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This thesis embodies the results of an investigation, by the time
study method, of certsin phases of drilling procedures recently brought
into practice in the Pri-State ‘unning district,

The field work was sccomplished duwring the months of July, and
August 1945; the data obtained tha'i*qum and the analysis presented in

- thie dissertation apply te the prgntico in effect at that time,
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Introdustion

The Tri-Stete mining datriet includes an ellipticzl area in south-
western ¥issouri, scutheastern Eansas, and northeastern Oklahoms,
Lengthwise it extends roughly from Springfield, Missouri, to Miami,
Oklshoma, a distance of about 100 miles, The tract ranges from a few
miles to 20 miles in width. (See Figwre 1).

This sinc-lead district has cortinued for 60 years to lead all
other fielde supplying sueh metals both in p.rodu'ction and economy, To
meet war demands for zine and lead, the Zagle-Picher Mining Company re-
opened many marginal mines, which prior to World ¥ar II had become in-
ective, and initiated a program of mine mechanizetion so that these
marginal smines gould be economically worked.

Clarke’l has deseribed several of the new mining methods that have
been developed, One of ‘tho‘htu%. stages of mine mechanization has been
the use of junrbos to facilitate drilling.

Briefly, the jumbo consists of two or three drills mounted on ean
adjustable boom, The boom is affixed to a caterpillay tractor., The
drills may orerate on elther long cerriage-sashes op short carrizge~
sashes, TFor convenisnce, Jurbos eoquipped with long sash drills or those
equipped with short sash drinas‘aﬁ hereinafter referred to as long
sashes or short sashes respectively, as the case may be.

Forrester and Taylor® have deseribed the construction and operation

1, Clarke, S. 8., Vining methods, Zagle-Picher mmber, LInginesring &
¥ining Journal, Vol. 144, Wo. 11, pp. 80-89, (Nov., 1943).

2, Forrester, J. D., armd Taylor, J. ¥. A., & comparative analysis of
soms recent mining mractices in the Tri-State mining district.
Yimsouwri School of Vines & Metallurgy. Tech, series, Vol, 1§, No. 1,
1945, »p (3
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of jumbo maehines. Thair work was underteken as a comparative analysis
of the old (post and/or tripod) and the new (jurbo machine) methods of
drilling to determine the reasons for the imrrovesent in mining effi-
cleney attributed to the latter, |

Initially the short sash fmmbo crews consisted of two men p-r}
drill anﬁ thus such a Jurho fitted with'twc drills recuired a crew of
four men., Forrester and Téylar:a have stated that "The short sash jumbo,
ae compared with the long sash, suffers from the disadvantages of a
lesser rete of drilling and the resent requirements of four men in the
Jumho operating erew, The relatively small period during which the
helpers are engaged in "ehanging” and the large amount of time apent
waiting for the event, together with cther extransous helper activities,
raises the question that the short sash machines and 'pmt mounted drdlls
with respect to manpower requirements, might pcsaibly be worked more
officiently without helpers, Though it is possible to meke, from the
data gathered, an approximate estimete of ths effects of thin. suggeated
modifiestion it is felt that such an estisate would be based on umten-
able ascumptions and that it would be qualitative rather than quantit-
ative, Acoordingly, the ratter is left open at present but it is hoped
that at some fiuture date a time-study and comparstive analyels may be
made of the operations of drilling machinss in such & eycle¥,

The purpoee of thig rresent study is to make such ﬁ quantitative

AL g absve dspavgd drttbadts

mlyuig{\af various distributions of men-power in the drilling crews,
Thet is, to comparatively analyse the effects whish accrue im 4rllling

Y Forrester, 7. D, and Yayior, 7o Vo Ko7 Onalt. o 52
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3

rrocedures by using crews of different sizes in operating 2il types of

jurbos and post mounted drills,

Geology

The geclopy of t’he Tri-State district b\ms baen adequately described
by Powler and iyden®, ssigt by wum:bi. "Briefly the prinoipsl ore-besring
formation is the Bom§ of lower Mississippian Age. The ore minerals are
sphalerite snd galm with which are associated marcasite, pyrite, and
chaleoprrite and more rarely other asccessory sulphide minerals,

The ore bodies occur in a zone 50 to 150 feet thiek in the upper
halfv of the vBaom formation., In the mining of the c;re bodies, there
are two terms that have boa:ﬁ udopged to indicate the manner under which
the 'ﬁiningvopam‘bisns are carried onj namely, sheet ground excavations
whish extend laterally over a wide ares, and high gro@ workings which
have greaster wvertical extent in comperison to their lateral limitsz. The
beds designeted ss O, P, and 0 are the most important ore-bearing strata
in the sheet gzround mines,

F«hr6 hae desoribed the O, F,; and { beds of the Boone formation
ant. "0, 89 %, thiek, Some limestone and abundant chert} gray, dense,
in bands and round, flat nodules; an important sheet ground ore zonev,..
P, 8-11 ft, thick, Chert, gray, dense; and limestons, gray, messives
mirneralized loeally®.seee™iy 17«18 ft, thick, Chert, gray, dense; and
limestone, gray, massive; mineralimed locally".

Toe  Fowler, G.M., and Lyden, d.F., The ore deposits of the Tri-State
district. Amer, Inet., ¥in, & Met, Brgrs, Trans. Vol., 102, pp. 206~
251, (1932).

5. Weidmap, 5., the ¥lami-Ficher zinc-lead district, Oklahoms, Economic
Geol, Vol, 28, Connesticut, 1933, pp. 82-8i.

6. Powler, 0.M,, Btructursl control of ore deposits in the Tri-State
sine and lead district, Engr, & ¥Min., Jowr., Vol, 139, No. 9, pp. 46~
41 (September, 1938).
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The physical characteristica of the rock in any mine vary consider-

ably from porous cavernous materisl to hard massive chertified material.

A Pp ure ing Practice

The general mining practiee of the Tri-State district is that out-
1lined by Clarkn"’; namely, the room and pillar system, The pillars are
irregularly spaced and range from 20 to 60 feet apart and are of such
dimension that from & to 15 per cent of the ares included within the | ‘
ovarall limit of any mine tract ie not removed,

In sheet ground mining, (;?ywhich the time studles of this analysis
wers made, the stopes range from 8 to 16 feet in height. The entire
height 1z drilled by the use of jurbos, Prior to the asdvent of Juxho
drilling, stopss that were higher than 10 feet wers mined by a bench
and heading method, This practice necessitsted the use of both pegt-~
momted drills and trdipod-mounted drills, Siemilarly, in high ground
mining the practice was to dri 11 for advance by the heading and bench
system. The rresent procedure is to drill mrogressively upwards from
the floor, the jumbo elimbing the broken ore after each blast,

Germral practics in drilling sheet ground is to use a six hole
round, namely two stops holes, two breast holes, and two roof holes
{see Plate 1), The holes are spae¢ed 4 to 6 feet apart, In the event
of an irregularity in the roek faes being drilisd, the drill round
a;*dimrily i1s modified and the holes asre arranged so that ths next face,
which develope after blasting, my be drilied with the standard rousd

of six holes. 3tandardization of the drilling round is beneficial to

P

7 &»,W’.M& T =
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Jumbos becawse to obtaln maximom efficieney the two drills must operate
simultsneously., Occasions arise in which only one hole is to be drill-
ed and in such cases the other drill is idle and nonrrcductive.

In January, 1945, a t?ru-—driil, long sash Juwbo was being operated
snccessfully, The drilling round consisted of § holes to the face;
namely, three stope holes, three breast holes, and thres roof holes
(see Piate 2). The three drills are mounted on a Hodel 60 Caterpillar
tractor frame whersas the two drill system is mounted on a ¥odel 30
Caterpillar frame, The former tractor is mueh more stable tm the
latter and thus less vibration and/or movement of the boom takes place
during the drilling of holoag. Air is delivered to the drills st abowt

80 pounds ressure,

Blasting
Blasting is accomplished by using 11 x 2 inch semi-gelatin cart-

ridges that split under the impaet of the tamping stick., Primer cart-
ridges are inserted into cardboard tubes to prevent the caps from coming
in contact with the sides of the hole, in the svent that the cap had

not been correctly placed in the cartridge. All stope holes are doubls
primed to insure firing, Holssz are lomded by the powderman in the
afternoon and blasted after the end of the shift. The order of iring

is shown in Plates 1 and 2.

Transportation

Haulage of ore 1s accomplished in four ways; ramely, by wlxo:,‘ tail-
ropes, battery locomotives, and :xbbsr—tirad; battm%rml&sr Each type

#. Tlarke, 5. 8., Oral cormunitation,
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of haulage system has a defihita fieid of application, that is, the use
of mules is only practicable on haulage ways that are nearly levely
tail~rope haulage is applicable to variable grades and sharp curves;
battery locomotives are most efficiently opersted on mainline tracks;
and truck hsulage, the most recent form of mahanizationq, is applic-
able to mines where grades of 12 per cent or more da. not, occur too fre~
quently, Truek haulage is especially meru; ir} 'minaa that have been
reopenad, and where both time and eeonomy a;;’?;gémtial, That is, it
remires less capital expenditure and Jl,aas manpover to equip a mine with
a truek havlage system than to inst.ali;;-acku, cans, locomotives, cars,

or tail-rope squipment which are necessary to operate the other haulage

types,

Loading
There are two types of loading systems; namely, slusher loading and

powsr-shovel loading, Siusher loading is accomplished by uasing cater-
rillar-mounted ramps squipped with 3-drum slusher hoists., The caterpilliar
ramps are powered by either sir or electrie motors, The slushers load
dreetly into either sans of 0.5 ton capacity, or into 13 ton end-dump
mine cars, or inko t.mcks of 3% ton capacity, as the case may be, TPower-
shovel losding was introduced in the latter months of 1941 because of
the pending man-power shortage, The powsr-shovels, opereted with air
motors, dump directly into cans, As with the methods of haulage, both
types of loading have ;t‘hair respective places in mining operations. |

9, Claries, S. 8., Rubber-tired blite buggies haul ore underground,
Bngineering & Mining Journal, Vol, 145, No. 12, pp. 88-90,
{Decembar 1944).

www.manaraa.com



Slusher hoists are. advsntaaeous wherever there is room to operate them

whereas powsr-shovels are applicable to narrow, low beadings.

