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PRETAQE

This thesig is submitted to the Faculty of tha 3Johool of Mines
and Metsllurgy of the University of Kissour{ in partial fulfillnent
of the work required for the Jegree of Master of 3glense in Mining
Engineering.

It embodies th» rosulte of an lnvestigation, by the time-atudy
method, of underground drilling and tranaportstion min ug prastices
in the Tri-Stete Zing and Lead Distriet of Missouri, Oklahoma, and
Kansan,

The risld work was carried out in $he late summer of 1944, and
the data and results preseated herein apply $o the practiees in affest

ot that time,
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INTRODOCTION

The Tri-State Distriet, encompaseing ocortignous sarnmer portions
of Southwest lissouri, Southeast Kansas, and Northeast Oklahema, has
been, for many years, the leading zine producer of the United Ststes.
However, rising labor costs and deereesing grade of ore raserves have
msant that nany of the mines gradually huve become argina) in the
eeonomic gharacter of their operetions. In an attenpt to ecunterast
thess adverse effacts, ateps were taken to attair lower cost mining
methods, and meebanization hee been inmtroduced over a pericd of years,
Purther, the ressareh rrogram of the Fagle=Picher (ompany, the leeding
rroduoer of the distriot, has been sscelerated imarneh as it baceme
expediant to open new nines and to rehabilitate some adbandoned proper-
tles under the stiswlus of war demand.

umrbl, rocently, hes given & conoisne mocount of the modified
mining mathods used and therein ceme thes first hint of a radiomdl
ahange in drilling praotice. The old metrod of drilling using a post
(or eolumn) was sxpenasive not only of effort btut also of time. In
overcoming this disadvaxtage two main prohlems irmedictely were present;
first, that of achieving inocreesed produotion at the tims of a man-
pomer shortegs besause of the war, and megond, to ascompligh better
utilization of the drilling rachines, 1.e., inorecased footage per
drill suift, and attendant redustion in ¢ost. It was under thesc con~
ditions that a porteble drill eurriage mounted on e gaterpillar traetor

chassis was developed to superseds the 0ld method of mounting the 4rill

1. Clarke, 3.8., Kining iiethodas, Eagle-FPioher Mumber, Zngineering &
¥ining Jourmal, Vol. 144, Ho. 11, pp. 80-89, (Hov. 1943)
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on a rost, These mmochinses are called "jumboasm.

An exsminstion of the reecyis (Table I) of the fagle Fieher
Kining and Smelting Company, and their interyretstion (Plz=te I),
indicated that 2 Jefinite i.provenment in production has resulted
singe ths introduetion of the aapterpillar jumbos,

This study of Arilling operations was undertaken as a comparae-
tive annlysis of the old and new methods to determins the reasons
for the improvament. In addition, the transportation asystema in
uas were asnelyased to determine how far they are fitted te cops with

the increaced unit produotion from the jumboa.
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Table I - Monthly Produection Data

Before and After Introduction of Jumbos

(Courtasy of Eagle-Pleher M., & S. Co.)

Month 1 2 3 4 5 ]

MINE MO. I SHORT SASH JUNBO

Holes Drilled per B* 7.0 7.0 7.0 6.7 5.8 5.9
Dril)l 3hift A* 13,1 13,2 12.3 9.0 9.1 9.5
Peet Drilled per B 53,0 53.2 95,7 51.6 44,0 42,6
Drilil 3hift A 114,3 113.4 107,.9 73.9 78.7 71.5
Tons per B 38.1 34,6 41.8 34,1 32.7 32.0
Driil shift A 87,6 96.8 103.7 73.8 78.1 82.0
Tons per B 0.72 0.65 0.7?7 0,66 0.74 0,75
Foot Drililed A 0.77 0,85 0.96 0.99 0.99 1.15
Powder pex B 1.22 1.47 1.17? 1,27 1.53 1l.26
Ton in b, A 1.10 0.90 0.86 0.88 0.85 0.77

MINE NO. I1I LONG 38ASH JOMHO

Holes Drilled per B 6.0 6.2 6.2 6.5 6.6 6.8
Drill Shift A 11,0 8.8 11,6 9.7 9.3 10.5
Feet Drilled psar B 58,0 59.6 60.4 63,0 62,6 64.3
Drill shift A 114.4 85,9 120,.7 96.3 921.1 99,4
Drill Shift A 1202 139.3 139.5 118,0 143.4 143,20

Tons per B 0.96 1.23 1,07 0.77 0.78 C.78
Foot Drilled A 1.08 1l.62 1.16 1.23 1.57 l.44
Powder per B 0.83 1l.10 0.%0 L.26 1.18 1,138

B* Refore introduction of jumbo
A* After introduction of jumbo
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FEOLOGY

The geology of the diatriat has been elucidated by Fowler and
usooiatua 3 in several pubdlieations. Briefly, the Boons formation,
of lower Kissisasippian Age, to which the ore deposits are almost en-
tirely confined, somprisee flat lying beds of limestone, dolomite,
and massive chert. Sphalerite, the prinoipal ore mineral, is asso-
clated with galena, and lesser marcasite, pyrite, and cheloeoryrise.

The ore deprogits oceur in suah ways that two terms have been
adopted in mining prastice to indisate the manner under whioh the
mining operations are pursued, that is, "sheet ground” mining ex-
tending laterally over wide areas, sand "high groumd®™ mining whare
grester verticsl extents are excavated, and the lateral limits asve
more 0losely eonfined.

Fowler and Lyden® have desoribed she 0, P, and G, beds of the
Boond fowmation, in whish the mos$ important and extensive sheed
ground workings ogeup, as, ~0, 8-9 ft, thiek. Important ore bed in
a few mines. Round, flat nodnmles (2 to & in. by 3 to 6 ft,) embedded
with oherty bands 1 to 4 {n, thiekx., In gsome mines contains inter-
bedded layera of nsarly pure galena or sphalerits, or both, varying
in thiekness from a fraction of an ineh to geveral inohes. These
sheets of ore are often peraistent over large ereas———=-p, 8-l f%.
thiagk, Large flat chort nodules embdedded iu aherS. Barren in most

inetongee, -——-3. 17-18 f¢t. thiek, Limestons and flint, generally

%. Vowler, G.H. and Lyden, J.P., Whe Ore Deposits of the Tri-dtale
Distriet, Amey. Inet, ¥in, & Me$. Engra. Trans, Yol. 103, pp. 804~
281 —--(1932).

3, Fowler, G.M., Tri-State Geology, Eagle Pieher Humber, Bngineering
& ¥ining Journal, Vol. 144, No. 11, po. 73-79, (Rov.,, 1943).

&z Fovlery GsMey and Lyden, J.F. (1938) op. cit., p. 218.
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massive,” The high ground excavations ordiparily extend vertically
through seversl of the flat lying beds of the Boone formation, but
the mine i whieh observationa were made is largely working the M
bed, described as "M, 19-82 f%, thiok. Dere metamorphosed, definite
nodules from 4 to 12 in, dia. ocour through out entire thicknees of
bed, OIten lerges nodules {from 6 to 12 in. thick by 2 to 8 fv. dia.)
are bound at botdom of bed.”

The rook sequence of beds in any mine is wveriable in physical
charaeter and ranges f£rom porous cavernous material to massive hard

shert,
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MINIRG EETHODS A¥WD DRILLING RQUTRTEHT

Hetmbands has deseribed the gsneral urocedure of underground
practice which has been followed fer a mumbar of yearz in ths Tri-
Stute Distriat, viz., open stope mining with pillar support irregu-
lerly epaced., Howaver,as some shanges in methods hawve resulted from
the introduetion of the junbo, and new trensportation equiyment, it
is desirsble te give some oonsideration to these developmenss. For
exazple, in sheet ground mining, where the stopes rengs from 8 to 16
feet in height, it wns the praoctice when using post mounted Jdrills o
advanae any etops higher than 10 feet by a heading and beneh method,
This raquired the uee of & tripod in drilling the bsnah holea (Flate
1T1)} but now, by maing ths jumbo it is poesidbls to taks out the en-
tire helght without a bengh. In bhigh ground mining it alse has been
the practice to 4drlll for advance of the execarvation by a heading and
bench aysten aftor the previocusly blasted roek has besa removed. ¥When
the jurbo ie used, this praecties is not followed, as drilling of a out
starts at the etope floor, and works progressively towards the roef,
the jumbo alimbing up the muek vile after each blast, (Flate YII). It
appsars tha$, ag yet, no attempt has been mads to standerdize the
"round”, or number and placing of drill holeas, for the high grousd
jumbo 4rilling, bus rathar $o spet ths holes to take advantage of the
previons break.

Ideally, the sheet ground round, whether drilled from post or
junbo, eonsists of six holss, namaly two stope (ar lifter) holes, two

breest holes, and two roof (ar bask) holes (Plate IV), However,

8. Metzeband, W.¥., Eathod and Cost of Mining Zino and Lead at Wo. 1
ifine, Tri-Stats Zine and Lead District. U.Se Bursau of Mipes, Inf,
cir. 6113, 11 pp. (1929).
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1f the previcus blast bas yilelded a mariedly imperfect or irregular
facs to be drilled, one or more oxtra holes loceted anyi-hcre batween
the foor and roof, mey be requred to aquers and reert:hlish uni-
formity of the face for the mext round. Although the breast hole,
ocloser to the free face in the standard round is the relief hole, or
that first blasted, where extra holes to assomplish breaking are deem—
ed neoesaary, these are blasted first, and thareby beooma the relilisf
holes. The faoe or heading, whiech is usually Crom 40 to 60 feet wide
betwean pillars or unbroken rock left for roof support, is advanced

in zig-zag fashion a8 shown in Flates II oand V.

Where a post and arm 1is used for drilling, it 1s poaaible by
means of a long arm to Arill two roundis from the ome ereotion of the
post, whareas with the jumbo, eash round requires that the maohins as
e whole be moved (Fate V). On the other hand, judbo equipmsut can be
moved to work in thres, four, or evan five separate headings, while o
post mounted maghine ie limited %c ome, or at the most two headings.

The blasting practice followsd is bhat outlined by Glerke®, nemaly,
11 x 8 ineh semi-gelatin oartridges, whish split under the lmpact of
the loading stick, are used for all holss, GStops-holes ave dcable-
vrined, others single-primed. In the mines vieftsd, sterming was nod
used, the holes boing filled with all the powder they would take. Tha
holes are loadsd hy the powderman in the afterncon and blasted ahortly

after the shift has ceassd; the order of blasting is as given in Flabe

Iv.

8. Olarke, SUS.. oPa .it.. (IQQY, rage a8,

www.manaraa.com
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Safety reguletions, under which drilling is performel, are few
and shaple. All holas must ba drilled wet and this applies to start-
ing or sollaring & hole. Before drilling is begun, the entire working
place i3 hoesed down with vater. OJafety gogrles ere provided the men
when a hole ia baing ccllared or whem breaking slebs. The barring
dowmn of loose slabs at the drilling fece, or in the roof, is the job
and responsibility of the roof trimmers, but in practice, the maghine-
men also engrge in this work. In the main, the safety regnlations are
adhsred to, but as always, with a ascatract systan, thers are some who
are willing %o sacrifiocs pressution for the extre tims mde available
for drilling.

All 4rill maghines for both post end jumbo mountings, for whigh
deta in this study have beor accurmlated, are 4~-ineh driftera, Drill-
ing ia done wet with 2 5/@ 1non dstachable bits cn 1 1/4 ineh reunt
bollow steel. The biss are of a spesial three-wing deaign, developed
to maet the sxtremely abrasive drilling conditions im the Tri-State
nines’. Compressed eir, for both drilling and other air operated ma-
chines, is furnished at an average pressure of 80 1b./sq.in. For post
drilling, a 24 or 30 inah feed solid guide s=sh (ex drill aarriags)
with handereanked =erew, or in a few cases some form of automatie feed,
18 stenda™d eguirment. As before noted, arms up to 6 f4. in lenghh,
olamped to double-serew posts, pormit the drilling of two rounds from
eaah erection of the poast.

In Plate VI there iz illustrated a jumbo fitted with two shord

soeh drills. Although it is econvepient to refar to the jumbo maehines

7. Clarks, 5.8., Develorment of Three-wing Bits in the Tri-stata
Distriet, Amer. Inst. Min, & Net. Unars., Teeh, Fub. 1486, 3 pp. (1942)
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ag ghort or lorg sask, depanding on the dri)l oarriage used, funda~
mentelly both olapses are of the same design, The 11lustrution, there-
foxre, other than for the short eash drills, ie that of & typlaeal
jumbo, The apparctus is oomposed of a model 30 Caterpillar trector
frame, normally powered by g FYord Modsl A engine whioh has been gon~
verted by adjustment of volves to funotion sa a compressed air enginse.
game of the early models, however, were powered with a 18 horseepowsr
Fairbanka-Morse elactrie motor, but it has bsen found gemsrally more
satisfpotory %0 use an eir emgine.. An adjustable boom made of double
or triple strength B} ineh pipe, and from 10 40 14 feet long, is
rlvotsd Qlome to thi Jront exle of the trasctor. The boem is reised
or lowered to the height required for drilling by a mnall hoist powered
sitber by a sepsrate alr tugger device, or by a take-off from the mein
engingj the holst is located ad the rsar of the juale enl from thare
the hoist aable passss over a pulley toc the doom blosk, The boom a¢
1ts front emd osrries a 6 or 7 foot am of Sriple strength 4* pipe,

on whieh the sashes suprorting the drills ere mounted, After the boom
has been set in Arilling position it is held by e stout ahain and $he
hoist oable ie eallowed to slack. A footstand, atteahed %o the boonm,
provides a gomvenient working plasce for the minere when breest and reof
holes axre being drilled. Thepipe of the boom atructure may be fitted
to serve as air and waser manifolds. Ko twe JuRBOs are exsctly alike
in 4detsil as the machinss are little mere than in the experimental
stage, and in addition at presens, the materialt “eed in their oop-
struction depend largely on what is available from the sesondhand

mayrcet,
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A few of the early short sasb Jumbos were squipped with the
handorenked, screw-feed saosh (Flute VII, Fig., 1) but now almost all
are provided with automatio 24 or 30 inoh dorew feed sashes (Flats
YII, Fig. P As attempts to mount three drills on the erm were not
suocessful, the standard practice now is to ues two 4rills spaced
4 to & feot apart, The services of Swo workmen, driller emd helpsr
are used on each dxill and thus the short sash jumbo, as a whole,
employs fouy men.

