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in thie preparetion of tihis ti.esis, it was wmy in-
tontlion to cumplete sufllclent rescarci so tiat I would have
a knouwlel;e of sone of tlie basic fancanentels used 'n tle
tiicory and practice of drillinz and btlasting in retal mincs,.
Ey\tralnln; anc expericnce have not beon such that tlhey
would qualify me to quote even a small part of tiils ticsls
fron first-hand Imowle ' -e. Therefore, tle contents are pure-
lj ol a library researcly nature. I beliove, liowever, tlat

Lfa paper nas becen woll wortlhi my time 1f only for tie fact
2at I Love ~alned a radinmeatary bacizzround in a flelé of
asineering wi.licii may be of use to me 1in the Tutire, Inase
rmaclhh as I could not locate any matorial on tiils mublect at
I'ehl,-an Gtate Colle e Library, tihls ti:esls may als) prove
to be of some bonclit to any students w.o may bo inteorested
in ti.e subjecct In tlio future.

when one e¢nnslders tl.e enormaus amount of labor,
rowor, and powdor reqilred to mlne axd to quarry products
annually, one cannot fall ¢ be Impressed with tiie scantl-
ness of lilterature on ti.e economics and procedure 1n ti.ec use
of explosives in metal minin:-.

The followinz £t -ures will serve to 1llustratoc tlLe
importance and masnitade of this industry. Of tie 320 odd
rillion pounds of dynamite manufactured dur’'ns 1249, con-
struction work usod 122,022,270 pounds, metal mintn~ 100,979,000

pounds, quarrying {0,200,220, a:d coal minlingz 85,270,270 pounds



of ¢ymanlite plus 63,000,030 poundcs of black powdere -ho
rest was usod in non-nictalllo nlinins and ajricultural worke
Upwards of 05,230,000 pounds are uscd to nilne crude ore con-
tainin; either gold, silver, coppor, lead or zinc. Twonty
million pounds are used for iron ore. ijmamite !s belny
fired every hour of theo day in cliarges ranging from a {ew
ounces in tie coal nines to great 2,300 pound exploslons
suchh as thoso uscd for blasting valuable riolybdemum fronm
Coloracdo's lartlett Ilountaln,

“etal minins operatlions are usually of four types:
rrospecting, exploratlon, development and pro uctione. Fros-
pecting Involves tiie locat'on of orecs, and exploration the
ceter:lnation of tie extont of tie ore bocye. Blasting may
or may not beo cuployed In prospecting and exploratione Te-
velopment 18 tie worlt involved in providing access to tle
ore and 1n providing for systomatlc removal of tie ore body,
transportation, and ventilation. Froduction comprisecs re-
moval of tle ore on a comxmerclial tasise

"y orisinal Intentlon was to include all four of
ti.cso operatiorsin tils tiesis. Iowever, @s I learncd nore
about ti:e subjcct tixroush research, I found t.at i1t would ve
necessary to 1limit ti.e scope to one particular phase. Inas-
rmuch as tihie development pliase secrmcd to offer & more repre-
sontatlve example of crillin; and blast'n; procedures, I ce-
clcded t> 1iz1t my subject to t..l1s phase and present a more
complote plcture tian could be cone otherwlise in tryinz to

encowupass tiie wholo subject.
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As stated previously, tie work wilch 1s Included
In tlLo developmont phase 13 tiiet wilch 1s noccssary to pro-
vide access to tiie ore and provide for s atematic reroval
of ti.e ore body, transportation and ventllati-n, Tevelop-
ment oporations conslst of driftins and cross-cutting, raisingz,
and sinkinze Theso differ from the usual tunnelling and shaft-
sinizing opeoratlions o>nly in tuat tiey are frequontly smallor
In cross scction and that less emphasls 1s laid on the speed
of advancce Althouzh drifting, ralsing and sinking opora-
tions are all Incluced iIn the developm.nt staze 1In thils papner,
tic strecss 1s placed upon tlie drllling and tlasting of Jrift
and croas-cut rouncse 7Thls is t:.e rost izyortant operction
and tine procecures used in ralsing and sinizlng are nearly
icdontlcal, wiltii a few exceptlons tliat wlll be noteds

1r'1fts and Crogs-cuts

Trifts and crogs-cuts are Lorizontal tunnols of
varying cross scction but usually rmch sznller than rallroad
or venicular tunnolse A drift wiil follow the Cirection of
tiio veln or lode and a cross-cut 1s crlven across ti:e trend
of tiwo veln or foruntion. They may be driven for haulage or
vontilation purposes. Itrictly spcaling, an inclusive torm
th.at could Yo applied equally to & rounéd in thie face ol each
would he "horlzontal hicading round", but such a dosirnatlon
is seldom uscde i'ctal niners in peneral refer to a round in
a Lorlgzontal Leading as & "drift round”, and tlhls desi-nation
i3 used 1in ti:ls sense tiroushout the paper, Irrespoctive of

wiotler tie lhoacdlnz 13 a drift or cross-cute



i.alses
As ti.e nane 1n.lcates, raliscs are small passases
driven {rom a lower level to a il iwer lovel. Tiey iy vary
in incllnation {rom vertical to nearly horizontal anl, of
courso, all drill holcs will Ye polnting upward, Ticy oy
Lo driven for dralnaje, veatllation, c:utes and otier pur-

~08083.
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Jinking Includes suafis and winces, wlici: are
pazsaceways sunxk fron ouno level to a lowver levele Tiialts
are normally sank vertlcally and In a strali:it line as they
ero uscally uscd for ralsing eand loworing matoriale.e Vinzes
aro elmoct always inclliacd aad soldon stral-ute Tlicy are
used for cxploration, vontllatlion, or nanwijyse.

The terma "stopinz® may Lo ucod at Intervals tiirousiie
out ti.e paper, althouch 1t is a part of tlhe prodactlon rather

L

tlien tle davelopmsont rhase. It 48 defined as "nlning tie

-
&

rnass of ore between tlie levels”e
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tmaceg and Commnsltion

ining explosives nmay be rousiily cilvided into two
classos == tiiose tiiat have a heavin-. eflect and t..ose that
¢oliver a siatterling blow, Ilack powdicr, an explocive of
tiie flrct clocs, s froquently used in guarry wori wlicre
ti.o matorial to be moved docs not require siatterin~, lore-
over, in quarry work two o more {rce faccs ere usually pro-
viJede & 1137k oxplosive, suci es a ¢mazite, wilch will
shatter t:e roc: 1s reqgiired {for breaiddins most metal nining
IoundGS.

e exloaslves moct comrionly useld Tor unlersround
worx are golﬁtin and amnonla dynanltess Teloatin manmlte
consists of nitroslycerlin wiilcih has been solatinlzed by tle
addltion of nlitrocotion, ss5dlun nitrate, and carbon carrloers,
suchh a8 wood pulp or flour, Tiils 1s most popular for mlining
hard ores anl all kinds of wunierzround wori wiere tio ventie
letion $s poor and vorl: rmst bo carrled on at Ligh sheed.
Celatln Jdynanite has tie rrozerty of plasticity wi.ich en-
avlcs tlo nin.r &5 malio tie cartrl.ze stick in holes cdrilled
upwards = a eat edvanteso fa stopinz and ra’so work in
nctal ninlnge It 1s practlcally unallccted by water and proe
cucos & sicllcer amount of fumes tlaan otlier tynes of dyrnanito.
vlhere tie ore !s very hard, reclatia ¢gmamlte is usod because
of 1ts Lizh cdensity, tiot is, 1t 18 pocsitlo to concentrate
tio maxlimum woll:it of explosive molorial 43 a ocnall croco.

Azmionla ¢ynanite conclsts of nitro-lycerin, socium nltrate,



emxmonlum nitrate, and conlustible meterlale It 1s uscd in
iron ore «mining, guarryin; and construction worls, coal

rining and wiercver tic ventilation 1s good and 1llttle vater
13 encountered. Doth tie selatln and aozonla ¢ ma:zitcs are
mado low-freeczing by the ediltion of & sxmall amount of ritro-
ccllulosce.

Stralosht dgmanmlto, witlch 18 not ordinerily used
un<er;round because of tle comperetively large quantitics
of»carbon monoxlde in tie psoscs of exploslon, cunciasts of
nltroslyceria, sodlun nilrate, sad wood pulp or otlicr come
bustivlo meterisle Lliile 1t 1z true tict tlie stralzi:t ¢dyna-
nites are tio qulciost acting and most si.attering ol all ox=-
rloslves, ticy ere worc cxrensive, moic senslilve to slioci,
aad 1n Jencral produce pore fJrmes tian gelatln and amonla
¢ynanltes.

“ao grado of a stralzlit nitro:lycerin (muanito
is Indleated by tlue pereentage of nitroslycerin in tle cxe
rlocive; for instance, & 1) per cent stralght ¢gnanl<e con-
talns 42 per cent of nitro;lycerine Thc gracdes cealmated
for gelaztin or armonla dymanites are moie or less arblirary
end are supposcd to be equivalent in strenc~th to the corres-
ponding prade of stralght Cynamlitee liowever, cach manuface
turer follows Lils own stancderd, ani two <ifferent btronds of
gelatin Cymuaite mar:od(“éo per coat strensth” may not have
tiic samo llasting stirongth aund may nlsd ¢ifler in otiwer
characterlsticse The hi-licr gracdes of explosive Lave nore

propulslve strensthi; tlierelore & greater amount of btlasting



eancr s can be coatalned in a jiven gpace sich as tlie bore
of a drill hole. !loOreover, tiie i -nor sraldes gcnaruliy
have a Li-hicr rate ol detonation, wiich 18 an advaataze in
blasting at maoay nincs.

£ - b P S 4 .
“oso3 from Dlastiace
- - ot trdh

In general, one ol thio ma’n considerations in
clioosing an explosive for use under~rouand is tict the pro-
Juets of cxplogslon sliall contain a nini-nan of polsonous
cases and sioile,  Tacre a8 bren a gpradueal reduction In the
guantity of polsonous aagesd Iln tiio products of explosion,
and In tils respoct tic exploslves now used are nwich superl-
or to tioso in geacrul ugso scveral yoars 830 .~ven with
the presont exploslves, kowcver, onoui: toxlc jas 1s pre-
gont Iin the echmosplore alivr blasting to reguire cfloctive
venlilabion to rerove 1t tofore :on return to worik

Ctron=th or 'regsire icveloncd

Thio strenzii of en explosive is aprarontly tie re-
sult of turce factors: (1) Tie heat renerated, (2) volune
of soses produced, and () speed ab widlch tho pascs aro
ovolveod

Ti.0 presgures ceveloped in bore holes wliti:x varle
ous explasives have teoen caleulzted by the Tureau of lllnes

as follows:

Poundis per
gcuore In,
30 per cent stral;ht nltro-lycerin cyuatilite 126,230
<) per cont jelatin Imaulte 120,110
4J por cen st"ai -8 nitro;;lycorin Cjuanite 121,030
49 por cont axtionla dyaaaite 126,33
SJ per cent stral-ht nitroslycerin 132,30
60 per cont stralziit nltrojlyceris 14u,370



It should be borme 1In nmind tlabt scme explosives wuey indle
cate strenzti: or otler ¢ allity wiicn testeld unler latorctory
coditlons but tciave CIfleruntly in actual

cver, tioss £fures Jo show thie corperatlive stren tii of the

CAllcrent prades ol ¢ nuailito.
S2ze ol foorbrit-co
Tiie explocivo usceld for tlastiny raumds eliwill te
wat wp In cariridoes o as lorse Jlaseler as can casily be
loadled Into tie &1l Loles. Ia liazd orxnl, Jennliy ool

loalling i1z very irportunly tie zeatoot ousity can Lo ob-
alnel with tie loosost lZwler carirlloes tlet wIll
1nto tio bLoloes.

