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PREFACE.

TARE MINER'S HANDBOOK is a reprint, with correc-
tions and additions, of a compilation, the first part of
which was printed fourteen years ago at the Imperial
College of Engineering, Tokio, Japan. Although here
and there a few notes, collected by the writer when
visiting mining districts in various parts of the world,
have been added, the book as a whole is little more
than a collection of well-known facts, put together
in an order following the writer’s lectures.

A list of works from which material has been
derived iz added as an Appendix (pp. 295—800);
and if acknowledgment has in any ease been omitted,
it is hoped that the omission will be regarded as an
oversight. But little, if anything, is put forward as
original.

The object of the work is to enable students to
remember more detailed descriptions of machines and
processes, so as to allow them time to sketch from
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disgrams and models, and also to serve as a book of
reference for those who have some knowledge of
mining matters.

For permission to use certain formule, and for
suggestions and assistance when revising proofs, the
writer offers sincere thanks to Mr. J. H. Merivale,
Mr. W. Frechville, Mr. L. J. Healing, the Publishers,
and above all to his colleagnes.

Tox10, February, 1893,

PusLmaers’ Nore.—A small impression of this work, which
was printed in Japan under the Author's direction, having
been exhaosted in & few months, a revised edition Is now
issmed in a form which it is hoped will be found more con~
venient in use, the opportunity having been taken to correct a
few errora of the press which had escaped notice.

Lownon, May, 1894,
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I—_MINERAL DEPOSITS.

Classification of Minsral Deposite.—The following table,
jllustrating the more general forms under which minerals are
found in nature, has been drawn up from Von Cotta’s treatise

on Ore Deposita.
A.—REGULAR DEPOSITS.

I. Lodesor Weins.

1. True Veins, transverse to the stratification of the beds
in which they cceur.

2. Bedded Veins, parsllel to the stratification.

3. Contact Veins, at the contact of two dissimilar for-
wmations,

Belonging to these three divisions, but named according to
some peculiarity of their form or poaition, are * gash ™ veina,
lenticular veins, cross couraes, croas veins or flucana, &o.

II. Beds and Layers.—Mineral deposits which are
members of a stratified series,

B.—IRREGULAR DEPOSITS.
I. Begregations, or deposita which are irregular in form
but have definite limits.
II. n]:wmﬂonl, or irvegnlar deporite withont definite
imita,

Another classification for Irregular Deposits is as follows :—
1. Deposits at the contact of dissimilar rocks. -
2. »  embedded in igneous X
3. » v stratified or metamorphic rock,
4. . cocnrying in limestone.
B



2 MINERAL DEPOSITS.

A.—REGULAR DEPOSITS.

L—LODES OR VEINS.

Lodes and their Formation.—When we speak of s lode or
vein we usually mean a figsare in the rocky crust of the earth
which ia filled with mineral matter of valua to a miner,

In Australie & vein is called a reef, and in California a Zsdge.
{(}thir“ .ciquivulent.s are gong {(German), Alon (French), filond

talian),

A champion lode is the main lode in a district. Running
from it there may be ribs, stvings, branches, scrins. Rake
veine are inclined veins. Right-running lodes are those fol-
lowing the direction of lodes in a district; eross-
oournes are those at right angles to this direction, and counter-
lodes those which are oblique. The material in cross coursee
and counter lodes is usually different to that in the right
&nﬁng lodes‘;alThe aides of a lode are lu]n]own aa it;:hhee s:i

more ususl expreasiona are u or ny + AD
lower o: fooft wa{lhe Thetrymh J{bpr?:gh whi b g lode runs
are spoken of as country. parting, us, for instance, &
;elﬁm of olay between a vein and the country rock, is called a
vage.

These fissurea have been produced by various causes. The

general contraction of a ocooling globe is perhaps the most
ral hypothesis. When we feel the ehock of an esrthquake
it may i te that eithor & now fault ie being formed or that
an o0ld one is being extended.

If the forming cause, whatever it may be, is evenly distri-
buted, then the fissures which result must evidently be
to one another, unless there is an utter want of homogeneity in
the rocky crust. And if we see in any district that the lodes
are aimilar, end that rooks are aliks in character, we can
imagine the forming causes 10 have originated at considerable
distance. We also sze that two or more eeries of such fiasuren
may be formed, those of each series being parallel to each
other, bat the members of vne seriea m&ﬁg an angle with
those of another series.

These different sets of fissures may have been produced at
the same time, or more probably perhapa at different times, an
is indicated by the differencea in charscter of the contained
minersls—s fact which is more or less pronounced in several
mining districts.

It we regard these lodes as flssures in the earth which have
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been filled with mineral matter since their oponing, we must st
ones be struck with the idea that it is highly improbable, and
almost impossible, that such long gaping fiesures as many of
these lodes must have once pel‘esenbe%lfl could by any means have
remained open without support.
It would seem that they must always have been full of liquid
material at a great preseure, or else they would have fallen in.
- If thin were not the case it remains for us to suggest the way
in which the long lodes we observe in mature comld have
originated. The suggestion ss given by Fox is that aince the
commencement, when the fissures were of small size, they have
gradually been increasing in lemgth 'l?:ly some expansive action
of the material they contsined. This expansion may have
taken place as follows:—Because & lode from the metallie
matter it containe is & better conductor of heat than the walle
which bound it, snd is connected with the hotter portions of
the earth, it will be subjected to comparatively great expan-
gions and contractions. Amnother suggestion is that a lode may
have gradually been formed by the accumulation and crfstnl-
lization of mineral matter in a primary fisaare or joint. If we
regard a lode in this way we see the probability of ite con-
tinually tending to open itself and extend in length, evidence
of which we have in the nature and appearance of the matter
in many lodes, which seem to indicate that since their first
it there have been many reopenings.
t might be g:f)ected that if matter is trying to force {te way
apwanrda from below, it will rather tend to extend an old lode
t.’tfml to make a new one.

Length of Lodes.—Lodes vary considerably in length, the
Jongest lodes being generally those which are broadest.

In Cornwall the average length of a lode is about & mile, in
Freiberg three to four miles, In California there are lodes
from 40 to 50 miles long.

The following are examples of the length to which lodes
have been —

‘Wales (Cardigan and Monmounth) . . 6 to 9 miles.
Igoblo qmtz formation . . 1,
. itic o Y
Froiberg ) Noble ,, . Dol 1o
Baritic ,, . . . 82,
Hartz Mia. . . N . . . « 8—10
Bchemmitz . . . . . . . 2—4},

The 014 lode in the Unitsd Mines (Camborne) has been
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traced about 7 miles, but in this cass, aa in the case of nearly
all lodes whose length in supposed to be great, it seems likely
that mirtakes may have arisen by confasing two or three lodes
iﬁneg:lﬂ{theme“m,"andmeuming em aa if they were
entical.

Strike.—Among the more ordinsry questions put by s
visitor to the manager of & mine sbout a lode is un :ﬂm sbout
ita direction or strike. On careful examination it will generally
be found that this is not usnally very accurately represented by
the straight lines which are eo oftn seen upon the maps of
mineral districts. For not only may it vary in the position of
its outerop through ite having been cut away by erosion
of valleya, tut aleo it may often have irregularities of its own,
and & alightly waving sinuous line follo 6 genersl direc-
tion may be found to be more accurate than the etraight one.

Az before explained, lodes are sometimes classified according
to their direction, a8 right-running lodes, counter-lodes, &o.
I the rocks are regular in a district, as in the gneiss of Frei-
b:T, the lodes may be regular, but if the a are foliated
and not homogeneous, an in the schists at Andreasborg, they
maIy undulate,

n Cornwall the general direction of sirike in EN.E. to
‘W.3.W. Inthe North of England the right-ranning lodea are
E. snd W. TIn Prussia some of the iron lodes strike N. and 8.
In s given district, as st Freiberg, the lodes may ron in
various .

‘When a lode changes its strike or dip, it is said to * come out
of its hour.”

Width.—In Cornwall the average width of & lods ja 3 or
4 foot, but we have examples of lodes, like the Comstook in
Nev&da, which in parts is 200 to 300 feet, or even more in
width. ,
If we make measurementa of any particular lode we ahall
lly find that it has considerable variations, either aa wo
scend in depth or as we trace it slong its outerop.  This may
be doe to the rock at the time of its formation baving yielded
more at one point than at another. Another explanation might
be that the firet fissure had been & sinucus line and the rocks
on one aide of this had subsequently been moved relatively to
those on the other aide. Or, [astly, we might be able to show
that erogive powers, either chemical or mechanicel, had acted
in one portion of the flsasnre more than in anocther.
In making any measurements of the width of s lode we muat
be careful to see that thess are made at right angles to the
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walls. Bometimes, however, the lode ““melts® into the
conniry. in which case it is difficult to define the position of
the walls.

If a lode has been opened by the rending action referred to
when speaking of the length of lodes, we might expeot that &
lode passing through rocks of different characters would at
different pomts along its length have been differently affected
—an sotion abont which something might be learnt by obeery-
ing if there is any connection existing between the width of a
lode and the nature of the rocka ii;&)enetmtes.

In Cornwall, Henwood observed that lodes were wider in
slate than in granite. The greatest width was observed where
tin and copper occur 1ogether. Copper lodes are wider than
tin lodes, The lodes are wider within 100 fathoms of the
surface than at ter depths, Generully the widih of & Jode
will vary with the hardness and other of the rock
through which it runs. It will slso vary with the rature of its
own contents. In Cornwall there are lodes 10 feet wide. The
Great Devon Consols, 42 feet. The Laxey Mine, 12—18 feet.
The Foxdale, 36 feet. At Schemnitz there are lodes 120 feet
wide, A,BmKremnitz, 30—90 feet wide. The Eold-hallnrium
vefus in neyivanis are a few millimetres in thickness. The
silver veins at Kongsberg are only 2 or 3 inches wide,

Dip, Hade, or Underlle.—The dip of 2 lode may vary as
%hou deecend in depth or at varioue soi.nta along the atrike.

¢ dip is rpoken of as being steep or Hat, In Cornwall it has
been remarked that the north and south veins dip more steeply
than those running east and west., When a lode changes its
dip suddenly il is said to < throw a hook,” if it increases in
dip it ‘“throws itwelf,” while if the dip decreases it * raises
itself,”” The Bamson lode at Andreasburg dipe in two direc-
tions, while the Abendsiern Morgen lode st Freiberg dips
oppositely at ita two ends. It hasbeen observed that eome lodes
are richer in their steeper portions. At Monte Catini the
copper ore chiefly ocourred on the foot wall side of 1he lode,

n Cornwall it is said that if & lode dips beneath a hill, the
superincumbent mass squeezea out the ore, and it becomes

poorer.

Depth.—With the oxception of veips like ‘“ gash’ veins,
which are wedgo-shap-d openings from the surface, the d
to which veins extend downwards hae not yet found a limit.
As examples of gash veine certain lead deposits in the Missig-
s:}:sd valley may be mentioned. If veine are openings from the
surface downwards, as we generally suppose them to be, their
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depth will fmba'bly be feas than that of any veine which may
have been formed by fissnres opened from below. It is pos-
aible, perhaps, that veina of this latter kind may be represented
by ono or two doubtful examples which are said not to extend
up to the surface of the ground.

The greatest dopth to which 4 lode has been followed down-
wards is at Przibram in Bohemia, where one of the mines
which is etill being deepened has a depth of more than
1,000 moters.

In July, 1880, the Dolcosth mine was 410 fathoms deep;
Tresavean, 340 fathoma.

The following ave examples of the depth to which shafts
have reached : —

Clausthal, 300 fsthoms. Freiberg, 230 fathoms. BSchem.
nitz, 220 fathoms. The Samson mine at Andreasburg, 410
fathoms. At Kongsberg veine 2 and 3 inches wide bave been
trorked down to 266 fathoms. Comstock lode, 500 fathoms.
(See Shafte.)

With a ohange of rook a vein may appear to stop. For
example, the lead lodes of Derbyshire apparently cease when
th‘eg mest the baealt or toadstone,

t Freiberg some lodes become poor with depth. Cthers,
bhowever, become richer. Certain silver mines in Bolivia
became r with depth, The gold veins in the crysialline
slates of the Salzburger Alps are worked at the top of the
mountaine 6—8,000 feet high, while in the valloys, 2,000 feet
below the lodes are poor.

In N. and 8. Carolina gold ia chiefly found in the u part
of veins, At s mine in Schemnitz gold was also only found
near the surface.

In Californis and Australia the influence of 4 in not
noticeable, while in meny mines, as the silver lead mines at
Przibram, there has been a marked inerease in the value of the
ores with an increase in depth

Contents of Lodes.—In examining & lode we must observe
the nature of the various minerals it contains, and the propor-
tions which these hold to each other. Hometimes we may
observe that cortain groups of minerals are often to be seen
together, the preecuce of one being favourable to the existence
of the other, At other times the reverse will be remarked,
the existence of one mineral being a sign of the abssmce of
another.

The practical advantages to be derived from a series of ob-
?&rl‘;:‘tiiom ghowing such results are too obvious to be over-
looked.



LODEE OR VEINSG. ¥

The following table, eh the association of ore in
metalliferous vmm, pven%ips and Von Cotta :—

Two Membera, Three Members, Four or more Members.
Galens, blende, iron
Galens, blende, iron pyrites, quartz and
blende. A thi dia.
Galens, { pyTites (gilver ores). ?)P::wncsl;:rn: mlc.l?g;e’
or heavy spar.
Iron al Jh&n Kﬂm ch‘gl
pyrites, chaleo- | 1 ens,
Iron PF‘W’ f pyrite, quarbz {cop-{ end epathic iron, dml-
chaloopyrite l per ores}, llog-nbe ‘brown #par, cale
spar; or heavy spar.
Gold, quartz, iron py-
Jritaes, galena, blende
Gold, quartz Gold, quartz, iron) amd apathic iron, dial-
» quana. {pyrit.es. log'ste, brown spar,
ppar; o¢r heavy
spnr.
Cobalt and nickel ores,
]’ uon yntes 3 and

Cobalt and{cowt and micke] galena, blende quariz,

ores, and iron py-

nicke] orea. rites apathic iron ore, dial-
: logite, brown spar, calc
spar; or heavy spar.
ore, wolfram
T“l ore, WOH'{E‘;“ art:m, wolfram, {quartz, mica, tourma-
line, topaz, etc.

Grold, tellurium, tetra-

Gold, tellurivm te- y .
Gold, tellurium., { trahedrite (various {g;gg;e plnarte o

tellurium ores). spar.

Cinnabar, tellurium,

Cinaabar, tetras { Cinnabar, tetrabe- tetrahedrite  pywites,

hedrite. drite p‘y rites {various gffzi i 11 :;ft.e 8 thm
ores of quicksilver). spar, cale  par or
heavy spar.

Magnetite, chlorite,
Magnetite, {Magneﬂte chlorite, Earnet, Pyroxene,
chlorite. garnet 1 &omblende pyTiies,

ﬂ
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Arrangsment of Biaterial in s Lods,—As the materis] in
6 lode may be collected together in 6o many different manners
—tfor example, it may be banded, in combs, ribhon-like, con-
centric, breccinted, compant, vughy, granuinr, disseminnted,
amygdaloidal, ring or cockade ores, &c.—it is well that the
arrangement s}::.llfd be observed, because the stractore of a
lode will almosat always tell ue something about its history.

Sometimes we find the ore thronghout the whole length of &
lode to be tolerably well distributed with the gangue. (Gene-
rally, however, it occura more at one point ¢ at another,
existing in aggregations imown technically by such names as
bunches, nests, chimneys, shoots, pipes, courses, squats, §¢c. By
carefully observing sll the circumetances attending ench de-
posits, rules and reasons for material aﬁmgaﬁng more al one
point than at another may perhape discovered. Closel
counected with this ie the faot that the mineral in a lode 1s
often collected together in more or less horizontal zones. This
is sometimes 80 marked that from time to time it may change
the whole character of & mine. For example, a mine which
was commenced as a tin nine, may at a lower depth yield
nothing but co; , which in turn, as in the case of the Dol-
coath mine in Cornwall, maﬁ.:ventuu]ly be replaced by tin.
Bome of the tin mines in the Erzgebirge with increasing depth
yielded argentifercus copper.

A pocket or bonanza in tﬁr Comstock lode measured in length
Eeﬁeo foet, in depth 500 feet, and in thickness from 10 to 100

t.

In some of the Freiberg lodes from 16 to 20 bands of quartz,
galens, blende, and pyrites may be sounted. These bands
mey be arranged without any symmelry, or in such a manner
that similar bands occur to the right and loft of one or more
given lines.

In some lodes we find pebbles, and even fossila.

Relations betweon the Direction of a Lode and ita Con-
tents.—In certain districts it has been shown that there is s
great similarity in the contents of those loies which run in
similar directions. Thus, in the Freiberg districts, where
within an _area of abont 10 by 6 miles there are 900 lodes,
we have the lodes classified intoe groups according to their
direction, the members of sach gron), being characterised by the
materials they contain. These groups are as follows: —

3tehende ginge run between ﬂuﬂ N.E., and contain silver,
galena, and quartz.

Morgen %ange run between N.E. and E., and eontain silver,
barytes, and calcite.
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Spat ginge run between E. and 8.E., and contain silver and
00; ore, with barytea in quantity.

il lache ginge run between S.E. and 8., and contain little
ver.

_In Cornwall the E.N.E. loden yield tin, copper, and some-

timen lead, while the N.8, lodes nsually yield J:; and lead.

There are, however, exceptions to the above rules. Thus,
at Clausthal lodes in the eame direction vary along their leneth,
Thus, towards the ‘north, spathic iron decreases, quartz and
blende increase, barytes is rare, and the galens is not so .
liferons, Towards the south, barytes and guartz beoonm,
blende disa'i)pears, and the galens is argenﬁ.?erons.

1n the Isle of Man we have the Laxey lodes running E. and
‘W., and the Foxdale N. and 8., but the galena they yield is
equally tiferous, The N.8. lodes may, however, be more
bunch snﬁ wnequal.

In Fiintshire the galena in the E.W. lodes is laminated,
while in the oross lodes it is more earthy. The E.W. lodea aleo
contain & little blende.

In the Duchy of Nasssu and Siegen the N.5. and the E.'W.
lodes yield lead and iron squally,

Haelation of Lodes to each other.—Tn Cornwall it has been
remarked by the miners that if there is 4 certain portion of a
lode which is rich it is not unlikely that opposite to this point
the ﬁrt.ions of neighbouring lodes which are parallei will
8l60 be rich. This phenomenon is expressed by aaying that
“ ore liea against ore.”” In order to underatand this, we can
imagine that at the time of the formation of these lodes paralie]
ruptures were formed along lines transversely to whioh the
rocks had similar oharactera, Where each of the lodes orossed
rocks of like charaoter it 18 probable that the conditions accom-
penying the ipitation of miners] matter would be identical.

If two ] intersect, we may have them either simply
4 th.e , T We may hs.;:onoo'f : om ; 6k & d.islocato;i

n ormer case, at { int of crossing the arrangement
the materials of the two plc:;es may gi\;‘e evidence of their
having been filled simultanepualy, or else we may have evidence
that one of them was first filled and was afterwards intersected
by the second, which waa filled aubsequently.

In thia latter case, and in the case where one of the lodes
acts aa & dislocator, we are able to determine the relative ages
of the two lodes.

It two lodes intersect, it has been obeerved that they often
bave an influence upon each other. At the junction of two
lodes, minerals different to those found in other portions of the
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miue, together with a richer yiald of ore, may bo met with,
These intersections will make certain sngles with each other,
These angles might be obeerved, becsnse in some districts the
obtuseness of the intersection is considered as having an
influence on the richness or poorness of the mineral at the
junction. In Cornwall it has obeerved that at & junction
of lodes baving opposite direction of dip, the contents are poor,
while if they mest at an acute angle, the contents are rich,

Whilst inquiring about the intersection of lodes with each
other, the existence of stringa or small veina of ore connected
with the main lode might also be considered, as these also often
give rise to acoumulations of ore at their pointa of junction,
which are not found in other portions of the lode. In some
mining localities the miners bold that if these ¢ vme in on the
“ hanging wall"’ aide of a lode, they will be good for the lode,
but iig‘rhey leave it from the *‘foot wall” side, they will
‘“rob’! it of ita ore.

Belation of the Contents of a Lods to the Country.—
When examining a lode we must also examine the rocks
throngh which it rune. Generally speaking, we shall find
that in most mining districts these are geologically very old.
However, lodos are not entirely confined to old rocks, as, for
example, the copper lodes of Ani, in the province of Ugo, in
North Japan, partly run throngh tuffa of Tertiary sge.

For a district, or for & small country, it may be found that
rocks of & ienlar horizon will can-ﬂladpu-ticnlar set of
minerals, but this we shall see is probably due to the litho-
logical character of the rocks of that area and the alterationa
to which they bave been mibject rather than to their r:‘ﬁ:;.

However, it is a well- ised fact that certain seem
to be favoursble to particular minerals. Thus, tin is very
often found in the mntl;og of granitie recks, whilst T 18
more commonly associated with serpentines, diorites, chloritio
schists aud sliies.

(Giranite yields gold, silver, copper, lead, antimony, iron, tin.
Schista, mica alate and clay elate, yield a variety of minerals,
like gold, tin, copper, iron, &c. Limestone yields lead in
many countries, In Chili and Austrslis it ylelds lead and
gilver. In Belgiom it yields zinc carbonate, and in England
_ ivon and lead.

Observations of thia kind are especially marked when con-
sidered in reference to somo particular district, as, for example,
in Cormwall, where we have ¢ bosees of granite penetratin
through clay elate. In the former rock we generall ﬁng
veins of tin, near the junction copper, whilst in the latter,
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Not only does the change in character of the rock effect
a change in the nature of an ore, but it also canses a change in
its richness,

Lead velne s to be more influenced by the nstare of
the coun than slmost any other kind of mineral veins.
Thus, in Yorkehire, lead is contained in fissurea running
through limestones, ehales and grits.

‘When the opposite walls are limeatone, the lode is good.

y grit and Hmestone, not so good.
,: :: ’,: :: shale and Hmestone, the lode
ia worse.
+ » » 4» shale and ahale, it is worat.
In Cardigan and Monmouthshire, where tbe rocka are hard
and gritty, the lodes are poor, but where they pass h

slaty rock which is fissured and achistose they are .

At Llanrwst, however, a lode was beat in & grey gritty
rock, and at the new Llangynog lead mine it was best in a
hard porphyritic rock.

In Spain there was more silver in the galena from slaty rocks
than from the limestones.

At Lake Superior the wpﬁ lodes in the amygdaloid wera
2 ft. wide and productive, while in the greenstone, conglome-
rate, and sandstone, they were thinner and relatively not =o

uctive.

Some lithological changea cause cven greater alterations.
For example, a vein which was rich when in one ¢lass of rocks,
may on crossing into a new kind of rock be a0 poor that it ie
worthlees. In Cornwall when granite is soft it is eaid to be
‘kind ; *’ and generally, when granite is coarse grained, and
whers it is not pure but containa accessory minerals, it is richer

than in other parta.
In Cornwall, when a lode crosses an elvan, it becomes either
richer or . At Whenl Alfred the lode was r in slate

but rich in elvan. 'The lodes are richer inlight-coloured sluies
coniaining roica and quartz. The hard brown slates yield tim,
while theshlue elates yield copper.

Striking examples of thia are o be found in the silver veins
of the FahiBands of Norway. At Eongsberg, in Norway, the
Fahlpands are N. and 8. banda of schist (quartzose, with mica,
bornblende, chlorite), containing iron pyrites, magnetite and
blende, which run through the goeissic and alaty rocks of the
district. 'When the E.W, veins which silver ron
through the Fehlbands, they ave vich. Similar phenomena are
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obeervable where quartz veins carrying gold cross the
?Ju:]d:of Berezite (a kind of granite) st%ewmvakyinthe

Not only may the charaster of the lode be changed when it

from obe kind of rock to another, but it may also

; alt:red by peesing through varieties of the same kind
of rock.

For example, the lesd veine of Comwsll zre nsnally richest
where the elates are soft snd fisaile, and where they are
elaty and bard. Or again, Von Cotta fella us that where we
have granites and guneiss together with mica echist and grey
gneiss, silver ores show @ preference for these latter rocks
rather than for the former. If we reflect upon the fact that
the conduetivities of different rocks both for heat and for
electricity will have been different, it ia not dificult tounder-
stand that differences in the country rock should have pro-
duced differences in the minersls which have been deposited.

Iufluence of the Walls of a Lode upon its Jontants, —
The influence which the walls of a lode have upon the contenta
of the lode, is evidently very closely connocted with the more
genernl infiuence produced by the country.

Therc are many instances where the mineral has been
deposited more upon ¢no wall of a lode than upon another, as
at Mount Catini (see Dip, p. 5). That the minerals upon the
two walls are different ia not uncommon. Thus, at the Ram-
meleburg mine, on the west wall a grey mixture of iron 1z{dt&-,
eop?er pyrites, galena and blende waa found, while on the eust
wall there was & yellow mixture of iron ard copper pyrites.

Blckensides.— The movements to which s lode has been
subjected may be learnt from slickensides and faults. The
former are represented by polished and striated surfacee of ore
or gongue, 'These are generally only a few inches in area.
Sometimes, however, as at the iron mines at Wijni Tegil, in
the Urals, they may bo seen upon faces of ore, the area of
which must be reckoned in yards rather than in inches. By
obgerving these carefully, the direction in which & movement
has taken place may be determined. They are sometimes
ob%md in]ﬁ:lmineanea.rt.ofsults. b & th

e regularity, or irregularity, ther wi e intensi
of this movemgt, may also o!tenm{z made out. As the?e
movements have rendered the ground loose, and in aome cases
brittle, the mines in which many of these lickenaides occur are
often dangerous for the workmen.
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At the Gang mine, Cromford, Derbyehire, slickensidea have
split themsslvea off with vivlent explogions. At the Eyan
copper mine they have exploded by scratching.

Taults (slides, heaves).— A more important clase of move.
menta which ought io be inquired into are those which have
produced s discontinuity in the material of the lode. These
are known as fanlte.

Some of theso have been produced by fractures which have
intersected a bed or lode, like a more or lees inclined plane.

The portion of the lode and the etrata which were superin-
cumbent on the plans, are the parts which generally have
auffered diaplacement, The movement will nanally have been
down the upper side of the plane., In exceptional cases the
movement may have boen the opposite, and & ** roversed fault”

ueed,

The direction of movement may be sometimes seen by etriated
surfaces, treces of mineral on the sorfaces along which move~
ment has taken place, by the direotion in which strate have

B bm studying and tabulating th ta rul

efe MOVEmen es
for guidar{oe of the miners may be established, It must be
remembered that these movements have generally taken place
both horizentally and vertically, the twe motions being usually
combined. Schmidt, who wrote on faults in 1810, gave a rule
respecting the direction in which a miner onght to iurn on
m.f a fault. In 1828 Zimmerman, who generalized on
8chmidt’s theory, gave s geometrical intorpretation of the rmle
which may be stated as follows : ~

In order to find the continnation of a lode turn to the side
on which a perpendicular to the fault or croas course falls with
vegard to the line of intersection of the lode and crosa ocourse
drawn in plan—that portion of the line of interssction and the
perpendicular being considered which lieat theside of the oross
mppoaite to the side on which the known portion of the

e lien.

Biriation on the walla of s fanlting fissure often show that
the movement has not been down the dip but oblignely acroes
it, and further, as pointed out by Professor Hoeffer, there may
sometimes have been a inl revolution of the maes on the
banging wall of the fault. Perpendiculars to such striations
ought—unless the revolution hasrmn accompanied by 2 move-
ment of tranalation—to give the centra of the motion.

Sometimes the fisgures of these faults are filled with clayey
material or flucan, at other Hmes with ﬂngne and ore, ao that
wo have the appearance of one lode having intersscted and
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dislom:d t:nother. In addition to e];j“:ﬁly matter and ore, th«;m
ma mAany emp B]ms W become Teservolrs for
gasyor water, rungermgt:’t". & mnecosaity where sach fanlts exist
to epproach them with cantion.

Lastly, we may have a dyke of igneous rock acting as a dis-
locator, which js of common oocourrence in some of our coal
fields. Iu some instances these dykes have not only destroyed
the continuity of & seam of coal, gut they have coked, charred,
and reduced it to cinders for considerable distances on each
side of the line of intersection {pee p. 25).

The throw of & fault may only be a few inches, oritm“?gbe
several thousands of fest. In the latter case it is measured, or
its exigtence i proved, by the relative positions of certain geo-
logical strata, The horizontal and vertical displacement will
vary along the length of o faunlt, at one end of which it may
be zero. The throw and width of a fault may vary with the
nature of the roeks. In soft rocks faults are sometimea narrow
and show siriated surfaces like slickensides. Somefimes the
sirata are bent in the direction of the throw, and ‘¢ dip to the
downthrow’” and ‘‘rise to the upthrow.” A fault crossing
a synclinal or anticlinal might throw the beds on one side of it
rolatively to corresponding beds upon the other aide, either
away from or towards each other.

Such an effect is observable when two lodes, dipping in
o ite directions, are heaved by the same cross-course, as at

eal Alfred, where the horizontal distance apart of two lodes
on one side of e fault is differont from the horizontal distance
:’Em of the sume two lodes on the other ride. Im calenlating

o quantity of material in a lode or bed beneath & given area
it must be remembered that an ordinary fault may diminish
that quantity, while a reversed fault might increass it—it being
assnmed thet the faulta are not sbeolutely perpendicular.

Faulte, like lodes, may have branches, or they may dislocate
each other. A trough fault may be described aa two faults
hading or underlying towards each other. Reversed faults
may be explained on the assumption that a mdge-shaf:;i -
tion of the earth’s crust, with its apex downwards, gﬂ
cansed to alide upwards by a horizontal thrmet; while an
ordinary fault may be explained by the sliding npwards of &
we%ge-ahaped piece with its apex npwards.

8 foﬂoﬁﬁtable gives the ta of observations made in
Cornwall, by Mr. Henwond, of 272 interecctions :—
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Of all the lodes, the proportion intersected but not

heaved is
Of the tin lodes, the pmporhon intersected but not
Of lodon y3elding Voth in and the
el r-
tion mt’:e.l but not hmv;lozper propo
of h::pggr lodes, tha proportmn intersscted but not

Of alil tht?aiﬁciiea, the proportion heaved towards the
t

Of the tin lodes, the pmportmn ‘heaved toward.s
orﬂtlﬁ ik yiding boih d thu, the

o lodes yielding €0 and tin, the pro-

on hmy:fo?i tov:grds thep:rgrhtmm . pm .

s, the proportion hes: towards

i) Eﬁfnnd is . . . . . .

Of all the lodes, the proportion heaved towards the

left hand is

of lodes y'leldmg both tin and co pger the pmpor~

tion heaved towards the left han
Ofthc.o 1odes, the pmportuon heaved wwatds
@ . .

Of all the lod.es, the proportion heaved towards the

Of lodes ;:nfdjng both tin and eo T, the -
tion heaved towarda the greater ppe le:sm:opor

Of copper lodes, the ptoporhon hea towm-d.s the
greater angleis . . .

¢ Of all the lodes, the proportion heaved towanis t.hs
emallor angle is .
Of the tin 1 ee, the pmporhon heaved towards the

Ofsfén;r .migm both d ﬂ)

tln and copper, the ro -
tion he{:eed tosv’vards the smallerppe le is P . por’
Of co lodee, the pmporhon ho& towands the

or angle is .

Of tin lodes, the propoﬂlon heaved towards the lefi

fgma em . .
O theproporhon heaved towards the

15

277,

180 ,,
are,,
177,

Bl'l,y
860 ,,
440 ,,
524,

262,
260 ,,
186 ,,
208 ,,

83.5
62:0,,
560 ,,
142,

129 ,,
30-¢ ,,
68,
838,

"
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The mean distance of the heaven of sll the lodeais. 164 ft.

” " " the tin lodes is 154 ,,
r s ” lodea yielding-
tin and wpper . 146 »

The mean distance of the heaves of eoppor lodes . 175,
‘The mean distance of the right hand heavesis . 187,,
" " s lelt hand v . 120,
The ml?n distance of the heaves towards the greater 193
sngle . . . . . . . . . 193,
The gean distance of the heaves {owards the amaller
angle. ., . . . . N . 1y,

The percentage of heaves in different rocks : —
In Granite. In Blate,

The intersections withount heaves S 26027, 2159
Heavea towanrds the right hand . . . 524, 505,
, y  left 1::;1& oo 21-4, 26:¢,,
" ’ greator angle . . 838, 6840
. v smaller ansl.a . . B2, 145 ::
The mean distanve of all the heaves is . .. 164t
» " " » ingranite . . 171,
" ” ” %3 in slate P |

The 233 intersections congist of 125 veins of clay or flucan
and 108 quartzoss veins or cross oourses. They are distriboted

as follows: —
In Granite, In 8late.
Flucan . . N . . T8T % 470 %,
Cross-courses . . . . 21'§°%, 530°%,

From this it is scon that in granite the cross-veins are
generally flucans, while in the slate they aro quartzose.

From other tables Mr. Henwood shows that the extent of
heavea is in direct proportion to the width of the lodes and to
that of the cross vein,

It ap) 88 pointed out by Mr. Henwood, that the general
rule is that the heave of the same lode by the same cross coorse
is in the same direction ai all deptha, Exceptiona to this,
however, occar, a8 at (Guunis Lake.

a The heaves towards the greater angle chiefly oceur with
neans.

The Age of Faults and Lodes.—]fa foult or lode cuta
throngh & series of rocks A, but does not pass upwards into &
wt of rocks B, we may assume that the lode is younger
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than A, bot older than B. For reasons like this we may say
that the E. and W. veins of Cornwall which break through the
Trias are younger than tb.at formation, while the N, and B.
veins which thmu Cretacecus rocks are yoanger than
the Cretaceous. ai’ the veins in California are younger
than the Juraesic. Vghemavem intersects another vein it is
evident that the intersected vein is the older of the two, or if
& vein contmﬂ::s fragments of 8 bed to; of another vein, thgegein
containing these fragments must be younger than the or
vein fmm which they were derived.
As examples of veins of relatively recent age, Phillips gives
the following : —
At Aveyron, in France, veins of argentiferous galena traverse
Lisssic strata. InA]gmammﬂa.rlodesmol taceous age.
Auriferons E veins at Vorispatak, in Transylvania, in

Tertiary sa: Near Volcano, in Amador county, Cali-
fornis, there is a g uartzvemm beds of sand and gravel ;
while at Sbeamboat Bprmgs, evada, the writer han seen
veing in the process of

Whenalode B p&mes thmugh but not. beyond the walls of
& lode A, and the continuation of B is somewhere to the right
orleft.olthegomtoaf intersection, it wonld appear that, as B
was thrown by A, B was the older lode. It may, however,
happentbatA is older than B, the throw of B r].n been
m;ymowmt along one wall of Aa.fwnthudbeenmtet-

Backs of Lodes, Bamiot, Broll, Gossans, &e¢.—If the
mat.mil ofhl:-]llnch a lode is oompooegf ie harder t.iﬂ;:ntthe mbke
thmu.g W, it runs, by processes dgmda it ma
loft atanding up like 8 n:;y or wall. In the Atlae Mount.{ms
lodes of ic iron with tes stands up sbove Cretaceous
rocks. er examplea are in the lead lodes of Cardigan and
Montgomery, certain quartz lodes in Australia, &o. Onthe
other hand, if it is soﬂer, it is worn away to form & hollow.
In both cases its direction will be more or marked across
the country through which it courees.

In the latter case it may form a channel along which water
will percolate, in consequence of which we may have a line of
luxurisnt, or of some particnlar kind of herbage springing u

In many cases the exterior portions of a lode will be more
or less decom to form a mass of friable earthy matter,

which, from preeence of irom, is y of & red eolour
This is called a gossan. {Eisennerhut, Ur. ; chapeau de fer, Fr. ;
pacos, eolorados, 8p.)

Theee guasans onshttobeomfullyemmmed as they often
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good idea of the nature of the minerals which will be
gund st a lower depth, For example, at the surface wo mi ht
have earthy red oxide of iron, while lower we might
oxide of %nlwuh oxide and wbanahe of ﬁopper and nsh\re
oo , otill lower copper pyrites. QGenerslly in gossans we
oxides and oxidized ssu. oomblmuons{rlth water, car-
bonlc acid, phosphoric acid, browine, chlorine, &ec., bat no
sulphides. Cogper 8 yrites may change, as follows: 2 (Cu Fe 8.}
+ 11 0= 804 + Fes O3 or galena, after becoming a
sulphsbe, may suffer farther transformation in the presence of
ea'cium carbonate into lead carbonate nnd calefum sulphate.

Nutive metals often occur in ; thns, at Lake Su mrt!:::m
native copper and silver were found near the

In Cornwall the average t.hlclmeas of the decomposed portion
of a lode is from 30 to 40 fathoms, but there sre instances
where it has been a8 much as 150 fathoms in thickness. When
a lode is very porous, and contains much jron pyrites, we may
e.tlpecttoﬁndagoodgomn In puch casea it will be of a red

If the colour ia dark and quartz is sbeant, the
in considered %ood Bometimes the are of & bluish
green_colour, to the decompoeition of a ore, or
and brownish from a lead ore. These colours, how-
ever, are rars, the one produced by iron generally masking all
others. According to its atructure oolonr a gossan ia
described a8 sugary, cindery, irony, §o.

By carefully ocbeerving the phenomena which gossans present
to us, much may be Imt about the transformationa to which
mineral matter :a Bu

If the back of a lot{e reachea to the surface, the soil which
liea upon it will emllybemomorlesa affected, and the
grawt?onf vegetab matter will be ormented In consequence

of this we ehall seo along the line of a lode either barren stripa
of soil, or & peculiar vegetation.

In most countries & good io regarded as being indi-
cative of a good lode, and there are cases on record w. a

mine has been taken up from the appearance of its gossan. In
Cornwall it in said that—

“ A Jode will ne'er cut rich and fat,
Unless it have an iron hat.”

The depth to which a gossan may reach greatly depends on
the drainage level.

(Gaotzachmana gives & long list of plants indicative of saline
springs. Dumps of rbd brown hematlbe or clay iron steme
grow s spoaial vegotation chiefly malvaceous. The Culamine
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hills of Wedg:halm have a peculiar flora, 8 most noticeable
ﬂf:t being Fiols ¢alominaria. In Michigen, Wisconsin, and
inois we have the lead plant Aniorpha canescens.

Anp iron ore vein near Biegen can be traced for nearly two
miles by birch trees growing on its cutcrop. In Montans an
Eriogonum is said to be indicative of silver ores. An analysis
of this plant shewed the presence of arsenic (pee ¢ Indicative
Plents,”” by W. Raymond. Trene. Am. Tost. Min. Eng., vol.
XV, p.644).

‘When certain minerals are decomposing a slight odour might
be produced, this being especially noticeahle when the weather
is warm end showery.

Over the backs of certain lodes, lambent flames are eaid to
have been sometimes visible, an apﬁcmnce which may bave
been due to decomposition, If these decompoeitions give rise to
heat, we might expect that anow would not remain solong over
the backa of lodes ae at other places. And it may also be
remarked that as the contents of a lode muy be better con-
ductors of heat than the rocke of the neighbourheod, inde-
pendently of the effects of decomposition, more heat will
constantly be conducted out of the ground along the back of a
lode than at other places,

These, together with other a ces &nd phenomena which
the backs of lodes present o us, are well worthy of our
attention, as it is by them that we are guided when searching
for miveral deposita,

Distinoticn betwesn Bedded Velns and Beds.—It may
pometimes happen that a fissure has been formed llel to
the stratification, which opening has subsequently been filled
like & lode.

As deposita of this kind have often great resemblances to
those members of a eiratified series which are included under
the head of beds or layers, it ia necessary that the observer
ehould be on the alort to seize those signe which may aid him
in making the necessary distinotion. Thus, for instence, if the
deposit has & symmetrically banded structure, we shal! know
that it is a vein with which we are desling. Or again, if it
should send off branches into the surrounding strats, or if it
jncludes fragments of the superincumbent rocks, we should
aleo see that it could not belong to a series which had been
regularly stratified.

Piling of Weins.—It has already been pointed out that
fisaures, which when filled with minersl matter conetitute
mineral veins, may scither be one of the resalts of secular con-
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traction or may have been greduoally opened, and st the
samse time ﬁt?l?i byythe cryetallization of minersl matter along
& primary fissare.

The following theories refer to the formation and filling of
veins :—

1. Contemporaneous Formation.—This theory implies
that a lode was built up at the same time that the rock w!
encloses it wae formed. It fails to explain any of the many
obaerved phenomena which lodes present.

2. Ignsons Injection. —In this theory it is assumed that
veing were formed and filled by the injection of ignecus matter
from below. In su of the view that certain veins may
have been filled in this manuer, we bave the faot that many
minerals may be produced artificially during the provess of
fusion. Eba{men and Berthier, by decomposition in the
sence of iuzxen like boracic acid, produced erysials of corandum,
emerald, quartz, &¢. We also kmow that many metals ocour
in eruptive rocks. At Lake Superior there are copper lodes in
amygdaloid ; but, as pointed out by Phillipe, if the copper had
been deposited from igneous fusion it would have been alloyed
with the silver with which it is associated. Some of the lodes
at Bchemnitz may be of eroptive origin.

The mullock veine of Australis are decomposed eruptive
dykes with gold and eilver in their joints, the concentration
og metal having probably taken place in conjunction with the
decomposaition.

Notwithatanding the above facte it ia only in extremely
fow instances that the hypotheels of igneous injoction is suffi-
cient to explain the phenomena presented by 1

3. Blectrie Currents.—It seems pomible that metals may
have been orredpitated in lodee from eolutiona of their salts
by mesns of electric currenta. Mr. R. W. Fox experimented
on the electric currents which he observed in the lodes in Corn-
wall. In a summary of his views he remarks that, with the
eleptrical decomposition of earthy and metallic salts, the bases
would be deposited at the electric negative pole, but s rock
which wae electro-negative in one position might be electro-
positive in another.

The experiments made by M. Becquerel, and independently
by Mr. Fox, bave shown how varicus metals may be precipi-
tated by feeble curronts, and how materials Lke clay, plaster
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of Paris, and even soft sandstone may become laminated and
generally alter their strncture.

At Pennance mine the cnrrent flowing between s copper and
a pyrites lode was found to be enfficient to produce electrotype
copies of medals, electro msga:eta, and even to occaaionall
yield faint sparks. Many of these currents may be the resuﬁ;
of chemical decomposition in a lode orof chemical action at the
earth plate,

The wost elaborate investigations on thia subject made during
recent years are thoee carried out b{ Carl Baros on the Com-
stock lode. The hypothesis was that se currente (probably
hydro-electric) had been flowing for many years, such currenis
had become constant, equipotential surfuces might therefore be
discovared and wapped. e reault of the work indicated that
in certain inetances an eloctrometrical survey of thisdescription
might lesd to the discovery of ore bodics {* United Statea
Geolog. Survey,’* Monograph IIL).

Thomson has said that thermo-electric currents in the earth
oan never have been of any ap]itecisble magunitede, but the
electric currents in the earth which have caused terrestrial
magnetiam, or which may have been an effect of terrestrial
magnetiam, are quite competent to produce electre.metalinr.
gical 0? the greatest magnitude.

Under patticular circnmatances, by electric action metals
might be succemively ’Igrecipitated from & solution containing
& mixture of ealts. e order in which these precipitations
would take place must be sought for by the laws of sleetro-
metallurgy. Such an action would also give a ible explana-
tion of the seq in any bande we might o .

If material is being deposited by electric action we must
remember that such currents, although on the whole travelling
in one direction more then in another, go oppotitely every day.
This therefore, whilet tending to give 8 greater deposit on ome
side than on snother, might poesibly be employed to explain
wfhyl::ge sometimes find the game metal depogited on two sides
of a lode.

1. Aqueous Deposition #rom above.—That fissures were
filled by the flowing in of metalliferons solution from above
was & theo! unded by Werner. It received great au?-
port from Mr. W. Wallace, who wrote on the lead veine in
the North of England. Amongst many other observations, Mr.
Wallace points out that the lesd chiefly occurs in the rocks
favourable to the doscent of water, while at great depthe
which are unfaevourable for the descent of water the veins
contain but little lead.
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5. Sablimation.—At N , in Transylvania, metallio
arsenic has been deposited on the lower faces of crystals of
disllogite, Thie is n fact supporting the view that at least
& portion of tho material in such & vein has been deposited
by eublimation. That metallic minerals like iron glance
are formodtt]:n the l?h:;s of oertamm' volcanoehsngal.soszotfi::t
supporting the same theory. ny miners. ma .
gngm, blende, have been%mad in smelting furnaces. Da.
rocher and other experimenters have sucoseded in formin,
many minersls by passing metallic vapours through hea
tubes. Notwithstanding facts it would seem that the
eases where metals have been deposited by sublimation are
extremely rare.

6, Lataral Wecretion. —The theory which best explaing the
henomena of ordinary lodes is that their contents have been
eposited from solution, the solutions having been mineralized

by percolation through the eounuz rock.

Among the numerons faots which support this hypothesis

may be mentioned :—

{1) The contents of many veins are similar to the rock through

which ran, Thus in limestone we find veins of ﬁ-
cite, in iona rocks, veins of quartz, &c.

(2) Al watera contain mineral matter in solntion. In the
waters from mines many of the elementa have been de-
tected. OCopper as eulphate is sometimes found in suffi-
cient quantity to be of commercial value. In sea water,
silver, lead, copper, iron, and zinc have been found. It
in said that the Muniz metal on ships which have been
for some years at aea, has in certain instanoes increased in

perocutage of silver it coutsined. ‘The anthor found

that this was not the c¢wse with the eheathing of a

I)ass'eé which had been for some years in the North
acino.

At Steamboat, in Nevada, eilica and metallic minerals
like cinnabar may be seen in the process of deposition from
hot water,

(8) The artificial production of many minerals by deposition
from eolution, as, for instance, in the experiments of
Senarmont.

(4) The fact that the country rock of metalliferons regiona
containa metallic elements. The proof that there is a rela-
tion between the rnineralogical contents of mineral veina
and the vature of the rocks is due to Prof. Sandberger,
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Inatead of making a general analysis of the rock, Prof.
Ba.ndbergr separately anslysed its mineral constituenta,
and in this way he found nearly all the elements which
ocent in veins.

Thug in olivine—iron, nickel, copper, and cobalt wers
found. TIn aungi , cobalt, iron, nickel, lead, tin, and
zino bave been%:m.nd. o micas yielded many metals. Copper
is found in nearly all clay alates.

‘Where organic matter is present, a8 in the Mansfleld elates,
it has probably acted as a reducing agent, converting sulphates
into sulphides, precipitating silver, gold, &o.

5) Many of the phenomena presented by veins, as, for in-
¢ stance, their banded aymmetry, which iz 80 often obeerved.

7. Bolution and Ascension.— In this theory it is assumed
that the material which fills up a lode has been brought in
solution from great detgt.hs and not from the rocks in the
immediate vicinity of the lodes. The heat and pressure at
great dopths wonld certainly favour solution.

In looking at the various theories which have heen advanced
to explain the formation of mineral lodes, and which have been
enumerated in the order given by Phillips, the une moet ade-
quate to explain the various phenomens we meet with in lodea
is that of lsteral seeretion. As to the exact manner in which
matter has been precipitated in veins, we have but little defl.
nite information—in one inetance it may be due to cooling,
in snother the precipitation may be chemical, while in ancther
it may have been electrical,

1I.—BEDS AND LAYERS,

Thelr Formation and Subsequent Altsration.—The beds
and layers with which the miner has to deal are those membera
of & stratified eeries which are made up of nseful minerals,

At the time of their deposition they were more or less hori.
zontal and uniform in character over large areas, the only
variations to which they would be subject being similar to
those we might expect in a sediment which wae being formed
npon the of a or of an ocean. For instanee, we might
expect the material which was accumulating mear a shore line
to be coarser than that which was being deposited in deeper
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water ; also there might be gradations in thickness, &e.  After
a bod had been formed by demudation and metamorphiem Ht
might suffer many changes.

ue, for instance, chanmnels of water runming acroes s bed
may wear it out into hollows. These may subsequently be
filled with sand and extraneous material. By actions like these
we get tho appesrances nown to coal miners an swells and
knuckle saddles, trough saddles, ov channels, Or again, meta-
morphis sctione may raise heds up from their original horizontal
poitiens and bend them into gentle folds or into the most
varied coavolutions. When we observe that chauges in poai-
tion have taken place, we generally find that chemiesl, lLitholo-
gical, and physical changes have been induoed.

By atndying all these variations of poaition and of character
which beds have suffered during and subeequent to their depo-
wition, much of their history may be learnt which is not only
of value scientifically, but is also of value to the 1
miner, enabling him to form rulee both general and special for
the district in which he is employed.

Beds of Coal, Ironstons, &c.—The most common of bedded
deposits with which a miner has to deal are those of coal.
These ooonr in seams generally from 2 to 4 feet in thickness,
but in some cases, an in the brown coal of Bohemis, as much as
80 to 90 feet in thickness.

In examining these beda their thickmess, strike, dip, depth
from the surface, with all their variations, ought to beoiurved.
Also the partings, faults, and other irregularities, together
with the varicus effects which they have preduced upon the
seam, must be noted.

Many kinde of iron ore are found in beds, the most common
being perhape the clay jromstone of the coal districts of
England, &c.

Beds and layers are also known as sirata, measures, sills,
mines, dassets, delfs, girdies.

The dip, which may be meseured by or by 80 many
inches per yard, in sometimes spoken of aa the pitch or Aade, In
connection with the dip we hear the terms, *‘ strong dip,”
‘¢ rearing measures,”’ when the dip iz steep, while when it is
gentle s seam is said to be “ flat.”" The deepest portions of
set of workings are said to be on the “ dip side,” while the
shallower workings are on the * rise side.’’

Aa examples of conl seams having a steep dip, we ma:
take those of Belgium, North France, Pennsylvania, No
Japan, &e. For examples of coal seams bent into zigzagn,
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the student may refer to the Anzin dietrict. Ineg:lsr messes
of coal are found at Creuzot, Montchain, &¢. (see Ponson).

Thickneas of Coal.—In Bohemis, France, and Hung;{y
there are beds of lignite from 60 to 100 feet in thickmess, The
Bézenst seam is up to 200 feet. Brown roal at Ziktan, in
Saxony, reaches 154 feet in thickness. In Staffordshire there
is & bed of bituminous coal 10 yards in thickners. Seame
which are ordinarily worked are from 4 to 10 feet in thickmees.
A eeam 2} feet thick may be considered as thin. In Somerset-
shire seamn 11 inches thick are worked. In the Hartz moun-
tains a seam from 15 to 20 centimetres in thickness is worked.
SBeams like theee latter can only be worked when the coal ja of
8 quality that will command a special market, as for the mann-
facture of gas or for metallurgical purposcs.

Irregulariiies and Impurities.—Most of the large seams,
as, for instance, the *‘ten ysrd seam ™ of Staffordshire, are
nsnally an association of seama in which we find coala of vug-
ing quaelity which may be in juxtaposition or separated
bands of shale, or sandstone, or other worthless materials called
partings. In this manner certain sesms may be subdivided
into 20 or 30 distinet layers.

Iu a seam of coal at Pictou, 116 inches thick, thers are 14
Ia: ersb(if shale m& a t&)ta'lla t.h.lclmfees aolf 19 inches, 21 layers of
to good coal, and 4 ra of coal containing iron pyritea,
From s:{ example of this wry;e it may be mferredntint ingy;ven
ﬁ c:jl? eoul we migll:ilt gfxd f;}adl fit ffir making ga%tﬁf)r met;l-

purposes, euwitable omeatic purposea, or coke,
worthleas coal, shale, &c.

A heavy mase of impurity, say of sandstone, thinning away
at its ende occurring tn a seam of cosl, is known as n herse, ite
two onds being respectively ite head and tail.

Beams of coal are sometimes traversed by more or lesa pro-
nounced eystems of jointing which give it a tendency to aplit
in definite directions. The planea of divirion are known as
cleats, fuces, sfynes, I there are two sote of joints, one may be
called Bucks and the other cutters, In consequence of theso
fra.otum? somme coals break into cuboidal, rthomboidsl, or other

[OTTIOE.

s seam of coal is in contact with an Igneouns rock it may
be friable, earthy, cindery, or like coke, the changes having
been uced by the heat of the dyke. The sltered cosl is
somotimes called diind enal.

It has been remnrked that the lower beds in a series, or 1he
lower portions of a given bed, sometimes are more antbracitic in
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their character than the seams or portions lying st a higher

level,

Again, the beda which ave the most tilted, or which occupy
the regiona which have been moet contorted, are usually more
anthracitio than those wlhich are relatively flat and lie in the
undisturbed regions. This is exemplified in the coal seams of
Sonth Wales and Pennsylvania.

Alo:glits outerop 8 seam of coal may be 8o changed that it
osn hardly be recognized as coal.

Seams in a District.—The nomber of seams in 8 given
district or eoal basin are very different. Thuoe at Newcastle
there ave about 10 different seamns ; at Mons, in Belgiurm, abont
118, .

Age of Oval.—In Europe and America most of the coal
which is worlead in of carboniferous age, bat seame are known
of various ages, Thua at Bm%i.n Scotland, the coal belongs
to the lower oolite, while in Virginia there iz s miocena

lignite, In Japan most of the coal is terliary or oretaceons.

Analysis of Goal. — The following are maximnm and mini-
mum valoes for the earbon contained in various coals, compited
from data given in Dansa’e “ System of Minerslogy.” An
analysis of peat and wood sre added to the table :—

C "H| 0 N |B|am
Anthracite | 3. Wales 92-56 | 3330 283 .. | ..} 1'568
' Penvaylvania: 8498, 246 | 1-16 1-22| .. 10-20
Caking coali Paa de Calais. 86-78 498, 584 .. | .. | 2°40
v s | Zwickau 72-274°16110°73 0-34(0-81| 6:00
N’on-lcnking Valenciennes | 90-54 |3-66| 2-70 .. | .. | 510
o0Aa, e,
Noo-caking] 5. Stafford-| 72-13 432 1711 [0-54] 644
coal ahire
Cannel coal | Wigan A4-071571] 782 .. | .. | BH
' » | Tyn 78:06)6°80| 3-12 1-85 |2-2?2| 8:%4
Brown coal| Hesse Caasel |71-7114-85| 21-87 o ] 1IMTT
o .+ | Iekutsk 474645613302 . oo 114795
Peat 5800 55 (2900 13 6:00
Wood 50-00 |60 |41 1:0 15
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All ordinary coals contain from 5 to 1 or 2 per cent. ol
water. The lignites may contain from 12 to 40 per cent. of water.
Anthracites bave a 8. g. of 1°3 or 1*4 ; bituminous coals abont
1-25; and lignites 12 or ‘I, From an examipation of the
above table it will be obeerved that during the procens of the
formation of amthracite from vegetable matter there is a lom
of oxygen, b , and mitrogen, and therefore an increase in

the percontage of carbon.

Pormation of Ooal.—It ia difficult to accurately trace the
changes which vegetable matter has passed throngh to produce
the different varietiea of cval, which chjefly depend uhgon the
purity of the coal, ita degree of bituminization, and the pro-
portion of fixed and volatile matier it contains. Le Conte
aseribes the origin of these varietios to decomposition of vege-
table matter in contact with air and out of contact with air.
Anthracite & an extreme form of coal produced by heat and
metamorphic action,

Pengelly regards the formation of coal after the primary
decoraposition of vegetable matter to have taken place in four
wa' —_

a process with heat (Ex. anthraaite).

Bgela ?Ig process without muck heat (Ex. s)team coal, Wigan
eannel).

By g wet proceas with heat (Ex. bituminous houee coals).

By a wet process without much heat (Ex. certain bituminous
ooals and lignite).

Iren Ore.—C(lay ironstone occurs in beds as concretionary
nodulea associated with coal and coal shales in South Wales
and Staffordshire, Hometimes it occura ms a bituminous
shale, as, for example, the bleck band ove in Scotland. These
ores are chiefly carbonates, and contain 20 to 30 per cent. of
iron.

Beds of ironstone aleo occur in liassic and oolitic strata in
Yorkshire, Northamptonshire, and Lincolnshire. These ores
are hydrated oxides of iron comtaining 25 to 30 per cent. of

iron,

Hematite ocours in beda containing 60 per cent. of iron, as
in Missouri, Michigan, &c. These ores are wmally silicious.
In Algeria there is & bed 5 yards thick which is said to contain
85 per cent. of iron. At Cleator Moor, Cumberland, there is
a deposit of G0 feet.

Copper Ores.—The Kupfer schiefer of Prussia is a stratified
deposit of bituminons marly slate, containing various ores of
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eopper together with iron tes, gulena, gine, nickel, cobal
silver, bismuth, &e, At ﬂeld it is 11 to 20 inchea tbic::
and yields from 2} to 3 per cent. of copper. Cupriferous shale
beda have been worked in Shropehire and in Chins,

At Alderley Edge, in Cheshire, a bed near the base of the new
red sandstone is saturated with blue and green carbonates of
copper. Tt yielded 14 to 3 per cent. of copper.

At the Parys mine, Anglesea, there are beds mineralized
with copper. Copper is also precipitated from the water
pumped from the rnea.

sa1t.—In Cheshire 75 4o 100 foct thick. The Sperenberg
bore hole passes through 3,590 feet of saliferous etrata.

Zead Orve.—The Bunter sandatone of Bleiberg yields nodular
lead ore, chielly galena, but alsc cernemite.

Most of the beds containing minerals like copper and lead
are the rosults of mineralization snbsequently to the original
formation of the beds.

Bulphur.-Occurs in beds in Bicily, Greece, Yezo, and other
countries.

Surface Deposits.—By surface deposits we mesn those
beda of alluvinm which more or less vover the face of all
countries.

These have been chiefly crested by various mechanical agenta
which, after having d ed the higher vuchs, carry the
material which has thus formed dowu to lower levels, By
degradation moat mineral deposits are so comminuted thet, by
their exposure to the atmoaphers, thef are decomn and de-
stroyed. Subsetances like cassiterite, platinum, gold, &c., being
exceplions to this—that is, not being 8o readily eubject to de-
oom]%;)sition-—have, in consequence, been move or less presorved
and buried smonget 1hese superficial deposita.

Jn observing depesite of this kind we muet notice their general
situation, area, thickness, and richnese. Often we may have
several beds rarged one above another, in which case we may
have to dotermine their relative value. If we are tracing any
particular deposit, as, for example, whilst sacending a valley,
and the particles of ore increase in size and in number, wo may
mt that we are approaching their common ovigin, Another

jcation that we are mear this point of origin wiil be that we
shall find the minersl lesa worn.

In looking for a deposit of thie kind in a country where
superficial deporits are known to occur, we may be often guided
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Yike the Tungusians in Northern Biberia, who search for gold
by first looking st the contour of the country, and
obaervlnghﬂtlh;ose laces where any obstacles like a projecting
range of hille w be likely to prevent material being directly
wmﬁd from higher to lower ground. Holes, sudden bends,
or anything which would cause a dimivution in the force of a
current of water are ]:»oci.nt.s at which we should expect that
heavy material like gold or platinun wonld be likely to collect.

In Australia, although the most gold is generslly found in
pot helrs and behind hard bars, it has often been found upon the
shallow bends of ancient river courses. The lowest of a serics
of beds is geuenlg the richest. This may be, perhaps, ox-
ge]?‘:ed by a bypothesie due to Mr. Beli, whe sngggated that

use large nuggets of gold are only found in the alluvial
deposita, therefore the upper partions of the ledes or deposits
which were first worn away were richer then the lower por-
tions. The more probable reason is that it is due to the action
of gravity, Another resson for finding large nnggeta in the
cllavinm may be duoe to their havi.ns n formed in site by
pt%oﬂ)itaﬁon from a solution of chloride.
oride of gold is precipituted in the lsresenoe of vegetable
matter with considerable rapidity. Gold has been found in
fossil wood and in mine timbers.

By observing the nature of the associated minerals, which
may be in the form of gravel or sand, we may often learn some-
thing about the rocks which the depoait criginated.

By carefully examining these surface deposits we shall find
that, like lodes, they have man; itice. ‘Thus the allu.
visl deposits of i.nt.he;[]y are said to be chiefly, and
almost only, fo on the esstern flanke of theee mountaing—
s fact which points to the mountains of Aeis, rather than to
thot:iof Europe, as being the source from which they origi-

nated.

In Australis the best waesh-dirt is on the bed rock in the
lowest parts of 8 Jead called the gutter. The gravels of ancient
river courses in which it occurs may be on the surface orst
the depth of severul hundred feet, ln.lf covered by beds of
basalt {blue stone), or even beneath a hill.

The nugget was the «“ Weloome stranger,” 2,268 oz.
In 1876, in Victoria, 674,164 tons of drift averaged 22-67 graina
of gold per ton; 35,935 tons of cement which required orushing

i 4 dwt. 13} grains per {on. Cenmy drifia have
Fielded 10 dwta. to 2§ 0z. per cubio

In Californis the gold-bearing beds are from six to several
hundred feet in thickness. They ueuslly oconsist of gravels
which may be cemented to form a conglomerate, sand, bauds
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of tufl, clay, fossil wood, &o. They form a band 60 miles wide
along the western flanks of the Sierra Nevada. The Big Blae
lead exteénds 65 miles and has & depth of from 1 to 300 fuet,
Three or four cents per cubic yard will pay the expense of
bydraulicing, but nesr the base of cartain Iamd'.: as much as £10
per cubic yard has been obtained,

Magnetite occara in alluvial deposits. In North Ja, it
seems to be uniformly distributed through nearly all the soil
that is met with. In places it has collevted together in beds
and is emelted.

Bog iron and mangsnese ore which have accumnlated by
precipitation in marshy places or in lakes nsually contain too
much impurity to beof commercial importance.

Biresm tin ocoursin gravels much in the same way a8 gold.

B.—IRREGULAR DEPOSITS.

L—SEGREGATIONS,

Begregations, like veins, ccour in rocks of various descrip-
tion metimee they appear in a form which is more or less
vertical, approaching in character t¢ a vein, at other times th.
approach gl character to a bed. R4

nder this head we have stockworks or floors, many contact
depesits, and irregular deposits like those ooourring in lime-
stonea,

Btockworks consiet of a number of emall veing of ore run-
ning in an {rregular manner throngh & large mase of rack.
relation of segregations to tie rocks in which they exist
is, unfortunately, not ao definitely marked as in the case of
veine, nevertheless certain relations may be sometimes observed,
aa for example st Tilt Cove in Newfoundland, where we have
huge aegregations of copper pyrites, showing a preference to
a particular band of serpentinonarock abont 200 yardain width,
whilst in the neighbouring rocks ountside this no metals
mﬁmh the phenom ted b diffi
© Pl ena presen ¥y segrogations are diffi.
cult to underetand, neuverthlzleas they may perhape be inter-
grebed by a careful observation of the appearances which these
eposita present ne with.
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IL—IMPREGNATIONS,

‘The ter number of impregmations have probably been
formedf;othe permeation of mineral matter through the rocks
in which they occnur—the matter at the time of this permea-
tion being in the state of gas, fusion, or solution.

1t often happens that im: tions occur in the immediate
vicinity of deposits like lodes or ations, In such a case
it remains for us to decide whether the impregnation was
derived from the mineral masa, or vice versd, not forgetting
that it is also quits possible that the two might have been
simulianeous formations.

From the manner in which the ores occur something may he
learnt about the origin of an impreguation. Thus, for instance,
rome im tions can only be regarded as the colouring
mattor o} E: rocks the%vpenetmte, at once suggesting the
idea that they originated from the infiliration of some solution.
The red colour of certain sandstones which are coloured by a
Eﬂicle of oxide of iron surrounding each grain, are Jmown te

ve been formed in this way. igain, the green-coloured
deposita of copper at Alderly Edge, in Cheshire, may be taken
as another example.

The im ating ore may pass infilms through a rock, or it
may be distributed in grains and globnles. Bometimes it may
oceur in crystals like the crystala of feldspsr in porphyry, a
%ood example of which we have in a deposit of gulena on the

ort au Port pepinsula, Newfoundland, where the ore i dis-
ht-l;)]:nnted in small cubes through a mees of soft eilurisn lime-

- ptone,

In some few instances, we seem to have evidence of parti-
cles of minersl matter having been deposited together with
sodiment to0 form one of the members of a stratified series,
Although the resultant beds might be said to be impregnated,
itiapeghqu botter that they should be classed with the

epoaits,
wven if s bed shonld subsequently to its furmation become
impregnated with metallic matter, it may be convenient from
ite regularity to place it with the same group.
Examples of mineralized beds have &'I}r)aady been given

(pa::q 21, 23.

it is evident that the formation of an impregnation must
to a great extent be dependent on the physical and chemiocal
natore of the rocks iw which it Las been precipitated, it is
scarcely needful to remind the sludent that s of those
rocks may be franght with the greatest interest, valuable
results may be obtained,
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EXAMPLES OF IRREGULAR DEPOSITS,
(SeoRzaATIONS AND IMPRBONATIONS.)