In the omase of the long sash unit the Arill mountinga used are
of the oconventional, wagon-drill, autom:ztie ohain-feed typs, 11 ar
12 feet long (Plate VIII), This ansh allows the drilling of en 8
or § foos hols with ons steel, and deeper holea with two steels, as
eompared with the shrea or more required when using the short sash,
A helper for oack machine is not employed, and the long sash juzmbo,
mounting twe drills, i{s campletely servieed by two drillers,

Nethoda and eguipment of heulags and holating practics in the

Pri-Stats Distriot will be disoussed later.
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aAlthough time study methods hnve been employed widely in wearious
{ndustriees, as a means of determining and improving efficlency, thair
appliocations to mining have bean sporadio, some companies instituting
oextensive programs, cthers feeling that the .2~ = e involved was not
warranted, The pablication of the results obtainsd from studies, which
have been oondneted, has besn even more aporadio and those avajilable
are confined laergely to analyses of eocal mining operations.

Tizme studlea have becn used most in those enterprises where a
high degres of standerdimstion, or co-ordinmtion of working proessses,
ig possible. The uncertanities of ground conditions, the wide range
of poasible warking procedures, the nsed for a great deal of plaming
by the workers themselves, poor lighting, end a host of other factors,
eonbine to mpke mining a difficult problem for standerdization. Thus
the reasons for the sseming la¢k of interset in the application of
time study methods to mstal mining operationa lies, apparently, in the
nature of the industry, for, as Lintone has sald, "...stendardiza$ion
can readily be applied to most mennfasturing processsgs-—i——nining
operations on the other tand, ere serried on under ccnditions that
vary widely in different mines ard even in the seme mine."

garson and 00169 recently have given a good account of the uses
of tims study under machine shop conditionsj $hair observations that,

(1), improvezents result from a redustlon in the oumber of elements

8. Lington, ¥., Standardizing by Nerth Butte Wining 0o., Amer. lost.
Min. & Met, Engrs., Trans. Vol. 66, p. 183, (1981),

9, Ccarson, G.B., & Cole, L.0., Predicting Machine Produetivity for
Future AppliGﬂiou, Mechanical Engr. Vol. 66, Yo. 6. PP« 334-3“,
{June, 1944).
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required of the operator, and a simplification of those renaining; and
(2), an intangible benefit is the eliminetion of worker thought aud
analysis, ars ss trus in mining as in mamufecturing. Therefore, with
the advent of mochanization in any mining venture, and the dewelopment
of mwthods waieh contridute te moye oyalie opsretions, there is an
aepproush $o machlims ahop eonditiens. Under any cirsumetonses, howsver,
there will mlway® remain the unsertainties inhsrent iu mining, snch =s
the coammon variable sonditions of the ground being worked, poor light-

ing, eto.

Drilling

Harloy’w has provossd a rovok or ground olesgifieation sc that re-
sults obtalned by one system of drilliang in eny dlstriot might be oom~
pared with those from other areas. JIn this present work his c¢lassifi-
cation of roak types is not deemsd pertinent, inssmush as the purpose
of the study is to eompare the several systens of drilling. Furider,
though the roek materimls in this one diatrict range from eavernous
subatanges to hard chert, es before noted, these veriztions are sd=
countered in any or all 4rill holes end it may be considered thai the
toats upon which the data of the paper are based were sonducted in
sonsidly uniform matsrial. Ths sume authorn‘. in a later paper, gave
a detalled account of a time study for a 4rift round, the basis of
analysis being the drill ané not the workmen. In the writerts opinion
muech valaoeble data is loot if the individual workmen are ignored in

the tims study as it ia then impossible te attain mny idea of the oo~

0. Harley, G.F., Proposed Ground Olassificetion for Mining Purposes.
Ernginoering snd Mining Journal., Vol, 122, pp. 368-372, pp. 413-418,

(1928).
1lepBarley;n0sTiyn Tine,8tudy dethode for Mining Operations. Enginesring

apd Mining Journal, Vol. 123, pp. 732-729, (1927).
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ordination achisved.,

Hethods of Drilling Time Studies

The method of time study used is that proposed in 1929 by the
®*Colliery Guardian"m. The equirment required ia simple, somprising
an ordinsry watch, & peseil, obsarveiion sheets mounted on a elip
board, and a msasuring tape. The time taken in performing a given
cecupation or activity i3 regarded es the time elapsing between the
nssrsst minute & Job is begun to the nearsst mimite the next is com-
menced, Table II1 is a sample Observation Sheet with some resomiings
entersd., Eaoh man studied ia assigned a sepurate column, and the
time a% whieh he completes an coeupation 1s recorded slongside a note
of that activity. On eoapletion of a nole the depth drilled, type of
hole, and the anumber aof stesls used axre entersd on the sheet, Follow-
ing the method of Trusoottl®, the fleld observetions ere posteld to a
Sumaary Sheet (Tsble IIT) whereon eaeh ocsupation is allotted a eolum
for times devoted to it by each man-——ths interval, elapging between
oompletion of one job and completion of the next, is entered as tlme
davoted to the latter, For sxample, referring to Table II, the time
spent in inapesting the face by the Arlllexr of the left nide meehine
was O750-0748 = 8 mins. ohen the observations for a partieular study
are finiahed, the totals for the astivities each man has psrformed
during each day are entered on & Consolidation Sheet (Tedles IV, V,

¥I, YII). Prom the oversll totals of the study, the average tixs and

12. Tlzs Studies in Mines, Oolllery Gusrdian, Vol. 139, p. 518, (1929)
13. Truscott, 5.7., Yins Economios, London, Mining Publieations, 1937,
thap. X¥II.
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Table II - Drillipg--Time Study Observation Sheed

Working Place ). Date _HMine 2

M e e e gt . - e o g . — —— e e E—

Type of Machine__ Jumbo—-2.I.R. D.B0S —__No, of Men_2 drillers

A o e ==

o ——— - E— ——

Left Side Right Side
13 i
= é’
0730 ©On Shift On Shift
42 Travelling time Travelling time
80 Jnspect face 50 Inspect fmoe
0701 Berring down 0801 o0Oollact oil
07 Move jumbo 07 Mowve jumbo
10 Set up 10 Set up
15 01ling 15 Repairing hose
17 Dxilling 17 Helping other 4arill
19 BHslping other drill 23 QGollar hole
37 Drilling—-11 ft., dreast 2 25 Naw Set up
48 walt-—-other drill 43 Drilling—11%1 f£t. breast 2
47 Set up 47 3Set up
0900 Drilling--8 ft, roof 1 0903 Drilling--10 ft. roof £
03 walt--other drilling 08 3et up
08 Set up 26 Drilling—-11} ft. stops 2
28 Drilling--10 ft., stoos 2 29 BPlow holea
26 Wait--other drilling 21 Drill maiptenance
29 Blow holes 35 Hove jumbo
31 Drill maintenance 37 Set up
35 Move jumbo 38 0fling
37 Set up 43 Drilling
38 o0iling 48 Stuak Steel

39 Relping other drill 88 Drilling:g ft. breast 2
5¢ Drilling--12 €4, breast 2 9 ¥Wal ther ing

and go on, throeughout the working shift
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Table II1 - Drilling—Time 3tudy Summery Sheet
Al ¢timeeg given im minutes

33

Wait at Bnd of 3hift

Exsesaive Rest

Direoct Powder Man

Stratghten Steel

O0iling

Drill Maintenanece

Hose and Light Repairs

Wait on Collest Supplies

Collest Supplies

Wait on Stuck Steel

Stuok Stesl

wWait on Extra Holes

Wait on other Drill

15 12

Oollar Hole

w%ait on Blow Eoles

Rlow Boles

Clean Out Hole

Helping other Drill

Drilling & Changing

20

Sstting UpP NNV EN HMAR OENP
o mm 0

Moving Jumbo Y R X

Hose down l

wait on Barring down 0

Barring down o~

Face Inspection o n N a

Travel Time ﬁg""g

No, of Steals

MR OEMNNy el

Feoat of Hole

o M

111%_21 39 16 12

175
%phe symbols R, B, 5, refer to Hoof Breast, and Stope holes, Irespectively.

No. of Holes—_-3b _ _ Mina____ 8 _ Machine Lof¥ 51de Date . ...
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percentage of shift-time consumsd in each oecupation may be ocomputed
and entersd on the consolidatiou sheest,

Before beginning the detailed time study it is necessary w make
a preliminary survey of the complete Adrilling cperation to determine
vhat ooccupaticns sre involwved end the field whiah eagh covers, Yor
exanple, from an inspsation of a driller’s work which insludes doth
actual drilling and ahenging of stesl 1t is evident that they are so
clogely relatsd thet little or nc purpose would be served by their
ssparate tice study treatment, Thus drilling-rate, as hersoconsidered,
incorporates the two activities, thereby emplesizing the effegt of
the different methods of drill feed on the total time spent in drill-
ing. On the othar band, the time spent in changing of stcel by %he
halper 18 reeorded,

The operation of drilling is broken dowa into elsven subdivisiens
based on their part in promoting work, 3ach sub-cperation ig som=
possd Of one ar moredistinet occupations, the variocus classss of de-
lays time, etc., baing rogarded as separste aativities. Dafinitions
of the sub-operations are as follows:

l. Truvel Time - tims spent in journays betweeu the shaft coller and
working plase when going on and off shift. As it 1s the prastice in
the Tri-State District for the msn to lumbh on the surface, four ¥rips

are included.
2. Yoans Prorntl_qg_‘ ~ the time consumed in performing the essential

prelininary aste before the jumbo mackhine or post 1s moved to drill =

round ,
“yuit on Mugk Out” = in cases whers rook or muek prohibit sooess

to the fase for drilling, a delay is experienced until this material

has been loaded or removed,
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"Face Inspaotion® -~ the working place 1s inspected to deside
where tha jumbo machime 18 to be pleced, or the post erected as the
caas may be, t~ obtain the best results from the drilling,

"Barring down" =~ any loose =alabs in the roof or fmoe =re renoved
by the machine men gr roof trimmers.

"fait on Berring down" -~ this 1z the time epent walting for the
trimmers to make the working place mafe,

"Hoss down" - the working place ts water sprayed to allay dust,

"Wait on Nose down” - one member of the drilling arew usually
can satisfusctorily aseoonmplish the hosing down and, unless the others
are engaged 1in another oeccumtion, they ere charged as waiting on
bose dcwn.

“Moving Boulders? - time spent during junbo opsrotions in dias-
rosing of large bloeks or boulders which, by reason of their size,
rust be reduced before loading. When they ogeur the jumbo-may not
be able t0 nove Airectly to the drillinz faoe.

3. Dril) FPreparetion - the time spent in the plasing of the arill -

ing machines in such a position that they may proesed %o prod ctive
work, that is, the drilling of holes,

"Zrecting Post" = disrantling the post (or tripod) after drill-
ing et one face and erecting it at the next fagce to be drilled,

"Novling Juubo” - im juebo 4rilling the counterpart of post apd/
or ¢tripod srecticn is the moving of the machine from ons face to tha
next, On Yhe ahort sash juubo one man Arives the appareatus, and the
other tbree drag the air and water hoses into rlace, whereas with the
long sash }junbo only one man ie evailable for drugging the hoses and,

therefore, it is customary $o disconnect the water hose.
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*Sotting Up® - eéasch type of hole requires a different pogition
of the drllling srm. ¥ith post drilling this means that the arm must
be moved for eavery holejin jurbo drilling the arm earriocs two drills
and one movemernt of the boom permits the drilling of two holes,
Setting up also ineludes the time devotsd to alignment and clamping
of the drill machine and placing of steel in the ehuak.

4. Drilling-Froductive Elementa - the time of those cyclis cecu~

pations whioh are essential to the astual drilling of every hole,

*Drilling and Chenging"” - time spent by the driller in opsrating
his machine, including both that of drilling and changing ateel. Free-
ing stuck steel, eollaring hole, este., are not eomsidered as phases
of aetual drilling.

*Changing” = where post and tripod or shord sash drilling is
used, the driller’s helper preparea the steel, ramoves the previous
length, and plaoss the new plece in the Arill shuek,

*Eelping other Drill" - on the long sagh jumbo there are no
belpers, and it has been found adwvantageous for both drillers to so-
opsrate in starting esech drill. This is aogomplished by running ene
maching until it hes penetrated to a depth of & inches, more or less,
toth men then work on the sceond machine until it too, is underway,

8. Drilling-Mon~Froduotive Elements - this 1s the time consumed in

those ocesupations whioh ave eassntial to the drllling procedure but,

whieh within tbemselves, 4o not result iz a dsepening of the drill

bhole.
"yait for Changing” - during the dbulk of ¢the time that dxrilling

is in progress the helper stands by waiting for the next change of

steel,
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“Clean out Hole" -~ after a stuok stesl has been removed it usu-
ally 18 necessary to ecloen out the hole with a reking stiok.

"Blow Boles™ - at the and of eaoh round, and whenever necensary
during the arllling of a round, the holsa ers olsansd by blowing with
a jet of compressed air through a pips designed for this purpose.

"wait on Blow Eoles” - as the efforts of only one or two men are
required to satiafactorily dlow the holes, the remeindar of the crew
wait for the next move of the maokines,

"Gollar HDole” = i1t may be diffieult to etart, or eollar, a drill
hole, and if such is the ease, a new set up of the equipment may even
be required. Any tims over ons minute epent in starting a hole is
soncidered as ocutside the cctegory of drilling and is entered under
oollar hole,

6 Frodugtive Delays - in any olazs of jumbo &rilling cseasions arise

whers one Grill wil) be idle while the other is working, Thie ie time
during which only half of the drilling esapacity is being utilized on
produstive work,

ngait on other Dril1l" = whenever either one of the drilling ma-
ochipes eompletes A hols bBefore the other machine has finished its
hole, s dalay occours.

wwadt on Extra Holsa® - where it 18 negessary %o 4rill holes in
addition to thoss of the stemdard rouni, one machine is 141s while
the other ia working.