FadiE Thd

7o precoctio of Ll welllt ol thio raper shsll

toy tio wol 28 ol Liio copdlonive “nercoges as tle Glanelter ond
lon_th are doccicaced; Llorceiors, wilii s.21) cartrid-cs a re-
letively larzer avount of neper wond less ex-lozive s our-
ciaged I cucl cacsoe LlUliouasly tle piver oxters Into tlo
reoctlion o tie cx;locives s a carbon carclcer, 1t 15 an un-
nixed Ingredicent ond 23 resqoucille for part ot lonst of the
nolscnous casecs In tle products ol ex;loslone aAlso, wel~siit
Tor wcizlt, tiie parex probably suppllces less explosive cner
oy tion wauld o correcranding ardunt of a carbon carricr fne
cmebtely mixod witlh tho explosives

aoy pinors conclier a cartrll e a cartril o ad
vill usc tiio sxe wotuer Jor Llosting a ivon rounl, resarde
lezss ol tiio glzo ol tle stlelr or liind anl grade ol exploslve.
owever, wicre blasting 18 closely supervisel betior resilts

shi0uld be obtalned by using larcer certridoes.



celection of an Txnlocive

Cencrally tacero 1s some partleunlar iiInd and ~rade
o explooclive tiirt wouls be tie nost economlical to use for
any  iven plece of woriz, As tie condltlong 1n most —incs
vary oreatly, e large number of different explosnives would
ave $o bo lopt in stoci 10 tie best lnd for cnell rarticu-
lar place were used., Tonerally one, two, or ot .o rost
tireo exzploaslives ere cl:osen, wilcis will -~ive tie bect ever-
@ ¢ results taroulinut t:e nlne. Celatin ¢ manite has a
nuneer of claracteristlcg tiiab make 1t deslrable for wunder-
round woris in metal mines and tirmels, and 1t 1s moro come
monly used for tiwe rurpose tian ony other exrlosive., The
natural inseonslitlveness to cotonation of tiese dymanites is
larzely overcono by tiwo uss of strons cdctonators. Arr-onla
d;nanlte us paclzed 'n cartric~ea 1a often »ather hard and
congecquently more «lificult to taap tian gelnt’n dmonlte.
Its laciz of plasticlty mnizes it leoas cCesirable for loading
ioles steeply Incllnec unmwvard, TLls class of exrlostive
tales up nmolstare mloss 1t 1s nrolecteds Jrrmonla Synamite
cenerally iias an advantac in e lowor cost por poand for a
corresronuiing rradce its greater bolk as corpered wltih cela-
tin ¢ynmiite nay bLe of advante e in bLlasting horiszontel slab-
bin; koles wiiore 1t 1s dosirable to lLave tlie explosive dis-
tribated alonz as rmch of the length of tiie bore l:iclos es

oscibles Arronia dymanilto may elsos be bettor thmn ~elotin

for blastinz in s»hrincy or s»hon~y rrounde

rractical exrericnce has shown that stral-it dyng-

te 18 more danzerous to iandle tiian seatine Undoubtedly



a box of stralsit dynanite L move lllely to dotonatse on
beling drorrpod than 1a a box cf clatin,

Jor blasting i casy-Lreaiilnz ro2in, I6 or 4D por
cont orade oxnlozive is generally cihiozcne [ven lower ~radcs
ca1 ba usod satlslfactorlly for bLlnsting stors holes in casy-
breaizing srounds In rround Alfficalt to break, 00 or €D per
cont ~elatin 13 ugs:ally botters Tlio uss of hihor ~males,
€J to 50 per ceont pirenntiy, in tho c¢at holsos akes rossibvle
tiio breaizlng of lonser rounds in nost ¢lasscs of rocize Tlicse
h1-her gracdes also z've fowecr bouldors vwihion usod In blasting
in hoard-ore stopes. A 30 por cont ~rado should not he uscd
unloss tho ventllatlon 13 very <929d.

Cnly cxhlostvos tliat Liave been proved to bto rela-
tively safo to be handled and loaded shicul? be ussd in minose
ther tiinss boln~ cqual, tlie cliolce of exrloslves resolves

1taelf into one of cos3t, Altliou-h morec encr~y per dollar
can be purciased In thio 'A-hor grales, 1t s not cconomlceal
to uase & nore exrensivo erxnlosive whers tlie worik can be done

as satlslactorily witlhi one costin~ less per pound,

7 N



VARIOUS TYP.S OF CUTS

Clasting in an underground developnwont hicading
19 always ti:Lbe hicro Is only ono Iree lace to wiilclu the
cround caa bo brolon and tlhils 1s usually of linltod slze.
Tho £Iirst and wmost alflicult s in bLlastin~ eny heading
is to make aa opcalng inbo i solid ground, usaully In the
ccator of tlo fuco and as Jdesp as practical to advaaco the
face abt one tlue. Tihls owaling 1s called tiawe "eut" and ale
Luougih cuta may be pulled Ly & nuiber of ncthods of &rilling
aad vlastiag, t.iey all scrve tuo casoe purposc, nacely, to
fommia a sccond freo Jace to willchi thio romalnler ol tlio lioles
in a round can broiie It is Liicroforo vovious tl.abt tiio cat
g ti:e wost c¢ascuntlal part ol tlo round a3 ti.c rest ol tie
i.0lcs cariot posalbly pull, unloss tiie cut cones out conm=
plotely.

Yo cesipnation ol tie hivlos 1l a round vary with
tiic Indiviaual rilncse lowover, tie toitalnolo;ry uscd in
tide paror Jor Llwse holes 4s as Jollows: Tlic flrst Lioles
to Le Llasted In a round are called tlc "eut holcs"e Tlho
Loles Zmicdlabely ebove tlic cut Loles arc called "broast

holce™s Tiwoco llled next below tie cut Loles arce Jesig-

n

re

wabed Mailiners”e  Tiie Lolos et tle top of tlLoe face are
callcd "vback i0los" and tuose at ti.o botiom "liftcers". X
tra holca cr2llcd to agzlst any liole or set of Lholes are
callcé "rellevers", In larrce foces the holos at tle sice

of thie face for squarin: it up are called "side holes",



o
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Tho V or welo cut 1s onc of tie olliest and still
most comxionly usodese It constots of a palr ol linles Artlled
so o8 to rieet or proctically mect at tlelr Lotiom to ferm &
te-n

L |

or two or rore polrg of Vs in parcllel ploncs to form

a woye (M—uwre l). Ve-cuts In rifts riey be Lorlzontal or

—_DCT/—D
(o siunin Y sumfbuniin +
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FACE SECTION FAcCE SECTION
Tyoical Voor Yedse Cut Touble V-cut tlowing
"Saby" Tut
™Mce 1 Mre 2

vertleal, the tio sclected corrmonly belin;; tile one allowing
tho wvider anslo to bto d»1lled, TUsually bar Cr?ll rountin-s
aro uscd for tio formcr type and col:ixm nountin-s for the
lotters In Cooper (xi1lled rounds or in very hard rocl:, cuts
may conclct of double V's (izure 2), tie outor end rsi:zllower
Vecut Leling !mowi as tiie "buster™ or "baby" cut,

Ppew"! or "Toa" Cut

Tidis typo of cut i3 a nodlflicatlon of thie V cut,
it 1s loceted eway Lfrom thio conter of thio face and olten the

holes are purposely drilled so that tliey do not mest, Tl






bottom cdraw cut illustrated (ifigure 3) 1s most cortion, al-

thoush 1t may bs locatod at tho top or sice of tlie round.
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It Is particularly uscful in suell headings, {(less thian 6 x
€), vlicre 1lling; must be dono with uncounted hawzier darills,
and v.cre c¢ue to lacl: of rooa 1t Is dilficult to <rili o cut
in tie center ol ti.o facc,

Mot 3" Cud

The c.l vadchh 13 probably next in popularity to
e Vecut is :mown as tio "pyraztd” or "clamond” cut. This
conslsts of tiaee to s'x holes (IMoures 4 & §) ¢rilled to
mect at a sinzle apncex near tiie centor of the facoes Tiie V-cut
or pyranld-cut rounds lhave an advantaje over tiic toc cuts,
Inagrmuch a&s two or more ci:arzes ere detonnted to-etier. The

acled oxplosive uelzcs Lt poasitle to brealr cecper cretcers,
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Ti.ree ilole Fyrwald Four iiole ryramld
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M1cllran” or "Durn" Cut

Tals typo of cut 1s lmovm also uncer t.:0o names of
"burn out", "Cornisih" and "shatter" cut. Tiiere are rany
variations of tiils cut, but all utilize tiie same princirle,
Unllize the V or pyramid cuts vllch are desi—ned to treal
out a wecze or cone of roci, tlie turn cut is Intended to
si:atter or pulverlze a crall scction of rock wiich caa be
scrapec out if not elreacdy expellod by tho Llast, to leave
e rouci:ly cylinderical oponing a;sroximutely perrendizular
to tie lacee Tals cut conslists of tixrco or mmore holes all
¢rllled in a closcly spacod pattern(iizure G) vernenllcular
to tlie face and as nearly parallel to tio linec of the drift
63 703:z10loce Cno or more of tiie holes 18 not loadod, but

1s presont tn tho round to nrovicde space into wiilch otiiors

YA,



can broake Also, at lcast ono Lole mmust be loaded to tlhe
collar, since 102 tils is not Jono, tiio collars ol ti.c Loles

cay renain intact evon thiough tiio cut may bo brolicn lnside,
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lciiddsan or Lurn Cut
lge 6

in wiilch caso tiiere is geldom anytiing thot can be cdono cx-
cept to cdrlll and bLlast a new cate Cne disadvanteso of tils
tyre ol cut 1a that 1t 1s elways necessary to return and
ralle certaln tiaat tle et s comrletely out before firing

thie reraining holes,
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Crater Thcory

Cefore any of ti.o holes of a round are blasted
only onc frece face 1s exposcd in a heundinge Altor tie cu
l:ioles are brolen the succeeding lhiwles l:ave progressively
rore free faces up to tie legt 1ifters and Lacl: holes, which
liave between two and tihrec [lrce faces cacihy to wlilciu to break.

