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INTRODUCTION

Purpose of Investigation

This study was undertaken to describe and analyze the system of
haulage as practiced in mines of the Tri-Stale Distriet by the Bagle
Picher Mining and Smelting Company.

The investigation is concerned with all of the operations involved
in moﬁng the broken rock and is compoéed of tl_lree distinet procedures:
loading, heuling, and hoistinge

One of the importent items in the cost of mining is the movement of
ore and waste to the surface for further disposition. Increased efficien-
cy of transportation should introduce lowered production costse

In this paper the efficiency of -bhé present equipment and the
present haulage system is evaluatede Suggestions are proposed for oper-

ational changes in an offort %o provide improved performence.

Field Work o
The field work wes ccm?le-béd and all data were collected from
June 8, 1951 to September 5, 1951. The writer was employed by the Eaglé
Picher Coe during this period to conduct motion and time studies in the
company mingas; .
The data and results introduced in this investigation represent
information gathered in ten mines Vof the Bagle Picher Co. These proper-

ties are loceted in Northeastern Oklahoma and Southeastern'Kansas.



SUMMARY OF PREVIOUS WORK

To the best lmox rledge of‘ the writer, there has been no published
reporh comparable to this investigation.
- Previous time study enalyses con&ucted‘ in the district were re- -

(1)

ported by Forrester and ‘Taylbi'. The re?ort is concerned, only

(1) Forrester, Js D. and Taylor, J. P« A. A comparative analysis of
some . recent mining practices. in the Tri-State mining district. Missouri
School of Mines & Metallurgy. Toechnical Series, Vol. 16, Ho. 1. 1945.
64 p. : SN .

partially, with the haulage systom. Since that time this system has
been canpletely modified and modernized. In 1944 the only trucks in
opera-b:.on wore the battery operated 'bype and are considered o‘bsole‘be 8t

(2, 3)
this date. This haulage method has been discussed also by Clarke.

(2) Clarke, S. S. Rubber-tired blitz buggies haul ore underground.
Engineering and Mining Journal. Vol. 145, No. 12, pp 88-90.
December 1944.

- (3) clarke, S. S. Rubber-tired mine haulage in the Tri-State Districte.
Amer. Inst. Min. & Met. mngr. Trans. Vol. 153, pp. 153-157. 1943 '

.é. comprehens.s.ve survey of time S'buches applicable "c? 1)mdergrommd
4

coal mines has been made by Pennsylva.m.a S"be.t_e College. = . A few

A (4) Mineral indxistries-Experimen{: Sfa‘cion, Pemxsylvariie. State College.
llore profit in mechanical mining through studies of loading and gather-
ing performence. Bulletin 50. 1949. 37 p.

principles discussed thersin are utilized in this study. However,"ﬁb.at
work is é;nplicable- primarily o mechanized coal mines. .
Time o’cud:.es have been applied also to quarry m::.m.ng, and a conplete

(5, 6)

study has been made by the U. S. Bureau of Mines. . .The controlln.ng



(5) Thoener, J. R. and Lintner, Z. J. Time study analyses. Progress
Report l. Quarry shovel loading. U. S. Bureau of Mines. Report of
Investigations 3461. 1939. 24 p.

(6) Thooner, J. R. and Lintner, . J. Time study analyses. Progress

Report 2. "Quarry haulage. TU. S. Bureau of IMines. Report of investi-
gations 3467. 1939. 26 p.

factor, as determined by this study, was the shovel or loader. As will
be shown in the discussion, the factor, which controls the haulage

system of the Eagle Picher operations, is not the samee.



1,500 feet below the surfece.

THE TRI-STATE MINING DISTRICT

The Iri-State Mining District, which is composed of contiguous
s'c?c‘cions of S'pu’cheas*b Kensas, Southwest Missouri, and Northedst Okla-
homa, has been in past" years ons of ’_ché most important-. producing regiom
of lead and ziné in +the Um."c,ed States. It encompasses an area approxi-
' mately 40 miles long and' ‘30 miles wide m:bh the long axis is a North-.
'ee.si: and Southwes«, or.n.en‘ca-bn.on. rThe mbs-b produoti%e part of +this area
is a strip 35 mn.les long and lO m:z.les wide from Miami, Oklahoma, to
‘Carthage, M:Lssour:.. (FIGURD 1)

The district lies in e por'b:.on of the Nortlm'esh flank of the Ozark
uplift (elevation 700 %o 1, 200 foot above sea. level).

The ore is in sedn.men*ca.ry beds, roughly horn.zontal d:::oplng

sllgh-bly to the West, with granite forming the basement at 1,000 to
(7)

"~ (7) Reegart, J. R. Cost of developing to the operating stage’and
- equipping a small or medium sized mine in the Tri-Stabte District.
U. S. Bureau of Mines. Information Circular 6591. 1932. .18 p.

Idineralization is confinod mostly to the Boone formation of lower

9=

iissis sipm.a.n Age and. is conpoued of beds of la.mestone, dolomite and -
(8,

“chert. . - . Most of the ore is fownd in highly silicified or flint .

(8) Fowler, G. M. and Lyden, J. P» The ore doposits of the Tri-State
District. ~Amer. Inst. Min. & Met. Engr. Trans. Vol. 102, pp. 206-251.
1952, . |

(9). I’owler, Go M. Tri-State geology. Eagle Picher Number, Eng;inéering
and Mining Journal. Vol. 144, No: 11, pp. 73-79. November 1943.

areas of the Boone formation. The principal ore minerals are sphalerite
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and galena associated with marcasite, pyrite, and chalcopyrite.

Mining preactice has introduced two terms that serve to characterize
the particular type of operation in use. "Sheet ground", in general,
indicates room and pillar mining, where the nine workiﬁgs are of wide
Open stopes of narrow

lateral extension and relatively low backs

dimensions bubt with a high back, up to 150 feet in height, are Imown

as "high ground”.



=T -

THE HAULAGE SYSTEM

Developnent

During the many years of mining in the Tri-State District, many
haulage systems have been devised and eventuallﬁ'discafded as improved
proceadures were introduced.

As mining progressed in the district, more ore bodies of marginal
character were developede. This situation; coupled with inoreased labor
costs, forced the operatoré to resort to mechanization to achieve
greateor man-hour productivity.

The old haulage systems, such as mule haulage with cans, batbtery
locomotive haulage with cars, main and tail rope haulage, have been
completely replaééd by truck haulage.

Trucks wers introduced in the district in September 1941 on tria

: (10) ’
to aid in the development of low grade ores. @ = The first self-powered

(10) Clarke, S. Se, Op. cit. p. 2

6fé-ga£héring units were the Walker electrio battery trucks of two
general typess five ton bottom dump trailer units, and three and one
»half ton box hopper end dump units built on the chassis of ths trucke
The latber model was designed t§ overcome difficultiesuencountered in
spobting the trailers under the loaders.

The electric truck was introduced instead of internal combustion
trucks because of the gas hazard the latter would create.

The battery ﬁrucks proved to be effective for sﬁort haulage
distances and grades up to ten per cente As mining operations progressed

and greater haulage distances had to be traversed, however;’these units



were wnsatisfachtory dus to their relative small capacity.

The problem of the rsduction of harmful gas concentrations,
produced by internal combustion engines, was analyzed thoroughly by the
Bagle Picher Hygiene and Safety Department. Close control of venti-
lation is almost impossible in the large open stopes and in mines with
many shaf%s,whose'workings are intercomnected. State legislation, in
one insfance, was;unfavorable ‘toward the use of certain types of in-
ternal combustion equipmen£ ﬁnderground. It wﬁs finally decided that
semi-diesel‘or hot -tube ignited,‘oil burnihg engines with proper ex-
haust control could be used underground without introducing any serious
gas problems. The first diesel truck was placed underground at the

(11)
Paxson line in March 1946.

(11) Clarke, S. S. Diesel truck haulage at the Paxson Mine. Engineering
and M¥Mining Journal. Vol. 148, No. 3, pp. 54-56. March 1947,

It has been found that with proper precautions diesel equipment

'y

- can be safely used underground. O0il burning engines produce, in the

-exhaust gases, carbon dioxide, water, small quantities of the oxides of
(12)
sulphur and nitrogen, carbon monoxide, and aldehydes. Of +these

(12) Harrington, D. and East, J. H. Jr. Diesel power can be used under-
ground with safety. Enginecering and Mining Jourmnal. Vol. 148, To. 6,
pp. 70-76. Juns 1947. s I

gases, carbon monoxide and the oxides of nitrogen are dangerous to
human life, ‘the aldehydeé are irritating to the eyes and nose. In order
to use diesel engines underground some device is necessary Lo control
the exhaust gases. Such a device should lower the'temperature of the

gasés; remove toxic gases; decrease smoke and odor; and dilute the
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exhaust concentrations with aire,

The first trucks used in the Tri-State Di‘s";rict were equipped with
Yonks which supplied oxygen into the exhaust manifold. This system
proved to be uneconomical and ineffective, particularly in the control
of the aldehydese A gas scrubber was developed and is now in use on
all underground diesel equipment. The scrubber is essentially a water
filled rectangular metal box (FIGURE 2), through which the exhaust
gases are forced bsfore cdniﬁg in contact with the atmosphere. In
addition to water, the box contains copper wiring, which serves as a
catalyst for the reaction of water and aldehydes, and calcite ‘to keep
the water from bedoming excessively acidice. This cleayger does not
reduce the small quantity of toxic gases produced in the exhaust, bub

does serve to eliminate the smoke and aldshydes.

Present Ore Gathering System

The first diesel truck used underground was & truck-duckbille-
trailer of 10 tons capacity which dem§nstrated its suitability and
efficacy é.s a haulage unit. A program was. planned to introduce: other
diesel equipment and at present all haulage is peri‘ormed by.die_sel
trucks, and a large percentage of the loading is accomplished by diesel
shovels,

The ore is loaded in various parts of the mine and is transported
by diesel truclks » over gzjaded roads, and duaped through grizzlies‘ into

hoppers to be hoisted to the surface.

Equipment

'There are two gensral types of trucks used for 6re haunlage, viz,

dunp and trailere. The dump truck i:g.s a rectangular bed mounted di=-



F1GURE 2

EXHAUST GAS SCRUBBER

WATER FILLED STEEL SCRUBBE-'R
USED ON '
DIESEL EQUIPMENT UNDERGROUND

«]10-



rectly on the chassis (FIGURE 3); the latter is a duckbill-trailer
pulled by a diesel unit (FIGURE 4). The beds are hydraulically end-
d@ped_ from the power take-off and have capacities of 10 tons. A few of
the now trailers are rated at 15 tons capacity. In experimental use
alsé is a Xoehring Dumptor truck of six ton capacitye

A1l roads are constructed for one-way trafific, except for by-passes,
and are maintained by mill tailings delivered underground through bore=
holes and shaftse Main'benaﬁce‘ of tha roads in the best possible con-
dition is important so that trucks can operate at higher speeds and
with less breakdowns. Graders are used in many mines bto maintain the
- roads although a few mines still have ifery poor roads.

The dump trucls are very manueverable and can negotiate steep
gra.deé.. » Whereas the truck-trailers can be loaded in areas of very low
back although it is les s-'mé.l1éuverable. The great advan‘ce_.ge of the
truck-trailer is tkat the load is carried by the trailer so that the
tractor unit is subjected to little stress and wear.

The trucks dump direc'biy over a grizzly into a hopper. Some
grizz‘lieé are constructed so that the truck mey drive direet13r over o
ramp, dwmp and drive on in the same direction. Othersrequire the truck
to back up for dumping. FIGURE 15 illustrates the drive-over type,
while the back-up type is illustrated in FIGURE 19. In general, the
one way ramp is betier since no time is consumed in backing over the
g_rizz-ly.. Some nines ha:vvei-bwc dumping poi;rbs, and this is an added
‘ad.van'bage_ as one truck does not have to wait for another to dump or for
‘the grizzly to be cleared. Breaking and clearing of the boulders may
invglve éonsidera‘ble time because the boulders have to be broken manue

elly. The smallest passing dimension of most grizzlies is about 12



FIGURE 3 -
A 10 TON DIESEL DWIP TRUCK

FIGIRE 4

A 10 TON DIESEL TRUCK-TRATLER
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inches.

Most hoppers provide surge capacity, although in some places,
trucks are delayed because the hoppers are temporarily filled to ca-
pacitye

Two of the more important factors in an efficient haulage system
are pi'oper distribution of equipment, and planned dispatohing of trucks
to loading areas. Supdtvisors do not give proper attention to these
factorse Trucks waste time in umnnecessary trips, and of‘ten there is an
assemblage of more trucks in one area than can be loaded without ex-
cessive delayse

The three loading methods in use are: chute, dragline and shovele.
Chute Loading
Where mining proceeds in beds above the haulage level, the ore is

slushed into raises to be gravity fed to the lower levels. The ore is
allowed to acoumulate on the haulage level to be loadad by shovels or
is kept in the raises from where the truoka are loaded directly by
chutes. The important consideration in the design of a chute is to
allow sufficient manuevering area for the vehicles In scme restricted
locations, especially where the truck-trailer is used, comnsiderable
‘lﬁ_mo is wasted in manuevering the truck under the loading chutee
Loading is accomplished in less than two minutes through chute gates,
operated manuelly by a lever system. In the mines visited, there were
only three of these in operatione

Dragline Loading
| Dragline is the term used for & self-propelled scraper type



loador (FIGURE 5 A and FIGURE 5 B). A three-drum slusher, fixed over
a me-bal'.:"é.mp;' is mounted on & ca;zt‘,erpillar' chassis, which permits it to
manuever into any desired position.

A1l motors of the loader, which operate the slusher and the cater=-
pillai'_:, :breadé » are electric powered.

'This loader is a.pplica.‘b:_l_.e particularly in sheet ground work. A
typical situation is il;usefated in FIGURE 6 which shows +tail blocks
at _@@_eangles.’ The tllree;dz;im slus}'xér' permits wide coverage for the
scrapér; which dré.gs ‘the ore to the loader and up a metal remp from
where the charge falls into the truck -bhi'ough a s’qua.re opening';

The dragline is the slowest type of loading equipment in use_'bu‘c
is ‘th.e" most economical to operate and maintain, A 10 ton truck can be
loaded in 6 to 10 minutes but the time required mé.y be 15 minutese
The loading time depends on the skill and a;‘bili-by of the operator. The
loader mus+t be ?lé.ced in the most advantageous position for wide v |
coverage while restricting the distance of scrapei’ travel. Dﬁfing
non=loading periods, the drégline operator.should use the time for
Scrapbing the ore from the most distant points to a more readily ac-
cessible spots This in genmeral was not practicede The drag cables
should be inspected often and replaced frequently as mucﬂ time is
waétgd ‘wixen a cable is broken during a bloa.ding bpera'bidh. The same

procedure should be applied to the sheave blocks.