1. Gontast Deposits.—In Arizona red oxide of copper
occurs between limestome snd granite and slate rocks. At the
Tanokuchi mine, Toss, Japan, copper pyrites between clay
plate and diorite. At Lake Supenor, native copper between
trap a.&rll a&ndwmeﬁ here

At , near Liyons, where there are ancient copper mines,
depoaitset;?&u ju_and between metamorphic rocks and Bunter
sandstone, In the metamorphic erystalline rocks there are
yellow ares (copper and iron pyrites), grey and black ores (tr:e;ila-
conite, iron pyrtes, &eo.), which ocour in & wedge-shaped of
grey rock between the crystalline rocks and the sandstone ; red
m(cnpﬁte%ownr in clay against the sand.tome; blue ores
azurite, &o.) oceur in nodules in the asndstone, The original
SAzpom:t from which the others were derived was the yellow

L,

k Lode, Nevada.—Here there are silver ores between

diorite and disbase. In places it is altogether in the diabase.

Between 1859 and June, 1380, it produced $175,000,000 of

silver, and $140,000,000 of gold (United States currency).
Near Christians, at Narvernd, and Danemors, sear Upsala,

ie:: aro contact deposita of magnetite between granite and

chlsuatha.lthm are deposite of hematite botween similar
rooks.

Running N, and 8. for 150 miles throngh SBervia there is a
band of syenite, o, &c,, which {raverses jurasaic
end cretaceous . Between the eruptive rocks and the
Gopotits ievtin sol soptor, aad. iron pyeites, galons, mag-

T, iron ena, mags
netite, &o. Thgyg::'e e B Vo ot

2. Imbedded in or Hop-stratifisd Books,—
At Zinnweld (Bohemia), in 8 dome-shaped mass of greisen
iqmrtz and mica), there are horizontal narrow veine of tin,

ormi.nglatoekwor .

At Altenberg thers is & greisen-like rock called zwitter
thronghout which tin is freely disseminsted to the extent of
one-third or half per cent. to form & stockwork. Somewhat
eimilar deposits ooour in granits. In Cotnwall small veins of
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tin ware discovered at the china clay works near St. Austell.
me of the Veliqns ngeh ti;l:m 1;]1:@1:13‘;_a granite consint of s:horl

gquartz. Near Stanthorpe, in Queensland, ins of Hn
are disseminated through a granitic rock, as if fogr::i.ng one of
ita chief constituents.

The carbonas at 8t. Ives are masses of course granite charged
with tin and connected with the lode by a film of quartz.

At Monte Catini, in Tuscany, the cretaceous strata is broken
through b{mserpentine and gabbro roaso. At the outerop the
lode was about 3 feet broad, but 12 to 30 feet below, it widened
out and contained pockets with dimensions of 30 feet by 100
feet. The orea are crubescite, copper pyrites.

In Cuba and in Newfoundlsnd, rich deposits of copper
oceur in perpentines.

In Cornwall, granites and slates containing 8 to 9 1be. of tin
stuff to the ton of rock yield a good profit. Sometimes 2 bs.
of tin stuff has been sufficient. A man can break down 1} to
2 tons of hard rock per day and 7 fo 8 tona of eoft killas,

3. Imbsdded in Siratified or Metamorphic Rocka-—At
the Rammelsberg, in the Hartz, there is an ore bed which
dips downwarde snd then forks like an inverted Y. The rock
is clay slate. It hea been described as a stockwork, asa segre-

tion, and a3 s bed. At one point it dimensions were 1,900

¥ 150 feet, Fifteen different metala are found, but the chief
are galena, copperore, and zino. Tt hes been worked since
4.1, 1000.

In Andalusis, South Spain, thete are amygdaloidal maescs

of ﬁa.l&na in metamorphic silurian limestones.
the metemorphic rocks following the band of eruptive
rocks of the Banat, there are many irregular deposita.

At Fahlun, Sweden, there ia an enormons irregular deposit
of copper pyrites (3 1o 4 per cent. of Cu.) in metamorphio chlo-
ritic rocks,

4.—Imbedded in Limestons.—The irregular deposita in
limestone are chiefly those of lead, zinc, and iron. In Derby-
chire there are pipe and faf veins of galena following the bed-
ding of the limestone, while emell veins called serins fill the
i::ints. The deposits in Cumbetland are very similar to those

In gznt.alnre, at the Fawnog mine, galena and carbonate
of lead form an irregular bedil.he deposit betwoon limestone
and sandatone.

D
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In Wiseonsin, in cambro-gilurian limestone, pookefa and flat
veins of lead occur.

limestone and were not ted in pre-existing cavities,
In ‘B%lﬂnm {La Nouv: el(ontagneanmMneu
pelle), carbonate of zine and ocour in beds
in limestone. In quartz alate, sinc carbomate
and hematito sre found.
In the Forest of Dean at the base of thomﬂlatoneﬁita.nd
at the top of the carboniferous limegtone, in flesures,
and in irregular depoai tacnlledcbum.wmeof which measare
14 by 300 yarda, hematite is fonnd.
In Cumberland, in cavities in carboniferous limestone be-

thick {ue’; p. 27).
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BORING.

Objects of Bere Holes.—Bore holes, which are usually
from 3 to 10 inches in diameter, are eunk for the following
PUYposes i—

1. Testing the character of muperficial deposita.

2. Exploring and testing mineral dogosits.

3. Precantional purposes (10 or 15 feet iu advance in soft
ground ; 2 or 3 feet in advance in hard ground).

4. Ventilation.

5. Obtaining water, brine and mineral oil.

One of the moat complete treatises on Boring is Tecklenburg's
¢ Handbuch der Tiefbohrkunde.* §

Methods of Boring.---

i method of and re.
oo, g f i i
Japanese method of plunging snd not

removing débyis. } .
Perousicn bering. Chinese and other methods with s spring

pole. . )
With rope 0'2’..,‘:‘"’ method in American oil dis-
Bpetial methods of Mathey and Platt
and others,

Rotary boring. {Borlns rmu&ﬁ- in soft materials,
Hydraulic boring.  Applied to rotary and pevcussion boring.

Operation of Boring.—Choice of place dependa on geolo-
giocal considerations, charaster of the ground, presenos or absenoo
of water, nearnesa of roads, &o.

First sink a staple or pit 5 or 6 feet in diameter, if possible
down to the polid rock. Dig ahole and place in it the guide
tabe (of wood or iron), one foot of which may project above the

ground,

The amount of turn given to the boring rods between each
blow ia from one-eighth to ome-sixth of a revolution. The
lengih of the stroke will vary with the hardness of the rock

-
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and weight of rods ; in clay about 8 inches, in Yimestone about
24 inches. FPonson gives aa limita < 15—6 m., which are precti-
oally the same.

Examplss of Bore Eoled.

b

Namee of - 3 Quoantity

8108 of | ).te. | Diameter, | Depth. gig Object.| Setl®
B e 16 in~12fD. | LA %, rek. salt]
Mondort . 2400 brine
Grenele . | {}524 1,108 water | 864,00 gals
Posey . . :g?' . Lip, (1,923 |54t " 5,508,000 ,,
Kissingen . 16784 |46 | beine
Chicago . Sin. {%: water | 800,000 |,
Louiarite . | § 1567 3in, 12,008 » | s0000
Charlestown| 1848 1350 ot . w0,
Newsalwerk | 1858 2,363 "
La Chapelte | {15807 S 7y, {1001 ”
Crvasot 3,017 ooal
Plaos Hebert 3t gin. |2,880 water
Behladebach 11.in.-1'¥2in.| 6,782

Rate of Progyess.—In soft alluviom the first 30 or 50 feet

m‘lzhbe easily bored in one day.
¢ number of strokes is generally about 18 or 20 per minute.

In woft rock a chisel may penetrate 6 inches without re-
sharpening, but not more than 2 inches in very hard rocks.

A sludger will descend 1,000 feet in 3} minutes. Pumpi
requheslorsminnbes,anditmythenbemiudbyswhm
in 12 or 15 minutes.

Rates of progross in differant rocks in 1t hours (Axdrd) :—

Progress.
1. Tertiaryand Cretacoous steats toa depthol 100 yarde 1. 3.
g‘ Cretaceons strata, ::ittgont Hinvis ” & w T, 1,

- -+ i3 m ” ¥ * 4

1. Now Red sandstons w380 . 1a10.
5. New Red sandstons » o, 1, b5,
6. Permian sirata " »x0o o, w O
¥. Coal mesanres M xn , 31, 3,
8. Coal moasures " oo, 1, 8,

Gonarsl avartge .. ... . WO nrds 1% Rin.
e ———————————————
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Pass ropidly through weak gronnd, which onght to be

gll;.iol']y lined. During the ol:;ersﬁtm of boring in sufl"t: gc':m.nd,
¥ dropped into the bore hole gives strength to the sf

Diameter of Bore Holss,

sm& a g;m. of hola,
1,000~ 5,000 1. 4in.—12 in.
Artesinn wells, 18 in.—2 ft. ¢ in.

If the ground is diffioult, the diameter shonld be greater than
it the ground is easy. Up to 600 or 700 feet boring may be
done by 6 or 7 men. For grester depths & emall engine 8-16
H. P. will be required.

Rods.—Iron rods may be square, octagonal or circular in
section. Their length is usnally 12—15 feet, sometimea 25 feot.
‘With screw joints, the femsle socket iz deeper then the male
};lug. In passiog rods down & bore hole the accket in the

wer ¢nd goes downward. Collars cught not to touch., Iron
rods one inch aquare in section weigh 19 lbe, yurd in eir,
but B-7 Ibe, per yard in water. B.G. of wrought iron = 7-7.

For & 34—4 inch hols, 1 inch sqnare roda may be nsed to s
of 90-100 fathoms with rotatory boﬁn{; 1 inch aquare
to a depth of 50 fathoms with percussive boring ; £-f inch
square rods to 100 fathoms, if o free falling outher is nsed.

1 inch square rods may be 12 feet in length,

" " ” » Lt I' " " *
1 1 be ) ” 1 1" 1 ” n ”

Lengthening rods are multiples of the lengthening acrew.

Onesitnhch square rods have screws 1} inohes in diameter,
24 inohes long—T7 threada to an inch.

Wooden rods are made of straight pine 20-35 feet long with
& square eection and not lees than 24 mehea in the eide.

At Bchéningen {7‘20,013 feet), roda 2f inches diameter, 40 feet
6 inches long, 34 1be. per foot in weight. Lowest 228} fest of
mdsw;m of wood and weighed 902 lbe. in air {786 Ibe. in
water,

The remaining 1,784} feet of roda weighed 7,007 lbs. in air
(2,047 Ibe. in water).
; The;al:t),ter when of iron weighed 8,876 1ba. in air (7,042 1be.
n water.

When of wood the weight to be raised wna 2,833 lbe. or
1-35 Ibe, per foot and wna raised in 1§ hours. When of iron, they

‘
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weighed 7,828 lbe, or 3:9 Ibe. per foot, and ware raised in 3 to
4 hours, g0 that the saving in time by using wood was 56 per

cont,
To ohviate the severity of shock to a tool in a bhore hole,
bollow rods may be nsg deop

Siiding Joints and Fres Falling Cutters.—In 1834 (Eyn.
hausen invented the dliding joint., Kind's free~falling -
ratus acts by the resistance of the wat rin the bore hole. P‘He
action of usée’s cutter depends upon a portion of the
apparatus ing st the bottom of the hole. "Fabian's free-
falling cutter depends upon a twist be:g given to the rods.
gg;'s contrivance aota by a sudden shock being given fo the

£ o emen o oai pocte ::df#edlmr’dax:g boghogsacd
of of cutting {ools are i ing to the

to be cugeu‘l‘he va:l:‘:)‘;;a forms of chisels are known as fiat or
straight chisels for ord.mn‘? rock, the diamond-pointed or ¥
drill for hard rocks, the T chisel for gravel. X + Zand S
chisels (cross and club borers) are diffioult to eharpen. T'hg
may bo used in inclined flasile strata. For earthy materi
sagers are employed. An annular arrangement of cutters is
nsed for core boring,

Sindgers aro usually from 3 to 10 feet in length. The
valves sre flat or balls. These maybhe weighted o mit the
consistency of the sludge which is to be entered. The rope to
raise the sludger is } to 1 inch in diameter.

Accessory Tools,—Verifying tools, clearing tools, regulat-
ing tools, guides to prevent vibration, stirrup with serew or
chain for rotating and gradually lengthening the rods, » tiller
or brace head, lifting dogs, tigers, nipping forks, &oe, A
}n;n::l‘:chuta may be employed to prevent a sudden of the

Extracting Tools.—For emall articles & spider box, Kind’e
eatoh elutch or a ball of elay kneaded with oil and hemp placed
in the end of a eludger or screw bell may be sufficient ; other-
‘wise they may be alowly chipped to pieces or dissolved by acid.
Eomklf:ﬂs miso may be extracted by a crow's foot, sorew bells

> 4 , &o.

Recking Lever and Trosts.—~The length of the lever may
be 10--20 feet. Iia leverage, which is variable, is genevally
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about 1:4or 1:5. ‘The lever may be worked by a orank or
cam with steam power. The lever may be supplied with »
balance weight, and if a aliding joint is used an elastio stop will
be required. To work the rods, a spring role or & windlass
and rope may also be smployed.

Bere Frames and Towsrs.—These vary from 3¢ to 50 feet
in height. Windlassss provided with brakesammlujreﬁ If
the hole is to be deep let there be two pulleys to work the roda.
Diameter of the windlass about 20 ineEes.

anids Tubes.—These are of iron or wood with shatters. In
g:rnthe ide tube ia attached o the bore tower above the
o l‘mleh urope it is placed in the ground in the uwpper part of
] .

Tubing.—Bquare and made of narrow planks; oylindrical
of wood, or iron (cast or wrought) with acrew, eccket, ]am
muf! jointa. If in corrcaive water, of brass or copper,
tubes which have been tinned may be used for water ausgly.
The lower ond of the tube is sharpened. Tubes are put down
by peroussion or pressure. Tubes may be passed through
running sand by forcing water through a series of holes in
end of & pipe passed down the inside of the lining, which latter
in under pressure. Tools may bo used to enlarge a hole below
a set of tubes. To raise s set of tubes, nss a acrew plug, Kind's
plug or Alberti's tube drawer. Tools may be employed to
cut tobes, and thus draw them up in aections., Mandrels are
required to etraighten fabes. Clay may be used aa a tempo-
rary lining.

A Beot of Boriug Tools for 500 Feet,

1 pair tillora with soTEWS 1 flat chisel, each, 44, 5, 6] in.
80 ten-feat lf in. boring vods, 1V " ” N

1 short rod. 1T o . "

1 gin wheal and frame, 18 . " ”

imteh'blouk. dsoft }shoenm shell, earb 4, §, 8in

spring hook an rope, Auger,

1 soger board. 1 clesper. 1 wo}':’; avger. 1 orow's foot.

Iron work for shear legw. 1 windiass. 1 bell box. 1 spiral woitm

1 day wnger, ench, 4§, 5}, &} in. # lifting doge. 2 band

Difficuliied and Accidents.—Rode becorne brittlo by blows
and consequent vibratiop. Rods, chisels, bolta, &v., by cave-
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lessness may fall into the hole, By want of retation projections
may be laft, and the hole loses ita circular form. Deriation
of the hole from the vertical. Falling in of the gides of the
hole, Jamming of the apparatus. By change of etrats or
fissures, the hole may become narrower. Breainng and falling

in of sludging apparatus.

Japaness Diethod of Boring.—This is chiefly a ble to
alluvial deposits, which from the surface are penetrated at the
rato of 50 or 60 feet per day.

The ux)és consist ‘t)i solidthronnd iro:xh:od.s e;lnneetedfby ﬁs}:
juints, and terminating with a nnger for so
iground, and an obtmgppmidﬁ?o\int r hard ground. B
4 rocking lover terminating with & jizzi kagi or kettle cote
{pecaliar to Japan), the rods are pumped up 6 inches at &
time to a height of from 2 to 15 feet, when they are allowed to
fall. Material is but seldom taken out of the hole. Durintg
the operation the hole is kept filled with water charged wi
clay. Buntseguently it may be lived with & bambeo pipe.

’.Fhe method is cheap and rapid.

Rope Boring (American System).—The disadvantages
socording t¢ Littner are : —

1. The impossibility of employing ordi isels.

2. The um;’:rtainbytyin the zl-lﬂ.ae nng fall of the tool.

3. The necessity of baving rigid rods in case of hindrence
and breakage.

4. The zlmpoaaibﬂity of rotuting the tool in moft clayey

and.

5. The small effect compared with that obtamed by the free
falling apparatns,

6. The impossibility of knowing the effect of the borer by
bolding the rope.

Notwithstending the above objections, from the writer's
own observations, the American system of rope boring is pro-
bably one of the most practical in existence. In Pennsylvaniz
soveral thousand wells, each from 1,000 to 1,50 feet in depth,
are bored through shalee and limestones every year. At atart-
ing & hole is 8 inches in diemeter, bnt when lined is about
6§ inches. The boring bar ia 70 feet in length, with s aliding
joint near the middle, A smsall engine works the i
bzam at about 60 strokes per minute, subsequently it rafwes the
tool and works the gludger. Two men carry oo ia operation.
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The total coat of & 1,500-feet hole, as given by Professor A.
Lupton, is a8 follows : —
Cmﬂn’ ﬁggm-lok or pulley frame, with housing for
Bels, bullmpe,ensme tnlegnph. ummdmﬁmmd
boiler AitHngs
Poiler, Mhp

Contract for (IrallFme (Gmuutor to farnish fuel, tool-,
cable, sand pump, , &o.) atdli oem‘.s B toot fur 1,500 ft "5

Cuging, oay 300 0. al 50 eents Ho
Tuhing, say 16040 15, wt 20 oenl . 320
Jmut invnrhbly md 'hem tubins) lg
Cuinghead - . §
Tees and el - 1]
One 35 barrel tauk . w 26
One 250 barrel tank . - 110
Eopeisace of tubi mawun - %
of tubin g we
Expenses of hau.ligg et ]
Total £050 = §3,108
Extra for pumping tacklsa ... ... . . 100

A from plant, the cost of a 1,500 feet hole is only
750 dollars, or£200 and this where wages are from l0s. to
166. per day. .

Mather and Flatt’s Bope-boring Apparatus.— The chief
features of this apparstns are:—

1. The contrivance for rotating the took
2, The arrangement for giving the blow.,
3. The details of the alndging spparatus.

Many holes have been put downm in various rocks 300 to
5&200 feetdeepatsvemgeratasof 1 fout 6 inches to ¢ fsetper
y.

Dlamond Boring.—The average rate in etratified Tooks
to be from & feet to Gfaetger day, and this for holes
from 1,000 to 1,300 feet deep and 18 inches 'in diameter,

In diamond boring a snmber of black dinmonds sre fixed on
the end of a steel cylinder attached to fubulsy rode. By snit-
able machinery on the surface the rods aze rotated, water being

peddownthemdstowashupthedébsm. The chief
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;g‘:;ahgu are rapidity and obtaining solid oores of the rocks
Diamond rook drills are largel lned for prospecting in
districts, as, for exam A st Cleator Moor, in
Cugb?r;%mt?), Anstralia {goﬁ , Japan {ooal), Fennayl.
vania (oil), ZAan
The diamond cut ﬂm)ugh the bardest rock. The

following table is given by André as the ordinary rate of pro-
gread—
Granite and hardest limestons, Qtosmoheaperminubo
Quarts ” ”» 1 inch per minute.
Bandstone ,, ”» 4 inches per minute.

Difficulties are met with in rocks which are irregular in their
character, like conglomerates.

Boring Journal ( André).
Boring executed at —— in the County of —

Begnn — 189—, On the Estate of —
Completed — 89—,
‘a! A . |5 3.3"«1'5!%
;|88 'Ea*ﬁ IHPAN % |
A 35';? i HIS fggiﬁg gig
CTTTTTITT

Cowt of Boring.—The coet of the diamond boring, exclusive
of the cost of lining : —
183. a foot for the first 100 feet ;

6a. ,, ,, second 100 foet;
248, " s» third 100 fost;
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mdmminmtbmhcalpmgmdm,inm& at
eaohchl::.;g;edfeet Abovelmofaetmdepthspoohl::stas
The formula for finding the cost of s diamond bore hole ;—

s =54 (04 + 00046.)
# = gum in pounds
d = depth in feet,

André gives the following formula to calculate the coet of
oxﬂ.inury ing, in pounds sterling :—

3s. 6d. a yard for the first 10 yarda.
7 second

7‘- " » "

1] " ﬂ]'i"d »”

hom_thosbovextisseenthattheinmisinuithmeﬁo&l
progreaion.
Generally, if,
s = sum ht in pounds ster]
d-depthgthehodn yargsn.s
+ = 0-54. (0°175 + 0 O 175d).

’I'heseanmplesofﬂ;eoostofbwingmonlyglmhoillus-
trate the method of caloulation. From the wnter’s own
riences with bore holes in Japan, they cost rather more t
they do in Pennsylvania, notwithstanding the fact that wages
in Japan are only about one-fifteenth of what they are in the
United Btatea (see p. 40).

To the above, the coat of sinking the staple must be added.
W'hmexmhmdmksmmet , the cost will riee at an
oxtra rate &ar fathom, or by day’s wagea It msy be stipu-
Jated that employer may a.bandon a conditions
arise necessitating & change in the ]ﬁl.rther it may
be arranged for ebomg—matertomeewe an extrs sum for
every week that the boring has been completed before the
stipnlated time, which sum may be that paid for the last week

of work, or a certain n of that enm. If the etipulated
time ie excaeded & reduction, aay of 25 per cent., may be made
on the sum due to the borin boring-master. For neglect or unneces-

sary delay the employer may break the contract.

Qoat of Boring Tools (Bowes-Soott and Western).—In the
following table the depths are In feet, and the price for
tools in povmds sterling. Win with one each of different
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dimensions of sugore, shells, and chisels are included. Shear
legs not included :—

Depth...............| %0 5o 100 200 200 &00

Prioe ..., oo | 20 38 L 85 10 0

Compare these prices with prices on p. 41.

Precantions,—Eeep the bore hole plumb, otherwise its de-
viation from the vertical may increase.
Koaptheboteholeciwuhrbymgnlnmt&ﬁon.
%:rln record of all that is mentioned jn the headings
of the gjo

urnal}p 42]
Examine th Eeoep them straight, and lot
t.hambennmbenad Testthetemparofbools Beo that their
Are 4
wmtmetohmeobtmnspemmens,eitherasdipoorma,
from the bore hole.
Do not allow a tool to lie at the bottom of a hole, but during
the time when work is not going on rajee it & few feet.
In attempting to withdraw rods which have been jammed,
ane steadmum and light blows. Budden shocks may
reqult in
If a bed is reached at e depth much greater or much less
than was expected, it must be remembered that the difference
muybeduealt.herto one large fault or many emaller ones, or
to a change in dip.

Precauticnary Bors Holes.—These are holes bored hori-
mntally in sdvance of levels 8 ing old wastes which

¥ be filled with water. One oleukeptinadvanoeofthe
level,whﬂeothmm be drivem obliguel 'ht and left,
Thelengthoftheaeholes,whichmliﬁol{: s damoler,
dep;:dsonthedepthfmmthesurfmand hardnees of the
rooks :

Depth from surface, i fma. 5 10 15 20 36 30 5O 76 100
Langth of hole in advance, in yarde & 7 6 91 1 15(92 s_w‘

To detarmine the Fores which may b applied to the
PTlilers of Boring Rods (Humber).—Tho moment of resist-
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ante M to torgion of a rod or har is given in the following
formule : — g

For a eolid cirenlar ssction, M =§

Forahonowdwnlumﬁon,l[-—&gl:df_ﬁ
For a solid square seotion, M = 28/

‘Where 4, and & are the external and interna] dismeters of the

mds,ﬂi:ﬁ:esiﬂepf&asqngﬁ 1& and fis 1he_re;§a::,}
008 0 matarial {0 shearing square in
section. The values for ¥ aro as follows :— per

Wroaghbtiron ... .. e s e .

Cast irons (average) ... .., W e g:gg

Onk T - 7,300

Ash and elm ... . L400

The fores aoting on the roda is that which is applied by the
men at the end of the tillers. v

It may be exprossed—
M=F
where / = length of lover in inches
and P = foroe appled to lever in Ibe,

This force onght not to axceed one quarter of that oaloulated
by the above formule

The first of the above formule Ands more practical applica-
tion in determining the dismeter of shafts, drums, pulleys, &o.

Thicknese of 2 Bed.—Having obtained the dip of a bed &,
and its apparent thickness a, ite true thickness may be calenlated
wE . —

as follo
Troe thicknese = a. 008 8.

ip of Bed.—A bed has been reached at three pointy from o
horizontal plane at depths of «, v and s feet respectively: to
find ita dip :—

First solution. Plotthepoﬁntas,yandsinplan;d‘:;nthem.
Draw the plane containing thees linea, The inclina of this
plano taken st right anglee to its horigontal trace is the dip
Trequired.

3

Second solution. It I be the true dip of & bed, i the apparent
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gpminadinoﬁonvnuyﬁmthedimoﬂmo!mdip,

tan ¢
Cor 6 = o1
Therefore, if we plot £ ¥ equal to the tangent of ita inclina-
tion to thehaﬁzogtal, snd x z equal to the tangent of its
inolination to the horizontal, each in its proper direction, and
ﬁomymdsemetperpendwu]m to meet in o, then z ¢ showa
the direction of the troe dip and messures its tangent.

Third solution (Merivale), Let 4 B O be three bore holes.

& = angle of dip of bed.

¥ = angle between the strike of the bed and 4 B.

& = distance A B.

o = distance 4 C.
W-anglemshoﬂmtdphmbetwmd.ﬂandd(!.
d = difference in depth of A and B,

&= ” " An o
a
Tan & = —
‘%"ain;?
Tan F = pre
a—?oosl?

ty of Water.—The quantity of water flowing
;mn 8 bore hole made in an old waste may be calculated as
QHWB"-‘—

Lot 5 = the head of water in feet.
d = the diametar of the bore hole in inches.
I = length of the bore hole in feet.
& = number of gallons delivered per hour.

Then,
G = ‘/ @;Lﬁ (Hawkaly).

it must be remémbered that the head decrenses ; and there-
fore, to determine the time taken to empty s given reservoir,
it i botter to calculate the time taken to empty so many eno-
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oeesive horizontal sections of the reserveir. A more prectical
method is to dam up the drift, and sllow the water to escape
through a notch of Imown dimensions. (See Drainage}.

Burvey of Bors Holes.—The most mtisfactory instrament
to determine the lo of demtwnofaboreholo&mthe
, and the dmeot:wn of deviation, is Macgregor’s
greph., oo emsit of 8 mall pndulum o s Magmets

means of a w de &
:yeed.le gimilarly ﬂoahg in & lower bulb. The fluid in the
bulbe is & hot solation tE:hdm Theae bulbe are fitted in &
g tube. ‘While the solution is hot the are lowered in
o bore and thers allowed to cool. Om wi wnlfromthe
hole they can be placed attheangleatwhmh cooled and
the inclination of the bore and ita azimuth of tion deter-
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VARIETIES OPF GROUND.

1. Rolling, running, or watery (guicksands).

2, Mild, soft, easy (clay, chalk, coal).

3. Juinty, scaley (vein stuff snd fissared rocks).

4. Fast, hard (like the sbove but without joints). (In these
rooks explosives are required.)

5. Unusually hard materiala like qouartz, iron pyrites.

6. Soluble matarials (rock salt).

Weights and Bulk of Material —The woight of s cubic
foot of any material in 1bs. is its specific gravity X 62-425, or
the weight of & cubic foot of water. One ton of quartz, when
solid, occupies about 13 cubic feet, but when broken about 20
cabic feet. Rocks when solid, as compared to the same when
beoken, ususlly increase in volume in the ratio of 1: 15, or
1: 1*8—the increass baing dependent on the size and form of
the fragments, A Jmow of theee facts may be of use in
calculating the dimensions of a tub to carry 8 given weight of
ooal, in caleulating the quantity of cement that will be ab-
sorbed in the interstices of bruken rock when making & given
volume of concrete, &o.

With fine materiale there may be a decrease in bulk by the
addition of water. BSand may in this way lose 20 cent. of
its volome, therefore a cubic foot of wet eand cught to weigh
more than a cubic foot of sand. The writer, howevar,
finds that this is only trne when the sand is weighed in the
box in which it was moistened, If wet sand is loaded into »
vessel it packs with dificulty, and therofore in practice it
mays:;d{onndthntaloadof wet sand is lighter than s load of
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MINING TOOLS.
(Bee ¢ Manual of Mining Tools,’* by W. Morgans.)

Shovels, Bpades.—Shovels are Aat or dished, with & central
ﬂammmﬁaﬂamy%lm&a%&egu&hp
nare, otherwise 8re . 1 te or
blnde?mm 8 to 18 inches. Ifis pn;?&e of steel, or i.mnpwith 8
steel edge, and it meeta the helve, which is long (4 or § feet)
or ahort (30 inches), at an angle of 140° to 180°,
Serapers are used with a box, tray or basket.

Ploks, Pike#, Mattocks, Mandrels, Slitters or Hacksy,—
*The head of wrought iron, with steel tips. Cast stoel heads are
liable to fractare.

A pick in its aotion is & combinstion of & hammer, wedge,
snd . Points are square or chisel

The heads may be etraight, swesped, elbowed, or anchored.

For overhand work, sqoare work and holing, light straight
picks are osed. For underhand or surface work, heavy picks
with & Hitle sw<ep are employed. Weight of heads brom 2 to
8lbs. Hoives, 24 to 33 inchee.

Poll picks, nsed by metal miners, have one stem of 12 inches
and 8 stump of 3 inches to form the poll. Weight 4 lbs. To
avoid wincing the eye should be long and oval at ends, Reot-
angular and round eyes are sometimens nsed, Eyes are punched
across the laminm of the bar. To resist wincing, corbel bite or
sirape may be employed.

Patent picks have movable tips or heads. They are only
sarviosablo for light work,

Waristion of Pleks, —Picks for holing, mm A
or undergoing. Bottom pioks. Btripping or pic
for pulling down. Driving, sbone or twibills, &o.

A msmith and boy sharpen 70 to 100 tips of colliers’ picks per
hour, and perhaps 40 to 60 tipe of metal miners’ picks.

Hammers and Blsdges.—Large hammers nsed with twe
hands are called sledges.

For aingle-handed , hammers of 2} to 4 1bs. ave used,
E‘c; ?ougla-hmded boring the sledges weigh 4 to 10 1bs,, nanally

» &

The whole of ths head, or at least the striking face or pane,

which is slightly oonvex, is made of steel.
3
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Warietien.—Bully pattern, block, bloat, plng, delly, which
is circnlar or man; -a?ged Lump ﬂedg'ea gbgmg
bucking irons, g hammers.

Amhan&twosmkamm for, hi 7 Ib, s.ledgesper
day. A smith and striker can reatesl 12 sledges per day.

Cast steel sledges are enid to give 8 smarter blow.

Borers, Drills, Augers.—A jumper i8 a bar of iron with a
#teel bit at each extremity and s heavy bead in the centre
dividing the tool into two stocka It hus a lively action and is
good for vertical holes.

Bteel borers are more effective than those of iron, a short borer
or on old borer is more effective than one which is OF new.

The edces are straight or curved. They sho not be
“nipped,” ¢ oddeornered,” or partially ¢ backward.”

For gond borers it is necessary to have good steel, good
sl:ugﬁ. good tempering—when good fuel is required, good

ing and turning.
Dismeter of hole or width of bits, in inches 1 1§ 1} 1} 13 2 2} &
Dismoter of gtock ... .. .. 4 P i1 oy oy o1

Angle of eutting edge, from 60° to 100°

Borers are sometimes sharpened with a swage. The colour
fur tempering varies from straw to purple, the former for hard
ground and the latter for soft.

A smitb and striker sharpen 45 gingle borers per hour,
Sometimes borers wear away at the strildng end more rapidly
thun at the bit end.

Varistien.—3wallow-tail bit, club bit, nicker bit, B bits,
X bite, Z bits. These Iatter are difficult to n.
Revol ving bite and augers are used in benching down coal,
ea.rtg and other soft materials.
Ga.da which are pointed, and wedges with chisel edges, are
from 3 in, to 2 ft. in length.

Helves, Handles, Shafts, Sticke.—Helves roquire to be
light and elastic.

Ash and hlcko:jy helves.

For picks and sledges, the cross section ia oval ; round crosa
seation for shovels.

Helves are aplit out of logs, being sfterwards hewn and
dressed 8o that the long axis of the feather radiatea from the

o%“m helves are apt to break. The average life of a good
collier’a helve ie 4 nionths. In metal miues & helve may only
last 2 weeke.
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BLASBTING,

8 Tools used in Blasting.—Sors] to clear
borin‘i_;lust, meal, or sludge, out of a bore hole. g twist,
I , awabetick or sludgers, for cleaning a hole. Scoo
an for charging powder. Clay irom, shooting nee
or , pricker. Ta.mping bar, which ia tipped with copper
or wade of bronze. Shooting needles and prickers ought

to be made of bronze. Tamping case,

Tamping or Memming.—Above the c]mr%? Place & small
quantity of some soft material, after which 61l np with loose
rubbish which cught not to be quartzoze,

Hard clay, brick, or shale are good materiale for

eand, plaster of paris, a plug of wood so cut that the
eﬂ'?o?of an ol;plosion is to ﬁghtel:| igin ite poition, have been
employed. Humble haa invented an indis-rubber tamping, but
it 18 coetly. Johnson’s plug is of phosphor-bronze,

A tamping made of coal dust may, if blown out into &
dangerous atmosphers, result in an exploal Blown-cut shota
in certain coal mines are always a source of danger—the flame
extending when gas is present as rouch as 15 yarde.

Posss.—A rush, reed, paper, or quill, filled with powder
and terminated with a piece of touch paper may be employed.
The ordinary material 18 Bickford’s patent safety fuse, ’{'h.m
is made of tape or yarn, with » ¥ prepered slow burning
powder a8a a core. (Futtapercha and metallic covered fuses are
employed for subaqueons explosions.

varieties of fuse, like white fnse, give but little or no
amoke and flame, other varieties are impervions to damp.
{Red fuse, sump fuse, tape fuse.) Bpecially covered fuses are
required in hot oountries. A patent quarry fuse conveys the
ﬁmIBwuainsthe Mmff:m better effeet is obtained, there being

a8 is o "

1o {ole lett in the tamping, time is saved, the danger of &
pricker is avoided, and there is little smoke or amell.

Blsctrieal Fuses —Quantity fusee explede by ignition of s
material like meal powder round & platinum wire which is
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heated. The platinum or irido-platinum wire, which has a
bigh resistance and a low specific heat, is heated by the pas-
sage of a ourrent from a battery. The leading wires, which
sy bo of copper, do not require perfoct insulation.

‘ension fusee explode by the igmition of a chemical com-
pound (chlorate of potssh, subsulphide and subphosphide of
copper) caused by the passage of a spark. The may be

ucad by s magneto-electric machine like Wheatstone's,
%mguet‘a, Saxton’a, Clarke’s; an electro-dynamic machine
like Siemens’, Ladd’s, Farmer's, Gramme’s; a frictional
machine like Bornhardt'a; or & secomdary current from an
induction coil, The former machines are more conventent than
the latter. Perfoct insulstion is needed on the line. The
vesistance of the line has little offect on the current.

With quantity fuses the line must have a low reeistance, or
many fuses cannot be exploded simultanecusly. The state of
the line may at any time be tested by a feeble current. Small
dry batteries may be used.

ith electrio fuses several charges may be igmited simul-
taneonaly. The same result may be obtained by o patent fuse
which flashes froms the point where it ﬂ::;gj-mbed down to where
it enters the charge. Several of the ing fuses are united,
and at the point of junction they are simultaneoualy fired with
& piece of ordinary fuse.

Firing Bxplosive Substances.—By the application of heat
d ite aimply burns, but by the explosion of a small quantity
of substance like fulminate of merowry in the dynamite, the
latter explodes with violenos.

Detonators are copper cape containing fulminate of mercory.
They are placed on the end of & fuse. %yt.heex losionofge
detonator the exposion of the substance with which it is in
contact is aoccelernted. Different substances require different
quantities or kinds of materisl to produce detonstion. With

powder detonation may be a mechanical action, while with
mm&l' compounds like nitro-glycerine it may be the result
of moleeular vibration.

For complete detonation a charge ought to be confined. If
loose, only part of it may explode.

The following table by Messrs. Roux and Sarrau shows the
advantage of detonation ;=
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‘ Heat disengaged
Bim Eelative, ¥
Subetance. F:pﬁf P, | Weight !~ —
o . O .1 1mple

Exzplo. Detons-

sion, *

units. | units.

2 8 1854

100 484 ordld 1316 1318

#80 | 1018 | 800 | 8007 | 8200

00 646 “BEO 1902 1900

204 | B60 | B2 | 11 | 1588

1-84 690 “T40 1417 1584

Two or more charges fired eimnltaneously give a better
effect than if they had been exploded separately.

For this reson, other thinge being equal, itis better o remove
Iat o masses of mats rial by simultaneonsly Sring alarge number
of amall charges than by one large ¢ X

In 1885 Hell Gate, or Flood Rock, was removed by the ajmul-
taneons explosion of 14,000 cartridges of dynamite snd &
mixture of nitro-glycerine and coaltar oil (rack-a-rock]).

The holes were 9 feet by 24 inches. The material removed
waa about 275,000 cubic .

In this case 42,331 1bs. of dynamite acted as a detonator for

240,399 1bs. of rack-a-rock.

Relative Strength of Bxplosives (Nobel).

Weight for weight by | Bulk for bulk compated
mortar the 1st coiumn.

1-00 1-00
b 2] F3 i
89 493
400 511
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EXPLOBIVES.

A rending compound is one where the gea resulting from
explosion is developed gradually, as in gunpowder. Here
e shatiping Sompound. the os 1§ goncrsted rapidl

& shatiering oom is generated rapidly, as in
dynamite. In this ease oxplosiaﬁ du?:o detonsﬁl;ln.y

Cundill gives the following classification of explosives :—
1. Gunpowder ordinarily so called.
2. Nitrate mixtures other than gunpowder.
3. Chlorate mixtures.
4, Nitro-componndscontaining nitro-glyoerine. Dynamites.
&, Nih'g;:nompound.s not containing nitro-glycerine. Gun-
cotton,
8. Exploaives with picric acid or pierates. Theee are strictly
7. Explosives of th Sprengel type, in which the principle i
. osives e Sp , in wl aiple is
e admixtare of an oxidising with a oombu.sl::l%lne £ge’nt
{at the time or just before being required for use) the
oonetituents of the mixture being themselves nom-
exploaive,
8. Miscellanecus explosives.

Gunpowder is a mixture of abhont 75 per cent. nitre, 15 por
ceni. carbon, and 10 per cent, sulphur.  Sometimes nitrate of
soda is used. This may be recogmised by its rhombohedral

orystals. The exgloelve foree of may be rednced
b;y mixing it with eawdust, Gh.ﬂmss, lyoopgdium, burnt
lime, &c. (lase powder, which may be removed by eifting,
ronders powder inexplosive. A decresse in the quantity of
nitre, or an incresse in the size of graing, makes & Alow burning
powder puitable for blasting. e sulphur accelerston the
combustion. 'When fired, the resulting gases are niho%r;,
carbonic oxide, carbonic dioxide, potsssium sulphide. o
e ebibaamte for powd iy propared. The
€ cons ts for powder are ial .
are ground sand sifted ;capizately; nzlx:’: mixyeg, msade into{
paste, pressed, granulated, and finally sorted. Blasting powder
18 glazed with graphite, which retards ignition. Compressed
powder is sometimes used,

The strength of mder may be tested by the distence to
which it projects a from a mortar; by the velocity of &
projected as observed sither directly or ae calculated from
the deflection of a ballistic pendulum ; by tests with a diffar-
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emtial mereury gaunge, ordicary blasting powder gives 22,000
Tbe, and spotﬁnggsgndes 40,000 lbs, per equare ﬂch. Tem-
peratare causing axglosiom, 600° F.

Good powder t to be regular, hard, clean (not soil the
hand or paper) dry. A emall quantity ought to explode
on paper without eciling the same.

llrwder oontaining nitrate of soda readily becomes damp.

G?;tdpowdasimmmspwefwhmﬁngthanbad
pow .

Bohultzs’s Powdsr consists of nitre snd graing of wood-

Eu.lp converted into nitro-celluloss. Itis said not to be injured

¥ moisture, to be stronger than ordinary powder, and that the
resnltant geses are not injurious.

Haloxyline is made from wood or vegotable fibre and nitre.
It is hygroscopie, and not so effective a8 ordinary powder.

Neumeyer’s Fowder is a slow burning powder with less
sulpbur aud more chareoal than ordinary gunpowder. It may
be useful for coal and salt.

Xiip's Powder is like ordi wder, but with & large
propottion of barium nitrate. It puras stowly.

‘White Blasting Fowder consists of chlorate and pruseiate
of potash snd cane sugar. There are seversl varioties.

Mitro-giyoerine.—Discovered by Sobreroin 1847. Brought
into nse by Nobel.
Itis l.iagle to explogion by concussion, especially when frozen

(freezes at 4° C.}, or in consequence of spontaneons decom- -

tion.
AIi:a g0 is forbidden in England, Belgium, Bweden, snd
ustria.

Nitro-glycerine is formed by the action of nitric acid on
glycerine. It is a white colonrless liquid with & sweet aromatic
tasto. Sd.iG. !;13 and t.he:ﬂorol ginks in water. 'I'hreevatht:eﬁ:

mono-, di-, and tri-nitro- ine) may be produced,
S)ei.ng the one employed fo?- m}; 'Emoluble in water but
soluble in alcohol, Solidifies at 45° F. =(5° (1,), and explodes
8t 420° F. At some mines it is prepared on the spot a short
time befors being used. Its solution in aloohol is inexplosive.
The alcohol may be removed by washing.

It frozen it must be thawed by placing in s veseel of hot

i |
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wator. Ita contact with the body is injurions. The gasea
produced by an explosion have a bad effect on the health of
miners.

‘When ex . 1 vol. of nitro-glycerine gives 1,300 vols. of
gas; and it this is 16 by the heat, we get
13,000 vols. of gas. e production of this is very saddem.

It requires & small bore hols and ita effect i $, no
;ts:npingmqnind,snd the pressnoe of water does prevent

Dynamite consiste of niho-ggoerm' o mized with Xieselgnhr,
;j:;lglc?‘zisqu' earth. ash may be wsed justead of
T.

The Rbenish Dynsmite Company have the following three

varioties :—
g

1A, T . Tor the hasdest rockn and smal lovels.
Lol 20T L o $8—00 . Hard rocks and large Jovel

Jevels.
: Boft rotke apd i No. TA—re-
I B0=6L.ccrrns 89 —40...... § O TOCKE 400 Wasting

‘When ignited it burna quietly unleas it is in a confined space.,
It is exploded by detonation. A thin layer on stone oriron may
be exploded by a sharp blow. When in bulk concnssion pro-
duces no effect. At 45° F. it freezes and cannot be easily
exploded. Tt therefore re?uires to be thawed (in a water-
tight can placed in a vesael of hot water). It is mot hurt by
water. Ita nse pives economy in labour in boring, and also in
tamping, loose sand or water being eufficient. Can be used
under water or in watery ground. E)oes not give amoke.

In using dynsmite, use small holes, increase the depth and
angle. After a mia-fire do not remove a cherge unlesy water
tamping has heen used.

In tunnel work the rate of advance will be three or four times
the rate obtained with gunpowder. It is eafe to use. The
gases developed are not injurious.

Prica No. 1 Dynamite, 28, 0d. per 1h.
Price No. % Dynsmi& 1=, 44, m l‘b‘} In quantity, §-10per cent. dlssonunt.,
Dynamite may be employed in submarine work ; in removing

trees ; in breaking down ; in bore holes, to increase
the flow of oil or water, ’
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Its strepgth, aa compared with that of other explosives, may
be determined by exploding a small quantity of the subatances
to be compared (2 to 7 grammes) in cylindrical holes (sa:
0-08 m. deep by 0°01 m. diameter) bored in blocks of lead.
The volumes of the savities prod: in the lead may be taken
umporho' nal to the strength of the explosives.

ir ostimates of the relative strength of dynamites and
other explosives have been obtained from the disgrams given
‘lily.aeimogmphs, the charges being fired under similar oon-

Other tosts are with a mortar apd ball, or with a pressure
g?mwhmthemn]tof an explogion is to comprem a ocone
o .

Brain’'s Blasting Powder.—Nitro-glyoerine, chlorate and
nitrats of potash, charcoal, ooal, sngar,

Carbonite. —Nitro-glycerine, wood meal, potassium nitrata,
organic sulphur compound. Used for fiery minee.

Gelignite.—Nitro.glycerine, nitro.cotton, wood meal, po-
tasgium nitrate. In appearance like blasting gelatine,

Palmatin. —85 per cent, nitro-glycerine and 15 per cemt. of
a chemical mixture in place of haaeznhr

Gelatine.—86+4 per oemt. nitro-glycerine, 96 per cent.
soluble gun-cotton, camphor, 4 per cent. potessinm nitrate.
FProperties very similar to dynamite but more powerful. One
variety is not onlike forvite. It needs strong detonators.

Lithofractenr oontains nitro-glycerine, kieeelguhbr, pow-
dered cosl and other substances. A black plastic material,
Properties similar to dynamite.

m.—Niho-ﬂyeerine mixed with sawdust which has
been treated chemically. Maay of itsg-opeﬂiae like dynamita.
'Wh‘?:‘ilm confined it may, however, exploded by simple
iguition.

Hant m.—Nihmoerine, sodinm nitrets, resin, eul-
phur, infusorial carth, @ name used for dynamite.

Judson Yowder.—Nitro-glycerine, andivm nitrate, reein,
sulphur, asphalt, coal. Also a form of dynamite.
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Atas Powdar.—Nitro-glycerine, sodium nitrata, wood ibre,
magnesinm oarbonate. o :

Haercoules Powder —Nitro-glycerine um nitrate, and
chlorate, megnesium carbonste, and white sugar. A form of
dynamite.

JEtna Powder.—Nitro-glycerine, &c. A form of dynamite.
Different grades of the above are manufactnred which vary
in the percentage of nitro-glycerine,

Michalowski’s Blasting Powder.—This ia a chlorats som-
pound with manganese binoxide and organic mattems,

e ol tho a1t oF whach e cxpins

8. o mo ts of w are 0=

save. y‘im pl tﬂeae ealts have not been much
befo powder Demgnolle’s powder. Melinite.

Gun-cotton, —un.cotton ie prepuvedmdy treating ootton or
cellnloss with & mixture of mul] nitric aold After
this it is well wushed and with & dilute allmli.
It may be exploded by a smart blow, and it ignites at tem-
ll'atms bet;deen 50‘1;31 100; ?law ted. s
tis az solid or hol cartridges, gran s
usmpa When not confined it only burns. The
after an ex losion are 00, CO;, CH,, N H:0, and H.
o fumes of render the use of gun-cotton in minee
obif"efionable
mratmns of gun-cotton, soaked with nitrates and chlo-
ve been prepared,

Touite is 8 mixture of barium nitrate and gun-cotton.

Roburite is 8 mixture of ammonium nitrate and chloro-
nitro-benzine, Used in the Wigan coal district.

Becurits is nearly the same a8 roburite and bellite,
Ballite is 2 mixture of ammoninm nitrate and di-nitro-henzole.
Ammonite.—Here there is an excess of ummonium nitrate.



EXFLOSIVES. 59
Amongst the amokelesa gunpowders we find : —

Awmide Powdar.—A mixture of potamiom and ammonium
nitrates and charcoal.

phll'obol'l Fowder.—Nitro-glycerine, nitro-cellulose, ocam-
0T .
Poudve Vieillle.—Used with the Libel rife.

Gaens Powder — Nitro-cellnlose, ghsamm nitrate, Ammo-~
nium ulmate, Walthamite, cordite, &c¢.®

mmgmmwamu?wmof 2,850 lba,
and expand to five times their criginal bulk. They are ex-
he::el safe and give neither smoke nor smell, Aebastian Smith
and Moore,

Water Cartridges.—When an explosion is surrounded by
water it may secure safety against blown.out shots in w
dangerons atmosphere. Settle and Abel's,

Position of Bore Holes.— If there ia only one vnsm
face, & hole requires to be angled. Thus, in sinking & or
in driving a level, one or more holes angled in the centre of the
face to be removed will form & ewt, key, or core, Bncoessive
holes may be driven at right angles to the face and arranged
either concentrically the Zey, or else parallel to the xides

of thelevel. Rupturing holes are sometimes smployed.
In dri & level where the dip is downward and townrda
s work above downwards, but when the dip is away
you, work from below upwards. If driving parallel toths
strike, work from an advanced cut, either to the right or left,

or across » level.

Line of Lsast Resistanoe.—The quantity of explogive
employed in different bore holes, in the same claas of rock,
::g:;nto be proportional to the ocube of the line of lesst

06
This rmle apparently impliea that the weight of rock which
is lifted is ou{ltotbereaistanaetobeovemome. Ho
far as ru %d the rock is cono&u:]lled. the qu.at;tiﬁea of

mmfhy in eny two cases ought to vary ae the square
of the line of least resistance.

+ Yor Hat L] L]
vy aiagpm of axplosives se ¥ 4 Distionary of Explosives,
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With » guiuk explosive, where inertis is & factor in the
registances to be overcome, the quantities of explosive may he
prapm-ﬁonﬂtothelcngthofthelineofleutmsfmu.

¢ increase the resistance aloug the line of tamping, s strong
explosive, oocapying little bulk, munst be employed. The
length of tamping may be increased the bottom of
abore hole. In limestone rockn at this has been
accomplished by the use of nitric acid. The length of the line
%least resistance should not exceed half the depth of the

.

For gunpowder, one yule ia to use half the cube of the line of
tenst resistance measured in foet, s equal to the number of
ounces to be employed.

. . X I
The rnle given by Molesworth im, P--—a—
where L a= Line of least resistance in feet.
X = Number of cuncos of powder required when
L= 2 feet.
P = Quantity of powder required in suncea.

{For large blasts sce ** Hydraulic Mining,” p. 81, also p. 63.)

Salsction of an Bxplosive.—In sclecting an explosive,
consider ita stren ,ihsnfety,thee&ectproguceduponitby
moisture, heat, &c¢., the guaes evolved by explosion, and its

An explosive whose detonation temperature is less than
4,000° F., fired in & properly stemmed hols, will not ignite
fire damp. Under vory favourable ciroumstanoss a tempera-
ture of 1,200° F. may ignite fire damp, For safoty the tem-
perature of detonation should not exceed 2,700° F. Nitrate of
smmonia detonates with a temperature of 1,850* F., and it ia
used with dynamite, ~ootton, &o., to reduce the temperature
of detonation. The Government has ordered the use of
this ¢lasa of explosives for fiery and d: mines.

H.M. Inspectors of Explosives admtzemport on the use of
ammonium salts, except the carbonate, reasom being that
ammoniom zalts by exposure become acid, and nitro-componnds
ers:;:othonmdnihu- cerine are affected by acids,
and position, follow ignition or explosion, mey

m’l?adlmgﬂldapendsnpontheqmﬁtyofgmdmeloped,
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the natnre of the the heat generated tooanse sion,
and the rapidity of explosion. In gimilar bore holes

oooupled by Ensl weighta of different explosives wiE be
inversely as their densities.

Epecific Gravity, Temp. of losion.
Guonpowder . 1 or over. 223hl°pc.

Dynamite . . 15 2940°,

Cotton powder . 1'6—2 — 7
Gun-cotton . 1 or under. 2636° ,,
Nitro-glycezine. 16 3170°,,

Contents of One Inch of a Bore Hole (Andrd).

2 s&‘nin 8

Dism . hale. | 1 i w1

|
or  {(jun-;| -419 ﬂﬁli 104 | 1-983 | 14975 | 120 | §615 : 3'166 | B'T69
cotton, of. i

Dynami

f
. | B0 I‘Mrl‘w? 063 | 2890 | 2502 4-189 506A | 8050

|

Foros developed by Bxplogion of Gunpowder (André).—
‘When gmapowder {8 exploded 56 per cent. of matter ia
formed, and 43 per cent. of gaa, or the solid matter is to the

gasoons matter aa 8 : 4.
The gas produced at & tempersture of 32°F. is 280 times the

bulk of the powder employed, therefore the pressuxe developed is
2%):( 15=10,500 lbe.w4-68 tomns. But the temperature is
raised to 4,000° ¥. {abeolute temperature) ; or starting from an
absolute zero (461-2° F.}, the tempernture has boen raised 8411
timea

The pressure in the cavity is therefore 468 x §-11, or 426
tons per square inch. Such pressures have been indicated by

gRugen,
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OOAL QUTTRERS.

‘When we considar the unfavourable circomafances under
which a oollier works whilst hewing coal, we ahould naturally
mpposa that the work ought to be better aocomplished by means
of some machine,

One of the machines devised for this purpose was invented
by Mr. Pieroo, of Wigan. It consisted of & pickattached to &
bell-crank lever, which was worked backward and forward by
baving ome of its arma attached o a reciprocsting piston-rod
of a amsll engine. The method in which it cut the coal was
similar to the method in which it was cut by hand labour,
For this reason the miners christesed it the *“iron man.” Like
many other inventions which are the first of s series, it did
not realise ita originator’s expectations, and quickly fell into
disuse, Since the death of the ¢ iron man’ a nnmber of
other machines have been devised, and several of these are
to be eeen in daily use at several of our collieries. These
machines have not, however, yot reached that perfection which
there is every reasonto believe they are destined to attain, and
whether any tlpnu-t:h:mlm' ooal cutter works estisfactorily atill
daE:l: upon local circumstances.

mol{owing notes on ¢oal cutters, which are lag:z
taken from André'a ‘¢ Coal Mining, it will be seen that
maohines may be divided into groupa—those working
withe ve chippi uﬁonlikengilck,thoeewhichpam
or cut the ooal like » plane, and those which cat or scrape it
away like 8 circulur saw,

Commencing with the oldest type, like the *iron man,” we
have the following : —

Pirth's Ooal Outter.—This consists of s horizonfal steam
cylinder §inohea diameter, 12incheestroke. The piston rod of thia
works the arm of a bell-arenk lever, to the opposite end of
which & pick is fitted. To allow of & certain regulation for
the position of the line of undercutting, this pick cen be fixed
at various elevationsin a slot, On the piston thmisshagpot
which gives a reciprocating motion to the salide valve,
this it will be ween that the pick must make ite full stroke
before it cen be drawn back. The machine iz advanced by
hand, by means of ing connsoted with the hind wheels of
the frame or car om which the machine is carried. When
working, the fret cut ie made with a pick of about 75 Ibs,
weight, working at the rate of 70 blows per minute, to a depth
of about 2 feet. After thia the pick of 75 lbe. weight is
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replaced by & longer pick weighing 90 1ba., and the same cut
s gons over againanp;cisoom Joted to a depth of about 3 feet
6 inches. In 24 hourss cut of this depth has heen made along
& face 267 feet in length.

- In animproved form of the machine, the whole depth is cnt
at one tHon, and the advance of the machine is antomatic.
Thepig?w‘;]l cut in any position, and the back stroke of the

pick, by meking the front eide of the pieton of less area than

the baci, is more gentle.

The vibration to which the machine is subjeoted, and the
loss of time during Lhe back swing of the pick, seems to have
rendered machines of this description not so desirable as those
which have been oonstructed upon other principles.

Schram and Oliver’s Patent Coal-Cutting Machine.—
This machine ia percussive in its action, working a system of
five or more picks, malking up 400 strokes per minute,

Curret and Marshall’s Coal Cutter.—This consists of a
small hydranlic cylinder, 5 inches in diameter, the piston of
which makes a stroke of 18 inches. To the end of thia piston
there is a bar abont 4 feet in length in which 3 cutters are fixed.
These cutiers project one beyond the other like a series of steps,
Ag this bar reciprocates it cuts ita way into the coal, At the
same time that the forward this movement takes
place, that is while the coal is being cut and when there is
consequently & heavy back thrast upon the carrisge carrying
the machine, water ia admitted into & second cylinder, standing
vertically, which in consequence drives its piston, the end of

which is provided with a bearing surface t the rof. By
this menns the carrying carriage is clanﬁ?i‘zin tightly npon
ita raila. During the return stroke of the cutter the clamping
pieton ia drawn down and the carriage is sutomaticelly
advanced ready for the second cut.

In this way about 20 cuts are made per minute, and during
&1 hour the coal will be undercat to the depth of 4 feet 6 inches
fors length of about 20 yards. The water is under 4 pressure
of about 300 1bs. By means of & hand whee] the cutting cylin-
der can be inrned so that the bar may work imto the ooal in
various directions, or whilst being removed from one point to
another, may be placed parallel with ite carrying car.

Beonomic Coal Cutter.—The essential portion of this
machine s a long bar on which a deep screw haa been out.  On
the thread of this screw 8 number of ocutting teeth are so fixed
that when the bnz is revolved agninet a face of coal it tenda to
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t ita way in a direction at right angles to its length,
:md&huem,&gs:nﬁngwmhmm]?r
turned round. The advance is sutomatic.

The Legsg Mining Machine.—This alo works with &
outter bar with 26 bits on it, which is revolved.

Baira’s Ooal Cutter.—In this machine we have s amall
air eylinder, 84 inchee diameter with a 12-inches stroke, which
by meana of suitable gearing drives two horizontally placed
star wheels, Theee carry an endless chain, bolted into the
linka of whioh are the cutters. In one hour it will andercat to
the depth of 3 feet for a distance of about 1§ yards. The motion
of the machine along the face is automatic.

Winstanley and Barker’s Coal Outter.—This machine
undercuts the ¢oal in & manner similar to the way in which
the work would be done by waing a horizontally revelving

circular gaw.
ahgluﬁs pwhinetwohﬁﬂaﬁng Ii;sdm drive :f vertical
t carrylog a star w teeth g]grsa
whesl pluoadghonmhlly mtter wheel, which is 3 feet
6 inchee in diameter, has each of itsteeth furnished with a socket
o P TR
[ t g LR + The ing whee
ismrﬁedonshrg:e:lrm,whiohcm be turmed out or in by
means of  hand wheel turning & worm Z in a rack fived
on to the arm at the opposite end from the cutting wheel. By
this contrivance it will be obesrved that the cutting wheel may
be cansed to hole its way into the coal.
It will cut 3 foet deep for a distance of from 20 to 25 yards

per hour,

Gillot and Copley’s Conl Outter.—The general principle
of this machipe in similar to the one just desoribed. One
chief difference is that the cutting wheel cannot be pivoted in
and out, being carried upon s fixed arm. This cutting wheel
is driven by beveled gearing in connection with 2 air oyli X

which are 7 inches dismeter and 12 inches stroke, are

These
plwedtmds aide.
This makes a out sbout 3 feet 4 inches deep for a
length of about 20 yards per hour.
Remarks on Coal Outterm—All the muachines

General
which bave been referred to, with the ex of Corret and
Marehall's cosl cutter, which is worked by water power, sre
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driven by compressed air. The reazon that water power s
uired in the Carret and Marshall machine is becawse the
privciple on which the outters work make it necessary to apply
8 strong steady pressure, and as only emall eylinders are
admiam'ﬁeinun d machines, such & pressure counld
not well be obtained by means of air. As there is compara-
tively little expansion to be obtained when working with air,
the engines which are nsed are specially constructed. ‘Ihe
porte are made large, the stroke short, and the speed quick.

In nearly all these machines b%mck speeds sre reduced and
power is guined, so that the cutting on of the machine hap
comparatively & slow motion, is intermediate gearing,
although advantageouns in giving a steady powerful motion, ig
not touie recommended on account of ite lisbility to derange-
ment. When we consider the circumstances nnder which a
coal-cutting machine worlks, it is evident that becanse it is a0
liable to derangement it onght to be made light and rigid, and
at the same time ite parts as few as possible. The advance of
there machinesin generally sutomatic, the machine haunling or
winding itself upon a chain, one end of which is anchored at
the of the face along which it is cotting. The rails on
which the machines run cught to be of the same guuge ns those
which are ordinarily used in the mine, TIn nmng cases the

uge is broader. ‘The machine ought also to hold itself npon
ta rails or else be capable of being easily clamped.

In Baird’s machine it will be obeerved that the action of
cutting tends to drag the carriage towsrds the face which is
beiog ont, whilein { and Marshall’s machine the carriage
is poshed in an opposite direction. Much may be done
to counteract these forces by fixing the hauling ohein in a
proper position. Generally spealding, it will be better the
nearer it is to the face.

When circular cutters are used it will be observed that it
will be neocssary to make the floor as even as pomible. ‘The
food onght to be self- ting, and the cutter ought to be
able to out in various . Most of the coal cutters can
only be used for holing or undercutting, and the slitting baato
be by hand. As many parts as possible of a
m «ohine ought to be protected by & cover,

Bar cuttors can be more easily made to undercut to a greater
depth than dise catters ; they are not so likely to be jammed
when working in tendet coal, and as the bat oan bo roplaced,
new ocutiets are put in_more quickly than they can be with a
disc machine. y disc machines do not eut their way into
the coal. Bar cutiers may be more conveniently driven by
electric motors which run at about 700 revolutions per minute,

¥
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the eutter making 500 revolutions, Amongst electrically
driven ::isl outiers w};{:]a;ve thoae of Edison, Cioolden]; &c.

The advantages which we shonld expect to derive by naing &
well-adapted; coal cutter are many, The work would be
apoomplished quickly, and fewer men would be employed. As
a oconsequence of & reduction in the working stafl fewer lives
would be ex to nocident. Moat important of all, how-
ever, would be the great saving in coal dus to the more perfect
undercusti.n 2 st flnm undemutﬁng:e medge S:.nwped by hand,
say toa depth of 3 feet, 4 moro or w g opening is
m{de, whighal.thﬁfmntis 10 to 15 inohes in height. The
coal which in this way is reduced to a elate of powder may
in a thin seam amount to 25 cent. of the whole quantity
whioh is excavated. Not only does a4 machine avoid a great
portion of this waste by making & cut which is not more than
3 to 4 inches in height, but by undercutting to a greater depth
it renders the of wedging more esey, and a larger
quantity of coal is exiracted at one operation than can be ex-
tracted when the operstion haa been performed by men. Also,
we may reroark that a machine will almoat equally well per-
form the operation of undemntﬁnginshsﬁpuﬁngasin
the softer coal. For these and other reasona it seems overtain
ntvormlly nas sad ¥ i uly bo in exoopiiond] oises whore
nni ¥ it will o in sxoepti cases where
the coal miner will be called up{n to carry out the luborious
and dangerous operstion of undercutting.

Coal Wedging Mauolhines.—The wedge of Bidder and
Jonea is a modification of s plug and feathera aystem used in
?uarrying blooks of stone—the wedg:a corresponding 1o the
eather being foreed apart by a hydraulic proes. In Cox’s
wedge, the portion corrosponding to the plug is driven in by
a dledge. Another wedge 1a that of Grafton Jones. In the
Sa::fson ooal gotter the wedges are forced in by a screw.
With Burnelt’s rollsr mining wedge, & wedge is drawn
between roliers which foree out festhers,

sStanley’s Coal Drifting Machine,— This machine outs an
annular groove round the face of & drift, leaving a oore, which
is then broken down. At Nuneaton Colliery it is said to work
well, the rate of advance being four times that of hand labour,
Diameter of level, 5 feet 4 i.ncias.

Other tunneling machines are Brunton’s and Beaumont’s.
The latter wae used in the Channel Tunnel,
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ROCK DRILLS.

The following noten on rock drills and air compreasors are
ehlefly epitomised from more eomP!ete descriptions given by
André in his “ Mining Machinery.”