Accorcding to tiic crater theosry, a norumal nole
¢rilicd stiali ht in tie leading vith one ireo face n Lono=-
geneous rock shiould, on blact-
Ingz, breall out in a funnel-sicpred

crater, tio cldes at an aujle of

rv .

<0 degrees to Lo foces, Uills an-

;1o i:.as been consicerod as belng

thie 1inc of least rosicstance and

1s shiowm by lines "bd" and "be"
J

in ¥l~ure 7. %ie ticcry presvpe- t

roses tiabt tlio exglosive cloerge

i1s enoujsh to overcoue tlie reslise

taance orf tiic rociz and 18 concen= k‘

tratcd et point "L" at ti.c bLottom

£ the Lolej 1In niost rounds tie :ront Tlevation
Mpe 7

oxplosive 1s cdistributed elong

tie bore. Actually, tho crater broken by tlast!in;: such a

hole will te more clonz linc "ce" aad "ef", denending upon
tie ciaracteristlics of tiic rocl: a:d tie speed and strensth

ol thwe exploslve.



In bLlasting out ol tiwo s0lll, tie cxploslive en-
counters resistanco wiilcih fs prectically ialiniteo In all
cirectlons cxcept toward tlie surlecce i size atd siapo
ol tiws crater will bo in{luenced by tiae anount of force re=-
{locted baci from tie sldes, wilch In turn, depends uon
tio eclasticlty and compressibllity of (il rocle In roclk
tl.at talies a relatively smaller amonint ol onory to over-
coule tic tenslile stren-ti In proportion to that reqgilred to
sucar 1t, tiwe axzle of tuo crater wlil be wicere I tho
rocik a3 & bl tensilo strenth, the breair will be 1ore Ly
saollns, in whicihh caece tl.o crater will bo narrover.

I2 tho exnlocive ls too slow or ol Insuflleclen
stronisth, no rocl;, o only ciall cnount et tie collor of
ti.0 Lwwle, VILl Le Lioicine Il moze explosive of a il rate

ol cetonllion Lo used tian Is nceded to breeciz tiie lino of
least reclistauce, tiwc rocic nay ve broien beyond tils line,

Should ti.o Lisles of @ round be drilled no deeper
tien would allow tiie ¢x~loslive to Lreals tiio roclk only to
tiie tieorotical line ol lcost resistance, tlic acdvanceo per
round could be only one-nall tlie siortest dimension ol tue
face of tiic ¢rilt, vhich would net be satislactory “n nost
TOl'ile

Licezt in very casy brealilnz rock, !t 13 not prace

icavle to breal: a round witis holes drilled stral--hit in ti.0

face; t..erelore, the cut hioles are dérilled on an an~le to
ti:o facee Dy cdolng tils, tlc 1llne of lcast resistonce is
not alon: tiwe Cliccetlon of i Lore i.oles but throulh tle

1

s0lld rociz; also more of tio ex:loslve 1Is beiilnd tlo rock



to boe brokeon., Otlor thiinns boins cgual end within nracti-
cal linm*ts, as tho resistance of tl.o rocl incrcascs, nore
»iteir muet be ~iven the eut heles in order tiet tiey nay be
trolion to ti.e bottom,

Tisreserding, for tlwe timo beingz, tihic occurreince
of plancs of wealmess In tle rock, vieon & ci:.orge in a round
i3 detonuted, it nust dotachi t:io rock from the solld iasa
and overceono tre inertla of t:e rocl: to be rioveds Tlc rock

3

18 detaci.ed by crushiin-, sicaring, and overconin Zis ten-
stlo stren;the Jeas encrmr 1a required to overceome tic tone
81'lc stren~ti: of rocl: tiion to clear &t, Crusiiing regulres
nore force t.an s..onring:.

Tloareg oaf Vepl'nens

vere it not Ior rlenes of weeliness Zn tle rocl,
ti.e rount of explosive ol lnown (rorvlalve cuersy reguired
(7%
to bredk Siven roun conld probably Le celeculateld Ly do-
1Y 3 o

)

torinin- tie resicta-ce of tie rocl to Lo cverccoriee _t can

3
rcedtly bo concclved tit tie exlsteace of planes of weal-
ness8 in tiie rock ls an irportant lactor poverning tlie quan-
tity of explosive requireds I'or exemple, suprose tiat tle
ground Iin vhich a drift round was drillecd ves cut up by
planes of wealtness, melinz tho rocl gimilar to carelllly
piled btrickse In this case, tie only force requlired of the
explosion would bo to overcome tie lnertia of tl.e rock and
tie friction of the bLlocks on cach othier. Tle Lardnccs,
tou-hness, or scchianicel stren~tihh o tire rocir wouléd exert

no influonce on tre azount of energy required.s Golins to the

othicr extremne, to a face in wnich no planes of woakness oce

<)



cur, tho physical ciaracterlatics of t..eo rocit would coirplote-
ly covern tl.o quantlty and quallity of esxplosive regqulred to
vreci a staadard roundes A8 tiie rlates ol weaitiess In tie
1rocik cdecrousos such characterlstics ol tiic rock as i.ordnsss,
tou;imess, porcslty, coxcsclon, and prouably otlicr guialltlcs
havo an incroasing influenice upon tiic amount ol cxplocive
requlred to orcak a rouands Tiio rocii in metal niincs eliiost
wnvarlaily contalias soxe plancs of wealmness due to external
forcese Also, t:e roci: Jonerally contalns jointing planose.
viore staniara Criflt rounds are useod in nincs,
consideration suould be lven to the plancs of weniniess or
slips in thoe rocik in worizing out the gtandards, In a bedded

Jomantlion staading et an aijle, It 18 guite likely that tlo

-

vt Jorm ol rowid fur a reading raming with tie loractlion
would not Lo tiio vest type in a cross-cute 150, 2 roud
ina &It on a voin witl a woll-Celined fréo wall shiould
aot Lo tue sauo as i a neadling In country roclze In tlhie
lrst caso, tio round slioull bo desimed to breair to tuo
wall, which would corres»ond to a major plaite of wecalinosSe

“viore standards are nost used, some minere J»ill
tiielr rounds to talze advantajze ol plancs of wealness, but
tice majfority do note At many mlnes the plancs of wealmess
i.ave a wellinlte relatlon to tiio lode, and each planc ropro-
sents a sories ol slips cxtendin;: tiurousiout tiio formaation
instead of Just beln; one slly,.

7lassification of Plancs 2F Vealnncaos

7o bo able to ugcertaln thie cffect of tiic »lones

of weaimess in rock uncer a:y ~iveon sct of conditions, a



rietliod or plan ol elassilyin: the rlanes Is nocescery

Thero 18 no universally o nlicallo plane To Lc of waluc,

o class.ilicatlion ruist be worked out o cacl. miine or Jis=-
tricte & table Is -~fiven hero to 2llustrete tie nctiod used

at & weastern nstel rinc,

Planes
Cym .
bol alor I'inor cointing

1 | None lione "o eazsistance.

2 |lone . one ndistincet agsis=-

tence only.

3 | lone 43" apart, 1 way. 6" apart, 2 vaySe

4 |one 36" apart, 2 varys. | €" arart, 2 vays.

5 |ilone 24" arart, 1 waye 6" cuart, 2 ways.

6 |!ono 24" crart, 1 way; 6" crart, 2 vays.

1 at ri. Lt an”la.
7 |l:me 24" anart, 2 warys. | 4" apart, 2 vays,.
8 | one 24" aport, 1 way; 4" opart, 2 vays.
12" arart, 1 viay.

9 |livne S 12" epart, 2 wayse | 4" apart, 2 vayse.
10 |1 with drilte| 12" grart, 2 viays. | 4" apart, 2 viayse
11 |2 with &rift | 12" apart, 2 wvays. | 4" apart, C ways.

assistin-,
12 |2 with ariit g" apart, 2 wvays. | 4" apart, 2 wayse
sclstlinge

Classi{lcatton of Tlancs of Veaimess 1n flocl:,
Lisuveo (i/rlz.) Iistrict
Tatle 1. ’

In tie table the tern: "major" 1s used to Cesli nate
fault planes or well-~lefined fractures along which ticre 1is
no adiiesion of tiie rociz on elther eides Tiwse najor plancs
are rcenerally identiffed by talc or slicliensides.

The term "ninor'" 1s applied to well-cdeflned beddin
plancs or fractures alon; whilcir ti.c rock has a tendency to
breal: on blestinze. To be classed as ":.inor" tlie plencs of
weaimess rust be extensive enoush to Influence tiie breal:.

W)

The term "jointing" refers to tiie Jointing rlancos

ng



11 tho rocl, Ti.cse plaacs assist tlic explosive in crushing
tie rocl:, as 1n blastlin; tlic Ti-st cut hLoles. TITncirlen
fraztores als> are zrouneld in tils class,

Ti:xis clescillcatlion conslders plancs of waalmeess
only in one or twd ¢lmensionse wicro slizs occur ia oll
tirce Clmensions the roci 1s ordinarily callcd "blocy" and
i1s corresrondlir;ly eas!cor to trcak, At mincs wiwcrc tiie rack
13 tlociy & difforont table of classificatlon woull Y¢ ne=
ccssarye

Thie roclt 18 clessifled U7 inspectin: thic face
tors, anc slces of tie Irlft et the face, Slips rornllel
to the Crift ére si.own In the face; cross slirs are estine-
ted Ly ti.ose aprearin~ 1n tiic drift for the sgame Clstance
tacls of tle fece as tle Cderth of tlic rouancds O cuse, the
nuwiter &nd kind of crocs slips can not alwaye be accurately

~

cetcer: Zned In tils nanner, tut in a larze -—zfority ol coscs
& close errroxzinctlon can to made,.

Tiie plenes of vealmnecs in a face will very selcdom
conloru. oxactly with eny ono class, tut Judsment muct be
used In putilng the face In tie ri it colum. I alteration
l.as occurred along ti.e mlnor slips, the rock will be czsler
brealizIng, end tie face rtrast be rot In a clagss reguiviag lesc
exploslives I recementation hias tolien place, tie influonce
of ti.e plancs of wealmess will be recduced anc a !1-iwr cleuasie-
flcatlon riust Lo usecds Als0, in sore cuscs planes of vealke

recs In the rock will not affsct tlio vreoaik favorably or nay

Influonce 1t advorsely. Thls sencrally can bs deduced from



an inspoction of the face. Cross slips in the rock may re-
duce tiie break of tiio roundes A well-deflned slip of a foot
fronm tho face in a four foot round would probably 1imit the
brealt to threo feet. 7The same slip et the ond of the holes
would probably incrcase tlie break, Soft places in the rock
and other fractures may offsct tlLe advantage of planes of
woalmess in somne cases,

Theory in Tesiln of [ounds

Rounds should be so deslined that each hole can
broaik &8 nearly as possible to tLe lines of least reslstance.
Cut holes should be drilled to break a cavity in the center
of the face, Lach succeeding hole should be placed to take
full advantage of tiio cavity made by preceding onese. The
side holes, wiien blasted next after tiie center cuts, break
out to the first crater by shcaring and overcoming the ten-
slle strength and shear or crush the rock out to the llne
of ti.e headinze. Iquivalent holes above or below have an ad=
vantage in that less (¢puglii; 1s roquired, as tiore is a
larger arca in the face to which they can break,

Theorctically, 1t eppears tiat in breaking rounds
& wodge=-shaped slot with a length at tiie face equal to the
shortest dlmonsion of the heading should be broken in the
middle of the drift in the line of the largest dimension,
Noxt a cross slot should be blasted out the full width across
the middle in the other direction. The succeeding holes,
which are mainly slabblng ones, should be placed to break

into tho opening alrcady made.s These succeeding holes sho.:ld



also be 50 arranged that the lincs of least reslsta:nce from
tiie exploslive are as noarly the sane as practicable in all
directions in viilch tiie broak 18 requireds To secure thils
in somo of the holes, a spocial cdistribution of the ex;lo-
sive in a hole will occaslionally be nocossary.