Hoisting
Can-hoisting and skip-hoisting are the two chief methods of hoist-

ing used in the Tri-State district. The ceans, which are hoisted by

electric power, are moved at speeds Setwaen 1500 and 1800 feet per

minute¥*, The can-system has a definite advantage over the skip system
in that the capital outlay is approximately one-fourth that of the skip
system, Skips, with capacities ranging from 2 to 3% tons, are used 3in
mines from which tonnages in excess of L00, the practical limit of the
can system, are desired per shift, Hoisting cables range in size from

§/8% for the can systems to 1 1/2" for the skip systews.

Safety
Safety regulations which apply to drilling are, on the whole, ad-

hered to, At the beginning of the shift the entire working area is

sprayed with water, lLoose slabs at the face and in the roof are removed

by the roof trimmra. A},l holes are drilled wet, and goggles jare pro-

P

vided the men t0 be used while collaringﬁa fx&, )

B e e R e e

Time Study Application & Procedure

Tmcottw has concisely defined a time study as being ".ss...C0B~
prehensive observations on routine work, in which the timing of definite

' /
oceupations during that work plays an essential and preponderating parb.’

¥ Jen are not hoisted at & speed greater than 500 feet per mimute,

10, Truscott, S.J., Scientific management in mining, Engineering &
¥ining Journal, 128, pp. 133-137, July 27, 1929.
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Harleyn is of the opinion that time study procedures are most
applicable to machine shop work where operations on sach machine are
standardized., Zach cycle of operation uses the same vtoola , the same
motions, and eonsumes that same émount of time,

In mining, although the basic cycle is the same daily, there are
however, many unavoidable occurrences that are unpredictable and non-
standardized. These non-cyclic variations must be taken into consider-
ation if a time-study procedure is to be applied to drilling. For
example, the drilling speed of a drill is a funetion of the drill it-
gelf and the character and hardness of the ground. The time consumed
in occupations such as changing steel and setting up depend, however,
more directly upon the men themselves, and thus, the type of men used
in making the tests has a direct bearing on the efficiency of the oper-
ation,

Both the time-study method and the clessification procedure used
in this work are aimilar ¢o %hég'med by Forrester and Taylorlz. That
is, the time at whieh sash man 15 the drilling crew completes an
occupation is recorded on an Observation Sheet alorgside & note of that
activity. The field observation® are posted to a Summary Sheet. Upon
the conplstion of a study of a particular drilling method, the daily
activities of eaeh/@aﬂ are entered on a Consolidation Sheet (see Tables

1-7). The similarity of the procedure used in this work with that

11, Harley, G. T., Time-study methods for mining operations, Engineering
and Mining Journal, Vol, 123, pp. 722-729, 1927.

12. Forrester, J. D., and Taylory, J. F. A., 02.31“3., ps 21
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f-ﬁ"'\*-rqr“ ‘w ""n"“wh-r w'l ar’ or ig 't nr't* onal so th ‘t, a con perizon .
8 T . oy J o : Bare D MAwun sy L

my "se *ﬂfm# "ewli‘y mde Wit“ the fnrmer rn‘acticﬁs desﬂr’ibee in their
raper,

| Before beginning an analveis of the effect of different size crews
as applied to drilling the cyelic oceupstions of ths drillers will be
defined,

¢

g . o0 kondaft
The operation of drﬂlingz ia hrﬂkm dosni into eleven gubdivisions

end sach aubdivision is further ﬁ;m a;uw-t into one or more elements,
Definitions of the slerents zre as follow:
1. Travel Time-—the time utilized by the men journeying between the
shaft collar and the undergrmound working place when going on and of?
shift, As it is the rractice in the Tri-State District rcr the men to
Junch on the surfaec four tri paidazf{e ineluded. |
2, Face Preparation-«-time spent in performing thes essential m——‘
liminary scts before the jumbo machine or post and/or tripod is moved
to i!rill a round,
"Mueck Owt" ——time consumed By & portion of the erew in removing
muok or rock from the face a~ov that drilling msy procead.
"¥ait on Muek Out” --one man usually can sstisfactorily muck out
and unless the other mnﬂ:sﬂiv of the drilling crew are engsged in
another occupation they are charged to wait on nuck out,
*Facs Inspesetion® —-to obtain the best results from drilling, the
face ia inspected to decide the most sdvantageous position for the
jumbo to be placed or the post to be erected, as the case may be, |
"Barring Down® «time spent by any portion of the drilling crew in
pemoving looss slabs snd/or boulders from the roof or face so that
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driZlinm may proceed safaly,
m7ait on Bar Down® «»—:%rif)r to drilling, the jurbo my be utilized
by roof trimmers. ‘P;tfs, delay ir which the drilling crew iz idle
is charged to this category, |
"Hose Down"™ —wwater is sprayed on the working place to allay dust.,
"¥ait on Hose Down” —was it ie necessary for only one man to hose
dowri, the remsinder of the crew is idle.
"}ﬁéwing Boulders® —-larpe boulders and/or slabs sometimes prohibit
the jurbo machine fror resching the working place, Time spent in
reroving the obstruent material sc that the jwbo may rroceed to
| the faee iz charged to moving boulders,
3. Drill Preparation---the time consumed in the placing of the jumbo
machine or post (or tripod) in such a position thet it may do productive
work, that is, the drilling of holes,
foving Jurbo® —the time spent in moving the Jumbo machine from
one face £o the rext, The time consumed in moving the Jjumbo to
and from the working face at the beginning and at the end of the
- ahift respectively 1s also charged to this eategory, On both the
long sash and short sash juzbos one man drives the machine and the
remainder of the erew is avallable for dragging the hoses, In
canes where the crew is made up of two men, the hosez are usually
d seconnected,
"Ergoting Post" —-in post erection the counterpart ofnﬁwing
Jurbo is the diemantling of the equipment after drilling and
srecting it at the next face to be drillad,
"Setting Up" —awith fumbo drilling one movemsnt of the boom, which
supports two drills, psrmits the drilling of tws holes simultaneously
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but with post drillin-e eneh tyre of hole requires a different
poattion of the 2rm, Setting wp also includes time allotted to
alignment and clamping of the drilling machine and the placing of
the steel in the ehuck., With three men opersting twe post-mounted
drills, oecasions arise in which three men may perform one task,
he Drilling, Froductive Elements-—the time utilized by drilling oper-
ations which are essential to the sctuval drilling of sech and every
hole.
"rilling” —time consumed by the drillers in operating their
machines inelwding the time srert in successfully collaring a
hole, provided that time is lees than one mimte,
"Changing Steel” —-as it i necessary, especially for the short
sBash and post-mourted drills, freaquently to change stmlltho time
involved in this occupation by both driller and the helper is
charged to "anging §teal, The usual mractice in changing steel
is for both the driller and his helper to zid one ancther in un-
serewing the bit from the short steel and putting it om the longer
one, The helper then places the longer steel in the drill chuck,
"Changing Bit® -wthis eategory is peculiar to the long sash machine
at the Teapod mine in whish excertionally !prd material is en-
sountered, Mmcrit raplaeenmnt; of ths dulled hits ﬁwnaeusm
to maintain the desired number of 411l holes per shift. In
cnmga.ng‘:bitf the dulled bit must be hammered looss and a sharpened
ore selected that is efther the same size or smaller in dlameter
to permit the steel to re-ghter the hole and the drilling to pro-
geed, This occupstion is seldom in excess of three minutes,
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"Help Cther Drilling® -——on hoth the long sash and short sash ra-
chinea, where either there is no helper or the helper is occunied
in another task, it has been found advantagzecus for both drillers
to aid sach other during drilling and/or changing steel,
The above classifications underﬁl}r:‘v.lfi,i.ng s Troduetive Zlements are not
individually sirmilar to those used by Porrester and Taylarls because
the distribution of manpower in the drilling crews necessitates ele-
‘rnsnta in whieh individual occurations may be included, however, the

)-?Aqu'.f}iai»‘ ] ) ~
A of the elements of both stixiies are eguivalent.

5« Drilling, lon-Productive Llemsnte~~—this is the time consumed in
those occupations which are M to the drilling rrocedure but,
which within themselves, do not result in a deepening of the drill holes.
riait for Changing® --this tims expenditure by the heliper occurs
during most of the tims thet drilling is in rrogress. The helper
stends by waiting for the next ohange of steel. If one driller
has completed hie hole before the other driller, or is drilling an
. extra hole, the helper, who is in reality not only waiting on the
ot.hér drill or waiting on extra hole but also walting for changing,
is charged t:; %it for '%hanging:
“Clean Cut Hole® ~-upon the removal of a stuek steel the hole is
usually raked clean with a stiek designed especially for this pur-
pose, Clean out Hole resulting from stuek steel is frequently
snoountered in vusgy ground, |
"Blow Holes” --at the completion of & round, and whenever necessary
dwing the drilling of a round, the heles are cleaned by blowing
them clean with air through a specially designed pipe. Soms jusbe

13. forre!tﬂ’r, J. ‘D-’ md Taylor, Jn Fa A', OEocita’ pu 25
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13

machines have an extra air-cock to which is sttached the hose and
blowing-pipe, Tine spent in making s connection on sachines not
equipped with additional air-coe¥s is charged to Blow m}"%:

"ait on Blow Holes" ~-as the effoprts of only one or two men are
required to satisfactorily bHlwr the holes, the rerainder of ths
erew walt for the next sove »f the machines., If it ls necsesary
for 8 hole to be blown during drilling operations the other driller

ki d
and the helper stand aside to avold flying pieces of rock blowh -

sfévby the alr.
"Collar Hole® ~-it may be difficult to start, or collar, s drill
hole and if such i= the care, a new set-up of the equirment mey
bs required. Time in excess of one mimte spent in starting &
hole is ertered under dﬁo]hr }‘tole:
6. Produetive Delays——thiz iz the time in which only half of the
drilling eapseity is being utilized on n»roductive work bmama} in jumbo
drilling, occecasions arime when ome drill will be idle while the octher
is working, This category is not applicable to post drilling.
"wait on Other Drill® —in jumbo drilling, delaya ocour when one.
drilling machine completes a drill hole befare the other machine
has finished its hole.
"Walt on Bxtra ¥Holes” ~-it may be necesssry to drill holes in
addition to those of the gtandard round, Time spent in such a
procedure is a productive delay and is charged t.e Whit on Bxtra
Holes.
7. Bon-Productive Delays-—during the drilling cycle, tize may be
taken up by delays that are neither productive ner essential,

www.manaraa.com
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"Stuck Stesl" --if a drill steel becomes stuck or immovable in the
drill hole the rvrogress of the drilling is irterrupted., The delay
caused by this interruption is entered as stuck Fteel,
"ait on Stusk Steel” -.g delay caused by stuck steel on one drill-
ing mehim ,dﬁrﬁigihﬁ dﬁm eyels which prohibits the other ma-
chine fmm prdduetiw drilling. The delayage of the latter is
charged tc Wait_ on duck #teel,
8. éupply Delays-—thene delays ocecur whenever it is necessary for any
member of a crew to be absent from the drilling operstion because of &
lack of supplies such as bits, steel, oil, ete,
*ollsct Supplies" -wif supplies are needed during the shift they
are obtainsd from either the underground or surface storage rooms.
"¥ait on Colleet Supplies® ——time spent by the drillers while
waiting for supplies,
9. Mainterance Delays——an ‘qxpondit.urc of time necessary to maintain
the emiprent in working oxdery
"Hose Repairs® -—shen an air or water hose breaks, the drilling
eyele iz interrupted until the repairs are accomplished.
*Dr4ll Maintenance and Hepeirs® ~-time spent in repairing the
drille or sashes during the drill shift, |
nHait on Drdll mintmnca and Rersirs® ~-as it my only require
the service of one or two men to make the drill or sash repairs
the remainder of the crew may be idle.
"Repairs to Jumbo® —-a delay in the drilling rrocedure necessitsted

el

pb PuadTond
POi1IRE" ~~the oiling of both the drills and the sashes, is=a

”@‘W}%

by repairs to the jusho machine during the shift.
ot o
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10. ¥iscellaneous Delays---the time consumed by infrequent and non-
rredictable delays. |
:"Rewvaring Steel” —if & steel breaks in a hole that is nearly
completed the driller, or helper, atterpts to retrieve the broken
portion with the aid of the raking stick and thus recover the hole.
"Straighten Steel?® -«the drill steel may become bent when either a
drilling machine has moved out of alignment or during the freeing
of a stuck steel,
"Hait for Power Cable to be Voved Forward" --cccasions arise vhen
the drilling face has progrsssed forward to such an extent that
the jumbo is unable to reach £ha working place without extending
the power cable,
"alt on Water® --the working place may become inundated, Time
apent in overcoming this condition is charged to wait on water,
"love Main Pipe Lines" -«time consumed in advanecing the main air
and water lines,
11, Idle Time——time during whieh drilling operations are not being
furthered,
"Excessive Rest" ~-if the drilling crew iz idle without apparent
reason the time consumed is charged to this category.
"igit at End of Shift® —-the time which rasses between the com-
pletion of the day's drilling and when the men are hoilsted at the
end of the shift,

www.manaraa.com
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Comparison and Interprstation of the &ffects of
Varying Crews in Drilling

Tables 1, 2, 3, 4, 5, &, and 7 are consolidation shests on which
the data of each day's study are summarized., The symbols U and H de-
note the drillarts time and the helperts time on a machine, and [ or
R denotes the 1sft drill or right drill, as the cass may be.

Plates 3, 4, 5, 6, 7, &, and 9 have been compiled from the above
tables to sive a comrarative graphical picture of the time distribution
of béth the cccurations and their slements. The resulting sectors re-
present the percentapes shown in the consclidation sheests,

Tahles 1, 2, and 3 remresent the operational data for drilling
crews of 2, 3, and 4 men respectively on the short sash jumbo; tables
L and 5 represent the data for 2 and 3 men resrectively on the long
sash jumbo; and tables 4 and 7 show the data for 2 and 3 men on post-
mounted drills, | '

Plate 10 is a graph of Brill Freperation, Briiling broductive
Rlements, and Erilling) Hon«kioductiva Siements and the total per cont
of time consumed per shift, This graph was made so that a graphical
pleture of the three most time-gonsuming operations may be readily com-
pared. '

Plate 11 depicts the amount of drilling (in feet) accomplished by
all tyvpes of drilling.

The elements of Prill Preperstion and %ﬁmmm Qrilling are
eyeliec and standardized and thus a further breakdown of the oocupations
of the above elements is given.

In order that 'bh!; variable jumbo crews may be compared they are
reduced to a common shift basis, that is, two, three, and four man

“
erews_are based on one 8 hour shift of &86\%0, and 1920 men-minutes

respectively.
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. Table T - Urdlling
Time Study Consolidation Sheet
Short Sash Jumbo -- 2 Van Crew
All time given n minutes

Day 1 2 3 b Total AVETs e Tareant
3 per Shift
’,‘:::
gH LD 22 2 24 X
Op RD 22 23 24 3G 199 49.75 5.18 5.18
Yuelk Cut LD 10 ¢ 5 13
ED L E) 5 13 Lo 12,28 1.28
Tait on L3 4 & 0 &
¥nek Out RD & 0 ¢ A 26 £ o KO S
Face i) 5 i 5
Inspection B D 11 5 7 & 5 13, 1a35
=
;v Baring LD O O O 0
“ down RD 0 0 ¢ 0 ¢ &
=
H o ait on LD © o 0 0
oo Barring downR D o G ) 8 o 0
6
2 Hosedom LD 0 0 O 0
& RD ¢ 0 0 0 0 0 C
Hait on LD C 4] 0 0
Hose down R D o 0 0 0 0 ¢ o
Voving LD 1 0 0 0
Boulders . R D é 0 0 0 7 1,75 «18 3.49
E  Yoving ID 35 11 1 23
= Jumbo "D 30 10 1, 21 158 39.50 k.11
-
i Setting LD A0 27 52 50
e Up RD 39 29 45 Ak 326 1.5 8.69 12,60
§ Drilling LD 172 109 160 188
RD 111 100 1326 146 1122 280,5 29.22
!‘é g oChanging 1D 26 19 2 30
E'"" Steel RD 19 2l 21 28 189 L7.25 Le92
.lp Other LD 15 2 2 10
3 RD 12 5 0 1 5 14.25 1l.48 35,62
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Table I continued

Day 1 2 3 L Total Average Percent
per shift
~ [Cleamowt LD 1, 26 0 0
& Hole RD 8 1 O 3 52 13. 1.35
L |Blowholes LD 7 7 6 6
- RD 11 1 & 4 60 15, 1.56
;ﬁg 7at on LD 3 © & 0O
12 |PlowHoles 2D O 0O O 0O 9 2,25 .23
“ |gollar LD 2 1 4 7
g | Hole 229 9 5 10 K7 15 1.2 by 37
B [fait on LD © A 19 5
oA [Other PAAXIRD 47 46 16 30 184 Lé. L.79
- I
gg Tait on LD & ¢ 23 C
5 Extra Hole R D 15 o 0 0 42 10,5 1.09 5,88
Stuck LD 6 50 0 37 ;
é Steel RD 28 9 29 20 174 53,5 b 5
IBB|faiton LD © o0 0 3 |
gg;ﬁ Stuck Steel n_n c o o 1 473 3.5 36 k90
a8
Colleet " LD 10 33 19 3
Suprlies RD 4 26 7 10 112 28, 2,92
EE {fgiten LD © O O O |
£ |Collet RD O O 0 O 0 0 0 2,92
i Supplies
Howe LD w1 0o 1n
Repeire RD 28 2 23 O 79 19.75 2,06
ﬁg Drill Main. I D O 113 32 27
i-;ﬂgg <% Repmirs RD O 98 37 53 360 90 9.39
‘,rj
Weitom LD O © 0 O
Brill Mein, RD O 42 O O 42 10.5 1,09
& Repairs ' '
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- Takle I sontinusd

Day 1 2 3 b Total Average Percent
‘ per Shift

o
2 LD 0 0O 6 o
¥¢ |teJubo RD O 0 2% o 32 8 .83
o
- | oiling LD 1 L A 3
26 L RD 3 8 7 I AN 1 1.15 1h.52
o -

Wait for LD O o 35 0
w Power Cable R D O o 35 0 70 17.5 1.82
& £o be loved
= @ Forvard

) :

éa Wait on LD ¢ ) 9 !
2] Seraper RD 0 0 9 +] 18 L5 4T 2,29

Hoist to be
z Yoved

R
[Bxcessive LD 7 0 3 0 |
s Rest RD 2 0 0 o 12 3. 31

g:« Iwadt ¢ LD 70 26 28 30
2 End of RD 70 2% 28 30 304 7 792 8.2
e | Bhift

ol Ll Zyl_i.LI
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1-TRAVEL
TIME