Rock drills s.honld%:e simple, light, strong, emsll; they
should strike the reck dlreo‘rl , the stroke should be eapable
of alteration ; sudden removal of the resistavce should net
canse injury ; the rotation shonld bo sutomatio; the feed shonld
be reg'nfnted by the advance of the piston ; Lhey should be able
to work with pressure ; easily taken to pieces; finally, they
should be adjustable at any angle, and portable. Hand feeding
is

It is better to bave a heavy blow produced by mass than by
o high velocity. With a amall masa and high wvelocity, vibra.
tion and wearing take place.

About 1845, M. Maus, who was engaged in the construction
of the Turin-Genos line of railway, designed a set of drills
which were preesed backwards by mesns of cams against a
seltﬂo'f springs ; on being relieved, they flew forward and struck
& blow.

In 1851, Cave introduced the principle of meking a
drill the prolongation of a piston rod worked by air or
steam.

In 1865, Thoma;in Ba.trSett intm;i:dee; a ﬁ mssfs&ﬁngo of
a aimple-acting engine, the piston w passed into 5
lintﬂr wheregat each stroke it com the included air,
y the expansion of thie air the drill which was attached to
the rod was forced forwards. One of the first practical
ines was introduced by Sommeiller in driving the Mount
Cenis tunnel, his great improvement being to make the ¢ feed "
antomatio.
The general naturs of the working parts of a rock drill may
be understood from the three following brief descriptions —

Ingersoll Beck DrilL—The tool in a continuation of a
igton-rod working in s oylinder, The back part of the piston
bollow and runs backwards and forwards upon s spirally
ved ber ineide the cylinder. At the end of this bar there
18 & ratchet with a detent which will allow it to be turned only
in one direction, As the piston comen back it twists iteelf upon
the bar, which ie preventod from turning by the ratchet and
detent, whilst during the forward motion, becauss the bar
turne with i, it fooa out straight, This gives the requisite
rotation to the tool.
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By meana of tappets and spindles the requisite motion ia
givle:utio ?fhevalve 3&3 valve box. As the tool cuts into the
rock the fore e piston continuslly approaches & tap-

. On st_rihp.:;it, the motion of the lap%et partislly tn.rnspa
rod, and this, by palls and ratchets, turns the feed screw and
the tool is sntomatically advanced to ite work.

Dubois-Francols Bock Dril.—This drill is one which is
much used in Belginm and France. Its mode of action ia
based upon the machine of Sommeiller. The piston, like the

istons of other machines, bus & larger ares at the back than
in front. This works in a cylinder into which compressed air
in admitted by an ordinary slide valve, This valveis connected
with two amall pistora. When air is admitted into the valve
chest, beoause the right hand piston is larger thun the other,
the valve movea to the right, and air etters the cylinder. This
drives the main piston and the boring tool forward. D‘:::ﬁ
the time that this action is going on, airis escaping by s
passage to the back of the larger of the small pistons, and
this continues until there is equilibrinm on both sides of this

iston. ‘The air is now able to act upon the emaller piston and
the valve moves to the left, und air enters the main oylinder at
its front end, and the man platon mskes it back atroke.
During this back stroke an annular projection strikes a lever,
which opens a valve and allows the sir to escape from the back
of the larger of the small pistons. The equilibrium of this
piston being destroyed, it is sgsin driven to the right and the
action repeated.

In connection with the main air passages are two small
single-acting pistons, which have an alternating up and down
motion, This i communicated through a to a ratchet
wheel, and the requisite feed obtained.

Darlington Bock DrilL—The Darlington rock drill is a
drill which deserves especial attention on account of its
simplicity. All valve gear s dispensed with, and on account
of the fewnesa of its parts, it is a ‘machine which is likely to
take a leading place amongst rock drills,

In the main oylinder piston aud ita rod, by working
backwards and forwards upon a epirally grooved bar in con-
nection with s ratchet wheel, raceives the reguisite twisting
motion, ae in the Ingersoll Drill.

Aly, entering at an inlet port, drives the piston to the right.
As it goes back, it first covers the exhaust port and then om
an equilibrium valve passage. The air then acts on the
of the piston, and, becanse this back ares is larger than the
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&ontum%othe piston before it reaches the end of its back stroke
ig driven forwards. When it passea the exhaust port, the air
eacapes, and the equilibrinm passags ia closed and the air again
only acte npon the front face of the g)iston.

: ith & pressure of 40 Ibs., 1,000 blows per minute can be
given.

Amongst the meny other drills which have been invented we
havethe Victor, the Royal, the Eclipse, the Barrow, the Cornish,
the Excelsor, the Cranston, &e.

The following will eorve as an example of the cost of rock
drilla, It is quoted from the price list of the Bandycrofi
Foundry, near Chester :—

Prices of Alir-Compressing Bngines and Rock-Drills.

Kumber of) | . 0y N IR I O
ﬁ"ﬁiu-'m%E:&: S IEEREIEY ggegs g3 ~§5|a§
2’?1?!‘!99];? !: NE vg'ug ES-NE ;g :E VE ;

) £ | 2 slels|elelele
Bock Drilla | 46| 90 | 180} 270 | 405 | 840 | 120 | 240 woim
‘,;{,;"m:lm 196 | 850 | 462 | 635 | 730 | 360 | 86 | 620 | 845

The Sandyeroft Patent Rock Drill.—'This drill is being
used in mines in various partz of the world with excellent
results. Some of its principal advantages are durability,
simplicity in operation, economy in the consumption of com-
s;eeaed air, and adjustibility. The pressuro necessary fo

ive the drill may vary from 25 to 701bs. per square inch, and
the number of strokes of the driil fram 50 to 1,000 blows per
minnte.

Blsctrically Driven Rock Drills.—In one claas of these
drills the reciprocating motion is obtained by sending a current
first through one solenoid and then through another, the iron
core being attracted firat in one direction and then in another.
Owing {0 the heating of the solenoids thie type of drill has not
yet bocome succeesful.

In & secood type, a motor, by gearing, drives a cam which
foroes the drill back againast a spring, which, when the cam has
passod, drives the drill forwards and strikes a blow.
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Mand-Fower Drille.—In hand-power drills, by the revolu-
tion of a wheol turned by hand, cams are csused to forco &
piston behind the drill, back into a oylinder and then compress
the included air. Aftar the gmas? of the cam past its tappet,
the expansion of the included drives the drill forward.
Amongut these drills we have Jordan's and Burton’s. In
Ingersoll’s hand-power rock drills the blow is obtained from
the compression of & 200 lb, voluts spring.

Borer Bite.—The biia or drille which are used with rock
cutting machines are in many respects similar to those which
are wsed for hand-boring. To keeg the bore perfectly straight
it is necensary that the brer should be well centered, that is, a
line along the centre of the piston rod, if continued, ought to
pass through the central edges of the bit, The e:ig'e of the
bit may be straight or carved. x, T and Z shaped bits give s
greater cutling surface, and tend to keep the hole straight.
They also clear the hole of accumulating debria better than a
sfraight-edged bit. The sharpening of them is, however,
mors difficult. The shape at the end of tho shank will depend
upon the method in which it is attached to the end of the
holder on the piston rod. Thai this attachment should be
simple and seoure is & point worthy of careful attention.

Pixing Rock Drills,—When sinking a shaft, the drill is
erally supported upon & horizontal bar along which it can
ide, or, if desired, be olamped st any point. The bar,
which ought to be both light aud strong, carries at either end
8 lengthening screw. DBy turning these two screws outwards
the bar can be fixed againet the wallsof the shaft. Sometimes,
by means of four radial bars, 4 leg ia firmly fixed in the centre
of the shaft, The top of this leg then acts aa & pivot for one
end of the atrefcher bar carrving the drill, the other end of
thia har being fixed by a lengthening sorew against the sides of
the shaft. By this ment & {arge number of holes may
be rapidly bored, very little time being lost in shifting the
machine from ome point to another. Before blasting talees
place, the whole of these arme and strefcher bar are, by
means of & chain, raised a suflicient distance up the shaft to

esoape damage.

V&en driving a level a stretcher bar may be used, fixed
either horizontally or vertically. In thelatter case, tofacilitate
removal before g, it is sometimes carried at the end of
a groall ¢ar, running on raila. The drill itself is supperied on
a amall arm, branching ot right angles from the main bar.
This arm can be raised or lowered along the main bar, and it
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can be fixed to the side of the level by a lengthening screw.
It the tunnel whish is being driven is of dimensions, &
wummber of rock drills may be arranged together on a suitable
frame-work, the whole being carried on & tram. In open works
where it is inconvenient to use a stretcher, the drill may be
i M@eeaon“ﬁp&dﬁth drils depends a good deal on the
o attain i 8 8 on
alaeed with which the machines are got to work after blasting.
o attain this the chief points to be observed are ;—

1. Quick clearing away of cmoke by mechanically ventilating
d.

the and.
2. Qu;:% ren‘lioval of stuff by having track laid up to the
, and an orgenised spstem of removing.
3. Quoick and firm seou:iu& of machine in a position for
farther work. ‘To this, judgment in the men,
;:d‘i;i good supply of carefully cut wedges, ore

4. A fair proportion of skilld men looking after the
machines.
§. A apare machine or two alwaye on hand in working
er.

Boopomy of Reck Drills.—Rock drills may often bo used
with advantage in places where the difficulties of tmmsb;unf
compressed air are not very great, and where the drill,
bei'n‘?i once in position, may be employed in boring a nmmber
of holea.

The greatest advantage will be obiained when working
upon hard rocks like granite, in which holes may be bored at
the rate of 5 inches per minute. In these rocks, by ueing a
machine, there may be a guin both in time and momey. In
mild rocks, however, the gain will be only ome of time,
machine work being, perhapa, twice as rapid as hand work.

Io Indis (Mysore) the spoed, compared with coolie hund
labour, is from three to as much as seven times as great.

In soft rocks hand labour will be the most economical.

‘When holes are bored by hand as much as five or six times
the quantity of steel may be ueed as compared with the gquan-
tity which would have gee\n ueed in replacing old borers had
tbe work been done by machine.

By hand work & man can bore per day in granite 50—100
inches, and in limestone 300 —400 inches,

Rotary Rock Prills.—In Belgium and France, for boring
holes in soft rocka like gypsum, salt, or coal, a drill, in
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principle very much like the tool nsed by mechanical engineers
whengl i rya hole through an iron b]ite, ia often emglliyed‘
Lisbet's drill conaista of a steel~ inmf auger tnmed by a lever
snd a ratohet, the arrangement being such that it can be either
turned round whilst remaining in one poeition or it can be
advanced into the Tock,

Macdermolt snd Williams® rock perforator is used in makin
holes for the reception of a hydranlic wedge, when falling ooaﬁ
is of this order.

Another form of rolary rock drill is in ite action very
ii;nilllulrlt:sthel&rge Diamond borer employed in sinking deep

re holes,

In Leschot's drill, & tabe isa furnished at one end with a
crown of diemonds. By suitable machinery this is rotated
%M&gﬁgmw isto.i be bored. TThe advance of the

r is e meuns of gearing. This gearing conneota
the revolving borer with a sere:uﬁ:jch oarrien it. As the
borer Tevolves fo cut the rock, the ecrew elowly turns and
koopait to ita work. The rock is cut away in the form of a core,
which passes into the hollow borer. ater is forced down the
borer to clear away the debria.

These diamond borers have not yet been very largely amplc&:d
for holee for blesting, but the larger drills have been consider-

ably nsed for prospecting.

Uee of Water.—Whilst the boring operation is going on it
s customery to keep the holo wet by means of a jet of water.
This jet may be supplied from a water tank, the water in
which is kept under pressure by means of a pipe in connection
with the air conduits of the drill.

By keeping a hole wet, the debria is cleared out, the wear
of the drill is lessened, and the rate of advence is usually
a?ciokened by one-balf more than what the rate wonld be if

- hole were dry.
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AIR COMPRESSORS.

An ordinary air compressor may be deacribed sa a large air
pemp. It consiets of a li.ndaere;'ith two sets of valves, one
sot opening inwards and the other set outwards. By the reci-
s:ocaﬁ.ngmtionof 8 piston, air is drawn in at the former and

iven out at the latter.

Bianxy Collierien—At thase collieries the cylinders of the
air compressors are placed horizontally. At each end of them
there ate two valves, one of which opens inwards and the other
outwards. Through the former air is taken in from the atmo-

ere, and through the latter it is compressed into the receiver,

und the oylinder there is a jacket in which cold water ciren-
lates, and at one end of it there is & water pipe which injeots a
jet of spray into the cylinder itself.

Colladon’s Alr Compresor.—In this compressor, which
waa used doring the making of the St. Gothard tuonel, water
circalates roung the cylinder, and st each end two small jets
which strike each other and break up into s fine spray are
injected. The piston and the piston-rod are hollow. The
latter, which is continuois, alidea upon a amall pipe pawi
into ita hollow Intetior. Through this a jet of water is fo
and by means of a peries of suitably placed diaphragms a con-
ﬁt:ulzuds ciroulation of water ie kept up through the piston and
i .

#targeon’s Air SQompressor. —The action of this compressor
depends npon the peculiarity of the inlet valves, which allow
the machine to be run at high speeds. Theee valves form a

rtion of the stuffing-boxes through which the piston slides.

en the piston moves from one end of the cylinder, the
ptufing-box by its own frictional grip is carried with the piston
until it meets with & stop. This motion of the staffing-box
opens the valve, the action being independent of any vacuum
being formed ingide the oylinder- en the piston returns
this frictional grip of the stuffing-box carries it with the piston,
and the valve is closed, independently of any compression on
the inside of the cylinder. The delivery valves are closed by

springs. -
Thgsmnk of the engine and compressor are placed at right
lea, a0 that when the piston of the compressor is near the
end of ita stroke, and the greatest power is n;g:ired, the ateam
crank pix is in itabest position for supplying the required foroe,
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The receiver forms the bed on which the compreasor and its
engine rest. By meaus of a Etmgor working in this re-
;eum,asthepmmmmmases ¢ speed of the compressor is

Ronchamp Qollisries.—The compressors st these collierien
coveist of two vertical iron cylinders in conmection with the two
open ends of a horizontsl cylinder in which there in a recipro-
oaing pirton. The vertical cylinders, which are partially filled
with water, have on their tops a delivery valve working apwarda,
and two olack valves working inwards to admit the wir.

the usae of the column of water no clearance gpace is lest
at end of a atroke, at the same time the air in kept cool even
when comprensing to a pressure of four stmospheres,

Sarrebrnck Collisrien, — The oomﬁ:mrs at these collierice
work on 8 similar principle to those described, namely, by
the intervention of & column of water.

Detailed descriptions of the sbove-mentioned compressors,
which are old types, may be found in Audré’'s * Mining
Machinery.” At the present there ir a tendency to abandon
jet condensers. In compound compreesors the cumpression
is completed in & second cylinder.

Loes of Work.—For the sake of simplicity we will imagine
that the compreseor is a cylinder, ¢, in which there ina piston, r,
without wexgh&oamd working without friction. o work
which is being done ie to compress air through a valve, v, into
8 hreoeivar B, where there is a constant pressure of two atmo-
spheres,

Ap the piston P moves down the cylinder, the air, which at
the commencement was st the ordinary stmospheric pressure,
is com and hest is developed. If this heat esca;
through the oylinder, that is to eay, if the tempersture of the
sir which is Eein compressed remains constant, then, if we
double the atmospheric pressure, we shall reduce the volume of
sir in the gylinder ato ball ite original bulk, and the piston
will descend hali-way down the oylinder to M x.

The pressure in the receiver E being equal to two atmo-

heres, the valve ¥ will now open and tge compressed air from

¢ oylinder will enter the receiver. To complete the work
which ia‘berin‘g done in driving the air which originally cocnpied
the wholo of the eylinder ¢ into the receiver B, lie piston
will work againet a pressure of two atmoepheres through the

BpACE M Q.
If, however, the heat which is developed by compression does



76 MINING OPERATIONS.

not eecape, but raiess the temperatars of the compressed air,
and thupec“m it to expand, tﬁe preasure of two a

will be reached wheon the piston reaches some line like 0 4; and
to force this air into the receiver, the piston, in order {0 com-
plete its work, will have to work agaiust s pressure of two
atros 4 through the distance o <.

If the volume of air o 4 a s forced into & retained the volame
with which it entered, there wounld be no loaa of work. Bat
because in practice it is impossible to confine the heat which
gives this volume, the air confracts and the actual air in the
receiver is not more than if the volwnes awa 9 ¥ at a lower tem-
peratnre had been forced in. The result of this is that the
piston p has worked agafost s force through the distanoce o,
which work has been converted into heat and the heat enbae-
queutly lost,

To remedy this evil, as it is impossible to prevent the gevers-
tion of heat, instead of allowing it to raise the temperature of
the air, it is carried off in the water jucket on the cylinder.

Loss Due to Bip and Clearancs.—In an air compressor in
which & ¢colomn of water is employed, the water drives all the
air through the discharging valves on towards the receiver,
‘Where & piston acta on the air, aa it i not possible to allow the
piston to come close up to the end of the cylinder in which it
works, & certain portion of compressed air always remains in
the clearance epace at the end of each stroke. This quantity
may be incressed by the siip at the discharging valves, in con-
ssquence of which & certain quantity of air which had been
once forced out of the oylinder into the receiver aips back into
the cylinder during the gimharge. If valvez are very large and
open wide, this quantity which sl:ge back may be very great.

At the end of each atroke of the pistou there will therefore
alwaya be & certain amount of com air left in the cylin-
der, and befors the inlet valves of the cylinder can open to
admit more air, the entrapped sir will have to expand nntil it
is below atmospheric pressure. The distance that a piston will
have to travel back to allow this expansion to take place will
grow greater as the compression incresses,

Loss of Work from other Bources.—There is & lose of
work due to the friction of the various parts of the machine,
and also by the friction of the amir inthe varions passages
through which it moves, If valves are contracted have &
amall lift, there will be much frietion. In the conduita, so long
aa the velocity of the air is low, eay, vot more then 4 feet per
sgoond, the loss by friction is very emall.
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The triction varies with the area of the surface over which
it ruba. It therefore varies directly as the length of the pipes
through which it passes, and inversely as their diametera, It
the rates of flow are small, it will vary with the eqnare of such
velocity.— (Soe *¢ Notes on Ventilation."’)

Air Conduits,—Theee are ueually pipea made ount of cast or
wronght iron, flanged at their ends and fitted togother with
jndia-rubber washers te make them air-tight. If ruch pipes
are lopg it may be necessary, every 100 yards or so, to insert
a bent copper pipe, or to bend the pipes to form a loop, ko that
expansion may take .

The branch pipes leading from the main conduits np to the
machines are wenally flexible India-rubber tubes, about 2 inches
in dismeter covered with canvas or served with marlin.

Afr Recelvers.—As it in necessary that a machine should
be supplied with a steady flow of eir, also aa the sir is not used
80 ml:or;’;d“ it is supplied from the compressor, air receivers
are empl .

For this purpose old boilers are very often used. These
should have a capacity about twenty times as great an the average
consumption per minuts. Asalarge amount of water i carried
with the compressed air when it leaves the compraesor into the
conduits leadﬁ;' to the receiver and into the receiver itself,
means must be provided for ita discharge. In some cases this
condists of a aimple cock or valve worked by hand. In other
cases by taking advantage of the rixing of a float in the water,
this is made avtomatic. The exit from receivers should not be
opposite to the entrance, but by preference on the same side.

Frincipal Dimsnsions of Alr-Compressors at the Blanxy
’ Collierien {.André).

Diametsr of steam eylinder wi e e e e 2R iDches
Diamster of compressor oylinder... ... ... .. . 20T,
Biroke of pisten ... . T - L B
Area of puetion valves - . b e e BP0 sq.in.
Ares of di valves ... e e AT,
gnml?gz{m nﬁmpermingu e e e B ft
Th ieal wol B ted by the compreessdon piston

at each atroke ., ... . v e e e 188 cub.fh
Which gives for each revelution of the two comp .. B0,
And for the two ocompressors, running ut a valovity of 25

revolutione per mionts .. 1850  ,

Thin reduced foa pressareot Lhres atmospheres will squal n
theoretionl ¥olnme of .. - 480,
In prastice the actual vol will not amount o more than
) per cent. of the theoretieal ... .. . . .. 408,




SYSTEMS OF WORKTNG.

Under this heading reference is made to the working of open-
worka, lodes, stratified deposits like coal, and irregular depoaita.

OPENWOREKS.

Openworks include ordi quarries for building-stone,
slate quarties, the working of ajlnvial ite for tin and gold,
stockworks, alluvial deposite worked by hydrauolic mining, &e.

Among the preliminary questions to be entered Into before
opening a ?uarry are—1. The nature of the material ; 2. The
gquantity of material ; 3. The nature of the concession ; 4. The
cost of raising ; 5. The ooat of transport.

Amongst other matters determine the existence or non-exist-
ence of faulte. Is there room for rubbish? If a dlate q s
does the alate decay? Ia there water power? (Jbeerve the
natural joinis, posts, &o. Does the slate aplit well? Ave the
slates thick or thin, emoath or rough ? Are there dends, cramps,
&c.? What is the colour of the slate? Is there much pyrites?

The firet work nsnally consists in the removal of cverburden,
tirr, catlow, or cover. &h&n removing waste it is contracted
for by quantity. Vegetable soil may be removed carefully, so
that when the operations of quarrying are completed it may be
replaced. A clay may be used for brickmaking. Sometimes,
a8 in slate quarries, a large quentity of decomposed alate has
to be moved. .All this material shonld be removed, so that it
will not interfere with the developmeut of the works,

In & it consider—1. The direction of natural
cleavages (dacks cutiers). It is usual to advance at right
angles to the ducks, 2. The direction of strike. It is wsnal to
advance at right angles to the direction of strike. 3, The
direction of dip. If rocks dip eteeply towards yon, the face of
a q_;zlury may be in danger of ali in upon the works. Iun
such a cass a low face is safer than a high one. Tf rocks di
away from you, water may accumulate in the working face san
farther ; it is p;g:li-e dg;ﬁﬁﬂl: é}o& &orkmﬂ::y to extract o bl}mkt. lt:f
stone a8 com| wil experience when the
rocks dip towards them, 4. The gaznloontour of the ground,
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By workin, a valley or a river bed, the working faoe ki
4 by thegw?:er drainying away from the same. & cepe
¥ out 8 guarry or openwork in steps, sfopes, or galleries. In
some quarries the face of each stope may be a particular bed, so
that materials of different qualities may be worked separately.

Siate Quarries.—In opening a alate g on & hillside in
gallerier, lgtueach bargain ﬁ Iogyards longlim'ga.l.leﬁes 40 yards
long will therefore give ¢ bargains. The ndicular face of
a gallery may be 15 yards, and ita length not less than 20 yarda,
gnall veins, say, 23-40 yards thick, worked as underground
quarries in Wales, yield the test proportion of good elate.

Underground quarries are, however, more expensive to work.

%;:ghts are needed ; men cannot distinguish good slate from
; they are 2elayed by smoke from blasts ; there is danger
from afa].]sl, &c. DBeneath a level country engine power is re-
uired.
4 The most favourable position to work is where the cleavage is
paralle] to the strike, and at right angles to the beds, the
beds dip gently towards you.

To work a bed of aluts dipping under a hill from its side,
drive an adit from the face o¥ the hill to interrect the slate bed
on ita under side, and pass thro:lgh it to ite u gide. After
this proceed to sfope in horizontal slices acroea the bed.

If a bed of slate lies beneath level country, sink a shaft on
the dip side, drive an air adit along the roof of the bed to meet
an air shaft sunk on the rise side, and then work from the
bottom of the first shaft with underhand stopes towards the
air shaft. A deposit of thie description might also be worked
a8 an open Quarry. (&v¢ Davies’s <* Slate Quarrying.”)

At the Penrhyn slate quarries there are sixteen stopes or stages,
each about 40 feet in height, They are connected by inclined
planes ; 3,500 men are employed, and in 1872, 250,000 tons of
alate were reised. Stopes may be 20 yards broad and from
40 to 60 feet in height. 'When working horizontally siratified
rocks beneath a level country, sink a shaft, and as it increases
in depth lay off siopes. Ench of these atopes will advance in a
horizontal direction. An inclined wire tramroad will pick up
materiale from each stage.

The chalk near Paris in worked with chambers and pillars;
the lower chambers being amaller than those above,

Blates of Cambrian and Silurian age are found in ‘Wales, the
Inle of Man, Wicklow, France, Canada, the United Btates, .
Moravia, Silesia. Devonian slates are found in Cornwall,
France, Euxemburg. In Devonshire wo have Carbeniferous

alates, and in Italy alates of Liassic age.
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Irreﬁ::iﬁes meot with in slate quarries are posts or hard
bands, , curla, dykes, voins of quartz, hardemed ash beds,
Joints.

Usually there ia from 10 to 20 tona of rabbish t0 one ton of
slate. In addition to thia there may be a large qusntity of
top rock to be removed st the commencement.,

Bxamples of Openwerks.—Most stons quarries, slate quar~
rioa like those in Wales, stockworks (mawive rock traversed by
o network of small veins} like those of Altenberg, Geyer, Zinn-
wald, and_Carclaze, in Cornwall. Magnetite depoaits of Niji
Tagil, in Russis, The dismond mines in South Africa. The
Kimberley mine has e face of 500 feet, but there {s 2lso much
drifting. At the Bischoff tin mine in Tasmania there ia 5 face
about 100 feet in height. Alluvial deposits of gold in Siberia,
Auatralia, and California.

‘When a dopoeit is worked ss an openwork there is a eaving
in the price of getting, timbering, slowing and lighting.

Further, all the material is extracted. on reckons the
saving in excavating coal at 27d. per ton, or 27 x # = 20}d.
per cubic yard,

This sum must be calculated fur any given seam, and before
deciding to work by removing overburden, the reault must be
oor;{ared with the cost of excavating from the eurface.

o disndvantages of openworks are the destruction of the
surface and the expense of removing the overburden.

Monolithe.—One of the largeat blocks of stone excavated by
the Egypliana ia 99 feet long.

Cleopstra's needls, now in London, in a piece of eyenite
64 feet long and 8 feet aquare at the base. The Obelisk of
{.-”u:le'.or, now in Paria, is 79 feet high and 8 feet aquare at the

Alexander’s column in 3, Petorsburg is 84 fest lmfl;e When
excavated it was 102 feet long and 14 feet square at the base.

Monolithe like those met with in E msy have been
obtained by first uncovering two faces of the rock and then
adopting one of the three following processes :—

1. By simultaneously striking & number of wedges inserted
along a line parallel to a vertical freo face,

2. By cutting a groove on the horizontal free face paralle]
to its ﬁ\ngg: Covering this with fire to heat and
expand the rock, and then causing sudden contraction
to take place by the application of water,
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3. driving of wood into holes along a line paraliel
Byto the 1 plmof theblooll::l, and then cgu;ngthe same

to expand by the application of water.

In Biberia, when simply breaking down rock, advan in
tabc:no{utlh;einteqseoc;lgguﬁn'wi%ter,whmﬁmsm ted
against working faces, w! subsequent contraction
uringoool.ingmaplitandﬁ-acmred?. e

A

RYDRAULIC OR PLACER MINING,

In Nevada County, California, the writer saw deposits which
ware upon the face from 100 te 300 fect in hoight. They con-
sisted of gravels, sometimes cemented to form a hard maass,
tuffs end clays. When deposits are strongly cemented a tunnel
is driven a distance two-tms of the heiggt of the bank to be
blasted, and terminated by cross drifte. At the end of the
cross drifts from 100 to 1,000 kege of powder may be flzwed
{1 keg = 25 1ba.), and then exploded. %mm 10 to 20 [bs. of
gwd»e.r are required 1,000 cubic feet gronnd, The talus

us formed in away by jeis of water,

Dams, Flumes, Pipss.—The waler supply is contained in
dsms. Barthen dams ought not to be less tisn 10 feet thick
at the top, and if over 60 feet in height they are dangerous.
Wooden dams may be built of a series of aribe each about 10
feet square, the face of the dam being made tight with a skin
of planks. Dry rubble stone work faced with planks is also

for dams. From the dams the weter is conveyed in o,
ditches and wooden flumes. Bemusethehtmmma{l‘::
than the former they have a sleeper grade.

Ordi flumes, made of 24 inch plunks, may be 3 feet
10 inches and 1 foot 10 inchea deep. Bome gumes have
dimensions 1 foot by 4 feet. The grade is usually about
30 feet per mile. -

In 8 commanding position above the clain & pressure box,
built of 1}-inch planks, is placed, from which the water is con-
voyed in iron ggﬂdown to the claim. These pipes may be
from 8 to 40 ep in diameter, and may have to stand a
presesure of 400 feet,

annl;}:lpeemaybemadeoimﬁne hove which will bear
180 feet of water, From the end of these the water is allowed
to eacape & nozzle from 3 to 11 inches in diameter.
The pressure {s 100 to 200 1bs. on the square inch. The

@
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material washed away passes along trenches lined with boulders
snd blocks of wood about 1 foot 6 inches square, with a space
botween each of 2 inches. It is bere that the gold is collected.

The water is sapplied by companies {Ditch companies) at &
certain rate per miner’s inch, miner’s inch ia the guantity
of water which will escape through a hole 1 inch sqnare in &
2-inch plank, under a head of 6 inchea over the opening, in
10 hours. The miner's inch, however, varies in different
localities. The definition here given is, however, the most
uwsual. The discharge of the miner's inch per hour is 94404
cubie feet. The cost of working is 2 to 4 conts per ton. Under
favourable circumstances gravels containing 3 cents’ worth of
go%ﬁ)er cubic yard will yield & profit.

en working in an excavation on a flat country it is found
that the dédris and water from the face cen be raised to the
ditches on the general level by a heavy jet of water shooting
up an gl{po.
The method of working destroys the surface of a country,
silts up rivers, resnlting in floods, interferea with harbours, and
croates other damage. In 1871 in Californis there were 516
ditches bringing water, having s length of 4,800 miles.

Oue company with 10 men at 168, per day and 4,000 gallons
of water worked 224,000 cubic feet of gravel in 6 days. The
gold obtained was valued at £6800. The profite st £470. Another
company, with 40,000 gallons of water, in 100 days washed
1,000,000 cubic yards and obtained £6,400 worth of gold.
Profit, £2,400.

For more complets details see Bowie'a ¢ Treatise on Hydran-
lic Mining.”

WORKING LODES.
Befors opening a metal mine it is well to consider the follow-
i te

1m .

natare and quantity of the material to be extracted; the
general form of the daeosomt; the depth at which you may have
to work; the nature of the boundariea (roof, foor, wa.th{; the
thickness of the deposit; its harduess and phyaical structure ;
the existence or non-existence of faults; the quantity of water
which may be met with, &c.

To work economically, if possible arrange the works so that
the underground transport shall be short, the steper clear of
water, 80 that there shall be good ventilation, and the men
not crowded. Inordinagﬂlodes, hli:l orthree-guartaria of the
men employed unde! A en, in explora
work (dead or tut wo:so 7 g8 plosstory
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Working Lodes of Ordinary Width.—Ordi lodes which
are from 2 feet to 6 foet wide, are worked either overhand
or nnderhand stotgng.

In Cornwall prive of stoping varies from 2a, 6d. to 6a,
per ton.

1. Overband #topiug.—It is better to commence from a
winze than by breaking in. Tools and materials can be esaily
lowered down a winze, and the winze also sots as 8 passage for

air,

A fair height for a etope is six or seven feet. A high face
allows the material to come down in blocks, but the stage
necessary for the workmen in much a case hss to be removed
before firing a ahot. The length of a face may be from 20 to
40 feet. “ﬁmnthe stopes are mmnall the men may be incon-
veniently near to each other when a ehot is fired. The work-
men advence quickly if the joints in the rock dip towards

A, pass is formed by the walls, stemples and attle, or it may
be timbered like & winze. The bottom of the pass cught to be
hrgerthanthetoptopmventd'lumming. In a 90-feot pass the
%myt_oe3_feetsqmre,and e bottom 4 feet 6 inches square.

]

wator draine awsy. 4. The ventilation is good. 5. Thereis
less timber employed as compared with underhand stoping,
unleas there are not enough deads to fill in with.

The disadvantages are :—1, The dead work of driving a level
beneath the deposit. 2. The danger to the workmen. 3. The
loss of ore amonget the attle. 4. The inconvenient position in
which the men work,

2. Underhand Moping.—The floor sud face of & stog
ought to dip downwards. The height of the face may
6 or 10 feet and, the floor 25 to 40 feet.

The advan of this method are:—1. The work may bo
commenced wi ontglr'zviousdeati work. 2. There is Kitle
risk of acoident. 3. The workmen may use heavy double-
banded fools. 4. There is little loss of ore.

The dissdvantages are:—1. The passing up of the ore,
2. The difficelty of leaving reserves of ore. 3. The risk of water
soonmulsting. 4. The quantity of imber required. 5. The
difficulty of ventilation, These latter objections hardly applg
if the usual system is followed of putting down e winze an
‘bottom-stoping into it.
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Marrow Lodss.—In working parrow veins a sirip of the
wall may be first removed, and then the vein broken down
unmized with wall rock (stripping), otherwise they are worked
by the ordinary methods of stoping.

Working Wide Lodes.— Wide lodee are lodes where the
material of the lode is too weak to stand as a roof without
sapport. Greperally any lode over 8 or 10 oot will fall within
thie category.

1. By Horizontal Slices.—A level in driven along the foot-
wall, and at intervale of, say, 1B feet, levels or cross-cuta are
driven acroes the lode to the hanging wall. By driving these
levels, a certain quantity of material is obtained from the lode.
The cross-cuts are then packed with atile, and & second sst of
now orosa-cuta sre started inside the pillars. These being
packed, & third set of cross-cuts (each cross-cat bemi 6 feet in
width} will complete the extraction of a horizontal alice taken
ont transversely or across the lode from the footwall to the
banging wall. " A second alice is then taken out at & higher
level, and so the work proceeds slice by elice working upwards,

It it i3 not desirable to come in contact with the stowing, a
thin slice of the vein may be left as a floor between two sno-
cegsive alices.

When taking out slicos in & descending order, the works in
the u?er alico should be in advance of those below.

2. By Pertical Slices,—At Almaden, in Spain, alices are
{.’aken vertically from level to level, the walls being sapported
y3. Working by Pillsrs.—This method is adopled where
stowage in difficult to obtain. The slices, which are much
thicker than in the previous method, are removed in deacend-
ing order. Cross-cuts are driven from & main level in the
hapging wall side, abd poasibly alse another set of levels st
right angles, so that a slice is divided up into & number of
pillars, e pillars and portion of the roof are then cut away
until the roof commences to fsll, these operations commencing
in the part of the mine farthest removed from the shaff, After
this & eecond slice is commenced at a lower lovol, leaving a
sufficiently strong roof between it and the crushed-in workings
above. working several slices simnltanecusly, the strip-
ping of pillars in a lower level must not be commenced until
the npper lovel has been completely worked.

Examples of the cross-cut method with pillare are found at
the Stahlberg Iron Mines, thecdnmineworgingsin Silesin, the
alum shales st Lisge, &c.



SYETEME OF WORKING. 85

WORKING BOUND HORSES OR IRREGULAR
DEPOSITS.

If the depoeit is large, drive round it a horizontal contonr
level. This may be used aa & main level from which cross.cuts
may be driven and the deposit worked out by the method of
horizontal alices. The pillar method may also be employed.
“‘When material iz extracted by a serfes of chambers, the Elllars
of a lower tier are made larger than those of a ter at » higher
level. At Musen, near Siegen, the vaults are 18 feet high,
and the pillars between sre 12 feet thick. Only one-third of
the material (iron carbonate) is obtained from each lovel. .

At the salt mines of Salzburg the salt is obtained by dissolving
it out of chambers,

WOREING BTRATIFIED DEPOBITS.

As s qi‘zpical example of s stratified deposit, we will {ake
coal, ¢ more ordpmnry conditions which may affect the
method chosen to work a given seam of coal are the following:—

1. The thickness of the seam.

2. The dip of the scam.

3. The vaturs of the floor and roof.

4. The depth of the seam from the surface,

5. The chemical and physical nature of the coal

6. The natural cleavage orcleat of the coal {backs and rufters).

7. The presence or absence of water.

8. The vioinity of other ecarns or workings which should not
be interferod with.

9. The position of the esam with regard to rivers, roads,
canale, towns, &c.

Before commtencing work, many commercial guestions as to
the price of Jabour, meaus of traveport, facilitice for eale,
&o., must be answered.,

The following classification of systems of working is medi-
fied from a table given by 0. F. Heiorich. (Trauve. A ILM.E.,
Vol. IL, p. 107.) -
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I. For Seamns of 10 Feet or leas.
1. Dip from 45° to horizontal.

a, Pillar and stall, post and stall, stoop and room,
pillar and chamber { Exploitation par serres havites ef
conries, Kurter und longer Pfeilerbau; Felderbau).

5. Long wall system (Ezploitation por tailles grendes,
droites et souchantes. Strebbau smit Breitem Blick ;
Stoasbaw ; Diagenaler Efeilerbau).

2. Dip from 45* to vertical.
4. Overhand { Ezploitation par tailles & gradim
renversés :“;‘ipﬁr:gm“ .
5, Working by longitudinal pillars (Erpleitation paer
serres longitudinales ; Streichender Lfrilerbas).

I1I. Por Seams over 10 Feet Thick,
1. Dip from 45° to horizontal.

Fost and stalls with or without stowages (gobbing)
(Ezploitation par serres d methode par remblsis;
Pfeiler und Felderbau mit oder ohne Berguversats).

2. Dip from 45° o vertical.

By crose-cats or benches and stowage (Owerage d
travers of par remblais ; Querbau mit Bergversat:).

All these methods are variations of the and stall method,
the long wall method, or of the methods desoribed as applicable
to the working of lodes which may be regarded as inclined
seoms, In the following deseription of methods, the above
classification is not strictly followed.

. Post and Stall Method—Ususlly o shaft is sunk on
the despest eide (dip side) of the area 0 be worked, in s central
position on that gide.

Two or more levels (ssy 10 fest wide) are driven parallel to
the strike (dip Acad lepel, Iad%?':;nt feeel or taler way) lightly
inclined towarda the ahaft. lower of these is used to con-
vey water to the sump, while the others are employed for
ha or &3 & Jevel fvom which the stalls or b are laid
out when working (winning) the coal. These are ususlly laid
out so that they advance m a direction at right angles tothe
cleat or cleavage, such a direction being Imown as *‘ on the
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Jaoo or bordeoays.” The direction at right angles to this {s known
a8 ““on the ends.)’

Occazionally circumstances {(as, for example, a sb:gadip)
demand that the bords shall advance obliqnely to the cleat or
even parallel to it, that is, on the enda.

‘When there is only one direction of cleat, the coal has & ten.
dency to bresk into prismatic forms. If there are two seta
of cleavage at right anElea {backs and cutters) the coal will be
cuhoidal—if oblique, thomboidal, &c. If advancing st right
angles to well-defined backs, the coal will come aws; wﬁth
ease, but in oonsequence of the under-cutting and falling, so
many additional fissures may be produced, that too much smaells
or dust coal may be produced. In such a case, advance the
bords in pome direction oblique to the dacks or even om end.

The winning headway, from which borde are driven, may
therefore be to the strike, the dip, or in some inter-
mediate d . At least two bordways, which are as wide
as the roof will stand withont support (10 to 15 feet) are driven
fomen ave joited T ndpassagumndnga hirl st o the whming

are joi & or thirling, o 1oinnin
A rdicay. I’f‘he boris ure then advanced, amd thiviin driveng,
and the first thirling may be temporarily stopped. e venti-
lating cwrrent pow passes round the working faces through
nt -ymw'“?&m and thirlings, at right angles to each

8 o 3 ngs, angles to eac
othei, the area to be worked is cut nssinho 8 Beries gf .

If theee pillars are made too 9ma]1pthey bepoms crushed and
cannot be subsequently removed, and more than half of the
whole seam may be destroyed.

In ing irou ore in headings, the cost is 1a. to 2. 6d. per
ton, while, when rebbing the pi it 1s 9d. to 1s. 8d. per ton.

Dimensions of Pillars.~The dimensions of pillars depend
upon the streugth of the roof, the floor, and the cosl, the
depth below the eurface, and the length of time they have to
stand. Thus, with a soft Soor or sols, or with aoft coal, large
pillars are required. Hyslop gives the following table :—

Proportion of pillars
Depth in fathomas. Bize of pillare fn yards. to bords,
20 .. v . 20x 5 L, .. .. il
40 . ., .. W x 6 ., .. ., B0
60 .. .. W 22 x T L. .. .. B2
80 .. .. .. 22 x B L. .. L, AT
w ., .. .. 2x 9 ,, ., .. 59
120 W0 0 .. 22 x 12 P 1]
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Depth in fathotns, Bize of pillars in yards. tnboro!!‘-.
140 ., .. .. 26 x 13 ., ., .. 63
180 .. o 2 x 16 ., .. .. 68
00 ., .o 28 x 16 L0 .. L. TN
260 .. . .. 30 x 21 N & |
00 .. ., .. 3Wx2¢& .., ,. 79

An average size is 12 x 40 yarda. With long pillam the
proportion of length to width is 4 : 140 3 : 2, If pillara are
too long there ia a diffionlty in ventilation. When a pillar is
too emall or too weak to support the superincumbent sirata, it
gives way by cracking crumbling. This is called 2hrusz.
¢+ Sits* are fulls of the roof. When the pillar is mmall and the
floor is soft, the downward pressure causes the floor to rise.
This is called creap. When craep once sets in it has a tendemcy
to spreud, and the expemse of repairing roadwayw and keeping
airways open may be v

Near the large ,' at least 40 yards square, are
left to support the shaft.  This may be suficient for a depth
of 100 . For each increase of 20 yards in depth the sec-

tional area of the straﬂ pillars sy be increased 5 square yards,

Betwoen main rondways and areas which are being worked,
& strong barrier of coal is left to protect snch roadways.

An area may be worked as follows :—

1. As a whole, commenecing in the vicinity of the shaft and
working outwards, or away from home, until the Hmits of the
area are reached. After this the pillars ere removed (rodied)
and the roof collapses. The pillars first formed are therefors
worked the last.

In this systen many airways and roadways have to be kept
up for many years, and the risk of thrust and creep, and

or accidenta, is incressed. The pillars first have
de];te:li:nted by loag exposure to pressure and to the atmeo-

s1’2. By driving roadways to the limit of the area and working
towarde the ehatt (* fowards Aome”'). In this way pillare may
be removed shorily afier thoy have been formed.

3. By Mr. Buddle’s system of dividing a district into pannels
or gmall areas separated from each other by strong barriers of
ooal, each 40 to 60 yards wide. Enach of these pannels is
worked by ita own system of bordp and pillars, has ita owmn
ventilation and is independent of neighbowring pannels.

4. By long block system, Long pillars may be 120 X &0

. Examples are the ¢ Singleghad ** and ¢* Double Road
tall ** systems of South Wales.
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Gelting the Coal—The firet operation ia to out & Emve in
the ocal ut the bottom of the seam 1 to the floor, ton

of 2 feet 6 inchee or 3 feet. This is called Aoling,
Kirving, or benching ; and is performed by Aewers, The height
of the groove at the entrance will be 9 1o 12 inches,

Each ]llazirerwoﬂm 8 n‘::imn length called & ofint, gnﬁa]}
Propa ¢a sprags are to prevent an unexpeoted o
the undercut coa{ The next operation is shearing, or the making
of vertical outs. 'The last operation is the removal of the sprags
and the foroinﬁ down of the coal by wedges or blasting.
This is geiting the coal. Lastly, the coal ia loaded in sieds, or
trams, and taken to the nearest rond way, where puiters take it
to the bottom of the ghaft.

b. Long Wall Working.—From s shaft sonk on the dip
side of the seam two roadways with a good wall of coal are
driven waterways, The face of the u road is undercat
along ite length and the coal is got. a certain number
of etrips have in this way been removed, the roof behind the
miners falls to form geaf. To tf:::;:;f:nt the roof falling too near
the working face, one, two, or lines of , 8t from 3 to
4 foot spart, sre placed parallel to the working face. Aftera
sh"iiyof ooal haa been got the back row of props are removed
and are reset in front of what was the front row. On the top
of the prope 8 cap, or kid, 2 to 3 inches thick, and I or 2 feet
square, may be placed. Roadways or gob roads are built
throngh the fallen roof or gob, to conneot the working face with
the main roadway leading to the shaft. Along the aides of
these roadways pack-walls are made of refuse stones obtained
{rom the coal or fallen roof,

Instead of having one Jong wall {working face) from 100 to
500 yards long, & number of working faces (atalls) arrangedin a
step-like form, and each about 50 yarda in length, may be nsed.
Each of these will have its gob road leading to a main roadway.
8uch 8 method would be used in & steeply-inclined seam. It s
evident that instead of having the wi rking faces paralle} to the
strike, they may be in some direction depending on the dip
of the peam, the direction of cleat, &0. In working home-
warde, gob roads have not to be bnilt and much sxpense ia
saved. There is, however, the ary expense of driving
wad&ys throngh the solid to the limit of the area to be
worked.

The long wall method gives, nccording to Greenwell, about
14 per cent. more ooal than the post and stall method. Coal-
¢utters may be most advantageously employed ; thers is little
risk of danger, the ventilation is good, and working can be
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onsily supervised. It is best applied to seams of moderate
dimey'nsions

For thick seams this method requires long props, which are
expensive, and the goh roads are expensive. In all cases the
work must go on continuoualy and regulsrly. The system ia
interfered with by faults.

Long wall hes heen nsed at Monkwearmouth st & depth of
1,800 feet on a seam 6 feot thick. It is employed in Stafford-
shire, Derbyshirve, Leicostershire, Somersetaﬁire, &o, In Lan-
cashire it was employedin 1812. At Zwickaw, in S8axony, they
work homewards. Other examples are in France, Weatﬂadsl.is,
Jopan, &c. In America hard oosl is sometimes wor
long wall, while soft coal is worked by post and stall, one
resson being that the smeils of soft cosl can be hetter utilised
than the smalls of hard coal.

eet of Subtidence,~The reraoval of & seam 2 or 3 foet
thick will usually produce but Lttle effect at 30 feet above it,
but the removel of a 20 or 30 feet seam msy produos sn effect
at 100 feet. Tn the csse of two seams pear to each other, it
will usually be best to work the u one first.

Io America two parallel seams have been worked simulta-
neously by the poat and stall method, the pillars in the lower
set of workings being exactly below those in the ugfer set. To

this out practionlly {s & matter of some difficulty,

@ mabaidence on the surface follows the workings beneath,
but 6t & distance back from them dependent on the dﬁtb of
the workings, the nature of the strats, the dip, &¢. R. Hauese
gives the following rule to determine the direction of the plane
of fracturs, making an angle 8 with the horizontal plane, the
dip of the strata being 3.

— 14 00d B
tan f =— sin | 008 §

Callon says subsidence causes fractures along the perimeter
of the area at right angles to the plane of stratification.

¢. Ssams which are Steeply Inclined.—If o scom is sbeeply
inclined, and the advance is towards tlie rise, then there 1
danger of coal gliding from the workin%aﬁwe down upon the
men. Thia may be E:.m‘lg obvisted when working by a Iong
wall method, by making the working facea {stalls) ahort an
arranging them in a zigzag line—or b vancing in the
direction of the etrike by s syatem of o stopes, ea in the
north of France and ium,
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The stesper the dip, the emaller are the stopes. Stopes are
nsuslly about 6 feet Eigh and 12 feet long. Inclined lgres or
passes throngh the gosf carry the coal to a lower level. With
a dip of 30° to 60° the stopea or step-like stalls may be aa much
a8 50 by 70 yards.

d. Thick Beams (Ths Staffordshire Method)—Square work.
Thia method, which is applied to the 10-yard seam at Dudlez,
is 8 form of post and stali, Narrow levels are driven at right
angles, dividing the coal up into blocks 50 to 70 yards square.
Narrow holes (bolt Acles) 3 or 10 yards long are driven into
these blocks, after which the work goes on in gtalla to the right
and left until the block has been hollowed cnt to form a
chamber, the roof of which is smpported by fonr or more
pillars. These, which are 3 or 4 yards sqnare and 12 yards
apart, are called men of war. The men work u toward

roof in overhand stopes, standing on the broken coal or
acaffoldings, The final operation is to thin the pillars until
the roof falls in, when the chamber is abandoned and the doif
Aoles ave closed. The method is dangerous and the loss of coal
in great, say 50 per cent.
o of the Pennsylvanian anthracites are worked in
chambers, but by commencing at the top und wsing underhand
stopes.

¢, Working in Mloes (Bianzy).—Work off an upper slice,
eay 6 feet thick, of a thick seam by post and satsll or by long
wall and allow the roof to settle, Next a second alice may be
taken beneath the broken roof, and so on wuntil the seam has
been completely won.

At Montcoau les Mines, the seam was divided into 3 parta by
two pa.tli.nfs, each 3 m. thick, the coal between being 15 m.
The upper [ayer was worked with dgilla:s {12 m. in direction of
sirike and 25 m, in direction of dip). These were cut away
until they were ¢ m. X 5 m., when the roof crushed. Two
years later the lower layer was worked.

In some mines it has been found that it doea not require a

interval of time for the broken roof to consolidate, so

at several slices may be practically worked together, provid-

ing that the upper workinga are kept in advance of theae below.

packing i8 employed, a seam may be worked in slices taken

in ascending order. In thia way gob roads are under foot

instend of overhead. In this case the cosl settling on the

packing may be much fissured, and the riske of spontanecus
combustion are increased.
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If o scam dooe not exosed 15 or 16 feet, it may ba worked by
overhand stopes, props being used to snpport the roof and the

pes.

If & seam is thiok, and has s steep inclination, it can be
worked by & aystem of cross-oute with stowage, taking trane-
yerse alices in an ascending order. The galleries may be driven
inthe wall. (See method of working wide lodeas.)

At Dombrowa, Poland, seama 52 to 59 feet thick, and inclined
at 15° o 4¢°, are worked by cross-cuis in descending order, s
layer of coal being left belwoen each alice. In T, Silesia
seams 33 feet thick are worked in long blocks to the
strike. At Eladno, in Bohemia, the workings are somewhat
similar to thoss in Silesis, but here they bring down 20 or 30
feet of coal st one fall,

Cost of Breaking Ground (Agendas Dunod).—For driving
& Jevel 3-50 m. square seotion {2 m. high, with a circular crown,
and 2 m. broad), miner's wages 4 france per day, powder 2-50
france per kilogramme, 2 shifta day snd 25 working days
per month, see the following table:—

I Mo. of Prive.
Natoreof  daysper Pgnd_" Monthly
Rocks. mmeh'es sumed. | Per ronning | Per cubis ;“d“"‘“
. maire. aetre, .

- i
1
Kiloa. Froncs, Franm, 1 Metres.

Exoeptionally |

havd ronks .., .1} 13 b= 67 X 2

Hurdgraniteand !
narizozs rocks | 201090 | G010 | 120 to 1S 84 tod1l 333tu b
rd veins and

v:ﬁ quartzoze . %4 5 14076 0 4
H: ooal men-

sures, grite, &c. | 15020 | Ato8 Toto 100 (20102960 5 to 687
Moderately hard

woal  measures,

ordinary granite| 10t015 | Sto4 | 4080 toT0 | 1360 to 20 857 to 10

Ord'mary  onsl

meagures, soft
e0Ts  OF |

micacoons

Boft coal men-
ares ... ..
Coal, 8 m. nq. in

Ttol0 |16 to 8 [81-76 to 4T'50 | 9 lo 1360 | 1010 14
dto 8 |1tol'5 |IB60to 275 | 5WtoB | IGto 28
tto 4 |¥0to3| Stol1é75 [1'88 to B0 | 26 to 6O
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In Cornwall the cost of sinking per cubic fathom is given by

Collins as follows:—
Near Bwface. Below20fim.
1 Coropant Killse oy pick 400 gd ground  $15> 68 1o £

oF pick &
1o fair Dlasting grovnd - Ci . E8lo£90  £1010£50

For driving levels, one-thind cheaper for non-blasting, and
one-half cheaper for blasting gromnd. At Bottelack the cost
of driving levels 3 fect by 6 fest per runuing fathow is from
£4 to £6.

In the Polberro mine the cost per fathom wes for shafta,
£4 12e.; for driving in the lode, £6 a, 6d.; and for stoping,
£2 28

For a level 7 feet high, 3 feet 6 inches in the cap, 4 feet
6 inchen at the bottom, with half timber seis and 1} ineh L«tha,
the cost of driving per fathom will be about £2 104. to £3, and
for timbering £1 8. to £1 108.—{Collins).

The following numbers give the relutive cost of different
kinds of work, stoping openworks being taken as the unit :—

Driving soall levels . 4 Btopiog underground . 24-8

seqtons . . 1} »  moderntevein, 2
Vi msing . . & » thiokwvein . 1}8
Bhaftuinking . . &8

In England, under fair conditions, two men and a boy, in &
shilt of eight hioure, may exiract 8 to 10 tons of coal. Hewing
and falling muy coet 8d. to 10d. per ton , but including proping,
eogging, and stowing, 1s. 6d per ton for large, and 6d. per
ton for amalls.—{3es %ostof Sinking, p. 101.)

Waste of Qoal by Wentheriag.—The weathering of coal
tly depends om the absorption of oxygen forming CO:,
E‘g. and upon the presenco of iron pyrites (marcasite). By
weathering, the beating power may be diminiched 6 per cent.
or more, and the coking power 2 to 5 per cent. The volatile
matter in coal rapidly diminishes by exposure. Pyrites decom-
pose rapidly in a damp place. Coals without pyrites may de-
compose more rapidly in a dry place,

Fires in Ooal Mines.—Some cosl minee have continued
burning for fifty and some even more than one handred years.
Firea are oocasioned by osrelessness. Timber near under-
ground boilers hea taken fire. The material in atables has boen
sccidentally fired. Ventilaling furnaces have not been carefully
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. Coal dust in suspension in the air may be exploded
E;aﬂameandaﬂmresult,&o. 7 oo

A ocommon cauge ia spontemecns combustion, which may
originate in the coal or in a heap of waste material like greasy

eotton.

Coals with a large tage of oxygem are liable to -
taneons combuetion. Burat saye that poor coals giving a long
Aame are subject to spontanecus combustion.

In many cases hydrocarbons, like CHy, are formed (see Ven-
tilation). Bya fa.ﬁinahnospheﬁopmm.orb a fall of the
roof, a quantity of these may beforoeg tuto a level,
angﬁs:?inginoontao‘twith a light the result in an explosion
AT N

If the pillars of & mine are too mmall, they are oracked and
fisgured and the surfaces for oxidation are increased. The de-~
composition of iron pyrites also tends to erack the coal and in
this way nseiste the oxidation. The result of the oxidation is
that a pillar may become hotter and hotter nntil fire ia prodnced.

Preventing Fires,—Careful inspection. ‘Walling-off places
where gases accumulate. Burying places which are burning,
with sand. A emall quantity of water, producing dampneas,
may increase the chemiral chapees which are noing heat,
Eeep the workings olear of small coal. Good ventilstion pome-
times E’ay 000l & place, while st other times it may accelerate
oxidation.

Bxtinguishing Xires,—Certain American mines have s
wajer supply t.hmn%l the main levels, under the pressure of a
main in tne shaft. By a hose, which may be serewed on theee
pipes, a jet of water may be quickly turned upoen & fire in sny
portion of the mine.

Portable Ertincieurs, giving a jet of CO2, and water, have
sometimes been ucaful.

Fires have often been extinguished by damming so that no
fresh air mgnjn excess.

To app: 4 fire, run s central brattice along a level, along
one aide of which the amoke escapes, while & current of air is
sent in upon the other side.

The ordinery plan is to drown the mine with water (whick
roay partially destroy the timbering, cause falls, &e.), eteam,
or carbon dioxide.

Carbon dioxide was nsed sncoessfully at Enabon.

265 1bs. of limsstone and 580 1bs. of ordinary hydrochloric
acid, which may be mixed in a box lined with lead, give 1,000
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cubio Teet of gas. Themmegasmy_bepmdnqedbybumiu
coke or coal together with limeetone in a y-u
farnace. Thomulﬁngguee{ooamdmmforopﬁ!nm”&e
mine by a jet of steam. (See p. 1569, under * Ventilation.”)

Officers and Workmen in Mines.

In CoLLikniES, Im Mxrar, Minza.
Chiof Viewsr ... _ ... correspondsto lanachns Captatu or Manager,
Beaidont un?ir Under- " " Reaident Captain, ;8:;_

viewsr Overman. aaptain, Qrass-captain,
Deputy (verman nearly " Pitmen, Bhaftmen.
‘Wastemen » » Timbermen.

men e

Hewers, Gotlers ” Tributers and Tutworkmen.
Putters, Rolley-drivers " Trammers.
Onsetters, Haugers-on " Fillars.
ks> Troppers " Lenior”
Smithe, Carpeniers ... . Smithe, Os1penters

i » k , O .
Enginemen ... " Enginemen.m

In tutwork, todtwork, or dead work, when driving levels, the
price paid is wsually so much per fathom.

Tvidtiiers work an area- called a pitch, and receive a certain
percentage of the value of the ore extracted. If ore iv rich, say
le. in the £ ; but if poor, 13s. in the £. These countracts are
usually let to the loweat hidder. Each class of workmen has
certain charges to pay. Thus a tributer may pay le. 6d. per
ton for drawing crushing the ors, 6d. per ton for dresaing,
20, for eampling, 8d. for weighing, mending chisels 1d. eacg,
mending three picks 2d., candles 8d. per lb. ; also he pays for
powder, fuse, dootor’s fund, &c. {Coliins).

At Himmelefurst, Saxony, there were employed 1 surface
on%tain, 1 underground osptain, 16 under captaine, 362 minera
and hewers, 54 timbermen and masons, 122 trammers, windlass-
men and fillers, 171 dressers, 21 amiths, 3 enginemen, 2 watch-
men, and 1 clerk. Total, 754.

At the Levant Mine, Cornwall, there are about 300 peuple
un und and 100 on the surface.

At the Botallack Mine there are about 190 underground, and
210, includting boys and gitls, on the surface.

At tl;gn ‘Whitehaven Colliery about 1,500 men and boys are

t the Ashio Copper Mine, in Japan, 4,000 workmen are
employed. _



BHAFTS.

Varieties of Shafts.—Engine, ventilating, pumping, coal-

ing, u and downesst te. Blind t, Winge, sump
, broken shaft,

The Adslbert chaft at Prizbram, 572 fms. The Viviers Re-
unis coal mine at Gilly, near Charlerol, is 581-5 fme. (the
staple at the bottom being 11§ fms.), In Eogland, the Ash-
ton Moea Co , near Manchester, ia 475 fme. The Dolcoath
tin mine ig 404 fme. In 1886 the Comstock reached 3,250 feet
(541 fma.), 'The Calumet and Hecla 4,900 ft. The Tamarack

Bits of a Shatt.—Place s shaft on level ground or in &
valley near the centre of the works. Works, however, are
usnal‘? located to suit the shaft, and not vice rered. A shaft
should not be on swampy ground or whers it may be flooded.
Bhafts neer the sea have been lost by tidal waves. 1t ¢
not to be too near a building or too far distant from e or
canal. [t moust be mmem%ered that the engineers require a
water supply.

The mouth of a shaft should be 20 fect above the surround-
ing level., This enables 8 dank or stage to be constructed, from
which the material from the mine may be readily discharged.

Shafts are usually sunk from the surface, but, as in the case
of long adits, which to expedite the work may be commenced
at saveral pointa slong their length, & shaft may be sunk from
dtl}nef snrt:%e ;:d from mmldlevel:l, the maﬂ-;ner on whi:'}; :lI:e

erent holi meet ependent on the accuracy &
mine survey. g.Eli:::. Honi sn Marie Sbafs, Hartz Mountains.}

In ooal seams, sink oo the dip side of {he bed and on the dip
side of an ordinary fault. W'tg & reversed fault, or where the
spam_élips against the fault, it may be better to gink on the
rise gide.

A ahaft may be vertical or inclined in a Iode, or outelde in
the country rock. Ite long side is placed parallel to the strike
of vein, Vertical shafts ure nsuslly sunk on the hanging wall
ordip gide of & lode, to intersect the lode at about half the maxi-
muin depth of the intended workingna. This arrangement gives a
minimum for the oress«cuts, Such a ahaft does not ex-
plore the lods, or belp to pay the expenss of sinking. It is
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good for a quick outpnt and saves expense in winding, pum
in ,m%forshnftsofequalderpth in timbering. % pinp-
if a lode is nearly vertical, the may be sunk emtirely on
the foot wall gide. Thers is less chance of dislocations taldng
lace in the walls of the shaft. A rectangnlar shaft ought to
eunk with ita long sidea transverse to the cleavage or bed-
ding of the rocka through which it passes; this may provent
the eides from alsbbing off. It is assumed that the plane of
bedding is nearly vertical.

A.ninc]inedul{nftina lode is usnally cheaper to sink, and
jt may be drier than a ehaft in the country rock. 'While sink-
ing, the lode ja explored and ore is won. 1f it is in the cou:nnz
rook it onght to be on the foot wall side of the deposit. It
longer than s perpendicular shaft, and thers may be more
movement in its walls. For these reasons more timber and
other materials are required. Mechanical arrangements may
be complicated, and wear and tear is incressed, ere may be
difficulties in opening parsllel veine near such a ahaft.

Form and Bize of Shafts.—Rectungulsr, square, poly-
gonal, elliptical, or circular.

Rectan, shafts nre common at metal minea; the two
long eides being formed by the aide of the lode, the two ende
being portions of the lode and forming shaft pillars. On the
Comstock lods the end picces are 5 to 6 feet, whils the wall
plates, forming the long sides, are from 20 to 24 feet. More
ordinary dimensiobs are 4 feet by 9 feet to 10 feet by 16 feet.

+hafts are convenient for dividing.

8quare shafts are etronger than rectangular chafts and

uire less material for a given sectional area.
n%irmﬂn shafts are nsual at nearly all coal mines; they are
the strongest, most easily made water-tight, give the largest
ares for 8 given periphery, but they are not eo convenient to
divide A common diameter ja 12 or 14 feet, but for ‘¢ costean-
ing "’ ¢ feet may be sufficient.

Shaft Timbering.—Shafta in lodes somstimes only require
timbering on their shorter sides, the longer sides being the
walls of the lode. This timbering, conaisting of sefs and laths,
is very similar to that used for the roof of levels.

Timbering a shaft 10 feet by 7 feet with sefsand kths,.the
sots of 9-inch timber 4 feet apart, the laths 1} inches thick,
ooats about £3 10s. per fathom of depth (Colline).

Prop-orip Timbering,—On the surface s day frome with
bearing ends is placed. Afuruosnﬁngaoﬂigeet, bearing
H
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stemples are wedged across the shait from the hanging to the
foot wall, Om these a ¢rib is laid, and on the crib forr props
which carry s second crib, and so on until the Iast props bear
againet the under gide of the day frame, Wedges are drivea
in between the criba and the asides of the shaft. The beating
stemples may bear and rest om blocks. The distance apart of
cribs may be 2 feet 6 inchen to ¢ feet. Lagging may be used
behind the cribs.

If the wall plates of cribs are linble to be bent, they may be
E;opped by cross-bars, buntons, or dividings, sud to prevent cribs

ing forced out of ehape, inclined struts or stringing planks
are used. Stringing pieccs may be notched against the cribs
and hald in position by cross-bars, or spiked.

‘When one frame or erib is placed npon another, the lining
forms solid crib timberin %

Frames are kopt apart by corner picces, studdies, or joge,

Flank or Box Timbering. —This consista of planka
6 inches or 8 inchea deep and 2 inches to 4 inchea thick, notched
?ether to form a box ; the ends of the sides of which may be
left projecting.

These boxes are sul by their ends or on stemplce, and
they are packed behind with attle or clay. This timgering ia
onlg suitable for emall shafts.

ircular shafts may be lined by planks bent to form hoops
with lagging behind, or with wooden criba built up in sectiona
and propped apart. These are lined oo the inside with planks,
on inside of these again lighter cribs may be placed.
;V]aer}tl: the pressure ia great, the cribs may be 9 inches X
inchea,

In sinking, & depth may be reached equal to the length of the
la%ging, say 4 feet. llere aerib is placed and the lagging placed
behind it. A second crib is then placed on props {punch props)
at & height of 3 feet in front of the lagging, and so0 on up to
the aurface., The excavation now procecds for another 9 feet
parallel with the fneide face of the crib first inserted, which
may be eupported by rods, cheins, or stringing deals from the
sarface, by driving in bars beneath it, by props from below,
or hy a portion of the earth or rock beneath it, this being
removed gradually.