The force ol tho doetonation of previous holes fre=-
quently collapses some of thio holes in a round, rarticularly
the lifters, as was found in blastin; tests wiiere rounds
wore saot one hole at a time,s ThLis 13 moreo froequent in over-
loaded rounds or 1in plastic rocke Also, the roclk may nove
along a plane of woakness and partly collapse a holo, iuzo
may be cut off or pinched by thls ground movement and cause
nisfires., Thorefore, rounds should be designed with tihls
in mind and tiie holos placed to reduce thls Lazard to a minile
Llurle

Teveloonont of Irift Rounds

In the early days of mining, when holes were drilled
by hand, eacii hole was placed to take advantaze of tihe planes
of woealmoss 1n ti.o rock, tiie contour of the face, or other
foatures ti.at would assist in blasting the ground. Lxoplo=-
slves were used more ceffectivoly, both Lecause each hole was
arillod to tlie best advantaze and because shorter rounds
wore shote Thie mon soon lcarned by expericnce tlhie best rno-
thod of blastin; each face, and they could genorally ascer-
taln tiie rock broken by each hole,

With the advent of alr drllls, lonzer rounds were

drilled., The flirst machino rouncs drilled wero pattecrned



altor ti.o hand-steol rounds, oxcept that holes with a downe
ward an;le wero substituted for hclos polnting upward. ilat
or upward-inclinecd holecs were difficult to drill with the
0ld plston machines, whilch woro tie flrst type to be used
in metal minos. Tae modern Leyner-type machlne, which forces
.air and water to tue cutting edze of the blt through hollow
stoel, cuts faster wiere the removal of dérilling cuttings
is ass!sted by gravity. IHowever, the drilling spced of many
macnlnos now on tuie mariiet 1s so fast tuat drlilling upward-
pointing holes gives but little material advantae.

Tiie first typo of round drilled with tlie plston
Amachino 1s siiown in Floure 8. Practically the same round

18 now beling drilled, using a crossbar, at some rilnes, ox-
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Too Cut Round Irilled with
Fiston lachines
cept that the two baclz holcs are ;jonerally drilled at an up-
ward rathor than a downward anzle, As most drifts aro wicder
at tho bottom thian at tiwe top, tiie cut holes have a bettor

chance to break wien drilled downward,



To tal:o advantaze of tie fastcor drilling spced of
upward-inclined holos wlth tue Leynor machines, a round as
showm in Fizure 9, 1s drilled at some niines wiiere t..o broken
rock is removed previous to drilling in theo face. TUndor fa=-

vorable conditions, aftor blasting the cut holes 1, 2 and 3,

13~iiole hound with Upward Toe Cut
Drilled with Leyner Type Drill
Mpe 9

& wedge-shaped section of the face will be removed, as shown
in the side elevation by the lines &, b, s, The other holes
have the openings mace byvtho first ones to which to break.
When the cut holes break well, the subsequent holes normally
break to tho bottom without difficultye.

Thie introduction of faster drilling models made
possible the drilling of deoper rounds in & shift, but it
was found that the full depth of the longer toe-ocut rounds
was rarely broken oexcept under very favorable conditions.

As the dopth of round thiat can be broken depends largoely upe

on the oxecution dono by the cut holos, many experimonts were



nade to dovelop forus ol cut holes +ti:at would broealz niore
cround than the toe cute 438 & rosult of tieso investiza-
tions, the V-cut and pyra:ld-cut rounds with a irmber of
variatlons were devcelopedes In a pyranid-cut round threo or
four or even more hLoles aro drillod to botton tozctiicr or
closo enouch tosetier that tiey willl detonute siimltancous-

l7. A four-hole pyraiid-cut round 1s shown 1in Fljure 10,
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16-Ilole Nound with 4-ole Pyramlid Cut

In ground partlcularly difficult to broak or in
deep rounds, advantage 1s acmétimes gained by drillling either
a short sinzle hole or a pair of holes t~ rslleve the maln
cut holes of a round, as shown in Fl-ure 11,

It 18 very important to lmow Low tle holes of a
round break in choosins the best form of round for any par-
ticular class of ground, (uite freoquently inmprovement in
placing the holes and in the distribution of the explosive
1s sugcested by observing the results of blasting rounds a

hole at a timc,



Zhort Cut lLolss to ficlieve Burden of MYain Cuts

Depth of Roundst The drlilling and the blasting
of rounds are glosely related and must be considered togethor
in developing methods for breaking rock., Several factors
govern the number of holes and the amount of explosive re-
quired for any particular round, At most places, a low cost
per foot 1s desired for all headings. Sometimes speoed 1is
more desirable than low cost, in which case the most econo-
mical manner of performing all operations can not be carried
out. |

Cxperience has shown that in many instances, the
most economical round to drill in a drift 1s one that can
be finished and blasted in one shiftj it is also desirable
to break only as much material as can be removed in the
next shift to keep a cycle of oporations, Sometimes in large
headings or in ground that is easily broken, it 1is possible
in one shift to drill a round that will break more rock than



can ba slhoveled out in the next unless a msciiantieal loaader
1s wsed, In hard or madlunm sround, however, the shovelers
can ordinarlly romove &8 ruch roci: in ono sliift as can be
brolzen in one blast on tho precedins shlft. At most rlaces
blast!ng in drifts is done only at tho end of a siiift, tlaus
avoldinz tie interruption of other operat’ons and the pollu-
tilon of the mine atmosnhore.

“hore blastin~ can be done at any time or whore
oporatlons are continuous, as deep a round a3 can boe broken
nay bo drllled. At soms places such decp rounds are drilled
that tlo cut holes rmust bo re-blastcd several timos to got
a full break,

The dopth to which a round can be broken derends
upon the following factors, which are more or less related
to eacn other:

1. Plances of woakness of the rocke

2. Physical ci.aracteristics of tiie rock,

Se Xind, ~rade, and quantity of ex-losive.

4, Distributlion of explosive in holes of round,

S5¢ lumber of holes in a round.

6e Cross soctlion of heading,

7« Form of round,

8e Dlameter of drill holes.

In blasting, the rock must be taken as 1t comes,
The planes of woalness constitute the most important factor
concerning the rock that 1limits the dopth to which a round
can bo blasteds The physlical cheracteristics of the rock
aro important but are subordlinate to the planes of weakness,

Tho depth to wilch a round can be broiken denends

obviously upon tlhie exploslive used and 1ts distribution in

thie holes, These matters will be discussod later.



Thio nurber of Loles In a round ceternincs tiio Clse
tributlon ol exploclive In the face and the quantity tlat can
boe loaded. reqguently tieo nunber of Lolea drilicd dojends
uzon tlio timo avaltlable, If the ground looizs dlfflcult to
Lreakk end .o Las time, tlle mincr nay crill an extra hole;
otherwlise lie will load lLieavior tiiose &lreacdy drilled.

Tho slze of thie lLeadin~s determines the an:le that
tlie cut hLoles can be drllled, wiicn in turn, aflfects the
cepth to wiilch a round can bo brokene Tuiie deptl and angle
of o cut iiole 1s limlited bty the dlstance from the collar of
tiie hole to tle 11:dts of the Arilt on the line of tlie holo,
a cistance tliat rmust cqual or very nearly equal the length
ol tlic lonjsest steel uscd, In long holes, tie blt of tle
last crill will be cne=-fourth to one-half inch smaller than
tiie dlameter of the hole at the collar, w.ich allows the
steol to be pushed into tLe holo even 1f 8li htly out of
lino at tlie start., Tho riost econoulcal hel;lit of Jdrift In
dovelopment work nmay depend upon the cost of disposing of
tlio Llasted materiale. \Vuore tlie waste 18 desired for fllling
in stopes or wlero a sliort tram to a dwip 1s avallable, a
crift eight feot Lizh may cost less to run than one only
soven feet Lilshe If dlsposal of waste 18 costly, a hi‘ler
blastins cost Quo to a lowor Lack may ~ive & lower cost per
foot advaiicoe

Tiie form of round 1s Important, and under some
concitlons a lon;cr alvance can bto neade with one form of

round tiian witl anotiieres In hard sround, tlie Cdlstance possie



bla to brod’:s mny Jorond o0 tho Intlinatton oF thoa ecut holes.
Wit i slzo of tlio Liaading rennlnlng tiic samo, tiie Jdeonor
tho round the loss anslo can be tven thie cut ioles,

Thiere has boon a tendoney to roduce the Alamoter

T hore hnlea to lower ¢r'llin: costs. Vithln reasonablo
1lmits 1%t costs less to drill koles of small dlarmetor. ilow-
ever, in tiec sn2ller Clometor hioles, less cxdloslise can he
uscde Thls dlsadvontaze In some cases cont be eompeoncated
for by using a hl hier srade explosive thint wlll contaln tho
samg breaizing onersy in a smaller corpass, Thwo dlameter orv
tiie holes should not be reduiced o loas thaa one inzh, as
below tiils dlamotor tlie exploslve may nnt dotonate at 1ts
hizh rate, Tho d:ill-steol stoc!: used at most nines pre=~
vents holes of smaller dlameoter belng drilled.

As tho timo taken to set up and take down the drills
13 the sameo, thio cost per foot of drillins holes 1in deen
rouncs 1s loss than in short ones, othior condltlons renmaine-
Ing tho sane.