7. Non-Produstive Delays - during the drilling aycle, time may he

taken up by dslays that are neither produotive nor essential,
ngtuak Steel” - when a Arilll steel becamss wedgnd or fast in a

hola, the progrees of drilling is interrupted, Time winiah i3 epent
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in overconing this sondition, so that the drilling say progced, ia

entorad as stuck steal.

"'ait on 3tuek Jteel” -~ when, by reagon of atugk steel in a hele
being 4rillaed by ono machine on a jumbo, the cther 4ril) ia prevented
fros starbing the next hole, the deley %0 tha latter nachine is eharg-
@d in this oatepory.

B. Supply Delays - this is time whioh transpires whensver it is necce-
dary foy eny mapher of & erew to ba sbasnt from s$he drill opersifon
beoause of e lack of supplies, such sa, oil, bdits, drill-sbeel, ebe,

"Collegt 3upplies® = all mupplies are abtained by the dri)l
arews from rscics loeanted at the shaft stablon. Therefore, to ssoure
pew paterials, a tri: %o the shaft from the drilling site Le neces-
8aTY.

*3eit on Colleat Supylies® - whan a Arill esanod ¥ opareted
perding the colleatien of suprlies,

Y. Huintanange Delays - the time required to meintain the eguipment
in working order.

“Hcse Reymirs” - when an sir or vater hose breaks, Arilling esoses
until repaly is effected.

“Prill Maintesanse and Repairs” - any repeir work performmed on
the 4rills or soehees dnring the Aril]l ehifl,

*gait on Drill Repairs® = repairs of the drills or sashes usu-
ally require only two mem snéd, therefore, vith the shart ssah juabo,
the cther ment may be ldle,

“Bepairs $0 Junbo” = if repairs of a Jundo are neessesry, and
con be secomjlished by the drilling erew, they are placed under this
heading,

»0iling® = the oiling of 4rills is e routine maintenangce jod.
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10. HKEioceellansous Delays - the time sonsumed by infrequest and non-

prediotable delaya.

"Machine off Sash” - iime involved in replacing the darill,

“Blusting Damage” - if equipment 1s not suitably protesoted amring
blast {ng, deansage by flying roek may result and repairs are then neces-
BaTY .

"Itraighten Steel™ -~ drill steel may bde bent when a stusk steal
is boing freed, or by continued drilling after a maehins has movad
out of aligomment, Subsguently, such pieces may be straightemed for
use again,

"Direct Powder ¥an* - if the locstions of the holes of a camw
pleted, bnt undlasted, round are pot clearly marked the powder man
ray ask for some guidanae in finding them,

“pPowderman Loading Helee? - if the roof is high, the powdernsn
may make use of the jumbo in lien of & ladder to assist him in the
l1cading of holes. In the msarntime the drilling orew will not be
working,

1l. Idle Time ~ tha$ time during which drilling procedures cze not
being furthered.

"Exmessive Resd® - whensver the entire drilling erew is 1dle
without apperent reason,

"Fait at End of Zhift” - the time whish slapses betwesn eompletion
of the day's drilling snd when the workman are holisted st the end of
the shift,

s son of 11ling Methods
Tebles IV, ¥, VI, and VII are oonsolidation shests on whieh the

data obsained in the manner previcusly dessribed (psge £1) are re-
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eapituated, Por vaeah coocugation the symbols g dencte &riller’s time
and helper'e time on a machine, and L or R signifies which 4rill,
whether left or right side., The Pletes, IX, X, XI, XII, aceompenying
the respective tables, give a grarhieeml picturs of the tims distri~
bution of the Aifferent sud-cperctions end cccupations, The sectora
plattod thereon represent the percentages shown in the consolidation
sheets,

Table IV pressnts the dz=ta of one day's samplets opsration of a
poat mognted, hamd-grinked, screw~feed Adrilling machine, Some eight
koles, aggreaating 68 feet, were drilled and the results ure suffi-
oiently close to statistiocs of previous performances of this type of
adrilling (Techle I) to be of velue for comparative purposes,?

Oomplete operztions of $he =hort essh, and long sash jumbos, in
mheet ground, were each obaarved for Tive deays avd the aonsolidated
date ere given in Tables V and VI reapeatively. The resulis for tweo
days spent observing the lang eash jumbo in high ground are found in
¥able VII.

The drilling slements whieh are cyolie, or standardiged in all
eases, and thersfore, are the only ones that can be ecompared re-
speetively for eash type of maohine, are the mub-operations of Arill
preperation and prodnotive drilling (drilling end ohanging). Accord-
ingly, some edditional observations of theas elements were made for
post and triped Arilling to sbtain a better basis for their epmparison
vith the mare extensive date acoumulaeted for the Jumbo mashines. These

statiatios sre consolidated in Tables VIII, IX, snd X, wherein detailed

T {n drilling studiss when obssrvetions of mumber of holes drilled »nd
footege per drill shift check with companmy oporuting recorde adowmu-
lated over a long period of time they are deemed suffieient and reliadbles,
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Table IV - Drilling 3l

Post-mounted Drills-Time Study Gonsolidation Sheet
All times given in minutes

Percent
E D a8 - [ Blow D 6
: E ] B 48 b Holes E 6
& Total 96 10,00 10.00 B Total 12 1,28
A ~ =
8 Wait on D 0
" Walt on D 28 ~ ﬁ Blow H 0
Muak H es B Holes "Total O O
out Total 86 5.83
Collar D 15
Face D 10 Hole H 15
Inspestion H 10 S L Total 30 8.13 19.17
Total 20 2,08
5 J .
E Barring D 0 & Stuak D ig
gg down B 0 é a Steel H 13
% Total ) 0 2B H Total 24 2,00 2.50
%alt on D 0 = -
8 ? Burring B 0 [ Colleet D 0
N down Total 0 0 o | Suppliss X 4
& : Total 4 0.43
Hose D 8 <} é
Dxyn H 0 j weait on D 4
Total B8 0.83 § gollaat H 0
! Suppliss Total 4 0.48 O, P4
Walt on D 0 -
Eose H a
= | Down Total 8  0.83 9,87 ‘Hose D 8
K - Repairs H 5
X Totel 10 1.04
. Erecting D 4
E Post H Al Drill D ¢
W Total 88 9.17 E Mainte- K 6
7 nange Total 12 1.28
E Setting D 70 '
1 oD H 70 é 0iling )1} 4
L Potal 140 14.38 23,76 K 4 _
— - Total 8 0,83 3,Ig
[Drilling & D 179 g B
E E Ohanging Total 179 18,68 g % None osourred
éE ﬂcmme;mg H 61 4
1 @ i Potal 61 8,35 25,00 (Excessive D 7
- Rast E ?
. Total 14 .48
& Wait for H 118 E )
Plohencing Total 118 12,29 H |waitat D g8
BEE A -
gg Glesn Out D 12 ,'_3 L°r Shift Total 44 4.58 B8.0%
d Hole H 12

= Total 24 2.50
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Time DistrisuTion CHART
Post DriLuing

To Acc ompany Table I¥ Piate X

ol LN EJI_i.Ll
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1-TRAVEL TIME

2- YACE PREPARATION

‘Table V- = Drilling
Short¢ Sagh Jumbo-Time Study Consolidetion Sheet

Day
D
Ly
< D
Ry

Tot a)
wait on D
Muak Ly
out D
Ry

Total
Faoe D
Inspection Ly
D
Ry

Total
Barring D
down LE
D
Ry

Total
Wailt on D
Barring Ly
down D
Ry

Total
Hose D
down I’H
D
Ry

Total
Walt on D
Hose 1y
Down D
Rp

Total
Moving D
Boulders LH
D
\ %

Total

All times given in minutes

o NOOON :umuocn cCoOo0CCO 5%883

[T B R |

2]

o000

SO00O0C0O OOOCQCO

-
guuuu
L - -

& ERBole 8HEEGHE occoco

(<] I\
RO DO

OO Mm

OO0 COO0O OoOoOkMID

cLLBS

=

OO0OO0OO0OO0o

COCO0 ROOCORM ';oo'égo cococooc EFEocoo

[
[eN-NoloNe 80005

[~ ~ N = ol =)

00000 ODOO0OC0CO

N BuBol cococoo IBLES

c ESSeoc 8koo

W IO

e

F;uaau (- W IR ]

Total

793

180

122

Average Percent

per Shift
158.6 8.85 8.25
38.0 1.88
84.4 1.27
19.6 1.02
2.2 0.48
342 0.17
2.4 0.128 4.94
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PREPARATION

S_PRILL

4-IRT11ING
PRODUCTIVE

S-DRILLING. MON-FRODUCTIVE

ELI2ENTS

VoV

" Moving
Jumbo

Setting

A

Drilling
&

Changing
Changing

L

—

Wait
for
Changing

Glean
Oub
Hole

Blcw
Holes

Wait on
Rlow
Holes

Collar
Hole

21
21
21
-2}

47

49
199

178
1e7
302
37
87
121

24
218

OQCOO0O

11
11

b el ﬁoo

'—‘
> ~3

(=0 N ]

Table V continued

31
27
28
27
11

39

171

141
1485
286

4

106
113
219

OO

EREoco BSaoabk Babuo

14
14
14
14
56

27
27

114

128
129
259

39
71

94
87
18l

OO0 O

[
b OOQ@® e-Ol;¢>t°

3

[N Nl oo

19
19
19
19
76

cocococo OBY 83B

Emowoo

OO o

[

:o:moo

b

144
1
286

000

ENEOO

1<l
>

dPOOO®

o
B

B33

1]

Total

807

1401

330

1041

0
o

Averags  Peroent

per Shift

88.4 4.60
161.4 8,40 12.80
280,28 14,99

66,0 3.44 18.03
808.2 10.84

0.8 0.04

l18.8 0.98

86,8 1.37

19.2 1,70 14.28
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DELAY

)

B-SUPPLY DELAYS 7~FOR-FRODUCTIVE 6-FRODUCTIVE
DELAYS

DR1IAYS

v :x'.\.?xE

™
1

L

r ¥alit on

Other
Drill

wait on
Extra
Holes

Stuek
Steel

wWalt on
Stusk
Steal

 Golleat
Supplies

¢
Wait on

Colleot
Supplies

(Moae:

Repalirs

< pril}

Mainten-
ance &
Repalrs

S-MAINT

\ =1

o N
(SR Tl

S88oco ¥

[

Etobia

BREEE Koweoo

20003

Table ¥ sontinued

27
27
19
19

Phocbo Buboao

N OO

[

cCOo0OQOoOC 0O WO

o
e oo,

EP
cCO0CO0O0O o000 C A HAOOO

P RoolQ

[\
= O O

re cococo L<vobo Boott Bgg..

[
NN

gguoe gmul"gl;

[~ NN NN oo OO0

o
o

$ood

Total

246

508

354

188

35

Average  Peroent

per Shift
69.0 3,59
49.2 2,66  6.16
1018 5,27
70.8 3.69 8.9
31.8 1,63
Ba 0.3 1,98
21,6 1.18
108,2 5484
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9-MATNTERANCE DELAYS (continued)

10-MISCELIANEOUS DETAYS
I\

Day
wait on _D
Drild

Repairs _D
By
Total
Repairs _D
to Iq
Jumbo D
Ry

Total

)2}

oiling ME
D

By

Total

Maohine _D
ore Im
B8ash ag
Total
Blasting D
Damage ?
=

Total
Straighten D
Steel nxg
Ry

Total

| pirest D
Powder- ?
Man RB
Total
Pwumuxg

Loading

Eoles Rg
Total

0
27
27

©OO0COoO0Q (>l o ool ™ oo 5010100 cCoCOC

OO0 O

CO0O0O

Tabls ¥V sontinued
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[l o Nl ool

1e5
131

CO0OO0OO0O

COOCO0C pUAMHOO

oMo oN
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oo

.-
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Total Average Percent

per Shift

51a 103,68 5.40

BO8 101.68 5.29

A2 B.4 0.44 18.72
8 1.8 0.08

8 1.6 0.08

0

0

4] 0,16
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Table ¥ contimed

Day 1 2 3 4 5 Total  \verage  Peroent
zer Shift
( Excessive D 0 85 1 0 0
Rest 0 24 1l 0 0
E D 0 21 1 0 0
Ry 0 27 1 o0 6
E Total O 97 4 O 6 107 21.4 1.11
j valt at D 12 48 21 26 23
3| Bnd of Lg 12 48 21 25 23
shift D 12 48 21 85 23
By 18 48 21 28 23
Total 48 192 B4 100 92 818  103.2 5,38 6.49

www.manharaa.com




38

TimMe DistriBuTion CHART

SHORT SasH JuMBoO

Yo Accompany Table ¥ Puate X
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Teble VI - Drilling

Long Sash Jumbo in Sheet Ground-—-Time 3tudy CGonsolidation Sheet

Dey
Bel L
e :
, Total
'—‘ o
"Walt on L
ek R
out Total
Fade L
Ingpection R
Total
Barring L
2 down R
S Total
3
% wajt on L
Barring R
9 down Total
§ Hose L
E down R
Total
Rajit on L
Hose R
Down Totel
Moving L
Boulders R
- Total
lioving L
5 |Jumbo B
£ Total
LR
M & [Setting L
E% Up R
N\ Totel
illing L
1 & R
E% ping L
) other R
prill Total

All times given in minutes

a OO

18
22
a8

> & O

oo

[N el o oo

B8 S

36
38
74

189
15249
381.5

16
749

22 .8

2 3
40 38
40 36
80 74

0 0

0] v

0 0
34 2z
£4 8
48 30
14 0

0 0
14 0

0 0
12 0
12 0

0 0

3 0

3 0

0 0

0 0

0 0

0 0

0 0

0 0
3L 0.8
21 27.5
8L 58
44 46.5
43 46,9
87 98
101 146,.5
160,6 132
261.6 278,8
12 15

84D 24,6
21,6 39.5

39

4 5 PTotal Average Peroent
per 3hift
39 38
33 43
78 81 384 78.8 9.00 8,00
0 0
0 0]
0 0 0
18 12
18 18
36 28 10 36,0 3,75
0 0
0 0
0 0 26 8.2 0.54
0 0
0 0
0 0 18 3.5 0.33
6] 1)
0 °]
0 0 3 0.8 0.06
0 0
0 0
0 0 0
0 0
0 0
0 0 0 4,68
34 37
37 48
71 86 316 63.2 8.b8
32.5 41,5
32,5 49,8
68 9l 409 81.8 8.82 1b.10
107,65 136
99,5 104
207 240 1308,56 261.7 87,36
10.5 &
9 6
19,5 8 AR B 22.8 2,31 29.%7
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5-IRIILLING. NON-YROIUCTIVE
I\

7 -NON-FRO~
DUCTIVE DETAYS

9-MAT NTEIANCE

6—FPRODUCTIVE
DELAYS

8-SUFFLY
DELAYS

Clean
Out
Hole

Blow
Boles

Wait on
Blow
Holea

Collayr
Hole

L

(wait on
Other
Drill

Hait on
Extra
Holes

\

Stuak
Stesl

£
wWait on

Stuek
Steel

.