Bolld Criv Timbering.—Where pressure due to a head of
water hag to be resisted, one solid erib is placed mpon snother.
The lowest in the series is wsually a wedging eurs or crib. The
crogs section of the timber out of which it is built is greater
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than that of the crib it carries, Between it and the walls of

the shaft ;h;gmofis B p];nk ahea , which 1.; forced bzzlck
egainat & mosa by a series of wodgee—the moss being
between the sheathing and the walls.

Sinking In Soft dround.—In eoft ground the method is
similar to apilling, °¥at to be described. By driving diverging
apills the pection of the shaft remains constant (Duteh cribbing
or framing), If the spills are driven vortically, the diameter of
the shatt is decreased at each length of timbering by an amount
equal to twice the thickness of the erife and spilis,

Another method, by which & short length of soft ground
may be passed when descending from the eurface, is to make a

conical excavation, Hmber or brick vertically upwards,
msotflim' be penetrated by sinking a lining or d

ma i a or drum

curb, formed by aysuw;’gon of aribe or tulgs pmvidgd with &

cast~iron shoe. As the lining descends—being forced down by

screw presees or weighte—ite length is increased above und the

e eont doshonl keep the d oal, eapeciall

great difficulty is to keep the drum vertical, especi

when obstacles like boulders are met with. ¥

For details and drawings relating to the above notes see
“ Mine Timbering and Shnft Timbering,” by J. Clark Jeffor-
son, vols. VII. snd VIII., Proccedings of Chesterfield and
Derbyzhire Institute of Engineers.

s Mothod,—This method ia applicable to depths of
80 or 100 feet. It consists in einking a drom-headed oylinder
of boiler plates, which, being filled with compreesed air, prevents
the access of water. By means of an air-trap workmuen can
enter the oylinder and on the work of excavation. It
was firat emp, on the Loire, and in a modified form it is
now being in Victoria, Australis. The preasure of the
atmosphere cannot exceed four & without affecting
l.i&;:' ggrhnen, and thus the depth of descent, aa in diving, is

1 +

Guibal’s Method,—This method consists in foreing down-
wards 8 oylinder of wood or iron which has » dis)
scross it centre, from the middle of which & large tube rises
upwards. As the ¢ylinder descenida, the water rises in the tube,
and onrbe are inserted on the inkide of the aliding-cylinder.
gl;:wlea are removed by touls which are passed down the
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Mnd and Ohaundron’s BMethod.—By means of
¢repane (boring tools) a abaft, 4 or § feet in diameter, is ezon-
vated, which ia emlarged by other tools to 10 or 15 feet. After
this s series of iron oylinders are gradually sunk in the excava-
tion aud the holo lined. The details of minking the lining and
rendering it water-tight are important features in thie system.
Tt has been snocessfully employed in several countries. The
syatem necessitates considerable etrength in the aides of the

Hinoe 1878, altogether 16 ahafts have been sunk by this
method—3$ in Belgiom, 3 in France, 7 in Germany, sud 1 in
Englund.

Postschs’ Method,—On the area where the shaft in to be
sunk, a eeries of holee are put down and lined with
tabes, through which a freezing mixtare is cavsed to ci o
uatil the ground bas solidified, after which the excavation can
be carried on. The method is not unlike that praoctired by gold
melaon in Biberis, wtl]zlo Mththe Imtlaomd 51{ s riveir by
ontiing a pit through the ice an owing it to
thicken geneath. After thickening, the excavation is .
In May, 1891, at the Lens Collieries, the site for a shaft
137 feet 9 inches was being frozen by a solution of cal-
«ium chloride at —12° C. being cireulated through the lining
of 28 bore holes. Altogether, to complete the freezing, it was
expected to take 120 days,

Iron Tubbing.—If tubbing is in complete rings, ae in the
Kind and Chaudron syetem, it is diffoult to put in and difficalt
to repair. Itist.henlee usually built up as a series of flanged
Elrtm,iinch to 1§ inch thick, and from 1 to 3 feet square.

tween the jointa § inch to & inch of sheathing is inserted.
The twedging curd at the bottom in in the form of & hollow box.
If the flanges of the plates are on the inside they are conve.
fueﬁi; t?:i the attachment :fhﬁhe _shaft fittin &.ﬂs,A: iron bl.;

is scomposition, especially in up-cast it may
varnished or lined with brick or wood. Should any fractures
occur, they are unfortunstely hidden by the lining.

Shaft lininge, whether of iron, masonry, or wood, shonld be
stronger below than above, ‘The thickness of the lining varies
with the dismeter of the shaft sud the height of the column of
water to be eupported.

If R=the radius in metres of the circle ineoribed on the
exterior of the polygon, Hwthe height of the column of water
in metres, then Pernolet gives the following formuls for the
thickness of the tubbing : —
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E=thiokness in metres.
For wood, E = % (a)
For cast-iron a8 used by Kind and Chaudron,
E=5im ®
For groater safety Chandron takes,
E= 15?003 + 0020 0

For the thickness of cast-iron tubbing Greenwood gives the
following formula :—

X=required thickness in feet.
Pavertical depth in feet,
D=diameter of pit in feet,
ron
X - —_ .
03 + 505000 @)

It the stndent testa the above formula, he will find the reenlta
obtained from (¢) too high.

The thiocknesses actually employed are nsually determined
from experience, ¥

Cost of Binking (dgendas Dunod).—The average cost of
sinking a shaft 4 metrea in dismeter, or 16 metres square, per
running metre, ia approximately as follows:—

1. Bolil ground nowa!.lilir e e $60 %0 400 franes.
2, " w  with walling e BOtO 600
4. Fissured ground, water io rmall quan-
tity requiciog timbering but not
Wote 1,200

PUmMPInE ...
4. Gromd traversed by the Eind-Chan-
wdtronsystemdnnd lined wl;i:i:mn g'%;n 2:,% "
. ntery ground requiring heavy pumpa o
. Buy ?cfal sands %ot mors than 80m. ’ *
thickness, traverned by compressed
e e e e e o B000 0 8000,

3=
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Cost of Blnking in Coal Measures (Herivek)—

Total labour oost of sioking and walling ... per fathom £25
Contractor for sinking and small stores ... " 14
Making walling bedneack ... ... .. ' a4
‘Walling with fre clay lumpa ... ... .. ' 15
Tubbing with castiron .. .. .. .. %0
Plank brattice " 2.1
GQuides of wood ... 0.1
2.1

1.

60..

SRD

Guiden, iron or steel {515 ibs, per yml) "
Wire rope guides
Total cont of Sniched pit, abont ... ... -

sﬂl

Cost of walling a pit 14 feet diam. with stone may be from
£15 to £20 per fathom. Metal tubbing will cost £50 to £60
per fathom, exclusive of fixing, which may be £1¢ per fathom
extra. Brick lining may cost § less than stone. (See Cost of
Breaking Giround, p. 92.)

Shaft Fittings. —Where shafte approximate to a steeply
inclined level, stops may be cut in the floor, or they may be
boarded to form & staircase, Near Salzburg men enter the
mine by sitting on wooden rails snd sliding down the inolined
chaft. They return by stepp. When sinking, men des¢end in
a Eibble or on & cross stick. In parts of Spain they descend by
:iﬁtﬁ:gmwith ons leg in a loop, & second loop passing round

o .

Ladders.—Ladders are chiefly nsed in metal mines. Men
can sacend on stemples, Ordinary ladders congist of two cheek
piecea ummally rectangular in section, say, 2 inohes by 4 inches,
pet 12 inches to 14 inches & by & eeries of staves. The
staves are either rectan or circolar in section and
thickened in the middle, p 10 inches apart, Iron staves
are trying to the hands, and when worn becoms sharp, but they
lnst much better. An sngle of 70° is  good inclination for a
ladder. When vertical |'.%o centre of gravity of a man falls
outside the ladder, and the strain on the muscles in lifting
caures unhealthy fatigue. The feot of each ladder resiaon a
stage, the upper end pm;l;ﬁ tbrough & man hole {s¢/lar) in an
upper stage. Undergro ladders do not ususlly execeod
6 fathoms; 2 and 3 fathom lengths are common.

In shafts with the seta 4 feet apart—ladders may be nsually
about 16 feet. long—+the soliar being on every 3rd set.
i e et S B,

engthened as the ing , &re Dol
ged while b u.seg 7
ers may be to depths of 100 or 200 fathoms.
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Work dome on Ladders.—In s mine 200 fathoms deop
from the bottom of which 300 miners, sach weighing 150 Ibs.,
ascend daily ; the work dons in ascending is 200 x 6 x 300 x 150
=54,000,000 foot lbe.; and in & year of 300 days, the work is
16,200 x 10€ foot 1ba,

If a day’s work is worth 4s., and a man accomplishes
1,000,000 foot 1ba. per day, the value of the above work would

£3,240, or eufficient to pay for the employment of engine
power, and thus enable the miners to go mﬁ return from their
work without fatigune.

Man Engine {Fghriunst).—These were first employed at
Clausthal in 1839. They were independently invented and
employed in Cornwall in 1842. Colling says that a man engine
was noed at the Tresavean Mine, Corn in 1835.

A pingle man engine consista of a series of rods, like pamp
mals which dodgg owi]lt;te i.te;l: sod g.?w-n tﬁa shaft. At ;uctgz
vals correspon to the stroke stepa are pla
At the end of each stroke theseg:t]fle are in front, and near to,
a series of etepe fixed on the side of the shaft. In descending,
& man stepa on to the step on the rod, snd descends with it
until opposite a fixed step on the side of the shaft. Here he
stops off npon the fixed atep and waita until the rod has moved
upwards, to bring the second step on the rods in fromt of his
position, on to which he moves and descends to & second fixed
stef; in the shaft,

1 & double-acting man engine two rods move side by side,
but in alternate directions. Each of these i provided with
mplie. which come oppositeto esch other at the end of each
sirol

- By moving from & step on one rod to that on the other at the
end of each siroke & miner may ascend or descend,

Motion is given to the rois by & crank working & rocking
beam. By this means, although'the crank has a continuous
motion, at the dead points of revolution the motion of the rod
is reduced to zero, and the miner has time to move from step

to step.

The balancing and the regularity of motion of two rods is
secured by—1. Coupling the rocking beams together. 2. Bya
rack on each rod working in & pinion pl between them.
3. By conmecting the two rods 1y a chain ing over & pulle
fixed in the shaft. 4. By plungers attﬂcm the rods, eacl
working in a chamber containing water, the two chambers
being connected.

The speed may be regulated by the rod raising s plunger
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which, as it rises, sucks water in at a velve. As it dessends,
the water t;;ospea through au opening, the size of which may
be regulated.

Fogu:afety, in onse of accident, ssteh pieces are placed at
jntervals on the back of the rods which overhang or embrace
bearers crossing the shaft. If & brealtage occurs, the rods may
either fall or, in consequence of the balance bobe, fly apwards.
The catch pisces ooming in contact with the bearers regmlate
the length of this motion.

Leogth of airoke, § to 12 feet. The rodas are 7 or 8 inchea
aquare. Sometimes they are made of angle iron or iron rope.
The weight of the rods, with all connections, is about 25 cwt,
per fathom, and the cost of » man engine, with driving engine
eomplete for 200 fathoms. i+ about £2,000 to £2,500 {Colling).

For further detaila ses  Mining Statistics Weat of the Rocky
Mountaine” (Raymond and Blake),



- LEVELS.

Uaristy of Levels. — Adit, sough (Derbgshire), tter
{Moud;hin)t Bhallow o;gta, adite. Drift, h]] 'way,
orogs~outs, cut-outs, branches, tay roads, gaies, rollyways.
ig brow, durk drifie.  The ead of o Jovel e called tho foxe.

or

Pimensions of Levels.—Leovels for exploring or costeaning
ma{ be 23 by 4 feet. Main levels are nsually 3 by 5 feet to
:ée]y'?faert.. In metal mines they are uwually the width of

ode, while in coal mines they are ususlly the height of the
scam. The width greatly ds upon the strength of the
roof. A double road for two lines of rails may be 4 or § yards

Jn England a drift (6 feet by 9 feet) through coal and soft
materiala costa abont 30a. per fathom {see p. 93).
Adit or drainage levela may be 810 12 feet high, and 5to 8
feet broad. In soft ground the gradient may be 1 in 200
g-ﬁ.gthl 1101002 per yard), and in hard ground 1 in 600, and even
in 1,000,

The County adit in Cornwall draine 30 squsre miles. Itis
40 wiles long and 30 1o 90 fathoms deep.

The Berumont adit is 6,567 yards long and 70 fathoma deep;
gradient 1 in 660.

The Ermnat August adit, Clansthal, is 18 m. long (25,966
metres). (reatest depth, 222 fathoms; sectional area, 10 b
6 feet; gradient, I in 2,000, It took 13 years to make, a
coat £835,500.

The Sutro Tuunel, 4 miles loug (Comstock Lods) ia 10 by 12
feot square and 2,000 feet deep. It was completed by nine

distinct bollnfs

To drive a long level quickly, work by meane of shafts from
seversl points, increase the number of shifts, use machines,
employ picked man, snd drive a narrow gallery ahead,
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Position of Levels.—Usnally in a lode, but if outdde you
get an uninterropted road. I partly on & foot wall you obtain
& good gutter for drainage, but a bad roof.

ﬁ lodes with slight dip, the levels are clops when the
distance between them is measured vertically; if far apart,
the expense of putting in ;mn may be cfreat. In determining
the distance apart, conmider the cost of driving, the coet of
underground transport, which ia nsually cbeaper if there ave
many levels, the distribuiion of the minerals, the method of
working, &s. In Cornwall levels were uwsmally 8 fathoma
apart, now thoy are 13 sud 15 fathoma apart; in Sarony 20
to 40 fathoms apart.

Tmbering and Walling,—As to whether an excavation
shall be timbered or walled, depends upon the material and
worlmen in the district, the length of time that the excavation
is to remain open, &c. Timber is put up more guickly, is
cheaper, and occupice less space than masonry. It accom-
modates itself to smsll movements. Masonry is stronger and
more durable than timberwork, but it can only be put up alowly;
also it may crack. Levels are sometimes supported by ivom.
W'hekrle olg rails can be employed, it ia oheap and can be srected
quickly.

Varietios of Wood.—Leaf wood has a compact core, but
is soft ontaide. Pine wood ie soft throughout snd containa
turpentine. Pine also has erap wood,

English oak is durable under all circumstances. It may last
twenty-five years or more. It is strong, but occurs in short
lengths, Beeck and birch are stroog, but liable to red ror, and
decompose in s 8 t atmosephere. .doacia resisis decom-

sition ; tough and flexible, .4ah may be bent; used for

anriles, tungs of Jadders. E/m, used for frames and curved
work.

Hard wood, like oak and olm, nsed for cribs, coats in
England 3s. to 4a. E:Ecubic foot,

ine decays in a atmosphere, but is light and cheap, and
therefore much nsed. In England, Beotch fir { Finus sylveatria)
and apruce (dbies sommmunis), or red and white wood, is
imported from Norway and Sweden. For pump r4, bead-
stocks, pltch pine is imported from America. In Cornwall,
Norweglan pine, delivered at the mine, costs about ls. per
enbic foot. American pitch pine, nsed for pamp gpears, costa
la. 9d. to 2e. 6d. per fool. ZLareh is similar to pine, but
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containing more regin, in not eo liable to rot. Fir is more brittle
than pine and larch, and more suitable for timbering in

water.

Wood is begt out in winter and barked to dry. It ehould be
stored in sheds, where it will be dry and be open to a free
circulation of air. In coal mines timber ia often destroyed by
crushing. By dry rof {imber is converted into a white powder.
By damp rot the timber becomes alimy, It usually ocours
wiere there ie variation in moisture. Ubder pressure, timber
may be desiroyed in a few weeks, but under good condition
oak may last twenty-five years, and pine six or eight years. In
old workinga, timber which has E:n constantly wet has
laated from 100 to 300 years. In some of the Hartz mines the
shaft timber is purposely kept wet.

In Enoglish collieries the cost of timbering is from 4d. to 9d.
per ton of coal worked.

Timber may be preserved by charring, covering with tar,
lime, or cement ; by removing the sap by water or ateam, and
then filling up the pores mg: salt, zine sulphate, copper sul-
phate, tin, zine or mercury chloride; by (reating first with
phosphate of soda and then with barium chloride, bariam
pheephate, which is a solid sbon{lwsubstance. is precipiteted
m the pores of the wood, while soluble sodivm chloride
which ie eimul{aneously formed may be washed away,

Timber saturated with crecsote has a strong emell, and is
therefore objectionable when used underground. It is aleo
injurions to the hands, and should it squirt when hammered,
may burt the eyea.

e square section of & piece of timber which can be cut from
8 given log is approximately four-fifthe of & quarter of the
aquere of the mean aircumference.

Timwring Levels.—In coal mines many preps or posts,
with a Jid or cap above and si!/ beneath, are employed 'They
may be withdrawn by a hooked lever and chain, called a dog.
If the upper ende of lege are hollowed they are apt to aplit.
Legs may cfre\rented from being foreed inwards by wedging,
nailing, noiching, or a strut. Lege and their caps, Aead pieces,
or ¢ollars, may be united by W.Iglg, the mature of the joint
boing regulated by the relative amount and direction of

8BTS,

Stemples, or stull pleces, may have to sapport a hanging
wall and 8 load of attls, or deads. One end reste in 4 stemple-
motch, or hiteh. The stemple is usually so placed that sany
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movament of the hanging wall tends to wedge it tighter,
bringing it into a direction &erpmdlcnlsr to the go wal.zy
The rise, or difference, from epe?andiouhrin the direction
of a stemple may be from 10° to 15*. A aimilar tendency to
wedge may be obtained by properly shaping the ends of a
stewple. Similar principles sre followegmig inclined ooal
seams, Wedges, or lids, may be used at the end of stemples,
corresponding to o:.&pieoea, nsed with props.
hiB};n' xg, or chock timbering is used for great preseures or
gh roofs.

A spimple form of roof timbering consists of a series of
stemples covered with lagging. In wide lodes stemples may
be snpported by strute from the hanging wall. In flat lodes
the strut rests on the foot wall. Stemples may be supported
by struts from both walls. Rafter timbering is where two
stemples rise from the walls to meet in the middle of the lode,
where they buit against a plank.

In stratified deposite levels are usually supported by two
leg pieces snd s cap. If the levels are wide, a central prop or
sirut from the legs may be required to support the cap. Above
the cape lagging may be employed, and the frames or door sets,
consisting of leg pieces caps, may require backing bebind,
and stringing pieces to keep them apart. Siringing planks,
held in position by struta or stemples, are employed to sapport
the sides or walla of a lode with a soft floor. Bole pieces, or
sills, are placed beneath the legs or stanchions.

In salt mines 1he floor ie sometimes timbared with an inverted
arch of wooden blocks. A level may be completely arched in
this mauner,

Driving in Boft Ground—Spilling is timbering which
is carried on simul{aneously or pa ¥ in advance of the
work of excavation in running or quick ground.

The rzitlls are planks about 2 mc(i;es thick, 4 inches wide, and
or T long. These are sharpened by elightly bevelling
one end, so that when they are driven into the soft ground
horizontally they rise or diverge. The method conaists in
driving apills into the end of a level and then excavating. The
spills are au a8 the excavation prooeeds. If the ground
in very quick, breast or closing doards will be required to support
the face of the level. This method has some resemblance in
principle to that which, in 1823, enabled Brunel to drive
the mesa Tunnel, the sactional aren of which was 33 feet by
22 feet 6 inches. Heo employed a shield of iron made up of
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twelve frames with three cells in each. The shield was forced

forward by hydraulic rems, and brickwork inserted in the

:Ece thus gained. To relieve the pressure behind the shield,
vells could bo opened.

Mr. Victor Simon, o Belgian engineer, devised a plan for
penetrating soft ground which hes aucceeded where ordina
spilling han failed. This conuista in cover:‘::egtheﬂoor, rocg,
and face of & level with a mass of conical ges, each about
3 feet long. As thess are driven forward, the space which is
open is filled with selid door sets.

Archwork and Walling.—The thickness of an arch in
feot — 0694 x radius in feet 4+ 1 foot. It should mnot be lesa
g e, £ to & inch yard of
. eight of crown = § 6 inches .

Under pressare, 8 inches per yard. IE'()E:,er inverted am,

3 inches per yard.

An ngz feet wide and 11 inches thick will hold 45 feet
g attle, The pressure is the weight of the attle less ita own

ction.

In an inclined lode, arches to carry attle are placed so that
their spri:Eing line is at right angles to the dip.

Bide walle have a batter of 1 inch to 1§ inches per yard. For
f?ﬁﬁg%;]fﬁn s&estth:ogjrgn b it i, zhinamchngm

inch. are aplitting, ing, ing,
and overtuming. Fora wall'g)tgo be gvartumed? the line of
registance, which for & mﬁiﬁulu wall is an hyperbola, must
fall ingide the foot of the wall. Orughing atrength in lbs. per

equare inch :—
Brick . . . . . 50— L000Ilbs
Limestone . . . . 4,000— 5000 ,,
Granite ., . . . 5000—10,000 ,,

Dry walling only resista crushing. In English bond a course
congists entirely of headers or of stretchers, while in Flemish
bond each course consiste of headers and sivetchers.
epaces between masonry and the roof or sides of levels must be

carefully packed. Sand forma s good packing.
Cost of Avching {Collins)—For a drift 8 feet x 7 fest one
K«kthiok,with]imamortarmd well rammed behind with
¥ —
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£ e d
1,500 bricks, at 20s, perl.000 . . 110 0
Lime, 2 ewt. at 0d. . . 1 6
Band, 6 cwt. at 24, . 10
Labour of layingandpnggmgbeh.md 0 0

Total cost per fathom . . £2 2 6

If thers is an inverted arch below, the oost im one-third
11101;10. I half & brick is sufficient, the coat is three-cightha
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General Wotes.—In mines with irre roads it is neces-
eary to transport materials in ba ots, or traye. In work-
ing the chtrns of ironstonme in the Forest of Dean, boys carry
from itoi ewt. in & tray called w diliy. To carry coal along
a working face to & gob road, sleds are often used. Originally
the coal wae placed in large baskets called corves, which were

on the sled and carried to the bottom of the shaft.

Nuarrow wheelbarrows with a Jow centre of gravity sre some-
times used underground. In Cornwall a wooden barrow with-
out legs, costing from 8a. 6d. to 12a. 6d., carriee from I cwt.
to 1} ewt. The iund is a four-wheeled wagon used in Ger-
many. The front %af wheela are placed almost under the
centre of gravity. en it is it ia slightly tipped so
;hnt it runs ¢n two wheels, while when standing it resta on
our,

Trolleys are four-wheeled flat trucks without sides. In 1775
Mr. Carr, of Sheflield, used iron tram platea.

Nicholas Wood, who experimented on haulage, says that on
8 good road on the surface s horee will draw 133 tons 1 mile

day. Underground, with wheela 1 foot in diameter, it may
o0 w 30~—30 tone ; but if the wheels aro less, it may only draw

Kibbles, or Barrels,—Of wood or }-inch sheet-ivon; 22
inches at top, 34 inchee in the middle, and 15 imches below,
Bkripa, or boxes, which run on guide rollers are about 2 feet
square and 4 or § feet long. They carry 6 to 10 cwt.

Kibblos are usually suspended on trunnions which pess
through holee in the handle, the t of suspension being
below the centre of gravity of the kibble.

Puve.—Tuts ought to be light and strong. The wheels may
be—1. Fized on the axle, as on ordinary raitroads. 2. The
axle may bo Axed and the wheels revolve on the axle. 3. Ome
wheel looss and one fixed to the mxle. 4. There may bo ea
many sxlea an wheela.
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In the first system, when passing round a curve, ingsmuch as
the two wheels on the mame axle do not pass over the same
distance, one of them must be rubbing while the other in roll-
ing. In raonniog round a curve, in consequence of the inertia
of the tub the flange of the outer wheel grinds the
inner ade of the outer rail. 'Wheels which are alightly coned

obviate this. In passing round a curve, two
axles of & tub do not tend to remain parallal, To allew for
thia tendenoy to deviate from parallelism, play of, say, # inch
in given to the wheels. If a tub is turned round on sucoessive
journeya along the eame cnrves, the wearing of wheels and
hearings such as those just mentioned may be equalised. The
flanges of wheels are slightly rounded. Such a form offers
resistance to dersilment, and & tub is easily placed on its track.
“Wheels are usually 74 to 15 inches in diameter, and axles
1} inch to 1} inch.

The height of tubs may depend on the thickness of the seam.
8mall tube carry 3 to 4 cwis ; ordinary tubs carry 6 to 11 cwts.
In Bouth Walee there are tuls carrying i toeal‘}tons. me
tuba are diffioult to handle. Percentage of dead load to use
load ie from -26 to -50.

A wagon 30 inches x 42inches x 20 inches holds about 1
ton of iron ore.

Tuba carry about 50 1ba. of unscreened ooal per cubic foot of
contents,

Ordinary tobs sre usually constructed of hard wood, like elm
or cak, £ to 1 inch thick.{omdwith angle iron. The rect-
angmlar boxlike form is the commonest. ismatio forms ere
also used. Iron tube are lighter for a given eapacity, but they
are diffloult to repair, Rectangular forma slig?t‘l:;{oﬂ]ed are
oonsidered good designms. Leungth, 3 feet 7 inches; breadth,
2 foet 6 inches ; depth, 1 foot 10 inches. The axles tum on
stool bearings. On each side there {s 5 fixed and a lovse wheel,
Egollien tuba at Pas de Calais weighed 110 k., and carried

At Blanzy, loose wheels on loose axles have been used. The
journal box is oval, and the play thus afforded diminishes the
ch:;ltoe of derailment. Well-greased waahers keep the wheels
apart,

At the Pleasley Colliory, tubs carrying 13} owt. with 13}.
inch ateel wheela{ 2-feot gauge, woodeg , 1 sheet.iron
ends, weigh 7 cwt.

By elbowing the sxles the bottom of the tub comes below
the axles. In this way the height is reduced, while s large
capaoity and an increased stability are obtained.

teel tubs—as, for instance, thoss made by Hudson & Co.,
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carrying 11 cwt. of coal and ocosting £4 10s.—are durable and
satisfactory.

At ocoal mines, on reaching the bank a tub ie run into &
tippler, or tumdler, and ita contente discharged upon the screens.

Resistanoe to Traction or Rolling.—The resistance to
fraction may be estimated—

1. By determining the force required to keep a tub in motion.
This may be dome by attaching en apperatus like a strong
spring balance to the line which pulls the tub.

2. By finding the least inclination which can keep the tubs
running. The tangent of this slope is the coeficient of resist-
ance to traction.

3. By o%%i:innee up an incline which & tub will
run after having another incline,

4. ]3 nof the time taken bi‘a tub in running down a

slope of given and yiven tion (Herivnle).
Let L = length of the incline in fest.
H = height " 1"

T = time taken to descend in

W .= weight of tub in 1ba,

R = friction in lbe.

@ = angle of inclination of incline.
g = gravily = 32,

R = W(sina—-g—z-z‘g).

This friction usually varies between &5 and 37 of the weight
of the loaded tub. On ordinary railronds at low speeds it is
about 81bs. per ton, ‘With tubs it is from 2 to 4 lbs. per owt.

The reaistance to rolling on a level may also be expressed.

Let W =theload in a tub.
¥, = the weight of the wagon or tub and its frame.
W 3=the weight of the wheels.
W1+ Wa=the weight of an empty wagon.
J =the coeffidient of friction of the axle snd itr
Say 018 to -035.
I



114 MINING OPERATIONS,

Fumgoeffictent of rolling friction. BSay -001.

r=the radius of the axle.

R=the radius of the rubbing portion of the wheels.
§=the total resistance to rolling on a level.

Then S=F(W1+W+Wz)+%ﬂf7+ ).
The coefficients given are for railroads. See Molesworih.

Raaistance 1o bemmmo,or Foree of Traction on a
Slope of Inclination :—

Asdcending—

s,=%(rr+ W)« (W + Wi+ Wa)sin i,
Descendivg—

s,—%um W) —(W+ Wi+ W) sin .

This and the next two formulee are given as in Callon. On
8 badldy laid tramway rolling friction may be considerabls, and
should be introduced as in the last formula,

To reduce the force of traction, make f small by polished and
lubricated surfaces, make the axles small, increase the radiua
of the wheels,

In reducing the value of r, the strength of the azle has to be
considered, while when incressing R the ht of the tubs
must not be overlooked. In practice we may have—

-],
f { For wheels <20 m. {0 *25 metres in diam. this
Z=-1 may be increased, while for wheols of -50 m.
2 | dism. it may bo loss, say 1.
Fi+ Fe="4 W,
Wim 25 Wo'29 .
Fa=-11 W.
§-2+0129 77 on a level for 4 full wagon.
8=-0029 ¥ for an empty wagon,

For a full wagon the resigtance is therefore about four
times more than for an empty wagon.

Slope of Equal Resistanes.—This is & slope on which the
work done in taking the full wagons towards the shaft equals
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the work done in returning with the em wagons. This
slope i is given by the fo]lowging formula :__pty

Smi=0, ___ W
TR R Wi )

The value for sin + in practice is about 055, and the &l
is 5 or ¢ millimetres per metre, or 1 in 200, André gives
1in I11.

On such a ﬂ:g the force of {raction or §1=-0051 ¥, or 5
thonsandths of the weight transported,

Blops of Equilibriam.—A alope of equilibrium is one where
the full wagons, when once started, will continue in motion
by themselves. In such a case the trammer rides behind the
full wagon to the end of it journey, his only work being to
push the em;»t'y wagons back to the starting point. Such

alopes are on long well-construoted roads.
nch a slope is given by the following formula : —
Bine=t? , W1

BH A1t P2

In practice Sin i may equal -0092, or 10 millimetres per
metre, or 1 in 100. André gives 1 in 61, but it might be
1 in 88.

To bring back the empties on such a alope the force of trac-
tion F,="0066 7 or 6 t0 7 thonsandths the weight moved.
{See Callon.)

Roads.—The narrower o road the less resistance is there on
the curves, but the tubs are more unstable. Xails are often
flat iron bars 1} inches by } inch to 23 inchee by 2 inch. These
aro fixed in sleepers 2 feet to 2 feet 3 inches & by wedges
driven on the inside. The ends of two rails ehould terminate
at a notch. Bridge mils, T-shaped, and double-headed rails
are nsed on main roadways. 'They weigh from 10 to 20 Ibe.
per of length, The ordinary rail now used is flat-bot-
tomed snd weighs 12—15 lba. per yard. The gauge 1214
inches, Minimum radiue of curves, 6—10 feet.

Bridge raila weighing 14 lba. per yard, spiked with 2.inch
nails to sleepers 7 inches wide, 2 inches thick, ooet about 3s.
to 4a, 64, er yard, The gauge may be 36 inches.
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Blevation of Rails at a Curve {Holesoorth).

Let A = elevation of culer rail in inches.
W breadth of line in feet.
¥ = the velocity in miles per hour.
R = radiuvs of curve in foet.

g

Then 1% 7.

The section and weight of rails vary with the load they carry
and the gange.

At junctions where & train of tnbe has to pass, movable points
are used. For single tubs these aro not required. At rectan-
gular crossings w tubs may be turned, iron plates and
guide rails are employed. With inclinations of more than 1
in 39, aelf-acting plenes, where the foll tuhs deacending pull up
the empty ones, are used, For vawr{ 4 inclines the tnbe are
carried down npon trolleys with a level floor. On self-scting
Planes, brakes are required. Thess may cotsist of 8 seegment of
wood or an iron band. To prevent a rope slipm it may be
carried severa) times round a single pulley, or snd fzrth
round two pulleys. A pulley with & conical greove lined with
woqdil:rn pluga grips a rope. Fowler's clip pulley anawera a
aigni .

To lessen the chancea of accidents from runawey tubs on
self-acting inclines, st the top of the incline there should be
stops wa]ﬁ:}d the tube, and at the bottom seizers to hold the

or .
'o avoid friction on s self-acting plaue, the of the ro
in carried on shesves placed between the rails. e pe

Self-acting Inclines (Merivals).

Let L = length of incline in feet.
H= height of incline in feet.
a = angle of incline.
F= weight of full et in Jba,
E = weight of empty set in Ibe.
T'm= time running in seconds.
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weight of rope in 1be.

weight of rollers and sheave in lbs.

eoefficient of friction of tubs on level road.
coofficient of friction of rollers and cheswe =
about ‘03 on average.

W = weight in lbs. of the whole mase in motion.

P = foroce in lbe. moving the seta.

R
&

h

Fun

Then [P= Foina— {mFeose + mEooss +m'S+ Bsing + Bsing }
= Feing — {m co8 6{F+ E) + 'S +4in a(E + R} }

butaina=%andoosapawﬁoally= 1.

P=1%Y-{M(F+E)+m'8+j—g(1€+ﬁ)}.

5L
T= 1’ g {%E-m(nz)mm g(mm}

m{F+ B} +m'S+ :;7%51

_g-
£ P H

Comparison of Work done by Ben and Eorsss.—Irom
iments made years ago at the Mine Vicoigne it would
:{pear that the gain in employing horses underground to do
¢ &ame work as men or boys may be expressed as follows :—

If the guin in money on carrying 100m. be z, then the gain—

For 200m. = Yz,
. 300 = 3y,
' 400 = 54z,
” 500 - 62z
. 600 - 6ls
»  T00 = 67z
,, 800 = 7
. 900 = Tis
» 1,000 = 85z
» 1,200 = 105z
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The useful effect is greatly influenced by the nature of the
road. f{utat says that at leroi, with & si:rnig];t;foad ntﬁd
& 8lo 005, metre, & young woman may orm the
workpgf 1,500 kilol;erper k:ilomog: At Mona the same work is
difficult for & man,

Haulage by Stoam Power.—1. Tus/ Rops System. A train
of 10 or 20 tubs is drawn by & rope coiling on a burm, at the
same time & amaller rope (tail mp%hi;nuooiled from a second
drum running freely on a shaft. is latter Tope passes over
s, eystem ofhﬁu]leys, and ia attached to the end of the train, so
that when the train has reached its destination near the hanling

ine the second rope haa been uncoiled for s length oqusl to
double that which the tuba have travelled, and 18 therefore
ready, on reversing the engine end throwing ite dram into
gear with the shaft, to draw a train of empty tobs back to the
point from which the full tube started.

2. Endicss Rope or Chain Systems.  In these systems s chain
or rope pusses round two pulleyn, one mtusted at each
end of the line along which the tubs are to travel. One of
these pulleys ia driven continuoualy and elowly in one direction
so that part of the rope or chain is continnoualy travelling in
one direction over the centre of omne line of rails, and the other
in an opposite direction over the centre of another but el
line of rails. The full tuba are fixed at intervals on to the ro
or chain h-svall.i.:g over one seb of rails, while the empty tubs
mﬂ:imj]arly fixed on the rope or chain over the other line of
ails,

In the first syatem two drums are each provided with brakes
ond can be separately thrown in or out of gear with the shaft.
When ha full tubs, the tail rope drum ia out of gear.
‘When empty fuba are returning, the tail drum is in gear,
and the main rope drum is out'of gear. rﬁe tail rope is car-
ried along or down & level on 8 aystem of pulleys placed in an
angle of the roof, UPf.he centre of the line of reils & serier of
aheat:ﬁs are placad to t'];l:e fricti ioned bylthehrsin
or ropes sagging on the ground. Here a sivgle line of
rails ia cmf; required, but one engine may drive fu:n:.lg druma to
be used ‘l))u t:}r]o different levoul:i. f’I‘i?e ]ilg gmt in the mt!ilnrn

ourney, but this is compenea 'or igh speeds va
12—13‘1]'?;1;1‘)31- secg:d {10—15 miies gerhon.r). Sgong

roges AT¢ req .

2 thfat:;l Rops Sy:tom.b—erth inclina.t:gn of more tha.:a 1in
rope may dispensed with, ag emy to

gravity alone will drag out the main rope as thl;;ym
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towands the starting-point. To avoid the running sway of
tubs behind the last In a train, a trigger or devil ia placed,
which, #0 long as the tubs are ascending, trails on the ground.
A bridle chain will hold a train of tubs together.
‘With the nomenclature of p. 116—
P=Fgin¢a—{m cos o E+m'S+m'R).
and wo get

EH , ,
P:T —{”!.E'I‘MS‘I’!NR}.

1/ LW
=V 4 {%E-(mz+ m’S+m’B}}

ces ooy P2L
b hliead (Alerioate)

= E

Tn the endless rope or chain system, to prevent a rope from
elipping, it cither passes several times round & pulley or &
special pulley (Fowler's clip pulley or & V.groved pulley fitted
with plugs of wood) may be employed. Fowler's clip pulleys
are neuslly employed to transmit power to & wire nsed for
haulage, or to turn e shaft at a distance. Theee pulleys are at
either end sufficiently high to clear the tabs, but the vhain by
ita sag reaches them at a ehort distance, where it catches in
forks flxed to the top of each tub. Sometimes the rope or
chain rune between the tuba, and theee are attached to the
m%?hby clips (Hanson’s clip, Humble’s clip}.

e gpeed i ucually about 6 fest per second (4 miles per
hour}. At the u end of the line the tube run down an
incline and catch the chain automatically. By an incline at
the lower end they disengage themselves automatically. A
aimilar amwent enables a tab and the chain to pass round
& carve, at which place the chain is raieed by a guide pulley.
As the curve is approsched the tab is disengaged by the chain
boing raised, a:ng it Tune round & slope and agsain epgages
iteelf with the chain after pasging the curve. The tubs are run
on to the line at intervals of 20 or 30 yarda. After a tub has
reached a certaing)int, it may be caused to give an automatis
nifmﬂ indma:i;i at another tub may be started. The weight
of the chain to the frictional reslstances on the line.

‘With a given velocity more tube can be conveyed in a given
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time then by other systems. On an incline, the weight of the
full tubs assista in raiging the empty tubs,

The endless chain system is euitable for straight roads which
may be undulatory. The tail rope may be employed
on: roads which are erooked or bat not undulatory.

In considering the relative merits of these aystems, we have
to congider: 1, First coat of wagon way; 2. First cost of
plant (snginea, rails, &e.); 3. Cost of conveyin co:llnfer ton
per mile; 4. Cost of maintenance (ropes, ub.gl.n, plent
generally} : 5. Horse-power required, &o.
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In the tail rope system the total cost per ton per mile varies
from 1-948d. to 2-172d. In endless chain from *561d. to1-8d.,
and in endless rope from 2-061d.

Ooat of Transport per Ton per Mile (Merivals) :—
gg. Ordinary railroad with locomotive.
. Oﬁm;q road with horses, exoluding maintenance of

roa
$4.{f) Canal with horses, excluding inaintenance of canal.
Canals with steam-tug as low 88 }3d. exclusive of
maintenance of canal.
144, Level railroad with horaes.
d. Underground level rolly way with horses,
. Ordinary underground rolly, rope, or chain haulage.

Blectrical Haulage.—In the arrangements for electrical
haulage & motor by gearing drives & dram, In a plant put up
by Meears. Crompton as the Abercansid Celliery, Sonth Wales,
to replace 27 horses, the motor is built to run st 800 revolu-
tions, and takes 80 ampires at 850 volts. The dynamo will
give 180 em at 500 volte, ranning at 550 revolutions. The
cable is 3,200 yards long and oompoﬁ of 37 strande of No. 14
high conductivity copper. Its reaistance is 3,192 ohms, and
there is a losa of potential of 51 volta or 10 per vent.

Taderground Locomotiven.—These have been used in cer-
tain coal mines in Pennaylvania. “‘Weight, 1,100 lbe., wheels,
2 foet diameter; gange, 3 feet & i.mg:es Len 12 feet.
Height, 6 feet, The first cost and subsaquent working expenses
are than: when mules have beeu wsed. They can only be
used when the ventilation is good.

Underground Cazpals,—Under favoursble circumstances,
a8 at cortain mines in Silesia, at Clavathal, in Lancashire and
Flintshire, levels partly filled with water are used as under-
ground canals,

Wire Tramways.—For the oonveyance of material upon
the surface, a load is carried upon a coutinuouely moving wire
rope, or by haulage slong & rope which is fizxed. The cost of
one of the former lines capable of tramsporting 100 tous & day
is about_.ﬁllﬂ&gg;d mile, ::)n 8 mﬁﬁtanmoe oost of trana.
porting is a . per o.

Hﬂlﬁd.ia’s wire iramway E:rprimiple of working ia like the



HAULAGE. 128

endless . The receptacles for material are suspended

on thexw ich works round clip pulleys at the ends of the

line. Cost, 6,000 to 6,000 dole. per mile. Runs 200 fect per

minute and with buckets 100 feet apart oach carrying 100 ihe.

delivers 6 tons per hour.

. ﬁ& single end?:ss cable near the Ashio Mines, Japan, is as
ollows (—

Length, 3,760 metres; eupports, 17; longest ne, 560,
423, and 350 metres; maximum load per bs::lrets,P;OO 1ba. ;
apacing, 100 metres ; 8 , 50 metres per minuts ; home-power,
about 8 or 9. A modified form of HEidie‘s olip, designed by
Mr. Pearce Roe, is used, also Roe and Bedlington’s patent
balanced sheaves, which divide up and ininimise the angle
taken by the cable at the freatles, adjust themselves to take an
equal share of cable precaure, and provent local pressure or gef.

Bg another :gswm. Roe & Bedlington's Auatomatic Clip
Saddles are used, which not only prevent alip on steep gra-
gx;entt}a) during wet weather, but are also uﬂl?-attaching and

taching,

‘With %ho same gystem, in which there is equal wear over
the length of the cable, Joads of 600 lba, or more may be

In some gystems atationary ropes stretched at the end are
used a8 tracks, a smaller rope being employed to haul the loads.
On an inclive the empties may be pullsd up by the full bucketa.
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Winding Engioss.--3ome winding engines lift 1,000 to
1,600 tons of coal per day, the cost being about $d. per ton
per 100 fathoms. At some mines, however, from 2,000—
3,000 tome of coal are raised per day. Double cylinder,
high pressure, condensing or non-condensing ongines sre
uwaslly employed. For amall loads single cy%nder engines
with gearing are mnsed, Vertical engines occupy & smaller
;Pa“ and can ba placed nearer a shaft than horizontal engines.

hey require firm supports, and the forces applied to the crank
in the upward and downward stroke differ by twioe the weight
of the piston and its rod. Horizontal engines can be v
inspected, a solid foundation ie easily obtained, but the wear
on the two eides of the piston, &c., is unequal, These are the
most commaon type.

‘With compound condensing emgines ai water-works, a
consumption of 19 lbs. coal gives nne effective H. P. and
14 1bs. gives one indicated H. P. With small coal at
oollieries, pumping engines do fairly well if they only burn
8} 1bs. per I. H. P,

Duty of Bngines.—In the best marine engines one I, H, P.
per hour may be obtained by the consumption of 15 The. of
cosl. In other engines 7 to 8 Ibe. may be used. In Cornwall
125 million lba. of water has been raised by burning one
bushel (84 Ibe.) of ooal. A duty of 65 to 75 millions is
oommon.

Horss Power raquired at a given Shaft—

Let H = depth in feet,
T = number of tons raisedpernjdr:s of n hours.
F = the theoretical H. P. reg .

Hx T x 2,240
Then Fum = % 2 7 588V
s x 60 x 33,000



WINDING, . 125

The effective H. P., or the power actnally to over-

come inictional resistances, inertia, &o., will sbout three
timea that which is caleulated.

The Reosistance due to Inertia—

Let R = recistancein lbs.
= weight of load in Iba.
¥ = maximum velocity in feet per second.
¢ = foroe of gravity = 32 feet.
T = timein seconds to acquire the velocity,
vy,
R T
Experiment has shown that when 8 cage is euddenml

lifted, the strain on the rope is abont double that of the 1oad.y

Then

Dimenstons of BEngines.—Tho chief point at a colliery
where economy of fuel is a smsall conaideration and & large
output & matter of importance, is the ability of the engine to
start readily with ite load snd to attain ite maximum speed as
soon as posaible,

Let  H = depth of shaft in yards.
w1 = weight of cage in Ibe.
w» = weight of tubs in lbs.
w0y = cosl raised at each journey in Ibs,
04 = weight of rope unbalanced in shaft in 1ba.
W w1 & ek Wy + we = W) or weight on one rope,
and #01 + wy = W2 or weight on other rope.

Statical load at starting = ws + wi = .

If tho circumferences of the drum in feet = C, the stroke of
the engine in feet = I, the mean steam preseure in lbe. per
aq:hminch-P, and the area of the piston in square
inches = A,

Then AxPxtL=0x

or =



126 MINING OPERATIONS.

To overooms the friotion and the inertia at starting, 4 may
be increased about three times, and from this ares, the dia-
meter D of the eylinder calculaied.

To overcome dead points, and in case one engine might break
dOW'{:l, t:;rf) engines with cylinders of diameter D are usually
emplo

yengima power actoally employed is therefore sbout
three times that which is calonlated. Ordinary winding
?u ines have o stroke of 4 to 6 feet and e dinmeter of 24 to 34
no 3

The tollowing—which is deduced from the sctual dimensions
of a large number of engines—is & practical rule for two
oylinder engines:—

Let ¥ = woight on one rope in 1be.
¢ = circumference of drum in feet.

L = stroke of engine in feat.
P = boiler preagure in lba. -
A = Area of ¢ne cylinder in square inches,
= L4F
1,000 D

Then

Indicatad Horss Tower—

A = aren of piston in sqoare inchea.

P = average pressure of steam in Ibs. per aquare inch
in the cylinder,

L = length of stroke in foet.

N = number of revolutions per minute, then,

2 PLAN

Indicated H. P. 35,000
Nominal Horse Fower.—For acientifio caleulations this
term is meaningless. It is used by makers of amall high pres-

sure engines who allow 10 circular inches of piston ares per
nominal H. P.

Quantity of Material Raised.—To determine the quantity
of material which may be lifted dper hour, caleulate the namber
of revolutions made by the winding dram each journey, and
from that calculate the distance travelled by the piston.
Enowing the average piston speed, which may be from 300
to 600 per minute, the time talien per journey is readily
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dotermined. The time taken for banking may be from 36 to
60 seconds, and this added to the time taken for winding gives
the time occupied in raising and di ing a given ?oad
‘With this as & nnit, the nomber of tona di per hour
may be readily calonlated.

e mazimwn epeed of a cage in a shaft may be 50 feet per

Bollera.-The boilers ususlly employed are the Lancs-
shiro boiler with two flues, or the ish one with one
flue. According to Moleaworth, for each meminel H, P, a
boiler reqnires—

1 cabic foot of water per hour.
1 aquare yard of heating surface,
1 square foot of fire-grate surface,
1 eubic yard of capacity,
28 square inches flue area ; 18 inches over bridge.
For Lancashire boilers an approximate rule is :—

Length in feet x dizmeter infeet-mms'mlﬂ. P.

[]
Tabls of Dimensions of Cylindrical Boilars,
{Molzmcoreh,)
Nominal Langth of t Dameter of | Diameter of | Number of
H.P. .. bofler. fiues, flues.
Ft. Ino. ‘ Ft. In. Ft. In. None,

1 1 [+] 1 H

2 T @ P

8 ° [} ] 8

4 10 [+ ] L]

5 11 [+] a3 Q -
10 14 [} 4 [ 3 9 1
15 13 Q -] 3 ] 4 1
p.1} 0w 0 -] Q 1 9 4
25 % o -] Q 1 # 7
S0 w0 ] -] 2 [+ &
85 N o 7 o 2 a8 2

For more than 35 H. P, two or more boilers are reguired.
Exira boilars are required o avoid stopping the engines while

‘
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repairing or cleaping. The student’s attention in here called to
the meag.i.ng of tbegt&m nominal H. P.

Head Goar. Poppet Heads.—The essential parts of o pit
head frame are the lepe (vertical supports) and the spurs
{inclined su ).

The height veries from 30 to 60 feet. Wooden leges (Ameria
can pine) may be 14 inches x 18 inches squars. These and the
spurs are secured in iron sockets. The spursor dack stays are so
situated that the direction of the resultant of the forces a;
to the pulley—one by the rope descending the shaft the
:;her by the rope leadin ¢ to the dram—*alls within the base of

e frame.

‘Woodeu frames may last thirty or forty years, but there is
the dangerof their being destroyed by fire.

An jron frame 80 feet high, to take & load of 2} tons, should
not weigh more than 10 tons {Coflins).

Formuls relating to the s of long and ahort columns
may be referred to in Molesworth’s «“ Pocket Book,”

‘When two pulleys are used side by side the ropes lead to
different sides of the dram, and therefore the angles made by
the ropes round the pulleis are different. This may be avoided
by placing the pulleys behind or above each otbher. The pulley
frame ought to be adjustable, so that in case of shrinkage of
the frame the line of the rope descending the shaft may be
mn.:: s lectrical conductors, the head

wire ropes are good clectrical condu o -
might be provided with lightning conductors, goar

Palleys.—Fulleys are from 6 to 16 feet in diameter. At
Kiveton Park Collieries, near Sheffield, the pulleys are 20 feet
diameter. The apokes are of wrought iron and the rim snd
E::sescast. The shape of the groove varies with the shape of

rope,

Iet F = forceinlba. applied at rim of pulley to overcome
friction of ula.pp plley
W = weight of pulley in Ibe.
D = diameter of pulley in inches.

d = " +» #Xle in inches.
m = ooefli jent of friotion ‘asy -07).
Then  F= P4 (Collins.)

D
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A rope 1 inch cironm. requires 10 foot pulley.
13 1* 13 3] 3] 10* 1] 11
” ]} Ead *r » 11 L ”

11} l‘s’ » 1] H 115 H L1}
&e., &o., &e.
Whinding Dram,—Cylindrical or conical. Flat rope winds
on iteelf in a vertical An the rope leading to the head

P

ﬁarisalwayshtheme ,sdmmﬁoraﬂatnﬁemy
placed near & shaft~say 20 yards distant. Drums of large

diameter are used with wire rope,

The diameter of a drum ought not to be less than that of
the winding pulley. Drums of too small diameters ehorten
the life of a rope. Drums are covered with wooden batténs on
which the rope coils.

‘With 10 foet a8 3 minimum diametar for s drum for a
1 inch circumference, André tells uws to add 8 inches to the
diameter for every } inch increase in the circumference of the
ropo. This is evidently the same rule as that which is given
for the diameter of a pulley.

Todeteminethe«g'mmsiomofshafhanﬂaﬂes,anﬂthe
distanoes apart at which su may be placed, and the
diameter of & winding barre flat ropes, see Molesworth's
# Pocket Book.”

Brakes.— A common form of brake is a series of blocks of
wood which are brought into contact with the drum by means
of a syetemn of levers. "With a constant re the friction of
the brakes on the drum js theorstically independent of the
extent of contact surface. A single blook of wood, in which
holee are bored and filled with sand, brought into contact by

means of ';:{:n of levers ia effective,
Steam and brakes which ect sutomatioslly, are some-
times employed.

Ropes.—Round or flat. Theoretically they ht to be
:rﬁerod,bnttapmdmpeisupemimhmahemd ifficnlt to

uﬁmﬁﬁw&hfd&ghsummpleott&emm&d:

: A ro m. waa required to support 4,00

kim tfgzwhole wulgxygded.i;t?smﬁmmhl% m.

long, with weights as follows—688, 7560 and 812 kilos. The total

waight was therefore 2,250 kilos. If the rope had been constant
x
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in section it would have weighed 8 kilos per metre, with & total

t of 3,000

%g&hwﬂsthmfom 750hlosorontwompea1500hlos,
amdl:ft.hecostwm;151‘-1-¢1.|wamt the money gain was
2,250 francs, and as a rope may 18
year waa 1,500 francs,

Te Calenlate Dimensions of TaparBopas (West) :—

I & is the girth at the at the bottom
{calculated by ordinary rules), thelens in fathoms, them,

For stes! taper rope log & = 3086+ log 9.

. F
For iren taper rope log & = 2,060 + log 9.

These formule are true for & certain quality of steel rope.
As the quality of steel ropes hsa recenily been so much
improved, the advantage gained by tapering a rope has been
mmnch reduced, and therefore taper ropes are seldom used except
folilc'?tremedepths cally obaolete, and usuall itted

n IO mpmh 0 , and are omi
tromrope-pzakars 7 d

Ashelmpemuylasttwoorthmeyam In & record
respeoting the wear of ropee, the size, length, oost of material,
number of windings per day, meximum load, tofal load,
durahility, &c., are noted.

: Th;gpe ﬁxedd%thedm‘)i’tﬁ? twoo:&lt;llueetum
round the drum and then pasding it through a enitable opexin
1o the inside, whmitmooiledgc’ntheahaft s

Thoatta.chmentofthempatothehdkcﬁmmmbyshnk
and capping. The methodsofathahmgarm;oahnkhy
means of an iron wantﬂenhoen desarving attention.

Ropes often cage Toavoxdtheeﬂaohoef
jorking they are atiached to the dridle chaime by a strong
z . Imnsnd.sbeelmpeampidlyoomdeinamﬁlahng

Inoudmarymmmpesthawea.rminthewwnofthestmnd
when there is the most bending. In Lang’s patent rope, owing
to the principle of muking a longer surface of wire e to
friction, the wear is consequently more distributed, while the
oos;l:snot componed of ber of round

t wire ro are & num|
{nsnally ﬁmpf?: six), laid gide bymdeandataf:h?eﬂ
together with wire They but littls used in England, bat
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frequently in America. Thay can be coiled on & drun of the
same size 68 would be nsed for the round ropes of which they
are composod. Their Buentith is approximately 20 per cent.
leea than roand ropes of the same weight and gquality of
material ; or, a8 given by Merivale, it is approximately equal
to the sum of the strength of the round ropes of which they are
00 » Jeas 10 per cent.
smpen ropes are heavy, and their weight ia increased by

moisture.

The breaking strength of ropes for each ponnd per fathom in
approximately—

Hemp ropee . .. .+ 1ton.
Tron ropes . . . . . - 2tons
Steel ropes . . . . . . 8

If the breaking strain in tons = J¥, und the ciroumference
in inches = ¢, then for—

Hemp ropes W= 250"
Iron wire ropes W = 150 ¢
Crucible steel ropes W= 3
Plough steel ropee W = 47

The proof strain is & to } of the breaking strain, or twice the
working load, which is } bo!-ﬂu of the breaking sirain,

It Wy is tho weight of & rope in lbs. per fathom, then for—
Hemp ropes W.:_(‘;:

(3£
12

{For tables of strength, &e., see Molesworth.)

The gain in lightness by nsing steel ropes is in deep shafta
very considerable.

Broken ropes are joined by s shackie or by a splice.

As an illusiration of the limit to which ropes may be used,
take the case of & 24 inch sleelropeweighin%hilbs. per foot,
and with & breaking of 84,000 Ibe. in ought to sus.
tain 42,000 feet of its own length, but for pafety only 6,000 feet.

Iron or steel ¥f =
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Tf it carries a load of 3 tons the safo maximum length would
be 3,000 feet.

Chaine.-—If the breaking etrain in tons = ¥ and D the
diameter in sixteenths of an inch,

w=%’. Pactor of safety 10.

@uaides.—Usually of wood, 4 inchee by { inches, costing
128, to 18s. per fathom; sometimes bridge rails, angle iron,
round rods, or wire rope., ‘The latter in nsuall si:nemgedby a
weight of 2 or 3 tona hanging in the anmp. o clearance for

shonld not be lesa than 9 inches. The slides, cheeks, or
guwide slippers, on the cage, which clasp the des on three
gides, are bell-mouthed above and below. “With guides of wood
the slides are malleable cast iron, but with rope guides they are
of brass. 'When iron guidee are used, sllowance mnst be made
for expansion and contraction.

w guides of oak or pitch pine may be in lengths of
about 12 feet, united by soarf jointa and wedged to trangverse
timbersabout 6 feet apart. If bolted to the traneverse pisces,
the bolt heads must be countersunk. With guides a cage may
travel at rates up to § feet per second,

Keape.—Landing drgs, fans, shuis, or chairs, consist of a
sories of levers at the pit’s mouth, which are thrown back by
the macending cage. After the cage has passed, they réturn
by the action of & spring or simply fall into their originsl posi-
tion, and the cage is lowered upon them, where it rests while
the tubs are being exchanged,

The keeps below support the top deck of & cage.

The plammer blocks carrying tﬁe keepe ought to be bhedded
on some elaatic material. This would reduce the severity of
the shucks a cage receives when it is lowered on the keepe.

madmof‘_Theﬁ are uau&']lhyé of stef‘l.OfOccaaiomlly they are

e of wrought iron. weight of a degnds upon
the weight it has to carry. A si;igle-deckedmga one I:.I;.b
weigha 5 to 6 owts., for two tubs 10 cwis. Monkwear-
mouth s double-decked cage for four tubs weighs 24 owts. At
the Grand Hornu Colliery a four-decked cage for eight tube
wyghaz,ssﬂbs. The lighteat and best cages are mads of
mil , their weight # to }of the gross load (tubsand
coal). An iron cage weighs § of its load. )
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At the Pleasley Colliery double-decked steel cages carrying
two tube on each deck, weigh 53 cwts, Cages, carrying ome
tub on each deck weigh 29 cwta,

Cuges with several decks may be loaded or unloaded at a
serioa of platforms corresponding In poeition to the height of

Cages are suspended by three or four or even aix dridie chains.
For safety, cage ohaina in the North of England are annesled
onoe 6 month, To make these oheine of exactly equal length
so that they may equally share the load, they may be altered in
Jength lx twieting, or by a screw at the point where they con-
nect with the cage. Catches which fall into faﬁvcnaﬂﬁam are ems-

ployed to keep the tubs in the cage; or a false bottom in the

cage which sinks an inch or two, may be used.

To ind Mestings with Plat Bopes (Merivale) :—

Let n = half the number of revolutions.

d = distance of meefings from bottom of pit in
inches.

r = radios of drum ot lift in inches + §2.
¢ = thickness of rope in inches.

Then d = 3:14168 (2r + » — 10).

Let D = depth of pit in inches.
# = number of revolutions.
r = radiog of drum at lif} in inches + }2.
¢ = thickness of rope in inches.

D = 314160 (2r + # — 1),
r 142 D r 1
* '\/(?_"2_) * §14ied (?‘ 7)"
D— {n(n— 1)31416¢}
2 » 3:1418n

Balancing Losds, —The forces scting ona drmm shaft in
opposite directions are often very unequal. Omn one side we
have a cage with full tubs together with the weight of the

In the shatt (7)) acting with s leverage equal to the
us of the drum on which it ia coiled (R1). Om the other
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side,tendti;;gtombt:e%aﬂinan mﬁwltiim,lv:ahve
a wi tul 3, aoting on the t with a
e:glem the%of ite drum, B2. To balance, the

1 x B must equal 72 x R.. Now, as the full tubs ascend,
the ropea beoome short, and the quantity 71 x R booomes less,
while the rope carrying the empty tubs, becoming longer, the
quantity s x Rz becomes greater,

After W3 x R:has sufficiently exceeded #1 x &, it will
tend to pull the engine round, and if steam were ont off the
winding would be continued. Even if 3 x R: remains less
than 7, x R, steam may be cut off near the end of & journey,
and the winding will be completed by the irertia of the moving

The variation in loads here indicated may be more or less
equalired by the following methods : —

1. Use flat ropes coiling on themselves. As t.hecaFenmds,
& gradually becomes larger and may approxi keoop the
%mﬁty ¥4 1:“ L4 agnslnnt hWbJ‘le, f:ir thi e ing cage,

s beootnes , and keepa the guan 2 x W3 approxi-

g onerant: d um: u:y £ 1

2. using round rope coiling in the groove of & conica
drum. For the ascending load R, beoomes greater, while for
the descending lcad Bz beoomes less,

3. By a chain e0 connected with the engine ehaft that b
means of a series of weighte attached at its other end whi
hang in & pit, it tends at the commencement of the journey to
Lift the load in the shaft. As weight after weight reach
the bottom of the pit, the assistance given to the engine be-
comes less and less. When sll the weighta have reached the
bottom and the chain has ran cut, it commenosa to retard the
engine, which retardation is incrensed as weight by welght is
lifted, This form is common.

4. Instoad of » weighted chain, & rope or chain with 4 loaded
tub mnm.nﬁ down \&a properly formed incline may be
used as at Killingworth Colliery.

6. Employ a fail ropr connecting the bottom: of the ascend-
ing and Hewendingoageshanginﬁinthe sump. In this case
the winding rope carries the weight of the balance rope, For
deep shafts, say over 300 fathoms, & better form is to have a
balance lending from the winding drums and guided l;{
w:ﬂ p down apecial o?mrtmenta in the chaft. Wi

in latter arrangement the s o of the winding rope only
(:‘;n‘-iea )the cage and ite oontents.—({Lindendery and Meinickes’

L1

6. A pendulum counterbalance as st the Dudley Colliery.
This may be used for shallow shafte.
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7. Engines with automatic'variable expansion gear canse the
power to vary with the load {6 be overcoms,

Examples of Winding Loads (Burat).—

1. A drum is 6 m. diameter. Length of 400 m. Weight
of rope 7 k. per metre. Useful load 1,500 kilos. Dead
load, 2,000 kiloa.

Then the moment at starting is (1,500 + 2,000 + 2,800) 3--
2,000 « 3 = 12,900 kilos, Aund at the end of the journey (1,500
+ 2,000) 3—(2,000 + 2,800) 3 = — 3,900 kilos.

In this case towards the end of the lift the moment
being negstive, the winding is effected without the aid of the

engine,

2, At the Robine Bhaft at Bességes the depih is 400 m.
Cylindrical drum 360 m. diameter. alleys of the same
diameter on movable guides. l.oad 1,850 k. Cage 1,800 k.
or total load 2,750 k. Round and conical 402 m,
with » working strength } ita breaking strength. In this
cage the moments are :—

At gtarting . . . . . 2,600 k.
Just lifting theload . . . 5,835,
At the middle . . . . 5,368 ,,
Attheend . . . . . B30,
The drum makes 35 turns and at the end the moment is
positive.

The momenta may vary with the age of & rope. If & new
rope hag & dismeter yisth ter than an old rope, then the

tial radii of the drum with old and new will vary and tho
balan be altered.

With flat ropes the biggest initial diameter and the smallest
diameter of rope are the most favourable, eapecially for a

deep pit.

CGalonlations relating to the Balansing of Loads :—

1. Counter balancing on an inclined plane.
Lot P = weight on inclined plane.
e = angle of inclination of the plane.
B = radius of drum carrying P.
r = radius of winding drum.
w = weight of winding rope in lba. per foot.
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Wo = weight of empty cage.
W = load.
H = dapth of pit.
z = height of vage from bottom at the time ¢.
m1 = moment exerted by the engine,
Wo+ W + (H— 1z} v —7)r = moment reeistin
Then{ FWo+m){ ) } the engine. &

This must equal the moment exerted by the engine plus the
foroe exerted on the inclined planes, or,
RPsina+m=r{W + (H—yw—rwaz)
=r (W + (H—22) w)
From which equation given ® and F, the inclination of the
plane can be found corresponding to any position of the

-] 4

gies(}‘ountm- balancing by conical drums, one of which has a
radins #1 when the radins of the other is rq.

‘With values as sbove, for the same valnes of = the following
two equations must be true (—

(1. {Fo+ W+ (H——x}‘w}x;—-(ﬁ"o+xw}m= .
2. {Wa + 7+ :w}fg—-{%+ (E—x)w}h = M.
o R+ g = 2wy,
21y

"1+ r2= W
Bubstitating in (1)—
{To+ W o (H—r)u}ne—(Wo+ zw}(g%’-——n) =

2o v 2% 4 1)

s (2 W+ W+H')fl=m1r(7 7

QR+ W+ Hw)rm’%. (2Wo+ W+ 2w}

™ 2Pt W 2wz
v W 2+ W+ Huw

) SWo+ W2 Huw—2Wz
w Ao+ W+2Hw
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tio Hoisting.—Thiz has been put into practice at

tho Epinac Colliery by M. Blanchet. By exhaustion & pmton
in a tube is caused to rise, and to this is attached the leﬁo
and tnbs. The installation waa expensive, but it waa oh
abandoned beoause the workings were unremunerative. 'I.Tp
820 foet one ton of coal was raised by buming 165 1be. ocoal
‘With cables for the eame depth 64 Ibe. were required.

With two tubea the effclency increases with dm and it
may possibly be used for very deep mining. ( 8. Am,
Mining Engineers, vol. XIX. p. 115).

