure, and where the floor is soft, the consequence is, that a perpetual and destructive
movement is induced; and, to obviate the results, numerous hands are employed in the above
mentioned operations, and an enormous quantity of timber consumed; for not only arc the
necessary roads continually dilapidated, but the whole coal at the face is torn and crushed by the
superincumbent pressure. Besides, the stoppings, or other applications for the guidance of the
air through the workings, are subject to injury, and the effects of ventilation greatly nullified.
By the time the workings have extended 800 or 400 yards from the bottom of the pit; they
are no longer tenable, and the working must either be supplied by another seam, or by a new
sinking from the surface: hence the vast disproportion of sinkings in that country in comparison
with the mining in England.
Under this state of things, the employment of horses is nearly impracticable; for it is with
extreme difficulty that the tramways can be maintained 3 feet in height.
The hewer is not paid by the tub; but, as they work in gangs, they are paid by the square
metre, measured off every week, an average day's work being from 4 to 5 square metres and the
collier is charged for his house and fuel at a high rate.
This method of ascertaining the earnings of hewers must be exceedingly vague, owing to
the great irregularity of the working places, and the disproportion of crushed coal. The putters
and all other labourers are paid by the day.
Fortunately for the persons engaged in the mines which I saw, there is little production of
inflammable gas; indeed, did that prevail, they would be unworkable under the present system.
In the Produit Mine, belonging to the Society of Commerce, the upper 29 seams belong to
an ancient company, and the lower 22 belong to them. Sixty-three other scams are known to
exist, making in all 114; but to reach them would require a sinking from the surface of 2000
yards. The extent of this company’s concessions, from east to west, 4000, and from north to
mouth, 5000 metres.
The most favourable seams in this colliery, which lie at an angle of one in ten, are the
Carlier, 2.5 feet thick, and the Grand François, 2 feet thick, both of excellent quality, and
reposing on fine fire-clay. I was furnished with a statement of the number of persons actually

required to raise 150 or 160 tons per day out of one of the pits, 190 fathoms deep, and which
will exhibit, in a striking manner, the disproportionate number of people employed in raising
coal here, as compared with an English colliery similarly circumstanced.
45 hewers
averaging 1s. 8d. per day.
32 drawers
1s.
10 overmen and managers
"
1s. 6d.
12 boys, cleaning roads, &c
"
10d.
4 onsetters at bottom
"
1s. 3d.
99 off-hand persons employed to keep the workings in order.
202
47 persons aboveground, at pit-heap and machinery.
249
The total cost was 3000 francs, equal to £125; or about 10s. per week, average wages.
Another characteristic of the effects of this mode of working will be gathered from the
produce, viz.:Proportion
Gayette, large picked coal
Gayleltterie, second
Small

20
18
62

Worth per ton.
s. d.
16 10
15 4
6 0

General average value per ton at canal, 9s. 8d. - say 10s. In 1838, they averaged 11s. The cost of conveying to
canal being about 1s. 6d.

In the arrangement of the pumps, they scarcely ever exceed 20 fathoms to a lift. In one
colliery in the neighbourhood, in which the shaft is 190 fathoms deep, there are 10 columns of
pumps.
According to the custom of working these
collieries, it is found that the thin seams are more
manageable than the thick ones, inasmuch as the goaves
or hollows are more readily filled up, and the fractured
strata sooner settle to rest. Some collieries are fitted up
with spiral ventilators, (see diagram), worked by steam
engines, and others have indifferent fire lamps. A, the
up-cast shaft, within which is placed the spiral ventilator,
B, which ventilator, by being connected with multiplying
machinery, C, driven by a steam engine, is whirled round
at great velocity, the effect of which is to discharge the
air from the mine; but the amount quantity of air
produced, and the danger of interruption, render this
species of ventilation very objectionable. From the
dangerous state of the return air, the mines are often
deprived of the ordinary ventilating furnaces, except they
be placed in recesses of the shaft, in which they may be fed with flesh air from the surface.
The ordinary working places were 2 yards wide; but owing to the taking away of the
pillars and the continual state of creep in which the workings were involved, every thing seemed
to be in great confusion, and would necessarily lead to immense loss of coal, either by being
crushed, or stowed in the goaf.
From the rich quality of this coal, producing 50 to 60 per cent. of coke, together with its
great depth from the surface, and the very inadequate ventilation which prevails, the air of the
mine becomes most oppressively overheated; and its exceeding warmth induces the colliers to
use linen and cotton clothing, which must be attended with grievous consequences in those
cases of fire frequently occurring in some of the mines.
Notwithstanding the necessity of sorting the coals, there are 110 skreens at the top of the
shafts; but the huge tub is rudely upset upon a platform, and the various sorts of coal, three in
number, are separated by hand or by riddles worked by numerous females, after which the coals
are put into longitudinal buckets, placed upon rollies, and conveyed along the railway to the
canal.

To a person practically acquainted with the extensive system of coal mining in England,
that of Belgium must appear to be incomparably behind-hand, notwithstanding the pains which
are taken by the government in bringing up and educating engineers for the purpose. The very
small quantity of coals raised at each pit - the indispensable use of ladders for passing the
people up and down - he inadequate manner in which the underground roads and workings are
kept - the expenditure in making so many unnecessary shafts, with the defective arrangements
of the air courses and the principles of ventilation - the mode of paying the workmen - and the
want of mechanical arrangements at the surface for handling the coals - all combine to show that
the science of coal mining, as practised in Belgium, is in its infancy; and, were it not for the very
high price generally obtained for the coal, and the exceedingly low wages paid to the people, the
mines could not be carried on. Notwithstanding the lowness of wages, the want of good
arrangement so multiplies the number of persons and of establishments, compared with a more
improved system, as to enhance rather than reduce the cost of labour. In my ‘History of the
Coal Trade,’ I affirmed what has, in a great degree, been since corroborated, viz., that if once the
price of coals became reduced by competition in the principal markets, the system of working in
Belgium would be liable to great convulsion, deeply affecting both the proprietors and the
workmen; for, although aided by government influence, they cannot instantaneously acquire that
practical knowledge which has led to such splendid mining as that developed in the northern
collieries of England.
[Trade,’ published in 1843, as also to the Morning Chronicle of the 23rd of April last, which contains some
interesting statistics of the Belgian mines. The writer says, that in consequence of a fall of prices in
competition with England, great efforts have been made by the government, and great improvements introduced.
Women are still numerously employed underground. The wages of the colliers are as follows:- Pit sinkers, 2s.
6d per day; holers, 1s. 8d. per day; women, 11d. per day; young boys, 8d. per day. The colliers average period
of life is 50 years. They can live, exclusive of house rent, for 7d. or 8d. per day. They are cleanly, moral, and
sober. They frequently use the public bath, and consume very little flesh meat, living mostly upon coffee,
soups, and vegetables.]

