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Septemlh4r 27- No trulble; lowered Deate pumnps15; water 42 gallons per minute:
sunk 4: feet through 3 feet mucky clay anui 1s hard pil. I)elth, 1444 feet.

eptember? 28- Luwered lilake puimp; broke lever: struck the large stream at 1.30
p.n.; runniig 500 gallon, per minute; fist ruhl btotglht about 10 latrels of sand;
startdl the lI>anîe pumps and kept ile water down; water after ruih 500 gallons pier
Minute: sInk 2'L feet tlîrouglh sandy clay. Dehlll, 147 fect.

SeptlembîI.er 29-.mered the webt D1eane; water nuw coimiig very clear; water
420 gallons per minute: sunk 2 fee througli grcenish cl ay. DePtl, 849 feet.

September 3o-l.wered bota Dileane puips; the water ali Coning up as yet in
the soluthwest corner and clear: water 350 gallons ier minute: suank 3 feet througb clay
with pockets of gravel. >epti, 15, feet.

Octocber -Lwered east Drane and Ile lilake puiips: are now about Ile Ievel
of the waler Ied. water 350 galluns lier minute; sunk 4 sert through sandy clay. Depth,
156 feet.

October 2 - Tle di-clhage osie blew off the cast Deane iumIp tlhree tines; at the
saimle tilme the lîlake puimp layel ot. causing six hour; delay: water clear and gravel
not runtfninig: water 350 gallons lr :inute ; sunk 3% feet tirougl gravel. Deptl,
159.: fee.

Octolber 3--The west Deane pumup refuses to work. su we put in une more Blake
pumpl: the water i; coiiing in flou alil over; gravcl lias ceient bands, sonetiiies
running nearly aeru the whiole hottom; water 350 gallons per minute; sunk 2, feet
througlh gravel. Iepil, 162 feet.

Octuber 4--Thle gravel bciig ceiented togetler in cakes. it is very. tough digging
ant jacking: ite shaf is int god blhape, n puling: w ater 35ogallons p inute: sunk
3 teet through gravel. Depthi. 165 feci.

Octoler 5 .Getting intl :ie hlue liale overlying the liiiietone: water 350 gallons
per minute: ,unk 3 feet thîrugh 2 feet of grasel and à tout ut s-hale and gravel.
Depthi, 16S fee.

FIG. 5 FIG. O

DETAILM O moD cOUPZN

Octoler 6-Gai %lhoe on o rock: watecut tTfrom undcr shoc: wamer 35o gallons
lier minute; aunk 2 fret thr.oighî shale. Iepi 3yc feet.

Octo-er 7 -e:ting into rock. nd -ume fu compartmicnts os( âbe renioved:
punlps ioth-ring: ater 3:o gall per ninuc.

Oclober S-Grtin:: mre -ump3, roim in rock. and timiered down through shoe
on to th , rock: atsaer 3:o gallon pet minue.

Octb ler 9--Gt ail ihcasuc inace-s oui. .n.l go: farther doan ino rock : amer
31o galloi s lier ndn.ec.

Octoi..r te- t.,.. tipuaredi doiwan thrA-Ighi rock. nidl at :; o p m. startedi inloie
cribboing arts î-l,-thre from t.nt,î; in tits, anti the f,.llowng tlat: the inner cribbing
arz f -c.y s ch aitml-e.t: kit flam: he sviuce letw'c-n ihe outrer and bntec crilb

ing awasc inchi. a-hach ua, fille-i .h the î.îdImg: ":11er -,le gallm per minute :
sunk ,hî:ring pa-t fi lir .y 3 ferc: tit..gh limneateer.r. iracticaliy hinîîishing the difficult
lit of the sha:. liet ti. 173 fece.

Octol.cr Si t- 25 (ccîi sl i builing uts. mndcl enbinig an d puddIhng betccn:
wvater b-inîg a'n i.. t ri uit. 1-hmdn-.

O)c:ter 25 T t-ci-adon «-l1 to.p w-a-torks an.) starred periranean t.,'ocr.
.S'vem-î-iber ; Sttt..1 -,. 1.umnp thet liati 'sit.
. ac n.! Cr i (.- t n.atc -14.. 1-.1 t. î.nd pu:lkng wa n.. a '--ce-s: tnc thmtmult

had been in gett.g it p-1 chi l ider rmning stream': caulk:ng s t.ow trici asthouît
ccc:. the a-ha!i m~a.iin 200 g:i!e,. of naer per mnute.

eSea-î-mmhbrIî-a. ..rcl.:ng w' rermnl NZQvembcr s21h. en.l te:.iy progessed
thruhtLe -id r 3k 1 eul .nl wa-aas reached. exca-s.: L.,r tia- delaa-s ..r a werk acsh,
wh-en enda airr make t., sht: ou: the wiater. Iltw.rmng aas pu on. luit t no
cffect. Th--n i:e espermnient was madle cil li tnî;pmz in c-nient imesn the inner and
outer cribbing. a meiniuî no:ably ccess-ful in the Crtnn aqueduct of New Vork cit-
tu tIl void< lehindl thie lrick lining: loit lcre :he 'nmsions we-re such that il failed;
the streams - a- ;.ter wr-e too s:rnng for the Ceient to 'et. and t wasied ou: again.