 Shovel Loading
| '.'L‘Iié various types of diesel shovels engaged in loading, will be
- discussed briefly. |

‘The overhead dumping shovels are the fastest loaders. These



FIGURE § A
A DRAGLINE IN THE PROCESS JF BEING IOVED TC A NEW HIADING

FIGURE S B

A DRAGLINE LOADING A 10 TON DIESEL TRUCK
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shovels move in straight lines from the face of the heading to the
'bruclc. A loading cycle is illustrated in FIGURE 6. Loading time varies
from 2 to 5 minutes. Shovels of this ‘bypé ‘are EimcoiRockers (Model C~-
& ioz’, and 104) mounted on caterpillar chassis (FIGURE 7), and Inter-
national T D 9 with Lodover systome The Eimco loaders are applicable
in areas where the floor is feairly sméo’ch; and the heading does not
require complete removal of broken ores The shovel is not very
effective in confined _areaé. "s'fhere the Eimco loader can move freely,
over sinoo%h ground, it is an effective and fast loader. An average of
eight dippers for a 10 ton load can be delivered in two minutes. The
truck should be spotted at'such a distance from the muck pile that the
shovel need only travel a distance sufficient to raise the dipper for
dumping and still allow enough manuevering area. The dipper is actue
ated by a chain drive systeme '

The Inbternational Lodover may be operated as:a forward or overhead
loadihg mach:.ne, but it is faster when overhead dumping is us&i, as
»only Straigh'b line motion i.é required. This shovel is not as fast as
the Eimco because the action of its hydraulic powered dipper is slower
than the Eimeco chain drive, but the shovel is better in clean-up action
in restricted areas. A 10 ton truck requires 6 or 7 dipﬁers », Which can
be dumped in about 4 minutes.

The great majority of shovels used underground have forward
dumping "dippers s diesel powered caterpillar treads (FIGURE 8). Models
in use are the Allis-Chalmers HD - 5 and HD - 7 end the Trexéavator
ET - 4. These loaders are slower than the overhead loaders because &
ééﬁéiderabie emount of manuevering is required during loading oper-

ations. Their advantage lies in the versatility and ruggedness of



FIGURE 7
CATERPILLAR MOUNTED EIMCO 104 SHOVEL LOADER

FIGURE 8
HT - 4 TRAXCAVATOR CATERPILLAR LIOUNTED LQOADER



construction, These shovels are employed in clearing up areas,
building roads, loading and other applications. About seven dippers
constitute a 10 ton load and loading ocan be completed in § to 8
minuteses The larger H D = 7 shovel requires only four dippers, and.
the time required is comparable to the Eimco loading timee.

The time required to complete a load depends on the skill and
ability of the operator. The truck is placed usually at right angle
to the muck pile, requiring the shovel to make sharp angle manuevers,
which not only is time consuming but causes pronounced wear on the
tread padse The spotting should be made at an angle to the ore so that
= ‘more natural manuever can be made by the shovel. The difference in
operation in these two cases is shown in FIGURE 9 and FIGURE 1O.

This shovel can be used in almost any type of ground, as long as
the height of the back is sufficient to permit the dipper to 'be‘ raised
and dumped.

A Hough Payloader (FIGURE 11) was introduced in 1951 on an experi-
mental basis in the Goodwin Mine. This loadér is very fast and ma-
neuverable, however, it does not have sufficient traction to dig in
the compacted muck pilee As a consequence, thers is excessive wear of

the rubber tires of the drive axlee.

Skip and can hoisting are employed in the Eagle Picher mines.

Of the mines studied, only two, Westside and Blue Goose 2, have
installed skip hoistinge This system uses balanced hoisting in a two
compartment shaft. When one skip is being loaded, the other is dumping

on the surface., The dumping takes place automatically when the skip
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FIGURE i O
TYPICAL SHOVEL LOADING CYCLE
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FIGURS 11

HOUGII PAYLOADLR

This shovel is in experimental use as an underground loader.
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engages the dumping track of the surface hopper. This hopper is illus-
trated in FIGURE 12. The skips have capacities slightly over two tons,
and therefore the hoisting system may have a capacity of approximately
1,000 tons in one eight hour shif't,

The other mines reported in this analysis employ the cen hoisting
systeme Cans, which are cylindrical steel buckets 33% inches in di=-
ameter and 35 inches deep, of approximately four-fifths of one ton
capacity; are used to bring the ore to the surface and it is dumped into
hoppers, such as illustrated in FIGURE 13 and FIGURE l4.

A typical underground hoisting station is illustrated in FIGURE 15.
An air powered piston bumper=car moves the cans from the shaft center
to the loading point under the hoppere At the end of the bumper=car
travel the ovre can is directljr under the hopper chute. The can is
loaded, by manuaily operated chute gates, and the car is returned to
the farthest pointe This procedure places the loaded can at the shaft
centere When the empty can is returned, the hooker guldes it to the
front of the car, and rapidly transfers the hoisting cable hook to the
loaded can which is then hoisted. The hooker is anespecially trained
workman who is responsible for the loading of the cans, and tre.nsfgz'ing
the hoisting cable hook from the empty can to the loaded one. FIGURE
16 illustrates this operation,

From 550 to 900 cans mey be hoisted in one eight hour shift,
depending on the shaft depth. Hoisting is the limiting factor in the
‘total mine production. The haulage system should be planned in order
to supply the maximum hdis-bing capacity plus a safety factore.

From the surface hopper the ore is transported to the Central Mill
(Cardin, Oklahoma) by railroad cars, illustrated in FIGURE 17.
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FIGURE 12

Surface Hopper

Skip hoisting headframe
and 500 ton steel hopper.
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FIGURE

Surface Hopper
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and 300 ton wooden storage hoppsr.

0ld type mine headframe for cean ho



FIGURE 14

Surfece Hopper

Typiéal can hoilsting headframe
and 300 ton storage hopper
in the Tri-State area.
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FIGURE 16

TYPICAL HOISTING PROCEDURE

" The hooker has just transferred the hoisting cable hook from
the empty can (at left) to the loaded can, for hoisting.

Note hopper chute at extreme left and
bunper-car on which the cans are resting.



FIGURE 17

Loading Ore for the Central IMill

Railroad car is ‘being loaded under
hopper at the Blue Goose 2 lMine.
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TIDME STUDY PROCEDURE AND APPLICATION

General Considerations

In the ore moving process, the haulage unit or truck, is con-
sidered the controlling element, Although a loading unit may remain
temporarily inactive, the truck must continue to operate to maintain
production averagese If a shovel breaks down, the truck may proceed to
another loading point until the shovel is in operation againe When a
truck is out of commission, however, its transportation capacity is
temporarily retired and no convenient substitute existse, Certain
loading areas are not accessible to all types of trucks; therefore dis=
patching has to be carefully planned, and the loading equipment becomes
subservient to the truck. With these considerations in mind, the time
studies wore based on the actual haulags units, with supplementary
studies of other operations, All operations of the truck were observed
and the timing recorded. In this manner, each truck was studied during
an entire shift to determine the haulage time efficiencye.

The total shift time in the Eagle Picher mines is 8 hours and 15
minutes, with one-half hour alloted for a lunch periode For the
purpose of this study the remaining time, 465 minutes, is considered as
actual wé:rld.ng timee. From the haulage standpoint, this total time is
divisible into productive and nonproductive timee Under productive
time are included all activities in which the truck may engage that are
connected or associated with the transportation of oree Nomproductive

time includes all delays, regardless of cause or nature.

Method of Compilation

The following classification and breakdown is used in sum&rizing
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and tabulating the results,.

I Productive Time

Ao

Be

Travel Time = Includes all productive motions made by the
vehicle,

le To Heading « The time the empty truck takes to move
from the shaft station to the loading
Z0NS o

2+ Maneuvering Allowance (Head) = Maneuvering time at
the heading, to spot the truck under or
adjacent to the loadere

3¢ To Shaft = Travel time involved in moving the loaded
truck from the heading to the shaft or
dumping station.

4, Yaneuvering Allowance (Shaft) - Time required to back
truck into dumping position; this is not
applicable to all mines.

Transpetration Time - This term was developed to includs
the loading and dumping operationse. From
the roots: trans (aeross), petro (rock),.
fer (bear or carry), and ate (to make), the
word transpstroferate was formed, and re-
duced for convenience to transpetratee

le Loading = Loading ‘time at the heading.

2e Unloading - Time utilized by truck in dumping load

at shaft station.

II. Nonproductive Time

A

Delays =~ Tine involved in all delayse



le Truck Delays « Delay time that is directly attributa-
ble to the truck,
ae Breakdown Delays - Time lost while the truck is
out of operation because of some
breakdown or necessary rspaire
be Normal Delays « This +term serves to indicate all
delays occassionad by the truck in nec-
cessary operations, such as, refueling
and general servicinge
2¢ Loader Delays = Time the truck is not operating for
reasons which apply to the loading equip-
ment,
ae¢ Breakdown Delays - Time the truck is held up due
to loader breakdowne
be Avoidable Delays - This includes all interrup-
tion time in loading, not attributable
to the trucke In most cases, envolves
wasted time by the the loader operatore.
ce Other Load Delays = Time one truck is forced to
wait to be loaded, because another truck
is occupying the loading position.
3e Other Delaeys « Delays not included in the classifi-
cation above.
g, Grizzly Delays - Time a truck has to wait be-
fore dumping, at the shaft statione. The

causes may be: other load occup¥ing the
dumping ramp, screen obstructed with
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boulders, or a full hopper.

be Nonoperating Time -~ This is the time the truck

| is not envolved in any operation. It
includes the time in getting the men
underground and wasted time not included

in other delay classificationse

Procedure of Timigg_

The techniqus employed was to ride a truck during its entire dai-
1y cycle, recording the operation (by means of symbols) and the time
envolved, to the nearest five second intervale An ordinary wrist watch
with sweep second hand was used for timing. |

Shovel performence was analyzed by studying each cycles Each
operation of the loader was timed with a stop watch and recorded. For
this purpose thé shovel motions are considersd separately as:

le Move Back - This represents the starting cycle when the shovel
retreats from the truck.

2+ Move Forward - Time taken for the loader to turn and move to=-
ward the muck. |

3+ Loading Dipper - Time required to load the dipper.

4, Move Back - Time involved in retreating from the mucke

S5e¢ Move Forward « Time the shovel takes in moving to the trucke

6e Dunp - Time taken to dump the dippers

The last division 6ften is incorporated with the last movement.
In the case of overhead loaders, only divisions 2, 3, 4, and 6 are
applicable as there is no angled maneuver:. These relations are ex-

emplified in FIGURE 6.



-

Hoisting was also studied in each mine. In this case the %total

hoisting oycle was studied and recordsd to the nearest one-half seconde

Methods of Evaluation

One factor to be considered in evaluating the results is the a=
mnount of productive time expended in any shift, This, however, is not
the only faotor to be considered in eveluating efficiency, and it is
not possible to eliminate all nonproductive time.

Time wasted in nonproductive effort may be reduced by observing
the following conditionse Truck and shovel breakdowns (II. A. l. 2.
end II, A. 2. 2.) can be reduced with a sound program of preventive
maintenance. Sundays are used for miscellaneous repairs in the mine
and should be used for thorough examination of wehicles. Instituting
this program should minimize most on the job breakdowns.

Normal delays (II. A, 1o b) can be expected since they are neces-
sary operations, but should not consume more than ten minutes or 2.2 %
of the total shif't time, if such delays are planned carefullye. Trucks
have to refuel no oftefner than once a shift and should stop twice for
water (for radiator and sorubber)e Refueling tekes less than four mine
utes while water stops may require a three minute delaye. The totel time
involved in normal delays would be approximately ten minutese.

 Avoidsble delays (ITe Ae 2. b) are expressions of wasted time on
the part of the loader operator and should be reduced and if possible
completely eliminated.

Other load delays (II. A. 2. c¢) exist mainly because of poor or=-
ganization and failure to dispetech and distribute trucks properlye.

With some forethought and consideration these delays may be minimized



or s-brij:en oube

Grizzly delays (IXe Aes 3. a) may be expected occasionally where
only -one dumping ramp existse If a two ramp system cannot be con=
structed to prevent such delays, more abttention should be given to
secondary blasting in order to reduce boulder problemse Grizzly ate
tendants can remove excessive numbers of boulders from the screen, and
break them separately, and thus decrease unnecessary truck delays.

Some nonoperating time will necessarily result because the men are
lowered into the mine on shif't time, Under this time classification
is included all wasted time not previously mentionede This wasted time
factor often is too large to be justif'ied. The men that are direotly
concerned with the ore haulage (truck drivers and loader operators) are
the first to enter and leave the mine. For this reason haulage oper-
ations can get under way soon after the start of the shift, Allowing
ten minutes for the time that operations are interrupted, iee., leaving
and returning from lunch, first trip underground and final trip out,
foyrty minutes are accumulated. With a safely allowance of ten minutes,
a total of less than 11 per cent of the time is consumeds TUnder the
poorest conditions 60 minubes might be allowed for nonopersting time,
which would represent about 13 per cent of the shift time.

Tt is estimated that, under the conditions discusséd, a ratio of
productive to nonproductive time of 70:30 (1:04425) can be realized,
and with careful planning this ratio may be increased to 80:20 (1:0.25).

Factors yet to be interpreted are other time relations and ton-
mileage recorded by the trucks. These relations are travel time:transe—

petration time, travel time to headingstravel time to shaft:loading
time ratios,



As distances and loading characteristiocs wvary greatly, general
rules and applications are difficult to establish for individual casese.
The total figures in any study represent averages, and therefore cer-
tain time ratios can be used as indicators of desirable or undesirable
conditions,. ‘

The travel time:transpetration time ratio should be appz:o:dmtely
1l : 0o5. In most mines the combined travel time (to the heading and
baock to the shaft stetion) is about twice the loading time wnder ideal
conditions. The date obtained in this study will indiocate that there
is sufficient information to allow the use of suqh a criterione If any
study indioates material differences from the value above, either the
distances are so short or so great that this relationship breaks downe
Excessive loading time may influence these criteria. In the latter
case, the situation can be changed by improvement of the loading method,
and thus more loads may be obtained in a shifte

The second ratio, travel to heading:trawvel to shaft:loading time,
is a variation of the ratio just mentioned. Only maneuvering and
dumping times are not considerede In gensral a 1 : 1 3 1 ratio is de-
sirable, but variations may be expeoted.

Each case will be studied and application of ratios explained and
tried.

In addition to these factors, the number of loads and mileage
covered should be used as oriteria. Although total round trip mile=-
ages may vary from two-tenths to five miles, the awverage distance is
aﬁproxina‘bely one mile., For distances less than one mile, with favor-
able loading conditions, a truck should meke 25 to 30 trips, or a maxi-
mun of 9,000 ton-miles (30 loads x 10 tons/loed x 30 miles). When
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loading is done exclusively by draglines and/or the distances are
greater than one mile, this haulage capacity will be somewhat reduceds
The particular conditions of each run have to be identified before a

prodiction can be made as Yo capacity. -



BIG CHIBF MINE

Location
The Big Chief Mine, in Northeast Oklahoma, comprises the EZSEL

and WESEZL of section 17, Te 29 N., R. 23 E., Ottaws County, Oklahamae

Production
The average ore production is 530 tons a day. Hoisting in per=-

formed with cans, each having a capacity of 0,77 ton.

Equipment
Four trucks perform the ore haulage: nose. 29 and 30 = GJdi.Ce dump

trucks, noe 45 = Dart trucke-trailer (D-100 UG), and no. 48 = Autocar
truck=trailer (C-50-D 148),
As an indication of truck performence, the following data for the

month of June 1951, are presented.