FRENCH COAL MINES.
In the year 1849, I visited some of the coal mines in the department of Gard, south of
France, where I found the manners of the people, wages, &c., very much like those above
described; but as the coal field is peculiar, I will here submit a few remarks upon it,
accompanied by a plan and section.
The Concession Robiac coal and iron district is situated on the north-east or opposite side
of the range of micacious schist, to that of the coal field of Grand Combe, and is contiguous to
the river Ceze, adjoining to which, at Besseges, the coal mines are worked by means of levels
driven into the side of the mountain, and adjoining to which are erected extensive high furnaces
and forges erected for the production of pig iron, and foundries and forges for the manufacture
of malleable iron and engineering. Besseges is situated about 7 miles up the river from St.
Ambroix, a country town, in the department of Gard. The accompanying sections (plate vii.)
show the general arrangement of that part of the coal field now in work. It consists of 12
workable seams, the aggregate thickness of which is 42 feet, and the angle at which they lie 1 in
4, dipping towards the east. The remarkable geological feature of this portion of the coal field
is, that the whole of the seams become doubled up in the manner shown in the accompanying
profile; and it is exceedingly difficulty to imagine, with any degree of certainty, by what of
convulsion such a change could have been effected - but the fact

is undeniable.
The coal field in the valley is overlaid by the trias and the has, as represented in the
profile; and in these formations are found extensive beds of iron-stone, which will be hereafter
more particularly described.
The manner of working these coal seams is, first, to enter at the mountain side, and then
carry along the seam a railway level out of which the boards or workings are turned, in an
echelon form, to modify the steep ascent. These excavations are in general 4 yards wide, and
the pillar of coal left is from 10 to 15 yards square, which pillars are afterwards taken away. As
soon as these workings have extended from dip to rise, about 120 or 130 yards, they give place
to another level from the surface, which operation is much favoured by the abrupt face of the

mountain contiguous to the works.
From the range of the principal opening, horizontal stone mines are made to intersect the
other seams, which are also worked in a similar manner, thus bringing the produce of seams to
one adit, which is done by wheel-carriages and tubs, containing 15 cwt. of coals each. Great
want of ventilation prevails; but there is little inflammable gas.
The coals are brought from the hewer to the level in oblong wicker baskets, containing 3.5
cwt. of coals each, which are fixed upon sledges and are pushed down to the level, where the
coals are transferred into the railway tubs. The traineur or putter then places the basket (which
weighs about 75 lbs.) upon his head, and so carries it back to the hewer. The coals are roughly
separated into round and small; the hewer receiving for round, 2.5 francs, and for small, 1.5
franc per ton. The putting, including the conveyance along the mountain side, and down to the
works, (the contractor finding his own lights,) costs but half a franc per ton.
The mines are very well situated for economical working; the roof, whether of schist or
sandstone, being hard and firm, and requiring very little timber, and the coal very easy to work.
No skreens or artificial means are used for separating the coals; but inclined planes are adopted
for bringing the produce down the side of the mountain to the works.
Hitherto the working has been confined to that portion of the field which lies above the
adit, so that neither pits or engines have been employed, or will be needed for many years to
come. The result is, that the coal can be produced, including all expenses, for about 4.5 francs
per ton of 20 cwt. A remarkable feature of this coal formation is the utter absence of fire-clay,
and it contains scarcely any iron-stone; nor does it seem to produce water of any moment,
which is a favourable symptom for the winning of the coal below the surface level.
The coal is of a bright friable nature, but very pure from sulphur; hence it produces the
average, 55 per cent. of excellent coke fit for railway purposes, or the smelting of iron, and it is
very superior for the manufacture of gas. The produce of the mines is partly consumed in the
iron works, and partly sold to the surrounding country, being conveyed away in carts and
waggons; the round coal producing 11 francs, and the rough small 5.5 francs per ton of 20 cwt.
at the place.
The principal outlet for the sale of coal is down the river to St. Ambroix, whence the roads
radiate towards the Rhone, Alais, Nismes, &c.; and it is astonishing to what remote distances the
excellence of these c6als causes them to be conveyed. The present sales to the country by this
means, notwithstanding the roughness of the roads, is at the rate of 84,000 tons per annum.
Undoubtedly a very extensive field of coal exists contiguous to this concession, which is at
present concealed by the triss and has, and in which no borings have been made; but outcrops
of scams are seen in several places throughout the district, which leave no doubt of the fact,
although, from the disturbed state of the superior strata, difficulties and irregularities may be
anticipated; indeed, already some important slip dykes are ascertained, as well as changes in the
dip and rise. The concession of Lalle, which adjoins, sufficiently elucidates this fact; as some of
the seams are seen to dip in the contrary direction, and which are worked by descending from
the outcrop of the coals, and bringing out the produce upon the backs of men.
At present, the coal and iron works at Besseges are held by different companies; but a
project was on foot for uniting them under one great capital, to be followed out by the extension
of a railway, not only down the river to St. Ambroix, but also at Alais, whence the railway
communications would apply for conveying the produce of this interesting district to the lower
country of the Rhone, and the coast of the Mediterranean
It might have been observed at the commencement, that all mines in France belong prima
facie to the government; and concessions of districts are made to individuals for years certain,
on the payment of 5 per cent. upon the profits; which mode the favourable considerations which
are afforded by the standing regulations of the government engineers, offer great advantages to
the mine adventurers; for, whilst the mines are unproductive as to profit, no consideration is
exacted, and great allowances are made for expenses disbursed in the foundation and extension
of the operations until they are repaid by profits for the mine.
Previous to the revolution of 1848, the wages of the people employed about the mines and
collieries were exceedingly high, as well as the price of iron; but the stagnation that was created
at that time, and which has continued ever since, has reduced the works into a small extent, and
the wages down to a very low ebb; the production of iron throughout the whole district being
reduced to one-fourth or one-fifth, and the selling price. so low and irregular, that it is difficult
to quote an average.
IRONSTONE MINES.