Man Hungine and Endless Chain Hoisting.—The Méhu
man engine was iried at Anzin and Ronoha and the end-
less obain at Saint Jaocques, at Montlucon. 6 Wero eXpen-
aive and dangerous, aud therefore sbandened.

Water Wheels.—Undershot, overshot, breast wheels, tar.
bines, and other pressure wheels,
Theoretical Horse Power | —

Q = guantity of water in onbio feet per minute.
A = head of water from tail race In feet.
P = theoretical H. P.

P =-001892 ¢ A

5285 P
¢ h
Memoranda : —
A ounbic foot of water = 62-425 lbae.

» = pregeure in 1bs. per sq. inch.

A = head of water in feet.

¥ = theoretical velooity in feot per second.
¢ = foroe of gravity (32-2 feet).

Then p=25x *4335. A=p x 2-307.
Preesure per 8q. foot = A 62+4.
VaofTgh=58025 /b

b= - 01656 P
29
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Eifective Horse Fower for different Motors :—

Theoretical power being . . . =100
Undershotwheel . . . . . ,, 35
Poncelet’s undershot wheel . . . 4 68
Breast wheel . . . . 1
Highbresst . . . . . , -60
Overshot wheel . . . . . 5 68
Turbine . . . . . .y 7O
Hydraulic ran raising water . . g B0
‘Water pressure engine . . . s 80
Enight and Pelton wheels . . .y 82

In undershot wheels the power depends upon the aquare of
the welovity of the water. To increase the velocity a stream
msy be parrowed in as it approaches the wheel. Power is

ined by increasing the mdtg of & float. Its depth must not
Emmm unless it is 8o arranged that it leaves the water in
a direction ndicular to its surface. The velocity of the
periphery of the nndershot water wheel should squal the theo.
retical velocity due to the head of water x 0-57.

A = head of water.
Q = quantity of water in cubio feet per minute.
P = effective H. P,
Q= 1511 P

P =-00086 QA
h

In breast wheels the power depends upon the weight of water.
a In r:ivem:ho:: wheels, Whioth “ﬁ th:tl nost eomn;oa, thle po:lrer
epends partly upon upon weight. In order
that water may ma,d.i];wénter ﬁm&et?ci.t is gmsary that
there should be & suitsble opening in the shrouding thromgh
which air may escape. {Ventilated buokets.) The effsct
obtained, among othdr things, depends npon the height at
which the water enters the wheel and the shape of the bucketa,
Acoording to Fairburn, the diameter should be one-sighth more
than the fall. The pumber of buckets should be twice the
diameter reckoned in feet. A velovicy of periphery for a fall
of 5 feet is 7 feet per second. inary wheels are 15 to
20 feot in diameter. At the Laxey Mine there is & wheel
72 feot 6 inohes in dismeter. Thess large wheels are diffionlt
to conetruct, and not so effective a8 two smaller wheels,
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Por Breast and Overshot Wheels :—

5 = head of water in feet.
@ = qnantity of water in onbie feet per minute,
P = effective H. P. ’

Q-&}‘Jninlow'bmastwheels.

¢=2Lmbigh ,,

Q= zz;:-‘? in overshot ,,

P = 00104 Q A in low breast wheels.
P=-00113 QA inhigh ,, ,,
P=-00128 @ A in overshot  ,

Turbines.—Where there is a considerable head of water it
is emential to uwse a turbine. Thers are inwerd, outward,
pal:'alll:l, and another elass which may be called tangential flow
wheels,

For formule relating to Jonval's low pressure turbine and
Fourneyron’s high-presaure turbine, see Molesworth.

Hurdy Gurdy, Hnight, or Fslton Wheeln. — In these
wheels, which are simple in construction, one or two jets under
high prepaure impinge against cupa on the rim of a cagt-iron
wheel, Their eﬁpciemy ia eaid to exceed 826 per cent.

Man and Horses, Windlasses, Herss Whime.—Tackle
or windlasses may be nsed to 8 depth of 20 fathoms, the kibble
or bucket being made from boiler plate about 14 inches high
and 12 inchea diameter, and carrying 1 to 1} ewt. With
horpes & whim, derrick, or whipsey derry, may be used, the
whim kibbles being 20 inches to 24 inches high, and 14 inches
to 18 inchen wide, and holding 4 to & cwt.

For inclined shafts skipe ranning upon wheels are employed.
The cost of & ekip or sbaft railway is from £1 L0s. to
£3 106, per fathom {Collins).

or four men at a windlass do not usually cost more
than & horse and ita driver. A horse will do the work of abount
seven men. With horse whima the main axle may be vertical
or horizontal. Rather than employ three horses it may be
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better to use a emall engine. Materisle may also be extracied
from s mine by water wheels, preesure wheels, like turbines
and Pelton wheels, hydraulic motors, by s water balence, &o,

Comparative Coat ((olling).

‘Two men with windlass, from a depth of 10 to 15 fathome,
raige 12 tons in 8 hours, at & ocost of about }d. per ton-
fathom.

One horse whim, from & depth of 40 fathoms, raises 15 to
20 tons in 8 honrs, at & coet of abont 3d. per ton fathom,

With engine {o , from 150 to 800 fathoms, 20 to 30 tens
may be raised, at a cost of J;d. per ton-fathom.

Winding by Watsr Balanos.—Let o tank in the descend-
ing be loaded with water until ite weight 18 sufficicot to
raise the full tubs. The water is di at the bottom of
the shaft, and run off throngh an adit. At Montcean les
Mines it has been applied to a of 225 foet.

Acoldents in Sharts.—To l:Iwevent tubs running from the
bank into the shaft the mouth of the shaft is fenced w1t.h gatet,
which slide vertically, When the cage comes up thess are
hfwdl When the cage descenda they fall down into their

Boe.

P In England, between 1660 and 1890, there were 45 aocidents,
resn’};’h;ag in 87 deaths, due to the breaking of ropes and chaing
in ahafta,

To avoid auch accidents, acfety calehes aro attached to o;ages.
S0 long as the eage is hanging by the rope, a strong
pories of prings, are oompressag. LEe rope shonld bresk
theee springs immediately extend themselvee, and their move-
me:]:. tl; unsed to lor?_ cci-lhmta].ea c:’rt Eothed mmh;cﬁ;::to contact
wil e guides, which prevent the cage o,

At Anzin, safsly cateher have been used for a ?cmg time
withomt aooident, bot it is thought that if the velvcity of
degcent be , the temsion on the rope might be so far
reduced that catchee might act when they were not re-
quired, resulting in Taster or less damage to the gnides, Such
an aocident recently ﬁned at Bendigo.

They are largeli naeg the Australisn gold mines.

King and Humble's safety grip works npon guide ropes, It
thswindi.n rope is used to convey s ourrent of electricity
aoting on electro magnets in the ocege, these may be nsed as
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sugeeted by Mr. J. Tates to hold back griping cams, whick,
if the rope nionld break, must come into gﬁg

It may here be mentioned that a current on the winding
rope has been tried in the Durham district to signal between
the cage and the engine-house,

Overwinding.—As the drume on which the rope is coiled
ATe ]a:lg]-e, it might ha that by one revelution of the engine
after the ed the bank the cage might be carried
to the head gear. To prevent accidents of this kind, the
engine man cught to have a clear view of the pit’s mouth, so
that he can see 2 mark on the winding rope which indicates
that the cage is near the surface. A rell-tale or indicator repre-
senting the movement of the cages in the shaft placed near the
engine driver tells him at any instant the poeition of the cage.
The movement of the model ie derived from the windin
engine. Sometimes the sscending cige is cansed to ring a bel
announcing ite arrival near the surface. Sometimes the rope
in at to the cage by means of 8 safely Aook (King and
Humbles’). In osse of over-winding the hook ia partially
ﬁuﬂedfhroughanopeminginasetofﬁmbmcmmingthe

gear. The lower part of the hook being large, it is
unable to the ng. It, therefore, comes forvibly in
contact mtﬁaf By this contact the upper part of the hook is
opened and the rope is free. At the pame time two projectin
pieces ave thrown ont laterally and catch on the upper side o
the aross piece, and the cage is left a ed,

Another device to prevent over-winding is the use of a steam
break, which comes into action after a certain number of revo-
Iulions of the engine.
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Martin found in Staffordshire that in 125 aq. miles area the
quantity of water pumped was 50,000,000 ona, or 220,000
tona in 24 hours—that is to say, 10 times the qu.n.ntlty of coal
which was raised in that district. The force required was
5,000 H. P,

In other dintricts, even when mines run beneath the pea, the
water to be extracted may be very amsall. Water may be kept
out of some mines by surface drains, or by tubbing oif JSeeders.
The temperature or the chemical character of undergronnd
water sometimes indicate the sourve from which it comes.
Limestone districta aro usually watery.

To measure the water from 8 feeder, build a dam scross the
drift and let the water sscape through a rectangular noich cut
in a thin plate of metal, then,

If ¢ = gallons per minute.
d = depth in inches of the sill of the notch below the sur-
aco of the water.

{ = length of notch in inches.
Then Gm267idy/d

A more certain measure of the water from a feeder is to de-
termine the sane from the time taken to fill 2 box of known

capacity.

Damms.—Dams are used to prevent water Eaemg from one
porhon of a mine to another. If of timber, are built of
shaped blocks 3 to 8 feet long, put fo ag an arch
of 18 to 30 feet radius, the back of 1o arch being on the side
from which the pressuro ocomes. Between the blocks there
may be tarred flannol and wedges. They are built on & bed
cut in the eolid rock, in » narrow part thelevel. Du.ng
building, a large central man-hole 18 mchee in diameter is X
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for the ingress of workmen, & hole below for the escape of
water, and & hole above, 1 inch in diameter, for the escape of
air. On completion, the lower hole is closed, then the man-
hole by drawing inwards & wed -ahaﬁei block, and finally,
afier water escapes above and air been expelled, the
hole is closed.

ooden dams will withstand 50—50 yards head of water.
Brick dams are made with two arches about 2 feet apart, the
space between being filled with clay.

Dams, Tabbing, &c.—
k == thiocknees in inohes,
r = externsl radins in inches,
T = ultimate crushing strength in lbe. per equare inch.
# = head of water in lbs. per square inch.

Then for oylindrical dam, walling, or tubbing, .

k-r{l—/\/L-—%’i}

Spherics] dam,

- _ 8 _ Ibyp

b=r {1 ’\/1 RN
A factor of safety of 10 ig allowed for in the formula.
The values for T are za follows :—

Wronghtiron . . ., . ., 31,080
Castivon . . . . . . 107,620
Beoch . . f . . . . 8,600
Oak . . . . . . 10,000
Pitchpine . . ., . . . 6500
Brick, ordinary red . . . . 800

1 Btourbridge fire . . . . 1ng
Bandstone . . 2,186 to 7,884
Councrete, . . . . . . 2,000

(Molemoorth),

Raising Water by Simple Means.—At the Wallsend and
Hebburn Collieries berrels of sheet iron 16 feet long, 3 feet
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4 inches in diameter, sach holdi Soohﬁnllnns,wmuaed.

Below they had s large valve whi owed them to be
readily filled and readily empiied,

By this means as much as 3,000 gallons of water have been
reised per minute.

In o mine 300—400 feet in depth s kibble of 2 cubic metres
content, making 40 journeys Bper hoar, will raise 80 ¢. m. per
hour, or 640 c. m&r day of 8 hours {(Burat).

At mines wo by B;i.mitive methods small band pumps
are nsed, each having s lift of 3 or 4 feet. In Jupan thess are
12 foot long, 4 inches diameter, and have s stroke of 2 feci
8 i.nchesioyed times tinn wheels sbout p? foet hc:‘.iiameter
are emp) . and chain pumpe are simple contrivances.

Water m;?' ben:gsed snd ear?-ied l:;er 8 barrier by a siphen,
at the end of which there ought to be valves so arranged that
when the water falls too low they are closed by floats, and the
siphon remains full. Rotsry pumps are good for lifting muddy
water.

Suction pumpe theoretically draw up water to sbout 32 feet
{a beight which varies with the height of the barometer), but
on account of friction, elip, imperfect vacoum, &c., they only
draw to about 25 feet.

Force pumpa theoretically work to any height, but when
Lh%emeed 100 feet the valves are subjected to great siraina,

e lift of a po-called suction pump may be 30—40 metres,
and sometimes even 70 motres (Burat).

At water-works compound reciprocating engines with double
acting pumpe are used. The duty reduced to 112 ibs. is from
96 to 10 ion or even more foot lbe. With Cornish engines
the doty is from 60 to 70 million foot lbe,

Cornlsh Pamps.—For the first lift commencing at the
sump, & smction pump is used. Above this are a series of force
E:dn:ps, all of which are worked by * of-seés ™ from one set of

In foree the plunger may either entirely 1l the caso
or the spa;’:?npstheeglse gnj.:y beymmxjmabelg ual to the
solid content of the plunger. In latter case Bow of
water may be made continuous. The plunger is made of iron
or bronze,

BMain Bods, Pump Spears, Rocking Reams, &o.—Rods
are usually of pitch Idne. Theoretically they should be taper-
_ing. The lengthe of pine are joined by searf joints, wrought




PUMPING, 145
iron sirs) latos and bolta, At Wheal Vor, which ia 300
hthomsm : i

wo have the following :—
From surface to 780 ft. 2 timbers, each 12 in. aquare.
, 180 ,, 864, 1 timber 16,
» 864 ,, 084, . u
" 984 ,, 1044 ,, » 13 5,
”» 1044 to bottom i 13

At the Consolidated og})per mines, Gwennap, Cornwall, the
main rod wae one-third of a mila long, and weighed 85 tons,
Tha other rods weighed 40 tons; 39 tona of this balanced the

* wator in the pgs, and the remaining 96 tona were balanced

by counter wel &o. (Coliing).
Iron rods do not work so emoothly as wooden rode.
Guides are employed at intervals, as with the rods of & man-

an L-H

%‘a engine, which is single aoting, raises the rods, and these,
talling by their weight, which is about one-tenth greater than
the eorresponding water column, raise the water. Any excoss
oll: :;eight is talten oft by Jalance bobs placed at intervals in the
shaft.

The main rods are worked by & rocking beam, which may
be of wood, wrought or caet iron.

In 1861, 8 cast iron beam &t the New Hartley Colliery, 33 feet
long, and weighing 42 tons, broke, and carrying in ths sides of
the ahaft as it fell, buried all who were below.

At Tresavean the rods and balance bobs were aa follows :—

Rods, 16—17 tons.
4 balanoe bobe, 16 tona each,
4 loaded balance bobs, 18 tona each,

These, with the water which is raised, represent 260 tons of
material, which is in motion st each stroke.

A counter balance framed like s triangle with the apex down-
wards, ng two belanoe weights, has somefimes boen
employed, the rods commence to fall, s large weight
at the apex aseiste the rods, esusing them to fall for » short
distance very quickly, and thus reducing the sfip.

Hydraulie balances are sometimes employed to reduce the
weight of the rods. consist of & plunger, which, a8 it
deacends, lifte a column of water. A compresaing &ir
may be similarly employed.
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In case of breakage, indoor and outd. tehes nre placed at
intervala down the ahaft (see men-engine rods).

Talves.—Valves shonld be light and open to about an angle
of 70°.  If they open more, the alip, which is asually from § to
20 cent., will be increased ; and if loss, the free entrance
of g: water Is impeded.

Classification of Walves.— Michel], in his < Mine Drainage,”
givea the following : —

I.—Metallic Valves

1. @, Ordinary clack valves.

5. Clack valves with contrivances to facilitate the
oxit of water,

2. &. Bingle beat. 3. Doubls beat.
¢, Treble best. d. Quadruple beat.

IL.—India-rubber Valves,

1. Flat valvea.
2. Conicsl valves,
3. Lip valvea.

Clack valvea are almost entirely used in Cornish pumps,

The concussion in closing fs great if the lift is high.

The alip is also great; sometimes 10 per cent. They are
not suitable for steam pumps.

Those with contrivances to facilitate the sxit of water are
not suitable for high speeds. They do not close with sufficient
T3, . ,
Among single beat valves we have cup valves, wing or mitre
valves, zlifl or mushroom valves, and ball valves, All thess valves
have a litt. Excepting the ball valve, they are snitable
for light lifts. For high speeds they should have an india-
rubber s%rini,’:nd s large ares compared with the working
barrel. Double beat valvaitgke H a?d Yfeﬁ’lﬁ;ﬂe a
l&rgehfhnﬁma,slargew -way, and a low Lift. COT
cussion and elip sre, thereforo, sﬁnall. Thoy are used for
water-works, but they are naosuiteble for dirty mine water.
An india-rubber spring gives s guick close. Treble beat and
other similar valves are otill legs suitabls for dirty water.
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Indis-rubber valves, which are circular diecs, ing on &
grating 4nd opening round the eircumference, are suitable for
Preasures not ex ing 50 lba.

Massey’'s valve, which has a revolving dise, has been nsed
for up to 160 lhe. per aquare inch.

In&lves t;ne m(ﬁ?gno;)wood. leattﬂmer, or i:;fdi:,l-lrubber. v i

suction pumpa, the ares e u valve is
sbout one-half the ares of Ee crosa section of thmnl. On
the lowes'. suction valve a ring is placed, so that it can be raised
for examination.

To avoid s shook on the valve a slight pause is made before
commencing the downward atroke, ¢ shook may be miti-

tod by dividing a valve into 3 or 4 parts. (See Micheil's
g‘alﬁne {)m'm.ge.”}

Stroke and Lift.—The stroke is usnally 2—10 feet, and the
lift may be 70 to 130 feet. A small dismeter and long stroke
is preferable to s large dismeter and short stroke, as the alip is
leas, In Cornwall the lifts rarely exoeed 300 feet. Thegy are
ga}l 2:10 to ﬁ fathomu 5, Atj:. Creusogtﬂtlh:f l&fg v:lm 8092 m.

e li on the stren VeE,

Callon mbesgfspufnp with & Lift of 300 m. (328 ).

Burat says, to raise 1,000 ¢, m. g day, the siroke should
be 2 ?&égeor 2]’:?01??8' csl:al;alst sl_mulddim m?l:;, at?fld for 3,000 tr.;.i
¢ m. . gnve in the managemen
of balance bobe, &o., and necessitate a Yower Apeed of working.

The following shows the advantage of & long stroke :—

1. With a 4 m. stroke,

Riging 4 woc.
Descending 7 ,, ltotal 16 wec., or 4 strokes per minute.
Repose

b g

2. With s 2 m. stroke.
Rining 2 pec.
Deacending 4 ,, | fotal 11 sec., or 6 strokes per minnte.
Repose  § ,,

In the former wo get 16 motres raised minute, while in
the latier only 12 metres. In excepti cases there may be
12Ish-ohes. 'fve or fix aﬁotiea mtérh&v;:vert,’ more om;ﬁai?n.ht

1 ordinary foree pa the wa not rise in &
Jine. To obviate tng:n a hollow cylindrical pl::fer, w:tE 8
donble beat valve at ome end, has been derigned. By this



148 MINING OFERATIONS.

srrangement the water rises in s straight line through the
plunger. The dissdvantages are the diffionlties of construction,
and it can ouly be nsed for small heights.

Pipes.— are usually of cast iron, but, in case of litting
pumpe, 80 of wronght, may be galvanised.

If the water of the mine is acid, the ingide of the pipes may
be painted and then lined with wood. Under cirenme-
sf:agsles the principal parte of the pump may be made of gun
m

otal,
For cast iron pipes, if 7' = thickness in inches, D w diameter
of pipe in inches, H = head of water feet that will burst the

pipe, then—
_T2000 T
# D

It W = weight in 1be. per foot of pipe, D = outeide dismeter
in inches, and 4 = inside diameter in inchea,

W = 245 (D* - d%),

Two flanges equal the weight of 1 foot of pipe.

An opdinary length for i ia 9 feet. fl::wmal dismetern
9;:;10 mchea'h N t}nd og'dmr?ugl m}; They t.?are t.eaptgi ::; lﬂo or 20
atmospheres. In jointa, between the unplaned flanges,
a ring of muﬁl:ed , covered with tarred flannel, is placed.
Flanges with faces do not require the ring. Sometimes
L5l el B o e Tl

, is employed. S8pe , where & ve
m cut for packing, wil‘lstand presenres of from %?loto
1,000 Iba, per square inch, (Bee Michell's *‘ Mine Drainage.’’)

The volovity of water in pipes is usually 8 or 4 feet per
second. Pipes shonld be straight and without contractions.

The thicknees varies with the diameter.

Friction in Fipes.—
For velooitien of 3 fest per second.
Diameter of pips 108 in foct par mile
Tafaen." 70 ez o el
{Boalton & Wath) (Weisbach.}

3 36 00 3479
8 1800 17-37

12 90 871

24 4350 443
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Por veloaltien of 3 feet e sooend.
{Boalton & Watt.) {Weisbasb.)
3 81-00 7128
8 40-50 3585
12 20-26 17-89
24 106+12 898
For velooitien of 7 feat par second.,
3 441 a36-28
[ 220-50 197-70
12 110-25 88-96
24 55-12 41-82

A general formuls given by Merivalo is—
K = head of water in feet required to overcome resiatance.
G per minute.
L= of pipe in yards.
D = diamester of pipe in inches,
=&L
3Dy
Olassification of Fumps.—Michell gives the following clas-
sification of steam pumpe : —
I.—Horizontal Engines.
A, Rotary. B, Non-Rotary.
¢. Simple steam ! 4. Bimple steam pumpe.
. Goml:ound m&'&m p;,:mps. {Non-expansive, non-con-
{Expansive oondensing denging like the
engines with connect~ “8 e
ing rod orank and fly. | & Compound steam pam
wheel.} {Expandive, non« -
ing.)
II.—Veartical Engines,

A, BRotary. B. Non-Rotary.
a. Bimple steam purape. . Bimple steatn pumpe.

(E:glp:nsive, non-e%:ldms- (Non-gxpam'ge, non-oon.

ing.) densing.}

It will be obeerved that all pumpe with their engines in the
above mﬁﬁmﬁon form one machine, whmaﬁe ZB:I] Cornish
engi its pumpe are separate machinea. e
is %zminhengineworﬁng directly over a shaft, and
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direct acting. In this case the pumpe are also sdjuncts to the
mmmm objection to Bull engines is that they block up
¢ .

TFaoel.—
A Cornish engine requires about 65 1bs. of 00al pee H, P.
A common " W, e "
A high- gi q abont 10 Ibe. of conl per H. P.
A small high-pressure emgine requires about 16 to 20 Ibe. of soal
per H. P,
Daty of Pnmps (Michel).—At the Tynewydd a
o Bﬁdﬂl ” %team cylg.nder {2 inches, water cylinder 10 i s
stroke 18 inches) consumed sbout 14 owts. coal to raise 300 tons

of water 66 feet. This equals a duty of 3,168,000 lbs. raised
1 foot by I cwl. of ooal, and allowing for loss of head, say,
4,000,000 The., which is one-twentioth of the duty of a Cornish
engine,

A Comish engine will give a duty of 95,750.000 Ibe. raised
1 foot, by 1 buahel of coal {94 1be.), or 114,000,000 lbe.
for 1 ewt. of , or 33 times that ormed by the above

mm B. Bimpeon assumee that s * Special >’ requires
10—12 1bs. of coal per effective H.P. per hour, Miochell saya
that anderground it may require 15 lbs. ‘Thia is equivalent to
8 duty por ewt. of cosl of 14,784,000 feot Ibe., which does not
agree with the above statement of 4,000,000 1bs. Further,

the duty of & Cornish eugine appesrs to be too high.

' Spocial * bas liftad 120 salle. per mimte L040 foct, and
has worked for £ years under heads of 500 feet Igf!‘cbdl).

The compound differential pumping engice (Davey’s Patent)
works with high expansion and great eccnomy.

‘There is usnally considerable loss in conveying steam from &
boiler on the surface to a pump of the * Special ” type placed
under ground.

Hydraulie Ongines.— Hydraulic engines are used for draw-
ing water from dip workings or places where an ordinary
engine might be submerged. The principle on which they
work is to cause s small quantity of water under the pressure
due to a considerable head, to rsisashrievolmneof water &
emall height. The difference between a hydraulic engine and
8 steam e lies chiefly in the construction and method of
Mtnahn%i o plide valve, The hydraulic engines of Davey,
Carrett, Marshall, are well known.
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" The available in working euoh pumpe, is evident]
th: d:.&'moebetweenﬂlepmnngintheplwm rpenns
that of the back pressure in the delivery pipes. is prine
ciple is inverted in the hydraulic ram.

At the Comstock lode, Nevada, a pair of hydreulio engi
on the 2,400 foet level raise water 800 feet to the Butro
tunnel. They are worked by water columns from the eurface,
which are actusted by pluoger pnmps driven by & compound

..
Fater gjeetors may be used for heights up to 100 feel.

Pulsometer, —The pulsometer (the manufacinrers state)
will pump water, and many other liquids and semi-liquids, to
a total height of from 70 to 80 feel, or under special circum-
stances to much grester heighte. Dirty water not inter-
fere with its action.

Horse-Fower for Pamping ( Holenoorth). —

¢ = number of gallons to be raired in 24 hours.

F = number of cubio feet to be raised in 24 hours.

A = height in feet to which the water is to be raised.
A P = actual horee-power required.

Gxh Fuxh
BP o memion O Tozoss

25 per cent. is added to overcome friotion, and 50 or 60 per
cent. more for contingencies, making a total of T0 or 80 per
cent. additional power,

Diameter of a Single Aoting Puamy (Molewsorih)—

I = length of atroke in feet.

& 21 number of gullons to be delivered per minunte.
F = number of cubie feel to be deli per minate,
N = number of strokes per minute.

D = diameter of pump in inches.

F=0054h 17 L N,

G=-034 LN,

——

2 OM LN

—
D= V-m545 N
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These formulm give the net diameter of the plunger, which
is usually increased one-fourth to allow for leakage, &o.

Comparison of Pamping Gear.—]. Pomping from the
surf:ﬁeafy ?wans of nﬁtds hgm thereoifa the theoretig objec-
tion 'Y weight, a mase of machinery aod water
is continually bei: qrset in m:tion, firat in oneeﬂvecﬂm and
then in another. The cost of the rods, balance bobe, &c., is

t, and they encumber the shaft. The engins, which may
o o e et e e f spior, sl
£00N: . ere engines are em: . g
&e., are avoided, and the firat coat is loss than with an ordinary
Cornish engine, bot the shaft is partially blocked.

2. Pomping from below. In this case the engine is badly
placed, and Liable to accidents from floods, falls, &c. Rods aze
avoided, and the cost is relatively small, Great pressures have
to be provided ageiust. The steam is not employed so econo-
i as it is with surface engines.



LIGHTING.

Lighting usually costs from 14d. to 24d, per shift per man.
A primitive m istouset?mhes.i'rg!ordinarymethod
is to uso candles or lampa., Qocasicnally gas or the electrio
light is nused. Petrolenm wells may be lighted by reflaction
from the surface,

Candles.—The candles usunlly employed run from 20 to 50
to the pound. In Cornwull they are 12 to 16 per Ib. The
smaller oandles are ussd whers fire damp ocours. ey may be
carried in a lantern, on & holder, or in & lump of clay. Unless
carefully used there is much waste. 14 to 21be. may bo used
in three shifts of 8 hours each.

OiL—1In the Bouth of France olive ofl is employed, while in
the North colza is nsed. Sometimes walnut oil and fish oils
are employed. The quantity used depends uj the &ize of
wiok. Usually 4 oz., valned at 14d. to 24., is tgdﬁ:&.
of 8 hours. A spheﬁcallﬁmform tin lamp, used in 8colland,
costa 24d., and it may be t for 7 or 8 hours for 1d. Solid
parafin is sometimes uoed.

Bafety Lamps.—All ordinary safaty lampe consist of an ofl
lamp surrounded by fine wire gauze. An exgeosiw gas entar-
i.ngthelmiet:kesﬁminside,bnt,bomm wireisa
condnctor of heat, the flame cannot pass to the ontaide until the
E:Iu:e has bocome sufficiently heated or the flame ia forced

ugh by a draught. In 1811, Clanoy invented a safety
, which, in 1815, was followed by the lampe of Davy and
Siephenson, all of which embody the above principle.
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Davy’s Lamp.—In this lamp there are 28 wires to the linear
inch or 784 apertures per square inch., It must not be placed
in a ourrent of air of 7 or 8 feet per second; therefore it munat
not be swung or carried too &nuickly. It reqmires careful
cleaning, This is done by heating the gaunze in » mufe snd
then well washing. Weight, 14 Ibe., sud cost, Jo. It gives
about three-tenths of the total light. It may be so arranged
that on opening it is extingnished. The Iamp may be fastened
with & lead rivet, or 8o srranged that the lock can only be
opened by meane of a&werful magnet. Davys are used in
the more dangerons workings.

Stephenson’s Lamp.—(The Geordie.) This has a large
cylinder of glass, with ganze above. e air enters below.
It is heavier than the Davy, but gives more light. It goes
out when hot.,

QClanny's Lamp,—This also has a Eﬂl:asoylinde.r, but not so
large as in Stophenson’s lammp. It is heavy and brittle.

Muwaeler’s Lamp.—This is used in Belgium. It has a
glass cylinder, s central horizontally placed gauze diaphragm,
aond 4 central metal chimney up which the heatod gasos ascend.
It therefore burna well and gives a good light. It ia easily
extingmished in an ascending current or if inclined. It ia one
of the best lamps, and its use i extending.

There are meny other lamps, but none of them are safe
nnless used with caution. When on fire inside they ought to
be extinguished or quietly withdrawn to a pure atmosphere.
Lamps with glass eylinders are liable to be accidently broken
or cracked by the firing of gas inside, or by cold water dropping
upon T, € Lhe LYan LYan 8 Iem 28 inside, 4

pou them. ‘When the Evan Evan’s lamp takes fire i
string is burnt and springs are released, which close the ingress
and e%'ress apertures for air, and the light is extinguished, In
other lamps these openings are closed by hand, snd the lamp is
extinguithed by the products of combustion.

Davy, Clanny, amftriotaphenson lamps are respectively unsafe
in currenta of 400, 600, and 800 feet per minute, In mines,
currents of 400 feet per minute are frequent, and, in main air-
waysé e31.|r'mnt.a approaching 2,000 feet per minute have heen

The Royal Commission on Accidente in Mines (1881)
eapocially mentioned four lamps worthy of special atiention.
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There were, however, others nearly, if not quits, 88 good. The
lamps mentioned were :—

Fvan Thomas,—This is s bonneted Clanny. It is safe in
strong ourrents.

JMarsaut lamp, which is & Clanny with three gauze capa,

Gray's lamp.
Mucssler, 1&\‘.]1 & shut off.

A lamp that has stood severe tosts, which gives a light,
and s self-extinguishing in an explosive & ere, is the
Thornebwrry safety lamp.

Before Davy's discovery, a ateel mill, invented by Hpedding,
in 1740, which gave light by means of the sparks noed by
a steel disc revolving in contact with o flint, wee used. Ezx-
plosions were, however, traced to its mse.

Agternpts have been made to use phosphorescent bodies like
ealcium suiphide, and it is said that in Soath Amerioa fire-flies
have been employed by miners.

For ordinary lighting, petrolenm is sometimes nsed. 1t is
cheap, and in a pure mﬁ Air gives & good light. The necessity
of using glass chimneye, or even clock-work, to cause & draught,
is objectionable. Petrolenm lampe can, therefore, only be used

in places.
. fo:mdﬁthﬁ:ngh gasoline by a clock-work arrangement
ves & good .
glln somemi.ngs, at the bottom of & shaftand along meain levels,
gas is em . At Duffryn, in South Wales, the gas from &
i* blower ' was collected and used on the surface.

Bleotric Lamps.—Electric incandescent lampes have been
used at certain collieries in England, and again in certain gold
mines in Vietoria. Ome H.P. is required for 8 lampa 20
candle-power, or 10 lamps vach 16 candle-power.

Portable eleotric lamps have been invented for working
gaoes. as for example:—1. A Geissler tube, illuminated by &

ansen cell and a Ruhmkorff ccil. 2. An incandescent lamp,
illuminated by six or more emall bichromaie elements, 3. An
inoandescent , illnminated by small accumulators. Mr.
Swan’s lamp weighs in all about 9 lbe., and measures 7} inches
by 44 inches, ft gives 8 light of 2 or 3 candle-power and
burns 11 hours, A 5 H.P. dynamo will charge 300 of thess
lamps at one operation,

Other electric lamE are Bristol's portable safety lamp,
Pitkin’s portable ba and hand pe, Cathcart, Peto,
and ord’s Iamps, Woodhouse and Rawson's lamps. These
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lamps nsnall Becon battorica, They weigh from
2 top; Ibe., g{vmt of fromdwl to 4 em:dle-p:v{er, aiﬁcl bura
from 4 to 10 houre, :

Flsuss Lamp.—In this lamp the combustion is smpported
by a epecial supply of oxygen, which drives the flame of a
wpirit lamp against 2 ball of lime.

ores are practically air-tight eontaining about
12 cubic feet of a.ir.pvﬁid: oayn be cn.mhg 'edb:g’the minerg; back,
The air is used for respiration and fo & lamp alight, as,
for example, aft-r an explosion, In the ayrouze form, the
air is compreased to 300 or 359 Ibs, per square inch.
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Becessity for Tentilation.—That there is proper supply of
alr to a mine is a point which must be attended to by every
mining engineer,

Should the ventilation be insufficient, the health of the work-
men will be impaired. In wmeny districts, especially where
mining operations are conducted on principles which are more
or lesa primitive, evidence of this may be ssen in the sickly
a ce of the miners, In other districts, the same result,

h not direetly exhibited in the individoal, is scen in the
statistion of the death rate and the ooat of omfpur, for men can
neither work so well, nor live so long, in 8 vitiated atmosphere,
as they can in one where the air is tifnl and pure. thia
way we wee that the proper ventilation of & mine becomes a
means of lessoning expense.

It iz also the means by which srplosive gases, like those
which emanate from so many of our coal mines, are sw;:gt
away, and sandden destruction of life and property avoided,
Alnso, in mines where gunpowder and other explosives are used
for blasﬁnh? & quantity of emoke is invariably pro.
duoed, which, ﬂ not rapidly swept away, becomes a serious
i;:ged:iment to the men in refurning to their work, thus causing

¥, sad consequently another source of expense.

For reasons much as theee, but more eepecially perhaps to
avoid the loss of life, many Grovernments have drawn up rules
to insare Eﬁger ventilation in mines. Thus, in certain party
of the United States, it is provided that air shall be supplisd
at the rate of 56 onbio feet per second for every 50 men.

‘Where much fire damp is preeent, 70 oubio feet may be re-
quired per minute per men, or 53 cubio feet per ton of coal
extracted in 24 hours.

Canses Vitlating the Air of a Mine.—The goodness or
badness of the air in & mine depeuds to a great extent upon ita
ocmposition. ‘Anavmgemlysilo&airinhhedimte of
Engﬁ:iuu ollows :—
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Nitrogen . .. 77950 per oemt.
Oxygen . . . 20610,
Water . . . . 1040,
Carbonie anhydride . 041,

Of these consttihtuentg, which are m?clljzjanica‘}ily mingled to-
er, oxygen, the chief supporter of life and combustion, is
moat important. If by any meana it ia diminished by only
1 cent., the remaining air fa no longer it to be breathed ;
if 1t is reduced by 2 per cent., it is only just capable of eup-
porting the flame of a candle; and if 4 per cent. is taken
away, & lamp will refuse to burn ; whilst air with 5 per cent.
less oxygen than that contained in the ordinary atmosphers
cannot be breathed.
Mot only is air vitiated by the withdrawal of oxygen, but it
is alse vitiated by the addition of various deleterious gasea.
The most itnportant of these are ae follows :— .

Oarbonic Anhydaride—C0:. 8.G. 1-529.—In the orrdmug
atmonphere this gas exists in traces. Omeof its chief sonrces
trom respirstion. Air which passes through the lungs of a
man loses from 3 to 4 per cent. of its oxygen, nearly all of
which is exhaled in the form of carbonic anhydride. For an

individual it is caleulated that 15 oubic feet of air per
minute would be sufficient, but for & person actively engaged
it has been estimated that mearly four times this quantity
would be required. Aweptin%this latter cetimate of 60 cubic
feet per minute as being a liberal allowance for a working
miner, and that 3} per cent. of this quantity is converted into
carbonic anhydride, we have each man producing 2'1 cubic
foet of this gas per minute. A horse produces about & times
this quantity. is gaa is aleo formed by the action of almost
any foeble ncdd uoon carbonstes, During processes of fer-
mentation, and by the oxidation of organic matter in solution,
whenever any body containing carbon ia bnrnt, carbonio anhy-
dride is also obtained.

Angus Smith estimated that the bumming of two candles
produces about the same quantity of cerbonic anhydride aa one
man would produce during an equal interval of time, André,
however, givea 26 cubic foet as being prodmced per hour by
the burning of & candlm& which is sbout the same quantity s
thx::.dewhich is prod by the ignition of 1 Ib. of blasting

.
PoWhon mixed with air it forms one of the principle cone
stituents of cAcke damp, s mixture of the deleterious gases
which result from the explogion of carburetted hydrogen or sre
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damp. Choke damp is also kmown by the names Slack damp,
after damp, styths, &e.

In coal mines, especially in those where lignite is worked, it
is often found in guantity, but in other mines it ooccurs but
T A

n the concen orm it is irsble, 8]

of the glottie. If the propoa'tionlom gas in the airgreaches
8 to 10 per cent., lights refuse to burn. This power of extin-
guishing a light affords a test for its presonce when in

un.ntity, but it must be borne in mind that it is quite possible
?or a lLight to burn in an atmosphere containing a sufficient
quantity of this gas to canse death, Thres to four per cent.
of it will act as 8 narcotic poison, and even smaller quantities
are very injurions,

In wella where CO; has accumulated, men have loat their
lives. At Pontgebaud, in the SBouth of France, machines could
not keep it out. In Auvergne, 17 cubic feet of this gas have
escaped per minute from & surface of 10 feet, and in snother,
1,100 cubic feet in 10 minutea,

In the air from mines, Dr. Angua S8mith found on an average
as much as ‘78 oent., and in several extreme caseq as much
as 7 per cent. of this gaa. If it is necessary to enter an gtmo-
3&1&19 containing thi;ga.-, aa, for instance, after an exploaion,

raham has en that the mouth and nostrils shonld be
covered with & cloth coutaining a layer, about 1 inch thick, of
moiet lime and crystallised soﬁm aulphate, such a layer being
porous enough to allow of respiration, whilst the lime absorbe
the carbonic anhydride.

b 'Iéhe &}Vde: :;tt:js gas to exﬁngumh'snmﬂh&me has been spp]iedh
¥ Sir y Gurney to extingnish conflagrations, suc
aa those which ocoasionally break out in coal mines. In such
casee, all entranoss to the mine, excopting two, were closed.
One of theso was used for the entrance of t.heﬁn.s,a.ndhhe
other for ite exit. The gas was prodnced either by forcing a
current of air over a furnace in which coke and charcoal were
bnrn.ingi,ugr alse by soting on earbonate of lime with sulphuric
acid. This was forced into themine with jets of atearn, the water

thus formed assdeting to ool down the workings (see p. 101},

On account of its high epecific gravity, will tend to
sccumulate in the lowest portions of a peries of workings. But
it is also often found to be more or less diffused through the
air, particnlarly when assisted by currents of air and varying
temperatures. 1t is easily absorbed by water. The absorption
in increased if the water contains alaked lime. Adventage can-~
not be taken of this for the removal of this gas,
becanse the abeorptive action has been found to be too local.
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Carbonis Oxide. CO. B.G. -976.—This gas is often pro-
duoed in quantity when combustion takes place, g, for instance,
during the process of *fire setting.”’ L:’ie carbonio anhydride
it is trensparent and colourless, but, unlike it, it is onl,
sbeorbed in snall quantities by water, As might be ex|
from ita specific gravity, it readily mingles with air, It isvery
poisonous, and, sccording to Dumss snd Leblane, if sir con-
tains only 1 per cent. of this gas, it is sufficient when breathed
t0 canse a miserable death. Althongh carbomio oxide is & non-
supporter of combustion, 8 lamp may burn in an atmosphare
containing & sufficiently large quantity to cauee death.

In mnﬁ quantities it produces a trembling dizziness, which
is followed by insensibility. Fortunately for the miner this
gaa is of rare acourrence. It hap been met with at the Hetton

colliery.

Masthans, Marsh Gas, or Carburetted Hydrogsn. Cr.
dampf or schiagende wetter. Fr grison. CH,; 8.G. §57.—
This gas is sometimes formed by the spentaneons decomposition
of vegetable matter beneath stagnant water; from this it has
been called marsh gas, By processes of natural distillation, it is
produced and given off from many coal seams, where yon may
often hear it escaping with a low éming sound. Sometimes 1t
is given off wi mnmut violence, having evidently been under
preseure. Mr. ¥ Wood obeerved, at Boldon, a pressure
of 461 Ths, per square inch, The fissures or orifices from which
it thus escapes are called dlowers. The longth of time that a
Hower may continue to give off gas is very indefinite ; it may
exhaust iteclf in s fow hours, or it may continue for years,

In mines whers la uantities of this %: are found, it is
necossary that bore holes be ssrried along in frons of the miners,
last a reservoir of it ahould be suddenly tapped. By thie means
mdaon oxplosion SFOIASL. I o cepedilly mat withein eos)

on @ jon avoided. 1t is i meot with in
;{::chisaoﬂmd ftftablef It oocug but.:% om inbro'im&fl.

largeat quan [ is given from newly- e
openings, or from gasblygal:mken coal. But alt-houygh the
quantity which is given off continually tende to decrease, it
will alightly vary with the atmospherio pressure, the variation
of & ventilating current, or the increass of the temperature of
the mine, Owing to ita lightnesa, it tends to rise towards the
%hest workings, and almoet invariably large quantities of it

acowmulate in the goay. Tt is estimated that the air space
in goaves ia one-gixth of the volume of the coal removed. From,
these places it cacapes in quantity by any variation in pressure

As to whether there are large accumulations of gas in a bed
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from which it is kmown to be given off, depends L
the goological nature and pofﬁon of the seam mﬂ o sput:
rounding rocks. Sometimes a fault may act as & reservoir in
which to store the gas, bat, on the other band, it may act as a
canal to drain the gas away. This draining away of the gas
may also ocenr w the surrounding rocks are wanting in
oompagﬁ:as, or when the seam reaches up to the surface of the
gronn .

This gas is not only found in the coal, but also in the shales
which surround the coal. In districts where substances like
naphtha and asphalt are found it ja likely to occur. In one or
two instances it has been found in salt and metal mines; buot
such cases are rare, carburetied hydrogen being a gas which ia
ecsentially peculiar to coal mines,

In metal minea it has been met with in the Hartz, in Flini-
shire, in Montgomeryshire, at Okel Tor in Cornwall, at lead
minea in Derbyshire, at Silver Islet. It hes also been observed
in iron mines.

1t is a colonrless, inodorona gua, & non-su of combus-
tion, but itself inflammable, burning with s blue flame.

‘When mixed with air, with which it is easily diffused, it
constitutes fire damp, an explosive mirture often met with in
many coal mines,

If 8 volumes of carburetted hydrogen are mixed with 30
volumes of air, ite pressnce is indicated by the flame of & lawp
becoming long and thin. From appearances of this kind, as,
for example, by the formation of a blue halo round the fame
of a candle, the separation of the flame from the wick to form
a*‘top”’ or ‘* cap,” the miner receives warning of its presemce.
At one time, to test whether gas of this nature was present in
& ruine, special men were employed, who, before the entrance
of the workmen, advanced eautiously towards the dangerous
places holding ont before them a emall thin taper. If any

in tho flame was observed to be takizgglwet];gfmu—
tioualy withdrew. Now the miner is warned by the enlarge-
ment of the flame in his safety lamp, which he then carefully
extingnishea, either by drawing down the wick, or else by
plunging it into water,

At the Oaks colliery, Barndley, gas suddenly came out slong
a length of 50 yards. All the Btephenson’s lamps were put
out. Davy lamps became red-hot, but were extinguished by
drawing down the wicks. The return air did not go over the
furnace, and in consequence of these precantions there was no

exploaion.
%ﬂwnthe on between gas and aiv is a6 1: 12, & weak
explogion take place; but with the proportion of about
x



162 MINING OPERATIONS.

1 : 8, s violent explosion will occur. With the ratio 1 : 5 the
eu]p]osion is more moderate, and with | : 3 all exploaive power
is loat.

The resnlt of & powerful explosion is represented as follows : —
20 vols. of air 2 vols of gas «after damp™

or ar
SNz + 02+ CH: = 8N:+ CO: + 2 Ha0.

Not only has the production of affer damp or stythe proved
fatal to those in the immediate vicinity of an explosion, who
may have been fortunate enough to have escaped the effects of
mechanical violence, but also to others who have ventured to
their assistance, or who mey have been engaged at work in
gome portion of the mine to which thia delsterious mixturs has
been subsequently carried.

By looking over s serier of analyses of the gases which escape
in coal mines, it seems that we may obtain mixtares of very
variable compositions. 'We have generally from 77 to 98 per
cent. of carboretted hydrogen, a small percentage of oxygen,
from -1 to 7 per cent. of carbonic anhydride, from *5 to 17 per
cent. of nitrogen, and a small quantity of agyeous vapour,

Bulphuretted Hydrogen. .5 8.G. 1-19,—This ia a
transperent, colourless gas, which is easily recognised by its
disguating odour. When concentrated, it is highly poisonons,
With 1,500 times its bulk of air it ia fatal to birde, and with
250 times ita bulk, to lar;fer animals like horses. Tt takes fire
at 8 Jow red-heat. It is formed spontaneously by the action of
decaying animal or vegetable matter on s aoluble sulphate, It
is aleo formed by the cxplosion of gunpowder. Although
explogions are on record as having been caused by ihis gas, it
is of rare occurrence ; and it is only in old workings, and rarely
evon there, that it is found in any quantity. It occurred in
collierice at Whitchaven.

Sulphurous Anhydaride. S50; 8.G. 2°24.~ This gas,
which ie often emitted from the eraters of voleances, is produced
when suldphnr is burnt. Itisi irable and non-inflammable.
1t is produced whenover gunpowder is exploded.

Ammonda. Hi;N. 8.G. -59.—This gas is formed by the
spontaneous decomposition of animal matter, such as the excre-
ment of animala.

Arsenic and Merenry.—In minee where these metals are
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worked, their vaponrs are sometimes need. Vapours of
arsenic are easily removed by v&nt.i]atg:? but the removal of
thoss of mervury is more diffioult.

Dust, Aquecus Vapouy, &e¢.—In addition to the above-
mentioned gases, the air of 4 mine may be rendered impure by
the addition of various mechanical impurities; thus, for in-
stance, we often find that in coal mines, and especially in those
which are very dry, dust is very plentiful. Thia is naturally
a check upon the free respiration of the workmen, and should
an explosion take place in an atmosphere thos charged, the
effects are considerably intengified. loway hag shown that
an explosion may be caused by coal dust and air. The danger
regulting from coal dust depends npon its fineness and on its
inflammability.

If the atmosphere of a mine ia charged with aqueous vapour,
and more especially if this be accompanied with a high tempera-
ture, ill effects will be uced, not only npon the workmen,
but also upon the materials of the mine.

Determining the Presonce of Varicus Gasen, — The
presence of varions gases of a deleterious nature in the work-
ings of 4 mine is, to & careful obeerver, evidenced by ms.n{
agpea.ranceﬂ. The healih of the workmen, the way in whic
the lights burn, how the timber stands, and many other signs,
often indicate the presemce of a greater or less quantity of
obnoxious gaa. en the quantity of any gas is larfe, ite
effects are more decided. metimes lights are suddenly
extingmished, at other times explosions take place.

‘When air is not freah anddpum, either from the waut of

" oxygen, or by the addition of deleterious gas, the flame of a
lamp or instead of being bright and clear, becomes
smoky and sooty. Should fire demp be present, it burns blue ;
if nic anhydride is present, it may ge extinguished.

One of the older plans to determine the presence of explosive

gases in a mine Wus, as has already been mentioned when
speaking of carburetted hydrogen, to emplog ﬁeﬂd men to
inspect the suspected districta by meaus of lig] tapers,

Another but not sltogether praoctical plan, which has been
snggested, is to have an electric cirouit, broken at many peints,

throagh the mine. By sending a current it was pos-

gible at such places to cause sparks to pass, and thue iﬂitae an
explosive g.ses which might be mt there. thoug
danger to the workmen might be tﬁus avoided, the danger to
the mine was too great to warrsnt its application, excepting
nunder peculiar conditions,
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The Turquan Detector.—To detarmine the ce of fire

damp, Turquan, a Fronchman, constrocted an the
of wnh.hh was held by a string, di in saltpetre, paa;bzg
throngh ihe gauze of 4 safety lamp. Before an explosion took

plece, the ignited in the inside of the lamp, the string waa
burnt, and the stop set free. The noise of the alarum gave
notice to the miners, who had at once to quickly leave the
mine.

Osmonscopes.—A number of imstruments have been con-
structed to take advantage of the diffusion of gases.

One form arranged by Ansell is that of a beot tube, ter-
minated at one end by a cup, the top of which is covered with
a lid or diaphragm of burnt elay or marble. At the other end
there is & small globe, running through which there is a metal
scrow, Thia tube is filled with mercury which is in connection
with one end of an electric eireuit, the other end of which ter-
minates in the above-mentioned screw. If such an instrument
as this be moed in an atmosphere of explogive gas, the gua
will, by diffusion, pass more quickly through the marble or
clay diaphragm than the air which e inside can escape. The
conae%uence of this is that the mercury will be forced up the
branch of the tube until it reaches the ecrew. The circuit
being completed an electric bell will be set in action end the
miners warned.

If the poiut of the screw be placed very near the surface of
the mercury the waming will be given very scon. In thisway,
and also by altering the nature and thickmesa of the diaphragm,
the action of the instrument may be varied.

Another form consists of a bent tube passing through a cork
covered with sealing wax into the interior of a porous cell. By
diffusion, explosive gas entern the cell more quickly than the
air escapes, and water is forced up one arm of the tube. On
the other hand, shonld gas like carbonic anhydride be present,
the air will come out quicker than this dense gas can enter, and
the coloured lignid will rise in the other arm.

Inatruments of this type, when suddenly immersed in an
atmosphere which has a denaity different to the air they con-
tain, . work satisfactorily; but when the outside gas sccumu-
lates slowly, as in & mine, osmosés ie sufficiently rapid to keep
the pressure inside the imstrument practically equal to that
th and therefore as fire damp detectora these contrivancea
are usslegs.

A Thistle Detector.—Prof. George Forbes has devised a
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whistle, the note of which variea with the density of the gas in
which it in sounded.

A Balloon.—A small balloon floating in mine ges will exert
more or less force upon s epring holding it captive according
to the.greater or less density of the atmoephere in which it
floata.

In consequenco of diffusion the value of such an arrangement
would be quickly destroyed.

The Barometer and Thermomster.—The evolution of gas
at a mine, especially from goaves, ought certainly to vary with
atmoapheric pressure, the greatest quantity escaping when the
barometer is low. This is 80 far recogmased that the Mines
Regulation Act demands that a barometer and thermometer be

laced near the entrance of 4 mine. That some engineers have
ailed to recognise the value of these instrumenta may be be-
cauee they have only bad experience at mines which are not
sensitive—it being excaedingl{ probable that for the same
reason that it is only certain voleanoes and aprings which show
a olose relationship with fluctuations in atmospheric preseure;
it may alee only be at certsin mines whers changes in the
weather are closely connected with the giving out of gas. For
s mining engineer to take full advantage of barometric changes
he shonld be able to foretell such chonges. To accomplish this
8 mining district requires to be in comnection with a Meteoro-
logical Bureau, and receive the same Information that is fur-
nished to seaporta, The use of the thermometer and hygro-
meter in conjunction with the barometer are obvions,

Barth Tremors and Mine Gas.—Soveral writers have
drawn attention to the relationship of earthquakes and colliery
explesions, while committeces have been formed to determine
whether there is a connection between the eacape of gasand
earth tremors. In England the instrnments employed only
recorded earthquakes. In France tromomefers have been em-
ployed to record earth tremors, but it is the author’s opinion
that nome of the experimenta were of a nature likely to yield
the best resulta. The inatruments required are thoee which
record minute rapidly recurring eerih #lting, and these have
bitherto only been unsed in Japan. Earid pulsations may be
rogurded as similar {o the swell on an vcean; they are close)
connected with barometrical ohanges, they outrace the wind,
and to determine whetber they are connected with the escape of
fire damp wounld be a legitimate investigation.
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Lamp Detectors.—Picler’s aleobol lamyp is a ! fire
damp detector, the flame being very sensitive. Liveing's
apparatus the light from two incandescent platinum spirals,
one being in the air and the other in the mine gas, are com-
pured by a photometer,

Swan's damp indieator acts on the principle that if »
mixture of air and fire dump is burnt, the volume of the mix-
ture is diminished in proportion to the percentage of fire damp
pressnt, pressure and tempersture remaining constant. The
apparatus consists of a combuetion tube, inside which there ia
a platinum spiral, which ean be heated by the current from a
battery. The diminution in volume is determined by the rise
of liguid in a gaug: tube.

Maurice’s fire damp indicator works on similar principles.
In Murday'a fiee damp detector two platinum wires are heated
by 8 current ; one is exposed to the air of the mine, and if gas
is nt it ia more highly heated than the other, which is
enclosed in an air-tight eylmder. The resalt is s differential
oxpansion, and this actustes & pointer which may be used to
ring a bell.

Avoldancs of the Ascumulation of Deleterious Gawes.—
From what has been esid of theds variousa gases and vapours,
it will be seen that their development and accamuletion may,
to a great extent, be avoided by careful atbention to the ordinary

ment of 8 mine.

mx'i'n:s:eep the air of & mine pure, the mine iteclf should bé
kept pure; bad timber, putrescible and excremental matter
shonld be removed, the water chennels should be t clean,
smoking and sll unnecessary burning of materiale should be
avoided. All old worbings where bad gases may accumulate
should be carefully closed. To do this it is well, where possi-
ble, to build either a stone or else a brick and mortar wall,
which may then be covered with asphalte. It is also advisable
to work regularly, for if thia is not dove it will often be foun:s
that many of the workinga during the absence of the workmen
gmdua.l[lLbecome filled with gaa.

In sinldng shafts and other apecial works, it ia sometimen
found that gas which only sccumulates slowly may be destroyec
})y ],?;lving lighted lamps, which decompose the gus as it is

ormed.

Various chemical means for destruying carburetted hydro
and other guses have been tried, but chiefly on account of their
local action, the nature of the resnlting compounds, and the
expense, these do not appear to have att&d 8Ly great
BU00R8E.
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Dust may be kept down by sprinkling crude salt in the
roadwaya or by watering them,

Avoldance of Bxplosions due to Gas and Dust.—The
danger of explosions due to the ignitien of gas or dust may be
minimised by the use of safety lamps, the firing of chargea by
electricity or friction capa, snd the use of cxplosives incapable
of causing flame. Ordinary dynamite in holes atemmed with
duost has given a flame 95 feet in lemgth, and all high explo-
sives act similarly. The Austrian Fire.damp Commisaion
recommend the use of Sode-wetfer-dynamite, which is a dyne-
mite containing 32 per cent. of erystallised carbonate of soda.
Roburite, securite, carbonite, &o., have also low temperstures
of explosion (sec pp. 57, #8). The same Commission aleo
suggest that for safety the return air should not contain more
than 1} per cent. of fire damp and ¥ per cent. of carbonic acid,
snd that the air in the mine ahould be frequently teated with a
Pieler lamp.

BExpnlaicn of Bad Alr, and supplying of Presh Atr.—In
moest mines, and eapecially in collieries, it is found impossible
to eo far check the formation and accumnulation of bad gases
thut a syetematic ventilation is unnecessary, At the end of
levels, in small pits, the miner will often remove an accumula-
tion of bad air by waving to and fro a branch of leafy twigs or
his jacket. This, however, is 8 method of ventilation whi
can only be applied to openinge whick are not of large extent,

More generally, in order to obtain a current of air through
the workings of a ming, we have to depend upen the relative
positions of various openings, and the judicious opening
or closing of levela: or else to rely upon the action of some
machine or coutrivance, by which a current of sir, produced
artificially, may be either drawn or foreed through the varions
passages which wo wish to ventilate. Thia leads to the con-
sideration of the two principal methods by which a mine may
be ventilated, namely, naiurally or artificially. In some eases
& mine ia altogether ventilated by either one or other of these
methods, and sometimes by the two combived.

Matural Ventilation.— The natural ventilation of a mine
depends to s large extent upen the difference in temperature
above ground and beneath.

Une cause producing this is the natural temperature of the
earth. At a sufficient depth to escape the effects of superficial
changes of temperature, the rate of increase is about 1° for
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evory 50 feet of dessemt. In voleanic districta this gradient

may be steeper.
‘TYhis temperature is inoressed by the burning of gnnfowder,
by lights. snd by the breathing of men and animals. In seme
minee it is au ted by the burning of combustible gases,
while in mines like the copper mine of Beshi, in Shikoka, by
chemical decomposition. At this latter place, even at the
entrance to the mine, there is & temperature of 95° F. In the
11?5?% lovels of the Comstock lode the water has resched

In many cases these natursl turee are suficient to
rrodace a continuous current of air, but in other cases, either
from time to time, or else continuonaly, they will require more
or less artificial assistance.

Wo find examples of nataral ventilation in the hilly lands of
Deovon aud Cornwall, and in the Midland districta.
mN‘wbo]m Wood gives the following instance of natursl ven-

ilation :—

In the S8eaham collierivs, Hotton seam, & ahaft 360 fme, drifts
336" long. Diam. of pit 14, Temp. on bank 44°, at bottom
of downcast 49°. At baso of upcast 62§°. The reeult was
7,002 cubic feet of air per minute,

At the pit 672 feet decp. Surface temp. 43°; st the
bottom of downeast 45°; the return air 63°. This gave 36,564
cubic feet per minude.

‘When air ie heated it e ds, becomen lighter and conse-
quently tende to ascend, wmthe cooler and denser air sinks
down to take its place. If we imagine a tall chimney to
represent the shaft of » mine, the entrance to which is repre-
sented by an adit level, we see that just as the fire in a fornace
produces an upward dranght of eir in the chimney, so would
sny internal heat of & similarly arranged mine also produce a
current of air through its adif and up the shaft.

If A Bisashaft and B C is an edit. So long aa the airin
the mine is of the same temperature aa the air outside, there
will be a column of air A B in the shaft of the same denaity as
an imaginary column D C vertically above C on the ountside,
und the $wo will therofore balance each other. However,
should the air in the ineide of the mine become warmer than
that outaide, the column A B in the shaft will be lighter than
the oolumn D € on the ountside, and will therefore be out-
weighed by it, and a current of air will set into the mine at C
and come out at A.

In this case the shaft of the mine acts like a chimney. It
may, however, hap that the air in the mine will be cocler
than the air ontside, in which case, A B being heavier than



VENTILATION. 169

D O the column of air vutside, the current of air will enter at
the top of the shaft A and find an exit at C.

Foros of a Wentlating Carrent.—To determine the foree
which produces the ventilating current we must determine the
difference in weight between the column of air in the shaft,
and that over the mouth of the level. Thia difference, which ia
t}.‘hedmoving foroe, is usually measured by what is ealled the

ead.

The Aead is the heifht of a column of cold air whose weight
is equal to the above force.

If T'be the mean temperature of the shaft, and ¢ that of the
air outside, and if 7 is less than ¢, then the Aead in feet equals,

=T ¢ =T

B iam o BT

whereas if T be greater than ¢ then the moving, foroe or Aead
equals,
r—1¢ T —y*

Hgigmo e o7

In both thess cases I equals the depth of the shaft, or A B
or C D of the preceding supposition, and a= 00377 or 3}z, this

being the increment produced by an elevation in temperature
of one degreo centigrade in the volume of gos at zero under a

In these ex .'onsthebeadiserprerssedaaaoolmnofair
80 m?:ly feet 1n height. The eame column might be expressed
a8 a column of mercury or of water 6o many inches in height.

* 1. (uteide there is a column of air H of & temperatare ¢,
2. It the shaft there is a column of air J of & kigher lemperature T2
Let A be the height of the air in the shaft when at 0°C,

Then A+aTh=1H
-
o “14+af?
The beight in the shaft at +* will therefore be,
I H 1+ a4

TFaftiver=Fizav
and the differenos between ihis and the column K outside, which in of the
same temperature, i,

H_H}_+al

{(T—a
I+TT°IH‘ m.ludi.nfeet.
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Instead of conaidering the case of & mine which is ventilated
by means of & sbaft and a level, we consider the case of & mive
whick is ventilated by means of two shafts, one of which, called
the upeast, being for the exit of the air, and another, called
8 drwncast, for 1ts enfrance, we arrive at similar result.

Farther, weo observe that the greater we make the difference
between the temperatures in the two shafta, that is, between
T and ¢, the greater will be the moving force producing a ven~
tilating current.

Becauge in a wet shaft the air is generally cooler than in a
dry one, such a shaft would usually be the one chosen for a
downeast., Tt is for thia resson that the shaft in which the
pumps are placed is the one which is used for the detencast.

Dleasursment of Pressure.—From readings of the thermo-
meter we see that it is possible to caleulate the pressurve of air
ucing a ventilative current. This is, however, nsually
observed directly by means of a water gauge, which is a bent
glass tube, in tlz.a bend of which there is a small quantity of
water. It is open at both ends.

By placing this in such a position, se for instance, with ome
of its enda through a hole in a #fepping, the current of air pass-
ing in at the opening in one of ita arme, forces the water up in
the other. By nations upon this latter arm the pressnre
is read off as so meny inchea of water. We slso seo that
barometric readinge might indicate the pressure in millimetres
of mercury.

It a barometer were placed mear the top of an wupeast, and
another at the entrance to an adit, this latter would stand
higher than the former, and the difference between them would
indicate in millimetrea of mercury a portion of the moving
force. If we had an wpeast and a downcast gituated near the
sams level, barometers placed near the entravces to these onght
continually to give the eame readings. They would, however,
differ from the readings of barometers plwecf at the bottoms of
two such shafts, and these latter would again differ from one
another—the one placed at the bottom of the wpesst standing
higher than the one at the bottom of the downeast,

As readings on a mercury column due to great differences in
head are only small, and also as they vary not ouly with the
pressure but also with the velocity and temperature of the afr,
the barometer cannot be 8o succesafully employed as the water
gauge in the measurement of pressure. Anemomstsrs of
variong descriptions also indicate pressure but they are usually
" employed to measure velocity.
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Velocity of a Current.—If a body has fallen from a height
A, it has a velocity which is equal to 4/2¢4. It ba that
the pame formuls gives us the velocity of a fluid : that is, if
air is flowing from one place to another, the difference in pres.
sure between the two places being measured as a head 4, then
the velocity ¢ with which air flowa to the place of lower pres-
sure is approximately /3%, i

The head A is the height of & columu of air whose weight is
the difference in pressure between the two places,

Havin%af'hen the Acad, from this expression the velocity

1

may be nlated. It may also be remarked that if the
2

velocity has been observed, the Aesd, which ia ’g} may be cal-
culated.
Sometimes it will be convenient it the formula ¢ = 4/ g4, to

substitate for A its value X 4 (%1—,) (se p. 169) and

we obtain— ;
T-¢
o= (0 Hei Ty

To observe the velocity of & current, anemometsrs are used.
These are of two kinds: (1) those with a rotary motion, and
{2) those which act by the pressure of the passing air against
& awinging vene,

Amongst the former, Biram’s is perhape one of the most
common in use in England. It consiste of twelve smell
eails, upon which the carrent of air acte like the air upon the
sails OFO: windmill. The pumber of revelutivns which are
made are registered by gearing in connection with & counter.
A delicate form of this instrument is made by Caselle. In
France and Belgivm an instrument constructed on a gimilar
principle ia used. It ia known from its originator ar Combes'
anemometer, These and other instruments chiefly differ from
each other in the number and nature of their eails, the great
object bemg to obtain one which, whilst beivg self-registering,
is sufficiently frictionless and delicate to move in & Elght our-
rent. By the use of an empirical formula the velocity of the
carrent of air is deduced from the number of revolutions indi-
cated by the counter.
molt‘:rtheTl:ia dnsisu%tt. Mmm wi::memo-

. ool a © § on
an axis. From the nmmber of degrees it isdeﬂeceegh:ren
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held at right angles to the current, the velocity of the airis
det.erminetf.