The cost of drilling 1s the major 1ten in advan=-
cing a drifte The coat of explosive is about one-ti:ird of
the cost of drifting; therefore, it would appear economlcal
to blast as long rounds as could be practically érilled end
brokene

Standard Rounds: Certain kinds of rounds seem to

be favored over others in some districts, irrespective of
the kind or nature of the rock or improvomonts 1in explosives,

Miners are conservative by nature, and once they have learned

P 4o YN



to drill any particalae foraz of round it is Clfficuilt to
c.uan;o tuolr wayse At soio =liuncs a fora of round lavored
by tiic sizeriatencent or {oresen 1s used, wicrees a..otier
fora sl Lt be Letter sulted for tie condlitlons exlsting tiere,
wiere the 1ncildasl mlaers are siillled 1a plecling
ti.e L:oles of a round and Lave no lrnherent prejucice, tle
best results can be obtalneld by leavin: thiex free to c¢rill
nd tlast tiie lLoles to tal:e advante;e of all favoreble cone
cltlons 1n cacah rounde lany such sikllled mincrs are stlll
woriliag 1 tle mlnes, Lit tie prcpertion of worlkuen wi.o cdo
niot Lave &n adeguate lewouledge of the effect of tie exzlo-
slve 18 o large tlct wicre ti.e form of round drillcd 1s
left eatirely witii tiie mincrs, tiie best results tiarou-lout
tiie mine are not always obtained., Under such condltlons a
standard round worked out for average conditions for each
typo of ground would scem desiratles
Instances hsve occurred wiore gSreen nmen tau it to

arill rounds by a standard lave mado better pro-ress than
uiners wiioso exnerlionce hnas been galned elscwhere, and who,
influenced by tlelr preferencos, insist on dr!lling a modll-
fication of thie standard round.

Faisin~ Touncs

Ralses are s:aull passages driven from a lower
level to a Lizher level. They may very in inclination froa
vertlcal to nearly Lorizontel and all holes will be rolnting
upwarde It 1s nccessary to bulld a ;latform for tle ren to

drill from and ordlnarily, tiils platform is left in rlace



during the shootingz to catch the ore and control its des-
cent to the mucking level. Fipfure 12 shows a typical raise
round in moderately hard rock. The method for blasting
this type of round will be discucsed later.
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Vertical Raise Round
Fige 12

Sinking Rounds
Shafts and winses are passageways sunk from one

level to a lower level., Figure 13 shows a satisfactory type

of shaft round for small shafts. It does not utilize the

usual wedge or ocone-type cut but makes use of a principle
known as a "sumping” cut, in which each round forms a sump

to colleot the water so that it can be pumped out easlly



and leave a relatively dry bench on which the men can do
their drillinge This type of round is almoat a necessity

in very wet worke.

Swall Shal't ound with Sumping Cut
Fige 13

One of the greatest 1tems of expense in shaft
sinling is the drilling whioch normally cannot be carried
on until all of the rock from the previous blast has been
micked out, ilarmer drills are usually employed as they are
much more flexible and ranid than arrancements for mounting
the (rills on oross bars., The number of drills that oan be
used dopends, of course, uson the size of the shaft, The
holes should never bottom less than 1 1/4" in diameter and
preferahly larger in order to allow the vlacins of riore ex-
plosive Iin tho toe of the hole whers 1t 48 ncoded. T}e most
econonical size cf dymamite cartricdze for hard rock 1s usu-

ally 1 1}/4 x 8" and this will require a hole bottoring Crom



1 3/8 to 1 1/2" in dlameter., As in the case of tunnels,
both tuo diameter of the shaft and the type of rock govern
the numbser of holes necessary to pull the round.

M sure 14 shows a winze round using a draw cut,
This type of cut is very practiocal 1f the winze happens to

run along & veln or slip, If there 1ls a free parting at

Viinge Hound Using Draw Cut
Fig. 14

this point it 1s usually unnecessary to drlll the holes
along the bottom, althoush it 1is edvisable to put in one
of the lower corner holes and shoot it last in order to
furnish a sump,
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TLres methods of drillins rounds are used in
Azericaa retal mines: (1) by drills from mountings sct up
at tie face, (2) by rcans of unrrounted drllls held 1ln ihe
hands of tlie operator, (3) by Land rower, The last rmetiod
of ¢drlllins 18 scldom used in prescnt-day mining end will
not be dlscussed in tl:ls parer,

Zommer drills operated by steam or compressed alr
hiave largely replaced the olcder plstone-type drills In nctal
ririn-e These ¢rllls can be opcrated elther wet o:r dry.
The Leyner ¢rill 1s an Axmcrlcan drlll esreclally acdapted
for use 1n rock where a water jet onables a bit to cut fas-
ter, Thse Leymer dArill has a hollow drill rod throuch which
the compressed alr forces the water which escapes throush
holes near t:ie blt, Tlie compressed air 1s tie rrinczipal
asent 1n cleaning the hole, the wator laying the cust and
essisting In the cleanlinge Tho drill stecl 1is not fastcned
to tio drill plston, and is not ciurned up and down 1n the
hole, btut 13 struck by tho plston, whilch also rotates tie
érill it automsticallye.

Zinker Trill

This drill, whlch %3 usually opcrated by comrressed
alr, is nmost sorviceabls for drtllins holes urs to 12 f»5t in

deiy

certh, and is adlaptable for use 1a drillins vore lLoles for
sialts, Tho drill 1s cxperativel;y 1i:ht and eastly carrled.
The reqalred alr !'s for-tshicd by a portadle crmprresacr wien

a statlonary compressor outfit =2 not csnvenlent,



Sinker Trill
Illus.la

Sinker Irill Operating in Shaft
Illuse.lb



Trifter Irills

A slight modiflcation of the mounting permits the
hammer or sinker drill to be mounted on a vertical colurn
or horizontal bar in a drift or cross-cut, This permits ra-
pild drilling, and 1s ruch used in tunneling and mining opera-
tions, when the vertical column is used the drilling machine
is mounted on a cross arm on the colun, This arrangement
allows latitude in starting holes in a face, as the arill
can be used in any posltion desired, [oles are generally
drilled in sequence, beginning at the top of the face. The
broken rock from the previous round must be removed or turown
back from the face to allow the column to be set up. Vhen
rounds are blasted on each shift, extra work is required to
shovel back the broken material to set up the column, Illus-
tration 2a shows a wet drifter mounted on a vertical column,

with the arrancement of water tank and hoses,

Vet Drifter Mounted on Vertical Colurn
wlta Arrangement of Wwater Tank & iioses
Illus. 2a



At most placos where drilling must be started be-
fore the bLroken rock is remnoved, crossbars are used, lNost
of tho holos can be drilled from a set-up at the upper part
of the drift above tho broken material. By the time these
holes are drilled the rock 1s generally removed, then the
bar is torn down and set up acain at tho bottom to crill the
lifters and at some places, other holes of the round. Illus-
tration 2b shows the drifter mounted on a horizontal crosse

bare

Lrifter Younted on Horizontal Crossbar
' Illus, 2b

Stoper Trills

These are specilal hammer drills used for overhead
drilling, as in raising and in overnand stopinge. Stopers
requlire no separate mounting since taey stand on a telesco=-
plng alr leg. Tiie air leg not only serves as support but
1s also the feed mechanlasm. Illustration 3 shows a stoper

in operation on a vortical raising round.






Stoper in Operation on Vertical Ralisling Round
Illus. 3

"r1ll Carrieces

In recent years, tunneling operations have made
rood use of the drill carriage of "Jumbo"™ mounting, The
drill mounting conclsts of a heavy framework for carrying
the columns, arms, and bars for mounting two or more drills,
Up to thirty-five drills have been mounted on the lergest
carrieze, The carrlage also comprises platforms for the
drillers to stand on, usuelly desisned to drop to the side
when not in use; facilities for carrylng drill steel, bits,
and toolsj; manifolds attached to the main alr end water lines

and providins outlets for each Arill; and finally, headlight



or flood lights to 1lluminate the worliing face, DIrlll care
riazes may be bullt on trucks to run on rails or on self=
trarming caterpillar crawlers, or may be mounted on the bed
or chasels of a motor trucke Illustration 4 shows a print

of a drill carriace outfitted with two drifter drills.
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Print of Drill Carriage Outfitted
with Two Drifter I'rills
Illus, 4
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DLASTING TLRIMT ROUTTO

After a round has boen drillcd, tie sludse macde
by tie cuttings and aay drillinc vater are tlown out of the
holos by means of comrressed elr tiroush a tlow:Ine, Th
blastin- supplies are then brousht up to the face, priaers
nacdo, and tie round loaded and blasted,

rimers

A priner 1s a cartridze of exrlosive with some

meons of firing 1t ettacheds 1% %18 placed In thic vore uole
alon: with tho remainder of tie c.arse and when flrod, ex-
nlndes tie latter. Totl: tlio method of melklng up prinicrs and
the location of the primer cartric-e in the loaded bore holes
vary witih the i1Ind of explosive uscd, ti.e type oL 1i-niter or
detonator used, and with certain condéltions of blastinz,
In blasting drift rouncs the primer cartricdse is gseacrally
of tiie same exploslve used for ti.e maln clhiarge, but occa-
slonall} a cifferernt I21nd or rade will ke usecds In metal
nines, fuzo aaxl cetonators (ceps) are malinly used as the de-
tonating Cevice for bvlasting Ar1l8 rounds. Vet crifts are
freguently blested witli clectirle acley detonators, and at a
few places, all Crilt rounds are tlested In tiils manncr.
The nuuiber of motal mincrs faniller with electric blacting
1s relatively s.all, and a;parcatly tlhe lack o trained men
1s one of tihic maln reesons wiy tils meti.od ol siooting rounds
1s not more zonerrlly used.

Trimers should be carelftully male 32 Lhat tie, satls-

Sy the follow'n; c>1lttlonse



(1) That the ipnitor or detonator cannot bs pulled out of
t.:e primer cartricdre.

(2) Tuat tlic linmlter or dctonztor be 1in tie safcct and most
effective position in tue primecr cartrid

(3) Taat tho fuzo or tie wiros of electric lirinz levices
are not sublect to Larmful stra’ns,

(&) That the pricer is wvatorprool 1 neccsserye.

(C) ZThot the wiole primer assenbly can bte loaded salely,
casily, anc ia tie preferred positlon in tio cilarze.

Capring muzo: PIrellminary opcrations incluce cut-

1ag tie fuze and crizring on the caps, Thls work siould
to dong In a Gry place ani care talkea tihat all fuze for
specific purposes 1s cut cccurately to lengthie The lensth
of tie fuze cut should bte sufflclent to reach from tie prie-
mor In the bore hole to ti.o coller plus some acddltional
length outside the hole. In all blasting, the mlnlmuna length
should bte sufflclont to allow tiic blaster enouch time to
reacii a place of safety altor liptting the fuze plus what
additional len;;th 18 requlirod for trimninge Under no cire-
cumstances should loss tunan two foot of fuze be used.s The
fuze should be cut squaroly across with a sliarp instrunont,
The cappling of the fuze with a detonator should boe done in
suchh a manner that the exploslive compositlon of the detona-
tor fits snu;;ly a—-ainst tue end of tie fuze. (See Fl-ure 15)
Also, the detonator should be securely crimped on the fuze
in order tuat the fuzo wlll not be pulled away from the (o=
tonator during loading or by tho concuss!ion of the proceding

silota.
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CAP SHELL GAP s FUZE

EX\PLOSIVE FOWDER CORE
CHARGE

Poor CuTTING
CAP SHELL_NOGAP  —~FUZE
EX PLO; SIVE CHARGE z/DoszR CORE

PRoPER INSERTION

Figo 15

Stren~th of Tetonators: The Burcau of lilnes re-

cormeonds tlie use of No. 8 detonators, No. 8 electrlic deto-
nators, or llo. 8 electric delay detonators for all blasting
1n metal mines, A strong detonator Imparts a greater ini-
tial impulse to the exrlosive, which tlieoretically bdbrings
the explosive wave in the charge to full speed more quick-
ly and thoreby increases the effectiveness of the blast,
Gelatin dynamites aro relatively insconsitive to detonation
and beccome more insensitive with aze. Fewer misfires should
occur when strong detonators are used.