The supply of iron-stone is obtained from the Oxford clay and other portions of the new
red sandstone formation, also in contiguity with the blue limestone, and may be classified as
follows:- At Pierremonte, on the limestone of the Oxford clay, are 2 beds, one of 1.5 metres,
and the other of 0.5 metres in thickness; the former stone yields 40, and the latter 60 per cent. of
iron, and both beds can be commanded by the same gallery.
‘The Travers’ is in the new red sandstone, the floor being yellow limestone. This bed
averages in thickness l.5 to 3 metres, lies at an angle of 41, yields 40 per cent. of iron, and
contains a good deal of manganese.
From Bordezac, Cote de Long, and Castelas, also in the new red sandstone, are contained
3 beds, the lower of which is from 70 to 80 centimes (0.7 to 0.8 of a metre) in thickness; the
middle one from 1.2 to 2 metres, and the upper one 30 cents.; the average yield being 25 to 28
per cent.
These ores are mixed in the manufacture, and cost, upon the average, at the works, from 8
to 9 francs per ton. These iron mines, without doubt, exist over a vast extent of country; and, in
ease of railways being formed throughout the district, supplies would be brought to these works
from other parts of the district, at very moderate cost.
The iron-making establishment consists of 4 high furnaces, each furnace capable of
producing 100 tons of pig iron per week; a casting foundry; and extensive forges and rolling
mills, for the production of bar iron and boiler plate, and also for the fitting up of steam engines.
The success of these works has been greatly affected by the revolution. They are also
greatly impeded by the want of railways, the common roads of the country being very
indifferent.
The pig iron is made entirely from coked coal, in the construction of which the owners are
so particular as to wash the small coal for the purpose of extracting the shale and pyrites, after a
similar fashion to that practised in the separation of lead ore; and the coke, so prepared, is
understood to cost about 13 francs per ton.
According to the terms of this concession, no consideration is paid upon the iron-stone,
the before mentioned rent of 5 per cent upon the profits of the coal comprising the whole rent
paid to government. The iron furnaces are blown by two very large engines, and the hot air
principle is applied; but, as in many of the continental works, there, is no use made of the gases
arising from the furnace.
The coal and iron works of France are at present protected by heavy duties, both. in
French and foreign bottoms, viz.:Coal, imported to the Mediterranean in Foreign bottoms
Coke
Cast iron
Malleable iron

Francs per ton.
8
16
77
210

In addition to these may be added a freightage of 15d. to 18d. per ton, together with
brokerage and delivery.
Taking into account the excellent quality of this coal and iron-stone, its facility of
working, the cheapness of labour, and the great extent of mine in the surrounding district, there
is no doubt that it forms a valuable subject for capital and enterprise in the extension of railways
down the country towards Alais in one direction and the country of the Rhone in another; for,
should the affairs of France once become settled, the natural tendency will be to extend the
public railways. Therefore, now that the error is discovered of maintaining the high prices for
the produce of the mines, the importation of coal and iron will decline, and a corresponding
impulse be given to the coal and iron mines of the country, the working of which is yet capable
of great development and improvement.
I cannot leave this subject without noticing the serious drawback which attends this and
other parts of the district, in consequence of the heavy charges upon the railway from Alais to
Marseilles and other parts of the coast, which are little short of 1.6d. per ton per mile; whilst in
England, minerals are conveyed along the public railways at from half pence. to 1d. per ton, and
there is no reason whatever why this coal district of France might not work as cheap as the
railways in England. Were that the case, and the expense to Marseilles reduced to 7s. or 8s. per
ton, instead of 16s. or 17s., the field of consumption would be incalculable; instead of which,
the English coal is supplying a great portion of the Mediterranean coast, as well as the French
colony at Algeria.
The Grand Combe colliery, upon the opposite side of the mountain, consists of about 16
working levels, and employs, according to general report, little short of 1800 people, with from

200 to 800 horses. The seams of coal lie at an angle of 1 in 4, and are very regular, except
where approaching the schist or outcrop, when the strata is ascertained to be strangely contorted,
being doubled up and dislocated in fantastic zig-zag shapes.
The Grand Combe company have also executed a public railway, of 60 miles in length, to
join the Marseilles and Aviguon railway; and, in so doing, in addition to the establishment of the
mines, have expended a capital of nearly a million sterling, several wealthy English capitalists
holding an interest in this undertaking, which has hitherto been very unproductive, although it is
now alleged that a better system of management gives fresh hopes.
The coal, which forms the stamina of this undertaking, is of a good caking quality, but
soft; and where it comes into the contiguity of the schist, it acquires a sluggish sulphurous
nature, which affects the coke unfavourably. From the nature of the mining field, and the mode
of working adopted, several inclined planes are employed to bring the coals from the upper
levels down to the railway branches in the valley; but no artificial methods arc used to separate
the large coals from the small, except the manual labour of numerous men, women, and boys.
The works are directed by engineers educated in the government mining schools, who are
undoubtedly well grounded in the scientific department, but whose practice differs materially
from that of the larger collieries of this country.
The micacious schist reposes upon granite, which exhibits itself at the distance of a few
miles from this coal field. The strata, therefore, may be said to range as follows (see diagram):-

A, granite; B, micacious schist; 3 2 1, coal formation; C, trias, new red sandstone; D, has, blue limestone.

The coal field appears to be wanting in two of the accompaniments usual in England, viz.,
fire-clay and iron-stone; but the trias and the lias contain various and valuable deposits already
particularised.
From the printed report of the Grand Combe Company, for the year ending September
17, 1848, the following interesting facts are recorded.

QUANTITY OF COAL VENDED FROM GRAND COMBE COLLIERY DURING
THE FOLLOWING YEARS, viz.:1842
1843
1844

Tons
177,183
205,195
257,128

1845
1846
1847

Tons
288,703
298,873
337,325

The principal places to which these coals have been sent are in the neighbourhood of the
mines, Alais, Nismes, Lunel, Montpellier, Beaucairè, Marseilles, and Avignon; and a
considerable quantity has also been consumed in the making of coke.
The proportion of round coals to that of small, under the very rude system of separation,
the round being nearly hand-picked, and the small and rough mixed sample - is about equal in
quantity; and that proportion is further deteriorated but the transfer of the coals by railway to
various depots; the result of which is, that, upon aggregate, 21 of small produced for 17 of large;
and this is complained of in the report, as one great drawback which the Company have to
contend with.

The capital engaged, in the mines is stated as follows:Preparatory works and researches
Roads and ways at surface
Constructions on the mines
Railways and explorations
Accommodations and buildings

Francs.
715,840
123,702
337,967
316,752
280,922
1,775,183

The franc being 9.69d. English, or 25 francs to the pound sterling, the amount is £71,007.

The capital engaged in the establishment of railways is as follows:Indemnities, acquisitions, and various land damages
Cuts and embankments
4 tunnels
Sustaining walls
Viaducts and road crossings
3 bridges
Aqueducts
Sundry disbursements to artificers
Railway and laying down
Buildings for workmen, &c
Stations
Walls and enclosures
Various expenses.