The velocity of air in & level may slso be measured by
obsorving how long some light ma like smoke takes to
travel over & given distance. This amoke may be produced by
the explosion of a emall quantity of powder, First the
time of the explosion ia noted, and mﬁ]uently the time at
which the smoke arrives at some given point. From these
vbservations the velocity is readily gleduceg?m In making such
ubservations tho two poiots of ohservation ought to be in a
straight part of the level, so that the person whe records the
arrival of the smoko may have been able to note the time at
which the exploaion took place. The section of the lavel vught
also to be regnlar, or there will be variable valocities at different
points along its length. Aleo it may be observed that varying
tesnlte will be obtained according as we note down the arrival
or the final disappearsnce of the amoke.

A still rougher method of approximstely finding the velocity
of air in a level, is to walk aﬁzog the Jevel in the direction of
the current carrying a lighted lamp or candle. If you move
plower than the carreut, the flame is blown and inclined before
you ; if you walk faster, it is blown back towards you ; whilst
if you walk at the same rate, it will remain vertical, and your
rate of walking meaaures the velocity of the current. In such
determinations as these it is well to take a mean of peversl
obeervations,

The volocity of air will vary at different points in the same
section of a level. I therefore must be measured at several

aces and a mean velocity calenlsted. 'When once calenlated
or a given pection, as the ratio of the mean velocity to the
velocity at sany point in the sechion is copstant, subsequent
measurements may be made at one selected point in the sec-
tion.

The Dquivalent Orifice (Murgue)—

Q = quantity of sir in cubic fest per second passing throngh
the opening (i.¢. circulating round the mine).

A, = ventilating pressure in feet of air column required to
overcome the resistance of the mine.

A= openi_lég in a thin plate in square feet (1., equivalent
orifice}.

K= ouoﬂiciea;t of contraction of orifice (f.s., vens comiracle
=+65).
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Then Q= gk, X 65 4
O S
65 4/ 297,
Ii Qs in thousands of cubic feet per minute and 4 in inchea
of water gange— ¢
4= 3 . o AV andh, = 1369 (_fi_.)2
1/k¢ of

The average value of { for English mines ia sbout 20, and
for Belgian about 86 square feet.

Obstructions to the flow of Atr,—In practice it will be
found that the velocity of air caleuluted from the Acad, will be
greater than the veﬁ:ucity actually obeserved by experiment.
This ia due to having omitted to consider the various resiet-
ances which the air meets with as it travela along the ga.l.lenes
of e mine. These reeistances are those of friction. Obatrue.
tions and contractions, ususlly referred to as stopping the flow
by arresting its momentuin, are really to be conaidered as pro-
gfpci.ng large amounts of internal friction in the flowing mass

air,

When one body movee or slides acroes another, there ina
certain Tesistance to the motion which we call friction. The
amount of this resistance depends upon the prerswre which these
two bodies exert upon each other. If we could imagine that a
foroe due to the head of air might be employed in sliding a
body along a level, the resistance to the motion of such a bod
would be proportional to the weight or to the pressure whic:
that hody exerted on the bed over which it moved, This would
be aolid friction.

In the oase of air moving along a level under the influence of
the pressure caused by the Asad, although we kmow that the
pressure is transmitted by the air in the levels to the surfaces
over Which it moves, the resistance ia not, as in the cuase of
solid bodies, proportional to the pressure. Wo have bere a
case of fluid 'E'ict.ion, which ig independent of pressure, being aa
greet for a emall pressure as for a large.

Some of the laws governing fluid motion are, howerver,
evident, Firat, it will be olwerved that the reaistance to the
flow of B oolumn of air will depend upon the aztent of surface
which bounds the flow.
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To take advantsge of this, air ways ought to be made as
short as possible, becanse a long level will offer the greater
resistance to the passage of air. As the rubbing surfaceina
level depends upon it sectional perimeter, for a given sectional
ares we ought to make this perimeter as a3 posaible,
Thus 4 level of circular perimeter may have a larger area and
therefore sllow a larger quantity of air to flow a it, than
8 level of rectangular section with an equal perimeter, There-
fore a circular level so far as the friction of air is converned,
wounld be the beést form for an air passage. Lastly, the sides
of an air passage onght to be made smooth, because they pre-
sent less purface then one which ia rough.

Not only is the resistames to flnid motion dependent on sur-
face, which in a mine is measured by the length and perimeters
of it levels, bot it i1 also greatly dependent upon ite velooily.

As the air fravels along a level we may i ofme it arranged
in rings, those which ave nearer to the sides of the level being
reta) more than the air in the centre.

From experiments it ip found that for small velocities the
frictional resistance is proportional to the velocity, for ter
velocities it is proportional to the sgnare, oube, and higher
powers of the velocity. With the motion of water in pipes,
conditions similar to those which wonld be obtained for air
moving very fast, are found to exist.

In the following formule, which give the head of air neces-
sary to overcome friction, we suppose the friotion to be
proportional to the square of the velocity, becanse thie is found
to agree well enough with experiments npon the flow of air
in mines, but it must bs remembered that this law is only
roughly true.

Let  F= force of friction in lba.
# = a number found by experiment.
! = length of openings traversed by air.
¢ suthe mean perimeter of cross section of these
openings.
¢ = velocity of air in feet per second.
@ = quantity of air in onbiec feet per second.
A = area of cross section in square feet.

Then F=kJmJﬁdmvw(§)

-~ F=hLa(%)
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Now, if the friction is overcome by a fSead A it is overcome

by an urging force A, 4. w. (where w is the weight of a cubic
foot: of air}, which ia the equivalent of this Aead,

Therefors hAhdw="Fkle (-—3%

sk b
w A3

Now % is a number determined by experiments in mines

where obstructions due to timbering, &o., render the conditions
somewhat different to those obtained for the flow along an even
channel. André gives for this constant 00066,

Augmentation of & Natural Gorrent.—All means taken
to augment a natural ventilation which involve additions to
the ordinary arrangements of the mine may be considered as
heing, in & greater or leas degree, forms of artificial ventilation.
Just a8 in all rooms to which there is an g, there is
more or less circnlation in the air, 8o it is in all mines, and 88
by the opening or shutting of certain doore we are eble to in-
creeae the draught in a room, so the dranght which exiats in a
mine may be slso increased.

Towsrs.— From what has already been said about the natural
ventilation of a mine, it will be seen thet if the temperature in
& wine be different from that cutside, the greater the difference
iu level between the o‘l:eni.ng st which the air enters and that
from which it leaves, ¢ ter will be the ventilation carrent.
‘Whore this difference in level doee not exist it may sometimes
be conveniently created by building & chimney over one of the

openings.
PA.s tgz quantity of air passing out of any shaft is directly
smportional to ita velocity, we see that if the temperature pro-
ncing motion remaine constant, the quantity must be
proportionsl o the square root of the height {see p. 177).
¢ have, therefore, the velocity and quantity of air varying
as ¢ H. If wo incresse the length of the shaft by a tower 2,
the velociiy and quantity of air will be proportional to
+ H + A And if we compare the ratio of increase in & shaft
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H sarmounted by a tower 4, this increment will bo measared by

VH P —yH
v H.

I His large, that is if a dhaft bo deep, it will be
mthntﬁ':?bove ratio, or rutio of angmentation, for & given
chimney A, becomes very small, s result which might naturally

be ex .
differencs in level, in hilly distzicts, may often be formed
by driving special galleries.

winds.—In the tropics, where for long periods there sre
oonstant and steady winds, the pressure which these oxert
may be taken advantage of, to force a current of air through
the workings of a mine, by the vpening or cloaing of suitable
entrances or levels.

Cowls.~—The action of the wind may alsc be taken advantage
of by plucing over the upesst and dowmeast, or over openin
connectsd with thess, towers terminated by movable cowls,
The cowl which is over the downeast is so arranged that it
always preseuts its open fave to ihe influenoce of the wind, in
consequence of which a cnrrent of air will always tend to pase
down into the mine. The cowl over the upess: is always 1n a
reverse position, so that the wind as it rushes past its edge,
tends to drag the air from the interior aleng with it.

Pipe and Cap HMead—This is a pipe with a movable
mouthpieve placed at r(iight angles to its length, This latier
portion ia & wgrotm und is kept facing the wind, whilst
the pipe extends down to the workings, The action is similar
0 cowls on air towers, or to the ventilatiog arrangements
weo gee on board shipa.

Alr Sollars.—An air sollar is formed in a level by i
the tramway on a board floor raised sbout & inches sbove the
acl:m;l floor of;ual the level. This bm wh:rhﬁdi}:it,des the lovel
into two uneq Sorh'on ma, o airtig! covering
the joints with clay. ﬂ t-.l:uay floor of the level is not too
steep, and thero is not a rapid current of water flowing beneath
it, & current of cold air will set up the air sollar beneath the
&:u? wlhi]st heated air will pass out -above the floor, along

evel.
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Atr Read-—In the Btaffordshire ecoal districta it is sometimes
customary for vemtilating pos to drive a amall drift or air
head above 8 main lovel. ith this it is connected by vertical
openings called spowis. The bad air from the main level asconds
by thess spouts into the air Aeod, which leada it away towsrde

an upeast,

Paling Water,—In case of an emergency water may be
allowed to fall into the downeast, This by cooling and also by
the dragging action it exerts upon the air in the ahaft tends to
create a current. In the event of an explosion or the breaking
of & machine, by which the ventilstive currenta had been de-

the turning of a rly arranged weter-cock might
bo used to restore the ventilation.,

By Cooling the Air.— W see that just as air may be cansed
to ascend by its being heated, 8o it may be caused to descend
by having been cooled. Apparatus for assisting in the cooli
and the ventilating of & mine have been designed on this
principle. The general character of these machines is that of
8 large a£il], where air which is the material to be cooled,
inatead of flowing through the worm, flows downwards through
the vessel in which this is cootained. Through the worm an
upwards eurrent of water is kept in ciroulstion,

Water Trompe.—This contrivanos consivta of & pipe nsually
from 8 to 12 feet in length, down which water Faﬁz into &
closed reservoir, In the upper of the pipe there arelateral
openings pointing inwardsand downwards, As the water falls
gt these openings, it drags and sucks air from the exterior.

the u;ﬁenida of the reservoir there ie a pipe to lead away
the air which is being continually entrapged. The water ia
kept at a level which covers the orifice by which i
thus prevents the simnltaneous escape of the air.

The upper end of the pipe at which the water enters is
elightly conical. Exactly beneath the pipe in the reservoir,
there is & board placed above the :ﬂng at which the water
eacapes. This is struck by the ing water, which, being
broken up, liberates the air.

The mean average effect for such machines is given at 12
per cent., from which it will be scen that they could not be
unless water power wes plentiful. Another obvious condition
for the employment of such a machine is, that there should be
every Iacility for draining away the water from the level down
to which it falls.

t escapes, and
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Puroaces and Steam Jets. — It is evident that i we increase
the temperature of air in an upeast we shall incresse the
current. For this purpose jefs of steam and furnaces ave used.
Furnaces are placed pometimes at the top of a shafi, sometimes
in the middle, but more generally at the bottom, where, with.
out discuasing the guaestion, it ia evident that they would be in
the most favourable position to produce the best effect.

Furnaces in Shafts.—Doring sinking procosses, or for some
tempom:av expedient, aﬁrehell]ginan gon grate is pometimes
suspended in a shaft for the pua;%ae of heating the air and
pr:s::ing an upward current. £re an o%is narrow,
and where there i much timber, the danger of a proceed-
ing is obvious.

Furnaces above Greund —Jometimes the dranght in an
#peast may be im by meking & connection between it
and the chimney of some of the boilers or furnaces which may
be near the mouth of the shaft.

‘When furnaces are placed on the surface of the ground, their
action is aimilar to that which we ehould obtain by placing the
mouth of the shaft in communication with a chimney,

Fuarnace vontilation may require 35 lba, of ¢1al per H.P. per
hour, which is not economical.

Ventilation of this description may be useful in cases where
the workinges are not deep, or in cases where we have a natural
ventilation which it is occasionally necessary to revive.

Furnaces nnder Groand.—Fuarnaces above gronnd are but
seldom used, whilat furnaces bemeath the surface are very
common, eapecially at some of the English cosl mines. Where
it so often happens that & #pecial shaft can be devoted to them
they may be placed immediately boneath it. It is more usual,
however, to place them 80 or 100 feet distant, connecting themn
with the shaft by meane of an inclined level or dumd drift.
This ought to be of sufficient length to prevent sparks reaching
the upoast. In this way annwoe 10 the onsetters is avoided.

The smoke which comes to the top of the shaft may be carried
away throegh an inclined side drift entering the shaft beneath
the seitle, and leading towarde a chimney.

These furnaces are generally se arranged, tbat in case it
would be dangerous to allow the air which ie being drawn out of
the mine to come in contact with the fire, they can be supplied
xthsspeeialbmch of fresh air led to them direct from the

whoast.
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Above they are covered by an arch. In order to safely pro-
tect the roof from firs, this arching ia sometimes made double.
Ho that the proper quantity of air shall pass beneath the fire
bars, the apace above them may be regulated by a sliding door.
On either side of the furnace, arched air-ways are sometimes
built. At the back of the furnace there is a chamber o cateh
fyin ka. The avernge dimension of & furnace is sbout &
feet in breadth, by 8 or 9 feet in length.

At Monkwearmouth, & furnace 12 feet wide, with 3 feet
above and 3 feet below the bars, gave 120,000 cubic feet per
minute.

Somotimes several furbaces may be required. These may be
either arranged in juxtaposition or bo placed separstely, and
worked according te the requirements OIE the mine.

Over a shaft which is ventilated by a furnace a tower may
be erected. In the shaft, such supports as from their position,
if made of wood, would be in denger of fire, must be replaced
by irom, or else by stone or brickwork. The latter ia preferable
—firat, because the conduction of heat in brickwork ia less
than it is with retal ; and, secondly, because of the heat and
the resuliing from combustion, by which metal-work in
alowly deatroved.

To supply the furnece with air taken directly from the down-
cast, naturally weakena the current which has to pass through
the workings, and as it may happen that only a cerfain district
of a mine produces dangercus gases, thess alone are prevented
from coming in contact with the furnace, and some portion of
the air which has throngh other portions of the mine
may be used to feed the furnace.

In North France, at Anzin, a small shafb is sometimes sunk
nﬁ to the upcast for the purpose of supplying s furnace
with air.

Work done by Farnaces.—As at different mines the condi-
tions sre ueually a0 varied—the nature and size of the mine,
the quantity of the coal which is used, the part played by
natural ventilation, &e.—it is difficult fo compere the effects
fumdnoed by various furnaces. To show what has been done,
t may be mentioned that at Hetton Colliery, with three fur-
naces, 190,000 cubic feet of air, and with four furnaces, as much
&s 220,000 cubic feet, have been drawn out of the mine Bt:r
mioute. At the Haswell Colliery the velocity of the air in the
upeast has been 20 feet per second ; and at Wallsend, in the
lovels underground, a velocity of 21 feet per second has been
obtained by the aid of furnaces. The greatoet hest in the
upeast has from 145° to 180° F.
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In the North of England it is coneidered that a fumace 6
feet broad, and 6 to Sieetlomg, using in 24 bours about 2 tons
of coal, will cause a flow of from 40,000 to 50,000 cubic feet of
air per minate, and the water gauge will show a pressure
varying from 26mm, to 42mm.

The average temperature of the air in the upeast, from a well
srranged furnace, ought to be from i50° to 160° F.

Theoretical Considerations.—From 171 wa see that
the velocity and quantity of air passing h the wupeast in
proportional to 4/ 7— ¢—that is, v varies as the aquoare root of
the difference of tempersture in the upesst and downcast. If
we call this difference o, and the quantity of air in cubic feet
per second @, -

then ¢ and @ w0 ¢/ d.

The oost of the materials which tEwde this heat depends
upon the incrense in temperature they produce or 4, and the
quantity of air which passes on /4

therelure the cost ® +/d. . or d§ or &3,

Furnace Paradox.—If wo take a series of examples we
shall see that by doubling or trebling the tsmperature, we
mﬁ:_n(l:her double nor treble the velocity nor the quantity of air
w passes.

The first three columus of the following table, illustrative of
this result, are given by Burat:—

Temp. of Velocity Kos. proportional
i
om?s cur?:nt. wf?iqe?nuﬂ‘o{
30 43 a6
40 &1 153
50 68 232
60 i ] 320
100 79 711

If we suppose the above mumbern given by Burat to have
been obtained by experiment, then because the quantity of coal
consumed =¢. ¢

48 678 68° B4 TP

Taking the mean of these equations, ¢= -00121.
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For any given velovity we ean now caloulate ¢ number pro-
portional to the R::nﬁty of coal which will be used. In the
following table same velocities 88 those given by Burat
are taken, and it will be seen that the quantities of coal
which are burnt, accord pretty mearly with the quantities

before given,
Felocity of Noe. mﬂmﬂ
nurretzk to nsed.
43 98
51 160
68 236
67 37
79 696

If we make our caloulations simply from the theoretical
oonsiderations given on page 171, becanae ¢ varies as ¢/ It
and the quantity of coal varies as +3, we shall aee that if we
have the difference in temperature in an wpeas! and a 4 ¢
represented by the first column o;gfum in the following table,
the second and third columns will reapectively represent the
corresponding velocities which will be obtained, and the quanti-
ties of coal which will be used.

Differences fn Nos. proprrtional ~ Nos, proportional

temperatars to velogity of 10 ¢conl which
o T=—t. anpyent, will be need,

26 5 126

38 6 216

49 7 343

&4 8 612

81 9 929

100 10 1000

From these considerations it will be seen that high tem-
peratares, besides remdering it imtpossible to use the wpcesr,
necesgitate the expenditure of enormous quantities of fuel as
compared with that required to produce low temperatures or
low velocitiea.

Employment of Steam,—Very often, &s, for instance, at
some of the collierion of South Lancashire, the wasgte steam from
an engine in allowed to escape at some point in the tprass, In
this way the sir in the shaft is heated, and an upward ourrent
ia produced. If the steam which is employed for underground
engines is mupplied to them by E:‘pea from the surface, the
ng:tion from these pipes also to aocelerate an upward
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dranght. At Wigan, severa] experiments have been made to
employ ateam, not only to areate a draught by heating the air,
bot to act mechanically by escaping under pressure in the
direction of the moving current.

These were curried out by allowing 14 or 18 small jets of
bigh gnesaum steam to escape in the wupeast. Bo that these
should not interfere with each other, & eylinder about 1 foot in
diameter and 6 feet long was placed above each. ‘The re-
nlm.i:‘iing space not occupied by these cylinders was carcfully
closed.

One of the best resulta was the exhaustion of air at the rate
of 6,250 cubic feet by the burning of 1 lb. of coal. In the same
ehaft the burning of tho same quantity of coal produced am
exhaust of 10,650 cubic feet per minutea.

From these experiments it eeems that it would not be
economical to generste steam specially for ventilative purpaoses,
but if ateam is at hand, as, for inetence, from the escape of an
underground engine, it may be used with advantage.

Tentilating Presaure, &e, { Merivale)—
It  M=motive column (ventilating preasure) in feot of
air of temperature in upeast.
It=depth of upeast in feet.
t, T, ¢’=temperatare of air in downecaet, npeast and re-
turns respectively.
P ventilating pressure in Ibs. per square foot.
I=height of barometer in inches.
¥ = weight of one enbic foot of the return air inlha,
Q=cubio feet of air per minute in main return.
X=1bs. of conl burnt per hour.
F=aren of furpace in square feet.

r—¢
Then M=D x T
13253 x Ix D
T= {_113253 xIxD _ o }—459.
459+t
.| FQxT—1x 238x60
=1 14000 } x ey 2.

. X
1 =_1_|5 roughly.
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143253 x I 1-3253:1} >
1w+ 269+ T x L

Theoretically about 160 cabic feet of air are required 1b.
of coal burnt, {"»ractiau]ly 300 cubic feet. per

=

Consumption of Tuel on Pit Furnaces.
{Trans. N. E. I., vol. VL)

Coals per l Conals per Quanti
Depth (B per bour, H.P. per hour| 3 otity

Losality. incudiog | ©
in ﬁgwer due to t ower dee to m‘;‘:’,
at of mine. , Dest of mine. y
1be. | Lbs. Cubie ft.
855 816 45,756
1624 571 b
s 168 44,800
21 283 42,924
272 156 132,895
5 k) 70,600
ATETAER .o - 607 | 278 -

Ventilating Machines.—The varions machinea which are
used for purposes of ventilating mines may be divided into two
great classea.  First there are those machines working back-
wards and forwards with the motion of an ordinary pump, and
secondly those machines which have a rotsry motion like &
winnowing machine or fan.

Duck Pump (Harzer Wettersaiz).—This oonsists of a oy-
lindrical vessel closed at one emd, inverted over the end of an
air pipe, coming up thro the bottom of a second veess]
para filled with water. On the closed end of the inverted
vessel, and over the open end of the air pipe, there are valves,
both of which open upwards. By raising and lowering the
Epet vessel it will be peen that air will be drawn up throogh

e air pipe to be discharged through the valve into the in-
verted cylinder.

Thin up and down motion is often given by attaching the
upg& vessel to the pump roda. .

¥ reversing the motion of the valves, instead of exhzusting
the air from the workings, air might be forced in.
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By placing two air pipes with valves moving in opposite
d.i.reoh%ns beneath & moving oylinder which is without a valve,
air would be drawn up oue of these pipes and foreed down
auother, In this way bad air drawn fiom ore point in a mine,
instoad of being discharged near to the pump, might be dis-
charged some distance away. Small machines are 14 to 2 feot
in diameter.

Marihays's Ventilator.—This ventilator is & more perfect
form of the Daok pump. If we imagine the air pipe of the
Duck pump to be iucreased until it almost fills the interior of
the fixed cylinder, so that the movable cylinder has ouly a vmall
sonuler spece iu which to move, we shall see the general
arrangement of Marihaye's ventilator. On the top of the
movable cylinder, which & dismeter of 366 met. and a
height of 2'6 met., there are 16 valves.

e same number of valves are placed on the emd of the
cylinder which corresponds to the air pipe. The whole is con-
siructed of sheet iron. Two of these may be worked by ome
engine, which is placed between them,

‘I'he nseful effect in given as being from 33 to 3¢ per cent.

struve’s Ventilator.— Struve’s ventilator oomsists of a
large chamber, olosed above and below, in the sides of which
there are a number of valves. On oneaide communijcating with
the shaft; these valven open inwards. On the opposite side they
open outwarde. Inside this chamber there is a large bell like
the movable cylinder of & Dock ﬁump working up and down in
a chamber filled with water. n this rises, the air in the
apper part of chamber is compressed and forced ont of the
valves, which are on the opposits side to the shaft, at the same
time the air in the lower portion expands, and the lower valves
on the side of the shaft are opened, whilst those opposite are
clecsed.  'Wheu the piston descends the reverse happens.

Another form of this machiue is where instend of the water
chamber, & cylinder, within which there is a piston, is placed
inside the exterior chamber, This cylinder is gald in position
by supports from above and belew. To divide the upper valves
from Ellm):lower ones, s horizontal partition is plwedpel:etwm
the centre of the chamber and the cylinder.

Theso machines are nsnally worked in pairs by means of one

engine,

nﬂnthia latter arrangement, where there is a piston workin
in a cylinder, it will bs observed that & eonsiderable amouat o
friction has to be overcome which is not felt in thoss forms
where, instead of the piston, there ia & bell working in water.
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An objection which has been raised W:Ea.inut theso machines is
that any sudden change of motion will disturb a0 large s body
of air that its effect may be felt in distant places, and be the
eause of dangerous results. It may also be mentioned that the
valves are apt to get out of order. Notwithstanding these
objections this machine has boen successfully used at many
collieries, especially in 8. Wales. At the Risca Colliery, two
pistons 18 feet in dinmeter and 6 feet stroke, with & amall
engine and 35 Ibs. of steam, gave 43,000 cubic feet of air per
minute.

The pistone have 4 diameter varying from 12 to 22 feet, and
a stroke from 6 to § fest.

They are capable of exhansting from 20,000 to 100,000 cubic
feet of air per minute. One machine gave for every
cosl which was burnt, 5,238 cubic feet of air, with an average
manometric pressure of 35 mm.

Piaton Machines.—These consist of a rectangular, or more
weually & oylindrical, cass made from wood or iron. At ome
end this is open, and at the other end it is covered by valves.
Inaide this cylinder there is a closely fitting piston also covered
with valves. As such an arrangement will be intermittent in its
action, two cylinders are so arranged that they work alternately.
These may be placed vertically and worked by means of 8 beam,
or they may ba placed horizontally. The efficiency of ventila-
tors arrsoged on the former of these systems, has varied from
20 to 40 per cent., and with the latter it is that as much as
63 per cent. has been obtained. Qneof the firat of these piston
machines waa erected in [828, by M. Brisco, at Charlerci, In
1858 it wae improved upon by M, Mahaux.

Mahanx’s Ventlator.—Here two pistons are placed at
oppoeite extremities of & piston rod. The valves aro suspended
vertically, this being the position in which they offer the least
resistance to moticn. These are large. One of these machines,
with pistons 4-9 fest diameter, gave 45,000 cubic feet of air
per minute.

NWixon's Wentilator.—This ventilator consista of a chamber,
at the ends of which valves are arranged aa in Struve’s venti-
lator. Moving backwards and forwsrds in this chamber there
is a large piston. To leasen the resistanoe this ia au) on
wheele. At Navigation Pit, near Aberdare, the piston, which
bad a stroke of 7 feot, measured 30 by 22 feet. The valves,
which for lightness are mads of wood and leather, measure 16
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by 24 inchen, snd 4re 672 in wumber. Theoretically such &
vfentgilator at 9 strokes per minute will give 166,000 cubic feet
of air,

An objection to thess machines iu that there is much leakage,
and also that owing to the piston not being able to make s full
stroke, the ventilative effect is interfered with, by the fact that
between the end of the cylinder and the piston there iz always
a large space,

Centrifagal Tentilators or Pans.—Fans whichare used for
the p of blowing furnaces move with a high velocity
and produce a small current of air at » high pressure. Fans
which are used for mines are required to produce large volumes
of air at a eompa.mti\reli low velocity. All thess fane consist
of a wheel provided with vanes enclosed in a case. This has
two openings, one central and another ta tial, Asthe fan
ia revolved air enters st the former of these openings and ia
expelled at the latter. By connecting first one of these open-
inge and then the other wath a shaft, air might either be forced
into a mine or drawn out. The course which may be pursued
will depend upon the conditione of the mine. Occasionally air
may be £ into a mine, but the waual plan ia to ventilate
by exhauation.

Bince early times, fans with radial vanes centred romund
an axis aud enclosed in 2 wooden case have been used, and even
now for temporary purposes, and in small workings they are
employed with edvantage. By building these fans of sheet
iron, and by altering the form of the oase, great improvensents
have been achieved, but the chief alterations have been with
regard to the position and form af the vanes,

Wentilating Pressure of a Fan (Merivale).—

H= s ventilating ure (theoretical depression}
gt"lrfeet of air column, of &ensity of flowing air.
% = tangential velocity of fan in feet persecond.

2
Then, theoretically, X = “T

%]

But as H = we may say that the theoretical depression

ia double the height to the tangentisl velocity.

With H as above
P = vontilating pressare in.1bs. per squara foot,
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W & = water gauge in inches,
d = density of water = 1,000.
@ = density of air = 1-2 approximately at ordinary
pressure and temperature.
Then P= 52 WG,

_AWe 1000WG - 12 x 12H
Fx - 1sx1z &= 1,000

The following formulm are from Mr, A, L. Steavenson’s
transiation of M. Murgue's work :—

Let H = theoretical depression iu fectof air column given
by a perfect fan it its eyo weve shut off from
the mine and a.tmosphere

hq = effective depression in fectof air column ; i.¢., the
ventilating pressare required to overcome the
resistance of the workings = the wuter gauge
in the fan drifs.

A, == nseless da?memon in feet of air column; i.e., the
ventilating pressure required to overcomo the
resistence the air meetewith in passing through
the fan. Ta obiein this the communication
between the fan eye and the workings must be
¢losed, and the eye connected direct with the
atmosphere

@ = the quantity « f air in cubic feet per second.

« = Equivalent orifice in square feet.

O = Orifice of passage in square feet ; i.c., the area
of 4 hole in a thi te which would offer the
same resistance to the air that the fan offers.

k = ecocfficient of efficiency of fan (varying in the case
of well designed fans from -5 to -8).

¢ =~ gravity, say 32'19,

u = tangential speed of fan in feet per socond.

Then H = %; + 4,

2=
]

Q
86 4/ Ighy

A=
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0= —
45,/2g%,
_ &
34766 A)%
- @
* = (65012
Q=65 4y/20%,
Q= 850243,

Aaw

A

And for practical caleulations :—

; kut
WS A
e (1+%)
65 T hk A u
. Q=—"F—‘2___“
4
,\/ 1+W

Combes and Redtenbacher say that the vanes ought to be
tangential to the exterior circumferenoe and make an angle at
the centre. Others, whilst meking them tangential to the
exterior, make them radial en the interior.

Tt scems to us that they ought to meke an sugle at the cir-
cumference and also at the centre, and these angles may be
caloulated from kmown principles.

However, it is not of any mmnea what is the shape of
the vanes of a fan, except that considerations of fristion

¥
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they ought to be made ar direct as ible. The angle made
by the vane at its inner edge with the direction of motion must
be such that the air enters the vanes without shock, That is,
it 4 is the aves in feet of all the openin, gmmund the inner
edges of the vanes, @ the quantity of fluid ing per minute,
# the number of revolutions per minute, » the internal radius,
and @ the angle which the vanes make with a tangent to the
inner circnmference, then,

g
tan § = 2wrand

The angle made by the vanes with the outer circumferenee
may have almost any value, if there is a large enough space
surrounding the fan. The discovery of the fact that w trifu,
fanehave neazly all the same efficiency, if they areall & ed
with & large enough space in which a natnral whirlpool can
eatablich itself, in cﬁm to Professor James Thomson.

Bckardt’s Ventilator.—Thie ventilator has six vanes, each
of which is bent to form a semi-circls, the radius of whbich is
equal to quarter the diameter of the whole wheel.

Diameter of the wheel.. 16 inches,

Breadth .. .. ., .. 4 inches.
Exit opening.. .. .. 4 square inohea.

The whole is made of sheet iron, and is driven by means of 5.
band, at the rate of 500 to 1,000 vevolutions per minute. The
useful effect is 20 per cent.

Two such wheels may be placed on the same sxle, being w0
srranged by snitable divisions, that one will drive fresh air into
& working, whilst the other sucks out the bad air and drives it
on to some distsnt point.

Reichonbach and Goylays’s Ventllator.—The Peculiarity
of this ventilator is that the metal vanes are roplaced by &
cironlar brush made from wire or whalebone. It is probable

that the efficiengy of this m:chine is low, .

Rittinger’s Ventilator.—In this ventilator the wingn are
80 construocted that the curvature of the vanes on the outside is
tangential to & rading, and on the inside they are tangential
to 6 line which makes an sngle of 47°, with 8 second radins at
the point where they meet the imner circle. The whole is
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en'closed in a case. Tt makes from 300 to 600 revolations per

minute.

A ventilator, with & radius of 19-¢ inches and 15 vauee, gave
£2:37 per vent. of the calculated work.

Thir ventilator is also conatructed on & large scale. One,
of 13 feet diasmeter, with vanes malking 80 to 400 revolutions
per minute, extracted about 404 cubic feet of air per second=
21,000 per minute.

Ventilators for a whole BMine —These alwuys act by ex-
haustion, and, therefore, with but few exce’FEons, they con be
ueed without being enclosed in a case. are tg:nerslly
placed at some distance from the shaft, with which they com-
municate by means of an inclined tuonel.

Wasmyth's Ventilator.—At Abercarn, in South Wales,
one of these ventilatora had eight radial wings formed from sheet
iron, each 3 feet long and 3? feet broad. The tots] dinmmeter
of the machine was 13} feet. The foul air coming from the
mins paesed up Letween two side walls, and entered af the
centre of the fan, to be discharged at its circumference,

It wae driven by ¢n engine of 13 H. P., and made from
60 to 80 turns per minute.

The work done per minnte was :—

By natoral ventilation 26,545 cubio feet.
»» 00 revolutions .. 49314 ,,
,» 80 revolutions ., 61,704 ,,

Lotoret’s Ventilator.—Thia ventilator nsually consists of
four flat winga which are inclined at angles of from 105° to 135°
at the extremity of four radial arms.

The diameter of theso machines in from 6 to 10 feet. They
make from 200 to 300 revilutiona per minute, and the useful
effect is from 23 to 20 per cont. Burat gives, in two cases, &
useful effeet of from 40 to 44 per cent. ’

If the inlet is too lavge, it ia said that two dreughts may
arisc, one entering the machine near the axis and the other
flowing out. The quantity of air is proportional to the velocity,
the manometric pressure to the square of the velocity, sud the
power of sucking to the cube of the velocity.

. 1f a high pressure is not required, this machine recommenda
itsolf on account of ita simplicity sand cheapnesa. It ia much
used near Mons. It gives a gauge of 2 inches and over.
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Guibal’s Fan.-—Amongst centrifugal ventilators, this is,
rhaps, one of the commonest which are empl at mines.

t consista of from four to ten vanes braced in away toa
seriea of radial rpokes, that both strength and lightness are
obtained. 'These vanes are made from sheet iron, and are
slightly bent forwards. The opening by which the air ie
received from the shaft is large, The one by which it is dis-
charged occupies about one quarter of the circumference, bat
its size can be regulated by s movable shutter. Outside this
latter opening there is a chimney, which, from its base to ite
sumynit, increases in its dimensiona, In this way, before the
discharged air comes in contact with the outside air, its velocity

is gradually reduced.
A large ventilator of this description at Usworth Colliery,
near Newcaatle, had the following di jons :—
Dismeter. . . .. 45 feet.
Breadth .. ., .. 12 ,
Number of wings o 10,

With 40 revolutivns per minute it extracted 147,000 cubic
feet of air, with a pressure of 6 mm,

The efficiency of these ventilators is given by Lottner and
Herlo between 44 and 64 per cent.

By adding a second of thess expanding chimneya, but placed
in a reversed position and connected with the shaft, air may be
either drawn out or forced into the mine.

These ventilators are uenally from 20 to 20 feet in diameter
and make from 50 to 100 revolutions per minute. The amaller
number of revolations is preferable.

Gut.isbal fan experiments, at Staveley, gave the following

1. The t;a.ntity of air discharged is proportional to speed

an,

2, The water gauge increases proportionally to the equare
of the number of revolutions of the fan per minute.

3. The H. P. in the air increases se the cube of the
quantity.

4. The steam pressure in the cylinder is in proportion to
the square of the piston speed.

5. The H. P. of the engine is proportional to the cube of
the number of revolutions per minute, or to cube of
volume of air (R. Howe, Trans., Chesterfield, &e.,
Institute of Engineers, vol, L., p. 66).
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The nsefol effect ranges from 56 to 70 per cent. of the steam
wer of the engine, and the consumption of coal from 7 to
gglh& per E. P. per honr.

Duty of Fan at a Fair Sipeed,

Dismot width Volaroe of © 'Water Strok Dia:lfeter
lamerer. - AlF per 5.1 m .,
minute. E in%ﬁn. Icylinder‘
}
Feet, Ft. In. Cubie ff, J Inchen, | Inches,
10 4 0 20,000 | 050 & . a2
12 4 0 30,000 oes 12 12
18 .3 & 40,000 o8 12 ' 18
20 8 L1 50000 120 18 i 18
M 3 L] 30,000 200 €0 i 30
30 160 0 100,000 275 24 1
34 1% L 150,000 B50 80 : 83
L] [T 0 200,000 425 G ! Ll

The duty veries with the condition of the shaft, air ways, &e.

Waddle Fan.—This fan discharges iis air round the eircom-
ference into the atmosphere. The air passage through the fan
has a decreasing section from the centre to the circumference,
e that the velocity of revolution at any distance from the
centre, multiplied by the sectional aren of the passage at that
diatance, is rved constant with a view of keeping the fan
filled up to ita circumferance with issuing air, and preventing
the ibility of re-entries of air (Oliver & Co., Catalogme).

The blades, which are inclined backwards, and the casing
ate in one piece and revolve together.

tg‘he engine is geared on one side while the air enters on the
other.

The Schiele Pan.—This is a high-speed ventilator ususlly
driven by a belt, recsiving air on both sides and discharging
into a volate formed air chamber increasing in aren rcn.l.mf1 the
tips of the blades. The blades ars broad in the centre and
taper to the tip. They revolve between walla following their
form. It has an expanding chimney.

The Capoll Fan.—This fan consists of a revolving cylinder
in which port holes are cut. The wings are attacbeoffrom the
edges of the port holes on the inside and the outaide of the
cylinder. The discharge is to an expanding chimney. The
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port hole area is grester than that of the inlet. The fan is

amall, being from 8 to 16 feet in diameter, and is run at a high

speed. It mmtodhohamgi\fenawater?ugeofluinohee,

and reached an efficiency of 80 per vent. It is driven by beit

ginrope gearing, making from 100 to 300 revolutions per
nte.

Other modern fans are the Bowlker, the Medium, and the

23

It mnst be remembered that the results obtained from a fan
at one colliery will be different for the same fan at another
ool]i:z:theoonditiomatthetwominesbeingdiﬂmt. The
Ausl Fire Damp Commission recommends fans with
low where there are largs air ways, and fans with
a high speed where the air ways are narrow.

Brunton’s Ventlator.—This is & ventilator whare the axia
of the fan is placed vertically.

Andemar's Ventllater. — This ventilator is somewhat
similar to Gnibal’a but, like Branton's, it turns upon o vertical
axis., The air from the mine is drawn in at the contre and is
discharged round the ciroumfarence. The air which is entering
in separated from that which is leaving by & rim of meial on
the under side of the wheel, which dips into a circular trough
filled with water built on the top of a wall surrounding

axia.

An;l;iection to this machine is that there is a large weight
supported on the extremity of an axis, in consequence of which
it 18 constantly reqniring to be repaired.

Harzé’s Ventllator. —This aleo is & ventilator which works
upon & vertical axis. It consists of & large number of curved
vanes, Round the circumference of this there are a large
number of fixed vanes, between which the air has to before
it can escape. Each pair of these acta like Guibal’s expand-
ing chimney in gradually reducing the velocity of the out-
golng air.

Combe’s Ventllntor.—This is of historioal interest. Al-
though not intended, it reduces the velosity of the ontgoing air
to » minimum. At firet it was with & vertioal axis,
afierwards with an axis which was horizontal. Also at first it
had only one inlet for the passage of air, but later on it was
construoted with two. Its efficiency is given by different
writars as being from 15 to 39 per cent.

°
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Berew Ventllators.—The action of thess may be regarded
aa the reverse of & windmill. The following are examples of
thia type of ventilator :—

Lgsonine's Ventilator.—The efficiency of this machine is
given aa being from 26 to 26 per cent.

La Motte’s Wentilator,.—This consists of a horizontal cast
iron oylinder, on which there is a eheet iron serew. It is driven
by an endless band. The maximnm efficiency in given aa being
agout- 20 or 21 per cent.

Guibal’s Hydropneumatie Vantilator.—This was & acrew
made out of sheet iron, about 16 feet in diameter, placed hori-
zontally, and partially immersed in water.

Theoretically it wﬂ{ ive extremely good results, but 8o far,
Burat considers that filie form of ventilator has not yet been
fairly tested.

Pasquet’s Ventllator.—The efficiency of this ventilator is
given 274 per cent.

Ventilation Whesls,—Under thin class of ventilators we
include those contrivances which act by entta?iug the sir, and
then, as they revolve, sweeping it out before them.

Falry's Vontilator.—The action of this ventilator is similar
to that which we should obtain by the revolution of two wheels
farnished with long projecting teoth, so placed that, ue they
revolve, the ends of the teeth come in contact and sweep along
with each of them a certain quantity of air,

As constructed, Fab;g’s ventilator consista of two revolving
axes on which are fixed three radial vanea. On these, cross
vanes are placed. The edges of these vross vanes have epicy-
cloidal curvatures. The two axea are placed at such a distance
that, when they revolve in opposite directions, the epicycloidal
surfuoes, which may be covered with felt or leather, roll over
e whole of th rrangem laced trough

¢ whole of the a; ont ie in & case or trough,
the sides of which are amooth anﬂp 8o curved that when the
vanes revolve the ends of the radial spokea just pass along the

W .

When the venes revolve towards each other, a certain portion
of air is enclosed and carried downwards, but a larier portion
is, at the same time, swept from below to the right and left
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upwards. The difference between these two quantities is the
air which would be drawn outof the mine, which, by the move-
ment we have bere supposed, would result in exhaustion of air
from the mine.

" This ventilator has beon constracted with eight vanes, and
also with only two.

The efficiency of & small ventilator of this description has

been given at 51 per cent,

Lemielle’s Wentidator (Belgion).—This consiste of a cylinder
and & drum, the latter revolving eccentrically upon a horizon-
tally placed axis within the other.

On the internal drum, shutters are placed. By means of
rode moving upon 8 fixed axis, at the point where the eccentric
g]jndm closes againet the internal sarface of the large cylinder,

ese shutters are drawn in, whilst in other portions of its
revulution they open out.

The form of the internal drum will depend upon the nomber
of shutters which are used. When there are three shutiers,
ge drum will have three sides. In place of rods, springs may

Oue ventilator, 10 feet long, with 6 shutiera each 4 feet 3
inckes long, with 16 revoluticns, gave from 225 to 235 cubic
feet of air per socond, with a manometric depresaion of from
2 inches to 2§ inches.

The cfficiency is from 62 to 66 per cent,

Root's Blower.—This consiste of two wooden wing wheels
vach of which has the form of a figure 8. These are fixed at
right angles to each other on sepurate axea in such & manner
that when they are caused to revolve in opposite directions, the
couverxily of one fills the concavity of the other.

Thess are oovered by s case in such o way that, when they
revolve, during half of every revolution, they glide over ite
semi-circular mdes. Outside the case, the axes of these moving
vanee are oonnected by two toothed wheels.

These are sometimes & or 7 feet long and 2 feet § inches
broad. They are driven by s band at & rate of from 200 to 260
revolutions per minute. ¥ are chiefly used for cupolss and

forgee.

Evrard’s Ventilator.—This consists of two cylinders of
unequel diameters. Along the smaller of these there are two
epicycloida! groovee. Projesting from the larger are four
radial vanes, s0 arranged as the two oylinders, which are
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placed aide by side, revolve, they sweep throngh the epicy-
cloidal hollowi Acoording to ge direction in whicheme
cylinders revolve, air will be sither swept outwards or inwards.

Cook’s Ventilator.—Ans in Lemiolle’s, there is 4 cylinder
working eccentrically in a oylindrieal chamber.

To provent the ingoing air meeting with that which is going
out, & shatter is, by the preasnre of the air and a apm% kept
in contaot with the movable cylinder. Ome of thess, at Bishop
i&nol{.land, had & rotating cylinder 8 feet in diameter and 16

et long,

General Notes on Ventilators.—Sketches and general de-
scriptions of many of the gbove-mentioned ventilators will be
found in Lottner and Serlo’s ‘¢ Bergbankunde." Very many of
them are only of historieal interest,

The fans in general use are the Guibal, Waddle, Schiele, and
Capell. They are described by C. Pamely in hie ¢ Colliery
Manager's book."?

Considsrations respecting Matural Ventliation. — An
objection to natural ventilation is that it is liable to variation
and even to stoppage. Omne of the chief canses which tend {o
produce variability, is the change at various seasons in the
temperatore of the stmosphere.

or instance, it may bappen that in summer time the external
air is wermer than the air in the mine, whilst in winter time
the reverse occurs. The consequence of this would be, that the
foroe tending to uce & current would, during these different
scasons, act in different directions. .And twice during ew
twelve months the externsl ture being equal to that in
the mine, these forces would ce each other,

An the differences in the strength of & ventilating ourrent,
due to variations in external tempersture, will be different in
different districts, in order to study, say their monthly varia-
tions, a table showing the mean monthly temperature must be
constructed, and compared with the under-ground tem
of the mine, which in most cases may be regarded as being
e/ fing throngh £ ord the lengths of

curve paesin ngh a series o inates, the o
which werep 8.1'ti01:mlﬂ't..c> the sqnare root of the difference in
temperature of the outaide air and that in the mine, wounld give
8 graphical representation of the varistion in the force of the
ventilating current.

The fact that the heat, which is received from the surface of
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the earth, travels downwards in a series of slowly advancing
waves, would, up to a certain depth, tend to make t{nedjﬂ?emoo
between the outaide air and that in the mine sometimes

and sometimea less. These effects are, however, too small to be
of any practical importance,

Owing to the variability of a natural ventilating carrent, it
in oftem necessary to supplement its action by means of a fur-
1ACH OF S0ING ine.

Another objection to a syastem of natural ventilation is, that
it is seldom possible to incresse its effect above a certain point.
In cortain cases, ms, for instance, in mines subject to sudden
outbursts of which it is mecessary to eweep away, such a
defect would be serious.

Although natural ventilation may be subject to variability, it
will seldom be anbject to 8 sudden stoppage such ag might be
expected from the breakage of a machine.

t any of the devices which are sometimes resorted to in
order to increase the natural ventilation, as, for instance, the
building of a chimmey, tend in any way to obetruct or narrow
8 psasage, their use will not produce the effect which is ex-
pected from them, The same remark will also apply to fur-
naoces aud machines,

Conxlderations Tespecting the mss of Furnaces.—An
objection to the mse of furnaces is, that, in the case of fi
mines, unless special meane are taken to supply them with frzg
air, accidents may arise.

In the North of England, notwithstanding the fact that
many of the mines are fiery, furnaces are used for ventilation.
On the Continent it is more usual to employ machines.

From the following table Burat endeavours to show that the
oonditions under which the coal miners work in France, where
fans are chiefly employed, must be better than the conditions
under which the English miners are employed :—

France, 1843, Engl-nd, 1845,

1. Production ... .. ... 11,342.6% ons, 1004527 8 toos.
2. Nomber of workmen 78,668 315,451
8. Anomal  production  per

workmen .. “ 147 tona. 318 toms.
4. Number of workmen killed 185 o84
5. Proportion of killed to total

pumber of worlkkmen ... 0024 0081

8. Quantity ogin ooal “2%
0OTTespON o
workman I;illsed 80,444 tons, 109,197 tona.

From 3 we see that the French coal miner only doea about
half the work done by an English miner, and also that, for the
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g::ucﬁon of a given quantity of coal, doubls the number of
chmen are exposed to sccident as would be exposed in
o ¢ that for th 4 &ua.nti of
6 we seo that for the extraction of a given
oonl there are only about half as many sccidents as there ag in
Boe.

From 5 we see that, as compared with the total number of
Emm exposed to danger, there are fewer accidents in France

an in England.

Ii is on this that Barat lays etress, and, in consequence, con-
cl:)lndes that where fire damp occars furnaces ought to be replaced

¥ tang,

Before accepting such conclusions it would be necessary to
carefully examine the etatistics and general conditions of several
groups of minea.

[n Enﬁnnd. although annoally there are about 1,000 deaths
at the collierien, not more than a quarter of them are caused by
explosions, and many of these explosions are cansed by other
meann than by furnacea,

For example, during eleven years we find that the deaths in

English mines were divided as follows :—
From explosions of fire damp . 23-57 per cent.
From falls of roof and aides . . 4077 ,,
From misecellancous canses . . 3546

Tn the case whers a mine is ventilated by means of 4 furnaoce
in order to double the quantity of air we are obtaining, the
quantity of fuel must be inereased meny fold. Regarded
in thia way, ventilation by meana of a furnace may not be
economical.

This, however, can to & great extent be overcome by nzing
a pair of furnaces, or else a furnrce which is very long and of
largo area.

The aotion of & furnace will largely depend upon the wetness
or drynera of e shaft and the condnctivity of its walla.

The firat cost of a furnace is amall, and in coal mines where
fuel ia cheap, the cost of working may be also smell.

Considerations respecting the use of Machines.—When
machines ars used for ventilating ges, air may be either
forced into 6 mine or sucked ovt. en the fom?:f method s
pursued, there ia & tendenoy to prevent the escape of gas; but
when the latter is followed, the bammetl;iglﬁrmure ia to pome
degree lowered, and the escape of gea is facilitated. In mines,
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therefore, which are subject to the ercape of gases, the former
method m.uﬁv perhaps be found to be most advantageons,
To moet all circumstances meny ventilators are contrived to
work on either principle.

In the case of Guibal’s fan, when it ia employed to force air
into & mine, according to Burat it only gives three-fifihs of the

resgure it gives when nsed in sucking out, For this reason it
s found preferable to draw the air out from a mine rather than
to force it in. )

Unilike furnaces, the first cost of a machine, and subeequently
keeping it ju working order, is great.

Becauso it appears that it is more economical to produce a
draught by means of a fan than by burning fuel to heat a
chimney, it wounld also seem that it must be more ecomomical
to create & current by means of s properly constructed
ventilator,

The action of & machine does not depend so much upon the
drynese of & shaft, ae ia the case with a furnace, also by an ex-
plosion » ventilator is not likely to be interfered with.

‘With a ventllator the current of air can be more easily varied
than it can with & furnace.

Centrifugal ventilators are cheap in copstruction, and are
good where only a small pressure is required. If they are made
to give s high preasure, their efficiency diminisher. Fans of
the Guibal type are the best.

When theso are very large they are apt to bs deranged by
m’:‘ driven at & high rate, and nlvso they allow of considerable

age.

In eases where 1 pressures are required, 4 piston venti-
Iator, conetracted l?.krgoan air pump, may be u.sed}mA'a aru'e,
however, the pressure they produce is greater than that which
ia required in ordinary mines,

The chief objection to theso macbives lies in the working of
the valves, there being great difficulty in bilancing them,
especially in ¢ylindors which stand vertically.

¢ bell machines,’’ like the Duck pump or Struves' venti-
lator, the same diﬂ}oulty is ex etwet{ ll:l addition to theso
difficulties in working, it may be mentioned that the first cost
ia generally gat.
thAmgst o varions wheel ventilators, Fabry's is, perhaps,

o

The first coet of thess machines ip greater than that of the
ccotrifugal ventilators. Unlike them, however, they give the
best resnlts at high pressure.

To OCalenlate the Eficiency of a Ventllator.—The
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efficiency of & ventilator, like that of any other machine, in
the ratio of work given to it as compared with the work, which
it actuslly performs.

If a ventilator isdriven by means of a steam engine, indicator
diagrams will fornish us with the means of calculating the
horse-power which ia supplied to . This we will call . 2.

The work done by the ventilator will be equal to the volume
of air which passes any point per minute, which we will call
¥, maltiplied by the greatest difference in pressure which it
exerts in Jba. per equare foot, which we will call P; this differ-
ence ought t6 be that betwoen the air in the mine before the
machine is working, and that after the machine is in motion,
taken in some open portion of the mine to avoid any effect
from a current. 'The work done will therefore be represented
by the expression ¥ I,

This expressed as horee-power will be 3%}6

The efficiency of the ventilator will therefore bo—

HP » 33004
[ 3

EBficiency of a Farnace as Compared with a Machine.—
Lot w 1ba. of coal be barnt minute, and let the nnits of
heat given ont by 1 1b, = 5040 {Welsh coal), and let
1390 units of work be the equivalent for I unit of heat (Joule's
equivelent centigrade).

w x 5040 x 1390

Then 33000

engine.
Let ¢ = efficioncy of engine {or the ratio of the work done
by the engine aa comparad with that which is applied to it).
Lot ¢2 = efficiency of a machine.
Then w x 5040 x 1300 s1e2 = V' P. {1}
If 23 = efficiency of & furnace as a dranght producer, then
w o 5040 x 1390 x &2 = P P, {2}

Comparing ex with the .product 162, We sed when a furnace
Wiﬁbethhemﬁr ltlE:gwoodn o mi’:iegnd o, It Collieries it
t the Holli and Hpringwel ierics it appears
that the saving i fuel by ians compared with furnaces was
about 83 per ceat. The ealoulstions were made upon the

= H.FP. of sach ¢oals in & perfect
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quantity consumed per H. P. in the air (R. Howe, Trans.,
Cheaterfield, &c., Institnte of Engineers, vol. L, p. 60),

The grosater efficiency of & fan, as compared with a furnace,
will va1y acoording to a variety of local ciroumstanoes. The
deeper the shaft the greater will be the efficiency of the

23

Relation bewesn Volume, Pressure, &ko. {Merivale).—
The ventilating pressure Varice oo :—

The depth of the upeast (furnace ventilation).

The difference of temperatnre in upcast and downoast.
The H. F. of the ventilating machine or furnace,

The quantity of coals burnt.

The guontity of air cironlating varies as 1—

The revolutions of the fan.

The tangentisl velocity of the fan.

The square root of the ventilating pressure.

The square root of the depth of the upesst {furnane
ventilation).

The s%mre root of the difference of tewmperatures
(nealy)

The cabe root of the H, P, of the ventilating machine,
The cabe root of the coals burnt.

The student may compare thie saummery with formule
already given.

Pressure to Producs s Current.—The amount of pressure
todrive a given quantity of air through a mine, chiefly
dependa upon the amount of friotion which has to be overcome.
Because of the complication of this and other conditions it is
necessary that the requisite preesnre should be determined by
experiment.
ventilator ought to be eapable of preducing e pressure of
from 1 to 4 inches of water. ere much fire damp is present,
which it is necessary to swesp awsy, preseurcs of from 2-5 to
3-5 inohes m.z; be necessary.
One inch of & water column represents s pressure of about
53 Yhe. per square foot. Theso pressures might be calon.
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lated a9 being equivalent to a oolunmn of air 0 many feet in
eight.

Velocity of Atr. —The velodity at which air passes through
the workings of & mine is neually about 3 feet per eeoond.uglf
the velocity is much less than this, it may not be suificient to
carry out the deleterions gases ; whilst if it is 5 feet per second,
it will be sufticient to force burning gascs through the wire
gauze of & Davy lamp, and thus bs the cause of an explosion,

In the upcast the velocity sometimea reaches as much as
28 foet per second.

Quantity ot Air necessary for s Mine.—The qusntity
of air pent through a mine will depend upon the quantity of
deleterious products which it ia necessary to sweep ont.

If the number of Eersons in & mine . . . L=m
LRI A » yy DOTHES . * o . * .-
o " » lbs. of POWdGI' naed every hour .=p
1 3y Aaveragoe output of coal in tons per minute =g
v 3y ©XpOBed au:faoeofcnalinsc}uare yurds . L=
and the ventilative current in cubio feet per minute .= 7

Then (Andrésaye) F=m 24 + AT2 +p 192 + 9100 + o,

In the North of England, 100 to 500 cubic feet of air per
minute per man, and 30 to 16¢ cubic feet per ton of coal ex.
tracted, per day ia supplied. Velocity about 4 feol per second.

Sometimes we see that the quantity of alr passing through
8 mine is considered in plvﬁglrtion to the quantity of coal
which iz extracted. As explosive gasea are chiefly given off
from the surface of freshly broken coal, this method of regula-
ting the ventilation of a mine will be valnable where such
gases are largely developed.

In Belgium, (0 to 120 feet are allowed per minute for each
miner. e Mining Law of Pennsylvania requires 200 cubie
feet per mivute per man. Each horse will require three times
as much as a man. At Mount Cenis, 11b. of powder was
calculated to reguire 1,616} cubic feet of air, gxf 4,043 cubic
fert waa comsidered to be a better allowance (see p. 157),

These quantitica, especially those having referenca to the
quantity of coal extracted, are given differently by different
suthorities, and although they are sufficiently great for an
ordinary mine, for the case of a mine giving off large quanti-
ties of deleterions gas it would be well to incresse them.
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Tn some Jargo collieries from 150,000 fo 300,000 enbic feet
of air, and even still larger gquantities, are caused to cirenlate
per minute.

Admission of Alr into » Mine.—A rsingle chaft will often
ventilats iteelf by a current of warm air tending to rise up the
centre, whilat the external air is pouring over the edges and

ing down ite sides.

In a level, the cool air will tend to creep along the floor,
whilat the heated air will flow out along the roof.

Thess actions will bo beticr marked in winter than in summer,
when the respective courses taken by the heated and cool air
mnlg he reversed,

or the ventilation of small minea it {a often aufficient to
have a gingle shaft divided by a brattice, one gide of which in
nsed a8 # downeast and the other side as an upcast. If
tordible, bowever, it is better to bave twe shafts. In the
English mines the employment of two shafte is made a necessity
by law, as ie alao the case in Pennrilvania.

In order to prevent any retardmion in the flow of air, {he
crosa section of the upcast is made about a quarter larger than
the downcaet. Thie is in order to allow for the expamaion
which the air has undergone by passing through the workin
or the mine. The return air ways ought to be Bimilarf;
inoreased.

Ventilating a Wingle Level—The ordinary method of
doing this is to carry a division or brattice down the centre of
the level almost up the working face.

It thelevel to be ventilated hag ite exit in the open air, it
roay be necessary io force air down one side of the brattice by
means of & machioe,

Tentilation of Parallel Levels,—As the venlilation of a
single level requirea a brattice, in coal mincs levels or bords
are driven in parallel pairs, and to allow the air to pass they
are joined by passages called thurlings, When the enda of
theso levels have advanced some diatance beyond a thurling, a
aecond thurling is driven, and the old one o{med by a stopping
which may be made of briek.

The reault is that the ares is divided up into 2 reries of more
or lean rectangular tlocks, the dividing lines being dords and
thurilings,

To Ventilate a Chamber.—When gas is accumulating in
the npper part of & chamber-like opening, it may be removed
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arecting & vertioal brattice until it nearly reaches the roof.

e air then sweops along the upper part of the chamber and
carries out the accwmulating gas.  In the lower portion of the
brattioe a door is lstt for the passage of the miners.

Alr splitting,—From the formuls on p. 174 we ses that the
P4t
quantity of air flowing along & level may be expmsso&‘/ S 37)

from which it follows that an air corrent would divide itself
botween two or more air ways inversely as the squars ot of
their length or of their perimeters, other conditions remainiug
constant. Again, with & giveu head or urging force, the
unantity flowing will be greater by allowing the air to pass
h the several courses rather than by sllowing it to pase
through one course, the length of which is equal to the sum
of the length of the branches. For this reasom the air at the
bottom of a downoeast in spli into peveral branchea, each of
which virculates through ite partioniar district and then returns
to the apeast. FanEer, by splitting, ench set of workings
receives air which has not beeu vitiated, and, in case of an ox-
plosion, s disturbencs in one district is not likely to interfere
with snother district.

mmﬂes;;m usmally mads out of § or §-inch deals
BY, ween props.

%po i lrindafmgsisalso - Iy used for
brattieing. The advantage of a brattics of this kind is that it
can be very quickly construoted. Iis liability to take fire is,
however, a drawback to its use.

stoppings.—When it ia wished to completely isolate one
portion of a mine from another, aa, for instance, the geaf or old
workings, from places where workmen are actively employed,
dams or partitions, called #'9ppings, are built in the levels.
These are usually constructed of stone or brick, and are made
from 2 to 4 fect in thickness, To make them air-tight they
mav be covered with tar or asphalt.

‘Where it is expacted that a slapping might be required to reaist
great pressure, as, for instance, the effects of an explosion, it
might be built of two curved walls, the intermediate space
being filled with rubbish.

Doors.—In the roads along which traffic passea, the stoppings
a1e replaced by movable d;?g. Theso are made to open»pig t{e
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dirsotion of the loaded tub, and so hung that they swing to of
their own accord. In order that the opening and shutfing of
these doors ghall cause as little disarrangement s posaible in
the ventilating current, they are made in pairs, and placed at
such a distance apart that a train of tubs can pass throngh one
of them and then close it before opening the second.

To attend to these doors, more especially to ses that they are
properly closed, a boy called & ¢rapper is stationed near them.

In some mines, instead of uaing well-fitting doors, they use a
squmofoanmhangil;iﬁkeacumin. this is tarred it
may have an objectionable odour, and where fire-damp occars
it is said that it might prevent the miners the
presence of such gas by its amell. In dry mines it forms &
cheap and tolerably good substitnte for wooden doors.

Self-Acting Doors.—Instead of employing frappers, solf-
acting contrivances have been employed at scveral mines.
One SJM ia to have two folding-doors hung upon sxes, which
are dlightly in% from the vertlla;mlt;lb man 8 tumes
these they are forced open. Adfter the passed en
swing togvther by their own waight.

awing together by means of s falling weight.
Asga rule these self-acting dcors have not hitherto besn
sufficiently successtul to guarantee their employment.

Main Doors.—All main doors cutling off one tgorl:ion of s
mine from another are also made in pairs. If these become

od the ventilation of the whole mine msay be sto; .
lSol:.loast they may not be tampered with they are ususlly
ocked.,

Man Doors are doors opening into the refurn air ways.
They are alweyn carefully locked, and can ouly be used by the
overmen,

Dam Doors are doors which are ready to be fixed in & leval
for the purpose of cutting off one portion of the mine from
another, as, for instance, would be necessary in the case of
spontaneons combustion,

Safety Doors.—At the time of an exploaion it may happen
that many of the doors in & mine are blown down, and the ven-
tilation, at the moment when it is most nesded, becomes totally
m«l. To obviate this, safety or, swing-doors have been

. 'Thbess are doors which swing upon & horizontal
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axis. Usually th:{ are held uﬁ against the roof. When an
explosion occurs, the support which keepe them in this position
is carried away, and they then fall by their own weight to stop
up the level.

Some forms require to be loosened by hand. The plan
seems to be good, but Burat saya he doea not kmow a single
caae where they have been successful.

Croasings.—Wherever two currenta of air have to cross each
other it is well to allow the retorn current to pasa above the
ingoing one. This is beet done by carrying one level over the
other, and at such z height that »ufficient material shall remain
butween them to resist the efects of an explogion, which might
tend to destroy the partition.

Sometimes one ia carried over the other by brick or stone
arching, or, as at Wigun, by mesns of arching made from
boiler plate.

Conveyance of Air by Msans of Pipes.—In amall mines,
and for the purpose of veotilating single levels or openings
which are not of any very great extent, pipes are very often
used. These have usually & square cross section and are made
of planks. At the joints they are covered with clay to make
them air-tight. At one end, they are made to taper eo that
they can be joined logether by fitting one inside the other.

Pipes with circular sections are much better than those
which are equare, and for this reason metal pipes are often
used, The most common are thoss made from ahest rine.
‘These are circular in soction, and are joined together by placing
the end of one invide the other, and then smearing the joint
with a kind of putty.

Cuut iron pipes have been used, but they are expensive.
Sheet; iron pipes are much better. Copper and lead have been
also employed. Farthenware pipes are essily broken. Pipes
made from papier mackhé have been tried, but those are destroyed
by moisture. Canvas pipes, strengthened by wooden rings,
may be employed to away & strong current.

In using zinc pipes sll iron fastenings must be kept away,
otherwise eleciric actions set in, and the zinc iv rapidly
dentroyed.

Sometimes a notch or trench ia cut along the side of s gullery,
the face of which being covered with boards, a pipe, Imown
techuically as & ragglin or truwmpetin is formed. Air sollars,
which have been asoken about on page 176, might be classed
with pipes of this description.



ITII.—-ORE DRESSING.

Ore dresaing ie the separation of valuable minerals from the
valueless materiala with which tha{ are associated when
brought out of the mine. The usual processes are reduction,
sizing, and sorting. The ore is broken up to free the valuable
mineral of & certain size, which ie then sorted. The remaining
ore is then reduced to a smaller size, and more valuable
mineral sorted out from the mixture—reduction, sizing, and
sorting forming a cyele of operations. The word concentra-
tion is weually applied to certain proceasea by which the lighter
and h;;oomr portions of & mixture are gradually eliminated by
washing.

The chﬂ'me to which concentration may be carried depends
upon local and other circumstances, For example—

1. The loss of valuable mineral is ter the higher
the concentration. Valnable ores, therefore, should not be
concentrated too closely, As to how closely a given
miners! may be concentrated, amongst other thinga, de-
pends upon the form in which it ocours, the skill of labour
which is obtsinable, the capital at command for the puc-
chase of machinery, &c.

2. The loss of metal which takea place during subse-
quent metallurgical processes will vary with the degree
and nature of the contentration.

3. The expensce conneoted with reduction processes,
which may be 80 much per ton or may vary with the degree
of concentration.

4. Ex connected with the procesees of concentra-
tion melzemes

§. Tho oost of transport before and after concentration.