TABIE 1

TRUCK TERFORMANCE « BIG CHIEF MINE
(Courtesy of Bagle Picher lin. & S. Coe)

June 1951 .
Truck Fuel Number Number Operating
Number Consumed of Loeds of Shifts Costs
(gole) |
29 90 180 10 $280.
30 125 260 13 680.
45 115 221 19 333.
48 ‘ 120 404 26 560

Loading equipment includes two draglines, noe 3 HD = 5 Allis

Chalmers shovel, and no. 21 Eimco 104 Shovel.

Cost records of shovels are maintained on a cumulative basise.



TABLE 2 gives performance deta for the two shovels used in this minee.

‘TABIE 2

 SHOVEL PERFORMANCE - BIG CHIEF MINS
(Courtesy of Eagle Picher Mn. & S. Coe)
Cunulative data to June 1, 1951

Shovel Total Total Operating Total Unit
Nunmber Tons ts Labor Operating Operating
Loaded Costs Costs Cost
: ($/ron)
3 125,418 499 $8,543, $33,658, $0.268
21 96,448 310 . 5,962 .16,218. 0168

Ifnit operating cost cammot be compared without considering that the
Eimco shovel generally operates under more‘ favorable conditions, 1e.0e,
smooth :E'loor;' cleansr stopes, and is not used for niscellansous jobs
such as road constructione Working conditions, other than loading,
cause seovere wear on the shovels, which accounts » in part, for the large

cost difference of the two types of loaders.

Hoisting
As disoussed previously, the hoisting capacity limits the possible

mine production. The actual hoisting capacity is apparently consider-
able greater than the average daily productione This conclusion is
based on the timing of the hoisting cycles and actmlf'.pérfomance;

Time study reveals that the cans are loaded and placed in hoisting
position in an avefa.ge of 16 seconds. The hooker then waits 9 seconds
for the returning empty can, and '!;ran_s.f."ersA the hook in 5.5 seconds, so
that the average cycle consumes 3045 seoconds. This represents an opere

ating average that will not be realized when some major interruption



takes places A maximun of 30 minutes was consumed in lowereing men end
supplies in any shift, and allowing for contingencies, 45 minutes are
subtracted from the total available time. In the 425 minutes remaining
during a shift, 825 ocams could be hoisted, and would represent & total
of 640 tons. Aotual performance indicates that this output can be
‘olosely obtained as 800 and 810 cans were hoisted in different shifts
during the visit to the mins.

Loading
Shovel noe 3 was studied while operating in high ground area, with

favorable loading oconditions. The results are swmarized in TABIE 3¢

TABLE 3

SHOVEL LOADING-- -~ BIG CHIEF MINE
(Time in seconds) -

Motions | Average Time
g : _ : Individual Cunmulative

HD = 5 noe 3

1, Move Back ' Sel Sel
2.. Move Forward 57 . 1068
3{ Loa.d. Dipper 9¢2 20,0
4+ Move Back 860 2860
Se Move Forward and Dump 5.0 3340

A 10 ton truck was loaded with an average of seven dipperfulse.
Total loading time was then, about four minutes which indicates high
shovel efficiency. This time compares very favorably with the Eimco
loading time, which was approximately four minutes, The Eimco was being
used in a restricted area where the ore was very heterogensous and
diffioult to load, which explains the similarity of loading periods.

No independent time studies were conducted on dragline loadinge
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From the haulage studgy, however, the average loading time is determined

%o be slightly over eight minutes,

Haulage System

There are four principal mining areas in the mine, designated here
by mmbers for convénience. |

Number 1 heading (Crawfish Lease), three~tenths mile from the
sha.f'b'; is in sheet groiind workings where loading is performed by drag=
line, The roads +to this aréa are in good condition but the heading is
so pooriy maintained as to cause diffioui‘by in truck maneuveringse.
Breakdowns can be atiributed to poor drag cables and unprotected.power
lines which often oause short-cirouits. |

Number 2 heading (Big Chief Lease), in sheet grétmd and four=tenths
nmile from the shaft, produces a small proportion of ore which is loaded
by the HD = 5 noe 3 shovele The shovel generally maintains the area
and the approach roadse -

The oclosest heading to the shaft, one-tenth mile, is no. 3 heading
(Big Chief Lease) which is a room and pillar area of low back, Loading
is perfomeé. with dragline in very restricted spacee The‘ area is above
the main haulage level and of difficult accessibilitye.

The largest arca is number 4 hoading (Otis White Lease). This is &
large open stope in high ground area, one mile from the shaft. Loading
is accomplished exclusively by showvels and is performed generaliy by the
Eimoo noe 21. The floor is very uneven and loading conditions unfavor-
ablo,

The dumping station at the shaft is inadequate and. poorly designeds
There are two grizzlies, but because of their close spacing only one
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vohicle can dump at a time. The approach road is narrow and, on leaving
the dumping ramp, the truck has to make a right angle turn for the exit
road, even though the ramp is of a drive over typee The hopper seems

to provide adéquate surge capacity under ordinary conditionse

Time Study Results

The results of -bi.me s-bllzdies’of the haulage system are sﬁtha.rized
and tabulated in TABLES 5 through 12. TABLE 4 .shcws time ratios that
will be oconsidered in sonjunction with the truck time tabless Those
ratios are based on time totais for sach "bruclc-shif'b of the time study

observation tablese.

TABLE 4

TIME RATIOS OF HAULAGE SYSTEM
Big Chief lline

Table Ton=- -Productive ‘Travel s Travel to Headi
Number Mileage Nonproductive Transpetration Iravel to Shaft
Time Ratio Time Ratio . Loading
' « . ' Time Ratio
T-Xlg Pat/Npat Trv/Trpt TH/TS /L4
B 5,500 1/0.66 1/0480 0495/1/1.28
6 3,900 1/0466 1/1.06 0488/1/1.73
4 5,100 - 1/0463 1/0.96 0485/1/1.52
8,830 1/0.54 1/0.81 0497/1/1436
8 3,170 1/0448 1/1.78 0e72/1/2484
9 2,250 1/0.84 " 1/1416 1.04/1/1.68
10 1,015 1/0497 1/2423 0494/1/2.76
11 485 1/1.80 1/2416 0494/1/2489
12 208,000 1/0.75 1/1.20 0.91/1/1.86
Ideal - - 1/0.425 , 1/0.50 1.00/1/1.00

Each truck was timed during two complete shifts andithe result of
~ these studies are presented in TABLES § through 1l. TABLE 12 contains
the summation of all tables, refrééenting eight shifts.
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TIME STUDY OBSERVATION

Truck noe 29
Mine = Big Chief

Type = GM.C. Dump
Date - July 19
Time in Minubes

Time Division Heading Total %
5 LR 3 . -4 -
I, PRODUCTIVE TIME
A, Travel Time _
l. To Heading 175 3540 52.5
2e Maneuvering B
Allovance (Head) 1245 11,0 2345
3o To Shaft 21.0 3940 6040
Total 51,0 - 8560 13640 2943
Be Transpetration Time . A
1, Loading 6645 3765 104.0
2+ Dumping 2645 13,0 3945 "\
Total . 93,0 5065 14345 3049
Total Productive Time 27945 6042
II. NONPRODUCTIVE TIME
A. Dela.ys
l. Truck Delays ,
8¢ Breakdown 13g0
be Normal 360
2+ Loader Delays ‘
e Breakdown 345 3e5
be Avoidable 11,0 4,5 1545
ce Other Load . ‘ 4
Total 3540 7¢5
3. Other Delays o
8e At Grigzly 104,0
be Nonoperating 465
Total 15045 32,3
~ Total Nomproduotive Time 18545 3948
TOTAL TIME OBSERVED 465,0 10040
Number Tons Transported 130 80 210
Mileage Recorded 246 16,0 18,6



TABLE 6

TIME STUDY OBSERVATION
Type = G&ile.C. Dump

Truck noe. 29

Mine - Big Chief Date = July 21
Time in Minutes :
Time Division Eea,ding . Total %
I, PRODUCTIVE TIME
A, Travel Time -
le To Heading 6265 840 7005
2. Maneuvering _
Allowance (Head) 11,0 1.0 12,0
3e¢ To Shaft ' 6940 5.0 T4e0
Total 14265 14.0 15645 336
Be Transpetration Time : _
le Load.ing 60e5 34,0 94,45
2e 'Dunping 2400 6.0 30.0
TO‘ba.l . 84.5 40.0 124.5 26.8
Total Productive Time 2810 60.4
II, NONPRODUCTIVE TIME
A Delays
le Truck Delays
&e¢ Breakdown 775
be Normal 1340
2+ Loader Delays |
a.¢ Breakdown _
be Avoidable 945 9e5
ce Other Load 21.0 21,0 '
Total’ 3045 1210 2660
3¢ Other Delays
ae At Grizzly 440
be Nonoperating 5940
Total ; 63.0 1346
Total Nonproductive Time 1844,0 3946
TOTAL TIME OBSERVED 465,0 100,0
Number Tons Transporbed 150 30 180
Mileage Recorded 30 0e6 306
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TABLE 7

TIME STUDY OBSERVATION
Truck noe 30 Type = GeM.C. Dump
Mine = Big Chief Date - July 24, 23
Time in Minutes

 Time Division Hoady . % EZFd' %

I. FRODUCTIVE TIME
A, Travel Time ‘ ' 4

l. To Heading 6045 . T4e5
2+ Maneuvering ; _
- Allowance (Head) 1365 1540
3¢ To Shaft 7140 770
Total 14540 3142 16645 3548
Be Transpetration Time _ .
le Loading 10745 10540
_ 2« Dumping 32._5 . 310 2
Total 14060 3060 1360 29 ¢2
Total Productive Time 28540 61le2 3025 6540

I, NONFRODUCTIVE TIME

K. Delays
l. Truck Delays .
@e Breakdown 2040 3840
bDe Normal TeS 660
2, Loader Delaeys - ;
ae Brealkdown 640 20,0
be Avoidable 7.0 2540 °
ce Other Load 31e5 : 1440
Total 7240 1545 1030 22 ¢2
3¢ Other Delays :
8e At Grizzly 840 11.5
~ be Nonoperating 10040 48,0 .
Total 108e0 2363 595 128
Total Nonproductive Time 180,0 38,8 16245 3560
TOTAL TIME OBSERVED 465.0 100.0 465.0 10040
Number Tons Tranmsported 160 210

Mileage Recorded 32,0 4240
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TABLE 8

TIME STUDY OBSERVATION
Truck noe 45 Type = Dart trailer
Mine - Big Chief Date - July 24
Time in Minubes

Time Division Heaciing %

I, PRODUCTIVE TIME

A, Travel Time

le To Heading 47,0
2+ Meneuvering
Allowance (Head) 0.5
3e To Shaft 6545
Total 113.0 2443
Be Transpetration Time
le Loading 18660
2¢ Dumping 14,5
Total 20065 431
Total Productive Time 3135 67e4

II. NONFRCDUCTIVE TIME

Ae Dolays
l. Truck Delays
aes Breakdown

be Normal 12,0
2+ Loader Delays
ae¢ Breakdown 2960
be Avoidable 9e5
ce Other Load 2065
Total 71e0 15,3
3e Other Delays
ae At grizzly 2865
be Nonoperating 5240
Total 80.5 17.3
 Total Nonproductive Time 151.5 3246
TOTAL TIME OBSERVED 465,0 100.0
Nunber Tons Trensported 230

Mileage Recorded 13.8



TABIE ¢

TIME STUDY OBSERVATION

Truek no. 45 Type - Dart trailer
Mine = Big Chief
Time in Minutes

Date = July 19

Time division Heading Total %
1 4 2
I, FPRODUCTIVE TIME
l. To Heading 75 16,0 2845 52,0
2+ Maneuvering
Allowance (head) 2,0 360 10,0 15,0
3¢ To Shaft Te5 1365 29,0 50,0
Total 117.0 2542
Be Transpetration Time
l. Loading 275 19,0 3740 8365
2¢ Dumping 4,0 3560 1368 5245
Total 13640 2942
Total Productive Time 25360 54.4
I, NONPRODUCTIVE TTIME
A, Delays
l. Truck Delays
a. Breakdown
be Normal 7e5
2+ Loader Delays
ae¢ Breakdown
be Avoidable 11.0 4,5 1565
ce Other Loed 23,0 2340
Total 4640 9e9
3e Other Delays
ae At Grizzly 118,.0
be Nonoperating 48,0
Total 16640 3567
Total Nonproductive Time 212,0 4546
TOTAL TIME OBSERVED 465,0 10040
Number Tons Transported 150
Mileage Recorded 3 3 9 15
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TIME STUDY OBSERVATION
Truck no. 48 Type = Autocar Trailer

Mine -« Big Chief
Time in Minutes

Date - July 23

Time Division e, T %
I. PRODUCTIVE TIME
A, Travel Time
l. To Heading 2345 11.0 3445
2+ Maneuvering
Allowance (Head) 1.5 265 4,0
3¢ To Shaft 2365 12.5 3660
Total T4.5 160
Be Transpetration Time
l. Loading 81,0 1845 9945
24 Dumping 48,0 17.0 6540
Total 16445 3544
Total Productive Time 23960 5144
II, NONPRODUCTIVE TIME
A, Delays
l., Truck Delays
a. Breakdown 45,0
be Normal
2e Loader Delays
a. Breakdown 34.5 6.5 41.0
be Avoidable 44,5 4445
ce Other Load 840 8.0
Total 13865 2908
3¢ Other Delays
ae At Grizzly 49,0
be Nonoperating 385
Total 8765 18.8
Total Nonproductive Time 22640 48,6
TOTAL TIME OBSERVED 4650 100,0
Number Tons Transported 100 30 130
Mileage Recorded 6.0 1.8

78
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TIME STUDY OBSERVATION

Truck no. 48
liine - Big Chief

Time in Minutes

Type - Autocar Trailer
Date = July 24

Time Division Hﬂagh‘& %
I. PRODUCTIVE TIME
A. Travel Time
l. To Heading 235
2+ Manesuvering
Allowance (Head) 44,0
3e To Shaft 25,0
Total ‘ 52 ¢5 1l.3
Be Transpetration Time
l. Loading 7240
2+ Dumping 42,0
Total 114.0 2445
Total Productive Time 16645 3548
II, NONPRODUCTIVE TIME
A+ Delays
le Truck Delays
a e Breakdown 16040
be Normal 5.0
2e Loader Delays
&+« Breakdown 3060
be Avoidable 25.0
co Other Load 15,0
Total 235.0 5045
3. Other Delays |
ae At Grizzly 2345
be Nonoperating 40,0
Total 635 1367
Totel Nonproductive Time 29845 6442
TOTAL TIME OBSERVED 465,0 100.,0
Number Tons Transported 90
Mileage Recorded Se4
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FIGURE 18 shows more clearly the time distribution for the total
time analyzed; the illustration depiocts the results in TABLE 12.

In all cases, theroe is less time expended in productive work than
would be expected. Only one truck=shift, presented in TABLE 8, ap=
proaches the minimum desired Pdt/Npdt ratio of 1/0.425, while others
fall below this minimume Delays that are attributed to the truck and
shovel are equally distributed and in most places can be eliminated.
Most grizzly delays may be decreased alsoe A large number of truck
breakdowns are indicated by the time consumed and represent 94 per cent
of the total time investigated. There is evidence of poor inspection
and maintenance programe. Nonoperating time falls well within the ex-
peoted limitse The ton-mileage per shift is 2570 This is a very

unfavorablo resulte

Campendium
On the over-all basis, the haulage system at Big Chief iine can be

considered inefficient.