Francs.
1,745,095
4,219,963
731,581
239,339
1,506,071
807,147
285,744
68,961
5,2l2,329
140,939
481,128
126,557
827,039
16,391,893

= £655,676 sterling.
The capital engaged in working these railways is as follows:18 locomotive engines
77 various carriages for travellers
155 trucks and waggons for merchandise
640 coal and coke waggons
Sundry utensils
Formation of railways brought over
TOTAL
Annual expense of working these railways:-

Francs.
1,039,176
260,234
288,875
562,070
26,079
16,391,893
18,568,327

Francs.
General charges
113,443
Repairs of buildings
8,891
Do. for workmen’s houses
36,965
Maintenance of way, including iron
138,307
Haulage
194,t49
Repairs of engines
294,182
do carriages and waggons
23,884
Expense regarding passage
53,934
Repairs of waggons for merchandise, and sundry expense
regarding do
151,304
Repairs of coal waggons
184,621
Special expense regarding coal conveyance
80,622
1,280,402
= £51,216 sterling.
The total expense applicable to the working of locomotive engines per kilometre (1093.3

yards) run over, is as follows:Years
1845
1846
1847

3 Passenger
engines
.8920
5975
6008

15 Coal
engines
1.1808
1.260l
l.0607

The produce of the railways for the year ending 1847, was as follows:Passengers
Coal conveyance
Merchandise

Francs.
577,440
1,614,596
425,734
2,614,770

General capital engaged, that is, the stock, formation, and establishment of mines and
railways.
Railways:- Francs
Francs.
Works upon the railways
Embankment of Grand Combo
Materials working on the line
Do. for repairs of way
Workmen’s wages
Do. materials

15,651,284
533,283
2,176,434
33,941
346,039
235,959
18.976,970

Concessions and establishment: Divers concessions
Fixtures
Expense of first establishment

2,737,444
591,555
639,446
3,968,475

Working of the mines:Preparatory works
Roads upon surface
Buildings on the mines
Railways underground
Materials for mines

996,764
123,702
337,967
316,751
351,671
2,126,855

Materials for trade in coals
24,044
Moveables of the management
48,659
Materials for the double way
293,906
Moveable materials
131,293
Materials in the stores
351,985
Spare materials for locomotives and waggons463,797
1,313,714
Stock of coals:Depot of Marseilles
Stock at the mines
Interior depots
Marseilles and Aviguon

920,433
12,139
20,982
970,267
1,923,821
Total

28,309,835

Resources realised:Francs.
Capital represented by the shares paid up 16,000,000
Produce of 6000 bonds
6,300,895
Do. of 3000 do
3,239,384
25,540,279
In round numbers, a million of pounds sterling.
Notwithstanding the enormous capital embarked in this undertaking - the facilities
afforded for carrying on the mining operations by means of surface levels from the face of the
mountains - the cheapness of labour - the high price obtained for the coals - and the supposed
advantages of having the works directed by mining engineers educated in the national schools the undertaking is reported to have been hitherto unproductive of profit.
The railway portion of the speculation represents a profit in consequence of the high rates
of conveyance, viz.:Per passengers, average for each
Merchandise, average
Coals and coke do.

Per franc per kilometre
0.1053
0.121 per ton
0..099 do

Pence
= 81 per mile
1.73 do
11.42 do

The railway charges for coals and coke at present, in the centre of England. are only half
to three-quarter pence per ton per mile, which exhibits the impolicy prevailing in France, in
enacting greatly to embarrass the extension of the coal mines and other mineral produce of the
country. and prevailing drawback upon the profit of these mines, is the necessity of transferring
the coals from waggons thence into the store yards at the different towns; the large coals being
hand-picked pieces, and, from the natural softness of the coal, liable to serious breakage.
[The extent of this breakage may be appreciated form the fact, that, in the years 1847, upwards of 8000 tons of
round were broken into small at the various depots., and the sales of small were six-tenths of the whole
quantity.]

The value of the large coal at Marseilles, is from 32 to 34 francs per ton, and the small
coal about 16 francs.

SECTION IX.
METHOD OF CONVEYING THE PRODUCE OF THE MINES.
WITH respect to the method of conveying coals from the workings, the practice differs
materially in various districts, and according to the different circumstances of the mine.
In the Whitehaven and Workington collieries, in which the seams lie at an angle of 1 in 2,
the coals are brought from the workings in small wooden tubs, and, at convenient places, are
emptied into baskets, each of which contains two such tubs.
In the Mostyn mines, which are steeper still, the tubs, although carrying 10 cwt., were
conveyed up and down certain wickets by means of inclined planes, and passed along the cross
holings perfectly level, the coals being tumbled down the wickets by hand. Thus one inclined
plane is made to command 10 or 12 wickets.
Plate iii., fig.1, represents a crane place of the olden time; A, being the crane , contiguous
to which is the in-by rolley; B, the rolley way, with siding, C (see also fig.2); E, the baskets as
they are taken from the rolley to be sent into the workings, F; H, the cabin, a receptacle for oil,
candles, &c.
Fig. 2, a section of the same, with a variety of cranes.
The tramway of Mr. Curr, and the corf or basket, partially exist, as well as the skip
system, in Staffordshire, with its massive iron chains and conductors.
But the whole of these systems are now fast giving place to the edge railway, and the
wooden or iron tub, with cages and wooden conductors in the shaft; a system which has gained

such unqualified preference over every other, that I think it deserving of special notice, as
follows.
TUB AND CAGE SYSTEM.
The modern tub, made to contain from 4 to 10 cwt., is constructed either of wood or sheet
iron, and fitted up with wheels as high as the thickness of the seam may admit. These tubs on
their first introduction, made to stand athwart the rollies; but, according to more modern
practice, they are now made to traverse the whole distance from the workings to the shaft upon
edge railways.
Plate 8, fig.2 represents the section, and fig.1 , the plan of a modern coal pit, in the county
of Durham; the shaft being fitted up with wooden slides, aa, with a double cage, in which the
tubs, cc, stand one above the other; dd, are apparatus whereon to rest the cage at the top of the
shaft, being moved in and out by means of the handle, ee. Fig. 4 and 5, drawings of the tubs,
being 49 inches long, 41 inches high, 38 inches broad at the top, and 27 inches at the bottom;
carrying 8 or 9 cwt. of coals. The tub is emptied by means of a frame of iron, gg moving upon
a pivot, f; so that as soon as the laden tub passes the centre of motion, it is upset, being held
firmly in its position at gg and is easily brought back when emptied.
The same plate (fig.3) represents the skreen arrangements, hh, consisting of bars of iron
half an inch asunder; kk constitutes a hopper or receptacle for the small coal which has passed
through the skreen, having a valve or outlet at outlet ll. The large coal passing into the chaldron
waggon, xx, is first overhauled and cleared from bad coal and stones at the platform, mm; the
whole apparatus being enclosed and covered in by a roof of wood or slates, nn.
The cages are furnished with slots to secure the tubs in their places during the movement;
and the rests before mentioned are moved with such celerity by means of the levers, that a
single jerk sets the whole machinery in motion.
With such dispatch does this apparatus enable business to be carried on, that at a wellregulated pit, 80 or 100 fathoms in depth, from 700 to 800 tons of coal are raised in a day of 12
hours.
It would be an endless task to enumerate the various applications of the steam engine; but it may
not be unimportant to observe, that the north of England is peculiar in respect that the engine is
applied