298 ORE DREBSING.

At Mount Bisechoff, Temnania, tin ore is concentraied from
2 or 3 per cenut. up to about 75 per cent. To rednce the cost
of transport by rail, the damp concenirates were dried. ‘This
resulted in & oeaoit.hemnsdryduat,th&va]naofwhch
mgmﬁar than the extrs coet of tranmeporting the ore when

P

Lows in Concentratien.—The loss chiefly depends upon the
finenese of pulverization, the degree of concentration attempted,
the nature of the ore, and its associsted gangue.

Kustel givea s average losses : Galena, 15 to 20 per cent.;
silver ores, like sulphides, 35 to 45 per ceut.; gold, 5 to 20
per oent,  For the latter, from 10 to 40 per cent. might be a
Dearer approximation.

At Clausthal, where the stamp ore averages 3 to 4 per cent.

om?ﬂena, the dead elimes often run 2 to 4 per cent.
loss in all dressing processes may be 12 to 16

perThmmasn'bJeetmwhmh it is difficult to make any certain
generalizations. The losses given by Eustal are too high for
present practice.

Bestals and Minerals which require to be Separated.—
The follow-mgm abstracted from Géetzschmann’s ¢ Aufberai.
tung,’’ vol. L., p. 17 :—

From Oopper separate Irou ores (sxcept spathic iron), lead
» »  Irom, copper, and arsenical pymas,
blende, wolfram. Bimmnuth makes
tin dull ; copper makes it brittle,

s  Lead . Argenic makea it brittle, antimony hard,

» Zino »  Lead.

»  Silver »s  Nickel, antimony, arsenical pyrites,
carbonate of lead, galona if the silver
ia obtained by amaigamation.

»» Cobalt " Cale, manganese spar, borustone, ferrn-

ginons quarts, galens.

The methods of separation vary—ihus a wmixture of tin,
ivon, wolfram, molybd.,:ﬁm blende, arsenical iron snd copper

pyrites, bismuth, antimony ores, and varthy minerals may be
reduced by washing to fin ore, woliram, arsenical iron and
copper pyrites. After roasting and reducing the sulphides to
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oxides, 8 second concentration reduces the mixture to tin vro
and wolfram, which are separated by a smelting process.

In many instances it is advantageons for two minerals to
oceur together, thus the ameltivg of magmetic iron is assisted
by the presence of caleite, garvet, augite, hornblende, &c.
The smelting of lead, eilver, and copper ores is sssisted b
fluor apar. Bpathis iron and heavy spar assist in emelting lea
o

ros.

At Iserlohn, in Westphalia, blende and iron pyritez are
eeparated by roasting, by which they are reduced to zinc oxide
and ferric oxide, Subsequent jigging gives marketable pro-
ducts. At the Lintorf leed mines (Ighenish Prussia), blende
and iron pyrites are separated by first paseing through a dis.
integrator, which breaks up the former more than the latter.
'The broken product is then sized.

Some ores are separnted by means of eleetric magnets.
Thus iron tog{u‘it.ea and spathic iron may, by proper roasiing,
be converted into magnetic oxide. A machine by Siemens,
3} feet long, 2% feet in diameter, treate 1 to 2 tovs of ore
per hour,
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This section relates to the breaking or crushing of ore pre-
paratory to concentration, to effect which satisfactorily the ore
must be reduced to particles of & proper shape and size. If an
ore is crushed 100 fine, during the subsequent washing processes,
the loss may be very great.

Rock Breakers.—Before fine crmshing, the blocks of ore
may be broken by sledges, by a heary single stamp weighing
about 1,500 lbe., and giving 16 blows per minute, or by some
form of rock breaker.

Rock breskers, of which Blake's in the beat kmown type,
consist of iwo heavy jaws, one of which is caused to approach
and recede from the other. Bometimes both jaws are movable.
If the width of a jaw at the top is 12 inches, and the distance
between the two jaws ia 6 inohes, the size of such a machive is
deacribed as 12 x 6.

The following table gives the sizes, the work that may be
socomplished, and the H. P. roquired for a series of B]ike-
Mareden rock breakers:—

Approxima h“ prodoct
Bise of per hour.
Power | Total weight of
atwmnn:. requined, machine,
Road metal. | Fine gravel.

Inches, T. €. T. €. N.HP T. C Q
W x 8 4 3 0 20 a 4 14 1
12 x B 65 8 0 a5 ) 4 18 O
16 x 8 8 ] 1] -] & 5 12 1
16 = 10 i 1w LI | 8 8 lp 1
20 x 10 0 0 0 40 ] 1M & 1]
M ox 1 s o 0 5 10 4 1 a
24 x 17T 8 6 o b5 1 H 15 o0
M x 19 17T w0 o & 16 18 ¢ 0




REDUOTION. 211

Fragments obtained from a machine having a mouth 10
inches x 2 inches, and moving sbout c¢ne-sighth of an inch,
are snitable for I%gm .

Quartz whiuﬁ ag Eeen reduced by a breaker may increase
the efficiency of a stamp battery 20 to 25 per cent.

I a rock {reaker produces dust likely to injure machinery in
a mill, it may be placed in a to gui]ding.

There are mt:)nay varietics of rock crushers in the market

ractically embodying the sasme principle as Blake’s, as the

noaster rook dreaker and the Universal crusher. This latter

orushes down to dust. In the Meesh crusher the jaws arve con-
cave and convex.

The Comet Rock Orusher.—This consists of a conically
shaped crusher head carried on a vertical shaft, which below is
} to } inch out of centre. When thia revolves the crusher head
moves to and fro, approaching and receding from the sidea of
the conical casing by which it ia surrounded, The head dose not
turn while ¢rushing the material, which is fed between it and
the outside lining. According to the eize of the machine it is
eaid that from 4 to 60 tons of rock may be crushed to the size
of macadam per hour.

stamps.--When an ore haa to be roasted after reduction, or
when water is roarce, material may be stamped dry. Material
by stamping is usually reduced to about 15 to 4 mm. in dia-
meter Pln Australia, experimenta have shown that for gold
quariz, & preliminary roasting has sometimes resalted ﬁmo a
large yield of gold and in less wear to the machinery. The
reports respecting the result of roasting are, however, often
conflicting. Usually mine stuff s crushed with water eo that
the fine material passes through the gratings as pulp. We
generally find five stampe working one mortar.

Ten stampa iz a mill umally constitute a battery.

The foundations of a battery consist of o series of heavy
timbera laid horizontally in layers, the timbers in one layer
being traneverse to those above and below, the whole being
bolted together by verhoa&y placed bolte, Sometimes the
mortars stand on the end of timbers placed vertically in the
ground, 8 or 10 feet long, and resting on heavy base timbars,
Above the foundation and attached to it are the uprights, held
in position by struts aud ties and horizontal cross-pieces scting

an ea,
ordinary battaries the stamps, which coneist of stems
with heavy heads, ave lifted by s cam, after which they fall
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and strike a blow. In certain patent batterice the stamps
are lifted and caused to fall directly by steam as in a steamn
hammer.

Tron battery frames are msed where there is & want of
timber. In Howland's dattery 8 number of stampe are placed
in a eircle.

In Prewmatic stamps an accelerated rate of fall is obtained by
the expansion of air in & cylinder which had been compressed
during the upward motion of the stem. Steam slamps act
somewhat similarly.

(lisTha latter forms of stamps have apparently fallen into
use.

Mortars and Screens—A cheap form of mortar may be
made of heavy planking lined with iron plates, the bottom being
composed of quartz fragments beaten down {o form a hard bed.
It is stated that such a bottom yiclds a fine material and the
metallic materials are not beaten into scales, which is a form
diaadvantageons for concentration. . It is difficult to keep such
mortars tight.

Ordinary mortars which are bolted to the mortar blocks are
made of cast irom, 4 or § feet Jong and deep. They have cir-
cular dies beneath each head, placed 2 or 3 inches below the
discharge. They are sometimes lined with iron plates, which
ean be replaced when worn. At the upper side of the moriar
there is s long parrow opening, 8 or 4 inches wide, for the
admisgion of material to be erushed, and on the front side a
screen or grate, 12 to 18 inches deep, through which the
material in discharged.

‘With dry crushing, the batteries are closed tightly with a box,
and the dust is drawn from the mortars through a wire cloth
grate or & slit, by a draught of air created by a fan or chimuey,
und carried on to dust chambers, where it is deposited. The
duat may be assisted in settling and even drawn away from the
batteries by & jet of steam. In wet crushing the ore is some-
times admitted at one end of the mortar, and, after passing
underneath all the stamps, which fall succeesively, it in dis-
charged at the other end. 'With this arrangement the stamps
ate of different weights and lifta.

D‘The usnal plan iy bpd d.ischa;‘ga b(lm tdhe long au]ile of b:e mortar.

ischarging on two sides, or donble discharge, has been given
up. Sometimes this is through a slit, the size of which can be
varied, through grates made of wrought iron bars, or threngh
ecresne made of punched iron plates, brass or steel wire eloth.
Sheet iron plates, which are made of the best Russian iren,
are placed so that the side of the plate from which the holes
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wero punched is on the cutside, as the holes are smoother on
thie gido and elightly larger. This arrangement assista in pre-
venting choking. Nevertheless it is neceasary to repeatedly
brush the ecreens,

By keeping the level of the water outside the screens
edquc.:ld to that in the mortar, the tendency to choke is also re-

laced.

Screens are numbered from 1 to 10, number I being the
coarsest. They are tacked on to a wooden frame, lined with
ptrips of blanket.

Brass and wire cloth wears away rapidly.

Frasor and Chalmers manufacture annealed iron wire cloth
from No. 1 mesh (No, 3 wire) to No. $0 meeh (No. 40 wire),
and heavy steel tempored battery wire cloth, No. 4 mesh (No.
12 wire) to No, 50 mesh (No. 34 wire).

BSterns, Heads and Cams.— Usnally the stema or lifters are
made of iron, ¢ircular in section but slightly coned at both ends.
Lgl;gth 10 to 20 feet, and 24 to 3 inches in diameter. Square
wooden stems are weed for cheapnesa.

The heads or sockets for round stems are cylindrical blocks
of cast iron, with conically formed holes at each end, one for
tho adwmisvion of the stom and tho lower and larger one for
tho shoe.

The neck of the shoe is covered with strips of wood before
being wedged into the head. This admits of its removal.
Euch end of the head is strengthened b{rhwrought iron bauds,

Shoes are made of white cast iron. oy wear away at the
rate of 4 to 11b, per ten of hard quartz,

0ld forms of beads were rectangular in section and composed
of one piece. Each stamp falls on a die of cast iron about 4 to
6 inches thick. The die 1s held in its place in a circular recess
in the bottom of the mortar,

On each stem there is a lifter or tappet, which in modern
stampas is cylindrieal in form, This is fixed on the smooth stem
by a git and keys. In Australian practice the tappst is bolted
to annular threads on the etern. By the friction of the cams
upon the tappets while lifting, the stem is cansed to revolve.
In wooden stampa, where the tappets are simple wooden
tongues, there ia no rotation, in consequence of which the effects
of frietion and wear are uncvenly distributed.

The cam face ia curved to form an involute of a cirvle which
has a radius equsl to the distances between the centre of the
cam and the centre of the stem. Cams of this shaps lift the
tappet vertically and upiformly. Their faces are not ciled, as
that would ngnee the friction too uucl, but insiead, are
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covered with & composition of oil, tar, resin, and tallow, which
is sufficiontly lubricating, and at the same time keeps the metals
from actual contact.

Working Bffect of Stampe (Kuste]) —
If p=the weight of a stamp in Ibe.
k= its lift in feet.

¥ =the area of the stamp in square inches.
W=the working effect.

wm o, ” per pquare inch.
Then W-phmdw-%-h—
For very hard rock w==6to 7 foet Iba.
»» hard rock w=5 . -

,» moderately hard rock =4

» »

A Stem, 11 feet long, 2§ inchee diameter, weighs about 220 1bs.

Head, 8 inches diameter, 19 inches high ,, s 185
Shos " 5 00
Tappet " » 65

Total 560 1bs.

Stampe sometimes weigh 800 lbe., and each stamp requires
sbout 14 H. P.

If  p=weight of a stamp in Ibe.
A =1ift in foet.
rn =number of lifie per minute,
N= » stamps in & buttery.
oo Nxawhep
Then the H. P. required =000

On account of friction this quantity requires to be in-
creaged §.

Arrangsment, Weight and Lift of Stamps.—Cams are
arranged on » shaft 8o that the shaft experiences a uniform
resistance. They are usually in groupa of ten. )
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With a long line of cams on a single shaft, the which
may be required for one of them may necessitate the stepping
of a eerien of batteries. For this reason separste ahafis are
used for ench battery or each pair of batteries. Another prin-
ciple to beobsmedinamngmfesmsmtom]mtheorderd

lifts snch that when one sta , the adjoining stampe on

f.he right and left are
In Bht five-stamp bamﬁm 1, 2,3, 4,5 and I',

2,8, 4,6, t.hemmsmi htbeamn to Liftin the follow-
inoxﬂer—-—l,lﬁ& 33’22 4, &,
hangupthestamps,thntmtomsethema'bovethemﬁe
of the cavas, while the cam is moving, s worlkman places
face of a cam a pieoce of wood which causes the stamp to be
lifted higher than usual, at which momant & hinged strut {a
hanger} ie placed beneath the tap| thecampassesonand
the stam mleeft.ms dedonthe
hﬁsndwelg of stam Mp pon the quality of
For fine crushmg, ghlltts. hght stamps,a.nddeep
mortanmnsed, while for coarss edg heavier stamps,
low lifts, and shallow mortars are employ

Work done by Stamps.—G00 1b. stamps, with 75 blows per
minute, and No. 4 or § screens, will crash 1 to 3 tone per head
in 24 hours.

In Cornwall, about 1} ewt. of fusl are bumt per ton of stnif
crushed.

Clayey ore requires more water than clean material—10 Ibs.
per minute for quartz. For%rrtzmcknesch stamp requires
sbout}toioubiofoot of minute. One man can
supply ore at the rate of 25 to 30 bonstobatbanespor 24 hours,
pro that the material to be supplied is near at hand and
of proper size. When the stamp requires ore, it may strike &
lover, which in torn strikes the m of a hopper, and a cer-
tain quantity of ore is caused to slide forwards. Such afeoﬂm
intermittent. A continnouns feed may beobtainedhgv
stamp to repeabad.l lift 8 hopper or box which it f
canses a small quantity of ore to alide forwand.

Amongst sutomatic foedera we have Stenfords, the Tulloch,
and Chailenge.

‘With an automatic foed one man may attend to 80 to 150
stamps.

Atpélausthal there are batteries with eleven heads falling'in
the following order, 6, 2, 10, 7,11, 3, 9, 8, 4,7, 5. The stems
are 5 inchee from centre to contre. The diee are balf an inch
broader thav the shoes. Working 22 hours per day they last
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10 to 12 weeks. The stampe weigh 440 Iba., snd the drop is
8inches.

There are 60 drops per minute, Euach head yields 1} tons of
quartzose material I mm. in diameter per day. Each battery
requiree 74 cubic feet of water per minute.

The objection to all forms of stamps is the large qduanht;.{n of
slimes which j& produced (rossibly 90 per cent.) and as they
are rich in mineral, the loss in subsequent dressing operstions
ig great.

hen quicksilver is used in & battery to amalgamate gold,
i to 4 oz, of mercury is added on the feed side about every
half hour,

Sometimes the long sides of the mortar are lined with
amalgamated ooppe:ir bea.

At the Mettacom Mill, Austin, Nevadas, it was found that,
with dry crushing, the gain in quantity crushed was more
thabln proportionate to speed, as indicated in the following
table :—

No.of drops | Horse-power | Increase in | Yield in tons | Increase of
perminuie, | per stamp. Power. per 24 hirs, yield,
50 136 4%
%0 204 50 per ¢ent. 10 122 per cent.
102 292 10, 154 s,

Sholl’s Recoll Stamper.—The stamp being worked by the
movement of & spring beam, the blow bas an clastic recoil. They
reduce about 1 ton per hour.

Huntingden’s Oscillating Stamy MilL.—This consista of a
bifurcated arm. On the bifnrcations, which are like an
inverted ¥, are the shoes which rest on the dies. Asthe npper
arm is oscillated, the shoes alternately strike and lightly alide
on the dies. Tt therefore crushes and grinda the ore.

Paeumatic and Blephant Stampd.—These stamps arc said
tocrush 1 ton of quartz per hour, The cost is said to be 60
fer cent. less tham Comish stampa of the same power, and lesa

uel ia consumed in their working. Repaira are, however,
frequently reqnired.

8holl’'s Patent Direct Acting Pasnmatic Btamps.—
These gtamps are manufactured in pairs, and are guarantesd
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to be of the capacity of 36 ordinary heads of cam and lifter
stampas,

Eendall’s Quarts dill.—Tn this mill the stamp stem is
rotated. By ite rotation the tappet, which is fixed u it,
rises up the cam, which is a plain carved incline. Wﬁ?& it
drops irom this, & grinding action is preduced.

MecLean's Patsnt Alpine Crushing Machine—Here §
stamps work in a box, the form of which is the se t of &
cirele. ‘Twelve cams or inolined plains wre bolted on the
rim of a horizontal wheel, which, as it revolves, lifts the etamps.

It is doubtful whether the last mentioned forms of stamps
have met with any marked success.

Price of Btamp Mills.—The following prices aretaken from
a list issued by the Sandycroft Foundry :—

N . 10 15 20 30
o- of Btamps. Tl ol vl T
£ £ £ £ £
Price of Mills . . . 180 360 &40 720 1,080
Priccof Wood Framing . 75 %6 170 190 285
Price of Iron Framing . 110 145 130 290 435

Price of Wood Foundation 32 10s. 65 97 10a. 130 185

Approximate prices of complete gold mills, including engines,
boilers, etonebreaker, setamps, ecountergear, ocopper plates,
blankets, amalgamating pans, settlers, retort, &e.

B 8{am; 10Btamp 15 Bta 20 Bta 80 Stam
MiL” Mill. i it i
3 £ 3 r) £
1,100 1,800 2,400 3,100 4,500

Rolls.—Rolls for crushing ore atv eylindrical in form, from
9 to 36 inches lony and 18 to 24 inchoes in diameter. A pair of
rolls are connected by gesring. For cosrse crushing, the rolls
are corrugated. The speed on the circumference ia from 12 to
30 inchoa per second. They are employed for soft materisls
liko limestone. The matenial, after efm.saing throngh one or two
paire of rolls, is eifted in 8 trommef, and the coarse material
retwrned by a raf wheel to the upper side of the rolls for
re-orushing,
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Rolls sre covered on the outside with a mantel or ring 14 to

2 inches thick, of ocast iron or eteel, which, when worn, can be

replaced. The material treated is usually 1} to 2§ inches in

diameter. Tailings from jigging § inch in diameter are some~

times croshed. en material been reduced to # inch in

g};mm it may be jigged. Sometimes it is reduced to § inch
moter,

At Preibram, one pair of coarse rolls delivers stufl to two
pairs of middle rolls, wm supply one pair of fine rolls. The
gizes obtained are 22, 14, and § mm. in eter. The driving
e o o f rolls and 1,

e o carrying & pair of rolls is roassive strong’
bolted to a selidly bu%lt. toundation., The bearings arve ammgei
to glide in ves and are kept in adjustment by springs, or by
weighted levers, The result of this is, when any unusually

materis) comes betwoen the rollers, by mmpmsafing the
springs or raising the levers, the rollers separate and the
obetruotion paeses between them. Pieces of iron or steel that
have fallen amongst the ore might be removed by electro-
magnets. B0 that the separation of the 10lls may not affect the
driving wheels, these latter are conneoted with the axia of the
rolls by a tumbling shaft. Involute testh are used because they
work truly st varyiog distances of their centres, For fine
material it has been custamary to reduce the diameter of the
rolla, but thin does not appear to be necessary. The fead may
be untomatic, we with stamps, the material, by mesns of 4
stonebreaker, being firat mc}):ued to & uniform size, say not
grenter than 2 inches in diameter. aually the ore is erushed
wet.

If I = dismeter of the rolls.
4 = diameter of the material to be crushed.
4 = the distance apart of the rolls or the diameter of

the crushed material.
Then D> 18 (d—14)
Resistance to rupture by compression per square centimetre.
Galena 45 Kilos,
Fluor spar wo,,
Iron pyrites 9,
Blenda o,

Quartz 100-300 ,,
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Grinding.—Ores are usually subjected to grinding processes
when metals like gold or silver bave {o be eeparated from them
by amalgamation, the amalgamation being pemetimes conducted
simultanecusly with the grinding ss it is sometimes condneted
with the stamping.

The Avastra or Tebhana —The arastrs is a circolar excava-
tion 12 or 16 feet in diameter, lined with & puving of hard
rock. Tu the centre of this there is a verlicel axle carrying
four or more horizontal arms, to which, by means of chaina or
ropes, large grinding stones are fixed. Aa the axle and armas
are turned the stones drag over the pavement, and reduce fine
ore to a powder or pulp.

The Chill or Bdge Ml —This is & machine which is com-
monly used for grinding cement. It consists of two rollers 3 to
6 feet in diameter, standing on their edges in a horizontally
placed iren besin. Either the edge rollers are caused to ron
round the inside of the basin over the material o be crushed, or
the basin, which msy be pivotted at ita centre, runs round
beneath the rollers or mnners.

Ball milz are a modification of the Chili mill, where balla are
used io a basin instead of the rollers.

In some pulverizers a large number of small balls are placed
with finely divided ore in an iron cylinder which can be
revolved. In Thowmpson's pulvericer a single bhall does the
grinding.

In the JMorey’s pulverizer the balls work in a covered dish
running on a vertical apindle.

In Cylinder milis the grinding is carried on between the side
of & cylinder and a fixed surface.

Berdan pans are largely used in  Aunstralia for gold
amalgamation.

Horizontal stone or ivorn mills, eimilar to the form used in
grinding corn, are sometimes used for dry grinding. They
wear out quickly and are not very satisfactory.

Contrifugal Mills and Pulverizers.—In centrifugal mills,
material is supplied at the centre of a horizontal disc provided
with radial arms. As the material travels cutwards, by the

icles striking each other and the arms, finally the surround-
ing case, it is disintegrated. In Carr's disinteyrator the materinl
strikes s series of armas revolving in opposite directions.

In the Sturfevant mill two cylindricel heads are placed on the
opposite sides of a ho , and are caused to Tevolve in
opposite directions. It is simple and pnall,
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A 4 Inch Sturtevant is advertised to ermsk 100-400 1be, of
material per hour, requiring & H. P., while an 8 inch mill
crushes 1,000-2,900 Tba. and requires 13 H. P,

In Jordan's patent pulverizers two aets of four arma revolve
in opposite directions close to each other.

Among other pulverizers we have the Grifin and Lightning
prlverizers.

In Waring's centrifugal pulverizer, the work ia done by 3
rollers, which are pushed round the intericr of a rofating
cylinder. The Frishee Lucop miil is another centrifugal roller
pulverizer.

Among the newer machines used in the comminution of ore,
we have the Dingey pulrerizer, the Heberle mill, the Brink and
Hucbper disintegrator and the Schrans voller miil.

The reauMa of experiments made with three of theswe at
Przibram, representing the average of & year's work,is as follows
{ Kunhardt) : —

Order of Efficiency 1eot, 2nd, 3rd, and
4th for the
Conparison for, B and H -
Heberle | Diogey {Fento ! pane ralls
ill. nuff rator.
Minimom prodnetion
of fine pulp....conee... 1 4 2 3
Labour, power, lubri-
CALOD e . 4 3 2 1
Wear per ton ore ... 1 L 4 2

In the Schranz roller mill, grinding action ir avoided and but
little fine pulp is produced. %:nreducing stuff of 5 and 1 mm.
down to 2'4 mm,, it gave as compared with a mill the following
results expressed as percentages :—

ECAIAPAER - CE
R e A K. A {B¥ & &
IR EINEINE L
-] -] - ﬁg 2 ag
Btamp batteryi .. | 468 [1815]169¢ | 24:08 | 1672 | 5-87 | 68 { 1206
Bobranz mill , | 85 | 21-07 | 26-27 | 1802 | 2331 | 721|293 |01 | IS8
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The Schranz mill wears well, uses but little power, and, as
seen from the ahove table, yields good results.

Farney's quartz grinder conrista of two conical grinders, with
bases downwards. The imaterial ia graduh;zl.lgv redueed sa it
descends between the comical surfaces, which at the top are
separated for the introduction of the ore.

The Poonmatic Pulverizer.—In this machine two jets of
superheated steam drive wo streams of mineral particles into
mﬁ?:.ions, which pulverize each other by their impuet.

Pan Amalgamators.—In awalgamators, amalgama-
tion and grinding may be carll?iﬁ on simnltaneously. This,
however, 18 not usnal. The charge is wet, definite in quantity,
and is worked upon for a ujpeci.ﬁed period. According to the
form of the grinding surface, Eusetel divides pans into four
classes—Ilst, plane circalar; 2nd, conical ; 3rd, tractory
conoidal ; 4th, vertical mullers.

An ordi amalgamator congists of a cirenlar iron pan,
rising from the centre of which there is a hollow cone. :EI'he
bottom of the pan is lined with a diso or dice of white casat iron,
The sides may be of wood. Fasaing up the hollow cone there
is s ahaft which, projecting at the top, carries by means of srms
or hollow cone enveloping the pan cone, the revolving grinding

or muller which is faced with shoea.

Ususlly the muller can be raised from the bottom of the
pon by screwing it up the central shaft, or the shaft itself,
which is driven by gearing beneath the pan, can be lifted by a
leve:].atel‘;: this way the grinding power of the muller can be
rea:&bout 600 to 800 1bs. of etnff are treated at 2 time, Coarse
sand, which ia mized with water to form a pulp, takes, to grind
and amsalgamate, about four hours, finer material two hours.
About & H. P. is required per pan. By rapid motion of the
mullers (65 to 85, or even 100 revolutions per minute) the pulp
is thrown outwards. At the periphery of the pan it comes in
contact with properly plnoedpmc;rwd plates, which guide it
back towards the centre of the pan.

To aspist amalgamstion the pulp may be kept hot by a jet of
steam, or by a eteam jacket on the bottom of the pan. In Bas's
patent slectric system of amalgamation, a current of electricity
is passed through the gu.lp, with the result, it is said, of pre-
venting the fouling and consequent loas of guickailver. Several
electrical arrangements which are said to improve and accele-
rate amajgamation, have been used in commection with stamp
work and pan amalgamation. Each pan requires 10 to 1001ba,



REDUCTION. 223

guicksilver, One humdred pounds of mercury dissolve # to I
oze, of gold. Among pens with plane circular gl%nding
surfaces, we have the Knoz, the Varney, and the Wheeler
ans.

P The cEnru; with conical mullers may have the . botfom of the
pax in nmg downwarda towards the centre, as in the Hepburn
and Peferson’s pan, or, 25 in the Berden pan, inclining upwards
towards the centre.

In the former pan the pulp tends to flow inwards without the
assistance of guide plates,

In the Excelrior and other pans the form of the base of the
pan and mullere is conoidal.

The Cumbination pan may be taken aa a standard form.,

In Rinkie and Capp amalgamator end grinder, perpendicular
mullers are pressed laterally by centrifugal force against the
perpendicular aides of the pan.

ding pans the pulp passes to settlers, where it

ia t.hjnne%mll)y the addition of water, and the quicksilver
and[ama]g&m, which has become finely divided, is allowed to
settle,

A ten stamp silver mill requires about six pans and three
apttlers. .

A holds from one to two tons of pulp. A 5 foot
weigE.:nG,.SOO Iha. pen

The Bennett Amalgamator.—This is used for placer
works. The Frmmd is seooped up by s dredger and passed
into a trommel, revolviog partly under water. Here theatones
are s:}mrawd from paydirt, which falls into a water tank where
jets of water cause it to paes over amalgamated plates. It re-
quirea 154,000 gullons of water per 1,000 cubic feet of earth. It
ia said to work placer ground for 1 to 3 cents per cubic yard,
the usnal price being 3 to 9 cents.



CONCENTRATION,

The ai;g‘{:st method of erncentration is weshing by hend in
& pan. i method is carried ont mecbanically in several con-
centrators where the hand movement is closely imitated by
machinery, ne in the Rew and Joues concentrator, nsed for the
waste from Berdan pans and eleaning pyrites.

In ordinary concentration the processes which are followed
after reduction sre generally aa follows :—

1. For Coarse Stuff.—{a} A classification into egually
sized grains by sieves ; (#) Sorting inte equally falling
grains by machines like jigs.

2. For Fine Stuff.—(a} A sorting iuto equally fal
graira by apparatua like pointed boxes ; (?)1 A olasaiﬁli;f
tion by the action of a thin etreawm of water, cerrying the
material down an inclined surface.

W of ?amlm.-—-’rhe different varieties of matcrtif]
yielded during different processer depend partly upon the
nature of the material, snd partly upon the yrzlrlel‘.hc-d of
reduetion.

The following tablo showa the percentages of different
materianla obtained by various operations :—

Braalls

Wiafrom | Rola, Stamps.
]

[N NN AN
Nut (Stufen) . | 74 ee e
FPes (Graupen) . 15 70 32
Sand (G-ries; . H 20 az
Meal (Meh)) . 4 10 32
Pulp (Staub) 4 10 38
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From rolls we may obtain—
Round grains, 50 per cent.
m&t ” 25 LL ¥
Lovg , 26 ,

These 8, however, apon the clea of th
! W, depend npon vage of the

m Plat grains. | Long grains)

P-o j .8 PO
Galena . . 60 26 15
Quartz . 40 30 30

SEPARATION AND SIZING.

Separation of Gangue from Ore.—The ore is somefimes
roughly broken at the mine, for which purpose large siecel
al%, 18 to 25 1bs. weight, are employed. It is then
roughly picked, the result befng aétle, rich ore, middle ores,
St the mine th the processes of |

atai mine there are the ragging, spalling,
and cobbing, each of which consiste in breaking the rock alfd
gcldnf. ing hammers may be 6 or 8 Ibs. weight, while

o for ing are 2 Ibe. weight. The extent to which these
Processea are carried dopends on the nature of the ore and the
prico of labour, With high wagea it might be more economical
to send an ore at once to the mill, w in couniries where
labour is cheap it might be more economical to first pick out
the more worthleas portions, and to separate certain ores and
minerals from each other which, otherwise, would be detri-
mental to ono ancther during concentrating and metallurgical

P Gobbing hammers are 1} to 2 Ibs. weight, snd have one end
sharp edged. The ore is broken on dies which, if the ore haas
tendency to fly, may be surrounded by iron rings, The emalla

are uraally jigged )
Bometimes ores may require to be ly picked, and
specially arranged tables at which the pi it are required.
9
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Beforo the ore comes to the pickers it is washed. Picking tables
are sometimes made to revolve o that the minerals to be sorted
pasa before several pickers. Eome ores, like mnickel ores, can
only be mgmaed ag valuable after having been exposed tothe
e they ey b gy separeid from nhering gungae. The

at they ma readi ing gangue. The
result of t.hesye opemtiois is to give worthleaa matergll, first-
class ore or prills ready for reduction, wmiddle class ore or
Aaivings requiring to be crushed and concentrated, snd e third
class ore or smalls ready to be jigged.

In picking ores, crushing ores are usually separated from
cobbing ores. The former may be subdivided into roll rock and
stamp rock. All of them may be subdivided according to their
mineral constitnents. Thus, it would be well {0 separate galens
(8. G. 7-5) from cassiterite (8. &, 6'8), or blende from copper
pyrites, and these again from barren rock.

Washing and Sising.—By raking the ore to and fro npon
a grate npon which water is falling, the amalls psass through
the grate, and the remainder, which is ronghly washed, is pre-

v to be picked. Beveral gratings with different
sized holes may be employed in conjunction.

Theore coming from the mine may be tipped on gratea having
opening shount 2} inches wide, the lump ore passing over the

te and the finer stuff throngh it. e percentage of fine ore

epends partly on the nature of the ore and on the method of

working, ere explosives are employed the tage
of fine ore may be 60 or 60 per cent. of nJIYthe ore (. umn\ard:f.

Material 1} to 4 inch dismeter is nsually separated into
several sizes for jigging. Indmsainglco pyritea in Corn-
wall such material, however, is only divided into two classes.

In stuices, which are inclined tronghe about 2 feet wide and
410 10 fect long, ore ia washed and concentrated,

The Laiiterrinne ia a trough 2 feet broad and 12 feet long,
inclined 2 inches per foot. terial and clear water lasupplied
at the upper end, and as the material is raked downwards it ia
washed. At the lower end it passcs over a sories of sieves
arranged in a step-like acriea.

hm.—nﬁd&}ep of vg}iﬁu gizes m(}'i ﬁpes may b&a“d
r washing and sizing. ong square en

four ohainsgor rods, two of which, by meens am, mab;
be altered, can be swung backwurds and forwards by hand, or
by cains, and cansed to strike a block, When ore is placed on
suck a riddle, a portion of it passes through the grating,
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while another portion travels forward to be discharged at
the end.

If water is supplied on the stuff, the ore is washed. Several
of these riddles of different sizea ave employed together,
Jarring or swinging riddles may be inclined and Esvea vartical
motion.

The latter, however, are not so effective as the former, the
motion tending to choke the holes, The riddles ought o be
o 80 that the stuff first falls on the coarsest nddle. T
jt fallo on the fineat riddle first, the gratings will be rapidly
destroyed. The leas the inclination the s'ower the passage of
the ore, and the more effective the eifting. Different sized
riddles ou%?t. to have different inclinatione.

Sizea of boles y; to I jnch in diameter., Length of sieve 3
to 7 feet. Inclination I to § incl:e.;eger foot. Speed 30 to TC
strokes per minute. Water required, 3 to 16 cubio feet per
minuts, Bieven last two to twelve weeks (Kustel). Three to
four H. P. works the heaviest riddles. Shnkin%);iddles with
150 to 200 blows per minute give a cleaner and better separa-
tion than trommels where the effective acreening surfaces ia
small, and the shocks dus to the fall of the material in the
tromme] are feeble, and not more than 60 per minute. Riddles,
however, require more power and wesr more quickly than
trommels,

Oradles,—The cradle or rocker is a lightly-inclined coal-
acattle-shaped box resting on rockers. The stuf—for example,
auriferous drift—is supplied on & tray or sieve at the upperend
of the box, and while the box is rocked by hand, water is
poured on the staff, the finer parta of which are carried inside
and flow down the inolined bottom. Crossing the bottom are
strips of wood, behind whicslnsarﬁclea of gold are arrested. It
is & combination of & sieve & moving aluice,

Trommels. —Trommels may be described aa cylindrical,
priamatio, or conically ehaped eieves, which are used for sizing
and washing. For stuff to travel through & cylindrical trom-
mel the ceniral shaft on which it is carried must be inclined,
or, if horizontal, the inwide of the trommel must be fitted with
a . The common form is the conical trommel, along the
inside of which the materials travel even when the shaft ia
horizontal. Conical trommels reqaire lees motive power and
&re eagior to manage than those which are cylindrical. For
coarse worl, trommels are construoted of iron bara built together
at rpaced distances to form s drum, or of perforated boiler plate
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or cast iron. If the material which has to pass through the
mel ﬁi.s of 1:1;1 clayey nature, ﬁe inaide (ig the twanmel is

with a spiral arrangement of spikes. Fov washing pur-
poses, water ;? pupplied ineide the trommel, either from an ow
axle or separate pipe, or the trommel revolves partally in a
tank of water.

At the u end of o trommel there is & conical collar to
prevent stuff from felling out, and at the lower end another
collar which widens outwards to sesist the discharge.

For sizing, the trommels are made of sheet iron, copper
plates, copper or brass wire cloth.

The alope inside a tromme) will be lees, the more washing a
material requires. Ome in twelve is usuelly a sufficient fall.
Les 9 to 12 feet, and diameter ¢ to 5 feet. About 10 to 20
revolutions per minate. Inclination of axis 3° to 6°,

Trommels of different liko sieves, may be arranged
in series following each other longitudinally, or be placed con-
centrically, and grains of different gizes obtained.

Jeta of water playi.nslu n the cutgide of a sizing trommel
prevent the choking of the holes. Clayey and slimy materiala
ought not to be admitted.

One aei;amting and four or five aizing trommels, size about
26 tons of emalls in twelve hours { Kustel).

To obtain the best wearing of the sieves, the stuff ought to
pass h the coarsest first. Sometimes stuff may be sepa-
rated into four groups by four pizes of decreasing holes, and
subsequently each group may be divided into four classee by &
gystem of sieves with incressing holea.

Patent trommels with concentrically arranged sieves are
difficult to repair, and usna]l{ hm.

Trommels of punched sheet metal usually have round holes,
but those with square holes do better work,

At Clausthal, it has been found that copper sheet trommela,
which o not rust, last twice as long as iron trommels. They
cost 80 per cent. more than the iron trommels. For ocoarse
ecreens, where rustinﬁeia of little consequence, iron or steel is
used. The ore may be fed froma ted hopper from which
the ore falls upon a rectangular ting pan, which throws
it forward to the trommel. A trommel 3} feet in diameter, and
9 to 12 feet long, sizes T} to 8 tons of ore per hoar,

Trommels may be set in ateps side by aide, one drum in front
of snother, or on a aingle inclined axis, In the latter case they
may be conical in form and eo coned that they have a dight dip
at their lower end.
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Dimensions of Bisve Holea.—The following table is taken
from Eunhardt's ¢/ Ore Dressing in Europe.” It is mimilar to
Rittinger's table :—

Diameter of grains. Wiie cloth,
— e -
n‘.‘;ﬂ"ui Inohea, Meah. NSO
6« | 266= sin. | 00
452 | 1801 2 o |Large} No.1
32 l1o8=1 1 2 (slf;,';ﬂ)
226 | -90= 1 g |Small
16 bd= B
s | 4sm N g |Large) Xo.2
L .32 . p
2'6 i _32:’;§ "og }ﬁ Small ¥ (Graupen)
& = 4 15
b C omow | 8 | 16 |Conee No. 8
2 8= 8 18 | 0
14 055mpy | 012 gy [Five } (Grie)
11 -0dm oy 16 25
71 ! 028w g :: 2; gs Coarse No. 4
-5 (2= 3 1 .
35 | -0ld=g% | b 60 3g (Fine ) (Heh)
% | Olmrdy| 70 38 |Pulp  (Staubd)

It will be observed that alternate numbers o[fm:.lhe above
soriea progress in geometrical ratio, or, taking 4 ancees-
sively, one is 1,411 times the other, " In some mills the factor
of the goometrical ratio is 1-35, in others 2. The volumes
o:htin: grains which pass suoceasive scroena are 2-828 times each

The reason for rtioning the holes in sievea in this
mmmwﬂlbeunmmmthemhonmﬁngot the re-
lation between the diameters, volumes, weights and densities
of equally falling particles.

If & iz the diameter ofaholemameve,than the distance
between the oentres of the holes =i 4, and for fine soves 2 4,

i |
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For fine material gieves are made out of copper or brass wire,
the holes being square,

Mature of Particles Required for Conceniration.— Ore
particles subject to processes of concentration are ususally either
those which are of egual sizes, or those which fall through a
column of water with egual velocity.

The operation of jigging is dependent upon the different
ratea at which particles of the same gizo, but of different epecifie
gravities, fall agh & column of water.

All particles treated in a given jig ought therefore to be of
'h%'hsmi? slizt:r particles of {ly falling winft are larger than
e li o8 of equally falling are r
tho densgr particles, snd therefore if ﬁolaeed upon an inclined
table over which a film of waler ie flowing are more casily
moved than the emsll denser particles, which only receive am
impulse from the film of water immediately in contact with
the surfaco of the inclined place which more or loss adheres to
" Goparation of reduced material into oqually fal icles

ration uced material into eq partic
nuiy{:: wecomplished by one of the fol.lowingymethoﬁs.

1. By allowing the material to fall in still water.

2. By allowing the material to fall in & stream of water,
rising vertically.

8. By combining methods 1 and 2.

4. By the action of & horizontal stream of water.

Fine sands are sometimes treated on fine jigs. Meal is usually
treated on percussion tables and pulp on round tables.

THEORY OF CONCENTRATION.
(») The Movement of Single Particles.

1. Carrying power of current.—let d he the diameter
of & body lying on the bed of & stream with a velocity 1,
then the pressure exerted by the water lending to move the
particle is :—

aviqt
where ¢ is & constant.
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The pressure of the body on the bed of the stream is
portional to 7 pre-
#E-1)
whgaisthe dengity of the body,and 1 the specific gravity of

w

ater.
The frictional resistance of the body to be moved, where 5 is
a constant, is therefore,

b (3~ 1)
Equating this with the moving force, then,
a V2d=bd (§—1)
and collecting the constants under the symbol C.,
Vimed {§ =1}

or the maximum digmeters of bodies of equal densities that can
be carried along, sre proportional to the equare of the velocity
of the ourrent.

toCLnbiug both aides and changing the aymbol of the constant

¥

Vomkd® (3 — 1)

which shows thst the waximum steights {which are propor-
tiona) to @%) of different bodies of equal denaities that can be
carried along, ure proportional to the sixth power of the velocity
of the current.

The applicstion of this law to the regulation of the flow of
water in aluioes ia self-evident. It must be remembered that
it is usually the bottom velocity of s eiveam that hea to be
considered, and further that ordinary rockas Jose from a half to
omne-thisd of their weight in air when irnmersed in water.

As an illnstration of the above law, the following ia quoled
from the observations of David Stevenson :—

A volocity of 8 inchea per second just moves fine clay.
» o 8 g " lifts fine sand.
1 » 8 " 1] lifts coarse sand.

” ” 12 " » aweeps ﬂJOIIs fine g'mvd.
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A velocity of 24 inches sooond rolls along rounded pebe
vy per bles 1 inch di.nmoterl.n
N 36 BW alan, ali;
» ] " " oepe g P L]
of an egg.

Vonﬁ:n Bparre says tha‘i;:he d.iammm of pa.rtm.l“' ea d;.fu t.l:le same
#pecific gravity deposited in ow currents are directly pros
port\ionsrtao the fonrth roots of those velocities. .

In connidering questions relating to the movement of particles
in n fluid like water, Femolet and subsequent investigators
like Sparre aud Rittinger assume the icles to be sufficiently
far separated that the movement of ary one is unaffecied by the
prox.im.ixaof ita neighbours, and it is on assumptions of this
nature that the fullowing formule, taken from Rittinger's
¢ Aufbereitungekunde,’” are based.

The practical application of these formuls in the Continental
sistemof dressing in extensive, and for this reasor, and because
toey may be regarded as introductory to formule whick follow,
;here. movement of particles en masse is considered, they are

re given,

As these formule: are but ebbrevisted extracis from Rit
tinger’s work, students are referred to the original text,

2. The resistance of finids to bodies Miling through
them.—Prossure per square metre exerted by o stream of water
rising vertically with a velotity of 1 metre per second,

For s horizontal plene.

am §1 kilos.
Against the horizontal head of a wedge:

a|=—£§——- ‘Where 4 = the brendth of the head ; 4 = the

4-35‘-!-1

height of the wedge.

Againat the horizontal head of en equally sided wedge,
a

a1 =
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Agninet the horizontal base of a right angled wedge,

a &
-8
1=3

Against the horizontal base of a cone,
¢s=’%;,whemeris the radius of the base and & the

height of the cone.
Againgt the horizontal base of a right angled cons,

=
o =y
Aguinst the horizontal base of & hemisphere,

ag=~%—=25'5 klogr.

In the following formule :—

d=the diameter of the particle or sphere in metres,

3 =the density of the particle.

A=the denzity of the Buid (for water A=1).
§=09m.609 acceleration due to gravity.

v=1,000 kilogr. the weight of & cuble metre of water.
¢=the time in seconds during which a particle falla.
v=the velocity of the body in metres per second.
s=mthe distance traversed.

8. The fall of & small particle through a fAmid at
rest Is approximately —

dd=ay Tay”
V= VS

For small apherical bodies £'==5-11.
For small flat grains it maym=1-92.
A mean value for irvegular grains=2-44.
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For s emall ical particle falling throngh water after it
has reached nnﬁg: motion, its velocity is approximately,

om511 /3 (3—1)
The following table gives the velocity in mestree per second
attained by grains of galena and quartz falling through a

column of water. The aize of the grains follows the Rittinger’s
sieve scale, the velocitien are calculated from the formule,

v=244 Y@ =T
Velocity of fall in metrea.
Stze d
io metres.
Galena 3 =76 | Quarisd =21
-064 1571 780
-0452 1-322 } I 671 } I
1033 1112 551
0226 920 457
016 786 -390
013 -661 ] I 308 ( T
-008 656 276
0056 -463 230+
004 -392 195
0028 -327] 11 161 I v
002 278 137
-0014 282 118,
001 -195 097
00071 4165 } v 082( ¥
0005 138 -078
-00035 -116 058
00025 008 v o8} ve
000125 -069 -034

4, Ths space a small particle describes in an ex-
twremely short tims (say 01 to 1 second) in still water
is approximately given by the formnls.—
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a=1—'LL"+
(-7)%

It is therefure only dependent npon the density of the per-
ticle. Two equafilﬁ falling grains might therefors be separated
if the height of is extremely small, snd jigs mey be used
a8 hydraulic sizing ap&a.ra.tus‘

Von Bparre givee the period of acceleration for particles
16 mm. in diameter ag 1 second, and if 1 mm. in diameter as
+25 seconds.

ciicies oo throngle sl water duving sciemely shor

| wa W ox
?::arvals of ti.mg; t— g e 7

Tims Falling in Seconds.

8|‘0‘1 '0‘2|'03 05| 10} 15| 20| 25| ‘30| 50 l’O‘.‘l

LR
Bpace described in metres,

4 26 -&ml 0012 0023|[0069 "0229) 04250626]706311-1035 1842
|
|

|

| |

4 76 ’0006!'(019 0038 |
1 |

-0102[-0365(-07 11 [ 1507 1484|1690 *35501-7,
28 | & 0004, -0016) 0086, 0091 0272] 0476(-08TS 0681 1081 1896/

8. Relation betwesn the ddameters, volumes and
waights, and the dsnsities of equally falling particlos.—
Spherical grains of different diameters and densities which
foll with equal velocities in water or other fluids are called
equally falling grains.

Then if dy and d;=the diameters,
&1 and §;—the densitics,
¥y and Fr=the volumes,
P, and P2=tho weights,

of two spherical particles. Then if these fall through s given
oolumn of water in equal times.
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& (32— 1)

Then by (2) ?{:(l—l)
Fi_ {82 —1)
Y TS

B_hdaore
Py & (f-1p

For example, for equally falling grains of quartz and

d= 1d
Vi==64F:
h=22n

It & = the density of the fluid, the ﬁrstoftheaboveequaﬁons

O —
& s
& (h—a4)

Calling &; the diameter of & epherical of galena with
density ¢ = 7-5, andd;thedmmet.ero a aimilar grain of
quartz mth density 2-6, for these to fall equally.

In air (4 = 0-00125) 4 =288 dy
In water (A = 1) = 4d
In zinc sulphate (A = 1'5)  dy = 555 &

To peparate galena and quartz in machines when the separa-
tion depends upon the velocity with which different graina of
theae materials fall through wah?r the broken materials are
according to the continental system of § Jigging (but not sccord-
ing to the Englieh} classified by sieves into eizes, the maximum
glze ;f the graine in each division being in the ratio, 1, 4, 16,

4, &o,

4. The suspsnsion of a body in a stream of water
rising vertically.—The volocity of ihe stream which holds a
body in aug on, is equal to the velocity which the body would
acquire in wero the water at reet.
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For a spherical body as shown in (3) :—

Vembll f @ =1)

The foll wing table gives the velocity in metres second
of the upward current, which holde diferent round bodies of
different diametors in puspengion :—

Dinmeter in millimetres.

Material. Demity.lOlB'G 4|a 9‘1 1

y Velocily in metres per second.
Gold (with lilwr) 1540 (193 [172 |1'60 (122|105 | 86 | 61 | 32
S 6 |1 [11T (102 ) 88 T2 | 69| 41 [ W
50 103 pa| 79| 86| 56 | w6 22| -2
26 |63 (66 |49 | 40 | 45 | 24 | 20| ‘14
13 o5 | 25 |22 | 1T | 16 | 12| (8 | 08

With the formula ¥ = 2-44 4/ 4 (3 — 1) the following table

ving the velooity necessary for the snspension of irregularl
fl ! ormed grains ha.?beenoal v

Diameter of sisve in millimetres,

Bubstance, Density. zo| a6 |48 ] 1 1

Velocity in millimetyes.

Gold (with niJm-) 150 ‘B0 |70 { BT | 50 | 40 | 29
G.lcna 5 55 | 48 | BD | M | 2B | 20 |14
Pynm 50 |49 | 45 |88 )8 2221156 10

Quartz a8 - TR T R T R TR T ]
Coal .. 19 |12 (10| 08 | 07 ‘04 | 09

7. Bovemstit of 3 particls in a Hsing stream of water.—
The velocily ¢ which a body will attain in s rising carrent, ie
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approximately the velocity of the current ¢, minus the velocity
nevessary to bold the body in snapension, or

¢ ome ¢,
8. The space a particls dedoribes in an npward
onrrent of watar in an extremely mmall interval of time

(say 01 to 1 second), in aprroximately given by the
following formuoln :—

- () B

3
where ¢ = g:

Trom thia it follows that the smaller of two equally dense
grains rises the higher, and for two equall siz:t(il grains the
least dense rvises the higher. The denser falls the quicker. If
the bodies do mot rise the denser will zink lower the lens
dense a8 in quiet water. .

Of two equally falling grains, at the commencement the
smaller and denser moves higher than the greater and less
dense. The upward stream, therefors, tries to place equally
falling particles in thl: reverse oﬂ£ to what the: Wou.lefil have
in ordinary sieve work providing that these particles are free to
move. If, however, the velocity of the descending current is
small, and equally falling particles are allowed to fall, the
denser particle would fall quicker than the less dense as iu still
water.

9. Movement of a particle during an sxtremely small
interval of Hme 1n a deaconding siream of water.— Before
a body attaine the velocity of a descending streamn ¢ it hos
an acceleration,

B
¢ = [1+ 40—
During this period it has » velocity,

7= €~ tan (tou-t 40~ BY)
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And when &=V,
tan-1 AC

Lum ¥

The distance described nntil the commencement of this is,

1
3= -5 [4Ctan-t A0—dlog n (1 + A20]

The time taken for particles of quartz and galena to attain
the velocity of a descending stream, and the e they describe
in sttaining that veloeity, are given in the following two
tables ¢ —

Quartz 8.3, 2'8 Galepa 3.G. 76
. Diameter in mm. Diameter in mm.
Velocity
of stream in 1 4 | 18 1 I i 18
metrea,
| Times in seconds.
o8 *0p0 037 40 026 029 (g3
L] 040 080} 075 (43 ‘06% 057
i3 0id 073 ‘101 -2 hiEs 083
100 o7 081 121 QBT 065 108
i Distance in metres.
25 1| 0043 | o049 | co05L , -oosa | -00se | onav
] ] i 0173 W96 23 0139 0146
76 0239 0940 418 0242 Q2 5206
100 0362 ‘0583 0698 ‘0379 0493 0054

In the above expressions,
—_ 3as 4
4 \/zyd(o—a)
.
By or, (=2} 2

Ty 54

o3 = 255 ilogr.
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A formuls which approximaiely expresses the distance de-
scribed by a icle falling in & downward current during a
short in of time may be written :—

_ 83— 2y g8
o= (14 ETE )

For two equally sized grains the denser somotimes goes over &
grealer distance, sometimes over a less, thus if

3¢9
</ 55

the denser goes first. In the opposite case the denser remains

In the case
— 3g¢
=y 55
the two equally sized graina fall equally without sny regard to
their difference in deneity.

For two equally dense particles at first the smaller falls the
quicker and traverses a greater distance.

For two equa]clg falling ﬁns, the denser goes first and,
indeed, even much quicker in still water, from which it
follows that & downward current may be extremely useful in
separating equally falling particles.

10. The fall of a particle in a stream moving hori-
gontally with s velocity C.—

Lot z = the distance moved horizontally in the time ¢,
y = the distance moved vertically downwards in the
time ¢.

Then approximately for spherical particles,
z2=0Ct

o - Cy ¢ \/_J{GJA}

when € and 4 have valons as before.
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For irregnlar partioles where D is the size of sieve,

—1
R X =)

Here the body follows a straight line disgonally downwards.
For two bodies of different size and density we have

I _1]’_(32 — 1)
L Dy (31 — 1)

from which it follows, that for equally falling bodies whare

D {8:—1) = Dy (B1—~1),
therefore also X =42

and these equally falling bodies reach the bottom at the same
lace. A horizontal stream of water may, therefors, be used

P
to obtain equally falling grains.

11. Particls in flowing water on an inclined plane.—

Lot

¢ == Inclination of the place.

¢ = Coefficient for aliding friction.

& = Breadth of base of a prismatic body, in metres.

d == Haight of base in metres.

% = Weight of particle in kilos.

r == The resistance of sliding friction.

w = ,, m s> volling I

o = The velooity of the water in metres per second.

J == The seotion of the nearly spherical particle at right
angles to the ourrent.

4+ = Experimental value for pressure of water with s
velocity of 1 metre on a surface 1 square m. in
aros (so p. 233).
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Then r=¢-§—(3'—1joos¢
w=—-.-—(8—l)ooe¢
4 &

According as r is 3» or <% w 80 will the body slide or roll.

‘The velocity to balance gliding friction is: —

‘/ kﬂﬁ,—;) (s cos $—ain g}

For polygonal bodies nearly spherical :—

_ TE-T)dy .
= 1/-3«_(’ 008 ¢ —in $)

The velocity to balance rolling is :

EED (Lo g—eing)

And for polygonal bodien:—

o=/ T

wheren=%

From the above we see that when two different particles are

carried along (aliding or rolling) the relationship of velocitiea
of current is as follows:—

3]—1) dl
Be=1i3 2= 1) dy
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From which it follows that equally falling bodies cannot be
peparated by e stream of water either acoording to their density
or according to their size, A flowing stream of water can,
however, be wsed io e]assifg or separste a.ooord.:g to density
in the case of equally eized bodies, or it can be used for
tion according to size in the case of approximately equal density

in the ea.

Equally falling grains may be aseparated into coarse and fins
in a streem withgdecmaing velocity, or according to demsily in
a very thin stream {see p. 264).

13. Infilnence of centrifugal force upon particles
lling in water,—
Let .
% = The weight of particle.
¢ == The velodity of rotation.
r == The distance of the particle from the sxis of rotation:
g == Force of gravity.

(enfrifugal force P =}f—ﬁ.

And for a spherical body of dismeter  and donsity § :—

_Pwy —
F=l g, #i=did

For two different bodies of diameter &) and d3 and densities

&1 and &zt
_F1=d|3 31
F:  dP 8z

If the two bodies are of the same size, thep :—

That is for bodies of the same size centrifugsl fores divectily
varios with the density.
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In the case of bodies of equal density, that is 1=48::—

—1;;- wand Fi=n Fz
'Tha:“isto 86y, centrifugal force varies as the cube of the

For equally falling bodies : —
d{h=1) = dz (8—1)
and when 3, 3» 5; then it oan be phown that :—
dsd & di
SRR
It, tharefore, follows that of two equsl falling particles
theéanserhaatheleasoemiﬂfugsl foroe. %
For two equally falling bodies let &1=n &;

— 3
Then Fi=a-2 I)F,

#Jr=1

Comparing the centrifugal foree of equal falling garhdes
of quarts, pyrites and galene with densitics, fam2:6;
1=52 and H=T7"5,

wo get for iron pyrites Fi=-111 Fe
galena Fyw039 Fy

Therefore, the centrifugal forve of iron pyrites ia 11 per cent,
nndthatofgalemiperoent.momthmgrofqmtl:t ’

(b) Thoe BMovemont of Particles en masse.

Ag in certain dressing operstions, for example in jigging:,
grains do not fall J but in the i.ntemﬁcespﬁitwein lmr
neighbours. Prof. H. 5. Monroe experimented on the fall of
particles through tubes and en maese.  (See *“ The English ver~
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#us the Continental System of Jigging,” Trans. Am, Inst. Min.
fEn]J,%’ vol. XVIIL., p. 637). 'The results ho obiained are as
ollows :—

'With D represen the diameter of a tube, and the oth
numenclstumasbeg:;g:— ! or

v=511 (1— (%)5 ) JIG=1T
The more nearly d:=D the slower the rate of fall.
The falling velocity is but little affected if :—
i<
The maximum falling velocity is when :—

4

For spheres moving en maus.
=833 /T (B = 1)

Bpheres en masse have, therefore, only abont } of the veloci
of free falling spheres. v
An incresse In the velocity of a8 current beneath s masa of
shot, lifts them and tends to force them apart, the interetitial
spece or D increases, and a gresater velocity is required to sup.
the ahot, The same material may, therefore, be worked in

iga ron at different speeds and with di t strokes.
In rounded grains of uniform size falling en masse ;—
om490 Jd F = 1)

For angnlar graing of uniform size falling en masse :—
vm-536 o/d (§ = 1)

For large spheros moving in & mass of small spheres when
the difference in diemeter ias congiderable ;— eph

r=307 /2 {5 —=1)
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In a maes of grains of different sizes the large graina move
relatively in smsaller channels than the small grains, sand are
therefore more ed.

If the diameter of u quartz grain is 4, and the diameter of a
galena grain ) :—

Then ‘307 /d, (26—1) = *833 /@1 (16—1)
or the diameter of equal falling greins are in the mﬁo—;— = -3%
and not in the ratio _.:_ which only applies to free falling
grains,

For ration, grains of quariz and galona might be sized
between limita of eay 1 snd 30 mm,

From the above formnulee, velooity of jig currents may be
caleulated, and from this the length and number of sirokes,

From FProf. Munroe's investigation, unless the difference in
specific gravity is amall, close sizing is not necessary, the small
staff in 8 mixture being concentrated in the interstices between
the coarse stoff forming the inineral bed.

For fine stuff on jigs, close sizing is & disadvantage.

The size of the mesh of the jig eeve in of t importance.
It determines the size of the particles in the jig bed, and thess
determine the size of the interstices.

Stnff less than & the size of the smallest interstices between
the coarse stuff, cannot be treated successfully.

It haa already been shown that the greater the denaity of a
particle the greater is the epace deseribed during the short
interval of time while there ia acceleration. " The ehort
duration of the strokes of a jig are therefore favourable to
the separstion of noeized material, and therefore the size
Eaai&m of particles is even greater than that which has been
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COONOENTRATION OF COARSE MATERIAL.

Jigging.—The operation of jigging may be illnatrated by
taking a mixture of materials l’ika galens and caleite in par-
ticles of about the game size, and placing them in & sieve, which
is rapidly moved up and down in a vessel of water. At each
downward movement the galena particles fall more quickly
than the caleite, the vesnlt after a series of movements bein
that the galens forms a layer on the bottom of the sieve an
the caleito romains on the top. In thia cass the jig acta aaan
hydraulic sorter.

Tt has been stated that when the strokes are short, a jig may
be used aa an hydranlic sizer,

Comparing for instance quartz and galena, we see from the
tablo at p. 234 that a spherical grain of quartz 4 mm., in dismeter
falls throth water at about the same rafe aa a similarly
shaped grain of gulena 1 mm. in dismeter, although the former
is 64 times larger and 22 times heavier than the latter. It
would th:;efore [} that to !;l:pamte diﬂetl;lentofmtc:’lals by
jigging, the particles onght to be approximataly of cqual sizes,
angi:a the relative apeeds of mnnn£ oblong, and flat grains
when falling in water aro roughly as 1-12: -97: -79, they
ou#ht. as far as ible, to be of mimilar shapes.

n the Englisl :c{sbem of jigging there is no preliminary
mizing. The crushed ore is first treated on conrse or roughing
jigs, and that which paasca through these is then treated on fine
or ﬁnjshiag jign. A layer of coarse material ia kept on the
jigs. In the Continental system, the materials are first gized
and tho different sizes treated on different jige.

The two systems may be combined.

In the English system the plant is simple and requires lese

woer to ran. 1t 18 good for low grade ores on a large scale.

e chief objection ia the imperfect concentration of material
that has passed the jig bed. Hufek work may be re-treated on
finishing jigs, or classified in pointed boxes and re-treated in
jigs, and the elime on tables.

materials which are subjected to jiggh'ing arg usnally the
smalis from crushing between 13 and o4 inch in diameter. It
has only been in exceptional instances that materials of 2m.,
and even a8 low 88 [ mm., in diamseter have been jigged.

The mmallest gize that can be treated satisfactory may be
taken at 15 mm.

These are often too rich to be thrown away and too poor to
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be directly emelted. If Lbaﬂ:;ere reduced by fine crn.shinﬂgfor
oonventration, considerable might be incurred by the float-
ing away of fine particles,
ore jigging, sccording to the Continentsl method, the
mﬂdﬂ! wl:.%uim sizing, different eizes being treated soparately.
up movement of the water or the downward move-
ment of the pieve must be gnick. Buceessive movements must
not sncoved each other too gquickly, or the particles have mot
time to pottle. With very fine materiale the time of setiling
will be greater than with the coarss materiale, The size of
gieves corresponds with that of the grains. If ore iz finely dis-
sominated in the gangue, it is not jiggad.

The laws governing the jigging of fine materials like sand
and coarse meal, ‘:gusiﬁad ag_equally falling icles by
Bpitzkasten or Spitzluttee, are those relating to the period of
acoelerntion (see pp. 237 and 238).

Fine jigging waa tried at Clansthal for slimes 1 and 5 mm.,
but the trestment by ocentral discharge tables gave better
results. At Scharley, in Upper Sileaia, aand jigs have roplaced
round buddles, It would, however, seem that fine jigging can
only be resorted to in special carea.

1 the piston be provided with valves, and valvea be arranged
below as in & pump, the water may be caused ooly to move
upwards, and during the down stroke the ore is settling in
comparatively still water to form s more regular layer.

The piston lift & is calealated from the formula :—

g M4y DE=T
nr

D=the sieve clags (diameter of hole in misve).
& =density of the particles.
A=the number of lifta per minute.

As a test of the accuracy of Prof. Monroe's investigations,
the mill of the Bt. Joseph Lead Co., Bonne Terre, Mo., is
g' . 'The roughing jige treat nnaized stuff from 4 mm. to

me.

. Pistons make 150 strokes of 2 inchee per minute. Piston ares
is sie::lm.of h

Che veloeity of the current is tharefore <08 m, per second,
which ought to raise & 4 mm. grain of galena, Jig sieves are
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No. 6 with 2'8 m, openings, The grain of maximam velocity
is about } mm.
Finishing jigs treat stuff 1 mm. and less. There are 270
atrokes of i inch per minute. Jig sieve is No. 8 (2 mm.).
The concentration is satisfactory, the etutf treated being first
from 2 mm. to } mm,, andafterwards I mm. {0 y% mm., without
loss in tailings.

Movable Figgers.—The simplest form of a jigger is a sieve
which is jerked up and down beneath the surface of water con-
tained in & fwb, kicve, or huteh. The movement may be given
directly by hand, or the sisve may be suspended from e lever
‘which is worked b{ehand or by a cam.

The sieve may be circalar, square, or oblong, ebout § or 9
inches deep and £ or 8 feet avea. Stuff which passes through
the meehes of one jigger may be treated on & recond jigger
with & finer mesh.

Far 1 aquare foot area, 4 cubic feet of materisl may be jigged

per houar.

Stationary Jiggws.—These jiggers consiet of 8 sieve or
set of pieves arranged in & box with water, which, by the
reciprocating movementa of a piston, is caused to pulsate np
and down in the sieves. The movement canaing the smalls to
rise muat be quick, The piston stroke is 4 or § inches, and
there may be 40 to 80 strokes per minute.

Tt staff in fine, o that water does not readily penotrate be-
tweon ita component it has to be worked in thin layers.
For very fine materiala less than 2 mm. in diameter, there may
be 120 to 150 stroken of ¥ to 4 inch per minute,

Continual uﬂgnn.;ﬁﬁ Ra‘mm's Smﬁmfh the sieves are
supportod on 8 frame which is ca; to swing through a range
of 2 to 4 inches, when it comes in contactwitha.b]oik and re-
ovives a jerk, This takes place during the downward motion
of the piston.