At the present production, 53 truck loads per shift would be re-
quired to deliver 530 tons at the shaft statione Assuming that the
truck actually transports only 0.9 capacity load, about 59 loads in a
shift would be necessary. At the calculated maximum possible production
of 640 tons in a day 64 full loads or 70 loads (at 0.9 capacity) would
have to be transporteds If three trucks were being used, a minimum of
20 and a maximum of 24 loads in a shift would have to be transportede
This should be &ccomplished if attention is given to distribution and
dispatching of egquipmentes The retired truck could be kept as a reserve

olement in case of breakdown. A rotation plan should be instituted so



TABLE 12

TIME STUDY OBSERVATICN

General Summary

Mine - Big Chief Date =« June 19 to 24
Time in Minubes
Time Division Total %
I. PRODUCTIVE TIME
Ae Travel Time
l, To Heading 415,0 11.2
2+ Maneuvering
Allowance (Head) 8745 23
30 To Shaft 458,45 1263
Total 961.0 2548
Be Transpetration Time
1o Loading 852 60 22.9
Total 115940 3le2
Total Productive Time 2120.0 570
II. NONPRODUCTIVE TIME
Ae Delays
1. Truck Delays
ae Breakdown 35365 ¢4
be Normal 5440 1.4
2. Loader Délays
ae Breakdown 129.5 3e5
bo AVOid.able 151.5 4.2
ce Other Load 133.0 38
Total 82145 2241
3¢ Other Delays
ae At Grizzly 34645 9e3
be Nonoperating 432 ,0 1le.6
Total 7785 2049
Total Nonproductive Time 160060 43,0
TOTAL TIME OBSERVED 372060 100,40
Number Tons Transported 1260

HMileage Recorded

16542
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FIGURE 18

TIME DISTRIBUTION CHART

TRUCK HAULAGE

BIlI G CHIEF MINE

TOTAL TIME 3,720 MIN . LOADS 126



that each truck can be suitably checked and maintained in the best of
operating conditione This plan would minimize truck breakdown delays
by providing a replacement; roeduce grizzly delays as fewer trucks are
occupying the same dump ramp; and inhibit other load delays at the
loaders because there would be less likelihood of the trucks concen-
trating in one zons. The productive time percentage (57.0) could be
raised easily to over 70, and the entire haulage system would be opere
ating on a more efficient basis.

When one truck is retired the dragline in heading number 1 also
could be removede The shovel operating in heading 2 could perform
loading operations in both areas, as they are less than one~tenth mile
aparte By careful planning both units could be retired without affescting

production,
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BIG JOHN MINE

Location
The Big John Mine includes the SEL of section 3, SZBWE of section
2 and the NAWFL: of section 11, T. 35 Se, Re 23 B., Cherokes County,

Xansase

Production
Approximately 360 tons a day are produced from the Big John Mins.

For this output, 480 cans are hoisted in a shift.

Egui@n'b

Four trucks are available for ore transportation, nos. 19, 35, and
41 Dart dump trucks (D-100 UG), and noe 22 Ford truck=-trailer (F-8).
The oldest trucks have been in operation sinee February 1949.

Truck operation and costs for the month of June 1951, are presented
in TABIE 13. \

TABLE 13

TRUCK PERFORMANCE - BIG JOHIN MINE
(Courtesy of Bagle Picher line & Se Cos)

June 1951
Truck Fuel Number Number Operating
Number Consumed of Loads of Shifts Costs
(galo)
\

19 160 325 26 $544,

22 95 181 25 376
- 35 140 337 26 358.

41 180 450 26 348.

Aveilable loading equipment inocludes, one dragline and two shovels,
nose 8 and 15, Allis Chalmer H D = 5 models. Operating charascteristics

for these loaders are shown in TABLE 1l4.
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TABLE 14

SHOVEL PERFORMANCE « BIG JOHN MINE
(Courtesy of Eagle Picher Me & Se Coe)
Cumuletive data to June 1, 1551

Shovel Total Toteal Operating Total Unit
Number Tons Shifts Labor Operating Operating
Loaded Costs Costs Cost
($/%on)
8 66,075 491 $6,283. $24,625. $0.373
15 82,130 566 6,884, 21,955. 04267
Hoisting

Hoisting is done by cans in a 286 feet shaft. The actual hoisting
capacity is far greater than actual mine productione Time study reveals
that the average hoisting cycle is completed in 3645 seconds., Cans are
loaded and ready to be hoisted in 18 seconds end the delay for the re-—
turn of the empty can is 12 secondse A man shaft is in operation so
that ore hoisting is not interrupted for lowering men and supplies dure
ing the shifte For this reason, actual available hoisting time may be
more than 425 minutes, assumed previously, but this figure wlll be used
as a minimun allowancee In this time period 720 cans or 540 tons can
be hoistede

At present the hoisting oycle is interrupted for lengthy periods of

time because no ore is available.

Loading
‘Shovels operate alternately in the same areas with similar effi-

ciencye This can be verified from results shown in TABIE 15,
An average of eight dippers were required to complete a 10 ton

load, or 5.6 minutes were consumed in one load. Under ordinary condi-



tions this timing could be improved, except that most loading areas

provide little maneuvering space for the vehiclese

TABLE 15

SHOVEL ILOADING « BIG JOHN MINE
(Time in seconds)

Motion Average Time
Individual Cumulative
HD = & noe 8
l. Move Back 6 6
2¢ Move Forward 9 15
3e Load Dipper 12 27
4, love Back 11 38
Se Move Forwerd and Dump 4 42

le Move
2¢ Move
3e Load
4, Move
5¢ love

Back

Forward

Dipper

Baclk

Forward and Dump

He Do 5 noe 15

abP o

7
12
24
36
42

Figures in TABLE 16 represent operations in one stope alone, under

inimical conditionse

TABLE 16

SHOVEL LQADING - BIG JOHN MINE
(Time in seconds)

Motions

Average Time

Individual Cunulative
HD - 5 noe 15
le Move Back _ 7 7
2e¢ Move Forward 8 15
3e Load Dipper 15 30
4, Move Back 13 43
Se Move Forward and Dump 9 52

The dragline completes a 10 ton loading cycle in an é.verage time
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of 75 minutes. In gemneral, the operator had little opportunity to
prepare for following loads, although pressed continuously for loadinge

Excessive haulage capacity existed for a fixed loading capacity.

Haulege System

Ore is transported from six mining areas, and these will be dis-
cussed briefly. Number 1 heading (Big John Lease), one-tenth mile from
the shaft, is a narrow stope in high ground areaes The approach is ex-
tremely restricted, requiring the truck to back in almost the entire
distancee It would seem advisable to construct a turn-out point close
to the loading areaes The shovel also operates in a very restricted
aret.e

Ore is shovel loaded in heading 2 (Big John Lease) located one-
tenth mile from the shaft in a small room and pillar area. Approach
roads to this area are in poor conditione

Heading 3 (Black Eagle Lease) is a large stope in high ground area,
six=tenths mile from the dumping statione The roads in the zone are
poorly conditioned and thus loading is difficult and truck maneuvering
laborious. Time and wear on equipment could be avoided if more attgntion
was devoted to road maintenancee.

Headings 4 (Big John Lease) and 5 (Lucky Jew Lease) are in sheet
ground, looated five-tenths and one mile, respectively, from the ore
shafte Efficient loading by shovels is acccmplished under favorable
conditionse

A dragline is used in heading 6 (Big John Lease) which is six=
tenths mile from the unloading station. Effective loading in this

sheet ground area is curtailed because of frequent truck congestion,
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The roads to most headings are poorly maintained and in immediate
need of repaire. Rough roads not only slow down vehicle movement but
causs unnecessary wear damagee

The grizzly is of the back-in typee In this place, the trucks have
to swing away from the dump station and back in over the ramp. This
dumping station is illustrated in FIGURE 19, The hopper has a wvery

small surge capacity although at the present production rate, this is

sufficiente

Time S'!;udLResults

Time study results are summarized in TABIES 17 through 26,

TABLE 17

TIME RATIOS OF HAULAGE SYSTEM
Big John Mine

Table Ton= Productive ___Travel Travel to Heading
Number Mileage Nonproductive Transpetration Travel to Shaft
Time Ratio Time Ratio Loading
Time Ratio
T-iflg Pdt/Mpdt Trv/Trpt TH/TS /Ld
18 3,800 1/0.56 1/0449 0.69/1/0.75
19 2,840 1/0.63 1/0.56 0476/1/0.85
20 480 1/1.55 1/0.78 1.43/1/1.93
21 398 1/2406 1/0487 1.41/1/2400
22 1,730 1/0.81 1/0.68 0.81/1/1.18
23 2,840 1/0.49 1/1.07 1.10/1/1.94
24 2,740 1/0.70 1/0.78 0492/1/0420
25 1,680 1/0459 1/1.60 1.36/1/3.60
26 126,000 1/0.82 1/0483 0493/1/1.50
Ideal 1/04425 1/0.50 1.00/1/1,00

The truck-shift operations are presented in TABLES 18 through
26, The cumulative totals of the haulage operation are depicted in

TABLE 26 and the results are represented graphically in FIGURE 20,
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FIGURE I 9
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TIME STUDY OBSERVATION
Truck noe 19 Type = Dart dump

Mine = Big John

Date = August 22

Time in Minutes

Heading %
D
Time Division 5 5 " Total
Te FPRODUCTIVE TIME
Ae Travel Time
l. To Heading 15,0 54,0 10,0 7360
2+ Maneuvering
Allowence (Head) 445 55 1.5 11.5
3¢ To Shaft 2640 650 14,5 10545
4, Maneuvering
Allowance (Shaft) 5.0 4,5 0e5 10,0
Total 54,45 1290 2665 200,0 4360
Be Transpetration Time
l. Loading 2865 3345 175 7945
2e Dumping; 540 95 3e5 18460
Total 3345 43,0 2160 975 21.0
Total Productive Time 2975 6440
IT. NONFRODUCTIVE TIME
Ao Delays
le Truck Delays
2¢ Breakdown
be Normal 1760
2e¢ Loader Delays
ae¢ Brealkdown _
be Avoidable 1545 1760 3245 6560
ce Other Load
Total 82.0 1766
3¢ Other Delays
ae At Grizzly S5e¢5
be Nonoperating 80,0
Total 8545 1844
Total Nonproductive Time 1675 3660
TOTAL TIME OBSERVED 465,0 10040
Number lL.oads Transpoxrted 4 8 3 15
Mileage Recorded 448 16,0 4,5 2543
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TIME STUDY OBSERVATION

Truck noe 19 Type = Dart dump
Date = August 24
Time in Minutes

Mine - Big John

Time Division Heading %
3 6 4 Total
I. PRODUCTIVE TIME
A, Travel Time
l, To Heading 1440 42,0 20,0 760
2+ Maneuvering .
Allowance (Head) 065 245 240 540
3¢ To Shaft 1665 5845 2445 995
4, Mansuvering
Allowance (Sh&f‘b) 1.0 20 160 4,0
Total 3260 10540 4545 18445 397
Be Transpetration Time ‘
l, Loading 1345 59.0 12,5 8590
2¢ Dumping 3e5 10,0 265 1660
Total 170 6940 1560 10140 2le7
Total Productive Time 2855 6le4
II. NONPRODUCTIVE TIME
Ao DOL&VS
le Truck Delays
e Breakdown ‘
be Normal 8e5
2+.Loader Delays
e Breakdown
be Avoldable 1045 3245 3360 760
ce Other Load 11.0 11.0
Total 95 &5 2045
3e Other Delays
ae At Grizzly 1660
be Nonoperating 6840
Total 840 18,1
Total Nonproductive Time 17945 38e6
" TOTAL TIME OBSERVED 4650 100,0
Number Loads Transported 3 9 3 - 15
Mileage Recorded 346 1068 445 1869
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TIME STUDY OBSERVATION

Truck noe 22
Mine - Big John
Time in Minutbes

Type = Ford trailer
Date - Auygust 22

Time Division Heading %
1 3 Total
I. PRODUCTIVE TIIE
Ae Travel Time '
le To Heading 2865 2060 4865
2¢ Maneuvering
Allowance (Head) 9e5 345 1340
30 To Shaft 9e5 2540 3445
4, Maneuvering
Allowance (Sha.f'b) 2.5 2.5 560
Total 4045 60.5 101.,0 2le7
Be Transpetration Time
1. Loa.ding 28.0 38.5 6665
2¢ Dumping 545 2645 12,0
Tcrba.l 53.5 45.0 7805 16.9
Total Productive Time 17945 3846
II., NONPRODUCTIVE TIME
A+ Delays
1o, Truck Delays
8¢ Breakdown 4660
Pe Normal 560
2¢ Loader Delays
ao Breakdown
be Avoidable
ce Other Load
Total 5160 10.9
3¢ Other Delays
ae At Grizzly
be Nonoperating 234465
Total 23465 5065
Total Nonproductive Time 286.5 " 6l.4
TOTAL TIME OBSERVED 465,0 10040
Number Loads Transported 4 4 8
Mileage Recorded 1.2 4,8 640
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TIME STUDY OBSERVATION

Truck noe. 22

Mine = Big John
Time in Minubes

Type - Ford trailer
Date = August 25

Time Division Heading %
1 3 Total
I. PRODUCTIVE TIME
Ae Travel Time
l. To Heading 21.0 1845 3945
2¢ Maneuvering
Allowance (Head) 6e5 Be5
3¢ To Shaft 7e5 2045 2860
4, Mansuvering
Allowance (Shaft) 3e5 3e5 70
Total 3240 49,0 8l.0 174
Be Transpetration Time ‘
le Loading 3065 2565 5640
2e Dumping 80 70 150
Total 38e5 325 7160 1542
Total Productive Time 152 40 3266
II. NONPRODUCTIVE TIME
Ao Delays
le Truck Delays
ae Breakdown
be Normal 15,0
2e Loader Delays
f.e Breakdown
be Avoidable
ce Other Load 12,0
Total 2740 568
3e Other Delays
ae At Grizzly
be Nonoperating 28640
Total 28640 61le6
Total Nonproductive Time 3130 6704
TOTAL TIME OBSERVED 465,0 10040
Number Loads Transported 3 4 7

Mileage Recorded

0.9 448 57
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TIME STUDY OBSERVATION
Truck noe. 35 Type - Dart dump

Mine « Big John
Time in Minutes

Date - August 21

Time Division Heading %
3 6 Total
I. PRODUCTIVE TIME ’
Ao Travel Time
l. To Heading 2660 3560 €1.0
2e¢ Mansuvering
Allowance (Head) 245 55 840
3. To Shaft 3000 4500 7500
4, Maneuvering
Allowance (Shaft) 3e5 55 9,0
Total 6200 9160 15340 3249
Be Transpetration Time
l. Loading 25,0 630 88,0
2¢ Dumping S5e5 10.0 1565
Total 3065 7340 10345 2243
Total Productive Time 25645 5542
II, NONPRODUCTIVE TIME
A+ Dolays
1. Truck Delays
ae¢ Breakdown 16,0
be Normal S5e5
26 Loader Delays
ae Breakdown 21,0 21,0
be Avoida.ble 48,0 24.0 72,0
ce Other Load 365 3e5
Total 11860 2504
3¢ Other Delays
ae¢ At Grizzly 2040
be Nonoperating 7065 :
Total 9045 19.4
Total Nonproductive Time 20865 44,8
TOTAL TIME OBSERVED 465,0 100.,0
Number Loads Transported S 7 12
Mileage Recorded 660 844 1444
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TIME STUDY OBSERVATION