Afioer thi ai, at:ncptiss wetcr nalade to shu% water oui of the sat. and except pud.
dling. none in the hiter :hal<c. i Inbwcver. Io keelp the htitways dry ant alto jire-cnt
the wi-ater fr,.m falltng cler si the Iit:om if the shafh. waetr.rzngs wcre put n cach
-haf: just beu alire the water enters. fromt -hich the water i pipci lo a pumping
station on an uîpper scam. The water-rmgs arc assistal im cnllecting the a-a:Cr l'y
lining bc sihafc.boe them vith fIouiny raie'l hrom the urbing by nailing on top
sof lalhx. cri:s kee-:g site water lsn-imd the Il,".nti1 1ai:i enters- 'Le ring.

L'ir the , mcuntances at .akid. Site wna-r:r lclices this wav i, cren lier than
if the shah: t hd leen imiaile water tight The ater basa sn maienally lessenet sce
the first aiu a-runk .i% soi cause I-chef that tie bulk tf t: was hlci mn the ground
like an uiniergrtun'd lake. anl that ihis has now be-en Irainel. a, ihat what is coming
now is tLe sc-l.; fnr the irtface wiatcr.shed. The tîtal uantity Irom hie present
tiaree -ha aier-., h a ar :S .p alut s.15 gallons per miute. A% the wa-Altr as
of excellent quna-. a, is.il n iet houer plans anl the toiIn %water syrtem. Wyhile
largel mn e- çss ..f pacser.t nce's, it will no doult aIllie awantcd in the future. More-

over, had the shafts been mate tight, tliere would be the constant menace of a large
body of water liable tu lie let down on any rupture of the shafs, a thing utilikely and
yet always feared. As il is, there is nu pressure whatever from the water, the shafts
draining freely the natural Ilow of the strata.

ilefore the shaft last cescribed, now known as "A" shaft, had reached the coal
ithe sixilhi attesipt or " B " shaft, was startei on Novenber 14, 1889, 50 (cet west of
the third attempt, now known as the air shaft, but which was tenporarily aliandoned
ai 125 feet. The latter shaft was now kept pumled out, matcrially liclping in thie
sinking of l" I " shaft, which mnade nmuch less water thans the previous shafts. Even
when " li shaft got below the thirdl attempt there was not iearly so much water, for
the ground seenedi alrcady largely draineti after a year ani a half of steady pumîping.
Accordingly " B" shaft was sunk miucli mcre rapidly than its predecessors. This was
not entirely due ta less water but partly to thie experience gained bey the sinkers in
meeting ithe peculiar dificulties of thie field aind parily tu the improvements made in
the appliances. Aiong the latter was the plan of suspending the curbing from solid
wooden triangles insctaid of ite open Ilowe truss, which could îlot lie designed t ineet
iimensely varying strains, and su on several occasions hal been crushed. Another
improvement was in the shoe in miaking tie plate braces so they couli lhe ensily re-
nuovel on reaching ithe solid. They werc malade heavier but fewer in number, forming
12 conpartnents, instead of 15, as in "A" shaft. This shoe was highly satisfactory
in aIl respects (sec Figs. 3 antd 4).

Tie only serious difficulty that " B" shaft encounterel was when, at a depth of
50 fe, a hole came tu site surface along side of theshaft at ithe cast end, causing iî ta
swing 6 inches out of plumiib. The lte was promptly filledl up with clay, which
stopped1 the running. and to further trouble ensued. On Decenw 31, 18S9, the
shoe cas clown on the solid rock.

Thie speel of sinking tle fourh, fifth andai sixth shafts is as fullows:-
Fi-wth Shaft.-Started January S, 1SS9. Reachetd rock June 3o, :889, a period

?f 174 lays. Of these, 96 days iere lost in dclays, 7S days onl, being spent in sink-
ing. Depith of shaft to rock, 162 feet. Average pîrogress pet workirig day, composecd
ot three S-hour shifts, 2.1 feet. Maximum rate of pumping. 640 gallons pet minute.

Fifth Shaft "V."-Started August to, iSS9. Reached rock October 6, :889,
5S days total, of which 7 were lost in delays and 51 spent in sinking. Depth of shaft
tu rock. 170 feet. Average pirogress per working day, 3.3 feet. Maximum rate of
puip.ing, 5oo gallons per minute.

Sixth Shaft "B."-Started Noveniber 15, :8S9. Reachedl rock December 31,
:s&9. Total, 47 days, ut which but to were lust in. delays: 45 were spent in sinkng.
Depth ofshaft ta rock, I6o tee:. Average prog:ess per working lay, 3.6 (cet. Maxi.
imium rate of puiping, 350 gallons per minute.

There was no detailcdl record kept of te third or air shaft, but after getting "B"
shaft Clown, sinking was restumedl fron where it had stopped over a year before on
accoant of the lightncss of lite shoe, and now that " "l' shars was craiing the water
there was no trouble in gctting the air shaft down. Thus three ni the original six
attentls were finally successfaul; and aIl the shafts in which the shoe was used ,uc.
ceecded in reaching rock.