directly to the rope axle; whereas, in almost every other district, an intermediate set of cog
wheels intervene, for the purpose of reducing the speed of the load, thereby increasing the
power of the engine.
ROPES AND CHAINS.
The north country collieries work exclusively with ropes of hemp or wire; whilst in many
of the southern districts they work with chains of various constructions, their principle being to
draw a heavy load at slow speed. Previous to the introduction of conductors, and whilst baskets

were employed to bring the coals up the subdivided deep pits, the wear and tear that attended the
drawing, at speed, were immense; the ropes in many cases being made to carry two or three
baskets each, which, upon meeting each other in the shaft, caused the most violent collision. In
such cases, a pair of ropes were often worn out in five or six weeks; the cost of baskets and
ropes requiring from 4d. to 6d. per ton to uphold them. The timbering of the shafts, also,
suffered great destruction, especially where hot furnaces were employed.
The round ropes of former days have long since been superseded by flat ropes, the chief
advantage of which consists in forming a natural counterbalance, by the increase and diminution
of the rope roll diameter. The first patentee of flat ropes was the late Mr. Curr, a native of this
part of the country. These, again, are now competed with by wire ropes, the first patentee of
which was Mr. Andrew Smith, whose table of comparative weight and strength I subjoin. To
such perfection has the manufacture of wire ropes arrived, that they are now in use in several of
the deepest collieries in the north.
TESTS OF HEMP AND PATENT WIRE ROPE
Showing the comparative size and weight per fathom for equal strength.

By a more recent patent of Newall and Co., the ropes are constructed without a twist, an
inside core of hemp being worked up, so that, in a round rope of 6 strands, each strand has a
core of hemp and a larger centre core around which all are formed.
Messrs. Kuper and Co., Surrey Canal, Camberwell, London, have also taken out a patent
for wire ropes. The following is an extract from their tables.

Throughout some of the southern counties, flat chains are employed, consisting either of
ordinary links 3 abreast, or of flat pieces of iron (plate iii. fig.4), 3.5 inches long, and 2.5 broad,
connected by 3 ordinary long links. They are only used where the motion is slow, and the load
very ponderous; but their extreme weight lays a heavy strain upon the machinery; and, as they
are not at all calculated to withstand sudden jerks, their application is entirely unknown in the
north of England.
In many parts of the country in which iron tubs are used, they are drawn up the pits hung
upon chains, a single rope or chain only being applied to a pit; and, as a means of landing them
at the pit top, a scaffold or waggon , with wheels, is run on and off the mouth of the shaft, by
means of a railway for that purpose.
With respect to the use of chains where life is concerned, it is a fact not universally
known, that, by continuing to pass rapidly over iron sheaves, or where the links are brought
frequently and violently into collision with each other, the nature of the iron becomes changed
from a state of perfect malleability to that of extreme brittleness. This fact is so well known
amongst the Newcastle collieries, that at many of them the expedient is now practised of having
them wormed to a red heat every two or three months, it being known, by experience, that this
simple process restores their malleability.
The above may account for the many instances in which chains have been known to break
with much less weight than they ordinarily carry; because, when in that state, a slight concussion
will have upon them an extraordinary effect. With the knowledge of this fact, should the
extensive use of chains he continued where life is at stake?
In the application of the ordinary rope roll, when the pulleys form a very acute angle, the
lower rope is found to undergo vastly more wear and tear than the upper one. At many of the
collieries, therefore, in the neighbourhood of Glasgow, a pair of teethed wheels have been
introduced, having the effect of working each rope from the upper part of the roll; and it is the
opinion there, that the saving of ropes much more than compensates for the capital and friction
of the teeth wheels.
The application of the cage to the wooden spears has originated two patent apparatus for
arresting the load in case of the breakage of the chain or rope.
The first was the invention of Mr. Fourdrinier, of Staffordshire. It consists of certain iron
wedges which strike in between the frame of the cage and the spear, being operated upon by a
pair of strong springs. The invention has received the sanction of the ingenious, as well as of
practical viewers, and has undergone many accidental tests of breakage by stopping a load of 2
or 3 tons by instantaneous attachment.
The invention of Messrs. White and Grant, of Glasgow, (see plate ix.), works by means
of eccentric circles of iron, acted upon also by powerful springs the moment they are let loose
by the slackening of the ropes. Their utility is now so self-evident that they are rapidly
extending throughout both England and Scotland.
aa is the wooden spear acting as a guide to the cage. B B, eccentric toothed pinions acted
upon by powerful springs, so that, as soon as the lifting chains, C, slacken, the pinions are so
violently pressed against the spears as to arrest the falling load. D, fig.1, is the iron bar which
hangs the cage, to the upper part of which is attached a disengaging apparatus, E, which is meant
to operate upon coming in contact with a part of the pulley frame, so that the cage is thereby
prevented being drawn over the pulley.

COAL WAGGONS.
The coal waggons have, since the introduction of public railways, undergone great
changes of form as well as of dimensions. The original waggon, when used upon private
railways, contained 19 hells, or 42 cwt.; but the ordinary chaldron waggon contains 24 boils, or
53 cwt. They are constructed of the following dimensions, viz.:19 Boll Waggon.
F
I

24 Boll Waggon.
F
I

Length at top
Breadth at top
Perpendicular height
Length at bottom
Breadth at bottom
Length of middle
Breadth of middle

7
4
3
4
2
5
3

1
9
6
4
6
6
6

7
5
3
4
2
5
3

5
6
9
5
8
9
10

Formerly, the mode of emptying these waggons was by letting fall the bottom board,
which hung upon hinges.
Mr. B. Thompson, about the year 1830, introduced a lighter railway at the collieries of
Fawdon and Wideopen, the waggons of which (see diagrams) were half chaldrons; length, 5
feet, width, 3 feet 6 inches, and height, 3 feet. These waggons were emptied by means of a
swing door at the end; and, although much controversy was
maintained in favour of the lightness and cheapness of the materiel of the waggons and the
railway, and the fitting up and contrivances for discharging were all excellent, still, the
disadvantages, as compared with the old system, were found far to outweigh any thing that
could be adduced in favour of the new.
The coal and coke waggons upon the public railways are flow made to carry 4 or 5 tons,
and are also constructed of various shapes, the bottom board before mentioned being nearly
diacardedfrom its liability to be shaken loose.
MACHINE FOR LOWERING DOWN WAGGONS.
The annexed diagram is a sketch of a shipping machine, by the waggons are lowered on
to the deck of the vessel, by which the waggons are lowered on to the deck of the vessel, by way
of saving the breakage of coals. It was patented by Mr. Chapman about the year 1800, and was
first applied by Mr. Benjamin Thompson, at the Wallsend staith. In a late publication by Mr.
'Thompson, he says that a similar idea occurred to him nearly about the same time as it occurred
to Mr. Chapman; and Mr. Thompson undoubtedly had the merit of first introducing this
apparatus, which has been universally adopted throughout this district.