2-FACE PREPARATION

FREPARATICE

L

[ Mook

Cut

Wait on
Yuek
iy 5 A

Face
Inspeetion

Barring
dowm -

Wait on
Barring
down
Hose
down

“ait on
Hoge
down

loving

| Boulders

¥oving
Junbe

Setting

L A T - B o A~ - S S S = B
DY UEND UXNMY ol oo o oMo omo

=)

b

- S e -

Sho%
A t

» piven in pinutce

BES

i

www 000 000 oos ooce LEG

Table YT Drilling

Time Study Consolidation Sheet

Sgsh Jumbo - 3 Nan Crew

REE wBa

VOO COO0 OO0 QLo oo P&

S84

QOO0 O O3k

coco ooo ooco NNY

17

17
52

30
- &7

Total

156

63

a1

Average
per Shift

96

52

21

41.33

132,7

23

Percent

£.67 6.67
3,61

3.33

Lukb

it

1.088

¢

¥

2 1049

2.87

9,22 12,09
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A

F}rﬂ.lj ng

Changing
Steel

L~DRITLING, FRODICTIVE

ELRVENTS

5-DRILLING, NON-FROIDICTIVE

[Tait for
Changing

Holes

Hlow
Holes

Yait on
Blow
Holes

Collar

DELAYS

DELAYS

‘mu

[Wait on
Other
1l

Teit on
Pxtra
L Holae

ra‘.“'.‘ k
Stesl

%eit on
Stuck
Steal

7 NON-PRODUCTIVE 6~FRODUCTIVE

Help Other
| Drilling

Clean Out

QQ; L8s

3

ey ool Son JqawiB cga

ootk wob

&BR Yoo

e DWW

3

- Total

691

226

397

96

1c2

in

18

26

Lverage
per Shift

230.33

75.33

1.33

132,33

32

26.33

20

6.66

60.33

8.66

‘eyeent

15.99

09 21,31

9.19

2423

1.83

1.39

46 15,10

2,36

2.57

hel9

60 he 22
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JELAYS

3

-

8-3UTFLY

9-MATNTENANCE DELAYS

1)-IDLE TTHE

A

A

[Colleet
Suppliss

“alt on
Collect
Supplies

[fosa
Tarairs

D411

Vatint, &
Repairs
#sit on

& Repairs

Jumbo

(04ling

[wait on
Powderman

Steel

Hove Main

[Pipe lines

Drill Main,

Repairs to

Using Jumbo
Straighten

LD
R D
LD
R D
LD
R D
LD
B
RD
LD
RD
LD
RD

DOO OO0 B

oo 000 =B

-3 OO K;SO WO{;

OQNY

AT

L7

Tabhle IT continued

OO0C mown

faad
W0 Q00 OO0 {;mw DO

& o

N8N

COCO OO0OO0 QOO

3

.
oW O

oo GoOwnm

b An

BBw Fan

RN OO0

g
OOS Grpmo OO0

vaY ppp

Total

136

134

102

%

492

Average
per Shift

45.33

146

33

Lk 66

3h

16

+66

6&65

31.33

25

Farcent

3.15

W12

3.10
2.36
o1d

1,11

255
+05

b

2,17

11,38
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TIME DISTRIBUTION GCHART
SHORT SASH JUMBO

3-MAN GCREW

Plate IV
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TIME

1~TRAVEL

2-FACE PREPARATION

[“alt on
Yuek Out

. FPace
Insrsetion

Barring

%ait on
Barring
down

Total
D
D

By
Tot.al

Time Study Consolidation Sheet

Table III Drillingk

Short.

1

4O

38

154

CODOO 00000 PBaw4d0 w0o00d bunmww cocoo

BolG EBoBo

A
WO

PORINN OO

Jumbo -~ L Man Crew

fud
%0\-—10\8 SOOOC

rooor Boobo ooocoo MBocoo

H
RPelor ococooo

LY ]
oot

VDOOCO QOOLUVD QOOCO

A1l times given im minutes

5

S‘roeo

W
LRCRAWLE SN

BB ool

Bawoo KEhRS8eo

OMNMNN

Totzl

93

180

16

Aversge  Torcent
| per 3hift
158.6 | 8,25 8,25
0 0
360 L.88
2o by 1.27
19.6 1,02
9.2 0,48
3.2 0.17

ﬂwmw} JQM 5 [ ] Md Tﬂ}‘l&!‘,p JQ —?i' :ﬁ;, 220@1;;, ”g mn EEE '
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CoNT.

2=FACE THE=
TARATION

PRODUCTIVE

W-ORILLING,

A

[
Toving
Boulders

Yoving
Jurbo

Setting
T

Dril

. hging

Changing
(Wait on
Changing
Clsan Out

Hole

Blow
Holes

S-DRITLING, NOB~PRODUCTIVE
| ZBENTS

OO0 0

175
127

o0

QOO

Boolil

COOO0

SR RYE

1

W
&3

171

141
145

33

{3

w .

IO OO

ot
o

EU¥RN REFE}

Folom ooccc<§33“§3g §§§

ﬁ”“¢°‘cooca §33

1

£

f}
LRV AV AT RV

Guloo ocoooo ﬁgs

Total

432

807

1401

33¢

1041

b
F-=

Average = Tereent
ney Shift

2k Cel2 4.9k

86.4 4a 50

1614 A0 12,90

T ogec,2 144 59

66,0 3.4 18,03

08,2 10.84
0.8 0,04
18.8 0,98
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‘alt on
(;: Blow
£ Holes
[1 »
s et
Lo
w ey

o <
¥y | Collar

r-i 5 “C}l&
ff':‘a.:?-t on
:g Other
Drill
i
g <
£ Wait on
E Zxtre
£ Holes
&
[Stuek
g Steal
o
BEa
g <
& Hadt on
& Stuck
? Steel
g 1
(Collest
ﬁ Supplises
¥alt on
: Collect
: Suppliee

g;&é& gfﬁfb

Total

& oo

=

3
WP §3ﬁoc £8Boo

Wy e

Total

g o s

&
ot
3

R

g
B

B

|

1 .

Faaoo0

83"#‘&"&

82200

poron SGo&hw

w5 e
RV

SEERY

SQSmm

Boe®®a ¥kobBo

ococos Ghooo

-

¥, vl & paq
IIL ssininad

Baruvw

‘?oogg

Boobkbk

80055 BER%oo

- g
NOSONO O OO N

Ywobo

©ooeo0o0

om e

&
0

a2
HER i b B |

Rawll B¥E o

ROMO O gEWQQ

Tobal  Average Circent
per Shift
131 26.2 137

9%  19.2 1,00 1423

345 £9.0 3.59

246 19.2 2.5 6,15

506 101.2 5.27

355 70.8  3.69 8.9

156 31.2 1.63

3k 6.8 0.35 1,98
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,;.;?

e
-
Ji

i§’4ﬁ %E BEI

G IIATHT

36.MT3CE 1 AXEOUS DELAYS

Do
-!,703 & ‘I {}
Rereirs H
RD

Ta£a1
Driil D
?i‘v'ﬁ. bt AT L;z
ance & Rg
Re-nirs 5

Total
ait on D
Drill H
Remirs 2D
. Y

Total
Repairs 1D
to H
Jurho RD
R

Total
Diling LE
] u
Rﬂ
"

Totad
(Machine D
oer H
2agh RB
H

Total
Blasting D
Tamags "
D
4

Total
%ﬁHMm 1D
. Bteel H
' By

Total

BHNNo Roool

E;\n\nfata SOOQO

COOCO00 CO0CO OMNDNN

OO0 QOO0 OOOOOC

3

~qWRAMNBO OOO00 OCOOLO OOV FropDOoONO

3
359

34
125
131

&

PWHOO ©000

VOOOO DRV DO0000

rmtdrmad

4 5
L 2
4 0
k ¢
L 0
1 o
Lo <29
L2 29
0 0
G o
E{- 1
0 0
G o
k2 20
42 5
&L 25
125 0
129 C
129 0
125 0
508 0
0 2
1 &
0 7
0 7
1 2
0 c
0 0
0 G
0 0
o] 0
o 0
0 0
0 0
0 0
O 0
0 0
4] 0
0 0
0 0
o 6

108

541

518

508

42

Iverage
ver Shilt

21.6

108,.2

103.6

101.6

8.4

1.6

1.6

30

Tproont

1.13

5‘6'&%

540

5.29

0y bk

0.08

.08
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Pabloc 71T oo innod

Day 1 2 3 L 5  Total Average  Teroont
per Shift
_ [pireet D 6o o0 o6 o o
T |Powder-  Lg c 06 © 0 o
© 2 | Yan . o ¢ © o0 0
o 'H 0 ¢ 0 ¢ Y
= 'g. Tksl O 0 ¢ 0 0
@ |Powiarman D c o0 ¢ 0o o0
%) :;5 Loading “H 8] 0 G s ¢
% Foles RD O 0 o] ¢ 0
gal H ©c o0 0o o o0
Total 0 O © € © 0 ¢ 0

[ Excessive _D o 25 1 0 0
Rest Ly 0 2 1 0 ¢
| D 6 & 1 0 0
# By 0 =2 1 o 6

f Total O 97 & O 6 107 2.4 111
o 4 Wt st (B 12 a8 2 25 2
A | Bnd of H 12 A 2 25 23
= | Shift g 12 s 2 2% 23
- H 12 L8 a 25 23

Total A8 192 &4

100 92 516 103.2 5,38 6.49

TN
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1-TRAVEL
TIME

2-~FACE PREPARATION

4.DRTIL PREPARATTON

A

A

Day

1

R
| Total

Wait on I

Yuek R
Out Total

Face L
Inspection R
Total

Barri 8
dowm R
Total

Wait on L

Barring R
down Total
Hose L
Down R
Total

Wait on L
Hose R
Down Totel
Moving L
| Boulders R
Totsl

[ Yoving L
Jumbo R
Total

Betting L
Up R
- Total

L

Time Study

Table IV Drilling+
Consolidation Sheet

Long Sesh Jumbo — 2 lan Crew

“All times given in minwtes

B BBR ooo

4
nNO

000D 000 o000 ppO

#BR ENE

2

B8

COo0 O00 WWo gﬁc FoF gﬁg SO0

A
31
62

bl
L3
87

3 b
33 39
36 39
Th T8
0 0
0 ¢
¢ ©
2 18
g 18
30 36
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
30,5 34
27.5 N
58 T
h6.5 32.5
k3.5 32,5
92

65

5 Total Aversge

3¢
43
21 38
0

0

e 0
12
16
28 180
0

0

G 26
0

0

c 16
0

0

o 3
o

0

o 0
0

C

0 e
37

L8

85 316
41,5
£9.5
91 - Lo9

per Shift

76.8

36.0

5.2

3.2

0.6

63.2

81.8

33

Fercent,

@
3

3.75

0.54

033

0.06

6.58

8.52  15.10

¥ Forrester, v, D., and Tuyiar, Je ¥ Asy Op.citss PP 43-35, Table V1.
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IRG

4
1.

