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caught up by a pair of jaws (4), which are locked by a wedgo.

_The wedge being withdrawn by means of « Jarge disk of wood
(s at the commencoment of the roturn stroke, pernuts the
Trepan to fall nearly 2 feet without Leing detached from the

rods. This apparatus was attached to the small Trepau in
boriug the No. 2 simall gt between the depths of 284 feot and
334 leet. A disk, 5 feet 2} inches in diameter, gave most
satielaction, the diameter of the small pit being 6 feet 03
inches,

After the buring has bevn continaed about three hours, in
mulerately hard rock, the Trepan is withdrawn, und the Slud-
ger (po 237, Figs. 6 and 7), with a capucity of four cubic yards,
ot lu tous, is lowered. The Sladger 1s sumetimes attached to

. the Lever, and worked up and duwa by the rods, aud at ather
uwey by the rope only. The débi.s rises 1nto it through the
valses 1t the bottu, it is then withdrawn aud emptied, The
emptying of the Sludger, aud the unstupping of the Lever, to
wiivw of the ruds being removed, are effected by ingenious and
tinn saving arrangements, which must be seen tu be uader-
stood,

After the centre boring is advauced 30 or 40 feet, the large
Trepan \p. 236, Fig. 8), 16 tons in weight, is put in, and the
large pit is similarly bored, the Jébres falling into the small
pit, w{:ich requires to be frequently cteared out, Thiswas the
process in the first iustance adopted at Marsden, but it was
afterwards modified. In every new sinking by this system
shighy variations are found in the character of the rock, which
entail modifications in 1ts application. At Marsden the rock
proved to be harder than in any locality whero the system had
been previously in operation.

During the boring out of No. 1 small pit no difliculty was
found tn rasing the débris with the ordinary Sludger; but in
bonug the large pit it would not rise into the sludger, and be-

. cathie solidified at the bottom of the small pit. This was pro.
Lably due to the particles bLeing larger than those produced in
the boring of the small pit. To remedy this, at first clay was
thrown down the pit, and the small Trepan was again intro-
duced to leosen the débris, and mix it with the clay, which
could then be withdrawn by the ordinary Sludger. But the
process was a long one, the re-boring taking quite as much
time as the original boring. It was therefore detrrmined to
lower the Sludger iuto the swmall pit, release the rods, and leave
it there to catch the débris as it full.  Accordingly the Sludger
was lowered to the bottom of the small pit, and left there, as
shown in Plate 4, Fig. 1. On attempting to witkdraw it,
however, it was found that the mud which had settled in the
water at the bottomn of the pit, or which had passed tho sides
of the Sludger, imbedded it so far that great violence hai to
be wsed to extract it, which would have certainly, sooner or
Iater, resulted in serious accidents. Arrangements were then
male to suspend the Sludger on the edge of the small pit at
the top by Claws (p. 240, Fig. 2), and the two inner of the
tenor teeth of the large Trepan were removed to avoid strik-
ing these claws. This plan succceded imsperfectly, and on
several occasions whou the Claws were struck the Sludger fell
down the small shaft, and was only extracted with difficulty,
ant with a liability to accidents.

A successful attempt was then made to form s ledge withia
the smaller pit, by taking out all the tecth but the two outer,
azd the Sludger was thus suspended about 1 foot {romn the tap
of the small pit. This operation, however, entailed so many

. changes of the tecth, cte., that it was attended with great loss
of time. But having found the correct principlts on which
to proceed, 1t was not difficult to devise a plan for leaving a
suitable ledge within the smaller pit,  To effect this, the out-
side tooth of the small Trepsn on cach side was enlarged $
inches , the tool was again 1ntroduced, and thesmall pit bored
toa diameter 6 inches wider than previously, leaving & lrdge
of 3 inches all round (p. 240, Fig. 3), on which the Sludger
wavsuspended by an angle-iron ring.

In No. 2 pit a third Trepan was used, having a diameter of
U ft € inches. By this Trepan the small shaft was bored to

o3 1l of 388 feet, not only through the Limestone, but 50

2 it0 the Coal-Measures, aud 6 fect 6 inches below where

* was jitonded to place the Moss-box of the Tabbing, and

*hor Sore below, aud entirely clear of, all fatare opomtions with

the large Trepan.