Truck noe 35
Mine « Big John

Type = Dart dump
Date = August 23

Time in Minutes

. Hoading %
Time Division 6 1 2 3 Totel
I. PRODUCTIVE TIME
Ae Travel Time
le. To Heading 24,0 15,0 12 4,0 1605 675
2¢ Maneuvering
Allowance (Head) 245 1.5 360 1.5 8e5
3¢ To Shaft 2940 80 11.5 1845 670
4, Maneuvering
Allowance (Shaft) 260 3e5 1.5 840
Total 5765 2600 2040 3800 15160 325
Be Transpetration Time
le Loading 4245 3065 41,0 1660 13060
2e Dumping 70 Ta0 14,0 4,0 32,0
Total 49,5 37e5 5500 2060 16260 3448
Total Productive Time 31360 673
IT. NONPRODUCTIVE TIME
Ao Dela.ys
le Truck Delays
ae Breakdown
bo Normal 12,0
2+ Loader Delays
2.e¢ Breakdown 1860 1840
be Avoidable 360 15,0 15,0 3360
ce Other Load 7¢0 Be0O 5.5 S5e5 26.0
Total’ 8960 1961
3e Other Delays
a0 At Grizzly 965
be Nonoperating 5305
Total 6300 1346
Total Nonproductive Time 15240 32,7
TOTAL TIME OBSERVED 465,0 10040
Number Loads Transported 5 5 9 3 22
Mileage Recorded 640 1.5 l.8 366 129
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TIME STUDY OBSERVATION

Truck noe 41
Mine = Big John
Time in Minutes

Type = Dart dump
Date = August 21

Time Division Heading %
1 6 Total
I. PRODTCTIVE TIME
A. Travel Time
l. To Heading 1445 45,5 60,0
2+ Maneuvering
Allowance (Head) 3¢5 3e5
3¢ To Shaft 11,0 54,0 65,0
4, Maneuvering
Allowance (Shaft) 1.5 30 445
Total 27¢0 1080 13340 3846
Be Transpetration Time
le Loading 3940 75¢5 11445
Total 52 60 88e5 14045 3062
Total Productive Time 273eS 5848
II. NONFRODUCTIVE TIME
A+ Delays
le Truck Delays
ae¢ Breakdown
be Normal 2540
2¢ Loader Delays )
&e Breakdown 2060 2040
be Avoidable 59495 5945
ce Other Load 70 7.0
Total 11165 24,0
3¢ Othor Delays
ae At Grizzly 10.0
be Nonoperating 7040
Total 8060 1762
Total Nonproductive Time 191e5 4142
TOTAL TIME OBSERVED 465,0 100,0
Number Loads Transported 7 11 18
Mileage Recorded 26l 13e2 1563



TABLE 25

TIME STUDY OBSERVATION

Truck noe 41
Mine - Big John
Time in Minutes

Type - Dart dump
Date = August 23

. % i Heading %
Time Division 1 5 Total
I, PRODUCTIVE TIME
Ae Travel Time
l. To Heading 49,5 665 5640
2+ Maneuvering
Allowance (Head) 10,0 10,0
3e To Shaft 3460 70 41,0
44 Hansuvering
Allowance (Shaft) 540 0e5 55
Total 9865 14,0 11245 2442
Be Transpetration Time -
le Loading 14045 7e0 14745
2¢ Dumping 3060 165 3165
Totel 17065 865 17960 3865
Total Productive Time 29145 62¢7
IXI., NONFRODUCTIVE TIME
A. Delays
l. Truck Delays
ao Breakdown
be Normal 1140
2¢ Loader Delays
ae Breakdown 24,0 2400
b. Avoidable 20.0 6.0 26.0
ce Other Load 6.0 660
Total 670 1444
3e Other Delays
ae At Grizzly 560
be Nonoperating 101.5
Total 10665 2249
Total Nonproductive Time 17365 3763
TOTAL TIE OBSERVED 4650 10060
Number Loeds Transported 20 1 21
Mileage Recorded 640 260 860



TABLE 26
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TIME STUDY OBSERVATION

General Sumary

Mine = Big John Date - August 21 to 25
Time in Minutes
Time Division Heading Total %
I, PRODUCTIVE TIVE
Ae Travel Time
le To Hea.ding 48le5 1269
2o Maneuvering
Allowance (Head) 6640 1.8
3e To Shaft 51565 13.9
44 Maneuvering
Allowance (Shaft) 5360 1.4
Total 111640 3040
Be Transpetration Time
le Loading 76740 2045
2+ Dumping 16640 44,5
Total 93360 2560
Total Productive Time 204940 5560
IT. NONPRODUCTIVE TIME
Ae Delays
l. Truck Delays
a¢ 3reoakdown 62 60 1.7
be Normal 99,60 267
2o Loader Delays
ae Breakdown 8360 202
be Avoidable 3315 89
ce Other Load 6565 1.8
Total 641,0 173
3e Other Delays _
a, At G’rizzw 6660 1le8
be Nonoperating 96440 2549
Total 103040 277
Total Nonproductive Time 167140 4560
TOTAL TIE OBSERVED 372040 10060
Number Loads Transported 118
Mileage Recorded 10665
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Nonproductive time represents a very large part of the total time
in all recorded shiftse. Truck 22 has an unsatisfactory record, spend-
ing over 50 per cent in nonoperating time. Delays attribubed to loader
are particularly noticeable in heading 6. As noted previously, there
were too many haulage units available in that heading to be handled ef-
fectively by the draglins,

TABLE 26 shows that 17,3 per cent of the total time investigated
was consumed by delays of haulage unitse This situation should be
improvede

Over one-quarter of the available time was not used in any opera-
tional worke This figure is twice the maximum calculated allowance.

Pat/Nipdt ratios are far below the expected value of 1/0.425, even

though Trv/Trpt ratios show more favorable results.

Compendium
The efficiency of the haulage at Big John lIine should be improvede.

At 00,9 truck capacity only 40 loads a shift are required to main-
tain the present mine outpute At calculated possible capacity, 60
loads a day would be requirede Three trucks can transport this quanti-
ty under a well managed plane

One truck should be retired from active haulage and placed on a
stand by reserve basis, The other trucks then should be dispatched to

the various loading areas without overtaxing any single loader,
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BLUE GOOSE 1 MINE

Locetion

The Blue Goose 1 Mine is in the NEL of section 30, T. 29 No, Re 23

Ee, Otbawa County, Oklahomae.

Approximately 670 cans are hoisted during a shift.

Production

This repre-

sents an average production of 520 tons a daye.

trucks (100 UG).

Equipment
Three trucks are in operation, nos. 32, 33, and 34 Dart dump

Performance characteristics for these wvehicles are

for one month of operations and are listed in TABLE 27.

TABLE 27

TRUCK PERFORMANCE - BLUE GOOSE 1 MINE
(Courtesy of Eagle Picher Mne & Se Coe)

June 1951
Truck Fuel Numbexr Number Operating
Number Consumed of Loads of Shifts Costs
(8310)
125 528 26 $406.
33 125 513 25 437,
34 95 493 26 391.

HD-S.

28.

surface hopper.

Loading 1is performed by three draglines and one shovel, no. 18

Cunmulative operating data for the shovel are given in TABLE

Hoisting
In the Blue Goose 1 Mine the ore is can hoisted 412 fest to the

The average hoisting cycle expends 39 secondse The



TABLE 28
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SHOVEL PERFORMANCE - BLUE GOOSE 1 MINE
(Courtesy of Eagle Picher Mn. & Se Co.)
Cunulative data to June 1, 1951

Showvel Total Total Operating Total Unit
Number Tons Shifts Labor Operating Operating
Loaded Costs Costs Cost
($/ron)
18 120,923 396 $7,288, $19,644, $0.162

ore can is loaded and ready for hoisting in 19 seconds and the hooker

waits 15 seconds for the return of the empty cane

As men and supplies are lowered through a different shaft, almost

the entire working time can be utilized for ore hoistinge In 465 mi-

nutes, 715 cans could be hoistede. This ocomputed output is comparable

to present production.

Loadagg

Shovel no. 28 was studied when loading in high ground areae The

results are sumarized in TABLE 29;

TABLE 29

SHOVEL LOADING = BLUE GOOSE 1 MINE

(Time in seconds)

Motions Average Time
Cunulative Individual
HD = 5 noe. 28
1l Move Back Se58 546
2¢ lMove Forward 12,0 Ge4
3¢ Load Dipper 29.5 175
4, Move Back 3T5 86,0
S5e Move Forward and Dump 46,0 8.5

L
An average of ssven dipperfu.)ﬁ were required for a 10 ton loade.
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The average loading time was 504 minutes, which is poor shovel per-
formance.

0f the three aveilable draglines, only two were in operation dur-
ing the visit to the mine. Average loading time for one dragline was
slightly over 5 minutes which is considered excellent for this type of
loadere The incompetency of the dragline operator in number 3 heading
is evidenced by an average loading time of 12.5 minutes. This situe

atlion will be discussed later.

Haulage System

All loading areas in this mine are in high ground mining. Heading
number 1 (Tumbe Lease) is located one-tenth mile from the dumping sta=-
tion., In this heading the loading is done entirely by dragline which
moves from one face to another as required by mining operationse Ale
though loading time was favorable, considerable time was wasted by the
operator,

Two methods of loading are in use in headings number 2 and 3 (Blue
Goose lease), located three=tenths mile from the shafte At one face
the loading is performed by draglinee This operation is partiocularly
unsuccessfule The operator seldom places the loader in a favoreble po-
sition and is prone to waste time in umnecessary scraper movement,
Shovel loading is cearried on at other faces in the same stope with fair
resultse

Ore is mined in high ground on upper levels and slushed into
raise-chutes to be loaded by dragline in heading number 4. No loading
operations were being undertaken at this heading during the visit to

the mine,
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Heading 5 is located one mile from the shaft and provides only a
small part of the mine production. Loading is done by the shovel in a
restricted area.

The roads in most places are in good condition and loading areas
are properly maintainede

A drive=-over grizzly is used in Blue Goose 1 Mine. This type of
dumping station, which is illustrated in FIGURE 21, is the best ome in
use underground, Beocause trucks are not required to back in, little
time is comsumed in the dumping operation and there is less fatigue on
the driver than in the back-in type rampe The grizzly is constructed
to permit all but the largest boulders to pass directly into the hoppere
The inclined position of the first screen permits the oversize material
to roll onto the second screen where secondary breaking is performede
In this mammer, the screen is not readily clogged up after a truck has
unloaded. The hopper under the screens provides sufficient surge ca-

pacity for continuous operatione

Time S'budy Results

Results of the time studies are summarized in TABLES 30 through
34e Graphical representation of the time distribution is given in
FIGURE 22,

As shown in the General Summery (TABLE 34), there is too much time
wasted in nonproductive operations. The Pdt/Npdt ratio of 1/0.79 indi-
cates that too much nonproductive effort was expended during the shifise
The leading factor of this situation was the poor truck performence
reported in TABIE 32, In this case the truck was dependent on shovel

loading and no provision was made for the use of alternative equipment.
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FIGURE 21
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TABLE 30

TIME RATIOS OF HAULAGE SYSTEM
Blue Goose 1 Mine

Table Ton=- Productive Travel Travel to Heading
Number Mileage Tonproductive Transpetration Travel to Shaft
Time Ratio Time Ratio - Loading
Time Ratio
T- Mlg Pat/Npdt Trv/Trpt TH/TS /L4
31 1950 1/0.37 1/3.18 0e80/1/5465
1950 1/0445 1/2446 0e74/1/4415
32 735 1/1440 1/3.68 0.79/1/6.10
1015 1/2.18 1/1.14 0.63/1/1.41
33 900 1/0491 1/2.13 0e97/1 /4441
1125 1/4.10 1/7.24 1.24/1/1842
34 47000 1/0.79 1/3446 0.79/1/5.20
Ideal 1/04425 1/0.50 1.00/1/1.00

The truck was forced to wait whenever repairs had to be made on the
shovel,

Truck-shift studies of truck 32 (TABLE 31) shows that the Pdt/Npdt
ratios are within the desired limits. The corresponding Trv/Trpt Trae
tios, however, indicate the operation was not as efficlent as disoclosed
by the Pdt/Wpdt ratios. The loading periods were too great and are
clearly illustrated by the TH/TS/Ld ratios. This situation has been
discussed earliers

Truck runs tabulated in TABLE 32 show that the same condition of
extensive loading time eoxists as in TABLE 3l. In this case, however,
the haulage distances are so short that the ordimary comparison of ra-
tios is not entirely justified. The most serious fault is delays that

are attributable to the operator of the loading machine. .