The apparatus is simple, and works by means of two counterbalance weights, A; the
weight of the descending waggon, B, raise5 the balance weights, and they, in turn, raise the
empty waggon, the whole being regulated by a friction brake, C.
Various improvements upon the important subject of the shipment of coal are now being
adopted at the Liverpool docks; but it would exceed the space allowed in the present work to
enter further into detail.

The above is a sketch of a coal keel of the river Tyne, constructed to carry 21 tons. It is
worked by means of one oar at the gunwale and a sweep at the stern. Of late years, the build
and rig of these vessels have been so greatly improved, that they can now work to windward in
as good style as a sloop. In former days, they were very numerous; but, since so large a
proportion of the coal is delivered into the vessels by public railways, the number of keels has
become quite inconsiderable.

____________________

SECTION X.
VENTILATION OF MINES.
IN order suitably to conduct the operations of a mine, a good system of ventilation is
imperative. It consists of the conveyance of a continual supply of atmospheric air through the
workings, and which must be sufficiently powerful, not only to enable the people to respire
freely, but also to dilute or carry off the continual product of carburetted hydrogen or carbonic
acid gases, which are inseparable from the working of mines.
For a series of years past, this subject has been the continued theme of newspaper
controversies and theoretic disquisitions; and it has also been frequently discussed in
parliament, whenever the public mind has been roused to sympathy by sudden explosions,
accompanied with loss of life. It is my intention, therefore, to bring under notice the merits of
the different systems of ventilation; but I may first premise that ass act was passed during the

parliamentary session of 1850, ‘An Act for the Inspection of Coal Mines in Great Britain;’ the
following being an abstract of its provision.
1. Secretary of State may appoint inspectors of mines.
2. The inspectors have power to enter and inspect the works belonging to any colliery;
also the plans, power to summon parties, and to report to the Secretary of State.
3. Owner to produce plans of the mine. In case of inaccuracy, inspector may empower
plans to be made at the expense of the owner; but not to retain any copy.
4. No land agent, or manager of a coal mine, to act as inspector.
5. In case of loss of life, the owner or agent shall, within 24 hours, send notice of such
accident to one of Her Majesty’s Secretaries of State, and, in Scotland, to the Lord Advocate,
setting forth the cause of the accident, failing which, he will incur a penalty of not less than £10,
and not exceeding £20.
6. Every coroner shall give two days’ notice to the Secretary of State before holding an
inquest; also, similar notice for holding an adjourned inquest, specifying time and place.
7. Penalty for obstructing inspectors, not less than £5, and not exceeding £10 for each
offence.
8. Penalties recoverable in a summary manner before two justices of the peace, or, in
Scotland, before the sheriff having. juridistiction in the county. The Secretary of State has
power to order fines to be paid amongst the families of persons killed by such accident, except
they be ordered to be paid to the county treasurer in England, and, in Scotland, to the treasurer
of the poor of the parish.
9. Act to include lessee or occupier; also agents.
10. Act not to extend to Ireland.
11. Act may be amended or repealed in the present session.
12. Act to continue until the expiration of 5 years.
I now proceed to show the origin and progress, as well as the amount of perfection, to
which the present practice of ventilation has obtained in different parts of the kingdom.
The basis of ventilation consists of a spacious upcast and downcast shaft, with adequate
air courses underground; but,
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as the air will not, of its own accord, continue steadily to ascend the upcast shaft, the
current must be impelled by some artificial means.

The most simple, ancient, and, up to the present moment, I may say, the most practically
efficient plan, is rarefaction, viz., the placing, contiguous to the bottom of the upcast shaft, a
lamp or furnace (see diagram), which, by being kept constantly burning, within a brick arch,
produces a most intense heat; the natural effect of which, both upon the air current, and upon the
shaft, is to produce an acceleration to the air, corresponding with the space of the air courses
and the magnitude of the furnace, and this is by rarefaction of the air alone,
In very early times, a tube or high chimney was built contiguous to the top of the upcast
shaft, into which tube a fire or furnace was occasionally introduced; but experience showed that
it was more efficacious when applied to the shaft itself.
Objections to this application have been found, inasmuch as where the return air became
vitiated with inflammable gas to a dangerous amount, frequent instances have occurred of the
said air exploding at the flame of the furnace.

To obviate this objection, it is customary to feed the furnace, F, with fresh and
uncontaminated air; whilst a separate passage,
called a dumb drift, D, (see diagram) is provided for the general return air of the pit, which
passes into the shaft, U; at an outlet considerably superior to that of the furnace air.

Air pump. - This exhausting power was applied at Hebburn colliery, by Mr. Buddle, at a
period when the discharge of gas during the creep rendered a furnace unsafe (see diagram) It
consisted of a square cylinder, 8 feet long, and 5 feet square, constructed of 3-inch planks; and,
within which, a piston was worked by means of a steam engine. It was furnished with 4 valves,
with corresponding side pipes, for the suction and discharge of the air of the mine. Thirty
strokes per minute, 6 feet long, was its ordinary speed, by which means it would extract 5,000
cubic feet of air per minute, but which effected a very deficient substitute for a furnace.
At St. Leonard, upon the Sambre, in Belgium, an air pump was used of the following
dimensions:Metre of 37.39 inches.
One cylinder, diameter
2.59
Stroke of piston
2.l6
Number of strokes per minute
21
This machine would extract 239 cubic metres = 7000 cubic feet of air per minute, and was
worked by a steam engine of 20 horse-power.
The hot cylinder (see diagram) was applied in the re-opening of a portion of Wallsend
colliery, after the derangement by the creep. It consisted of a cylinder, B, built into masonry, C,
and around which were applied heating flues, the intended effect being to produce rarefaction
and an increased impulse of the air current, which had to pass through it from the upcast shaft,
A; but the application of fire so nearly connected with air, which might perchance become
inflammable, carried with it considerable alarm and was very deficient in effect.
The fan blast see diagram), a relic of ancient times, is sometimes employed in Belgium,
and also in Scotland and North Wales, to force a current of air into the mine, by means of
wooden or