7
Gollect
Supplies

walt on
Collect
Supplies

~

Hose

Rea ixs
5‘
Drill

MaintemanceR

‘& RepairsTotal

Table VI continmed

Day 1 2 3 4
L 0 6 2 0
R 0 6 P 0
Total O 18 4 o
1 9 4 22 2
R 5 4 17 5
Total 14 8 39 7
L 0. o 0 a
R " 0 1 0
Total ¢ 0 1 3
L ) 2 9 0
R 5 o 2 0
Total 5 2 11 0
L 13 28 a8 0
R 17 23 18 16.5
Potel 30 61 61 16.5
A 12 53 0 £8,6
R 27 10 an.5 20,6
Total 39 63 37 .8 49,0
10 0 0 0. 13,6
R 0o 10 7 )
Potal O g 9 13.5
1 0 10 6 G
R G 0 0 0.
Total 0. 10 g 11
L 0 8 0 1
R 8 8 18 )
Total 8 4 15 1
L 0 6 0 0
R 0 4 0 0
Total 0 10 0 0
L 2 0 29 9
R 5 0 29 16
Totel 7 ) 88 25
L 3 0 0 0
4 o 0 1.5
6 0 0 1.5

5] Total
3
3
6 2
0
8
8 76
8
0
8 16
0
0
0 18
7.4
15
22,5 180
2)
39,5
60,8 249
1%
(<]
16 45.8
0
7
7 34
1?7
18
29 77
0
0
0 10
22
1n
33 183
3
pe
é 13,85

Average Percent
per Shift

4.4 0.48
15.2 1.58

3.2 0.33

3.8 0.28 2.78
36.0 3,78
49.8 6,19 B.Gi
9.1 0.98

6.8 0,71 1,86
156.4 1.60

:2.0 008]- lgg
24.8 8,56

2.7 0.28
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S-continued

AEQUS DELAYS

20

11-TDLE TIME,

Day
( Repairs L
to R
Jumbo Total
<
L
0iling R
Total
S
 Mechine L
off R
Sash Total
Blaating L
Damage R
Total
Straighten L
< Steel R
Total
Direot L
Powder R
Man Totel
Powderman 1
loading R
L Holea Total
'q;pgssiva L
Rest R
Total
{
Wait at L
End of R
8hift Total

~

coo (ol o o) (o NN e Qoo w3 oOCO

c OO

£6
26
51

102
102
204

Table VI continued

s oNw]

~N o oG

om SO OOO

obH o

84

45
43
20

(o NeoNeo] ® 3 W

O OO

17.5
1B
33.6

83
53
108

leN>Ne [cNalel o OO0

[l oMo

7.8
32.5
60

140
140
280

5 Total
0
0

0 0
2

)
11 4
0

0

0 0
0

0

0 0
0

0

0 4
0

0

0 8
0

)

0 0
20

1

31 281.5
95

96

190 870

Average Pereent
per 3hift
8.2 0.85 3469
0.8 0,08
l.2 0.13
0.21
o8.3 S5.45
174.0 18.14 23.59
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Time DistriauTion CHART
LONG SASH JUMBRO
Sheet Ground

To Rccompany Table U1 Puate XI
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R-FACE PREPARATION 1-R.VEL TIME

>=DBIIL

FHEPARATION

Long Sash Junbo in Bigh Ground--Pime Study Consolidation Sheet

Table VII - Drilling

Day
f
e L
R
Total
Y
Face L
Inspection R
Total
Barring L
down 1}
Total
Wait on L
Barring R
down Total
Hose L
{pown B
Total
Wait on L
Hose R
Down Total
Hoving L
Boulders R
Total
Moving L
Jumbo R
{ Total
Setting L
Up R
L Totel
f11ing L
& R
COhanging Total
lping L
other R
Drill Total

All times given in minutes

-

RGE

Bocb coco Bbe

(~R o N~} (- N ~-N - I:t:o

Total

176

34

3]

161

137

255,85

Average
per Shift

17,0

7.8

15,8

127.8

1,8

Percent
9.17 9.17
1.7
0.78
1.30
1.6
5.46
8,39
7.14 15,53
18,31
0.16 13,47
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Table VII continued

Dey 1 2 Total Average Peroent
per Shift
( Clean Out L 0 18
Hole R 0 7
E Potal 0 86 25 18,5 1,20
(&)
=1 Blow L 0 0
E Holes R 0 0
) B Total 0 0 0
& &
- E« Wait on L 0 0
B Blow R 0 0
E Holes Total 0 0 ]
& Collar L 0 0
o Fole R 0 0
Poteal 0 0 0 1,30
. 1.30
(wait on L 0 2
Other R 0 6
0 ) Drill Total 0 8 8 4.0 0.48
§§ Wait on L 39,5 7
w Extra R 14 7
d Holes Total 3.8 14 67.5 33.8 3,51 3,93
;E Stuak L 0 0
E v | Stesal R 24 0
§ EJ Total 24 0 24 12.0 .25
* | wait on L 24 0
a Stuek R ° 0
e Steel Total 24 ) 24 12,0 1.26 2.50
(Bolleot L ¢ [
v | Supplies R 0 0
Ne Total ¢ é 10 5.0 0.52
[l ﬁ )
£ & Wait on L 0 0
% Colleot R 0 )
Supplies Total 0 0 ) 0,52
g (Brill Mainte- 1, 0 0
=9 Jnance & R 0 0
ga Repaira Total 0 0 0
[
Repeira L 0 0
o to R 0 4]
Jumbo Total 0 0] 0
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9-MATNTERANC R
DELAYS (con't)

DETAYS

10-KISCELLANEOUS
P

11-I0LZ

Day
0lling L
R
Total
Machine L
orr R
Sash Total

Blasting L

Damage R
Total
Strajghten L
Steel R
Total
Direct L
Powder R
Man Total
Powder L
man R

Loading Total

L Holes

Exceasive L
Rest R
Total

\ Wait at L

End of R
shift Total

Table VII continued

26 1 1

166
188
332

(ol « N o] (ol = Nl [=Ne N IO W

o O o

118
107
222

58

Tot=1

180

309

Average Percent
2.3 0.268 1,09
78.0 7.81 7,81
154.8 18,09
228.0 23.1% 39.282
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Time. DistrizuTion CHART
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IRTILING

MOVE--A SETTING UP

¥NE—B

Table VIIT

Move., Set TUp, and Drilling Data for

Hand feed, Post-or Tripod-mounted Drills

Type of Hole

’Driller's Time-mins.
Peet drilled

No. of holes

Drilling Speed-ft./min.
Ave, depth-£%.,

Ave. time per hole-mina.
No, of stoels

Ave. Btesls/hole

Teet drilled/steel

L
" Potel Time Setting Up-mina.
No, of holes

Ave. time per hole

_Ave. time of hole per mmn

( Potal Time Ereeting Poat-mins,
No. of times Post ereated
| Ave. time

LAvo.timc per Ean

No. of times Tripod ersected

Ave ,time

Ave, time por man

" motal Time Erecting Tripod-mins,

3tope

65.3

0,48
10
21,8
15

5.0

8.00

16,0

8.0

Breast

138

53.6

0.38

7.6
19,7
a6

3.7

2.08

102

14.6

7.3

Root

%8.%5

0,41

8.0
19.7
£0

4.0

2.00

17.6

8.8

Total

302
123.6
18
O.41
8.8
20.1
61
4.1

2,08

. ]
18.9

8.0

198

86.0

33.0

116

38,7

19.4
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SETTING TP

MOVE JUMBO

1

Table IX

Move, Set QE. and Drilling Data for Short Sash
Automatio~-fesd Jumbo-mounted ille

Type of Hole Stope
FDrillar's Time-mins, 458
Feet drilled 241
No, of holes 31
Drilling Speed-ft,/min. 0,83
Aive. depth-r%, 7.8
Aves time per hole-mins. 14.7
No. of 3teels 11
Ave, steals/hole 3.6
vFeet drilled/ateel 2.1?
(Potel Time Setting Up-mins. 317
Ro., of holes 3
Ave. time per hole 10.2
_Ave. tima of hole per marn 5.1

Total Time Moving Jumbo-mins,
No, of Moves

Ave, time per move

Ave, time of move per man
N

Breast

See
223
29
0,57
7.7
13,4
103
36

B,16

B33
29
7.7

3.8

Roof

557
240.8
36
0,43
6.7
15.8
116
3.8

2.08

867
36
7.4

37

Total

1401

704.5

0.50
7.3
14.68

3.4
2,14

8.4

4.8

80,8

5.8
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E

|

Move, Set Up, and

Table X
Drilling

Data for Long Sash

Automatie~feed Jumbo-mounted Drills

Type of Hole

Drillerts Time-minsg.
Feet drilled
No. of holes

Drilling Speed-ft,/min,

' Ave. depth-ft.

Ave. tims per hole-min.
No., of sateele
Ave,. stesls/hole

Peat drilled/stesl

-

‘iotal Time Setting Up-mina.
No. of holes

Ave, time per hole

[Total Timse Moving Jumbo-mins,

:

No,. of movaes

ve, time of move per man

EE . time per move

Stope
423,58
296,5
29
0,70
10.2

14.8

1.79

5.7

188.5
29

8.4

Breast
422
241.5
26
0.57
9.6

16.9

1,80

B.d

86,5
28

3.5

Roof
433
308,5
3%
0.67
8.8

13.2

1,77

5;0

13¢
38

3.9

Total
1308,56

846.6

0.65
9.8
14.7
159
1,79

B3

40%

4.6

318
19
16,8

8.9
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breakdowns of the wsricus occupations for the three classes of drill-
lng are givcn,

It mast be emphaaized ¢iat, while post or tripod mounted drills,
and the short s sh jurbe, amploy two men per drlll, oply ons man ia
neocessary t0 run eaoh long sash jumbo driil. Proa this it arises that
in the coasolidation sheets (Tevles IV~VII) and time Aistribution
cherts (Flates IX-XIY), the percentages for short eash junhos are
based on & ahift of 1920 man-minutes (8 houwr shift « 480 minutoa);
and {p the otker types of drilling on 9680 man-minutes.

The interpretatior of the effects on the different aib-operatioe
by the use of jurbos and the naw oacuypsations involved in their intro-
duation will now be considered.

1, Travel tinme, Trevel time is alweys dependent on the diastance of
the working plaee from ths shaft and, therefore, bas not beon effected
by modiffeations of drilling methods.

8., Yaos praparation, W%ith the exception of "Wait on lugk Qut” and

*ptoving Boulders~, the occupntiorsof face preperaticn ars ocompsrable
e#lexzents in all methods of drilling., In the casge of "wait on migk
out” the jumbo has & Aistinet savantace over the poot ~ud tripod
drillicg in that thres, four, or five working plsces are avallable,
This is in oontrast to the labttor form of 4rilling whers, ae before
noted, only one, or at mest two faoces gan be worked by one Oorew, Thus
the likehooll of & oortailment in Arilling because of a disruption of
the leading oyola is far less likely with the jumbo thmn with the
older method of 4rilling., "Noving boulders~ i= & zetnar i{nrrequent

element in jumbo operation end, when it does oocur, causes vat elignt

delay.
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3« Drill preperetion. 71tk the advent of jumbo equipment, the time

oconsumed in drill prenaration heas been reduged rAariadly.

Erecting the post is made wp of wany camponents, the rrinciple
ones bsing; remove machine fraom arm, remove arm, remove post, level
off floor, move equipment, nlace foot blooks, place post and head
bloako, plade arm and elamp, end place maichine, Likewise, whenever
the tripod ie used 1t aleo involves many mimilar components. The
times nessasary to sreet o post and tripod average 33 “irmites and 19
minutes respectively. The time thus talksn to place a post is within
the limite of from 30 to 40 minutes @@ proposed by Youngl‘.