Compendium
The equipment available for ore transportation is not being used



TABLE 31

TIME STUDY OBSERVATION

Truck noe 32
1{ine - Blue Goose 1
Time in Minutes

Type = Dart dump
Date =« August 11, 1

Time Division Heaging % Heaging %
I. PRODUCTIVE TIME
Ae Travel Time
le To Heading 3305 3740
2+ Maneuvering
Allowance (Head) 5¢5 60
3¢ To Shaft 4240 & 50,0
Total 81,0 174 93,0 2060
Be Transpetration Time
1, Loading 23665 208.0
Total 2575 5504 22960 4042
Total Productive Time 33865 7208 32240 6942
II. NONFRODUCTIVE TIME
Ao Delays
l, Truck Delays
ae Breskdown
be Normal 4e5 10,0
2+ Loader Delays
2.+ Brealkdown 3940 2445
be Avoidable
ce Other Load 2860 10,0
Total 7165 15e4 4445 Se6
3¢ Other Delays
ae At Grizzly 965 5065
be Nonoperating 4565 48,0
Total 5540 1l.8 98e5 2142
Total Nonproductive Time 12645 2702 14340 3068
TOTAL TIME OBSERVED 465,0 10040 465,0 100,40
Number Loads Transported 18 18
Mileage Recorded 1068

10.8



TABLE 32

TIME STUDY OBSERVATION

Truck noe 33

Mine « Blue Goose 1
Time in Minutes

Type = Dart dump
Date = August 13, 14

Time Division Heading % Heading %
3 2 Total 3
I. FPRODUCTIVE TIME
Ae Travel Time
1. To Heading 1¢S5 1460 1545 2445
2, Maneuvering
Allowance (Head) 265 245 545
3e To Shaft le5 1860 1965 _ 3805
Total 360 3445 3745 8e0 6845 1447
Be Transpetration Time _
1, Loading 4e5 11560 1195 54,0
2e Dumping 1e5 1565 17.0 24,0
Total 660 13045 13645 2964 7840 1648
Totel Productive Time 174.0 3704 14645 315
II. NONPRODUCTIVE TIME
Ao+ Dolays
1. Truck Delays
ae¢ Breakdown
be Normal 60 7¢5
2e Loader Delays
ae Breakdown 12545 12545 224,0
be Avoidable 96,0 9640
ce Other Load 15.5 15,5 3545
Total 24340 5243 26740 5745
3¢ Other Delays
ae At Grizzly 11.0 11.5
be Nonoperating 37«0 40,0
Total 48,0 1063 51.5 11.0
Total Nonproductive Time 291e0 62,6 31845 6845
TOTAL TIME OBSERVED 465,0 10040 465,0 100,0
Number Loads Transported 1 10 11 13
Mileage Recorded 07 660 Be7 798



TABLE

33

79

TIME STUDY OBSERVATION

Truck noe 34
Mine =~ Blue Goose 1

Time in Minutes

Type = Dart dump

Date - August 11, 14

Heading % Heading %
: - Divisi
ime Division 1 2 Total
I. PRODUCTIVE TIME
Ae Travel Time
1o To Heading TeS 2400 3105 180
2+ Mansuvering
Allowance (Head) 845 560 1365 7e5
3e To Shaft Te0 2545 3245 1465
Total 2360 54,5 TT7e5 1667 4040 846
Be Trenspetration Time
le Loading 7648 6760 143,5 264,40
2¢ Dumping 11e5 1060 2145 2545
Total - 88460 7740 165,0 3505 28945 6203
Total Production Time 242.5 5242 32945 7049
II, NONPRODUCTION TIME
Ae Delays
l. Truck Delays
8e Breakdown 17,0
be Normal
2, Loader Delays . _
2e Breakdown 14,0 565
be Avoidable 1440 1440
co Other Load 9060 1065 10045 54,0
Total 1455 3le3 5945 1248
3e Other Delays
ae At Grizzly 40,0 10,0
be Nonoperating 3740 6640
Total 7760 1645 760 1643
Total Nonproductive Time 222 ¢5 47¢8 13545 2941
TOTAL TIME OBSERVED 465,0 100,00 465,0 10040
Number Loads Transported 10 8 18 25
¥ileage Recorded 260 360 560 4,5



TABLE 34

TIME STUDY OBSERVATION
General Summary
Mine « Blues Goose 1 Date = August 11 to 15
Time in Minutes

Time Division Total %

I. PRODUCTIVE TIME

Ae Travel Time

1. To Heading 160.0 5.7
26 Maneuvering

Allowance (Head) 40,5 1.5
3¢ To Shaft 19740 Tel
Total 39765 1463

Be Transpetration Time »
1, Loading 102565 3607
Total Productive Time 155340 5567

ITI. NONPRODUCTIVE TIME

Ae Delays
1. Truck Delays
2+ Breakdown 1740 0e6
be Normal 2840 1.0
2+ Loader Delays
ae Breakdown 43265 15,5
be Avoidable 9640 3e5
ce Other Load 25745 942
Total 83160 2948
3e Other Delays
e At Crizzly 13245 4,7
be Nonoperating 27345 98
Total 40640 1445
Total Nonproductive Time 123740 4443
TOTAL TIME OBSERVED 279060 10040
Number Loads Transported 103

Mileage Recorded 4546
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to the greatest advantage.

At the estimated oapacity of 715 cans a day, approximately 62
truck loads & shift would be required. With three trucks in operatien,
the demand of 20 loa.ds' a shift can be met easily by each unit. Retire-
ment of one truck would require a carefully planned distribution of
equipment and elimination of all delays and therefore is not suggested
at this time.

The dragline operating in heading number 2 should be retired from
service., Under normal operating conditions, the shovel can load two
trucks in both hedd:lngs number 2 and 3 without diffioulty. A planned
cycle, with alternate loading in case of shovel breakdown, can be de=-
vised to provide at least 30 loads from the shovele The other truck,
loading from number 1 heading could provide the remaining necessary
~ loadse This plan would require increased operational efficiency from.
the remaining draglines.



BLUE GOOSE 2 HINE

Location

The Blue Goose 2 Mine is in the S of section 30, T. 29 Ne, Re 23

Ee, Ottawn County, Oklahoma.

Production

An average production of 5§50 tons & day is realized at this mine.

Equipment
Haulage is performed by three diesel trucks and ome battery trucke
The diesel units are: no. 14 Dart truck-trailer (D-100 UG), no. 16 Mack
truck-trailer, and noe. 21 Ford truck-trailer. Performance data for

these units are given in TABLE 35.

TABLE 35

TRUCK PERFORMANCE - BLUE GOOSE 2 MINE
(Courtesy of Bagle Picher Mn & Se Coe)

June 1951
Truck Fuel Number Number Operating
Nunmber Consumed of Loads of Shifts Costs
(sale)
14 100 374 23 $440,
16 ' 117 502 27 456,
21 108 501 26 460,

Loading equipment includes three draglines and one shovel, H D =5

noe 1. Operating data for the shovel are given in TABLE 36.

Hoisting
Hoisting is done by & modern balanced hoisting systeme Time study
of hoisting shows that one skip is loaded, hoisted, and returmed for

loading in an average time of three minutes. The average hoisting
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TABLE 36

SHOVEL PERFORMANCE - BLUE GOOCSE 2 MINS
(Courtesy of Bagle Picher !n. & Se Co.)
Cunulative data to June 1, 1951

Shovel Total Total Operating Total Unit
Number Tons Shif+ts Labor Operating Operating
Loaded . Costs Costs Cost
(§/ron)
1 171,259 895 $13,760. $43,994. $0.257

cycle is one and one-half minutes; therefore 285 skips could be hoisted
each shift in the time allotted for hoisting. The represents a hoist-

ing capacity of approxinmately 740 tons a daye.

Loading
Shovel no. 1 is used exclusively for loading in a high ground

stopee Time study results are sumarized in TABLE 37. An average of
8 dipperfulls were required for one truck loade Total loading time was

5 minutes and is considered a fairly satisfactory resulte

TABLE 37

SHOVEL LOADING - BLUE GOOSE 2 MINE
(Time in seconds)

Average Time

Hoson Individual Cunulative
H D - 5 N0« 1
1. Yove Back 748 7.8
2¢ Move Forward 362 11.0
3. Load Dipper 13.0 24,0
4, Move Back 7«0 31,0
5¢ Move Forward and Dump 7.0 38.0

Most of the draglines were operating below standard performance.
Average loading times were recorded as: no. 2, 7.0 minutes; no. 3, 7.5

minutes; and no. 4, 8.0 minutes. Improved performance should be ex-



pocted from these machines with planned effort on the part of the oper-
atorse

Haulage System

All mining areas in the mine are located from four to six=tenths
mile from the shaft and are reached by roads in good conditione

Number 1 heading (Blue Goose Lease), in a high ground area, is a
narrow stope requiring difficult wvehicle mansuvers. Loading is dons
entirely by shovel in this areas

The remaining headings are in sheet ground, most of which have a
low back and poorly maintained approach roadse. These include no. 2
(Blué Goose Lease), nos. 3 and 4 (Seesaw lease), in which all loading
is accomplished by draglines.

The dumping station is made up of two hoppers set on opposite
sides of the shaft. This pemmits two trucks to dunp simultaneously and
avoids many delayse. The grizzlies are located in the loading pocket
under the hopper chutes, rather than over the hopper as in most mines.
In this mammer, the ore is dumped directly into the hopper and is fed,
as required, through the hopper gate. The material falls onto the
screen before going into the loading chute. FIGURE 23 A illustrates
the grizzly arrangement, and FIGURE 23 B shows the skip in the loading
pocket. The arrangement of these screens requires the skip-tenders to
clear the grizzlies and 'br_ea.k oversized material so that much of the
actual loading time is expended in that worke, If grizzlies were con-
structed at the dumping level, more loading time would be available at
the pocket and the hopper chutes would not clog up as readily as they
do at present. The two hoppers provide sufficient surge capacity under

normal haulage conditionse.
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FIGURS 23 A

BLUE GOCSE 2 HOPPZR GRIZZLY
The grizzly is located in the loading pocket, below the hopper gate.

FIGURE 23 B

SKIP HOISTIIG

A two ton skip is in the loading pocket prior to being hoisting.



Time Study Results

Haulage study results are summarized in TABLES 38 through 45.

TABLE 38

TS RATIOS OF HAULAGE SYSTEM
Blue Goose 2 Mine

Table Ton=- Productive Travel Iravel Heading
Number Mileage TNonproductive Transpetretion Travel Shaft
Time Ratio Time Ratio Loading
° Time Ratio
T-1g Pdt/Npdt Trv/Trpt TH/TS /Ld
39 4050 1/0.42 1/0.80 1,05/1/1.60
40 2460 1/0.82 1/0.82 1.54/1/0491
41 1450 1/1.61 1/0.59 0475/1/1.05
42 3260 1/0.€3 1/0.92 1.05/1/1.61
43 2510 1/0.60 1/0.68 1.03/1/1e29
44 3130 1/0.45 1/0.85 0e97/1/1 .47
45 99400 1/0.68 1/0.78 0.97/1/1438
Ideal 1/0.425 1/0.50 1.00/1/1.00

The cumulative totals of the haulage operations are presented in
TABLE 45, The results are represented graphically in FIGURE 24,

As in other ceses considered, nonproductive time is a very large
portion of the total workinrg time. Trv/‘Irp'b retios indicate that load=-
ing times represent longer periods than should be expected, This situ=
ation demands corrective measures in operational methods, especially in
reference to loading praoticeso Truck breakdowns consume 1l3.5 per cent
of the total time and should be reduced by more careful inspection and
preventive maintenance. _

The battery truck averaged five 10 ton loads a shift, and is a

negligible contribution to the total output.



TABIE 39
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TIME STUDY OBSERVATION

Truck no. 14 :
Mine - Blue Goose 2

Time in Minutes

Type = Dart traller
Date - August 7

’ c s s Heading %
Time Division 1 3 Total
I. PRODUCTIVE TIME
Ae Travel Time
l. To Heading 7345 6.5 80,0
2, Maneuvering
Allowence (Head) 26.5 2645
3¢ To Shaft 69.0 75 7645
Total 169.0 14,0 183.0 393
Be Transpetration Time
1. Loading 10645 1545 122,0
2e Dlmlping 21:5 1.0 22.5
Total 12840 165 144.5 3lel
Total Productive Time 32Te5 7044
II. NONPRODUCTIVE TIME
Ae Delays
l. Truck Delays
2e Breakdowm
be Normal 8.5
2+ Loader Delays
ae Breakdown
be Avoidable 5.0 5.0
ce Other Load 15.0 15,0
Total 285 642
3e Other Delays
8¢ At Grizzly 3445
be Nonoperating T4e5
Total 109.,0 23.4
Total Nonproductive Time 1375 29.6
TOTAL TIME OBSERVED 4650 100.,0
Number Loads Transported 20 2 22
Mileage Recorded 16.0 2e4 18.4



TABLE 40

TIME STUDY OBSERVATION

Truck noe 14

Type - Dart trailer

Mine = Blue Goose 2

Date = August 8

Time in Minutes

. Heading %
Time Division 1 4 2 Total
I. FPRODUCTIVE TIME
Ae Travel Time
le To Heading 34,0 19.0 4,5 57.5
2¢ Mansuvering
Allowence (Head) 14.0 2.5 16.5
3. To Shaft 335 2445 5.0 63.0
Total 8l.5 43.5 12.0 1370 29.5
Be Transpetration Time
1, Loading 47,5 43,5 660 97.0
2+ Dumping 10,5 4,5 1.0 16,0
Total 58.0 48,0 7.0 113,0 24.3
Total Productive Time - 250.0 5348
II. NONPRCDUCTIVE TIME
A. Delays
le. Truck Delays
aes Breakdown 128.5
be Normal 5.0
2+ Loader Delays
ae+ Brealkdown
be Avoidable 10.0 10.0
ce Other Load 15.5 15.5
Total 159.0 34.2
3e¢ Other Delays
aes At Grizzly 1560
be Nonoperating 41.0
Total 56.0 12.0
Total Nonproductive Time 215.,0- 4642
TOTAL TIME OBSERVED 465,0  100.0
Number Loads Transported 10 5 1 16
Mileage Recorded 8.0 6.0 l.4 15.4



TABLE 41
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TIME STUDY OBSERVATION

Truck noo 16
Mine « Blue Goose 2

Time in Minutes

 Type = Mack trailer
Date = August 9

Time Division Heading 4 %
I. PRODUCTIVE TIME
Ae Travel Time
l. To Heading 40.,5
2. Mansuvering
Allowance (Head) 175
3¢ To Shaft 54.0 :
Total ' 112,0 24.1
Be Transpetration Time
le Loading 5645
2+ Dumping 9.5
Total 66.0 14.2
Total Productive Time 178.0 »38.3
II. NONPRODUCTIVE TIME
Ae Delays
1. Truck Delays :
ae+ Breakdown 16945
be Normal 5.5
2+ Loader Delays
ae¢ Breakdown
be 'Avoidable
ce Other Load 13.0
Total 188.0 40,4
3¢ Other Dglays
ae At Grizzly 38.0
be Nonoperating 61.0
Total 9940 21.3
Total Nonproductiye Time 28740 6l.7
TOTAL TIME OBSERVED 465,0 100.0
Number Loads Transported 11
Mileage Recorded 13.2



TABLE 42

TIME STUDY OBSERVATION

Truck noe 16 Type = Mack trailer

Mine - Blue Goosse 2
Time in Minutes

Date = August 8

Time Division Heading %
4 1l 3 Total
I. FRODUCTIVE TIME
A. Travel Time s
l. To Heading 24,5 27.0 25.5 77.0
2. Maneuvering
Allowance (Head) 1.0 1.0
3. To Shaft 2445 24.5 24,0 73.0
Total 50.0 51.5 49,5 151.0 325
Be Transpetration Time
1. Loading 4340 2845 464,0 11745
20, Dumping 5.0 6.0 6.0 17,0
Total 48,0 34.5 52.0 13445 2849
Total Production Time  285.5 614
II. NONPRODUCTIVE TILE
A. Delays
l. Truck Delays
ae Breakdown
be Hormal 14,5
2¢ Loader Delays
ae Breakdown 11.0 65 1745
be Avoidable 2.0 4,0 6.0
Ce ‘Other Load 29.5 29.5
Total 675 1445
3e Other Delays
a. &t Grizzly
be Nonoperating 112.0
Total 11240 24.1
Total Nonproductive Time 17945 386
TOTAL TIME OBSERVED 465,0 100.0
Number Loads Transported 5 6 6 1%
Mileage Recorded 640 4,8 8.4 19.2



TABLE 43

TIME STUDY OBSERVATION
Truck no. 21 Type - Ford trailer

Mine = Blue Goose 2 Date = August 9
Time in Minutes
Time Division Heading %
4 1l Total

I. PRODUCTIVE TIIE

A. Travel Time

l, To Heading 1745 65,0 82.5
2+ Haneuvering
Allowance (Head) 4.0 645 10.5
3. To Shaft 16.5 635 80.0
Total 3860 135,0 173.0 37.2
Be Transpetration Time
l. Loading 21.5 8l.5 103.0
2¢ Dumping 340 12.0 15.0
Total 24,5 93.5 11840 25¢4
Total Productive Time 291.0 62 .6