The result is that the n causes o vertical separation of
tha%r-‘nlna of ore, which, in consequence of the blows, are
travelling from the :gper end of the sieve, where they are fed
froma r, towerds the lower end, where they are sized and
disch . With s sieve 13 inches broad, 30 to 40 cubic feet
may be discharged per honr,

some continual jiggers, the rich material is discharged
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through an opening in the bottom of the sieve by the openi

of a %mlve which is lifted st each downward {troke %?g
iaton.

g In Kaiser's potent jigger, an used at Mount Biachoff, the chief

point in the construction is the fastening down of the deve to

Pprevent warping.

The jigging machine most commonly in use is the one where
the piston works in a box at the side of the sieves.

One jig may have 2, 8, or 4 sieves, the lizhter materials from
the top of one aieve being carried by & current «f water upon the

sieve, where the jigging action is continued.

Jig boxes are usually made of wood, sirengthened with
angle iron. The piston may have an area egual to that of
the sieve. The width of the meve is 18 {022 in?:%es, and length
28 to 86 jnches. The piston has about 4 inch play round its
edges. The sieves are made of perforated sheet irom or brase
wire.

Length of stroke :—
For 2 inches staff = &} inches.
(1} 1* " " = 3& *
" 1 " " = 2‘2§' 1]
» fine » = ;'* "

The number of etrokes for coarse stuff may be 75 per minute,
while for fine stuff 150 to 200 per minute.

Tho thickness of the mineral bed upon the sieve is between
4 and 3} inches, the stufl to be separated above thia being 131
to § inches thick.

Other jige are the Huet and Geyler, Collom’s jig, the patent jig
of Kitto and Paul,

Dry Jigging.—Where it is difficult to obtain water, ma~
teriala of different specific gravities may be separated by s
eurrent of sir, heavy particlea being carried to a less distance
by & given current than light particles with similar and equal
surfaces, Such separation may be carried on in covered air-
walyﬂ or chambers.

n Adufermann’s dry figger the arrangement is in many
respects similar to a wot jigger, the oro resting on a eieve and
being repeatedly lifted by ablast of air inetead of & pulse of
mr tf:rom beneath. It soparates grains less than o inch in

eter.
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Coal Cleaning.—At many minea the coal is cleaned by pick-
ing out the dross by hand—the cousl being passed over a
shalking screen or travelling band, which moves about 490 feet
ger minute. The coet varies from 13d. to 2d. per ton forevery

per cent. of dross removed. For small conl, as, for example,
that used in coke and briquette making, the first operation is
sizing oy trommels, afier which it is jigged. The cost may be
from 2d. to 6d. per ton. Amongst rmachines we have the
rotary form as used in Tokyo (Robinson type), the ordinary ji
{Southgate Engineering Ca.), the Bell ond Ramsey trong
machine, &o.

In a complete plant, jize, inclined trommels, elevators,
mixers, conveyors, and for briquette making, rolls, and pitch
breakers (edge rolls) might be required.

CONCENTRATION OF FINE MATERIAL.
1, Borting into Hqually Falling Grains,

Pointad Boxoes.—(Spitzkasten.) These boxes are in form
square pyramids with the base upwards. They are arranged
in serien, the smallest box being at the upper end, and the
largest and deepest at the lower end. They are connected by
gently inclined troughs. A current of water flowing dowu-
wards carries the sanda. In the first box the heavier and larger
graine are deposited. The current being less swift in the second
twx, another quality of equally sinking graina remain. Tn the
last box the finest material ia cought.

The accumulated sands are drawn off by pipes from the
bottoma of the boxes,

The top box has one-tenth of a foot width for each enbic foot
of material received per minute, The breadths of a series of
boxes are in the ratio of 1, 2, 4, 8.

If the firat box has a Iength of § feet, the other boxes are
each 9, 12, and 15 feet long.

The sides have an inelination of 50°.

The inclination of the conveying trongh per 6 feot i t—
For coarse and 1 to 1} inch.
P middle fine *Lto & 2]

* L3 ” i '!' 1"
I " slime ‘&’to * EE]
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The percentages received from the boxes ave :—

18t box 40 per cent. sand.
hd L] 23 LI ] ”
3ﬁ " 18 r ” "
4& ” ]o ” b2} ”

At Schemnitz, Hungary, where 20 tons are crushed in 24
hours, four boxes have the following dimensions :—

lat box 6 feot long 2% feot wide 4 feet deep.
2nd »” 9 " ” 5 " ” 6 ” »
3lﬂ »”r 12 bed L3 3 " ” 8 ¥y ”
4t'|1 » 15 1y il 15 ” s lo ted "

At lesst 10 heads of stamps are required for a set of boxes.
The size of the ducharie orifice is regulated by a nogzle.
If a sot of apitzkasien has the same dimensions, to obtain
claasifi oationh,athe outleta are n:ge :If decmmndmé sdmthm’ and
hon discherge pipes are u 080 arging the coarse
matorial being the dbortest, %

#ydtsiutte, —Here there i a series of inverted wedge-shaped
boxes, inside which are smaller wedge-shaped boxes, which can
be raised or lowered. The eands flow in the condnits formed
between the two boxes, therefore first descending towards the
edge of the wedge, and then ascending. The wedgeshatﬁd
box ia raised or Jowered according to the quantity of siuff that
may be flowing. The discharge of the coareer material is from
the bottom of ghe outaide box, which may be 3 feetdeep. The
width of the conduit between two wedges ia 3 to 6 inchea.
Spitzlutte ave adapted to classify & amell volume of thick salime,
or to sort several classos of sand and conrse meal from a volume
of dilute slime, thie latter being separated in spitzkasten,

With apitzlnite ov spitskasten classifiers, when eorting sands,
an apward current of clear water is adritted from the apex of
the wedge. In the former apparatus this increases the upward
current, while in the Jatter it creabes one. Ina set of classifiers
for fine sande the npward current of the first may be 6 inches
per second, the factor of diminishing velocity in i
clameifiers of larger size being from 35 to -50. The
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ares of the current, diameter of dm::nﬁat, are more easily
spi

reﬁ]ated in the apitzlutie than aten (Kunharde).
some forms of classifiers the palp is conveyed by a pipe to

b
the bottom of the pointed box, where it meets with the npward
current of water, In others it may be admitted to the upward
current balf way down the pointed vox. One box may work é
tolotonsofpﬁpperuhours.

Troughs, Strips, Latnders, Rans, Canals, Ladyrinths,
—Blimes and sands mug be separsted by deposition, as th
flow & perice of troughs. The first troughsalong whi
the ma flow are the narrowest and moat steeply inclined,
and in them the corrent is most rapid. For 1 cubic foot per
minute, a breadth of 6 inches may be given. The breadths of
a mries of troughs are in s geometrical ratio, the higheat
exponent being 1:5, or in the ratio, 1, 1'5, 225, 3-37. s,
to scparate 8 cubiofeet;er minute ; the breadtha of the troughs

ight be 4, 6, 9, and 13 foot, and the lemgths 12, 18, 24, and
80 fect. The inclination of the upper trougha about ¥ to § inch

r 6 feat. The lower ones are horizontal. The troughs may

in series or in broken lines, according to space. Sometimes

they are placed in duplicate series so thet one set may bein use
while the other set is being oleaned.

Th]o;e quantity of matengl deposited in the variows frougha
may be :—

1et trough 60¢ per cent.

2nd ” 1z, "
3d  ,, 10,
4th 3] 10, »
lﬂﬁ ” 8 3 LH

'I'hepemenmfeof mstal in each division may be the same.
Bome of the Toss from the strips may be saved by deposition
in slime pits, throngh which the water is sllowed to flow before
finally escaping from the worke.

wms o e o el e o
in the s ore it is fed n) slime L ing in the
production of flost mineral, '

Bianket Pables.—These are troughs about 10 or 15 feet
long, 15 or 16 inches broad. iuclined at abont 10° or 15° and
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covered with coarse blanket, They are extendively used at
quart? mills in Australis and California for catching the gold
a8 it flows from the batteries. Several tronghs are used ride
by dide, so that while the blankets of one are being washed,
the gold sands may be flowing over ihe others, 1f there is a
sories of troughs extending longitudinally, 20 or 60 feet in
length, the upper blankets may be washet{ every hour, while
the lower ones mag only requive to be washed once & day.
The upper blanketa may contain 70 or 75 per cent. of the

The cbiained is mixed with iron pyvites snd other
material, and it iz therefore further weshed by hand in

pans,

Blanket stm aleo be concentrated on tables, or be
directly amalg: . Theae tables are being snperseded by
VADLErS,

2. Clamsification of Bgually Falling Grains (Concentra-
tion on tables).—

Theory of Beparation.—From pointed boxes snd other
apparatus described, equally falling gruing are obtained. These
mﬁ be separated by the action of & tAin stream of water on an
inclined table, the water acting with more force on the larger
graing than on the smaller grains.

The separation depends upon—

1. The velocity of flow, which may be regnlated by the
inclination of theytabl.e. v

2. The thickness of the stream water.
3. The consistency of the sanda or slimes.

Blimes and sands may be conducted from pointed boxes
directly to the tables, while material from t:lf*p:;g requires to
be firat diluted with water and supplied by & er,

Statienary Fesders.—One type of feederis a box 3 or ¢4
foot dong, 1% foot broad and 13 foot high, with a base inclined
forwards, and aloping right snd left towards the uides. A
etream of water is so arrauged that it is admitted at the upper
end of the bottom, and, as it Aows down beneath the sunds, it
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spreads right and left in towards the sides. The stuff, as it
comed out, is diluted with water.

Rotating Fesders.—In an ordinary rotating feeder there is
a circular conically shaped disc, furnished with radisting rite
of iron. As this slowly rotates, the riba of iron pase beneath
and close to the base of “one or more hoppers filled with
sands, and each rib carries with it a definite quantity of
material which is eventually washed off the rotating cone by a
jet of water.

The dismeter of the cone = 45 inchea.

Inclination ,, ,, ,, = 3 inches per foot.
No. of ribe = 48,
Revolutions per hour = 6to10.

Work per hour = 4 to 10 cubio fest.

Hand Budale.—This is a box 12 to 14 fest long, 22 inches
wide and desp. The inclination for 12 foet may be from 20 to
6 inches. The latter is for very fine material. The sanda are
charged about & a cubie foot at a time at the head of the box,
and a8 they tend to travel downwards are raked upwards.
When the buddle ie nearli filled, aay in 1 hour, the deposit is
divided into three parts—hced, middle, and feil. These three
parts are washed separately in other buddles. It will be
observed that as the materisl aceumulates, the inelination of
the washing surface decreasea and the Aesd continuslly tends
to become poorer,

Sleeping Tables.—These are aimilar to hand buddles, but
wider, They are used for fine material.

The Xnife, Fropsiler, or Impeller Buddle—This is an
inclined plane, down which the sandn flow. Close above this
ia a revolving cylinder with pmjccti.nghpadd.les arranged liko &
screw. As these alowly rotate, the lighter materiala are forced
off the side of the inolined plane, while the heavieat come out

at the end.

Bweeping Tables.—Length 20 to 30 feet, 3 to 4 feet wide,
;uddsides & inches high, They sre used for finer materials than
aod buddles.
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‘When the table iz covered with stuff, the slime is washed off,
after which the concentrated ore at the upper end of the table
it:btsshadthmugha alit which is in the middle of the

Inclination for sands ., 10 to 12°,
" s 8lime ., b&to 6°

The diluted stuff thet can be weshed per minute is :—

Banda -3to -5 cubic feet, containing from & to 10 Ibs. sand.
Blimes 08 to -12 ,, ,, ” » 2BtoT78,,

The slimes caght to low over the table at s low velocity. If
they move smh velocity the particles may alide rather than
roll, and be carried off with the tailings.

Belf-acting frames, from which the stoff is from time to time
removed by & jot of water, are continuous in their action and
simple to constrast.

Convex Buddle.—This may be described as & circnlar box
16 or 20 feot in dismetor, with a fly inclined conical
bottom and sides 15 or 30 feet in height, In the centre there
is a more steeply inclined cone about 6 feet in diameter. The
alimes and fine materials for which these buddles are used is
supplied at the centre. It then flows down the inner cone and
drops sbout 1 foot upon the outer more gently inclined cone,
bAs it travels towards the periphery, its m‘fl;‘i?il 18 genttt.lgo ;:d

hrushes hanging from re arms, w are &
ayoentml vortieal iaﬂ. i

The arms revolve 3 to 6 times per minnte, In 2 or 3 hours
the buddle may be filled, the heavier materiale remnsining near
the centre and the lightsr round the periphery. The materials
may then be divided into Aead, middies, or jfore and hind kroters

tails, and each Eoduct rewashed. A disadvantage is that

aa materials ta the jnclination changes. In Cornwall,

ore with 2} to 3 per cent, cassiterite is dressed up to 93 to 94

per vent., theloss in taili ing frora 3 to 6 Iba. of tin ore

ton. It is said that slimes with 1 1h. of lin to the fon may
washed with profit.

Conoave Buddle.—Here the base is inclined inwards at
about 6°, the central portion of the cone being s circular box
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sbout 6 feet in dismetor, Four rovolving arms carry sors;

or brushea to sweep the slimes as they flow inwards. e

arms, which are tubular, discharge the etnff at the periphery.

Here thero is a larger sree for the accumulation of them

and the alimes are more readily carried off as the “°1°°it¥rh°f
3

the inflowing stuff increasee as it ap es the centre.
speed of the arme varies with the .
Sands .. v+ 8 revolutions por minute.
Fine alimes 14 to 16 M m s

Amongst other concave buddles there are Borisse’s, where
the central ontflow may be adjusted, and Munday's, so largely
nged in Austrelia.

Linkeubach’s Tables.—These tables are coned surfaces of
iron covered with cement and supported on iron framee, The
enpply pipes, distributing aprons at the apex of these oones,
which are placed one sbove the other, and the wash pipes,
revolve. Single tables have been made 26 fect in diameter.
At Emns the n&g&ntus concentrates lead ore up to 38 per cant.,
but it has worked up to 65 per cent.

Percnssion Tables.—Percnssion tables are tables suspended
by rods or chains so that they are free to awing. means of
8 cam they are pushed forwards and then snddenly released,
when they swing back and strike a fixed block. The result of
8 moceagion of thess blows, which may be given at the end or
gide of the table, is to causs the heavier particles of ore to
travel towarde the aide or end of the table where the blow is
strack more rapidly than the lighter particles,

Bad.-blow Percnssion Table.—Length of the table, 12 feet;
breadth, 5 feet. Height of gides, 11 inches at upper end;
& inchea at lower end. Length of chains and rods by which
it is suspended at u end, 4 feot; at the lower end, 6 feet,
Beneath the table is the percuasion rod, which strikes against
a fixad percussion block.

By raising or lowering the chains at the lower end, the in-
clipation of the table may be altered ; while by sltering the
point of attachment to the table of the u chains the
effectiveness of the percussion may be varied. en the per-
ouseion Tod rests againat the persussion block, the chains are
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not perpendicular. By the movement of the cama the devia-
tion of the chains from the perpendicular is increased. The
atuff enters and is distributed over the head of the table where
the blowns are struck. .As the heavier materials eccumulate at
this end, the chaina at the lower end may be raised, and the
alope of the washing surface kept constant.

A table § feet wide requires per minote :—
Diluted sanda ‘5 to -7 cubic feet;
Diluted slimes *10 to *17 cubio feet.

Qne oubic foot of water may contain :—Sands, 20 to 40 lbs.;
slime, 5 to 10 lbs, i

Number of strokes per minute for sands with elastic perenssion
blocks, 12 to 16; with rigid, 40 to 50; alimes with rigid
block, 60 to 80.

Stroke :—For aandas, 12 inches; for elimes, 4'8 inches,

One table will wash per day of 10} working howrs from 16
owt. to 1 ton of stuff, The total quantity of water required is
‘83 oubin feet por minute. It does not give satisfactory re-
salts if the slimes are tough. The tablee are used for low
grade elimes, 'The slimes which flow off the table may be ve-
treated from 3 to 12 timee. One table can trest per day (2%
hours} 30 tons of coarse meal, 5 or & tons of pulp.

As the headings ae re-trested at least twice, the capacity
day becomes 8 to 10 tona of cre slime and 14 to 2 tons for palp.
The depogit is allowed to accumulate until it is § to 8 inches
thiok, and the time reguired for this is 3 hours for ore sands,
and 9 to 12 hours for pulp.

The Liihrig Compound Vanner consists of several end-
blow tables, the surfaces being travelling bands se arranged
that the middles from upper tubles are antomatically fod upon
the lower tables. It treats 9 tona per 10 honrs.

The Dedge conoentyator is an end-blow table where the
mineral moves up the inclined comcentrating surface, whilst
the light worthless material is swept downwards.

Halley's concentrator is an end- table where the heavy
mineral is caught in & depression of the washing surface,

Rittinger’s Bide-blow Table.—In this takle the blows are
ven on one of the long eides. By means of & series of revoly-
ing cams the table is pnshed sideways agninst & long wooden
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spring. As each cmn passes, the iable is suddenly released,
and it then fliea back to strike the percussion Mt‘nalt.y The stuff
is admitted at the u end of the table on the opposite side to
that on which the blow is struck. The lighter and larger
icles tend o travel down the table in ost a straight
ine, while the denaer icles travel downwards more diagon-
ally, being finally at the bottom of the table on the
ide of the percuesion block. The materials are thevefore dis~
oharged continuously.

Length of table, 8 feot; breadth, 4 feet.

Two tables, each of 4 feet wide, are built on one frame.

The inclination varies between 6 and 3 degrees, the latter
inclination being for fine materials,

Quantity of stuff supplied per minute :—Sande, 22 cubic feet,
oontaining per cubic foot 17 1be. of dry etuff ; slimes, 10 enbic
feot, containing per cabic foot 6-8 1ba. of dry stuff.

Ig i‘é‘}oursona double table treata :—8anda, 5-38 tona ; elimes,
10 N

Clear water required per foot width :—8ands, 22 eubio feet ;
alimes, 13 oubie feet.

Btrokes :—8ands, 70 to 80 per minute, each 2} inches ; slimes,
90 o 100 per minute, each § to § inches; tough slimes, 120 to

140 ute.

m’tf:rwmden spring is 11 feet long, 3 inchee wide, 2} inches
Four double percussion tables concentrate 10 to 16} tons in
24 hours.

The losa is about 20 per cent.

-26 H. P. is req per table per hour.

(i'tln four double tablea 10 to 15 tona may be concentrated in
24 honra.

The washing surface is nsuslly a fine grained wood, but
murfaces of iron or alabs of marble give good resulta. The
framing is of wood, iron, or ateel. two tablea moving in
opposite direstions are fized to the same foundation the tendency
to move latterly is neutralised. If material in too coarse, say
over 5 mm., so that it readily rolls, or if it is too fine, say less
than 26 mm., Like certain pulp, it cavoot be satisfactoril
troated on side blow tablea. eso tables give rich .

'or pulp alime the Frue vanner or Embrey concentraior is
better than side blow tablee.

Rotary Buddles.—-Thess buddles are employed for the con-
centration of fine sands and slimes,
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Rittinger’s Coneave Buddle,—In this buddle an inverted
cone or flat 1§ faced pyramid, which is alownlé rotated :{a
vertical shaft, forms the washing table. The stoff to be washed
is admitted et 4 or & pointe routd the periphery. As the table
turns, the stuff passss water distributors, which wash the ore
as it flows down towards the centre of the table. 3till farthar,
and just in advance of the next ore distributor, each compart-
ment comes benoath a stronoi jet of water, which cleans the
soction of the table over which it flows. At the lower end of
oach section of the table there are holes which carry the
vt;aﬁougl produota into different gutters and launders beneath

table.

Dismeter of table .. .. 16 feet.

Inner diameter veov T eet.
Length of washing slope 4} feet.
Inclination .. .. .. 6°te9°,
Revolutions per hour .. 4to 8.

mﬁtngpaaﬁ.ngwhdhﬁfbuﬁngboudato 12 inches wide per
ute :—

Cubio foot of sanda, ,35.
s 31 3 Blimes,,-15.

Quantity of dry stuff per cubio foot :—
Sende .. 101be.
Blimee .. 651bs.
Loss, 20 to 25 per cent. Ten to 15 buddles require 1 H. P.
‘Water required per minute :—
Sands. .15 cubic feet.
Slimes.. 8 ,, ,,
‘Work per 24 hours :—

Bands .. 6 to 8 tona,
Slimes ., 28t0 36 ,,

Convex Rotary Buddile. —These buddles are made from 10
to 18 feet in diameter. The inclination ie about 6°. Onse
revolotion in 24 to § minutes.
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There is only one charge for a complete revolution, when
themheavier materials are washed away by & sirong jot of
water,

They perform their work more quickly and better than
ordinary sleeping tables. They are continuoua in their action.
One to three quarters H. P. per apparatus. Of an ove
eagily dressed, 22'6 tons dry weight of coarse meal or 6 tona
ofﬁnepulpmﬁyhewash in 22 hours. The grain of the
Eroodontheta e sarface is st right angles to the direction of
oW,

Good resulta may be obtained by mounting a concave buddle
or central discharge table above 8 convex buddle or cutward
discharge table.

On the upper table coarse middlings will be deposited, the re-
mainder {fine pulp) being washed on the lower table. Such an
arrangement has given satisfactory results st Clausthal, Fine
E::E, with 2? per cent. of low grade argentifercua gulens, haa

profitably washed on round tables.

Brunton’s Table.—In this machine there is a tuble 10 feet
long and 4 feet wide, furnished st the ends with rollers carry-
ing s cloth, which beneath the table hangs down and dipe
in & tank of water. The stuff is distributed on the cloth, and
the light particles flow down its length. ‘The heavier particles,
however, are carried upwards against the direction of the
stream and over the end of the table down to the tank of water
where they are deposited.

Prus Vanner.—In this machine a continuous rubber belt, 4
feet wide and 27} fcet long, passes over light rollers to form
the aurface of an inclined plane on which the stuff is concen-
trated. Below, the belt, which ia flanged, passes beneath
rollers into » box containing water where the concentrates are
deposited,  'Whils the belt travels the table is shaken back and

forth laterally. .

The belt travels uphill at from 3 to 12 feet per minute, st the
same time receiving sbout 180 to 200 and forth side
shakings. The inclination of the belt is from 4 to 12 inches
per 13 feet.

The surface of the belf lasts two or three months when it is
paiuted with rubber paint. The belt receives ore from u dis-
tributor about 4 feet from its wpper end. As it travels up-
wards it meets with small jete of water from & clear water
distributor.
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The water required is 3 to 6 gallons per minute. Omne
machine treate 6 tons per 24 hours of stuff paming & 40 mesh
porecn, or 2 vanners to & stampe. :

Materials may be treated directly from tho batteries, and one
man can & to 16 machines, Each machine requires one-
Ry Al to be well adapted to obtsin middlings. In

oen not appear to be wel obtain .
gold washing, gr re the mineral is often reduced by the stamps
to 8 finer vondition than the gangue, from 80 to 856 per cent.
may be saved. A saving of 90 per cent. has been attained.

Brabrey Concentrator.—This differs from the Froe vanner
in that the shaking is longitudinal instead of lateral,
The Triumph concentrator is very Like the Embrey.

Golden Gate Sulphuret Concentrator.—Thia consista of a
tray 11 feet in length, which has a Jongitndinal reciprocating
movement. Material fed on the tray is caused to travel along
it to 8 * protecting plate,” where the inclination of the tray
changos. The heavy material passes bemeath this plate, and
the Lght material above it is drawn off by an exhaust pipe.

Rittinge’s Separirtrichter.—In this machine, where ad-
vantage is taken of centrifngsal force, 8 wing wheel revolves in s
vegsel 24 foet in diameter and 54 feet high. The water con-
tained in this vessel being in revolution, the atuff to be asparated
is admitted above. As it descends fo the bottom a portion of
the ’r’“ﬂtfm through a funnel, whilst that which baa been
thrown the farthest outwards descends botween the fuunel and
the sidea of the containing vessel.

The falling ore may bo collected and discharged from
radially arranged compartments st the bottom of the cylinder.

Hundt's Rotating Oylinder (Stromselz machive). — In
this machine there is a tub divided radially at the bottom into
a series of com ents. In the centre of this, revolving on
e perpendicnlarly placed shaft, there is a double cylinder, the
inner part of whml’iis elightly couieal, with its base downwards.
As the shatt revolves the cylinders revolve, and with them the
water in the tub. Ore is introduced into the space between the
oylinders, and as it falls is separated. In consequence of the
heavy material falling more perpendionlarly thsn the lighter
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matorial, which describes s flatter spiral, the general result is
that materials of different specific gravit different com-
enta at the bottom of the tub, from which the material, as
1t accumulaten, in from time to time discharged. The tub is
sbout § feet in diameter, and the radial compartmenta 17 inches
high. The m:ﬁaee betwoen the rotating cylinders at their base
is about 2 inches. With § inch grains o 5 feet water colomn
uires 3 revolutions per minute. Coul requires 2 revolutions
and 1} foot of water.
The speed and height of the water column vary with the size
of the graine,
In another of Hundt’s concentrators, the stuff descends two
screw-aha inclined planes which are broader at the bottom
than at the top, and which revolve on a shaft.

Dolly Tub.—The dolly tub or toseing kieve is 4 tub about
8} feet dinmeter. Waler is introduced, and then with a stirrer
or doliy set into a circular mokion. ‘While this isin
finsly divided concentrated ore like tin or lead is inm
until the mixture is thick, after which the stirrer in withdrawn
and the mixtore allowed to settle. During the settling the
outside of the tub is struck with a hammer and the ore is
packed. The richheavy ore accumulates on the bottom and the
glime above.

The mi:ling takes abont 15 minutes, and the settling 20
minutes. It is used for headings from buddles, about 2 cwt.
being troated at a time.

In the Duncan concentrator the matarial 1s separated in a pan
making about 8 revolutions per minute, the pan at the same
time having a jigging motion, Three pana are required for
10 stampe. At the Ashiwo mines it gives good reenlts with

0] ore.

mﬂmdy concentrator is & circular iron basin, the bottom
elightly convex, with a circular trough round the periphery.
The bagin is caused to turn in a guick vibratory manner on its
centre.

The heavy materials are moved towards the trough, where
they are discharged, while the tailings are discharged at the
cenire,

Separation by means of a Dense Fluld.— Rittinger points
out that, by mesns of & solution of zive sulphate (8.G. 1'5),
slate (8. &. 2-6) might be ted from coal (S. G. 1'8),
inasmoch as the would float and the slate would eink.
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In separsting the constituents of rock maseee, s sclution of
jodides uf?ioshmium and mercnry (8. G. 3-19) may be em-
ployed. othods of this description, on soccount of the
expense of the solution, can only employed npon a small

scale.
Under this head Rittinger includes the eeparation of gold,
which when pure has a 8. G. 19-33, from sssociated mm;:}ds
by means of mercary (3. G. 13-6). In this case the separation
ia chiefly due to the gcld gamsting with the mercury,
from which it is xubseyuently separated by distillation.

Information about amalgamation may be found under the
section relating to atampe, grinding, and tahles.

Magnetic lopnnm—llagl'neﬁc iron sand may be con-
centrated by passing it over tables or belte, beneath or above
which magnete are placed {Conkling separator); by g the
eand over or under magnetic rolls (Buckanan and Wensirom's
separator) ; or by allowing the sand to fall in front of the pole
of u fixed magnet, when the magmetic sand will be deflected
and the ordinary sand will fall vertically (Edison tor). In
the latter the maguet is 6 feet lomg, 30 inches wide, 10 inches
thick, and weigha 3,400 lbs, It is excited by & current of 16
srperes, with an E, M. F. of 116'5 volts, consuming 24 H., P.

or other separators, see Trans. Am. Inst. Min., Vol
XVIL, p. 728 ; aleo Vol. XIX , pp. 65 and 187.

Apparatus for Raising Material, &o.

Raft Whesls.—For raising slimes and sands, wheels are
constrocted on the principle of an tisn wheel. The
dinmeter of the wheel depends upon the height to which the
material is to be raised. The breadth of the wheels may be
6 to 9 inches. At distances of about 1 foot round the perip{e
spade-shaped bucketa are arranged. These bucketa bran
from the periphery at au e of about 30°, Below, the
wheel dips into a trough containing the material to be
gimdl’;;lhch in scooped up and discharged at the upper side of

o wheel.

Raff wheels are often employed in connection with crushing
by rollers. The materisl, gte?d ing through the rollers, is
recsived in a4 trommel, where it ia gized. The larger particles
not ﬂa.sa.ngthmugh the tromme] are received in the buckets of
:hra ﬁvhael sud carried npwards to be again paseod through

e rolls.



CONCUENTBATION. 265

Centrifugal pamps are sometimes employed for slimes.

Jacob's ladders may be used for various materials, while
for conveying material horizontally, or up an incline of less
than 30° an endless band or an archimedean screw may be
employed.

Treatment of Amalgam.—The gold amalgam is collected
and etrained through a cloth, and pressed into balla about
14 inohes diameter. The gold contained is about 33 per cent.

e squeezing may be done in a screw press. The halls are

: thmséaoadinamtimnretorh and the mercury driven oft by

?seal.; time oooupied being 2 or 3 hours. The loss of meroury
3 per cent,

To Determine Weight of Sand or Blims comntained in
Stuff from Boxes, Batteries, &o.

1. A given measure of the stuff is weighed, after which the
water is drained off and the sands or glime dried, when it is
agsin weighed. The latter is the weight of solid material in
the given quantity of stuff.

2. The density of the dry eand m.a{ be determined by
obeerving how much water ia displaced by a given weight of
getﬂam when introduced into an ordinary apecific gravity

3. th‘hnﬁr recommends that a unted glass tube, each
divizion of which corresponds to ‘025 cubic inch of water, be
filled with water fo s division », after this p grains of the dry
sand are put in and the water rises to the division m. The
density & is then given by the formula :—

1598 »
fn—n

4. Another method, recommended by Ritt , to find the
woight P and the density & of the sand, is as follows :—

Let a } or § litre botile be half-filled with the wet sand,
and then up with water. The weight of thisw ).

Remove the water and then fill up to the same mark with
a solution of zinc sulphate {3. G- 1-5). The weight of this=27;.

&=

Now if v =volums, & the denaity of the sand.
th == » Gyl " water,
o=, &= ” zipo sulphate.



266 ORE DRESSING.

Then Py=edy+wmbry
Pr=edy+vy

Q =v+a)y
tz =0
P o=edy
_ Pb=0
r= 82—~ 1
¥ Plas-—f’x

TPhRY UG-t



MACHINERY REQUIRED IN MILLS.
(Fraser ond Chalmers.)

_TPen-Stamp Wet Crushing Bilver Il

1 No. 2 Blake crusher, 10 x 7 inches.

1 Grizzley or ors acreemn, 4 feet x 10 feet.

2 Tulloch automatic ore feeders.

10 Btemps of 850 1ha. each, in one battery, including all
im?t’.::m work, wooden pulley, snd hard wood guides for stamp
stems,

1 Sot of water pipes for battery.

lﬁw(}ombmtwn amalgamating pans, 5 feet diameter, com-
ple

3 Combination settlers, 8 fuet diameter, complete.

1 Clean-up pan, 4 feet dismeter, complete.

1 Bet of weter pipes, with hose for pans and settlera,

1 8et of steam pipes from boiler to pans.

1 China pump, to return surplus water from settling tanke
to enpply reservoir.

1 Antomatic quicksilver system complete, including quick-
silver elevator, gmtnbnung m, bowls?and pipes. d

3 Amslgam safes.

1 Amalgam car.

1 Retort, 12 inches x 4 feet, complete with smoke stack.

1 Bheet-iron plate for retort-room floor.

oll.lill»ii.ullum melting furnace, with cracible, tongs, and bullien
I

1 Overhgad orawl, and I ton differential pulley bleck with
chain, to be placed over stamps.

1 Do. of 2 ton capacity over pans.

All track ivon and nails for crawls.



268 OER DEESSING.

1 Line of ehafting running under paus and coupled {o engine,
withbmringsandpuﬂeystgdrivep;’:nsmdae R &

1 Conutershaft for stamps, with bearings and pulleys.

1 Countershaft for erusher, with bearings and pulleys.

All belting and lsce leather.

1 Corlisa engine, 14 x 42 jnches.

1 Tabular boiler, 54 x 16 inches, complete.

1 No. 3 steam feed pump.

1 Tubular heater, 20 inches diameter.

All pipe connections to make power complete,

The capacity of the above mill averages about 25 tons of ore
sach 24 hours.

The steam power described is of capacity for the 10-stamp mill
only as described. Tt is advisable to pot in an engine capable
of driving & 20-stamp mill, necessitating a Corliss engine
18 x 42 inches, and when the sdditional 10 etamps, with pans
and settlers, efc., are added, a second 54 x 16 bou.l];:’ must then
be introduced.

Ten-Stamp Dry Crushing Silver BILL

1 No. 2 Blake crusher, 10 x 7 inches.

1 Grizzley or ore screen, 4 fest x 10 feet.

3 Tulloch antomatis ore feedors {one for ore dryer).

1 Automatic revolving ore drying cylinder, 44 x 36 inches x
18 feet complete.

10 Stampe of 850 lbs. each in one battery, including all iron
work, wooden pulley, and hard wood gwide boxes for stamp

1 Sarew conveyor for fromt and back of atamps, to convey
pulp to elevator.

1 Elevator, with belt, slovator cups, pulleys, and shafta.

1 Screw conveyor, overhead from elevator to furnace hopper.

1 Roasting farnace, either Briickner, Howell, White, O’ Harra
or Stetefeldt.

1 Hot ore car and track iron with nails.

4 Combination amalgamating pane, & feet diameter.

2 Combination amalgamating settlers, 8 feot diameter.
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1 Clean-up pan, 4 feet diameter,

2 Sets of water and steam pipes for pans and ssttlers.

1 Line shaft running under pans and ooudaled to engine, with
bearings and pulleys te drive pane and settlers.

1 Countershaft for stamps, with bearings and pulleyas.

uil Conntershaft for orusher aud ore dryer, with bearings and

pulleys.

1 Countershaft for roasting furnmace, with bearings snd
pulleys.

All belting and Iace leather.

lkAmnlgum rotort, 12 inches x 4 feet, complete, with smoke
wtack.

1 Plate for retort-room floor.

luﬁu.llion melting furnace, with crucible, tongs and bullion
monkd.
1 Overhead crawl and 1 ton differentisl pulley block, with
chain, to be placed over stamps.

1 Do. of 2 ton capasity, te be placed over pans.

1 Corlias engine, 14 x 42 inches,

1 Tubular boiler, 54 inches x 16 feet, complete.

1 Bteam feed pump, No. 3.

1 Tubular heiter, 20 inches diameter.

All pipes, valres, and fittings to connect engine, boiler, pu
and hel:tal:: to make power omlg;;lete. e » puop

b The oapacity of the above mill averages 15 tons each 24
onre,

'The steam powor described is of capacity for the 10-stam
mill only as desoribed. It is ndviasgﬂtyo pat in anenging
capable of driving a 20.stampmill, necessitating a Corliss engine
18 x 42 inches, and when the additional 10 stamps, with pans
and settlers, eto., are added, a seocond 54 inchea x 16 feot boiler
must be edded.

Ten-Stamy Gold Brill,

1 No. 2 Blake crusher, 10 x 7 inches.
1 Qrizzley or ore sereen, 3 feet x 10 feet,
2 Tuallooh automatic ore foeders.
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10 Btampe of 860 1bs. each in one batiery, incloding all iron
work, w pu.lley, and hard wood guides for stamp stems.
1 8et of water pipes for battery.
2 Copper table plates, 54 inches x § feot x 1 to § inches
thwk pure L. 8. copper, free from flaws.
na:hCopper linjng platee for mortars, 3 to 16 inches thick, same
quality.
1 Amalgam retort and condenser.
1 Countershaft for stamps, with bearings and pulleys.
1 Countershaft for crusher, with bearings and pulleys.

All neceasary belting and lace leather.

! Engine, 9 x 14 inches, 20 H, P.

1 Boiler, 40 inches x 10 feet, complete,
1 Feed pump with belt.

1 Heater,

Al pipe conneotiona to make power complete,
Fhe capacity of this mill will average 25 tons of ore each 24

.

Fowsz required for a 10-Stamp Wet-Orushing
Gold Bl

1 Blake rock.breaker, No. 2 .. +» = b horse-power,

2 Ore-feedem ae s e =0 3 1]
10 Btampa, 750 1ba., 30 drops =12 .
4 Frue vanner coneentntors ‘e = 2 4, "
1 Grinding pan, 3 feet dismeter =35 +
1 Settler .. N ‘e e =3 , »
Friction .. ‘- . . =4 "

Total ., .. e e =30 ,, EH)

The above form of mill is capable of working 15 to 18 tons
per day of 24 hours,
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" Power required for a 30-Stamp Wet-Crushing
dGold BAm.

1 Bleke rock«breaker, No. 2 ,.
4 Ore-feedors .. . o
20 Stampa, 750 Iba., 50 drops ..
8 Yrue vanner concentrators .. .
lGnndmgpan,Sfeetdmmeter .
1 Settler .. e . .
Friction .. . ..

Total .. . .. . o= 46

horse-power.

©
B - CR i =
s

AEEEER

3 "

The above is capable of working 36 to 40 tona of ore
day of 24 hours. > e

Power required for a 10-Stamp Wet-Oroshing

Silver BEL

1 Blake rock-breaker, No. 2 .. .. = 6 horse- power.
2 Ore-feeders ‘e ‘e . o= 0 4 1"
10 Btampa, 750 1bs., 90 drops .. =12 ,, "

¢ Grinding pans, § feet diameter =30,

3 Bettlers, 8 feet diameter ‘e =9 5, "
Friotion .. .. .. . =T N ’

Total.. . . . =264

3 "

The above power is capable of working 18 o 20 fons of ore
per day of 24 hours.

Power required for a 30-Stamp Wat-Crushing

Silver MiL.
1 Blake rock.bresker, No. 2 ., .. = 6 horss-power.
4 Orofeeders . e L= 0, "
20 Btamps, 750 1bs , 90drops . =23 ,, ”

12 Grinding pane, 5 feet diameter .. =60 ,, ”
6 Bettlers, 8 foot diameter . =18 1
Friotion .. . . . =13

Toh] + v . re Lo =120 " »”
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The above power is capable of working 40 tons of ore per
day o f 24 hours.

Allowanoce is made for grinding in the pans in both of the
ahove cases.

Power required for a 10-Stamp Dry-Crushing
Silver ML

1 Blake rock-breaker, No. 2 ,.

2 Ore-feoders .. . e
10 Stampa, 750 1ba., 90 drops .. .
1 *“Howell White " furnace, 40 inches
4 Amalgamating puns, § feet diameter
2 Bettlera, 8 feot diameter .. .
Frietion .. .

(NN

e . “a

.
-
I
™
&n

4

Water required for a Qmariz Mill.—The quantity of
water required o work sither gold or silver ores by wet battery
procees is generally estimated sa follown:

For boiler, 74 gallons per horse-power per hoar.
For each atamp, 72 gallons per hour,

For each pan, 120 gallons per hour.

For each settler, 60 gallons per hour.

It tho water used in the battery, pans, and settlers, be run
into eettling tanks, it can be re-used with a loss of about
25 per cent.

Ten-Btampy Fres Ore Silver MiIL
(Sizth Annual Report of the Siate Mineralogist, California, 1888.)

One 4 feet by 12 feet grizzley.
One 8 by 10 Blake crusher,
Two automatio ore feeders,
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One 10-stamp battery, 750 to 800 pound stampe. -
Four 5-foot combination amslgamating pane.

Two 8-foot settlars.

Ons 3-foot clean-up pan.

One amalgam eafe and strainer.

One quioksilver elevator, with tanks, pipes, &c.
Two travelling crabs, for battery and pans.

One 14.inoh silver retort.

One melting furnsce.

Shafting, pulleys, boxes, &o., formill,

Belting for mill.

Pipea and fittings complete.

One Duncan conoentrator for saving quicksilver anpd

amalgam.
‘Weight of the shove, 87,000 pounda.

Poswer required :—
One 50 horse-power engine.
One §0 horse-power boiler.
One 50 horse-power feed-water heater,
One No. 3 steam pump.
Steam and water connections.
‘Weight of the above, 24,500 pounds.

Total weight, 111,500 pounds.

Twenty-Stamp Free Ore Silver ML

One 4 feot by 12 feet grizzley.
One 8 by 10 Blake ornsher.
Four sutomatio ore feeders.
Two 10-stamp batteries.
Eight §-foot combinaticn pans.
Four 8-4oot setilers.
Omne 4-foot clesn-ap pan.
One quicksilver elevator, with tanks, pipes, &o.
Three travelling crabe and track, for batieries and pans.
T'wo amalgam safes and strainers.
: T
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Two 14-inch silver retorta.
One malting surface.
Bhafting, polleys, boxes, &c., for entire mill,
Belting for entire mill.
‘Pipes and fittinga for mill.
ai.lom Dancan concentrator, for saving amalgam sand quick-
ver.
‘Weight of the above, 180,000 pounds.

Power reguired ;o
Oune 100 horse-power engine.
Two 50 horse-power boilers.
Omne 80 horse-power feed water heater.
Ons No. 4 steam feed-pump.
Bteam and water connectione.
‘Weight of the sbove, 60,000 pounds.

Total weight, 230,000 poands.

Grizzley, 4 feot by 12 feot, weighs about 2,000 pounds,
8 by 10 Blake crusher weighs sbout 8,000 pounds.
Automatio feeder weighe about 700 pounda.

6-foot pan, combination, weigha about 8,200 pounds.
8-foot pettler weighs about 6,000 pounds.

Ten-Btamp Gold Bl

One grizzley, 4 foet by 10 feet.

One 8 by 10 Blake orusher.

Two automatic ore feeders.

Oue 10-stamp battery, 760 pound to 800 pound stampa,
One travelling orab for battery.

8 uare feet of silver-plated Plate No. 14
hﬁﬂ 1 ounce of lver to the sguare foo gange,

Shafh.ng for mill,

Battery, pipes, and Sittings,

Belting for mill,

One gold retort.

‘Weight of tho above, 37,600 pounds.
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Power required :—

One 25 horse-power engine.

One 30 horse-power boiler.

One 20 horse-power feed water heater.

One No. 2 steam pump.,

Bteam and water connections.

One No. 2 steam pump.

Steam and water connections.

Woeight of the above, 10,600 pounds.

Total weight, 48,000 pounds.

Twonty-Stemp Gold DY,

Oue Grizzley, 4 fest by 12 feot,

One 8 by 10 Blake crusher.

Four automatic ore feeders.

Two 10-stamp batteries, 750 pound to 800 pound stamps,
Two travelling crabs for batteries.

Onel:;:dmd and twenty square feot silver plated copper
plates.

No. 14 gange, plated 1 ounce of silver to the aquare foot.
Bhafting for mill.

Battery, pipes, and fittings,

Belting for mill.

One gold retort,

Weight of the above, 72,000 ponnds,

Powwer reguired :—

One 50 horse-power engine.

One 50 horse-power boiler.

One 50 horse-power foad water heatar,
Ons No. 8 steam pump.

Steam and water connections,

Weight of the above, 24,500 pounds.

Total weight, 86,600 pounds.
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Specifications of 20-Btamp CGold Quartx Mill for the
Buchsnan Mine, Tuolumne County,
Calitornin {J, Hamilion).

One (1) Griz to be made of # inch by 2§ inch wronght
}mlonmflfeetwide; o L otmenn e
mmg three § inch and cast-iron thimbles
and washers ; aleo end bars.

Rock Breaker.—One Blake crusher, fitted with two fy.
wheels, 4 foet in diameter, and one {1) pulley, 30 inches in
dinmeter, and 12 inch face crank-ehaft, to have outboard bear-
ings; holding down boards for each, to be long enough for
14-inch timbars ; all cape for boxes to be fitted to use zinc oil
cupse, and ‘* Albany » lubricating eompound,

Battery.—Four {4 lo discharge mortars, each
mhing about 6,00{015%; the boﬁofﬂato be &} inches
ick ; well planed ; sorew frame bearings to I:nfhned
also ; the bases to be 26 inches wide, 3 inches thick, cored
foretightgg mortar bolts, 1} inches in diameter; the feed
to be 26 inches long and 3} inches wide, at the emallest
part: the mortars to be well ed, and to be 66 inches long,
and about 52 inches high.

Mortar Bolts.—Thirty-two (32) mortar bolts, 1} inches in
diameter and 36 inchee long; nute on both ends, and tli'tdz-
two (32) 4 inch square countersunk washersfor thelower H
one {1) wronght-iron wrench; jaw designed for the nuis of
mortar bolte ; arm to be 6 feet long, alightly ourved, made of
1 inch by 24 inch iren.

Stamp Dies.—Btamp dies, 7 Inches deep, 81 inches in dis-
meter, with square bases, having bevelled corners, and all made
to properly £it the mortars, and to be cast of the beet car-whee
iron ; stamps to weigh 850 pounds each.

Shoes.—Twonty (20) stamp shovs, 8} Inches in diameter,
74 inches long ; to be cast of the best car<wheel iron.

Hoads.—Twenty (20) stamp heads, 8] inches in diametar,
18 inches long ; kgholes tobe 1} incheaiby 3 inches; ome (1}
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key for driving out shoce and stems, and to be made as may be
directed.

'!m—'l‘wenty {20) double-faced gib tappets, made of
the beat steel faces, 9 inches in diameter ; tappota to be 12
inches long ; bands or flangve turned, and each to have gibe
and three (32 steel keys, and aIl tobemm-ked keys to bo boxed

for shipmen!

.

Cams.—Twenty (20) double-nrmed cams, made of best steel,
ten (10) to be right and ten (10) to be left.-handed ; hube on
one gide, and to stmngmded with % inch by 2 inches
mmtlronbands, k on ; the faces of the cama to

smoothed, and to be fitted to 5} inches cam shafis, and
to be properly marked.

Fesdors.—Four (4) Hendy Challenge ore feeders, com: lete
with all latest improvements; also twenty (20) steel
for same, to be marked sad fitted, and properly boxed or
shipment ; the cams to be about 32 inches long, with 2} inches
face, and stmcktogivesn%mcheadmpﬁrequmd.

Cornar Boxes.—Six (6) corner boxes for 5% inches cam
ahafts, cored for 1 ioch bolta; backs to be planed true and
bearings to have s strip running lengthwise, and the balance
of the bearings to be well babbitted and bored ; the ends to be
faced ; the cap to be rolid, bored, but not babbitted unless

m.red, and bored with three {3) & inch holes each, for using
“ Albany " compound.

Cam Shafts.—Two (2) cam shafts, 5}inohes in diameter,
and 14 feet 8 inohes long, and key-seated between bearings,

Fack Shafts.—Four (4) jack shafis, to be 3 inchea in diameter
and 69 inchen long, with enght {8) bearings for rame, and to be
made of cast.iron,

stems.—Twenty 2‘(2 stamp atems, 3} inches In dirmeter,
:li isﬁzéong, turned tapered off both ends for beads, made
o

Lateh-Bockets.—Twenty (20) open latoh-sockets, all to be
well lined with heavy leather.
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Quides.—Four (4) complete sota of best white ok gmides,
the lower guides to be 16 inches wide and 4 inches thick, and
the um' to be 14 inches wide and 4 inches thiok, bored for
4 inches stamp atems, and to be 10 inohea between centres, all
to be 60 inches long,

Cam-Shaft Pulleys.—Two (2} wood pulleys, 72 inches in
diameter, with 16 inches faces and 6 inches thicknees of wood
between the flangee, and tc be made of the best kiln dried
sugar pine, to bo furned and well bolted to 40 inches diameter
oast-iron sleeves; flanges for 5§ inches cam shaft, the flanges
to be faced,

All of the keya for this mill to be made of the best steel.

Overhead Grabs.—One (1) erab for battery, having flanged
wheels 7 inchea in diameter and 2 feet face; the axles to be
1} inches square, and long enough to set the wheela 10 inchea
between the flanges ; the boxes to be 1} inches thick, and all
made of the best wronght-iren,

Piping, &e.—All gping, hose, valves, bibs, cocks, eils,
tees, unions, &o,, to furnished as per detailed bill. All
neceesary bolte, belta, nute, and washers, also copper plate for
battery and aprons, to be furmished of weight, and, as
ehown on drawings, § inch thick, not plated ; also silver-plated
copper plate, 20 inches wide and 20 feet long.

Baltng.—One (1) main driving belt, to be about 55 feet
loug, 20 inches wide, and made of the best 5-ply rubber of
tht:e t:(l?f:gon Belting and Packing Co.'s maunufacture, patent
B .

Battery Belts. —Ouo hundred and ninety (190) feet of the
best 5-ply rubber, 16 inches wide.

. Bock Breaker Belt.—Ninety (90) feet of 4-ply rubber, 12
iuches wide.

Boxes for Bhafting —All boxes to be planed on the
bottom and faced on the ends, and to be well babbitted, and
the caps to be bored with ’]g'irgch holes for Tatum and Bowen's
l}:l:neac:;mg compoand. (2) steel collars and aet-serews
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Shatting and Pulleys.-——One (1) main battery line shaft,
to be made in two lengths, 4 inches in dinmeter, 20 feet long,
and 8} inchea diameter, 20 feet long, coupled together with
solid coupling. Ome (1) conntershaft for driving rook.breaker,
3 inches diameter, 20 feol long, both shafts fitted with all
Emeoeasary bearing bores, and holding down bolta for 14 inches

bers,

Pullsys.—One (1} msin driving pulley, to be fitted to

?ngine crank shaft at mine, to be 48 inches diameter, 21 inches
ace.

One (1) pulley for main battery line shafi, to be 72 inches
diameter, 21 inches face, 4 inc‘l:::aE:rugo.

One (1) n]l:{ to drive countershaft, 40 inches
diameter, llzjhin es face, 4 inches g;:ia

Ome (1) pulley to drive battery, 34 inches dlameter, 164 inches
fuce, 3} mches gaugo.

One (1) pulley to drive crusher, abont 40 inches diameter,
12} inches face, 3 inches gauge.

e (1) pulley on crusher ocountershaft, 26 inches diameter,

12} inches face, 3 inches gauge.

Tightenars. —Two (2) battery tightoners, 16 inches dia-
meter, 20 inchea face, with racka, pinions, frames, handwheels,
an].s, and pawl plates, complete for stopping and starting the

atteriea.

One (1) rock breaker tightener complete, as above apecified,
for stopping or starting the crusher.

All necesaary bolts for batteries and buildings, and all neces-
nﬁ belt riveta for seonring the belta, All belting need in this
mill to be of Boston Belting Co.’s manufactnre, best quality,
and patent stretched.

castings to be made of good materfal, emooth and free
from blow-holes or other imperfections. All keys to be made
to fit, and properly marked.

Mortars are o be cast from selected patterns or drawings,
which will be furnished.

Should anything be lacking to complete this mill which has
not been specified, it muet be supplied, the same as if fully
meﬁﬁoned. to be delivered on the ground (at company

verything i on the at company’s ex.
pense}, and timbers to be cut according to plans to be supplied.

Nore.—The company already had an engine and boiler. The
building, also, over the mill was built by the company. The
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ooat of the above material wae $5,985, and of the labour §2,300.
Bave s slight change in the tappets, the work was satiafactorily
done, and the mill cmahed over 2 tons per stamp of hard guartz
every 24 hours.

‘The total cost of grading, building, machinery, &o., was a
littde short of $15,000. ding. '

Bxamples of mun:;-.—The ﬁmtnswenhezn of these
examplea are recommend Mesars, Fraser and Chalmers,
mﬁwm of mining macbhlynery in Chicago :—

1. For free gold that can be panned ont, and no sulphurets.—
‘Wet stamping and quicksilvered copper plates. In the
Black Hiﬁl;nis ore yields good returns, the milling
only coating 80 centa per ton of ore.

2. Free gold, with sulphurets.— By sulphurets are meant iron
nmf copper pyTites, 5ﬂm, lende. Tellurides, selenides,
antimonides, may aleo occur with these ores, together,
perheps, with silver. 'Wet siamping and catching the
products in blankets or hidea. Subsequent trestment in
& pan or arrastra. A better method is wet stampi
and quickeilvered copper plates. The tailinga are tren
on & vanning machine {two of Frue’s vanners to 5 heads
of stamps) subsequent roasting, treatment with chlorine
gan nm'rs lixiviation with weter, the gold being precipi-
tated with ferroua sulpbate. Chlorination costs §8 to
$10 per ton of concontraten. Another processis to roast
snd amalgamats in pans.

3. Free gold in small quantity, bul with much silver in the sul-
phurets.—Roasting milling, or free gold milling, wi
vanuers for the tailings, snd subeequently smelting.

‘When these

Sulphidea fonl . are present,
aiaghping, ixing with salt, roasting 1o form chioﬁﬁz
und then lixivistion. The alternative is to amelt the
ooncentrates.

4, Chloride of silver, native silver, and decomposed portions of
silver vein owlerops conteining over 6 oz, per ton,—Free
gilver milling.

6. Silver ores, partly chlovide and partly sfloer bearing sui-

Auretr.—Free milling, vanners and smelting (sse 3).
‘or high grade ore, roastiug milling {ses 3).
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8. Silver ove with bass metal sulphurel, if low grode.—Fine
concentration and amelting, or for higher grade, roast
ing and milling. By fine concentration is meant ﬁne
crushbing and freatment on Frue wanners, revolvin
buddles, Evan’s alime table, Rittinger’s tables,
blow tables, or some form of slime machine, The pro-
msgrts#lbonﬁl)petwn Smeiting costs §8 to sso
per

. Low grade silver oves, with grey copper, ruby &ru‘t(e or
natige silver.—Fine concentration and énel y

8. Hmry mineralised ores of lead, copper, zinc oflen corrying
silver.—Fine concentration and smelting.

8. Highly mineralised ores of lead, copper and zine.—Fine con-
centration and emelting.

10. Carbonate or oxide of laad and copper.—Bmelting.

11. Solid galena.—Hand selection or coarse concentration and
emelting. Conrse concentration means: cosrse erushing,
sixing on revolving scroens, Jiwng and treatment of
alimes on & slime machice. egtern campe it coats
$1 to §3 per ton.

12. Melailic copper ores.— Btamping, coarse concentration and
melting to ingot.

13. Antimony ores. —Hand picking, concentration and smelting
for metal

14. Zine dlende and zine earbonato,—Coarse or fine comcentra.
tion and rednction by zine emelting process.

15. Tin ores.—Fine concentration, roasting and smelting.

6. Copper pyritee, copper glanee.—Hand picking, concentra-
tion, partial roasting and matting; or, i ocmvement,
selocted and concontrated ucts are sent to re.
fineries. If of low grade, lixiviation for copper and

17, Heary iron pyrites carrying gold. —Chlorination proocesa or

roasting and intermixing with ores for mmelting.
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18, For lead, silver icad, with Mende, pyriles, §e., the follownng
ioatallation may be employed : — Crushing rolls, re-
volving elsasifier, the cosrse material from whichk returns
to] the rolla, The remaining material is %z:d h::d
deiveredtooomspondmﬁ' jigging machines. slimen

to ted boxes, and the coarsest of these may go
to fine ji , or the whole of them to a rotating
}mdd.le. orge 1% of %abm;tw " ﬁl:eor_l}meuds
o & o4 s -acting jiggers,
3 patentp:.l;ssyiﬁem, and spe:rrcundybudd]es. (With]w;)ggeden
hutchea, jiggers cost £270: with iron hutches, £310.)
{Rolls 28 inches x 16 inches capacity per day of 33 tona,
ooet £140.)

19. Poxt Philip Company, Clunes, Victoria.—Ore—Gold
uariz with pyrites. Machines—Two Appleton’s rock
greakers. Stampe 80 heads, square heads 6 to 8 cwis.
each, Giratea, thick copper plates, with 84 holes to
square inch, bnddles to eollect pyrites each 24 feet din-
meter, 5 amalgamating barrels. Shaking tables. Two
Chilian mills for grinding rossted pyrites, ono 24 inches
eylinder engine 60 H. P., working up to 120 H. P.

20. Defiance Mills, Charters Towers, Quesnsland.—Ose-—
Gold quartz with pyrites, Machines— Battery 25 heads,
Quickailvered copper plates, shaking table and platea,
convex buddle, 8 entering at periphery, with
Mondy's patent scrapers, Wheeler's pans and Berdan
paus.

21. Mount Bishoff, Tasmania.—Ore—Tin stone in loose
soil which is dressed from 1} or 2} cent. up to 72 or
75 per cent. The ore is firat rouglserwaﬂhed in sluices,
the coarse atuff going to three mills. In the firet two
mills the plan is approximately aa follows:—
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Stampa
Revolving sieves, fine rTaberial to pointed boxea

Finelstuﬂ Coars;e stodf

I
Fine q%:ick jign Coamle slow jign
L —
Bl:'wk tin bm%d]es Black tin budzdles
R&wlvirg tables Revolvilng tables

Waste toI 3rd mikl
pointed boxes. Revolvin,
table for slimes. Concave buddles.

22, Walnut Tree Bridge Colliary.—By a Jucob's ladder
the coal is dropped into a hopper, where it meota n
stream of water. From the hopper it passes down an
inclined plane to an iron jigger. The amall coal used
for coke comes from the bottom of the jigger, while the
clean coal passen over the lip.

23. Minera Iead Mine, near Wrexham.—re — Glalena
with much blende. Gongus—Limestone, Machines—A
pair of rolls, 4 havd jiggers, 6 or 7 square buddles and
one circalar buddle. Smalls go to settling pit, and fine
noaterial ia treated in square buddles. Produce 500 tons
blende, and 100 tona galens per month.

24, Yan Lead Mins, Wales.—(rs—Galena, with blends, a
little cop pyrites and earthy matter. Treatment—
Pioking, E{:kos crusher rolls. The emalls go by a
launder to pointad sepsrating box. The fine material

g to concave buddles, and the remainder to jiggers.

‘The purest material is washed in square buddles, while
other ore from the jiggers is washed }:g hend, and the
mixed ore is ground fine and then washed on an Impeller
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buddle. The fines from the ing box to a
conical boddle 18 feet dismeterwli‘mhodmum 1?0 tone
blende, and 200 tons of galepa per month, Cost of
dreasing works, £60,000.

25. Roman Gravel Lead Mine, near Shrewsbury.—(Ovs—

%alm, blende with caleite ;n'g.: blu% ggan 3ount:ry
eatment—Spalling, yieldin , mi and waate.
‘Washing and picking. In the mill we have: rolls, two
revolving aizing sieves, giving materials to two classes
of jiggers. The fine m.nlzna.g from the sieves and rolls
pasa to two sizing boxes with upward currents of water,
ench of which give material io a set of fne jigs with 11
ot 12 holea per inch. The fine slimes passing the aizing
boxea a settling box, and then to circular band-
dles. xed ore from jiga in recrnshed and washed on
s special jigger. The first revolving sieve has 4 holes
per inch the second 5 holea. uoe abont 300
m of galena per month, dressed to 82 per cent. of

28. Langley Barony Lead Mine, near Newcastie.—The

ore ia galena with ealcite, barytes, a little quartz, earthy
matter, and little hlende, Here are trommela,
jige asabove, e finest materials are treated on & con-
vex revolving buddle, the clean ore being washed off at
the end of each revolution. Thers are three qualities of
d.l:.l?sed ore, with 81, 76 and 73 per cent. of lead respec-
tively.

27, 8. Ives Counsols, Cornwall.—Or+—Tin and grey copper,

Treatment — Moderate concentration on buddles and
frames. Rossting in Brunton’s revolving ecalciner,
Washing in square buddles to get rid of copper eul-
ﬁw from which the copper ia precipitated with iron,

in atuff washed on revolving table. Tossing and
packing.

8. Lavant Mine, Gornwall.— Ors—Tin, stone, and

tes. Produoe 100 tons of copper and 12 to 20 tona
of concentrated tin etulf per month. Process—Picking
and the copper ores after rongh treatment sold. For
tin ore ; astavoping, buddles 25 in dismeter {buddling
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repeated three times) tossing and ing in a kieve.
Roasgted for 24 hours, the arsenic fumes being caught

in & flue. Roasted ore sprinkled with water and copper
gulphate removed in solution. Buddling.

e o Rgnici-omiert G s o
pyri e, galena, iron 8 wi nor )
quartz calcite, &e. Proms—(}:-e descends over ate
to dressing floor. The topgmbeofbuimn-tmchea
apart, to lower grate of round iron I inch apart. Some-

ores are pioked and sized and then repicked. Four
classen of ore (A, B, C, D) are obtained are treated
ag follows :—

A. Large. Divided into four .
1st beat work, crushed to P:ncrl?squre, sold,
2nd clase work, cobbed separated to waste and best.

The latter crushed to 4 inch aquare, sold.

Ird class work, jigged and waste to heap.
4th class, Tionyd 88 galena.

B. Middles which do not pass I inch holes, go to a water
pit and then classified into four divisions as above.

C. Which does not % inch holea. Washoed with hand
sieve and classified a8 above.

D. Which pase § inch holee. Hand jigged on sieve, § holea
per inch. The wasto scraped from the top. Result gives, prills
which are sold, and dradge with 3rd class from above, whioch
goce {0 machine jig.

F’msoremymgmb tributers. Fine from all the
above goes to square . material for machine jigging
isg‘ut. ugh 8 pair of 2 feet 6 inches rolls and a revolving sieve
5 holes per inch. After this it is sized by other efeves, and the
different sizes treated separsiely in three jigs. Refuse goes
to alime pit. Bichﬁmmmofjig;hsetﬁnghnh‘
Rich from first jig sold, that from 2nd and 3rd jig is rejigged.

The three jigs have respectively :—
é:t&,'sl:rokes i.rwhl:.::;lespe’rn:u:.hgl30“,““1_”]naa
M ” ” ¥ £ ” 5 ’ w minub-

b1 H L n n

N
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Two boys and one man attend to the jigs. Slimes passing
18 h the are treated on 6 buddles, each 20°feot
in diameter. Two treat the products direct from jigs, and 4

uets from . Contents of the two are
divided into three parte. Heads go to third buddle, middle to
varflo ta. The contents of the 3rd

divided into three. Heads sold. Middle rebnddled,
! to fourth, overflow to pit. Contents of the 4th buddle
Heaggotothi:d.middle rebuddled,

Settled alimes are treated in 6th and 6th bud-

g
3

Bost work 17T per cent.
Bacond class T to B per cent.
Buddle & per cent.

Engine for crnsher 28 H. P.
Engine for 12 jigs, 6 buddles, 10 H. P
Consumption of coal 200 to 300 tons per month.

30. Great Devon Consols, Devonshire.— o) ore. The
ore is sized in revolving trommels. e alimes are
washed in stationary concave buddle, in which the arma
with brushes revolve by the reaction of the water sup.
lied to the buddle. @ heads are roasted for arsenic,

e middles are rich and the tails are rebuddled.

31. General Wotss on Cornish Tin Mines.—Where wol-
fram occurs with tin it is separated by picking, or the
reduced and dressed ore is roasted with salt or carbonate
of soda, and the reeulting tungetate of sods subsequent
washed oat, At East Pool Mine the ore is wn‘.E
the wolfram. If tin is disseminated it in crushed fine
with stampe in high mortars and no grates, as at Wheal
Kitty. is flush aystem avoids restarnping. At Dol-
coath and in Camborue generally, the oros are restamped.
At Tin Orown, oonvex buddles are used for ordinary
work and concave for fine slimes from the fmmes. In

finishing operstions many framow are employed.



MACHINERY REQUIRED IN MILLS. 287

32. Mado, Japan.—Ore is finely disseminated silver and gold
with sulphurets in quartiz. The process was:—

Spalling——screem (27 grate)
Hand trommels (17 x §* meches)

1. % 3; mbl%iuh 1| 2. ?l mbliliah ﬁnesTndote

Btaml:!ls (wet) Btamp:s (wet)
T Pointed boxes
Amalgamation pia End peroua[__'ITh‘
| =
Bstorting v!v ——« ——Side pemuls T.
- |
e P{it l
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33. Ixuno, Japan.—Ore is quariz with argentite, copper
nndmpmtes,blende,galm &0.

g

‘I‘mllnmel—
.
{. l. 8| ll. fine 5th class
I | [
‘Wet stampe
Dry a:lnmp Percusa?m table
Chlondmnf lLasting
Grinding———————
L l
Amnlgmatlim barrels
Batm!h.ng.

34. Xosaka, Japan cre with from 4
to 40 oz. ofmlvuperbom,andamml uret with blende,
copper, &c., with abont 12 oz. of gilver per ton.

Crushing (by hand)
Grinding (by rolls and mills)
Chlori g, roasting
Lixiviation by brine
Preo.ipitatimo)lsilverbyoopper

Reﬁ:lll.ing. Precipitation o)ooppeﬂ'by jron.
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