On the other hand, movigg the jumbo to the fnce is relatively
aimpls and sonsumes only 5 minutee in the case of the short sash
Jumbo and 8 minutea by the long sash equipment. The lonsor time used
in moving the long s2sh ju'bo is baocause of the 'sumller crew available
for shifting the hoses, lovipng the jumbo in high ground is a more
complliecnted operatlion buesuse the machine mat olimb oy and down the
muok piles whieh,,in places, mey be very oteep {Plate VIII, Pig. 3).
This requires gonsiderabls time in stabilizing the pile so thnt the
Jumbo may be moved safely into position, In two days, five moves
took B0 mimtes, or an average of 16é minutes,

%ith the ues of the jumbo, the time spent setting un the drills
hus dsereased for all tynes of holas (stope, breast, and roof). The
time has been reduced from an average of B minutes for the post emd
tripod to 4,2 minntes and 4,8 migputes for the short and long sash
respecatively., Thie is beocauss, in drilling fram a post, the clamps
maat be relensed, aid then tightensd after the arm has been ndjusted

for eaoh new hole, In contraocy, setting up to Arill two Loles from

14, Young, J.J., Elements of Mining, New York MeGraw Hill, 3rd ed.
(1932) p. 110.
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the jumbo is wocomplished by simply raising or lewering the doom and
alightly ahifting the jJjumbo,

4. Drilling--rroductive Elements, Though automatio-feed mrchlnes are

faater than hand-fsed drills, the average drilling reteg being 0,50
and O,41 feat e minute respectively, eagh wi]l drill st thut rate re-
g rdless of whether they are mounted on & post or omn o short sash
Jumbe, The severs@e drilling rote for the maahines of a long sash
jumbo is 0,66 feet a minate, and is a marked lmprovement over that of
either of the other two typea. This 13 becauss the nunber of stesls
required to 4rill a hole is reduced, anfl hence the total time spent
drilling and changing 1s minimized,

The aversge speads at which the different types of holes are
drilled wary widely, and it is apparent that otope holes have, in
generel, a higher a§urngo than others. This 18 not in agreement with
the statmenet by Youngl® that up holes ere drilled faster than down
boles.

Where changing by helpers is involved a» an cscupation, the
study indicates that time spent in changing with machines equippsd
with sutomatic feed is less than for those whioh are hand fed, Thie
result, together with thoss determined for respective drllling rates,
sonfirrms the alaims advanced by 4rill manufasturers that ths autonatie
machinery i@ more efficient then that whieh is manuslly operated.

As the drillsres must help saah other in starting the long sash
mackines sfficlently, time aonsumed in such ccoperstive sfforts hes
been, as before noted, r ' loa.bed under the item "helping other &rill."

Thia ls an ogcupation pesuliar to the manipulatior of long sash juxbos
end avermges approximately 1.285 minutes a hole.

13. Young, 615.' OPs Oith. De 108
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5, Drilling~~Non Productive Llemente, As wmit for changing is an

occupation whigh applies only to thoge drilling sachine opaerntions
where helpers are reasent as members of the dril]l arew, it 18 not amn
element of long sash jumbo drilling. All other oacupations, howsver,
lictead under this hending, and dsfined on page 27, are ccmmon to bthe
operalion of all t.res of maehines, - jortion of the helperts time,
whioh would otherxise be spent ma wait for ohanging, may be usefully
enoloyed, sush aa in collacting suppliee, This explains why the
times gpent in soncurrent cecupstions oarried on by the driller anmd
helper of a machine Quring nctual drilling are not egnal.

6. Productive Delayd. Because teo drill maahines are mounted on a

jazko, and 30 may be coneidered to form an interdependeut operating
unit, "wait on other &rille”® and "wait on extra holea" 2s delay
elexents ere importent items.

Wait on other drill results fyas the faot that the two drill ma~-
ehinas do not operate at absolutely squal restes, and also, because
the deptha of holes drilled nay be differsnt. If it wers possible to
maintain uniformity of these conditions there would, of courss, b® no
delay of this nature, Thess qualifying eonditions, however, can nok
be completely standardized or controlled, nor oan the need %o wald
on extra holee bs overcoms, and henes, all saeh deleys are ighersnt
in jumbo drilling, Fost end Priped drilling are not eubject to theee
delays as only ons drill {a involved in the procedure.

7. Non-Productve Dalavs. "Stuck Steel” and "wait on Stuek 3toel"

ere dslays that may assume ssrious proportions if care 18 not exdeyized
in maintaining the drills in stable positien. Although the element

of stucgk steel is found in all classss of drilling, somewhst more
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ears i8 required with the jumbo to minimize delay from this cause on
sgacunt of the less atable set up as sompersed with the post, wait on
stuok steel) cecurs only with the jumbos, and then only when one drill
of the unit is preveunted from »roeeaedinz to work ca the next hole,

8. 3upply Delays. 8Bupply dolays tranapire only wlen actual 4rilling

is reterded becuuse of laonk of materlals neceosary to e¢ontinus the
wor¥., Therefore, in the casea of poat and ehort sash junbo oper-
ations, where it i1s possidle for & Lelper 1o collegt supplies while
the driller continues to Tun the machins, a delay is eqldom experi-
encod, ané honee they sre not important elemsnts of the drilling
eyele, On the other hand, with the long szsh jumbo, where the Arillsr
must obtain his own suppliss, cocmsions ariss when his ebzenes may
dilesrupt the cyecle and thue prevent the other drill runaser from startiag
work on the aext holei a total delay of 10 minutes was experisnesd
from thi- cause over a poriod of five days.

9, Maintananee Delays, All elements under this heading, apart from

o0iling whieh is a daily activity, are sporadio in thelr ocsecurrende,
The item repeirs to jumbols, of eosurae, pertinsnt only ¢to jumbo equi-
pmend and, therafovre, is a new delay element which has been intro-
duced by the use of this apparztus. Op Table V the comparatively
largs delay shown for the third dey’s work for thes sbert sash jumbo
18 the result of s broken feed screw in en automatio eash, Ascording
to c].nrkou, the chain feeds used or the long sash jumbc machinsa
require far less replacenent and repsirs tnsu eibher form of serew
feed.

10, Miscelleneous Dalays. Ixcept for thae delay eaugoed by the nowder-

18. Olarke, 5.5., Oral Comnunication.
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man’s use of the jumbo when loeding holes, all misocllanecus delays,
which appreser to be caused largely by earclessness, or bad practice,
are unprediot:ble and non-oyelia,

11, ldle Time., The delay, whiah trapspires during the shift as idle
time, i8 not peoculiar to any of the forms of Arilling pfooodnros. Re-
ferenee to the eomsolidation tables, howewer, ipndiasates that idle time
has inereased singe the introdustion of the fumdbo machimes becsuse
their oyelio operations are aoccomplished s0 much more rapidly than
with former methodas,
Cost of Drilling

In computing gosde of operation for drilling, it is customary
for mining companies to weigh the total axpsnses of amctusl drilling,
blaeting, repsirs, eto., termed “breaking cost", againet the tonnage
of roek yielded as a result of t: ese sxpendituresa, The overall eost
of 4rilling must, of ocurse, inoluds in addition to0 breaking ocost «
prorated allowsnads for cepital cost of squipment, In thia analysis,
howsver, the only cspital outlay for equipment that need de conddemd
18 that whieh acouras in the purchase and installation of jumbos.

Breaking costs in dqllars & ton as obtained from the compeny
records for the 4rilling proasdures before and after sdoption of the

juabos are summarizsed bBelow.,

Average for 1943 Averuge for first

before jumbos 8 months O6f Jumbos
Hins NO. I 0.’5 0."1 (3!'&07‘ nﬂh)
Mine No. IIX .80 0.38 (long nesh)

It ie evident that the breaking eost in both mizas has been re-

duoed by OO.N a ton,
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The capital cgost of a seeouihand troctor freme or chassis sult-
able for conversion to a jumbo i3 $1000. An addivional $350 is re-
quired te purechase and convert & Ford model A enginge. The labor
and sdded matorials employed in rigging the jumbo brings tha total
cost of the mmchine to 32700. In the cuse of the long sask jumbo
machins apother $1000 18 reguired for the purchase of itwo long sashss.

From tho etustistics of Table I it may be noted that the toonage
produoed through the vperation of sagh short sasgh jumbe drill ias
approximstely 30 tons a shift; or, in other words, 180 tona a jumboj
ocorresponiing figures for ths long sssh jumbos are 130 and 280 tons.
As the breeking sost per ton has been reduced by §0.24, by the
adoption of jumbo aquipment, it is apparent that the ssving per &hiff
that Fas been realized is $43.2 for operations using the short sash
jumbos, and $82,4 for thoee working the long ssush, Now, therefore,
as thé vapgital coste of the short sesh and long snak machines ere
$27C0, and $3700 respsatively, it 1s evideab that, in thoss minss %
wiioh the figures aypply, the operntion of the short sash units will
result Ln a saving equal to the cost of the jumbo in 63 shiftsj the

long pash operation in 60 mhifts,

Junmayy of Prilling Methods
The ocegupations vhich are most aorparsble from ons drilling
msthod to the next are, as previocusly s¥sted, thogse found under drill
preparotion and produstive drilling, T Lles XI A and B, and Flate
XII1, have been preparsd, from the dota of Tables VIII, IX, & X, %0
offer a comparative analysis of the time whioh ia consumed by thess

oyelie cocupations in the different drilling methods. Though depths
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of holes ard raote of drilling omdinarily vary through narvow limits
1n =2n actual drilling operstion i% 18 necessary, in order to make a
lozical ocomperison, that they be set as comstants, Table XIA shows
these assumed constants as based on the date coupiled in the foxe-

going tsbles and the prorcted time to drill caloulated thapefrom.

Teble XI A--ivorsted Drilling Timee for Constent Depths of Holes

Tyve of Hols Agaumed Drilling Rate~ft,/mins. Time to drill-mins,
Pepth of Long Short Post Long Short Post
hole-ft,  Sash  3ash and/or  sagsh sash and/or

Jumbo  Jumbo Tripod Jumbo  Jumbo Tripod

Stop. 9 0.70 00& 0.48 12.9 17.0 19.6
Breast 8,8 0,57 0.%7 0.39 14,9 14,9 21.8
Roof 8 0.67 0.43 0.41 11.9 18.6 19.5

These prorated date, together with those upon which no assuuption im
neceszsary, are asserbled in Tadle XI B and Flate XIII. All tises are
there entered in the form of total manm-minutes devoted to eash oecu-
pation; e.g., for short asah meahines m stope hole ia drilled in 17.0
mins,, but, aa there arse 2 stope holes in the round, ard 2 men working
on eceh hole, the time taken is 17.0 x 2 2 = 88 man minutes whigh
is the figure entered in the tadble. 1In drilling from a poat, each
erection of the post allowa the drilling of a round in two separate
adjoining faces) therasfore, the total man-mimutes involved in this
cperatiou for any singls round is 80% of the combined time used by
the driller @and his helper to ageomplish a given eregtion and move
of the maahine.

Allowences for the dditional elements of help othor drill and

oollect supylies, which increase the aocumulated time, only in the
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Table XTI B .- Sporstionsl Time 3Jheet of Prilling

. Jumbo Long 3ash, II, Jumbo 3hort Suah, IIT. Poat (3ix-Lole Round’

IV. Tost and Tripod (Eigkt Fole Round)

‘A1l timsa given in mop-minutes required to perform oseupations

No. of men

[ Move Jumbo

) Freat Post

per hole

Times
Performed

1

0.8

Frect Tripod 1

-

o~

gtore
Storpe
Breast

o
Jioo

'stopo
Stops
Breast

Roof

~

Help other
arill

Colleat
3upplies

ot B w

I
1

Time

16.6

12.8

7.0

7.8

26,9

28,8

23.8

1.4

A00um,

16,6

29.4

38.4

44,2

99,8

123.6

131.0

132.4

IT
2

Tine

80,6

20.4

u.8

68,0

59.6
74.4

Aecum,
Tire

20,6

56,4
7.2

139.2

198.8
873.8

III
8

Time

33.0

£5.8

35,2

78.4

87 £

78,0

1V
£
Aocum, Time
Time
3.0 43,0
38,7
65,0 2,0
2.0
94,8 29,8
139.4 38.8
207.8 78.4
78,4
298,0 87.8
373.0 76.0
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ecase of the long sash jumbo prcaedure in this analysia, have beaen
sentered on Teble XI B, bsasuse a driller on ths long sash machive
operntion muat engare, when negassary, in thesa oscupationa, As they
ere those of a holver in the other typea of drilling azd for mhieh
time, in the lstter csass, has elready been insorporated in drilling
man-rinutes, it 1s appropriate that asuitable allowaness de intagrated,
Theae alliowances are determined ams followa: helning other drill as
gliven on page 8 is approximately 1.25 man-minutes & hole, or 7.4 man-
ninutee for the round of six holea. A Ariller, in collsc¢ting supplies
during the drilling of 89 holea, oaused the other driller the delay
wait of 10 minutes] therefors, tha total supply delay to the long sash
Jumbo wze 80 man-minntes, thus the delay allowanes for e round of gix
boles ie 1,4 man-minutes,

The atztisties for total aocdumulated men-minutes for eaab type
of drilling have desn pletted om the Time Ohart for Drilling Cyecle,
Mlete XIYI, The marked decrease, in totsl man-zinudes involved in
ths ayolie cocupations, which has resulted through the adoption of
the ahort ecsh and long sesh jumbos 1e demonatrated, Thias deoreane,
of ocurse, contritutes to a more effieient operstior inesmuch as, 1,
es0h nan~minute regurdless of the method aemployed is reid on the same
basio rate, and £, & correapondingly bstter utillzation of the drilling
machipes is poseidle,

Thie presentation of the Adata represents the ldeal drilling oyele
where complete standardization of the round in number of holea, rate
of ariliing, and dspth of holes is possible, If this were the sase
in astual prectice, sueh oosupations as wait on extre holes, and wait

on other drill, would not enter the pisture, The other cocupations,
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®.g., blow holsa, nstuck ateel, ota., of which nc account has been
taken in this summary 41scusaion, are ansumed in the nreregnte to
entar each drilling nethod »ith equal offest ap fur as time 18 con-
gerned. From the fact that there hes besn m considerabls inereass
in production (Tuble I} since the introduetion of the jusdos, 1t is
evident that the time involved in any new olements is nowhere near
sufficlent to offret the henefits aceruin: from a reduction of time
devoted to the ~yclic :'amentvsz oconsidered,