iron pipes; but it is a weak and fanciful resource, especially in collieries producing so little of
inflammable air as to be capable of being ventilated by the most simple of the bratticing
processes. This machine is employed underground in some parts of Scotland at this moment.
The fan, F, is about 22 inches diameter, and makes 4.5 revolutions for one of the driving wheel,
D, which is worked by a boy. A set of wooden boxes, B, 4 inches square, serve to convey the
air current to the workings. It is a poor device, and only used to ventilate single places in lieu of
a brattice.
A fall of water is simple and tolerably efficacious. It is generally had recourse to after
explosions, in order to carry down and increase the supply of atmospheric air to the workings,
in which the derangement of the air courses may have rendered the furnace inoperative.
The effect of water-falls in producing ventilation is in proportion to the quantity
discharged, and the depth of the pit;
w and, without duly weighing these facts, the natural
ventilation of some pits appears to the common observer paradoxical.
The objections to falls of water for ventilation rest in the dampness or moisture of the air
so produced, which operates prejudicially upon timber and materials.
The spiral, considerably used in Belgium, is constructed as follows:- The top of the
upcast pit, for 8 yards in depth, and 20 feet in diameter, is formed into a perfect cylinder, into
which is introduced an axis 20 feet long, whereon is affixed a spiral of sheet iron fitted closely
into the said smoothened shaft, and a steam engine applied to communicate centrifugal motion,
with a speed proportionate to the size and power of the machinery. The revolutions of the said
axis are generally about 300 per minute, during which they discharge the air from the mine.
Steam jet. - So much has been said and written upon the subject of the steam jet as a
substitute for the established principle of the ventilating furnace, that it will naturally be expected
to come under the notice of this work, however briefly.
That the discharge of high pressure steam is a very considerable impelling power is
unquestionable, as has long been corroborated by its effects within the chimney of the
locomotive engine.
It was first introduced in the ventilation of mines by Mr. Buddle, at Hebburn colliery, in
the year 1811 when so great a discharge of gas had taken place during the creep, that the
ordinary furnace could not be employed.
The manner of its application was undoubtedly very imperfect; for it consisted of one
continuous jet of steam from a low pressure boiler, by means of a wooden box, 4 inches square,
sent several fathoms down the shaft and there discharged. The increase of temperature being
more relied upon than any effect of impulse, it was found, as might be expected, very ineffective.
In the year 1835, Mr. Gurney communicated to the Parliamentary Committee, then sitting,
an improved plan of applying high pressure steam, by means of a number of small jets
proportioned to the area of the column to be acted upon. This communication was afterwards
taken up by the South Shields Committee for the Prevention of Accidents, and an investigation
of its merits was published in their admirable report; but many years were suffered to elapse
before any practical application of it was resorted to.

It was in June, 1848, that Mr. Forster, viewer, was in London, and witnessed, at the
Polytechnic establishment, some experiments which convinced him that it was superior to the
ordinary furnace; and he, therefore, introduced it at the colliery of Seaton Delaval in November
of the same year; after which, he published such accounts of its superiority, as induced several
other trials to be made; but, as he was examined upon the subject before the Committee of the
Lords, in September, 1849, it may be well shortly to extract the tenor of his evidence.
“The colliery had four downcast shafts of 8 feet diameter each, and two upcast shafts, one
8 and the other 9 feet, each upcast shaft having a spacious furnace.
“By this means, only 53,058 cubic feet of air could be accompanied, and this ventilation
was not sufficient to work the colliery with safety. The rapidity of the current was from 6 to 17
feet per second
“Had an engine at the bottom of shaft, for drawing the coals along the mine, with two
boilers, each 6 feet diameter and 28 feet long, much larger than necessary for working the
engine. Applied the steam from these boilers, at the bottom of the shaft, in 25 jets tree-eighths
of an inch each, area 1.25 square inch, pressure 33 lbs. per inch.
“After the steam jet was got into operation, I obtained 79,359 cubic feet per minute, being
an increase of 26,000. Since then, the other furnace and upcast shaft were dispensed with, and
have now 85,690 cubic feet.
“When the steam jet was discontinued, the air fell down to 48,700 cubic feet, which is
equivalent to an increase of 75 per cent. in favour of the steam jets. Tried other experiments at
the other upcast pit, with a low pressure boiler at surface, taking pipes so far down the shaft; but
they did not answer.
“The annual cost of maintaining a furnace is £267, l0s.; and the interest of £212, cost of
erection.
“The cost of erecting a boiler, with the necessary apparatus for the steam jet, which would
give a quantity of 85.000 cubic feet £l72, 15s.
“The boiler, pipes, and apparatus for the steam jet, and the cost of working it, is £21
17s.11d., and coal, and every thing about it.
“A furnace, to give 48,760 cubic feet, will cost, in erection, £212, and annual expense of
working, £267 10s. A boiler for steam jets for 85,690 cubic feet, will cost £172, 15s., and
annual expense of working, £216, 17s 11d. Does not set any thing down to the increasing
temperature by the steam jet.
”Had not many viewers examining it yet; was anxious to get the other pit fit up, which
would be done in a couple of months, and that has been the cause of the delay in throwing it
open for inspection. The boiler, in this case, is to be placed at the surface, and carry the jets
down to the bottom.”
Now, this additional apparatus having never been completed, the facts, as regard Seaton
Delaval, cannot be said to have satisfactorily arrived at any conclusive point; for the large boiler
fires and the disproportionate amount of downcast area, as compared with the upcast, negative
all ordinary comparisons.
Upon the above statements being made, in the latter end of the year 1848, several colliery
viewers proceeded to test the results by similar applications, some connected with underground
engine boilers, and others with steam taken down from engines upon the surface, at the
collieries of Belmont, North Hetton, Usworth, and Norwood.
Mr. Wood is asked, in July, 1849, by the same Committee, if he has seen the experiment
at Seaton Delaval; and he answers he was very anxious to do so, but Mr. Forster said it was not
ready for examination. He said, “I believe the trade generally has been waiting, with
considerable interest, to see the effect at that colliery.” The result of Mr Wood’s opinion is
that the steam jet may be taken to increase the air from 12,000 to 15,000 or 20,000.
Mr. Elliott said, “he applied the jet exactly as Mr. Forster had published it, at Belmont
colliery; they had, with the ordinary furnace, 43,770 cubic feet. Put out the furnace, and applied