JymmeDRIL

5-DRILI.IM:, KOR-PRODUCTIVE

7-80N PRODUCTIVE 6~FRODUCTIVE

R IDUCTIVE
FLIENTS

ELEMENTS

DELAYS

DELAYS

A

A

[ Drilling
&
Changing

Helping
Cther
| Drill

[ Cleen
Out
Hole

Blow
Holes

Wait on
Blow
Holes

Collar
Hole

[ Wait on
Cther
Brill

Wait on
Extra
Holes

[ Stuek
Steel

Wait on
Stuck

| Steal

Day

L
R
Total

L
R
Total

Total

Total

169

Table IV continued

101

152.5 160,5 132
321.5 2615 278.5 207

15 12
7e5
22,5 21.5
0 6
0o 6
0 12
9 b
5 4
u 8
o 0
L O
L 0
0o 2
5 0
5 2
13 28
17 23
o 5
12 53
27 10
39 63
o 0
0 10
0 10
0o 10
0 0
0 10

945

4L

5

16,5 107.5 136

99,5 10,

is 10.5
2.5 9
29,5 19.5
2 0
2 0
A 0
22 2
17 5
39 7
0 3
1 ¢
1 3
9 0
2 0
11 O
L2 0
18 14,5
60 18,5
0 28,5
37.5 20.5
37,5 49
0  13.5
7 0
7 13.5
é 0
0o 1
6 11

20

2
6
g

745
15
22.5

19,5
.5
15
15

0
7
7

Total

1308.5

111

76

1e

180

249

Average Parcent
per Shift
261.7 27,26
22.2 2.31 29,57
Lol 0.46
15,2 1.58
3.2 0.33
346 .38 275
36v0 3'?5
45.8 5.19 2.9
el 0.95
6.8 0.71 ;:gg
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Y

,
LY
DE

GubiA TNTENANC

10-——MISCELLANEOUS DELAYS

Day
[Collact I,
Suppliss R
Total
Talt on J
Collect B
(Supplies Total
[Hose L
Repairs R
Tot
Drill T
¥sintenanoe R
J&hmuumml
Repsirs L
te Jurbo R
' Total
04ling L
R
> Total
(Machine L
Off Sash R
Total
Blasting L
Damange R
Total
Straighten L
Stesl R :
: Total
Direct L
Powder R
Man Total
Powder Man ﬁ
o
%&;S?Mﬂ

ONS] 000 OPFRN ~Iuh

D00 OO0 OO0 OO0 QOO

OO0 OB

Tabls IV conbinued

H

o
ODO 000 000 O

-8

000 ZWW FrOF 000 00O

%533

OO0 000 OOO OO0 Qoo

BAH DOO OO0

R E QOO0

OO0 00D 00O OO0 000

‘F-

O
]

-

Wi\

17
12

29

(2 A AW VY

OO0

FH-‘QM

OO0 OO0 OO0 OO0 OO0

Total Average
per Shift
77 15.4
10 2,0
123 24,6
13.5 2,7
G 0
NS 8,2
0 0
0 0
% 8
é - 1.2
0 0

- 0.25

Percent

1,60

0.21 1181

2. 56

0.28

0,62

v.8

0,13
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Day 1l

Bxcessive I 26

Resgt R 25

9 Total 51
Y

E@Whit at I 102

=) End of R 102

:5 Bnift Total 204
L

ol L ZJI_ELI

Table IV cortinved

L2

al

L5
L5
G0

3 ) 4 5
7.5 27,5 2o
12 325 1
35.5 60 31
52 W 95
52 140 9%
106 280 190

Tot al

261.5

870

Average
per Shift

52.3

174.0

wa
[#3.3

Percent
5. 45
]ﬁ [ 1‘# 22 ',ﬂ
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TIME DISTRIBUTION GCHART
LONG SASH JUMBO
2-MAN CREW

u n
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1~TRAVEL
TIiE

[Vuek
Out

Wait on
thack
Cut,

Pace
Inspection

Bar
Pown

Wait on
Bar down

2-FACE FREFARATION
A

Hose
down

Wagit on
hose down

¥ove
i Boulders

B
¥ove
:Juﬁm

Set Up

§

™
Lo ko o
EEE ¥

LB A o - - E - - B
D wInmy gmo N oNg wmo ono oo

- B - e -

Iime Study Consolidation Shect

Table ¥ - Dt

1

™Y

Liing

“Long Sash Jumbo - 2 Yan Crew
All times given in minutes

GFbB

GO0 D00 OOo0 QOO0 OO0 WwoOw 000

ROy MmO OO0OM OO0 OO

BRE

RO

OO vt O0Q QOO0 O0Q O DR D

883

2RY

Total

43

75

31

372

hverage

110,50

24,75
10,75
14,75

225

7.75

f‘wﬁ

96.75

\‘x?

Percent

7.67 7.67

1.72

75

1,30

.02

1k

oS

«h5 492

6.4b

672 13.18
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NTS

=
e

- h-DRILLING,

S-DRILLING, NON~PRODUCTIVE

&-"RODUCTIVE

JDUCTIVE BLEH

[ Drilling

Changing
Steel

Changing
Bit

Help
Cther
LDrilling

[Wait for
Changing

Claan
Hole

4 Blow
Hole

Wait on
Blow
Hole

Collaring

Hlnit on
Other

| Hole

Drill
%mnan

Day 1
LD 219
H 174
RD 0
LD 7
S
RD 7
LD 16
H 42
RD 7
1D 0
H 4]
RD 0
LD 0
H 212
RD 0
L 3
H 5
RD 17
Lp 3
83
D &
LD 4
H 0
RD 0
1.D 0
H 1
RD 1
LD 0
H 45
p 31
LD )]
H 16
RD 0

Table V continued

2

199

o

coo RIR BB

B o8o

25
10

COC HOO MHMOW p

165

feett
Owviwvt HOW POW 000 OBOC

3G o

- Ay
O-own

4

Total

1415

152

252

796

18

111

Average
per Shift

353.75

38

63.

1.5

199.

14,

1C,

2,

L.5

2775

Lad
>

Farcent

2457
2,64

4.37

Olo 21.68

13.82
97
69
+1h

Sl 159

3.89
1.93 5,82
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Table ¥V continued

Day 1 2 3 L Total Average Tareent
per Shift
i)
£ [Stuek LD 0 12 3 22
g . | Steel H 1 2 o 9
5 g RD 1 & © 2 62 15,5 1,08
€ e o
;gm wait on T.D O 2 0 0
o Stuek H O L C 0
T | Steel RD 0O 0 0 n 18 L5 W31 1,39
(Gollect LD 8 A 3 0
Supplies H 15 1¢ 3 2
“ RD 7 I 7 0 £9 17.25 1,19
]
. g iwait on 1D O o L .0
Ha [Collect H O© 0 o 0 _
& |Supplies RD O ¥ ¢ 0 L 1 .07 1.26
i Hose LD o) 0 0 g
Reruirs H c 0 O O
RD © 0 0 1n 16 L .28
Drill Yein, L D 2 o 27 7
w |& Repairs’ H © 0 27 h
g RD 13 0 g 9 200 50 3.47
& JWaiton LD 3 0O 82 )
#1  |Dpi1l Main, H 12 0 0 =28 .
% & Repeirs RD O 0 1 kh 111 27.75 1.93
E Repairs to LD O 3 52 0
Jumbo H 0 3 52 o .
i RD O 3 52 0 165 K1.25 2,86
" loiling 1D 2 & 0 6
5 2 1 0 0 ,
~ RD 1 3 9 7 43 10.75 75 G.29
2 | |
Recovering L D 15 C 0 0
8 Steel ¥ 12 o ) 0 _
EJ RD 37 v} 0 0 6k 14, 1,11
Straighten LD ©0 © 3 O
Steel H O 0 0 o
RD 6 0 0 o 9 2,25 16

Ol LAC U Zyl_ilsl
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10-continusd

11-1DLE TINE

Hait for
i forward

( Excessive
Rest

Walt at
End of

| shife

Day 1

LD

Power Cable H
to be movedR D

Q00

- Table ¥V continued

2 3 L Total

o 0 4
0 0 4
0 0 L 12
3 3 g
3 3 15
3 3 15 56
1’ 2 5
8. 2, 5
B 2 5 369

Average

per Shift

3e

14,

92,25

41

Fercent
2L L8
97
#
6.1 7.38
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TIME DISTRIBUTION GHART
LONG SASH JUMBO
~ 3-MAN CREW

Plate VII
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L3

Table VI Drillings
Time Study Consolidation Sheet
Tost mounted drill — 2 man grew
Al) times given in mimtes

Percent
o[ D L8
S 3 H 4
g | Tot al 96 10,00 10,00
4
-"!ait, on D 28
ek 34 28
Out Total 58 5,83
Fate D 10
Inspection H 16
Total 20 2,08
£ |parring D 0
& - |Down H ¢
= Total o G
% * |watt on ) 0
B Barring H 0
€ | Do Totel o 0
ﬁ; ) . ;
N |Hose D 8
down H 4]
fﬂit on D a
Hose H a8 .
| Down Total 8 0,83 9,57
Erecting D L4
B f;é Post H Lk
o § 4 Total a8 9,17
-~ h .
E 5 |setting D 70
= | vp H 70
L Total 10 14.58 23,75
i ]
E E"” Drilling D 173
g GEfe Chanzing Total 179 12.65
&
Changing H 61
LE Total 61 6.35  25,0C

www.manharaa.com




rercent
(%ait for H 118
Changing Total 118 12.29
B3
£ Slean Out b 12
3] Hole H o 12
= Tatal 2L 2,50
Ve Blow D 6
BE  |voles | n 6
5% TR I Total 12 1.25
ey
=k Yait on D 0
— Blow 4 0
?% Holes Total 0 o
" Jollar D 15
' Hole u 15
- Total 30 T 3,13 19,17
é Eg [
D 5 | Stuck D 12
§ § o | Steel H 12
~ - Tc’bal 2’(- 2:5‘6 zoﬁ
[Golleet D 0
ke Supplies H &
R Tobal 4 0442
KR 1
B ¥ait on D &
i Collect H 0
Supplies Total L 0.42 0.84
(Hose D 5
Rereirs b 5
B Total 10 1.0k
é 4011 o 6
¥aint enance 15 é
Total 12 1.258
011ing D 2
Total 8 0.83 3,12