The first jumbos that were installed have opsrated eontinumlly
foy eight months, whiob is the equivslent of 126 shifts. As they
will e=ve their coast, by redueing experses, in less than a third of
thie time, their ins¥allation hae been a financial suoeeas, apart
from the other benefits obove memtionsd. At present their working
1life 45 an unknown quantity, dut i1t is certeainly considcr:ibly in ex-
cese of elghd months, The only parte of the jumbe aubject Yo pro-

rounoed wesr are the traake, and vivots of the boam,

TRANSPORTATION

The ¢trend towardas meshenlization in ths getivities of breaking
and $srensportation in the Tri-Stade Distriet mines has intreduoced
conditions whieh make i% desirable that phaszes of beoth be eonsidered
in thely relationship to eack othar, Thaet is, the naximum benefita
obtainadls from the jumbo do not acerue unless 1% is used in &on-
janation with the tranaportation system baot fitted to hondle tha
ywodugtion from the jumbos| soaverssly, ehanges in transportasion do
no$ yield a maximum benefit unless the tomnnages %o bs handled ere
sufficeient to justify any change,

The procsss of transportotien ie consideved in two perte, haul-

age and hoissing. 7The method of time study differs somewhat from
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that followsd for drilling analvsea,
Overating coats quoted for ths differaent ayatems are for the
ninea at whieh the studios wers made, and are thoses experienced the

first eight months of 1944,

HAUTAGE

There are four systems of baulnge and the operations of eash
are 4divieible into four elements, namely; 1., going 4pjo the face
empty, 2. loading or switehing (turning ayound), 3, going out to the
shaft loaded, and 4. ab sharft dumping, or switehing. Previocus de-
sorip¥ions of efficiency ztudies of hauluge pro¢siures have been
almed largoly at describing one system with parsicular reference to
interruptions and, thersby, indicyiting ‘16 effectivensss in utili-
sation of the meens provided, In thie atudy no moscount is taken of
interruptiom s these are considered to be primerily funstions of
related agtivities, such as awell shaft oapsoity, and are not inhersnt
in the hanlage systam itself,

Readings of the start and stop of the four elements are recorded
0 the nsarest second on an observetion apd summary shect (Tabdle XII).
They are obtainsd by the use of & storwatch, The diffarence between
the tvo readinge (atsrt and stop) gives the time that 1s taken to
psrfomm the elemant and is entered alongside these dsta, Tre average
for each alement is» transfarred to other sheets, (Tublee AIII-AVII)
on whioh eye alec resorded detuils of sizs of each unit trip, or losd
in tons, numdbexr of trips, hsulage distenss, length of peraper dres
viere sarapers are used for louding, amd seximus and minimun readings
for the set of observations, On these sheets the times which are

taken %o go & unis dlatanos (100 fest) and o0 load or dunp one ton
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Stop

Start

Stop

Pable X1 - Hanlage-—Tipe Study Observation and Summary Sheet

Yoricing Plaew_ _Date _Mine
Remarks s.g. length of heulageway —-Type of HFaulage_
1. In ¥rip 2. Loed or Switch S, out Trip 4. Switeh or Dump
17 .20 19.45 EB.55 0,15
105 : 80
19.05 28.55 30.156 31.09
3.09 32.48 4z .10 43,29
a28
32.48 £1 .36 435,29 44,21
Totals 204 1078 159 106
Averageg 102 39 79.5 82
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Bre recordsd to permi% a sompariscn of the differsut traoks on whiah

studiea wore conduotes,

HMule Faulage with Cans

Mule haulage with cans though still uaed in scme of the amallep
mines is & gystem of heulage that was mueh more widely avplied in
the pust. One of the reasons for the deeline in wme 1s thet 1% has
beoome the vraotics to follow the sligh% dips of the ore body during
mining, rather than to maintain haulaugeway gradss of 1} per cent or
less whidh can not be exceeded if mmles ere used.

Unlike all other asyastems in whioh $he carrying medis, or recepta-
clen, are loaded by drag scrapsrs in the mule systea mechanieal ahovel
loaders are uss? to load the enmpty sana during the time that nules ars
engaged in pulling a loaded train (or trip) to the shaft and returning
with the next empty Srip. A mile ia 6aprbls of hsuling seven or eight
loalded cans, each oan of 0,8 tons eapasily, from the face to the shaft
in one trip, 4 time study of the operation of & loader indisated that,
with reasspabdly good ocondliticne, one of these oans is lamded svexy &
sseonfis, If §¢ is sssumed that loeding ard heulege are carried on for
a% leegt ? hours Auring any given B-hour shift, the maximpm $oxmage
whieh ean be loaded i3 252 ‘“ons.

As 1% may be seen from a study of Toble XIXYY tkat the haulege
dlstance makes 1i%tle or no differsnea in the speed ad whieh mulea
work, the everage time for im and out trips being sbout £0.4 seconds
per 100 feet, it i@ posaibls Yo calculate the heulage distanse dest

suited to mateh loeding time as follewe:

S+hXB8) =1
188
where, 5 = total meitebing time (swiVeh at loedsr and switeh at
shaf$),

D = hsulage diptencs (cne way in feet),
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Table XIIT - Mule

Hanlage with Cans--Time Study

Traek A
Sigs of Prip--tops 4.2
{7 eanna)
No, of Trips B
Beulage Distanes ons way-ft. 900
In {empty) 165
3 (150-184)
=
gg Switeh at Losder 3
P (15-40)
D
w
;:% Out {loaded) 203
g B {178-227)
< X M
Switah at Shaft 1r
4 . {12-23)
T eo
£28
é;" alIn 100 ft. (empty) 18.3
S out 100 r£t. (loaded) 22.6

Track B
4.2

(7 cans}
6
375

73
{70-75)

18
(14-20)

a0
(76-83)

16
(14-18)

19.6

z21.2
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h = haulsge rate in meagounds per 160 feat,

L - loading time in seconds,
Thua, substituting the wzlues of 41 sacondas average switahing time,
20.4 sooconde haul ge time per 100 feet, and 420 secomds loading time
for a 7-ean trip, end solving for D, the hnulage distange at whish
best eo-ordinstion would be aasbieved is 930 feet, Therefore, in any
o526 where the distance ie grenter than 930 fest the lcader will be
idle part of the time waiting for empty cars} ocoenversely, with
4i{stonces leas than 330 feet the haulege syctem will be idle bsdause
the loader is limited in capaoity. It 1s realized that mules are
subject to fatigue but, as an allowance has been z8ds for rest periods
by computing the Adaily tonnages moved on a 7-hour basis rether than
an B=hour shif$, it {8 felt that delays for reating the animels have
been suffieiently aescunted for.

A brief analysis of the estimated eapitel eost for a unit of the

mzle heulage system includes the itemsa of treaek, mule, and cen &n-
titlas*, oomprised of the actual cans, and the flat bed cars on whieh
they ait.

1000 fest 18 ineh gauge tragk = $1800

S5 gens at $52.8 engh 1312.8
1 mils sb $200 200
POTAL $3019,5 i.e. epproximetely

1¢ has been found that daily oyerating sosts range bdetwesn $0,30-

0.“ a ton.

¥ s bhe cans, val not ¥he flat-bed oars, are used for holsting es
well as haulage, their cost should be pror ted hetvesn these two,
Cost of a ocan 38 $25 and half of this 1@ charged to heulege whiah
wi%h $40 for a flaty Wed oar, makes the total cost of « san unit, 551.&.
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Battery Locomotive Haulags vith Oars

The systam of battsry losomotive hraunlage 'with cars, whioh have a
gcapaaity of 1,5 tone ezon, nas been used for asverml years in the Tri-
State District =nd seems to have bsen applied most extenaivaly whare
the grade of the trsokas is stesp. In fact, bBattery locomotives were
observed %o be operating on haulugewsys whish aven approach 6% in
grcde for short distenaes, Therefore, because of the practioce of
using this system for uphill pulle when going out with a load, the
times consumed in moving losded trips {see Table XIV) are msljghtly
higher than ordimrily they would be under haulage econditions com=-
paTabdble to the other zyatens., Like mmle heulsge, the locomotive does
not walt at the loading ailte or shaft while the cars are being loaded
or dumpred, and thus, no time other than switching 1s spent at elthar
of these terminals, The discrepansies which exist betwsen the in:amd
out distanges in the tadle are macounted for by the fast that ¢he lodo-
motives mas, becauss of the arvangsment of the $racksge at She shafy,
switeh a dietanee of 120 fest in picking up the empty trip.

A tTain of 8 cars is pullad by eanh looomotive mnd the time ¢on-
sumed in loading this number of cars ae a uni$ is about 8530 seoondsy
or converting to daily tonnages, & saximum of 70 tons is loaded in
seven hours. The deta obtained from tha time studies of the two
haulage operctionz (Tracks A and B of Tanble XIY) have Besn acmbined
as mean estimntes, mnd thezse valuas have been aubstituted in the
formule®, 8 + 5%6@_ a L, t0 determine the optimum hanlage distense

1

for vattery loocomotives., By solution, this distanse ie caloulated to

¥ orauls as -TOposed ON p. G&.
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Tebla IIY - Battery Locomotive Haulesge with Cers—Time Stuly

g8izs of Prip--tons

Heualage In
Distanos—ft.
Cut

(12 {eapty)

Switeh at Layby

Cut (Jeaded)

Maxima & Minima
Time ip Seas.

Average and

gwiteh ot cheft

(10 100 £t. (eapty)

Qomparative
Time

In Seacs.

Oous 100 4. (loaded)

-

Track A

(8 sars)

1140
1050

119
{116-122)
(26-35)

166
(157-172)

101
{69-130})
10.4

15.8

Traek B
12

(8 cars)
4

aso

760

2
(85-95)

29
{21-33)

142
(135-149)

31
{70-117)
10,9

18,7
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be 1460 feat. It is, in other words, one half ths round trip diatance
where full co-ordination cab be 2chieved between louding and hauling
the materiel to the shaft,

At the mine in whieh battery looomotives and eevrs are used, it
is the practice for a lodomotive to be worked on main line ssrvioce,
thut 18, 1% hauls enrs over the main treok between the shaft and two
turnout terzinels whende the empty $rips are seconisrily distribduted
by the rope haulags mothod (discussed later) to severml gorapsr losd-
ers, VWith this arrangermnt it moy bs ssen (from Table XIV) that 24
tone ie moved every 770 seconds over a mean distance of 930 foet, or
in a 7-hour period 788 tons rmy be handled,

Inasmueh as the cize of a train ia governed chiefly by the Srack
grades to be negotinted and as the round trip 1s retarded aprrsciadly
by %he long period for switohing at the shafi, it vould sssa that the
equipment oould be worked ad a higher ocapaoity with respect to bhoth
tonnage and speed if these factors were more favorable.

To obtain a measure of loocomotive hanlage for comparison ladsr
with the rope and truck heulege systoms, it is necessery to asssmble
the data in such s way bthat the same elemants are inscorporated, There
ers two oases t© be considered:

l. Truek haulage involves the four slementas of} in, loading,
out, end dwmping, Rope heulage alse may be used on such a syocle, In
somputing the round ¥rip time for e losamotive on this oyele times
spent switching a$ shaft and losder have been replaced by sstimetes
for dumping time in a twe cer rotary dump, and loading time, re-

speatively.
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By use of the formula, T = L + 2Dk + Vd, where
160

T = round trin time in ssconda,
L = loading tims in seconds --~ 830 secs. for an 8 ear trip,

D = kenlsge distanee, one way in feet -~ here nssumed %0 be
700 foet, .

W = load per trip -— in this ocass, 12 tons,

h = haulege rate in nmoonds per 100 fest — average for in
and out tripe (Table XIV) 13.9 ases.,

4 = duaping rate in ascornds per tom —— from Table XV dumping
rate for a two ear rotary dump iB 1 ton every 6.4 seds,,

the round trip tine is found %o be 801 seconds, and the czapacity of a
battery locomntive on thia oompa}utive basia ie 378 tone in a 7-=hour
periocd,

2, Por comparison with bhe usual type of rope haulage systam in
whieh loading is an element, but Aumping into a joake$ at the shafy
doas not teke plaas, the four elements of in, load, ocud, and mritoh,

are takan into acaount. By solution of the formula,

TnL+%+8,

where 3 T svsrege switohiing time at shaft-——-968 szesonds, The

other symbols are the same as given undar cage 1 above,
The round $rip time for this cyecle of the logomotiwe is founund to be
821 segonds for en 8 cer load om a round trip of 1400 feet, In sewen
hours 368 tons mey be Stranspirted,

Oapital ocosts for hattery loeomotive hsulage with ocare {s as
followst

1000 feet of R4 inoh gauge €rack $1800

logomotive with battaries 4000
battery charging rensl ‘%%%g
Total
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In addition the coot of each car used s D180, thonugh 1% shouvld be
borne in =ind that if the curs ere hoisted BOR of this ¢oe¥ should
be proruted to hoieding.

Direct operating sospts for losometive heulage are nob svailsble
tbus they are of tho order 30,39 - .30 a ton.

#min and Tall Rope Enu;aﬂ

Hain and toll rope baulage is a system in whish cars or eane are
oonassted in a olosed oirsuit by twe ropes Or cahlees with a double-
drum hoiat, acd wheredy, they are nulled intermittantly to and fram
the londing site ard holat, The min rope pesses fwvom its druxz 4ireatd
to the forvard end of tis train while the %all rovwe is oconnested to
the rear after passing round s gheasve pluced bsyond the loader, In
haulirg loeded trips the zain ropo dvum io 1in geer, the tall rope
drua free, Yhe oconverse is theo cese whem ampties are being riturnad
%0 the loader, Host of the two dyum hoiste are driven by 18 horse~
power indnotion motorz) the main or pull rope used is B/8 1neh eadls
and the tatl roge 1/8 fuch. The capacity of @ oar and & ean s 1.8
and 0.8 tons, reepectively.