Handling Tetonators: Capped fuze should be sent

underground in closed rigid containers and taken to detona=-
tor lockers, which should be at least fifty feet from the
powder magazines. Capped fuze should be issued to minors
separately from the explos;ve and carried to the working

faces in separate bazs, =Zlectric and electric delay doto=-



nators should be handled in the same manner,

Primers witlhi ™uze and Tetonntors: Considerable

variation exists in the method of placling tlhie detonator in
tiie cartridge; and many experienced men, including both mi-
ners and bosses, have dlfferont and deciced 1deas of how
the work should be done., In naiing a primer, tlhe first con-
slderation 1s that 1t can be loaded safely, the second tlat
w..en the primer is loaded the detonator will be firmly an=-
chored 1n tiie primer cartrlidge, and the third that there
shall be no sharp turns or kinks in the fuze that would be
likely to pinch the powcer core of tho fuze.

Tuere are at least four methods in general use
for ma:zing primers with fuze and detonators as 1llustrated
in Mizure 16. Irom the standpoint of offectiveness and
safety, Primer "A" 1s probably tho best as 1t is difficult
to pull out and it talkes advantage of the fact tiat tlLe
greatest force of a blasting cap 1ssues from the base in the
direction of the longltudinal axis of the cap, Primer "3"
is practically as good both from the standpoint of effec=-
tiveness and safety. Ti:0 mothods shown in "C-3" and "D"
are very poor a&s the sharp bends caused By lacing may crack
the waterproofing so badly that molsture present in a bore
hole or in the stomminz will cause a rmlisfire. ThLe poorest
primer i{s one in which the base of the cap 1s ncar the out-
slde of the cartridge, "C-1" and "C-2", where it 1s likely
to break through 1f tamped hard and cause & premature explo=-

sione.
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ReEcoMMENDED

= NEAN N SN

FUZE TIED WITH STRING
A CENTER PRIMING B SI1DE PRIMING

NoTr RecommenoED

Rl L bk d Ll LLIN

N P
C-1 POOR CAP POSITION C-2 DANGEROUS POSITION
1 \\\*/t:! , M:.‘r_ :J\)
C-3 FUSE STRAINED D HALF HITCHED FUZE

Trimers with ilectric Telay l'etonators: There

are numorous methods of priming dynamite cartridses with
electric blasting caps but the preferred methods (Fizure 17)
involve several fundamontal principlecs: (1) The dotonator
should be in the center of the section of the cartrlidge and
parallel to the lon; exis of the cartridce. (2) The wires
shoﬁld be attached so that they will not slip off or permit
the cap to ﬁe pulled out of the cartridge; so that the pri-
mer can be loaded with e!lther end foremost and drawn ouﬁ of
thie hole, if nocessary; and so tliat there are no sharp kinks,
knots, or overlaps in the wires that might cause the wires

to break or to cut into eachi otiior turouch tiie insulatlon



and short circult. In “isure 17, Cartridges A and B 1llus-
trate the recommended methods of maliing up a primeor with
small dlametor cartridge and electric blasting cap. Tar-
tridge C 1llustrates tie netlod wiiich !s most frequently

practiced althoush not recom.icnded.

METHOD A METHOD B METHOD C

Position of Primer

Thioorotically, tho 1cdeal mothod of priming 1s with
t..e primer ncar tie outer end of the hole and tiie detonator
polinting toward the baclt, waever, in rmultiple shots or
rotation firing, 1t has beon observed that almost lnvarihbly
tiie fuze of all holes except tio lifters are sheared off
even with the collars of tiio holes by the blast of the first
cut hole., Tiiorofore, it is neccessary that the primer should
be in such a position that the fuze will not be cut off at
any polnt before the train of fire has passed 1t. Obviously
cach primer should be far enouzh below the collar of the hole

tiat tiie train of fire in tiie fuze i1s witiln the s0l1d rock



before tiie first cut hole explodes. T[l-ure 13-A shows the
recommonded metihod for priming dynanlte cherzes in dry holes,

13- for firins in wot holes.
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BLASTING CAP
STEMMING PRIMER

STEMMING PRIMER

A B8

Mz. 18
To protect the detonator, one cartridge 1s gen-
erally placed 1n tho crill holo and is ta-ped well before
tie primer 1s loadeds Thls should always be done wiien the
fuze 1s turned back along the primer cdrtridga.
iwhen electric blasting caps are used the 1deal
wothod of priming cl.arges, with tue primer near tie outer
end of tlio chwarge and the cap pointing toward the back, can
nearly always be usods. This appliéa equally to sinzle shots
and multiple and rotation firinz. There 1s no danger from
cut-offs in the latter instances because the elcctric blas-
ting caps fire togeother and always are the first to fire in
rotation rounds.
Tamoing
Tests have beon made which indicated that in hard
rock there is an advantare in:having as great a loading den-

sity of the explosive as 1t 1s possible to obtaln by ordin-
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ary nothods. Crantins the advantaze of a high denslty, the
cuarzes should be tamped to f1ll complotely thoe sectlon of
thie drilll holes The roncral practice 1s to slit the paper
covers of all cartridses except the primers before placing
tie explosive in the bore hole, wiich allows the cartridge
to "mushroon" when pressure is exerted acalnst 1t

In tamping a hard explosive, fuze or the le;zs of
electric delay detonators may be kinked enouch to cause a
misfire; therefore, care should be taken in loading the car=-
tridge next to the primer not to damaze the primor or cause
& kink in the fuze or ths wires of an electric detonator at
the outer end of the primer cartridge.

Znough time shiould always be allowed for charging
@ round. Iliurried or carcless work causes many misfires and
some premature cxploslonse. Theo oxploslive can not act to
the best advantajze 1f the nmen doing the work do not take
time to prepare and tamp the cliarges propcrly.

Stermming

Stemming may bo dofined as an lnert material placed
in the outer portion of a bore hole to confino the charge of
explosive. In some localities, it is called "tarpinz" by
the nminers. Ilumerous tests have shown conclusively that
sterming incrcases the efllcolency of explosives in blasting
rounds in undorzround metal mines in all places except in
very soft rock,

liine superintendents gonerally concede that the

use of stomning saves explosive in blasting, and at a few

@adQw



minecs a constant eflort 1s made to see that it 1s uscd throughe
out tiio workinss. lowever, at rnost places 1t is considerod
tiiet the effort necessary to enforce tlie use of stemming costs
more than the saving effected by 1ts use.

loist clay arnecars to be thie best sterming materi-
al, but damp sand 1s ncarly as good. Coarse or ansular steme
ming should not bs used, as there 1s danzer of damag’ng the
fuze or wires of eleoctric detonators, Iost mininz corinanles
use dry tallings sand from concentrators, as the cartridges
are nore easily mado by kand with this materisl, Impty pow-
der cases are packed wlth the paper siiells with the open end
upwarde The sand 1s tlien poured into the shells, after which
1t 1s molstcnrned, and then tiie opened ends of tho shells are
closod by Land, Clay cartridges are cnecply made with a
molding machine,

Tho naln valld objectlon to tiie use of stemming
is that it 1s harder to fake care of a mlsfire with stomming
in tlhe hole. liowever, most missed holes can be reblastecd
by rlacing a new primer in the hole on top of the sterminge.
0f the explosive in the hole is too inscnsitive for tlls,
most of the stemning can be rermoved without undue dangers

1ringz licles with Tuze % Tetonator

Tho final act in blasting is tio actual firing of
ti.e loaded charges. with each metihiod of firing somo prepara-
tion 1s required, sucu as trimuinz fuze, connecting up and
testing electric circults, and the like.

Seven-foot fuze arv generally used for blasting

Y. Ly N



erilnary drift rounds. To et the proper sequence of firing,
a2 plece 12 to 19 inclies longz 1s ordinarily cut from tlhe fuze
in tho {irst hole to bc shot and a sectlon one-healfl to one
‘nch less tl.an tlet for tiie preceding Lole 1s cut fron each
succecding fuze, except that in the last lifter which 1s

not cut, Jafety fuze 1s made 1n two dlstinct speced ranges,
uanely, that wi:lchi burns at epproximately 40 scconds per
foot and approximately 30 scconds por foot. Tho manufactur-
crs hold the variations to 10 por cent eltlhicr weoy at the
t;me of manufecture.

Eoles are 1lit in thio same rotation as the flring
sequonce, and where no difficulty 1s expcrienced the time
rcquired to 1lisiit aa 13-iole drift round with an open={lane
lamp 1s threo-~fourtiis to one and one={ourth minutes,

In nost rounds, no advantaze 13 obta‘ned by having
a certain group ol holes fire before others, Tiusg, alter
tiie cut holes fire, 1t 1s Ilmmaterial whethwer thoe breast holes
or siimmers fire next. 4Also, in rost rounds eltuer one of
a palr of slde holes could detonate before thio otlhier with-
out influencling tlie brecalk of tie round, Ouch holes are
grouped and shot with the samec delays In firing electrical-
ly. Lowover, tlils prractice 1s not generally fcllowed wlien
used fuze aud dctonator as is shown in 'ijure 19, which 1l-
lustrates tlie rotation firinz of the holes.