TANROUS
DRLAYS

o

{Hom oecurred

10-HISCEL~ O-¥AINTENANCE
b=~
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mable VI continved

ercent
i [ Bxcessive D 7
*:g Rest + H 7
E‘*l Tﬂtal 11# 11. 106
g Wait at D 22
! End of H 22
A [Snift Total Il L.58 6404

ol LN ZJI—EL'
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TIME DISTRIBUTION CHART
POST-MOUNTED DRILL



3-DRILL

1-TRAVEL
TIKE

2-PACE PREPARATION

PREPARATION

[ Yuek out

Walt on
¥uek Oubt

Face
Inspection

Barring
down

Talt on
Barring
down

Hose
down

Wait on
Hose down

Yoving

_Baulders

[ Erecting
Post

Setting

i 1
'8 3
Lidid i

TIT -~ Jilliing

Time Study Consnlidation Shest

Poat Younted Drllls - 3 Man Crew

All time given in minutes

b

FEE

56
85

205

ocoo RoF

OO0 OO0 ONOG rexON OOWV PP~ QOO0 WO

2

ot

T=10 QO3 A1 OO0 0O

QOO0

Total

258

A7

39

328

547

Average
per 3Shift

2.5

19.5

L5

Farcent

8.96

1.63

1.53

31

o2

11,39

18,99
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Table VII continued

Day 1 P Total Average Percent
per 3hift
w  |Prilling LD 3 b
> H 54 58
1:583 R D 0 0 249 124.5 8.65
S, |Changing LD 2 ®
o g Steel H 26 a1 '
o 7 R D 19 1 134 67 L.65
yﬂ;
gm Help Other L D 0o o©
Drilling H 0 0
T RD ¢ 0 0 0 o 13.30
[Wait for LD ) )
Changing H . s, 38
“ RD 0 0 92 16 3,19
£ Clsan Out LD 5 0
8 Hole H 3 0
8 RD 3 3 1L 7 49
(Lﬁ .
= Blow LD A 6
o Holes ¥ L 7
gﬁ RD 2 10 33 16,5 1.15
a7 |wait on LD o 0
HE | Blow holes  H 0o ©
i RD e © 0 0 0
Collar LD 12 ¢
Hole H 1 3
t - RD 2 3 34 17 1.8 6,01
=
ggl Stuek LD 17 ﬁ
Steel H g3
T80 R D 1217 g8 Lh 3.06 2:06
[ Collect LD g?. 2i
Suprlies B
o Pr D 25 3 Uil 72 5,00
EQ'th; LD 16 g
Colleet H B ‘
§ | Supplies RD % 0 32 16 L1 b1l

Ol Ll Zyl_i.lbl
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A

EHANCE DELAYS

o

GWAIN’

DELAYS

10-MISCELIANZTUS

11~IDLE TIME

49

TEhle VIT cortirmed
Day 1 2 Total ivarage Percent
per Shift
[ Home LD L 25
Repairs H L L3
RD 10 25 111 55,8 3.85
Drill LD 7 3
¥alntenance H 0 0
f: Repairs RD 11 0 21 10,5 «73
Wait on LD o o
Drill Main. K 0 0
2 Repairs RD 0 0 O 0] O
| O1ling 1D L0
H 4] 4]
RD 3 3 10 5 35 493
Walit for 1.D o 22
Water to bea H 4] 33
Pumped out RD 0 27 82 A 2,85
Recovering LD 0 0
Steel H C 0
- RD 4] 7 7 3.5 25 3.09
(Excessive LD 29 9
Rest. , R 27 5 ;
"D 22 11 103 51.5 3.58
Wait at LD 7L 75
End of H 7L &L _
Shift RD 80 75 Lh2 221 15.35 18,93
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TIME DISTRIBUTION CHART
TWO POST-MOUNTED DRILLS
3-MAN CREW

Plate IX
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SETTING UP

HOVE JUKBO

51

Table VITI _
¥ove, Set Up, and Drilling Data for a 2-man crew far Short Sash Jumbos

[ Type of Hole Stope Breast Roof Total
Driller's Time-mine. - s19 302 301 1122
Feet drilled : 213.5 150.5 - 153.5 517.5
Feet drilled per drill shift 66,2
No. of holes 24 16 16 56
No, of holss per drill shift 7.0 -

| Drilling Spead-ft./min. Al 49 .51 A7
Ave, dspth-ft. ' 8,9 Gl 9.6 Fe2
Ave, time per hole~—mins, 21.6 19.0 18.8 20,3
No, of steels eg 63 66 217
Ave. stesls per hole 3.7 3.9 bl 3.9

| Peet drilled per steel 2.42 2,38 2.32 2,38

[ Totsl Time Setting Up-——mins. 326

| Wo. of holes 56

i Ave, time per hole 5.8

[ Total Time Yoving Jumbo 158
No. of Voves 17

| Ave, time per move 9.3
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Table IX

Move, Set Up, and Drilling Date for a 3-mw:n crew for Short Sash Jurboe

DRILLING

SETTING UP

¥OVING JUNBO

A

A

Type of Fole Stope Breast Roof Total
[Driller's Time-mins. 177 328 186 691
Feet Drilled 115.0 128,5 137.5 L41.C
Feet drilled per drill shift 73.5%
No. of holes 11 17 16 Ll
No, of holes per drill ‘shift 7.3
Drilling Speed—ft./min, 65 57 .73 .65
Ave, depth—ft, 10.4 11.0 8.5 10.0
Ave, time rer hole--mins, 14,1 19.3 1.6 15.7
No, of steels L5 (E] 5h 172
Ave, stesle rer hole Lol L3 3.7 4.0
|[Feet drilled per steel 2.55 2,58 2.5k 2.56
[Total Time Setting Up—-mins. 398
No. of holas A
[Ave. time per hole 9.05
[ Total Time Hoving Jumbo 124
No. of Moves 12
LM‘@ time per move 10.0

www.manaraa.com



tove, Sob Up, and Drilling Dets for L man erew for Short Sash Junbos

Tt

DRITLING

SETTING UP

¥WNE JUVBO

Type of Hole

[Driller's Time-——mins,

Faet drilled

Fael drilled per drill shifi
Fo. of holes

No, of holes rer drill shift
J Drilling Sreed--ft,/min.
Ave. depth—It.

Ava, tima per hole-mine,
Yo, of Steels

Ave, stsels/hole

| Peet drilled/steel

[(Total Time Setting Up--mins.
No, of holes ’

A

| Ave, time per hols

r’l‘ctal Time ¥oving Jumbo—mins,

A

No. of Moves

_Aw. time per move

Stope

455
241

31

0.53
7.8
1.7
n1l
3.6
2,17

37
31
10.2

Bresat

389
223

0.57
(X
3.4

103

3.6
2,16

223
29

7.7

Roof

3¢

Cuh3
647
5.8
116
3.2

2,08

267

36
7.4

53

Total

1401

TCh .5
Tk
96

9.6
0.40
7.3
4.6
330
3.4
2.k

5r,§r}a.tor, J. Dy and ?Eylor, T ¥. Ayy Op, cit., p. 39
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DRILLING

SETTING TP

HOVE JUNBO

Y¥ove, Set-Up, snd Drilling Data for 2 ¥an Crew for Long J3ash Jumbos

A

A

A

Type of Role

[Driiler's Tive—-ning,

Peet drilled

Feet driiled per drill shift
No. of holes

Ne., of holes per drill ahii‘-ﬁ’
Drilling Spesd-—ft./min,

Ave, depth--ft,

Ave, time per hole—min,
Ko, of steels

Ave, steels/hols

| Peet drilled/steel

[Total Time Setting Up--mins,
Bo. of Holes
Ave, time peor hole

Ho._ of moves

Ave, time per move

Stope

L23.5
296.5

0.70
10.2
.6
52

1.79

547

126,5

bl

[Total Time ¥oving Jumbow--mins,

Breast

L2z
241.5

L35

0.57
9.6
16,9
L5
1.80
5.4

25
3.5

Roof

L83
308.5

0.67
8.8
13,2
62
1,77
5.0

35
3.9

Total

1308.5
8i6.5
84.6
89
2.9
0.65
9.5
147
159
1.79
5.3

k.6

316
19
16.6

¥ Parrester, J, D, and TRyIor, Je Vs hsp OPsCit., P» &
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DRILLING

SETTING UF

YWE JUMBO

Table XTI

55

Move, Set Up, and Drilling Data for s 3-man crew for long Sash Jumbos

Type of tole

[Driller's Time—mins.
Faet drilled

Peet drillsd/drill shift
o, of holes

No, of holes/drill shift

1Prilling Speed—ft./min,.
| Ave, depth--1t .

Adve, time per hole--mins.
No, of steels

Ave, stesls/hole

| Foot drilled/steel

[fotal Time Setting Up--mins,
No. of holes |

lAve, time per hole

[ Totel time Moving Jumbo

No, of Moves

1 Ave, time par move

Stope

490
262,0

52
Pe3
17.5

1.64
5.7

Breast

436
220.0

+5C
9.6

8.9

1.65
5.7

Roof Total
429 15
258.5 ThO.5
92.5
X gl
10.1
53 52
8.6 9.2
16.3 175
50 134
1.66 1.65
5.1 5.5
387
81
b8
372
17
21.8
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DRILLING

SEYTIRG UF

HOVE-—A

¥OVE--B

mrroﬂ.ui‘, Jﬁi, and $a3r},0r, u ?» &q, QE'ﬁﬁ'eQ’ Pa sg_

Yove, Set T'p, end Drilling Data for 2 man crew

Tahle YTIZ

for Rand-feed, rost-mounted Drilis

Trre of Hole

(Drillertes Time--mins,

Pest drilled

Peet drilled per drill shift
No. of holes

No, of holes per drill shift
Drilling Spsed—-ft,/min,
Ave, depth--ft.

Ave, time per hole——mins,
No. of steels

ive, stesle/hole

| Post. drilled/steel

[ Total Time Setting Up--mins,

] Ho. of holem

Ave, time per hole

J Bo, of times Post erected

Ave, time

L

4 ¥o. of timea tripod erected

Ave, tinme

[Totel Time Erscting Post-—mins,

[(Tot.al Time Rreeting Tripod-—mins.