The exjiies are taken into the sarpper loadsr and esah ¢cun OF
oar spotted in tuym under tbs losder spout by the hoistean on eignel
from the train tender at the seraper site, Aftor loadisg has been
ecmpletod, the sriy is drought out o the holst and un empty train
pieked up fron the laydy ewiteh tesak, or, in the ouse of earsq, the
trip may be unloaded by pulling it tnrough the rotary dunp locaked
above $he shafd joaket., Thua, Af care are used in the unit \h@may
be rleced on a cage amd hoiated direct, oy they may be dumped into a

posistd. If eans are used, they are hoisted,
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Tuble AV gives the data obtalned from a time study of main and
tall rope haulegs where ¢ara were uszed end Table ZUI presonts eimilar
duta for operations with eana, From theee two sets of dataj (1), e
somperison of the relative effisiency of nairn and tail rope units
which uee cans as receptueles and those whioh use cers dan he made
and, (2), the statisties cen be 50 treated fhat comparative analyses
of main and tail rope baulnge with respest $o other aystems of haule
age are possible. The date of Tadble XV represent time studies made
of uvroeedures wherein the main and tail rope heulage is used as a
secondary or feeding unit (Tricke 4 and B), and as e maeln line system
(Traek 0); that 1a, the eystems of Tradiks A end B pull from losding
aites to switeb laybys, from which point the loands are moved on $he
main line aystem to the ghaft station. The date of Traucks A and B
nay be usedj (1) to draw ocomparisons of the two olesses of rops haule
age whigh inwvolye the saxe alements, nemely, in, lcad, -ut, ewiteh;
while (&), by a combinstion of esrtain of this data with that for
tamak 0, a ocomperison ray be made with ‘ocomotiv, end trusk haulege.

(1) from the stetistice for tracks A & B, the average times ob-

tained are,
in 100 feet #3.% seoonds,
losding 1 ton 41.2 .,
out 100 feed 18.8 .,
gwitah et laydy 20,9 o,

Thsn by use of the rorm:'r-L+%+a, on.the basig of an G gar
or 13 ton lcad tha time for g round trip over a ons wvay haulags
aistancs of 700 feet ie 8L} ~econds} thst ia8, 2bs sysbem is oepable

of moving 365 tons in seven hours,
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Table IV - Main and Tail Rope Henlage with Cars—Time Study

Traok A Treck B Traek ¢
Size of Trip—tons 12 g 18
(8 eara) (6 ears) {12 ears)
No. of Prips v 6 4
Eenlage Distance one way-It, 450 690 600
Length of Serpper drag-ft. S0 30 _—
[ In (empty) 102 151 182
(96-105) (145-160) (130-160)
]
é'g Loasdling* or Dumping® 551* 345* 114
-§' =R { S05-556) {310-390) (111-117)
o
3 o ouk (loaded) 8l 127 131
ég ‘: {79-85) {120-120) (127-133)
5!5 Seiteh at Layby 54 47 45
! (52-58) (43-55) (43-46)
éﬁ e  In 100 ft. (empty) 22.6 21.8 25.4
-] ®
gwﬂ Loading* or dumping 1 tonds.5* 58.1* 6.4
5]
3 A Qut 100 f£t. (loaded) 13,. 18.4 21.8

44/

*Dumping 18 not an element of the heulags cyele om Traeks A and B.
*osding 1s not an element of the hamlage cyele on Traek ¢ as the system does not extend to the loader
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In computing the time for a round trip with u can unit, from the
data of Table XVI, the unit times for Pracks A and D only have btesen
nsed in caleulating averugs figures for the four elements, This has
been done begcause the times for loading cans on Tracks B and G are
influenced plainly by the faots that, eleaning up opsrations were in
progress in the first instance, and in the other ¢ese, the long legth
of soruper dreg is abnormmal and, therefore, not sonsidered %0 be ropre-
sentative, For a lomder to shaft disbance of 700 feet and a {rain of
14 cars the round trip time is caloulated to be 8935 sévends, or a
oapaaity in sewven hours of 235 tona.

2, If it is aasumed ¥hat the oars go 700 feet from ths loading
alte direot S0 the sheft and ars thers dumpsd before the lu-trip is

begun the round trip $ime for a 13-car train is found by formula feam

the followingi
4n 100 feet 25.4 seaonis
out 100 feet £21.8 "
Pragk O--Tadle XV
dumping 1 ton 6.4 L]

loading 1 tom. 4.2 .
Average Tracks A and B,

Table XV,
This is acmputed to be 1187 seeonde, or converding to anift oapacity,
342 dons in seven hours. This estimate can be sompered with loeo-
notive and truak haulage.

Capital eosts of ears and cans are the ssme as for the other
systems, pamely §100 and $68 eeah, yespestively} 14 will be reaszdered
that a portion of thase cos$s may have t0 »e prorated ageinst hoisting
£ the reseptsole is used in that operation, Other capital costs ave,

1000 fee% of 34 ineh gauge Sreek $3000 - $3800

1vdoudblesdrun hoist 500
fotal .ﬁ - 5@5
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Operating costs for rope haulage in the mins uaing osrs avercge $0.85

per ton; for oans these costs rungs from §0.15 - $0,.38 per ton,

Rubber-Tired, Bsttery Truck Haulage

This mathod of hanlage is new to the Tri-Stzte Distriet and re-~
osntly hea been discussed in detall in two papers by Blarical’?. The
heulsage unlts descrided in his first paper are bottor dump trallers
of 8 tons capacity. tliowever, where road conmtitions ere not ideal,
oconsiderable diffioulty is experiensced in spotting. the trailers under
the spout of the sereper ramp. In an attemp$ to overcoms this gondi-
ticn u 3y ton end-dump, box-hoprer body was buils direst ou the #ruwek
ochassis and this aryangscent has proved very satisfactory, Truek
hanlage i8 extremely flexible in ite applioation; the truakas make
sheir own roeds efter any large slabs heve beon moved aside, no
tracicags 1s required, end grades up %o 10% may be negotintedy

Tchle XVII precents data for four routes, one of them Route Dy
Veing for a 8 ton traliler type truak} the othexr thres scvering the
operations of the T4 ton trucka, Considering the trailer typs trudk,
it bas beon oaloulated from the data of Route D, that for a haulege
distanoe of 700 feet the round trip time ie 378 sseonds whioh in-
dicatés a eapacity of 833 tons in sevon rours., Uging %ha average
values of the data for voutes A, B, and O, there regults a $ime of
2868 seoconda for @& round trip over ihe same haulage distenos Wy a 3}
ton truekj or in seysn hours 358 tons may be moved by this type. The

sdvantags thus lies dlearly with the 3} ton model. This is due

19, 3Xarke, 5.3,, Rubber-tired Nine Haulage in the IXi-State Blatriet.
Amer. Inst, Mining & Met. Engre., Trane. Vol, 183, pp. 153-157, (1943},
Clarke, 9,3., Rubber-tired Blitz Buggles Haul Ore Underground,
Eogineering & Min, Journal, Vol, 148, Wo. 12, pp. B3-80, (Dee., 1944).
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Table X¥1I - Rubber-tired Truek Haulege-—-Tims Study

Slze of Trusk--tons

No, of Trips
Heulnge In
Distares

. Cad

Lengih of scraper drag—ft.

 1In (empty)
Load

out (loaded)

Average and
Meximsn and Minima
Time in Seconds

Bemrp

LY

"tn 100 £t. {eapty)

Load 1 ton

A

put 100 rt. (loaded)

Gomparative
Time

In Sees,

Lnump 1 ton

Route A
3.5

=0

570

613

(57-63)

{43-99)

67
(63-71)

29

(m-ssi

10.8
20.2
10.9

8.2

Ruute B
3.5
5

660

70
(67-71)

&7
(64~74)
(58-65)

(20-23)

10.6
18.3
2.8

6.1

Route C
3.0
8

990

{a2-100)
81
{75-91)
(64-71)

26
(18-36)

23.1

10.7

www.manaraa.com

Route D

30

o0
(86-98)

’ES
{175-874)

89
(85-89)

17
(12-26)
9.5
15.3
9.7

3.4
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largely to the difforenco in unit loeding times, a matter whiah will
be discussed under Comparison of Haulege Yethods,

The capltel cost of = truak is $800, plus 423200 for the betteries,
making a total of $3000. In sdditlon, a aherging panel valued at $1100
must be installed, Eowever, if more than one truck is ueed, as is usa-
ally the cass, this lutter cost should be prorasted as several wehicles
oan be served by ths aame renel. The operating acst for 3% tom trueks

18 §0,18 per ton and that for 5 ton units 1s $0.16 & ton,

Gamparison of Hsulags Systems

In the foregoing analysasa of haulage systems an attempt not only
has been made %0 presant the oonditions pesuliayr to each system, bHut
also Yo assemble ststintios in such a way that the severzl systams ean
be compared with eagh other, The tonnage eapacities which have been
calsulated for actual or propossd éyelez, are eallated in Table XVIII,

I8 mset e realized that sasch heaulage systen hes a definite field
of application; for exampla, mals haulage is practisable only on nearly
level hanlageways, or egnin, truok hanisge, beasuse 1% requires no
tTackoge, has most advaintages Over other systsma where a large aree is
mined repidly, es in shest ground. Oonsequently the system t0 be in-
stallad {n a mine Yo wehieve best results should de dstermined on the
vasis of local mins sonditions, such es, dajly tonnages to be handled
yats of sdvanoe, gradients, o%g., and, in fach, 1% is eften desirable
t0 combine twe systems, Nor sxample, battery loeccmobtive haulage may
Yo used for gathering or main line servise in oonjunetion with ssveral
tail rope syatems serving & nunber of working places, Aseordingly,
any oomperisons drawn between the different hanlage systems must be in

gensral terms only bassd on the masumption that Shers is an ideal
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Cycle of
Elements

(In
Switeh

1 9out
Switeh

1o0ad
2 Gut
Switek

In
Load
cut

* 35 ton units
+ B ton units

Table XVIII - Haulage - Tims Study Comparison Sheet

Tonnage gapacities, as distributed om the basis of the elements eommonly
involved in the varicus hanlage systems, in & seven hour period over the

haulsge distanees indicated.

Mules with Bettary
Cana Locamotive
with Gars

252 tons
90 feat

0 tons
1460 fest

388 tons
700 fest

578 tons
700 feoet

Eaip and
Tail Rope
with Cars

365 tons _
700 feet

382 tons
700 feet

M=in
fail Rope
with Cars

236 tons
700 feat

www.manaraa.com

Battery
Truek

386 tons*
323 tons®
70 feet
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hanlegeway whore 2l systeme are cayabdle of working withk maximun &f-
fioiengy.

Truek, mle, and rope with can haulsge syetems are relatively
fixsd in their oyoles, The locomotiwe and rove with osr t;pea permid
eoneiderable flexibility as the ore may da durmed {nmto s skip posket
at the mkaft, or the cars hoteted; a mein line system way be used in
combinetion with some other whieh would zerve sz u fouding ualt or,

8 45 alternztive the cars may be taken the whcle dfatanee from ahaft
%5 loader In ond oparation, This acaaunts for the thres ayoles listed
foxr dettary loeurstive, and the two far rope haulage with cars,

Kules ere in a al»as By thamaslves, ux they Adsliver empty cems
to, and heul loaded enus fyom ahrwel loadexs, in contrast %0 vhe other
aystems whieh are used %o serve dreg saveper lneders, In this eom-
neotios ubovel losdeys #re amployed =08% freguan$ly where $he working
flace ia so limited ip size thet 1% 1s impossible 8o opsrate a scraper
loadsr, The results ipdicats thot whers atther elass of locader may
be used, mules have a slighily betder capaeity than vope haulage with
eans, but elthker ayatem ahould ®e afopted only vhere small tonnsges
avs $¢ bs hsuled, such as from is0lated workisgs or in $he developmend
styges of a mine, Although eapi-al coat is definitaly in favor ef
gules, operction e@st a $or for rops with cans hanlsgs is lower,
Batstery loeomotives may be used £or main line hanlaze work {(eyele 1
in Tsble IVIIX) when distenses, Sopnages, and grzdes are greater than
oun be opersted wilth msiules,

Truek taulege is linived in the sise of load par $rip Wi tbe
speed is higher than for any system olher than that of the battery

www.manaraa.com



al

looomotive, 20 that the carecity per ahift {s relatiwely high, It
has been noted that the 3 ton trucks have a greeter shift capaaity
than the § ton models, 4ll haulsge systems mhich have a trip-load
greater than 3} tons, and whiek are leaded by serapers, suffer from
the disadvantage of a longar unit loading time than that whigh is
taken in filling the amaller trucke, The only explanation for this
appenrs €0 be that, 1o matber what the haulege aystem or the length
of time the trip i8 absent froa the lcader, the acraper operator
while the trip 1s anay from the loa?-x 1g engsged in seraping about
B4 tons of ore close to the ramp for the next loaad,

The operating cost of trueks is lower than fcr any other aystem
whoreas capital cost is little more then that for mule haulage whigh
is the acheapsst af all systems in this regard, Rope hanlage with
cars, and dattery losomotive haulege with ¢ars, when opersted on the
sane oyole as trucks {(oyols 3) are oap:zble of noving tonnages oom~
perable so that of truak perfarmmnce. HRowewver, higher coats, hoth
cperating and ceapitel, rule thea out when a new installstion is being
ylannsd,

#¥here a dump osge has been installed as a oomponemt of the
hoiating system there is little te choose so far &s sapscity is cexn-
ssrned between battery locomotive and rope baulage wiih cars (eyele
3). 'The capital sost af the battery loscmotive systea i@ comsiderably
greater than that for rops hmlage and for this reason the losomotivea
are usally confined to & majip lins track s0 that the maximum use may

bs made of thoir servieca as on oyele 1,

www.manaraa.com



HOISTING

Thare nre thres systems of holsting used in the nives of she
Pri-3tate District; nomely, ekip, cen, and dumy-gnge typee. The
tixe study method employed in epalyzing thelr orer-tioas is similay
to thet followed in ¢he taulage studien,.