the two boilers of the engine, and got 47,940, being an increase of 4,170.
“The jets, 24 in number, without the furnace, but with the discharged steam of the engine,
59,485, being an increase over the furnace of 16,000, and over the engine of 12,000; whilst the
jets were employed, the boilers were at work.
“Between the engine, exhausting out of a 6 inch pipe, or of discharging through 24 jets, I
only make a difference of 2.5 feet in favour of the jets.
“The jets, without the furnace power, 59,485; therefore, an increase with the engine and
the furnace over the jets, of 3,000. The engine, at rest, not exhausting, and the furnace being
62,365.
"At South Peareth, with the pipe taken 36 feet down the shaft, with the furnace alone,
43,240, with furnace and jet 51,240, an increase
8,000.”
Thomas John Taylor, Esq., has examined the Seaton Delaval colliery relative to the steam
jet application. The temperature of the upcast shaft was 151 degrees at half way down.
“The aggregate amount of air current, with the boilers and jets working, but no engine,
was 77,455 cubic feet per minute, = 3,778 feet per minute per lb. of coal; whereas, the furnace
was said to give 6,526 cubic feet per minute per lb. of coal, which is a better result with the
furnace than with the jets. Upon turning off the jets, the ordinary discharge of steam, through a
4 inch pipe, produced about the same effect.
“When the engine and jets are both on, the consumption or coal is 20.5 lbs. per minute;
with the jets only, the consumption is only 7.5 lbs.
“The other upcast shaft is to be fitted up with 26 jets in the furnace drift, each threeeighths inch diameter, = 2.86 square inches; steam to be supplied by a boiler on the surface, 30
feet by 6 feet diameter.
“When the furnace only was on, the air was stated at 48,948 cubic feet per minute, with
7.7 lbs. of coal.”
Mr. Taylor’s conclusions were, that, although the jets produced a much larger current
than the furnace alone, the consumption of fuel in proportion to the amount of current greater;
132 cwt. used in 12 hours by both engine and jets, and, by the jets only, 48 cwt. are stated to be
used during the remaining 12 hours. It thereby appears that the furnace produces more air than
the jets in proportion to the fuel. The coming arrangement at the other shaft will try the matter
conclusively, for it is yet in embryo, and there cannot be a definitive opinion given until further
trial is made.
Now, taking the evidence of Mr. Forster, together with the above conflicting opinions, and
the fact, that, in the latter part of 1849, the pipes were carried down the shaft alluded to, the jets
completely fixed, and the boiler ordered, it may be naturally demanded, why an experiment,
which is so essential to the establishment of the principle has not been carried out, especially
when all other trials have been abandoned, and no new experiments gone into, except that in
Lancashire, mentioned in Mr. Forster’s evidence, the result of which we are not yet informed of.
Again, the position of Seaton Delaval colliery is peculiar, four downcast pits teeming their
supply of air into one upcast; whilst another pit, with an effective furnace already built, is kept
quite dormant, awaiting the long-looked-for jet apparatus; for, if that furnace were moderately
employed, no doubt can be entertained that a very great excess over the present supply of air
would be obtained. Upon the whole, therefore, it seems quite reasonable to conclude that the
discharge of high pressure steam per se will produce a certain effect; yet it is a fact, hitherto
undecided, as to the amount of steam supply equivalent to a furnace of a given power, nor can
that be satisfactorily concluded, until it is tried, independently of the powerful rarefying
principle contained in boilers of large dimensions operating at the bottom of an upcast shaft.
However, admitting that the principle of ventilation with the steam jet, as compared with
the furnace, is as yet undecided in collieries where the cost of fuel is so very immaterial, yet I
cannot deny it an important place in the art of extinguishing underground fires, by becoming the
vehicle for filling the mine with carbonic acid gas, and thereby extinguishing fires that might not
be accessible, and in cases where they could not be extinguished by the ordinary means of
drowning out, or of closing up the various sources from which they draw their air. Instances of
which will be hereafter given.
Mr. Gibbons’ System. - Before closing this part of the subject, it might be thought
invidious were I to omit a proposed invention of Mr. Edward Gibbons, of South Staffordshire,
for the ventilation of the 30 feet scam. He has already written a treatise upon the subject, and
has succeeded in converting to his opinion not a few theorists and credulous practical miners.
Mr. Gibbons thus describes his system:- “Taking advantage of the natural tendency of the gas
to ascend, my plan is to open for it a passage, about 2 feet square, along the upper part of the
stratum of coal, and up the side of the winding shaft, and thence into a chimney from 60 to 90
feet high. The winding shaft thus acts as a downcast shaft for the stream of pure air, and the

expense of an upcast shaft is saved, as the air channel of 2 feet square (or 3 feet by 2) fully
answers the purpose. Sometimes a fire is added to the chimney to increase the draught.”
Concluding Remarks. - Since none of these various methods seem to have found such
favour with persons accustomed to the management of the most extensive and difficult
collieries, as to supersede the established system of rarefaction and looking upon the steam jet
as yet undeveloped in comparison to the cheapness and effect produced by that system, under
the influence of an efficient furnace, I conclude, that, if well established, there is no difficulty by
that means of producing an air current of 50,000 or 60,000 cubic feet per minute, provided the
shafts and air courses are adequate.
As the inflammable air exudes from innumerable cavities in the coal, it follows that in the
first opening of the mine, the discharge of gas is generally more copious than afterwards,
inasmuch as the more numerous the openings into the coal, the pressure of the pent-up gas
becomes less impetuous. Hence in the commencement of working fiery mines, there is a
necessity for having a powerful current of air up to the front where the workmen’s candles are
employed; and, as the principle of conducting the operations (as already explained) is to provide
an intake and return for the air, it frequently happens that the discharge of gas is so important,
that it is unsafe to proceed even from holing to holing without some adventitious ventilation.
This, then, is effected by a brattice of thin deal slightly nailed to props set up for the
purpose, and, if necessary, the direction of the air current is aided by a slight door in the
tramway, for the purpose of forcing a portion of the main current up one side of the brattice
and down the other, the brattice to be continued until this working is holed into the twin working
or back drift; the said holing is then made to receive the main current, the former holing being
stopped up. If the brattice is to be permanent, it is formed of brick.
Canvas is sometimes substituted for doors and brattices in the Scotch, Lancashire, and
Welsh collieries; but its value is not to be compared to the brattice practice of the north. In fact,
the air current must be very weak to be checked by such a poor resistance.
The discharge of gas from the apertures of the coal or the orifices of blowers, is much
affected by the state of the weather, inasmuch as the lightening of the atmosphere, as exhibited
by the fall of the barometer, relieves a certain portion of the pressure which restrains the gas;
and an