The swallest Trepan was then introduced, and the boring
coutuued 32 feet 9 inches further, leaving a ledge of stone 9%
iucues 30 wadth all round , on this ledgo a cast-iron ning way
deposited, to form & permanent bed for the Hangiong Sludger
teret on.  This arrangement acted perfectly, nover having
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been the causo of the slightest accident throughout the sinkiog
of the second shaft.

The cast-iron ring was adopted iu thz second pit, because the
weight of the Sludger svon wore away the lodze of stune by
being suspended from it. At first the Hanging Sludeer was
lowered into its seat by the rugular screw, which was lelt shight-
ly slack, all the other screws of the rods, as they were lowered
in, being tightly screwed hume. When the Sludger was de-
posited on its bed, by turning the rods backwards, the slack
Joint yielded, and the rods were unscrewed at this point aad
drawn away. It did, however, happen uecasionally that same
of the other screws Lecame dotached, aud then the remaining
rods and sludger had to be fished ap. A Jdouable hyok (p. 237,
Fig. 11) was next adopted for lowering the Haoging Sludger
inte place, it was simply fastened on to the buw of the Slad-
ger, and when the latter was Jowered and rested on its hed,
tho rods wers let Jdown a few inches further, and turned half
round, 50 as to free the houk entirely from the buw , they were
then drawn away, leaving the Sludger in place.y

I'he Author has described this portion of the operations in
detail, being the first instauce in which the Hanging Sludger
wayg used in the Kind-Cliaudron process for shalt boring, al-
though it had beon used by Mr. Kind, vn a avincwhat similar
designa in boreholes.

Sarery Touws.

No swall part of the success of this process arises from the
ingenious arrangements, and forms of tools, for pickinf up
material at the bottom of the shifts, and for taking hold of
broken spears, etc., which, from the character of the operations,
must be of frequent occurrence. These are termed ‘“safety
tools,” and consist of the following apparatus :—

1st. The Catching Hook (p. 237, Fig. 12), which, on teing
swept round the shaft below the top of the broken spear, gnides
the spear into the angle made by the hook and its rod, where
a properly-shaped recess is formed, into which the ironwork of
she spear falls, and can by this means be retained and with-

rawn.

2ud. The Sp-ar Catcher (p. 237, Fig. 13) is a fish-head,
with & pair of sermted jaws, which on touching the top of the
broken rod, and the wooden chock keeping the jawsopen bemng
forced out, the tecth press firmly against the ironwork of the
Spears, vnabling them to be withdrawn.

8rd. The Grappling Tongs (p. 237, Fig. 14) being & pair of
large rakes) which can be opened and shut by levers worked by
ropes. By moving aud working this across the bottom of the
shaft, any pieces of material larger than 2 inches square, can
be extracted with euse.

Tue Tussixg.

The most importarnt part of the process, and that attendet
with the greatest risk, 1s that of lowenng into the shaft the
metal Tubbing. At the Marsden Sinking, the dimensions
of each ring or cylinder werc as follows (p. 241, Figs. 6 and

—_— No.1 P No.2 ¥t
Fcet Inches. | Feet Inches.
Internal diametor . . . . 12 i 13 8
Extornal * e e 1 o 13 1M
Thickuess of top cylinder . . 0 1 0 13
” “bottom** . . . 0o 13 [ 11
Height of each cylinder . 5 0 5 0
Total height of Tubbing . 250 0 %5 5
- Tons ewt. qrs. | Tons cwt. qrs.
Waghtoltopeylinder « . 5 4 0 6 10 1
¢ hottom . . . H 0 0 8 19 2
Total weight including bolts
and leadjoints . . . . ™ 0 0|40 o0 0

The flauges of each top cylinder are 34 inches wide by 2
inches in thickaess ; aud between every nug s placed o plawr
lead wedgo 4% inches wide, by & wch thuck, covered on cach
side wath red lead, Tho cylinders are atiached to cach other by

1 Tho botton of the rods whore they wro attached to the Sludger
by a femalo screw is fitted with a smallinverted funnel (Plate 4, Eﬁt
S}, to guide tho malo screw which s adiched to the Sludger, into the
femnale screw at tho end of the rods, ns they are lowered ; an arrauge-
ment successfully carriod out through the whalc of the boring of both
pit, without fatlure or difficulty, even at & depth of noarly 400 feot.
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