zbare eans are nsed, there are four eleccnis to be observed and
stmasrized; in or &wn trip, loeding or hooking, aus or up trip, end
duxping, T t1i'9 etudy bdesrvetions of thees elerents rre made to
the nesrast zeaond ond recorded on a form sueh as Tabdle XIX, as
follows: at the atart of mn in $rip the tine is taken and entered
under the “In” ooluan snd the time st ztop of the trip is recorded
bensath, A similer seguense is followed for the memsuresant of the
out trips, By this eanm 1§ 18 Tossidle to asuemhle tha statistiee
in meh:a way that the olapsed tinee, whieh trunspire during the
savaral elemonts of the syale, rezdily may be sumarized, For emmyle,
referring to Table XXX, the in trip starded ad 1440} and as the can
reachsd the doltam of the ahafd at 14858, an elapsed $imo of 10 sesonds
wvas 20t9d %0 have Sysnsnired for the in ¢rip. The out trip with leaded
oan extanded through the peried 14D1-1818, or an elapssd Vime of 1f
sceonde] the difference detveon 1455 snd 130 gives $he hooking tirme
a= 06 segonds, and that betweon 1812 and the adard of She nexd in
trip, #% 1519, in Of :scosds and peprossnds dumping time,

yor those opersticns whaere the skip or the dumpecage 18 used,
the ayelio slsments of a time study awe anly the two of “loed skip”,
o plaes osP OR dage, and “out trip”. Thie is Becuuse there are ¥wo

shaf$ sompartments, end helanosd holeting is in effead, s0 that whea

T Fhe tise Shus reccrdsd i1s the sguivalent watch Sime reading of 14
Kinutes and &8 seoconds.
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Table XIX - Hoisting—Time Study Observation end Summary chest

Hine Date Type of Holsting
RemsTke e,g. length of hoist.
Stopwatoh Times Elapsed Time in Seconds
I a \ r ~
In out In Trip Hooking tnt Trio Tunping
Start 1445 1501 10 o6
Ston 1455 1515 12 06
1 05
stsrt 1519 1536
12 06
Stop 1530 1548
11 05
Start 1554 1610 12 07
Stop 1605 1628
Start 1629
Total 32 17 36 19
Average 10.7 5.7 12.0 6.5
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one cage or a2kip is being loaded, the othar is boing dumped aimu)tane=-
ously, end elso, during the out trip in one oo;npa.ﬂmnt an in trip is
taking plmoe in the scecond,

The respective timee, &n slassified for eaoh eystem of hoisting
are totalled after 2 met of obsorvetions. The averages, therefrom,
may bs entered on a comparison aheet together with mversges of studies
of other hoilsting systemas (Table XX)., By totalling the averages of
the Aifferent elsmonts the averags round trip time ie determined, and
by using this figure, the time whigh will be required to hoiss one
son of ors may bs obtained for each systern., On this baaig the sae

pagities 1n a seven Lour psriod are caloulated to bel

l. Cexn hoisting 436 tona,
8. Dump type came holating 894 scna,
3. Skip hofsting 1283 tons,

The depths of the thres ahefts are all suffieiently alose to 400 feet
%0 allow theso tonnege figures to be used $o indiecate quantities
hoisted from thnt depth and thus they mey be cwmpared ons with the
octher t© dsmonstrute ralative efficiencies,

¥honever the walls nsed eupport a shaf¢ mst be timbered regard-~
lesas of the typs of holsting in effeact. However, as two eospartments
£itted with gutdes are not requived in a can hoieting prosedure, the
oost of suoh a aystem iz always eonsiderably lesa than that for akip
or cage units, QOapital costa of the systems are approximately as
follows;: oan $8000 (inaludes a prorsted allowance for cans), duap-
cege, $30,000, and skip, §36,000 - 40,000,

The average operating eosts per ton are, cans §0.14, dump oage,
#0.11, end ekip, $0,15. The relatively low opercting eost for ean

hoistingrieracoountednfor by the faet that the cen hoists are working
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8é
slmost at meximum capaclty whereas the ouge and skip boists, under

mresent conditions, have a large excess aapseity, and eonsequently,
a poor utilization factor,

The date preseuntad indicate that the can hoist is limited to
giall capaoitiea and in this field gives an operzting coat compara-
ble with the other systems, The inatallation of a can hoist for
eapaoities clore to the limit of 436 tona, from a depth of 400 feet,
oould only ba justified on the seore of low gepital coet, for should
subosquent developments regquire en inerease in shaft capacity 1t 1is
act posalible %0 inoreame the size of ¢an mugh beyond 0.8 ¢tons. On
the other hard, slthough oapitel cost of eguipment is four or five
times that for a can hoist, oage and particularly skip holsts have
considerably larger espacities than 438 tons, and thsrefore, the in=
stallabtion of onp othar eof these mathods, depsnding on the hmulage
oyrstem used and tonncge to be handled, is neocessery xhere mins ro-

duotion is te be on a saale grester then 400 tons a airt,
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QONCLUIIONS

In the foregolng dissusaicns an attempt has besan nade to de-
monstrate the festures of the various syatems of Arilling and $rane=-
portetion in forse in the Tri-3tote Distriet. It is ewvident that
with the advent of meohanizatlon, considerable economiea have acacrued,

The uee of jumbos for drill mountinga, in place of the old post
and tripod systemg hag pormitted a better applicition of the drilling
machines and manpower to the prosess of roek braeaking, This resultd
hag been aobhleved lergely for the following reasonsi

1, Thers has boer a simplifisation of the siement of "eregtion”
to one of simple "movizgn, with attendant reduetion in tire eonsumed
during the oosupation,

8. A slmplifieetion and standardization of the elament "setting
up® has further reduced the time for the drilliug oyole,

S« The intrcdustion of new delay elements with jumbo drilling
has nos bed® sufficient, in the aggregote, to offmset ths material re-
4nctions in tims mentioned under 1 and 2, and henee, more time is
available for 4Arilling. Oortain of the new delay elements, sush as
owait on other 4Arill”, and "wait on extra holes", are dependent on
the lagk of standerdization of the round, end with an approash to
better co-ordination, dslaye may bs furtker redused. Other delaye,
saeh as "repairs to jumdo", will remain whatever the degree of
standardization achieved, but they may be reducsd by improved jumbo
construetion, Still others, for exemple, "powderman loeding holes™,
represent it would peem, somewhet of a risuse of tze jumbo, and ere
capedle of marked reduction.

4. 4B a oonsequende of the greater time availsble for drilling,
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there heve besn insreases in the number of holes, and footage drillied
por 4&rill wshirs,

5. ©ith the elimiuution of ths bemgh systsm of mining, better
spotiing of holes i¢ poussivle and, therefore, there is an increase
in tonnage rer foot drilled,

6s A oopfsiderntion of faotors 4 erd & reveecls the reason for
the inmprovement in tonn:ge ver drill shifd,

7. The inorease in produstion per 4rill shifd also cerries with
It tbe implication of inecreased sroduotion yer xan employed) that ia
the evallable manycwer ia used t¢ bettar advantage, ¥No sreeial trein-
ing 18 reguired for jurbo drilling, as any men who has «orked with
posd and $5ipod mounted drills ia eguelly capable of cperating from
a jumbo, #ith the aimplifieation cof cartain of the esseutial elonemia,
the drllling operation appurently has bocome losy fatiguing.

8, Poeanse juho reohines ean B moved to work in mores than two
hesdings, the poaaidility of drilling being intexruphed, dus %o a
disraption of %hs lozding aycls, 1a =imiaised,

In additiem &> the factrs adbowe, whioh svre eommon t0 both
oleases of junbo, the long sash has two further fenturas:

9, Tha use of the shain-feed, wagon drill mounting hes resulted
10 ax imereused irilling rata and this perzits the 4rllling of e$1l)
more lfootege during u xhifh,

10, zagh drilling msebine yequirea the serviges of dut ons man,
ant g0, the senpower rejuirsments are Malved, The swell amcunt of
$ims isvolved in the leng sssh elemend "helping other drill®, amd in
*gapply delays”, and in $he loesger woving tize is soh rufficlent o

justify the presence of a tuird nan to belp avsrecks thesa delays,
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Idle time 1o @ oonsiderable delay item particularly in the case
of the long sash jurbos, and until = suffielent apur is offersd the
men to ocontinue oper:tions throughout the day, the full produetion
rosaible from the jumbos will not be realized, In fairneas $o the
zen, i1t must be mentionsd that in the high ground mine where the
data wers gathered, a large proportion of the delay from 1dle time
is attridbuted to the faet that the present tranaportation aystem in
use, namsly, rops haulage with eans, is not sdapted to moving large
tonnages.

¥ore success has been achieved with the long sash jumbo in sheed
ground fhan in high ground bdeosuss in the ladver sase, & greater $inme
nust be spend in moving, eand there is 1ittle or no standsrdizstion
ef the round.

The shart gsash jumbo, ae esompared with the long sash, suffers
from the disadventages of a leasser rote of 4rilling and the present
requiremsnt of four men in the jumbo operating ocrew, The relatively
mall period during vhish the helpers are engaged in “shanging™ and
the large amount of time spent waiting for thet evens, together with
other extranecus activitise, raises the gquastion that the short sash
asohinss and post-mounted &rills might poeaikly be worked, without
telperas, more sfficiently with reapect to manpowder requirements,
Though 1t is poseible to make, from the dats gathered, an approxi-
nate eatizate of the effects of thiws suggested modificatien,, 1t isa
folt that suoh an estimate would Ye based on untenable essumptions
and that it would be qualitative rather than quantitative. According-
1y, the matser iz left open ot this time but is hoped that at scme
future date, a time >tuly and comparative snelyeis may De made of the

operations of drilling machines in suct :a cycle,
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The best trasspyortation system for a sheet growzd mine, in whieh
Jumbos are used, appears o be buttery truek baulage in ecomdinmtion
with askip boisting, (ne trueik can handle readily the rock obtained
froe’ the oparation of a jumbo drill uelb, and the skip has eapacity
for the tornage produced by four or five jumbos, #ith any otber
eyaten of haulage, beosuse of she ropid sdvanes of the working faee
in thie type of mining, the trzel mus® be nhifted and oconsidaradle
expenss i8 theredy ireurred,

High ground zining, with Jjumbesn, uJ_.lolrl & ssmavhat wider aholee
of haulage system, as the mine fzce is not advanesd with the rapidity
which ococura iw Aviving the shred growid workings, Hense the alter-
native installstiorn of soze somdbination 92 roye or battery losomotiwe
haulage with ears, and skip o¥ sage holsting, asy Be oconsidered, Pow-
evey, the use of truekx hanlage, here again, from the atend polint of
both oporating and capital cost appears 40 be that most loglieslly
aprilied,

Boauuae 0f the comperastively low hele$ ocapeoitly, sny ranse
paviation eystem in whieh oans are used 4doea notd warrent asnsiders
stion whore the ssxirom toanage prodused in e shift {s greatly 1ia
ezsess of 400 fons, Though $he holsd sapeeity fe dependent Yo scme
deagree on $be depth of the shafd it rarely exseeds a pruduetion of
800 tons s shift from shaliower wowkings and for delivery from deapsr
shafts would bo mush laass,

1% zay be stated in summary, that although the imtrodustion of
the jwabo Arilling squinmens oreated eertain mianor cperating probdleas,
tke geusral reault is thst dy thelir dewelopmsat A marked ixprovement
in the eppliontion of both man-power and mnsghinse to the arilling

proosdures has beooas possible,
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Cost, breeking

Gos$, capital 58, 68, 70, 75,

gost of drilling
Qost of operstions
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Delays, productive
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Drill machines
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Brill mountings 17
Drill, wait on other 27, 53, 87
Drill preparation 86, 30, 61, 56
Drill repairs, walt on 28
Drilling and Qhanging 26, 82
Drilling, eomparison of rethods £9
Driliing, cost of 58
Drilling methods, summary of 56
Drilling, non-productive elesments 86, 33
Drilling, operations of 2, 24
Drilling, post 1, 13
Drilling, productive elements 28, 30, 33, 56
Drilling rate 24, B2, 89
Drilling time studies 21
Drills, short sash 13
Dump-cage hoist 82, 84, 86, 90
Bagle-Pichar Mining and Smelting Coupany 1, 2
Erecting post 285, 81
Erection a7
Bxcessive rest 29
Extra holes, wait on g7, 83, 60, 87
Face inspsction 21,
Fase preparation 24, %0
Powler, G.M., and Lyden, J.P. 8
Ground slassification 20
Barley, G.T. - 20
Heulage © 61, 62
Haulage, main and tail rope 70, 71, 80, 81, 90
Haulage, rubber-tirsd battery truek 76, 78, 80, 81, 90
Hanlage systemse, comparison of 78
Headling and bensh msthod 7
Helping other drill g6, 82, &7, 60, 88
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High ground mining 4
Hoist, ekip, can, dump-6age g2, 84, 88, 90
Holsting 61
Hole, collar 27
Bolea, blow 27
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Holes, powdermen loading 29, 54, 87
Holes, wait on extra g7, 83, 60
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Fose repairs 28
Idle time 29, 54, 89
Inspection, face 25
Juambo 2, 7,11, 13
Jumbo, moving 25, 561
‘Jumbo, long sash 16, 17
Jutbo, repairs to 28, 54, 87
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Life, working el
Liﬂton, R. 19
Loaders, shovel 64, B
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Maintenance end drill repairs 28, B4
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Misacellaneous delays 29, 84
Mountings, drill 17
Moving 87
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Operasion of drilling 24
Oparcztions, cost of 5%
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Safety regulations
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Short sash drills
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Time, 1dle 29, B4, 89
Time atudies 19
Time studies, drilling 21
Time astudy methoda 19
Time, travel 24, 50
Trangportation 61
Transportation, proeess of 61
Transportation systems )
Travel time 24, 50
Tri-State Distrioct l, 7, 17, 61, 82, 87
Truseott, S.J., 21
Underground practice 7

Wadt at end of shift £9
Wait for ohanging 28, 83
Wait on barring dowm 88
walt on blow holes £7
Walt on collect supplies 28, 54
Wait on drill yrepairs 28
Wait on extra holes 27, 53, 60, 8%
Wait on hose down 25
Wait on mmak out 24, GO
Wait on other 4rill 27, 85, 60, 67
vait on stusk steel 28, 53
Working life 61
Young, G.J. 51, 32
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