II. NONPRODUCTIVE TIME

Ao DOL&}’S

l. Truck Delays
2.e Breakdown 9.0
be Noml 1105

2+ Loader Delays
2.+ Breakdown 5.5 5.5
be Avoidable 5.0 6.0 11,0
ce Other Load 15.0 16.0 31.0

Toteal 68.0 14,6

3+ Other Delays
ae At Grizzly :
be Nonoperating 106.0

Total 106.0 22,8
Total Nonproductive Time | 174.0 374
TOTAL TIME OBSERVED 465.,0 100.0
Number of Loads Transported 3 14 17

Mileage Recorded 346 11.2 14.8



TABLE 44
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TIME STUDY OBSERVATION

Truck noe 21
Mine « Blue Goose 2

Time in Minutes

Type = Ford trailer
Date = August 10

T D : Heading %
ime Division 3 5 Totel
I. PRODUCTIVE TIME
A, Travel Time
l. To Heading 30.0 52.5 82.5
2+ Maneuvering -
Allowance (Head) 6.0 6.0
3. To Shaft 29.5 55.5 85.0
Total 59.5 114.0 17345 373
Be Transpetration Time
1, Loading 30.0 95.0 125.0
20 numping 65 16.5 2300
Total 365 111.5 148.0 31l.8
Total Productive Time 321.5  69.1
II. NONPRODUCTIVE TIVME
Ae Dela.ys
1. Truck Delays
ae+ Breakdown 70.0
be Normal 16.0
2. Loader Delays
ae. Breakdown
be Avoidable 12,0 12,0
ce Other Load
Total 98,0 21.1
3¢ Other Delays
ae. At Grizzly
be Nonoperating 45.5
Total 45.5 9.8
Total Nonproductive Time 14345 3069
TOTAL TIME OBSERVED 46540 100,60
Number Loads Transported 5 13 18
Mileage Recorded Te0 10.4 17.4



TABIE 45
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TIME STUDY OBSERVATION

General Summary

Mine = Blue Goose 2 Date = August 7 to 10
Time in Minutes
Time Division Total %
I. PRODUCTIVE TIME
A, Travel Time
le. To Heading 420,0 15.0
2+ Maneuvering
Allowance (Head) 78.0 2.8
3. To Shaft 431.5 15.5
Total 929.5 333
Bes Transpetration Time
1. Loading 621.0 22.3
2. Dumping 103.0 3.7
Total 72440 2640
Total Productive Time 165345 5943
II. NONPRODUCTIVE TIME
Ae Delays
le Truck Delays
a. Breakdown 3770 13.5
be Normal 61.0 2.2
2+ Loader Delays
&« Breakdown 23.0 0.8
be Avoidable 44,0 1.6
ce Other Load 104.0 37
Total 609.0 21.8
3. Other Delays
a. At Grizzly 87.5 3.1
be Nonoperating 440.0 15.7
Total 52745 18.8
Total Nonproductive Time 1136.5 40,7
TOTAL TIME OBSERVED 2790.0 100.0
Number Loads Transported 101
Mileage Recorded 98.4



FIG URE 24

TIME DISTRIBUTION CHART

TRUCK HAUL AGE

BLUE G OOSE 2 MINE

TOTAL TIME 2,79 0 MIN LOADS 10l
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Compendium
At the estimated maximum production of 720 tons a day 82 loads

would be required, whereas at present average rate, 62 loads are pro=-
duced. In either case, haulage demands could be met by the three dies‘e‘l
units now in operation. One truck usually is loaded from the shovel
while the other two altermate between the three draglines as production
demands. The individual requirement would be approximately 7,300 ton-
miles (27 loads x 1O tons/load x 27 miles) which would have to be ac-
complished with gmater operational efficiency than presently is real-
izede The battery truck could be retired from active service.

Because most of the noﬁproductive time represents improvable con-
ditions, the supervisers can insure better equipment performance by

closer observetion of loading methods and unit distribution.



GOODWIN MINE

Location

Mining operation of the Goodwin Mine are in progress in the NEL

and MWISWL of section 17, T. 29 N., R. 23 E., Ottawa County, Oklahoma.

Produetion

Average daily production is 400 tons, and is mainteined by hoisting

510 cans a shifte.

Equipment

Haulage units are: nos. 43 and 47 Dart dump-trucks (D=100 UG);

nose. 46 and 56 Dart truck-trailers (D-100 UG); and no. 52 Autocar truck-

trailer (AC-C-50-D-48). All these units are new and were acquired in

1951, Typical truck performances for one month are tabulated below.

TABLE 46

TRUCK PERFORMANCE = GOODWIN MINE
(Courtesy of Eagle Picher In. & Se Co.)

June 1951
Truck Fuel Number Number Operating
Number Consumed of Loads of Shifts Costs
(gals)

43 90 155 15 $469.

46 85 301 23 347.

47 90 203 23 327,

52 20 173 17 274.

56 35 38 4 64.

Truck no. 56 is not in continuous use but is kept as a reserve

unite

All loading is performed by shovels: no. 28 Eimco 1023 no. 27 A. C.

HD = 5; noe 30 International Lodover (T D = 9); noe 33 A. Co HD = 9;
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and a Hough Payloader. Cumulative operating characteristics for three

of these units are shown in TABIE 47.

TABLE 47

SHOVEL PERFORMANCE - GOODWIN MINE
(Courtesy of Eagle Picher lne. & S. Co.)
Cunulative data to June 1, 1951

Shovel Total Total Operating Total Unit
Nunber Tons Shifts Labor Operating Operating
Loaded Costs Costs Cost
($/Ton)
27 8,920 51 $ 962, $2,272. $0.255
28 12,380 58 1,145. 1,475. 0.119
30 10,160 46 1,139. 2,033, - 0.200
Hoisti

Hoisting is done by the can systeme The average hoisting cycle is
34.2 seconds. This insures an average daily hoisting capacity of 735

cans, or 580 tons.

Loading

Time study of shovel loading is  presented in TABLE 48.

The H D - 9 shovel, because of the large dipper capacity, is the
fastest loader (average loading time of 3 minutes). The Lodover, with
an average loading time of 3.8 minutes, is also an efficient unit.
Because of traction difficulty, the Paylodder was timed as one of the
slower loading units and required 5.7 minutes to complete one truck
loada

The Eimco and the H D - 5 were not being used for loading purposes
while this study was made.

Although some of the loaders in the Goodwin Mine are on experi-



mental use only, the mine has the most equipment in the district.

TABLE 48

SHOVEL LOADING - GOODWIN MINE
(Time in seconds)

Motion , " Average Time

Individual

Cunulative

Hough Payloader

le Move Baclk 5.8
2e¢ Move Forward 5.2
3« Load Dipper 9.0
4. Move Back 13.0
5. Move Forward and Dump 16.0

Average number of dippers for a 10 ton load - 7

HD-9no.33

le Move Back 645
2. Move Forward 8.0
3« Load Dipper 12.0
4, Move Back 10.0
5+ Move Forward and Dump 13.5

Average number of dippers for a 10 ton load - 4

International Lodover no. 30

l, Move Forward 11.5
2e Load Dipper 11.0 -
3¢ Move Back ' 7.0
4o Dump _ 3.5

Average number of dippers for a 10 ton loed - 7

11.5
22.5
29.5
33.0

Haulage System

Three loading areas were being used during the visit to the mine.

Heading number 1l (Otis White Lease) is in sheet ground area, eight-

tenths mile from the shaft, and is on a higher elevation than the main

haulage level. The stope is accessible only to dump trucks.

The ap-

proach roads are in poer condition and requires very careful dﬁving.
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Loading was performed by the H D = 9 shovel, although the Lodover was
used temporarily and wmeffectively because of the low back.

Heading number 2 (Otis White Lease) is also in sheet ground, seven-
tenths mile from the dumping station. The Payloader was used for load-
ing in this arecae.

The Payloader was used also alternately with the Lodover in number
3 heading (La Salle Lease) loceted one and one-tenth mile from the
shaft. This area is very constricted and much of the trawvel time of
the truck is consumed in the actual approach roa.ds‘of the stope. The
loader operates in such a restricted area as to impair its effectivenesse.

The dumping station is a drive-over type with the grizzly set at
haulage level. Much of the grizzly delay time could be eliminated by
the construction of a dual screen station, as there is sufficient space
for two trucks to maneuver freely. FIGURE 25 shows a truck-trailer in
the process of dumping at the station.

The roads in the mine are well maintained except in the irmediate

areas of loadinge.

Time Study Results

The truck-shift operations are presented in TABIES 50 'hhrough 54.
The cumulative time totals are in TABLE 55 and are represented graphi-
cally in FIGURE 26.

The time study results show that the operations of the haulage
system are below standard. Almost every type of delay exists and can
be attributed to various causes. One excessive delay ’chaf is particu~
larly noticeable is grizzly delay time. With a single dump remp, some

delay may be expected but it is evident that in this case the delays
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FIGURE 25

TRUCK-TRAILER DUMPING AT SHAFT STATION

A diesel truck is in the process of dumping a 10 ton load
over the dumping ramp grizzlye.



are too largee.

Therse are actually too many trucks operating for the

production obtained.

In most cases, the Trv/Trpt and TH/TS/A ratios are close to de-

sired values (1/0.5 and 1.00/1/1.00 respectively) and indicate that the

actual runs are normal end the loading.times within desired limitse

Another evidence of excessive number of haulage units is the per-

sistence of avoidable delays which are caused by one truck waiting for

others to be loaded.

TABLE 49
TIME RATIOS OF HAULAGE SYSTEM
Goodwin Mine
Table Ton- _Productive Travel Iravel
Number 1lfileage Nonprodustive Transpetration Travel Shaft
Time Ratio Time Ratio " Loading
Time Ratio
TMg Pdt/Npdt Trv/Trpt ;
50 5410 1/0.52 1/0.41 0490/1/0453
3940 1/1.08 1/0463 0491/1/0092
51 4540 1/0499 1/0.60° 0492/1/0.79
52 4330 1/0.67 1/0.47 0.96/1/0.79
53 2230 1/1.00 1/0.36 0.84/1/0.63
2240 1/0483 1/0.51 1.04/1/1.01
54 1930 1/0489 1/0.67 0.92/1/1.29
2300 1/0.65 1/0.56 0.84/1/1.07
55 201000 1/0.80 1/0.52 0.93/1/0.86
Ideal 1/0.425 1/0.50 1.00/1/1.00

é
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TABLE 50

TIDME STUDY OBSERVATION
Truck noe 43 Type =~ Dart dump
Mine - Goodwin Date = July 13, 14
Time in Hinutes

Time Division Hea;i_ins % Heaging %
I. PRODICTIVE TIME
A, Travel Time
l. To Heading 97.5 60.0
2+ Maneuvering
Allowance (Head) 11.5 10.5
3« To Shaft 108.0 66.0
Total 217.0 46.6 136.5 2904
B. Transpetration Time
1. Loading 5745 61.0
2+ Dumping 31l.5 25.5
Total 89.0 19.2 86.5 18.6
Total Productive Time 306.0 6548 22340 48.0
II. NONPRODUCTIVE TIME
Ae Delays
le. Truck Delays
2« Breakdown
be HNormal 10.0
2+ Loader Delays
ae Breakdown
be Avoidable 6.0 5.0
ce Other Load 3¢5 12.0
Total Oe5 2.0 27.0 5.8
3« Other Delays
ae At Grizzly 90.5 179.0
be Nonoperating 59.0 36.0
Total 149.5 32.2 215.0 46.2
Total Nonproductive Time 159.0 34.2 242,0 52.0
TOTAL TIME OBSERVED 465.0 100.0 465.,0 100.0
Humber Loads Transported 19 14
Mileage Recorded 2845 21.0



TABLE 51
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TIME STUDY OBSERVATION
Truck noe 46 Type - Dart trailer
Mine - Goodwin - Date - July 18
'Time in Minutes

Time Division Heading %
1l 2 Total
I. PRODICTIVE TIME
Ae Travel Time
le To Heading 6.5 5945 6640
2+ Maneuvering
Allowance (Head) 3.0 5.0 8.0
3¢ To Shaft .11.5 60.5 72.0
Total 21l.0 125.0 146.0 3l.4
Be Transpetration Time
l. Loading 19,0 38.0 57.0
2« Dumping 9.0 21.5 30.5
Total 28.0 5965 8745 18.8
Total Productive Time 2335 50.2
II. NONPRODUCTIVE TIME
A+ Delays
le. Truck Delays
2e¢ Breakdown 6.5
b. Normal 10.0
2¢ Loader Delays
ae+ Breakdown 6.5 6.5
be Avoidable 2545 37.0 62.5
ce Other Load 45.0 45,0
Total 130.5 28.1
Qe At Grizzly 51.5
be Nonoperating 49.5
Total 101.0 2l.7
Total Nonproductive Time 231.5 49.8
TOTAL TIME OBSERVED 465.,0 100.,0
Number Loads Transported 5 12 17

Mileage Recorded 7.5 19.2 2647



TABLE 52
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TIME STUDY OBSERVATION
Truck no. 46 Type = Dart trailer
Hine = Goodwin Date - July 17
Time in Minubes

Time Division Heaiing %

I. FPRODUCTIVE TILE

Ao Travel Time

l. To Heading 95.0
2¢ Maneuvering
Allowance (Head) 6.5
3. To Shaft 8845
Total 190.0 40,9
Be Transpetration Time
l. Loading 70.0
2¢ Dumping 19.0
Total 89.0 19.1
Total Productive Time 279.0 60.0

II. NONPRODUCTIVE TIME

Ae. Delays
le Truck Delays

a.¢ Breakdown 8¢5
be Normal 7.0
2+ Loader Delays
ae. Breakdown 330
be Avoidable 17.0
ce Other Load 21.5
Total 87.0 18.7
3e Other Delays
ae At Grizszly 51l.5
be Nonoperating 47.5
Total 99.0 21.3
Total Nonproductive Time 186,0 40.0
TOTAL TILE OBSERVED 465.0 100.0
Number Loads Transported 17

Mileage Recorded 25.5



TABLE 53
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TIME STUDY OBSERVATION

Truck no. 47
Mine = Goodwin

Time in Minubes

Type = Dart dump
Date - July 16, 17

Heading % %
Time Division 3 3 2 Total
I. PRODUCTION TIME
A. Travel Time
le To Heading 6745 365 42,0 77.5
2, Maneuvering
Allowance (Head) 23.0 4,5 12.0 16.5
3¢ To Shaft 80.5 ' 33.0 41.5 T74.5
Total 1710 368 73.0 95.5 168.5 3642
Be Transpetration Time
l. Loading 50.5 13.0 62.0 75.0
2e Dumping 11.0 345 8.0 11.5
Total 6l.5 13.2 16,5 70.0 86.5 18.6
Total Productive Time 232.5 50.0 255.0 54.8
II. NONPRODUCTIVE TIME
Ae Delaya
1. Truck Delays
ae. Breakdown 4.0 19.5
be Normal 7.5
2¢ Loader Delays
&+ Breakdown 20.0 20.0
bo Avoidable 9.5 39.0 39.0
ce Other Load 54.0 10.0 25.5 35.5
Total 67.5 14,5 121.5 26.2
3« Other Delays
ae At Grizzly 114.5 36.5
b. Nonoperating 50.5 52.0
Total 165.0 35.5 88.5 1940
Total Nonproduetive Time 23245 50.0 210.0 45.2
TOTAL TIME OBSERVED 465.0 100.,0 - 465.0 100.0
Number Loads Transported 10 4 7 11
Mileage Recorded 22,3 9.2 11.2 20.4