Stope

65.5
3

0. b
10
21,8
15

5.0

2,00

16.0

Brasst

138
53.5

C.39
7.6
19.7
26
3.7
2,06

102

14,6

Boof

9845
Lo

W

Cukl
2,0
19.7

4.0
2,00

1746

Total

302
123.5
61.7

745
C.A1
8.2
20.1
61
bad
2,02

15
15.9

198

66.0

116,

38.7
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Tahle ¥YI7

Yove, Set Up, and "~ " "'z Data for a 3-man crew
for Two Hang ¢  ost-mouwted Drills

P’fypo of Hole Stope Breast Roof Total
Drillerts time~-mins, a5 &9 75 249
Feet drilled 49.5 56,5 49.5 155.5
Faet drilled/drill shift 3.8
No, of holes 7 _ 9 7 23

, | Mo of holes /drill s*1%t ‘ 5.7
E’E* Dri1ling Speed—ft./mins, .58 .63 .66 62
Ave, depth--ft. 7.0 6.3 7.0 6.7
Ro, of Steels 21 21 23 65
Ave, stsels per hole 3 2.3 33 2.8
| Fost drilled per steel 2.36 2.69 2.15
& [Total Time Setting Up 56T
£ | No. of holes | 3
E Ave. time per hols 23.8
o
& [Total Time Erecting Post 328
£l ¥, times post erected b
g |Ave, time 82

Ol Ll Zyl_i.lbl

www.manharaa.com




PER CENT OF 'OTAL TIME PER SHIFT

- - N rn (€] (¢
(@) o (o] &) o [} (o} (6}

2 SHORT SASHES 2-MEN |

2 SHORT SASHES 3-MEN

=

F<

m

®

b}

P

T

T

(o) 2 LONG

S

o

Y 2 LONG

=

r

4

) I POST
2 POST

SASHES

SASHES

DRILL

DRILLS

ol Ll Zyl_i.LI

2 SHORT SASHES 4-MEN

2-MEN

3-MEN

2-MEN

3-MEN

Plate X

www.manharaa.com

SIN3IW3T3 3AILONAOYUH-NON ‘ONITTING -9

SIN3W3T3 3AILONAOYMd ‘ONITTIY¥A -9

NOILVHVd3dd 17180 -y

89



SHORT SASHES
SHORT SASHES
SHORT SASHES
LONG SASHES
LONG SASHES
POST DRILLS

POST DRILL

4-MEN

3 MEN

2 MEN

3 MEN

2 MEN

3 MEN

2 MEN

40 50 60 7O 80 90

FEET DRILLED PER DRILL SHIFT

Plate XI
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1. TPrave! Time., Trawel time is directly dependent upen the distance
from the shaft to the face to be drilled and is not affected by the
methods of drilling.

2, Face Preparation., Some of the elements of face preparstion, namsly
"muek outv", "wait on muck owt®, "barring down®, "walt on bar down®, and
"moving.«bouldere” are not direetly dependent upon the methods of drill-
ing or uwpon the sige of the drilling crew, instead, they may occur be-
cause other rhages ar‘mini ng, such as soraping and barring down, have
not been thoroughly completed. Serapers may not clean the face adequ-
gt.ly. The roof trimrers, in performing their task at the begimning

of the shift, may block the face, 'Thatever the cause, the chstruent
material muet be removed before prroduetive drilling can rroceed,

Tables 3 and §& show that the short aaeﬁ operation with three men
and the post-mounted drill opsrction with two men utilized an average
of 10,49 and 2.57 pe ;Lant of a shift respectively in face preparation.
These times consumed ;ro nearly twice as much as any other similar
operation and the cause may be largely attributed to the slements "muck
out™ and "wait on muck out®,

Although the numbsr of men in the drilling crew was veriable, the
general uniformity of the time consumed indicates that an addition of
personnel to the standard drilling ecrew does not result in a marked
saving sither in time or labor, Szimr fluctuations in ca’cegorienrmay
be charged to other mining operations as mentioned sbove, Face pre-
paration is, therefore, a partial measure of the sfficlency of these
other mining phases and im not directly dependent upon either the size
of the drilling crew or the method of drilling.

www.manaraa.com
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Drill Preparstion.

The time consumed in moving the jumbo from one face to the next
depende not only upon the distance between the two faces but also upon
the speed of the jumbos, At one mine the short sash jumbo travelled
at & rate of 3 miles per hour while at encther mine the speed of the
long sagh jumho waj&.S miles 'par hour.  Thus, if the jumbog are station-
ed very far from the face the effect of their spsed will be noticeable
in the elements "moving jumbo®, However, as it is only necessary for
the lumbos to be moved from their station to the working place at the
beginning of the shift and back sgain at the end of the shift, and as
the distances were in all cases camparstively short, the time consumed
during their traﬁling was not so excessive as to greatly influence v
. the "moving jumbo™ element with the exception of the long sash jumbos
(Tables & and 5).

Tables 1, 2, 3, 4, and 5 show that in all cases the short sash
Jusbos consumed less per cemt time per shift than ths long sash jumbos
in Mng. This may be attributed to not only the jumbo's spsed but
also to the faet that the hoses are more resdily dragged from facs to
fagce with the ald of one or two extrs men, ss the case may be, It must
be remembered that the element "mowing jusbo" includes both the time
tsken in moving the machine from its station to the working area and
the time consumed in moving from fage to face.

The post-mounted drill operated by two men utilised less per ceant
time per shift in post erection than the two post-mounted drills op-
erated by three men (Tables £, 7). It is to be sxpected that the two
post-mounted drills operated by three men would consume moré bHim: be-

eauss mors work per man is required to srect the posts,
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Tables 1, 2, 3, h, and 5 show that the per cent time per shift con-
sued by jumbos in "setting up” are nearly similar to one ancther. This
is to be expected since the opersticns necessary in setting up are the
same in all types of Jumbo drilling. Thus bscause of the similarity in
rexr cent time consumption it is pgathered that the addition of men to
the drilling erew does not directly aid in the slement "setting up".

Trbles 6 and 7 show that the per cent time per shift used by tﬁrea
men on two posts in setting up is more than thst used by two men and
one rost. As in the poet mounted drill operation of "erecting post®, a
parallel situation occurs in that more work per men is necessary for
three men to set up two drills,

Flate 10, line A, which is a greph of drill preparation and the per
cent time consumed per ahift fof' the different man-jumbo crews and the
post-mounted drill crews, summarigzes the elements of drill preparation.
Although the short sash jumbo with a three man c¢rew shows a slightly
lower percentage of time used porahiﬁ, (12,60 per cent and 12,09 per
cent) it is not oonsidered to be sufficient to warrant the service of
an extra man. The long sash jumbo operation with two and three men may
be eorsidered in a like manner, that is, the long sash jumbo operated
by two men is more efficient in face preparation than the three man
arew although the latter utiliszes less time per man psr shift.

The post-mounted drill operated by'tvm men and the two post-mounted
drills operated by three men have time percentage per shift items of
23.75 per cent and 30.38 per cemt respectively (Tables 6, and 7). The
latter operation necessitates more work per man than does the formsr,
consequently it is to be expected that the post-mounted drill operated
by two men would use less time per hn per shift,
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In sumunary it may be sj‘;’éﬂt‘gd that the short sash jJumbo, the long
sash Jumbo, and the post-mounted drill operation are mwst efficient

with respect to drill preparation when operated by two-man crews.

Drilline. Produgtive Zlerants,

Although the drilling rates of simiiar drills are constant, that
is, will not vary markedly, the average rste of the short and long sash
machines is .54 and .59, respectively. These differences in drilling
rates are to be expected because the long s8ash drills have a definite
advantage in that they 4o not raf;uiro frequent changing of steel, vis,
the short sash machines operated by 2, 3, and 4 men drilled 2,38, 2,56,
and 2.1) feet per stesl, respectively, whersas the long sash machines
opersted by 2 end 3 men drilled 5.3 and 5.5 feet per steel., (See
t-bles £-12)

The post-mounted drill operated by 2 men and the two post mounted
drills opsrated by three men averaged ,51 fest drilled per minute, The
drilling rate of the latter is ,62 f«t per minute but, this relatively
large drilling rate may be attributed to the iw that the average
depth of hole was 6,7 feet as compared to the former operation which
averaged 8,2 feet., (See tables 13 and 1.)

It must be emphasiged that in comparing drilling rstes there are
s mmber of factors that must be taken into comsideration, namely, the
character of the ground, the depth of hole, the sharpness of the bit
and the numbsr of steels wed. It was a combination of the above
factors that was responsible for the comperatively high drilling rate
of the two post-mounted drill operation.

The effect of variable sigze crews on jumbos with regard to feet
drilled per drill shift is piotured in Plate 11, namely, the short sash
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opersted by 2, 3, and 4 men accampﬁahod 66,2, 73.5 and 70.4 feet per
drill shift, respectively,as compared to #4.6 and 92,5 feet per drill
stift by the long sash drills operated by 2 and 3 men respectively.