In a 1€-hole round cdrilled as in ™ ure 192, the
holes could ba grouped in thls manner: (1) 2 center cuts;
(2) 4 8tcde V cuts; (3) center breast and conter sitirmer; (4)

2 side broasts and 2 side skirmmersj (5) back hole and conter



-

- -




lifter; and (6) 2 sicde 1lifters.,

16-!iole Nound, ™ mres Indlcate
‘the Rotation of riring lioles
"ze 19
Attontion should be called here to a vory im-
portant precaution in tiio firinc of blasts e ti:o sale-
suarding of all porsons including those workins d'roctly
on tlio blast, and those enzaz?d in othor worik in tho vie
cinltye Two = and only two « ron should bo presont wille
a ¢rift round 1s bein; 1it, If one ran losss hls. 1li:zht,
tiio saecond is t:ore to.giva him anotliers
Vet Ioles: Vhon wet holes are to be shot wilith
fuze, tlioy siould bo 11t as soon as possible after loading,.
Even with the bvest protectinn, misfires are lllzoly to occur
if wet lholes are left standlng over fifteen minutes. In
wot work most misfires are caused by the falluro to nmake a

watorproof connectlon betwoeen tlio detonator and fuze.

vatoera»oofin~ uze: !ost fuzo used in motal nmines

wlll withstand water for a conslderable tlme, liowcver, de=



tonators are made insensitive by small amounts of molsture
and will fa!l to fire if wet. Therefore, in blasting in

wot places tie capped end of tue fuze is treated with some
waterproofing material. Various preparations are used,
Grease and candle tallow are tie old stand-bys used by miners
wuen othier material 1s not avallable. P.% Be palnt llo. 1

i1s successfully used at many places. The fuze cumpanies re-
cormend that only cap-sealing compounds made for the specl~
fic purpose be ussed for waterproofing the crimp jolnt be-
tween the detonator and tiie fuze. VWaterproofling compéunda
should not contain anything, such as gasoline, that will
tend to soften or penetrate the waterproofing coats of the
fuze, Some materials used for scaling the connection may
have excellent waterproofing qualitles, but if they attack
the fuze they will defeat the puapose for which they are ine
tended,

Firines Holes with Electric Delay Detonators

There has boen a large amount of material written
as to the relative values of blasting with electric delay
cdetonators over tiie use of safety fuze., A predoninance of
the blasting in metal mines 18 still being done with safety
fuze even though it seems apparent that electricity is as
efficiont and safer, although the cost will run slightiy
higher. In sinking and ralsing, electric dotonators have
come into almost exclusive use as it 18 nocessary to give
the miners plenty of time to retreat to safety before the

blast 1s fired,



In the larger mines electric current from 1l htling
or other circults 1s gonerally avallable for flring electric
detonators, but occaslonally a blasting machine will bo ro-
qulred, when tuore is ample current, thie detonators of a
round suould be connectod in multiple, but where 1t 1s neces-
sary to use a portable blasting rmachlne, 1t 1s bost to con-
nect tiie holes 1in series. There 18 less likelihood of nis-
fires from leaia;e of current or short-clrculting wien a
hizh voltage 18 useds Vilien wiring in multiple, tlie legs of
tize indlvidual detonators should be long enouch to reach to
the bus wires without spllicinge The leg wircs for a 6-foot
round in & 6 x 7 foot face should be 10 feet longe >ach do-
tonator should be tested with a galvanometer before and af-
ter loading to insure that no circults aroe broken, The ends
of the two lez wires of each detonator should be twisted to-
gcetiior boefore tie dotonators are taken underground to pre-
vent possible premature exrlosion by stray electric currents.
After the round i1s loaded tle bus wires, whlch should con-
sist of unlnsulatod copper wire of about No. 16 Bs%: Se. page,
are strung across the face and fastened to two wooden plugs
or stalkes, Care siould be taken that the bus wires do not
touch each other. One wire of each detonator is attached
to one bus wire and tle othor wire to tiie op;.osite bus wire,.
iach wire should be attachod indivlidually and care taken
that connections are well macde and that no short circulits
occurs

The temporary firing line, which should consist



of Tlo. 14 lvad wire, ioe 13 ammunclator wire, or Loe. 20 con=-
nectln,; wire, sihould thon Lo connocted to tho bus wires and
ti:0 worl proceed away froa the facee Tue ends of tue per-
nanent blasting line eshould be touci:ied toetiwer to maiie sure
tiiey carry no carrent Lelore tle connoctlons to the tempo-
rary fleing line are rnade. Two single wires rather then a
cuplex lead wire are to be prelerred. The use ol sin’le lead
wlires preveats line losses of current and also mal:cs the lo-
catlon and repalrs of brealks simplere. The round should be
fired tixrouzlh a safety swltch, whilch rmst be kept loclked in
an open position; tie nrlner in ciarge ol the blasting should
have the only keye.

Lelay electrlic blasting caps are similer to reosu-
lar electric blasting caps, except tiat a delay elerwcnt ls
inscrted botween tihe electrlicel [flring element and the cde-
tonating ci:argese. Ticy are manufactured in standard perlods

o

ol delaye. i"or instance, Jupont Telay lloctric Dlastling Caps
are manufactured In ton standard periods of delay, raaging
in numbers from & lecdelay to l0=-delay, Tiie time Interval
of delay for ti.c {flrst perlod 1s approximately one second
and tlie time intervals increaso gradually up to apyproximate-
1y 23 scconds between the ninth and tenth periods. i'izure 20
1llustrates the use of electric cGelay detonators in a typl-
cal érift round at tiie Cliffs Shaft Llne, Ishpenming, l'iciile
Sane

The ccntral hole in the cut scection is fired with

a regular electric detonator or a ;0 delay. %iie romalning



cut l:olos aro fired with /1 cdelayss tiic Lrsast Loles with

a0 delaysy the side breasts, side silumers, back Lolecs, and
] f ] »

1! fters arc all fircd with a 'S5 delay.
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20=l0le Round Cllfls "Lalt !'lne, licillr~an,
Humbers Indclcate blectric lelay “ectonators
Mze &
wlectrlc blesting las a two-fold advantase over

fuze and detonators Iin wet drilfts; tlicre is less likelllicod
of misfires occurring caused by molsture, eand tlo dmnor 1is
elininated of mcn staying ton lons at & face wiille 1i;lLiting
wct Tuzo. Langfiros are less freguent with electric Llase
ting, and uon can tale plenty of timc to reach & place of
safcty belore {iring a rounds Thie posslbillty of misfires
from fuze bolng cut by previous shots ls ellninated, aad the
rotation ol llring 1s surcr with cloctric tlastinge.

Avioint of mlosive Per jiole

Tiie dlstribution of the explosive In tlie holes of
a round 1s Important and wlll depond upon the cxploslive used,
tlie characteristics of tlio rocl, tl.e number of holes, and

the kind and depth of the round drilled.
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A3 an exapleo, the following dlstrlbvation was
foaad t2 bo best in a 1G-uole round 5 feot decp, coataining
Lioo palrsg ol Ve=cab Lolos drllled in a O x 3 foot arift in

lliaostone at tiie Coppor (uocen mine at 3lsbee, Arlzona:

Cartrld-~cs
2 center V cuts - 7 each
4 s1doc V cuts - €& each
Centser breast - S5 eacn
2 side broasts - 4 each
Center sitirmer - S each
2 side sklmmers - 4 each
Back - 3 each
S lifters - 4 each

For ordlnary work, 1t was not considered practic-
able to use parts of cartridges. Wien the cut holes broke
as expected, one less cartrldr-e per hole would have been re-
quired for the other holos of the round, Howevor, occasion-
ally the cut holes falled to breask well; and Iin each case,
tiie extra cartridse portly macdo up for this deficlency, and
a falr breax for the round was stlll obta'nod, Liftors are
almoat always overloadod. A nissed hole at tiie bottom of
the round 1s nmore dansorous than one elsewunere, as 1t ls
likely to bo covored with tlhie brokon materlal from the other
holese Should 41t not be notlcod, 1t ml-ht be »nlcked into
by tho shoveler. Ono reason for overloading tie llfters is
to maike a nmisflre more cvidents An excess of ex-losive is
also used 1n tlia 1ifters to throw back the brolien rock on
the shovelling si.cet to make ti.e work of tiie siiovelor easler,
Vihere 1t 1s necessary to sliovel back rock to sot up a colurn
excessive cxplosive 1s also used to throw as rmuch of the rock

bacit from thic faco as possidle,



Misfires

Safety of operation 18 the first rcquirenent in
loading holes, as it is with all branches of mining. The
charzing must be done in such & manner that no premature ex-
plosions occur. MNMisfires or cut-off holes are also a source
of danger that can largely be prevented by care in loading
and by the use of proper oxplosives and blasting supplies.
lisfires materially reduce the "break™ of the blast, besides
interfering with the work of the followingz shift while missed
holes are being reshot,

Tespite precautions, the fact remains that occa-
slonally for one reason or another, & misfire 1s encountered
and it 1s important to know how to handle it safely. All
faces should be carefully inspected for misfires before any
work 1s done at the place, In case of a misfire in a drift
round, no one should be allowed to return to the face for
one hour 1f fuze was used or one-half hour 1f the round was
blasted electrically. !issed charges should never be withe-
drawn from a hole but always reblasted by inserting a fresh
primer 1n the top of the explosive., ¥XNo plcking or drilling
should be done in a face in which & misfire occurs until the
missed charge 1s blasted. Vhere no stemming 13 used, it 1is
a simple matter to push a new primer down & hole and shoot
it in the ordinary manner. Vhen sterming 1s used, the charge
ray not fire through the inert material, in which case the
sterming rmast be removed. Vhere the steimming 1s 1in paper
shells, 1t 18 gonerally romoved with the iron scraper used

for cleaning holes, There 18 an element of cdanger in this,



and wasiing the stemming out with water from the blowpipe
would appoar safer,

shafts, Vitnzes and Palsin~ Foun's

Thie procedure used in blasting slnking and ralsing
rounds is essentlally the samec as that ia blasting drift
rounds, with the exceptlion that electric detonators are used
instead of fuze and detonatora.

All shaft rounds should be fired electrically so
that ti.e entiro crow can be out of the shaft before thoe
switch 1s thrown, Great care must be exercised to see that
tlie cdelays are properly loaded so that all holes will fire
in the desired ordeor.

While small shafts requlring thirty holes or less
per round can usually be fired with a blasting machine using
a straigzht series connection, it 1s gonerally more satis-
factory to use a power circult and connect the caps in either
straight parallel or parallel serles., Connectlons in shaft
work are likely to got wet and if series connections are used,
some holes may be shorted out, causing a poorly pulled round,
loss of time, and possidbly a serious accident., Thls trouble
can be largely eliminated by using the straighit parallel con-
nection and riring with the power circuit. ‘hen the work
i1s not too wet, the parallel series hook-up may be used, cone
necting all instantaneous caps in one series, all rirst de-
lays in another, all second delays in a third, and so on,

finally connecting all those series in parallel.
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Relationshlp of Planes of Viealness to tlie Quantlity
of I'=nlosive Tecuirod for Trealin~ 'rift Tounds

To obtalan data on the relatioashilp of the planes
of wealmess to tho quantity of explosive roquired for breake
ing drift rounds, the blasting of a seories of eizht rounds
was obsorved at tiie llares niine of tie [loctezuma Copper Comne
pany in April, 1927, These rounds wore all blasted in a
hard-drilling, difflcult-breairing porphyry. Fisure 21 shows
a standard 13-hole round used at the Iilares lNine, Iounds
were blasted with 60 per cont gelatin dynamite. Sterming

was gonerally used in the rounds,

f—4-5"

Standard 13-liole Found, Pllares l'ine

A description of the rounds and the results of
blasting are sliown in Table 2, and Figuro 22 1s a curve
showing the relation betwoen the quantity of ex»nlosive re-
quired per foot of advance and the classification according
to tho planes of wealness of the rocke Tlie points used are

for the estimated quantity of 40 per cent pelatin to ~lve



an eq:lvalent of tlhio prop:zlslve ener;y of the C) per cont

strength used.