I will now give a description of the details uf the shoe. micthod of hanging the
curbing, etc., as finally developei and u'sed in sinking " Il " aaft.

Beginning at ithe top, there is first in order a pIaaforit uf 2-nchla plank laid on the
surface about the shaft, and covering an arca 30 by 46 fecet ; on top ci :hese, runnmang
across thei and parallel to the sides of the shaft are 6o-pounl steel rails. These foran
the foundation of the four solid woocen triangles which carry sie weight of the curhing
ont sustainecd by the friction of the ground. Each triangle is male of S pieces of 12-
inch ly> 12-inch timlber. the buttom one 4S feet long, site next 4 feet sIhorter, and sO on
to the top one, which is zo tcet Inng. The triangles run across on top of the rails and
the narrow way of the shaft. On them and across them test Iwo 16.inch bhy i6.inch
timbmers o foeci long. These arc nearly over the side walls ot the -haft : through tlhcm
pas the S roi which sustain the curbing, four to caich side or timber, huge wasiers
under each rail iead distribute the strain over the timber, which in turn d:stributes il
to the triangles. The whiole frris an alinost rigid structure, sI that whcn subsidence
comes. evcrything goes clown a: the same lime. The hanging ruds are steel, ant ntade
in to-foot lengths, the ends urset or thickicencd so that screw.couptings are matie with-
oui w-eakening. The upper lengths are 2}4 inches in diameter, every three lengths
down the size decreases 14 of an inch, so that the bottom lengths aie s ( inches in
dliameter. The support tu the curbing is, as finally adopted. an iron lug placetd under
ihe screw.coupling iece ai each joint and spiked tu the cribbing.

The s-hoc as finally designecd ani used in " l" shaft vas x2 fect S inches by 7 fecet
6 inches inside nicasure. buili of -U.inch scci plate, thesides 4 teet dcel. of which the
upper 16 !iches was aite shichi cibracing the botton of the curbling. The kwer part
of the shoe was divided into 12 compaienirs lm three transvere braces of U-inch
plate. doubied, 22 anches direp, and two longitudinal lines of braces, of 34 -inch plate.
16 inches deep. Around the insicde of the -hoe im incihes fron the bottom runs a shelf
9 inches wide of -inch plate, braced below with bîrackcts. and with a 2.inch letige
in front. This fomis the iress-plate on which are placecd the jack.screwc to force down
ile shoe: directly albove is the shaft-crilbing against which the jack.scrcws bar.
Although %he Ahoc itelf weighs. S ton-, the jacking w-as oftrn very iadi. The mode
-if operating i- t apply the jack, screas tilt the shoe bas been forecl dlown from 2 to
10 inches, depending on the ground, never more thtan io inches. wh:ch leaves hu 6
inches of shield lapping the c:ilbbiing. Then the -hue is levelletd carctully, tle j1ck-
scrcw,- removed, the z-inch criiling.Ilank put ina place and spikecl ulwardt tu the
pre-ious coursc. It i% further ticd, till the no.t hanger. arc put in. - l'isards natied
up and doin the cushing. The criîbing is nrrangI-dI with btuting-jîints, the planks
aiternately-- overlapping. a simpie and a vety sitong way wilh plank lbid fiat. il li-
further strenghlienedî ly :riangular corner.stirips.

Tw.inch planks are ised (or ste crilbling steacd of thicker timber, lecaue
more casily handilei an sth crani;pel apace at the bottons of the shafi, and they arc
libtte les siruong for the same iickness of wail. Aller as miany courses of cribbing arc
in as the space allows ftr. frequzently, in land groun only une, the jack.ccrews aie te-
placei and thie operailon reicatei. Separate plate.covers were provicld for the com-
partmcnts of the shaft " Il *'-hoe, iut il wa. soiaunci that the rushes of aand could be
kept clown if the excavation were not carried biseaw the press-plaes: antI as the covers
would hamper hie wak they were no used. They we-re kept ai hand, however. the
idea living, ihat when langerous ground a-as cxpectei, ail the compatiments except
one or iso wuld be clacd.

Meantime the excavation and puamping goes on accoing to circumstances, and
%stih the customaryappliances.

To provide for supportiog the shocs lien a very soft spot is reacheid. chains. une
in cach corner, 1=ss around the braccs antI hook to the hanging rods. An improved
cdctail woulId lie the insertion .f a long turn-bucle at thie lower end of cach chamr,
fastenedi by cevis ta a bracc. At Lacld full wcight was never throwin or. the chains,
the shoc always binding on some part : in sort graund, whiee there was danger of
rushes, excavation was ncver advanced liclow the botom of the shoe. Thcrc %%ere
us-ually threc pumps hanging in the shah, one in cach comiurtmen. The vertical
Deane plunger pump with a 4.inch dclivery was the favorci type. The punps ecre
hung by heni cables from capstans ai the tnp, %o as to be readîsly ratsccd and luwered,
the sîcam ani water ccioedsions to site pipe lines bcing mate witlh fiexible hose.