TABLE 54
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TIME STUDY OBSERVATION

Truck no. 52 Type - Autocar trailer
Mine - Goodwin '

Time in Minutes

Time Division Eeagins % maging %
I. PRODUCTIVE TIME
A. Travel Time
l. To Heading 64,0 75.5
2+ Maneuvering
Allowance (Head) 13.5 24.0
3. To Shaft 69.5 90.5
Total 147.0 3l.6 190.0 40.8
Be Transpetration Time
l. Loading 89.5 97.0
2¢ Dumping 9.5 9.0
Total 99.0 21.3 106.0 2248
Total Produoctive Time 246.0 5249 296.0 63.6
IX. NONPRODUCTIVE TIME
Ae Dolays
le Truock Delays
ae Breakdown 2745 6.5
) be Normal 5.5 5.5
2+ Loader Delays
&+ Breakdown
be Avoidable 90,0 32.0
ce Other Load 53.0
Total 123.0 26.4 97.0 20.8
3« Other Delays
ae At Grizzly 40.5 24,0
be Nonoperating 55.5 48.0
Total 96.0 20.7 72,0 15.6
Total Nonproductive Time 219.0 47.1 169.0 3644
TOTAL TIME OBSERVED 465,0 100.0 465,0 100.0
Total Loeds Transported 11 12
Mileage Recorded 1746 19.2
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TABLE 55

TIME STUDY OBSERVATION
General Summary
Mine = Goodwin "Date = July 13 to 18
Time in llinutes

Time Division Total %

I. PRODUCTIVE TIME

Ae. Travel Time

l. To Heading 603.0 - 16.2
2+ lManeuvering
Allowance (Head) 113.5 3.0
3. To Shaft 649.5 17.5
Total 1366.0 36.7
Be Transpetration Time
l. Loading 557.5 15.0
2« Dumping 147.5 3.9
Total 705.0 18.9
Total Productive Time 2071.0 55.6
II. NONPRODUCTIVE TIME
Ae Delays
l. Truck Delays
a. Breakdown 72.5 2.0
be Normal 45.5 1.2
2. Loader Delays
a. Breakdown 59.5 l.6
be Avoidable 261.0 7.0
ce Other Load 224,.,5 6.0
Total 66340 17.8
3e Other Delays
ae At Grizzly 588.0 15.9
be. Nonoperating 398.0 10.7
Total 986.0 2646
Total Nonproductive Time 1649.0 44.4
TOTAL TIME OBSERVED 3720.0 100.0

Number Loads Transported 111
Mileage Recorded 181.2
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TIME DIS TRIBUTION CHART

TRUCK HAULAGE

GOODWIN MINE

TOTAL TIME 3,720 MIN LOADS 1l
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Cam ium

At the estimated production of 580 tons a day, approximately 65
truck loads a shift would be required. If three trucks were in oper-
ation, only 22 loads would have to be handled by each unit. There are
enough loaders to permit each truck to be loadéd by an individual
shovel, This would tend to eliminate all avoidable, other load, and
grizzly delays. Omne truck could be kept as a reserve unit if desired
and the fif'‘th truck should be released to another mine.

Three loaders could handle effectively all loedinge Vhen neces=-
sary ‘two trucks could be loaded by one shovel without imparing produc-
tion, as loading time cycles consume less time than travel time cycles
in all cases studied.

When there is more potential capacity in use in any haulage system
than is actually required, the effectiveness of each unit is decreased
considerably. This condition exists at the Goodwin Mine and can be
corrected by planning a transportation system whose capacity is campa-

rable to actual production.
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HUMBAHWATTAH MTINE

Location
The Humbahwattah Mine is located in the NEZ and the E%il%— of sec-

tion 30, Te 29 Ne, R. 23 E., Ottawa County, Oklahoma.

Production

The average dally production of ore is approximately 400 tons.

Equipment
Three haulage units are in operation: no. 24 Autoecar dump-truck;

nose. 27 and 37 Dart dump-trucks. .Operational data for these umits are
given in TABIE 66.

TABIE 66

TRUCK PERFORMANCE - HUMBAAWATTAH MING
(Courtesy of Eagle Picher Mn. & Se. Co.)

June 1951
Truck Fuel Number Number Operating
Number Consumed of Loads of Shifts Costs
(gale)
24 160 480 26 §601.
27 170 535 26 416, -

37 - 170 529 26 487.
The trucks have been in operation fram one to two years and are in
good condition,
Loading equimment includes: three draglines; no. 14 HD - 5 shovel;
and no. 23 HT - 4 Traxcavator shovel, Cunulative operating data for

the two shovels are given in TABIE §7.

Hoisting
At this property the ore is hoisted in cans, although the shaft
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TABLE 57

SHOVEL PERFORMANCE -~ HUMBAHWATTAH MINE
(Courtesy of Eagle Picher Mn. & S. Co.)
Cumulative data to Jume 1, 1951

Shovel Total Total Operating Total Unit
Number Tons Shifts Labor Operating Operating
Loaded Costs Costs Costo
($/Ton)
14 69,211 487 $7,121. §25,657. $0.371
23 30, 709 229 4,196. .10,932. 0.366

station is arranged in a dj.tferent manner from other mines, The grizzly
hopper underground is loecated some distance from the shaft so that the
cans are not loaded and transported on a bumper care Cans are loaded
at the hopper on individual tracke-cars and pulled in groups of 16 cans
by & main and back tail rope system. The hooker moves the train each
time a can is hoisted to place the next car under the hoisting center.
The train is motivated by compressed air hoistse

The hoisting time oycle in the 307 feet shaft is approﬁmtelj 40
seconds. During one shift about 640 cans may be hoisted and thus a
maximum mine production of 500 tons may be obtainede During the time
study period a new hoistman was working at the mine and had not ac-
quired proficiency in operating the hoist. Thérefore, the hoisting oy-
cle may be of shorter duration and the actual capacity larger than indi-
cated here.

Loading
Results of time studies of shovel loading are presented in TABLE
58,
The average loading time for the HD -~ 5 shovel was 4.4 minutes,

and for the Traxcavator 5.6 minutes. Although the shovels are used
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TABIE 58

SHOVEL LCADING - HUMBAHVATTAH MINE
(Time in seconds)

Motion Average Time
Individual Cunmulative

HD - 5 no. 14

l. Move Back Lo4 44
2+ Move Forward 6.6 11.0
3« Load Dipper 13.0 24,0
4, Move Back 8.0 32.0
5¢ Move Forward and Dump 6.0 38.0
Average number of dippers for a 10 ton load = 7
Traxcavator no. 23

l., Move Back 545 5.5
2¢ YMove Forward 9.0 14,5
3¢ Load Dipper 18.0 325
4, Vove Back 8.5 41.0
S5¢ Move Forward and Dump 7.0 48,0
Average number of dippers for a 10 ton load = 7

alternately in the same headings, the difference in time cycles can be
attributed to the difference in ability and competence of the operators.
FIGURE 27 shows a Traxcavator shovel dumping a dipperfull in‘i:o a
waiting truck,
Dragline loading time varies from 5 to 10 minutes. The operatdr
in heading 4 was slow while the one in heading 1 completed loading in

much better manner.

Haulage System
Although there are many producing areas in the mine, only four

wore being operated during this investigation. Heading 1 (Humbahwatbtah
Lease), located three-tenths of a mile from the dumping station, is in

an extensive sheet ground areae Loading is performed by dragline and
a high degree of efficiency is maintained.
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FIGURE 27

SHOVEL LOADING

A Traxcavator shovel is in the prosess of dumping
a dipperfull of ore into a diesel +truck.
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Heading 2 (Woodchuck Lease) is a high ground stope which is lo=-
cated four=tenths mile from the shaft.

Another high ground stops, heading 3 (Humbahwatteh Lease), is lo-
cated five-tenths mile from the shaft. Mining proceeds in a restricted
area and shovel loading is difficulte.

In Lucky Bill lease there are two headings: number 4 in high
ground area, where loading is accomplished by dmlim; number 4 A in
sheet ground area, ‘;rhere shovels perform the loadinge The distance
from the shaft to these headings is nearly c.mo mile.

The roads in the mine are in fair ocondition, although in the actual
loading areas maneuverability is hampered by the restricted area and
uneven floore. ,

The dumping station is of the back-in type and uses e single
screen. The approach is constructed in such a mamner as to require the
trucks to back in straight, and operator visibility is difficulte In
most mines, the truck can move back through an are, permitting greater
range of vision for the driver.

Time Study Results

Tabulated results of truck-shif't studies are in TABLES 60 through
656, Total summarized values are presented in TABLE 66 and illustrated
in FIGURE 28.

Because of excessive grizgly delays, productive time in the truck-
shift studies are unfavorable. Pdt)hpdt ratios (TABLE 59) show clearly
that the haulage operations are not proceeding efficiently. Truck and
shovel d.ola.yl are not excessive, except for other load delays.

Due to hoist equipment breakdown and the inexperience of the oper-
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ator, the hoisting output was less than the capacity of the haulage
system. For this reason the underground hopper was kept full a greater

part of the shifte A large proportion of the grizzly delays resulted
fron this situation.

TABIE &9

TIME RATIOS OF HAULAGE SYSTEM
Hunbahwattah Mine

Table Ton=- Production Travel Iravel Heading
Nunber Mileage Nonproduction Transpetration Travel Shaft
Time Ratio Time Ratio Loading
Time Ratio
T-lg Pdt/Npdt Trv/rpt TH/TS /L4
60 2450 1/0.79 1/0.70 0.83/1/1.24
61 2130 1/1.77 1/1.30 1.12/1/2 .40
62 1870 1/1.40 1/0.68 0.91/1/1.20
63 2130 1/2400 1/0.87 0.80/1/1.43
64 1150 1/2.14 1/0.83 0.95/1/1.34
65 2510 1/0.83 1/1.35 0.95/1/2.75
66 73600 1/1.18 1/0.91 00,91/1/1.64
Ideal 1/0.425 1/0.50 1.00/1/1.00

Trv/Trpt and TH/TS/Ld ratios indicate that loading cycles need
improveménte Slow dragline operations and one slow shovel (no. 23)

should receive special attention from supervisors.

Compendium
At estimated maximun production approximately 60 truck loads would

be necessary in one shifte, This demand could not be met very readily
by two trucks while three would provide emple capacity. At the most,
8,000 ton-miles could be recorded by any one truck (20 1o§.ds x 10 toms x
40 miles), which is a reasonable value.

As there are two independent shovels, operating more efficiently
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TIME STUDY OBSERVATION

Truck no. 24

Mine - Humbahwattah
Time in Minutes

Type = Autocar dump

Date = August 2

P D3 Heading %
ime rrisioz; 4 s 1 wotal
I. FRODUCTIVE TIME
Ae Travel Time
l. To Heading 11.5 45.5 5.0 62.0
2. Maneuvering
Allowance (Head) 1.5 10.0 1.0 12.5
3. To Shaft 11.5 59.5 3.0 74.0
4, Maneuvering
Allowance (Shaft) 1.0 3.0 0.5 4.5
Total 25.5 118.0 9.5 15340 32.9
Be Transpetration Time -
1. Loading 15.5 71.5 5.0 92.0
2« Dumping 2.0 11.5 1.0 14.5
Total 17.5 83.0 6.0 106.5 2249
Total Productive Time 259.5 55.8
II. NONPRODUCTIVE TIME
Ae Delays
1., Truck Delays
a. Breakdown
b. Normal 5.0
2+ Loader Delays
&+ Breakdown
be Avoidable 10.0 11.0 21.0
ce Other Load 8.0 8.0
Total ' 34.0 7.3
3e Other Delays
ae At Grizzly 123.5
b. Nonoperating 48.0
Total 171.5 36.9
Total Nonproductive Time 205.5 44,2
TOTAL TIME OBSERVED 465.0 100.0
Number Loads Transported 2 15 1 18
Mileage Recorded 3.6 9.0 1.0 13.6
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TIME STUDY OBSERVATION

Truck no. 24

IMine - Humbahwattah

Type - Autocar dump

Time in Minutes

Date = August 4

: _— Heading %
Time Division 4 - 1 Total
I. PRODUCTIVE TIME
A. Travel Time
1. To Heading 5.0 3.5 25.0 33.5
2¢ Maneuvering
Allowance (Head) 0.5 0.5
3¢ To Shaft 4.0 3.0 21.0 30.0
4, Maneuvering
Allowance (Shaft) 1.0 1.0
Total 10.5 6.5 46.0 65.0 1349
Be Transpetration Time
le Loading 7.0 7.0 58.0 72.0
2¢ Dumping 1.0 0.5 10.0 11.5
Total 8.0 7.5 68.0 83.5 18.0
Total Productive Time 148.5 31.9
II. NONPRODUCTIVE TIME
Ae Delays
le Truck Delays
&« Breakdown
be Hormal 6.0
2. Loader Delays
2+ Breakdown
be Avoidable
ce Other Load 12.0 36,0 48,0
Total 54.0 11.6
3e Other Delays
ae. At Grigzly 122,0
be Nonoperating 140.5
Total 262 .5 5645
Total Nonproduetive Time 31645 6841
TOTAL TIME OBSERVED 465.,0 100.0
Ilumber Loads Transported 1 1 11 13
Mileage Recorded 1.8 0.8 6.6 16.4
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TIME STUDY OBSERVATION
Type = Dart dump
Date = August 4

Trueck noe. 27

Mine - Humbahwattah

Time in Minutes

g Heading %
Time Divi
, S 4 4-A 2 Total
I. PRODUCTIVE TIME
A. Travel Time
l. To Heading 14.5 7.5 27.5 49.5
2. Maneuvering
Allowance (Head) 2.0 0.5 4.5 7.0
3. To Shaft 16.0 7e5 31.0 54.5
4. Maneuvering
Allowance (Shaft) 1.0 0.5 3.0 4.5
Total 33.5 16.0 66.0 115.5 24,8
B. Transpetration Time
l. Loading 23.5 8.0 34.0 65.5
2. Dunping 4,0 2.0 700 1300
Total 27.5 10.0 41.0 78.5 16.8
Total Productive Time 194,0 41.6
II. NONPRODUCTIVE TIME
Ae Dalays
1. Truck Delays
a. Breakdown 9.0
be Normal 5.5
2. Loader Delays
a. Breakdown 7.5 7.5
be Avoidable
ce Other Load 7.0 8.0 15.0
Total 37.0 8.0
3¢ Other Delays
ae. At Grizzly 180.0
be Nonopereting 54.0
Total 234.0 50.4
Total Nonproduotive Time 271.0 58.4
TOTAL TIME OBSERVED 465.0 100.0
Number of Loads Transported 4 2 6 12
Mileage Recorded 72 3.6 4.8 15.6
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TABLE 63

TIME STUDY OBSERVATION
Truck no. 27 Type - Dart dump
Mine -~ Humbahwattah Date « August 3
Time in llinutes

Time Division Headin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>