The footage drilled per drill -éhiﬁ, by the post-mounted drill
with a 2-man crew and the t',mk post-mounted drills operated by & 3-man
erew is 61.7 and 31.7, respeotively., This decresse in feet drilled
from the former to the latter is to be expected because the foctage
drilled psr shift mﬁially depends on the amount of time available to
drill, In the latter operation of twe post-mounted drills operated by
8 S-man erew & much gresater burden per man was experienced in each of
the oesupations and thus less tims was available to perform actual
drilling,

- The total tim‘ consumed per Qh:lft in changing steel :l# partislly
dependant upon the depth of holes drilled and the number of steels
uvsed, The element “changing steal” doas not vary greatly from one type
of drilling to ancther and from this eimilarity it is gathered that the
usefulness of helpars in this ocourction is not“as grsat as might be
expected, Although the short sash drills require mors frequent changes
of steel the time cbnemmad in sucﬁ an occupation is relstively smell
and saldom ig grester than 1 mimte,

The long sash drill Jjumbo, operated by 8 3-man crew, was worked in
ground that was extremely hard and consequertly frecuent replacement of
the dulled bits was nscesasary. 'f’mnging Wt e® is distinet from that
of "changing steel” 1n that the seme steel im used with two or three

mew bits,

On jumbo orews consisting of two men)tha drillers aid one another

in 4tarting and/or eollaring holes, This mutual aid natweally causes
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a delay in the drilling procsdure but, the members of the drilling crews
have Decoma éo proficient in the use of the jumbos that the time con=
sumed has been reduced to a minimum, However, Tsbles 1, 2, 4, and §
show that short sash and the long sash drills with 2-man crews utilized
1.48 and 2,31 rer cent of the shift in helping the other drilling where-
as the same apératione ;rith 3-man erews utilized only .09 and .10 per
cant of the shift,respectively, |

The effect of differmt. sige jumbo crews on the productive elerents
of drilling 1s not readily obteined from the total per cent of time con-
sumed in a shift (Plate 10, 15.:1@/‘_7’-@“}‘_’_,_»“1:& rathemi‘rém the eactual feet
drilled per shift (Plste ll)j‘;/ eﬁgws_t.at;; ber;;e\,; Although the short
sash drill operation vith a 3-man crew obtained more footage per shift
than either the short sash drills with 2 or L-man crews, it does not
mecessarily mean that the former is both more afficient and economical
| than the latter. In some cases it may be dasirable or necessary to

sacrifice a little footage for economy.

Dri Nine, Non-Prodvetive lamente,

“,ait for changing” is applisable only to those drilling operations
in which the jumbo crews consist of more than two men. Both the short
sash and long sash jumboe operated by two drillers do not have any
helpsrs and consequently these rhases of drilling lack the above ele-
ment. .

Although the helpers aid the drillers in changing steel and thus
make availrble more time in which to drill it is to be sxpected that
thers will be mmerous occasions during the drilling cycle in which
they will be idle, that is, waiting for ths next change of steel.

'?abios 2, 3, and 5 show that the lhbr't sash jumbo operzted by a 3 end
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h-man crew and the long sash jurbo operited by a 2-man crew utilized
9.19, 10.8L, and 13,22 per cent of the total timv per shift respectively,
in waiting for the next change of steel, It 1s apparent thét the ele~
rent "walt for changing® increases as the size of the drilling crew
increases, The long sash jusbo is capable of drilling desper holes
without changing steel than are the short sash juzbos and consaquent ly
the time during which the helper waits for the next change of steel

will be greater than that of the short sash jubos., (See Tables 2, 3,
end 5.)

As has been stated before, the two post-mounted drill operation
necesaitated much more work per man than did the einéle poet-mount.ed
oraration, thus it 1s to be expected that there would be less time
during which the helper is waiting for the next change of steel. This
is resdily seen in Tables 6 and 7 which show that the former cperatiom
utiliged 12,2 per cent of the shift ir; waiting for changing steel
whereas the latter operstion only used 3,19 per cent of the shift,

All other ocecupations listed under this category are not directly
influenced by the nusber of personnel in the drilling crew, but may be
the result of difficulties that arise in the drilling cycle, namely;
caved holes and difficulty in gollaring.

The alummu of "Drilling, Non-Productive Elements” are graphic-

_ally pictured in Plate 10 from whieh it is evident tiat jumbos with
erews consisting of 3 or f-men expend more time in the non-productive
phases of drilling than do th#v Jumbog with 2-man crews, This is
sepecislly apparent and notim;.bln with the long sseh jumbo operated
by & 3-man crew, namely, the long sash jumbos with 2 and 3-man crews
utilized 2,75 m:! 15,93 por eent of the total time per shift. Thus,
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it is appurent that tre Jwhos with the 2-man crewe consuge less tima
in the non-productive 3’*1'&535 of drilling and so may be considered more
efficient than the jurhos with Jarger crews, It is also evident that
where ever the element “wait for cherging” ocours, it dominates the
catspory,

Tubles & and 7 and Plate 10 show that the additional amount of
work required per ren to opsrate two post-mounted drills =ith three
men hag materially reduced both the elewent "wait for charging® and

the whole estegory of "Drilling, “on-Froductive Rlements®,

Progustive Delays

The elements of this catsgory, nanaly; "fait on other driil; anrd
"wait on extra holes® are importaniz items beéauso they directly retard
the maximum drilling progress of the jubos. The forner slement results
not only from holes of different depthe being drilled but also because
the drilling rates of the drills are not equal, The latter element
cogurs from irregulerities either in the face, roof, or floor that must
be eorrested so that the two or thres drills mounted on the juwbo, as
the case may be, may cperate as a unit,

Post-mounted drills are not subjeet to these delays as each machine
opsretes as & separate unit,

The presence .er abasnge of halp_on in the drilling crew does not
directly effest either of the ulMtc of Productive Delays other than
to increase the total per cemt of time ¢onsumed in waiting during the
shift, (Ses Tables 1-5), |

Hon-Productive Delays
“Stuck stesl” is common fo all oclasses of drilling whereas "walt
on stuck steel"” ogours only with the juzbos and then only when ome

www.manaraa.com



arill on the jumbo is prevented from productive drilling or sterting
the next hole.

Although the helpers may aid in overcoming the delay caused by
stuck steel and thereby increase the total time in which the drill
may operate, the gemeral effect of their presence ia to incresse the
per cent of total time per shift either in aiding or in waiting upon
stuck steel, {(See Tables 1-5.) Thus it is apparemt that the effect
of wsriable crews applied to non-productive delays is negative, that
is, any combination of drilling crews does not directly sid in lessening
the delays of this category.

Supply Delays

Occraions arise during the drilling cycle when supplies sre needed
0 that the drilling may proceed, and in such cases helpers, whenever
present in the crew, aid the operation by collecting the necessary ma=-
terials, Time consumed in colleeting the supplies is charged to thie
category under the elemant ®collect suppliss”, However, at the same
time it frecuently happens that the dﬂllar may not be sbls to do pro-
duetive work and thus the time consumed by him in waiting is slsc charged
to this category under the element "wait on collect suppliea", Héme
for jumbo drill erews coneisting of more than one man per drill, both
the 4rillerts wait and the helpers sollection of esupplies are expended
in supply delays. This is not the case when no helpers are used as the
driller must eollect his own suppliea and only suoh time so axpended by
him i1s recorded in this elaszification. Therefore, in opsrations where
& helper ig & part of the unit, t{éica as much time iz desigmeted to this
catesory as for those crews where no helper ie present. Further, oco-
casions also arise, especially in juwbo crews of 2-men, when one .drilhr,
absent from his drill because of supply demands, may prevent the other
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driller from stortine work on the next hole.

Prom the shove discussion it is to be gathered thet variable size
Jurbo crews do not have a marked effect upon the delays caused by
supply remirements, and although helrers sre beneficial to rrocure
the supplies, the additional time made available for rreductive drill-

4nz has not been greatly increased,

¥aintenarce Delays

The clmenti included under this hwading are sporadiec in their
oceurrence with the exception of olling which is a routine activity.
Although these elements cccur during the drilling cycle and thus dis-
rupt the ;a-ogfesa of the drille there is no apparent effect on the
category "maintensnce delays" brought about by different crew ratios
excapt to either incresse the time consumption in repair or to increase

the elements of walting upon the s2id repair.

¥Kiscellansous Delays

All elemsnts under this heading are both unmredictable and non-
cyelie, however, they may either directly or Indirectly offect the
footnge drilled per shift. That is, if a steel breaks in a hole that
is nearly completed and that steel ies recovered, and the hole iz saved
therasby, ths time consumed in drilling thet hele is conslidered as pro-
dunotive time, The number of personnel in a drilling crew has no in-
flusnce upon this category except to increase the total amount of time

consumed during a shift in walting upon the wvarious elements,

Jdle Time
Idle tine is & delay that occwrs during the shift with all types

of drilling, Tables 4 and 5 of the long sash jumbos operated by 2 and
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3-man crews respsctively, show that although the latter crew contains
an additional man less time transpired in the above delay. This ordi-
narily exists because a more complete standardigation of the drilling
rrocedure has heen brought about since an analysis was made by

Forrester & Taylarn"

and hence, in many cases, thes drill erew may now
drt 1l an additional face to thereby increase their footage. This of

course, tende to reduce idle time, (See Plates & and 7).

14, Fém'uiar, Jde 5;, and m’ Ji !0 Aey 22:0&%&, PPe i’&n
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Conclusions

Tn the forepoing snalysis an attempt hae been made to interpret
the effect of different size crows applled te both jumbo and post-
mounted drills. Tt must be erphasized that slthough the drilling pro-
cedure is basically the same today as it was at the time of introduetion
of the jumbos, the drilling crews have become more skilled and pro-
ficient in the use of the machines, and thus in comparing time studies
made at that time to those taken recently, the sbove factor must be
borne in mind,

As has been stated previously the original jumbo crew fonsist,ed
of two men to each drill, however, it has been found, as a result of
this stidy, that it is nearly as efficient snd more esonomical to do
without the aid of helpers, Although the helpers may directly aid in
either mroductive or non-productive phases of drilling the effect of
their absence does not materially reduce the footage drilled during a

shift,
| The work regquired per man for three men to operate two post-mounted
drills is much greater than that of two men in operating one post-
mounted drill, consequently the elements “erecting post" and "setting
up® have besn incressed with a corresponding decrease in the tims left
avallsbls for productive drilling. However, the reader should bear in
mind that in the former operation two drills are doing productive work
and thus the total footage drilled in a shift is greater than that for
the post-mounted drill with a 2-man crew., In the witen!%’apinimi, ir
& number of post-mounted drills with 3-man crews for two posts were
operated closely together and similtaneocusly under the most advantageous
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conditions, the resulting efficiency »ould be srester than thet pre-
sented here a8 based on the time study statistics taken of operations
where the drills were not too advantageously loeated,

This comparstive analysis 1néi§ates that, although helpers directly
aid the operation of jumbo drills in some of the categories of drilling
and thereby increase the total feet drilled per shift by a Juwbo unit,
more economical and efficient results acorue from the overall stand-
point of mining when beth long sash jurbos and short sash jumbos ere
operated with crews which are comprised only of drillers. That 1s, it
is concluded that it is cheaper and better mining practice to opersate
Jumbe units without helpers,
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