The same classificatlion scale and symbols

for the planes of wealmmess were uced as ti.ose shiovm in

Table 1,
Silze Noe |Depth|Drilling| &  [Explosive |Est.lquiv,

Round| of of of | Speed [Syme| per ft. 405
llo. |Ecading |lioles|Round|in./in, [bol | Advance | Gelatin
69 5 x 705 16 3.5‘ ) 6.5 806;"} 909;?
70 |8 x 7.5 13 4 9 7 8.0 9.2
72 (5 x7 16 3«5 | 10 7 846 9.9
73 |5 x7 13 4  — 7.5 8.0 942
74 |5x7 16 4 6.5 6 9.2 10.6
75 15 x 7 18 4 7 8 75 8.6

Table 2

#efers to the classiflication of the plancs of wealmess in
the rock as described in Table 1,

2
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EXPLOSIVES (40% GEL) PER FT OF RDANCE

Curve Showing Relatlon of Amount of “xplosive
and Planes of \'ealmness
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Typlcal Drilling and Dlasting Procodure as Used in
the Portland !tne, Victor, Coloraco

It is impossible to give a complete picture of the
speclfic mcthods of drillinz and blasting used in present-
day metal mining as the procedure will vary consicerably
with the individual mlnes, typos of rock encountered in the
various localities and with the abllity and knowledge of
tiie men carrying out the worke. The procedure used at the
Fortland line may be considered as representative of a metal
mine and 18 Lerein given to 1llustrate the use of some of
the goneral prilnciples of drilling and blasting that have
been stated previously in this paper,

The standard size for drifts and cross-cuts in
the Fortland kine at Victor, Colorado, 18 56 x 7 feet. Three
lengths of steel are used for drilling most of the drift
rounds, The starters averagze about 2} foet long; the second
steels are about 4 feet long; and thne third is from 5% to
6y feet in lengthe The gage of the startors is 2 3/16 in-
cnhes, and tiere is a difference of about one=-fourth inch in
gaze in oach succossive bit, Tho average drillin; speed is
about 9 1nches per minute,

Rounds are drilled and blasted on each suift. Cross-
bars are used for holcing the drilling machines, One set-up
18 made near the top of the drift, and all of the round ex-
cept the liftors 1s drilled from thls position. Dy the time
these holes are drilled the shovelors lLave remnoved the bro-
ken rock, the bar 18 set up near tle bottom of the face, and

thie lifters are drilleds The first position of tue bar 1s



usually a pick handle longth (31 lnciies) from tlie top and
the same dlstance {rom the face of tiie drlft, JIome miners
place the bar a little closer to tl.c lface to ;lve thie cut
holes greater pitche. :I'izure 23 shows an averase ll-hole

round in hard rock at ti.is mine.

Typical 18=-iiole Round, rortland Kine
Fig. 33

Thirty-five per ocent strength special gelatin dy-
namite in 1 1/8 x 8 inch cartridges is used for all blasting
in the mine. The holes are loaded to near the collars, and
no stemming 1s used. No. 6 primers and fuge are used for
blasting drift rounds. rrimers are —ade accord'ng to the
miner's preference, lost miners in the district insert the
capped end of the fuze centrally in tiie end of the cartridze.
In loading primers the fuze 1s not turned back along the cart-
ridge except wiere two primers are used in the same hole, in
which case one 1s turned end for end in order tiiat both lengths
of fuze will extend tine same dlastance from the hole. Ti.e ocap~-

ped ends of the fuze are protected from molsture by dipping



te:on Into an alr-dryl
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ng Insulator 1lqgiidg, wilechh arpcars to

LUrp0o8e.

A large zroportion of the

dr1lt rounls, at tac Jortlond, ars wob obvut apparcntly an ex-

cesslivo nuaver of wilsfires ¢o not occur fron tuls caise,

Toavle priuacrs are used in uearly all 1lifters.

Data for twoaty-nine and twonty-one rounds, res-

poctlvoly, in two lLeadinss at tihe Portland !ine, furnished

by Trod Joneg, Zenoral Tuaperinteandoent of tuie nlino, are as

follows:

:‘:Q. 1 Xo,__g
Place = 2,300 crosscute. 2,400 N, 3 drift sS.
Cround = Yedium soft. Falrly hard, "ravel-

Roe of holes =
Powder used =

Typres of round =

Distribution of
powdeor =

Advance, ft. per
round =

Powder por ft., of
advance =

Mzoe per round =
Cost of powder per
linear {t., advancew
Cost of cap per
linear ft. advance-
Cost of labor per
linecar ft. advance=

Total coat =

15

93 cartridzes 1 1/3
x 8" 357 celatin
dynanite,

3 back, 3 breast, 3
cuts, 3 lifterajcen~
ter cut & center
11fter connected at
bottom I detonated
tosether,

7 cartricges in 1if-
ters; 6 in all otier
holese

32

14.9}, averase for
29 rounds.

129,5

$2.,023

$0.223

§4.190
$60456

1Y”o
13
80 cartridzes 1 1/8
x 8" 327 polatin
dynanite.

2 back, 6 breast, b
cuts, 2 lifters,

7 cartridgzes in cuts
& 1liftors; 8 In outd
81de breast; 5 in
contor breast and
back holese

3670

10,25, averaze for
21 rounds.

158.6

£1.375

£0.234

4,323
£6,432
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Covolopment operations coislst of drlfting, cross-
cubtting, sinling anl relsinge In sac: o0 tleso, drilling
and Llasting 1s an foportant part of tlhe worik anl tie gencral
srocodure usoed Is sinllar in all £y phasss,

Jolatin dyaziltes, rai;ing Jrom 35 to 8) por cent
stronti, are tle most connonly used exploslves in nietal
rninose Thils class of dyaanite is adaptablo to most ol the
condltions met in dovelorment work, altiouzh speclel elatin
dynaaltes are usoed occaslonally in some mlnes. JAnmcounla dye-
naaite may bo usod in somo work where & bully charzo of lessor
dons’ty 1s an advantace or the saving in money Jjustifles 1lts
use,

A cartridze slze of 1 1/3 x 8 inches %s tlie stan=-
dard used at most mines. In any caso, the size should be
as larze as can be eas'ly loaded into tilie bore holo so that
a hizh density may be obtalned and minimun amount of "froo
ghace" left in the bore hole,

Theo cut holes of a round are tie most 1lmportant
and caro siiould be excrclsed so that tliese holes are drllled
and loadod as to ;ive tlie max’nmum breakes The depth to which
the otiier holes will broak ias largely depencdent upon the ef=
foctiveness of tiie cut hnles, and whon tlie cut holes breal
woll, a full advance for tie whole round 18 cenerally assured,

"iyramld" cut, 1s tho typo which 1s most come

The "V" cut, or
ronly used and will produce a larger crater ti.an the "Burn"

cut or "Toe" cut., The dozth and volume of thls crater can

Gl



Le lncrecscd by using Lijher strength ¢gmamlte tlian would
be nocessary In tuc surrouncing holes. 4Also, tcsts have

el
£

coovay tliat 40 per cent ol tie explocslve for a rounc should

oc ccncontrated In tle cut Lolcs.

Luo plaues ol wealess in tle rocic bear a dircet
relatioashlp to tho auount ol exslosive nocossary to break
& piven rounde Ylhereloro, 1t 1s iluportant that tl.esc planos
bo talon Into account in zlacling tic drill hiolcs co tiat a
saving in explosives may be hed.

It Lias bveen siiown that tho standard round for a
glven class of rock uader glven conditlions will roduce tlio
cost per foot of advance, 7The placing of holes in a stane-
dard round caa be best accompllsiicd by observing tis break
willch occurs by {firiang a rouand onc hole at a tlme., Iounds
should be designed to tal:o advantage of rogilar planes of
woalmoss wilca occur in tho rocke

frinors should boe mado so that they satlsly the
£21lowing condltions:

le That the iznlter or dotonator caunot be pulled

out of the primer cartridre.

2. Thiat tie doetounator be In the safost and most

effoctive position in the primor cartrid-e

Se That tlic fuze or wlres of olectrical firinj

Gevices aro not subject to harmful strainse.

4, That thoe primer 13 waterproof 1f nccessary.

OS¢ That the whole primer asseribly can be loaded
safely, casily and in the preferred posltion
in the chargo.

The charge should be tamped in tiie bore hole as a
hizher deonslty willl give more ener;y per cartridce,.

Steumlng 1lncreasos the effectiveness of the cliarse
and should bo used unloss tiere 1s a valld objection to its

U880



Carc swould bo talica in all operations so tuat a
dnina ol Liulircy willl occure llurried or carcless work

.08 10 place in ary operefilon thot involves the usc of Cye-

e
LLalls ‘uO.
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A Various r~radeas end compositlon,
De Casos uoveloﬁod.

Ce Strencth or »resgurcs doveloned.
De S1zo of cartridces.

Ze Tects coacluded for proper selectlon.
IV, VARIOUS TY2LD Q7 0UTS

A  "V" qut with alketcies.
Be "Draw" cut or "Too" cut with sletchcs.
Ce "Pyranid" cut witix sketchoes.
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Ve TILIONY It Tl TIUDIGH OF ROUNTS AND TILIIR TOVILOPIL T,
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2e waterproofing fuze,
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WRBHT to use the sukject
bing in-American ﬂebﬂl
my B.S. degree in
would greatly appre=-
8 ¢ /send me any bulletins
of informatioén you ﬂav have concerning the

machinery and drilling operations in n~tn?
mines, I am interested in the types/and costs
of the drill machinery used and your reco ommen-
dations as to-their; use under various co

Inasmuch as dhe the
triplicatte, I would appraciate it
would send any illus tzatlon of your
ment in \triplicate.. If/there is any charge
for this‘\information, I will be glad to re-
imburse you.

Thanking you in advance for any
help you may give to me, I am

Sincerely,

! P.J. Rockenbach
Address :

.‘)\.
PuJd o Rockenbach
707/ W, Ionia

Lansing, Mich,




DIAMOND DRILLING

B.JLl.oneyrar Convpany
S MINING ENGINEERS

MINING REPORTS

MANUFACTURE OF GENERAL OFFICE
DIAMOND DRILLS

AND SUPPLIES FOSHAY TOWER

MINNEAPOLIS 2 MINNESOTA

June 4, 1947

Mr. P. J. Rockenbach
707 W. Ionia
Lensing, Michigan

Dear Mr. Rockenbach:

Thank you very much for your letter of June 1lst in
which we cannot help but be interested.

We are glad to send you our complete catalog and

ly published Bibliography of Diemond Drilling under sep-

cover, both of which may be of interest. We believe that

looking over the catalog you will find certain equipment

is of major interest to you, and if you will advise us of

e models in which you are particularly interested we will be
rlad to send you additional copies of the bulletins and can pos-
sibly locate some reasonably good photographs which you might
wish to use..

If it is at all possible for you to do so, we suggest
that you might like to take a trip up here end discusse those
points which would be of interest to your thesis, If this seems
desirable to you, it would be well to let us know a week or ten
days in advance so that we could plan to have some time to discuss
your work and be sure that the men with whom you wish to talk will
be in the office.

Yours very truly,

E. J. LONGYEAR COMPANY
R. L. Loofbourow
Sales Manager
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