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ABSTRACT

This report describes a pilot investigation carried out in a stope of
the Cooke 1 Shaft of The Rendfontein Estates Gold Mining Company,
Witwatersrand, Limltod and some subsequent developments,. The pilot
investigation was initiated to &ssoss the benefits af using load-
Fotedums (L. HLD.) thlés for stope cleaning instead of face and -strike
-y ~witickes--and- scrapers: - A suftabie LH.Di unit cleaning misdiod

had first to be developed before final comparisons could be made.

The smaltest’ L-H.D. units already being used successfully in wide and
massive base rietal, diamond ‘and coal mines appeared to be suitable
for adaptation to stope .clesalng In the gold wtines, without much

alteration.

No major alterstions to the L.H.D. units were required. The -stope

method was technically and ssfely adapted to an L.H.D. unit cleaning
method. Conclusions reached during the phor study showed that the
use of L,H.D. units Increased labour productivity by 29,1 percent but
at a 108,1 percent greater cost per ton broken than that of winch

cleaning methods. Therefore, for L.1LD. unit stope cleanihg methods
to become economically viable It would be necessary to reduce costs,

in particular the shaft system and ore reserve layout costs.
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1 INTRODUCTION
Management .in the Mining Industry, as anywhere else, s always
concerned about safety.and health of people and the environmental
condltions under which they work. Management, within the context
of rising working costs, is therefore constantly seeking possible means
of improving productivity and safety, in order that business objectives

@may be achieved.

Technological advancement has become a way of ‘life. Such is the
case with the cleaning function in a gold mine stope. Stgpe cledning
methods have changed from arduous manvai hand lsshing ;;nd hand
tramming to simple mechanised face scraping and strike gully scraping.

Screper winches have improved In design with resultant Increased

power output and rzduced physical dis Further impr
are still possible. However, there is a natural interest to investigate
the development of more productive mechanised stope tleaning

methods.

To this end in 1974 the Chamber of Mines Research Organisation
embarked oni a project to investigate mechanized stopefcléaning
methods, but no method has been considered as yet for large scale

introduction.

dince 1973 several gold mines also embarked on their own research
programmes to varying degrees to find the best mechanized method
to suit their own particular conditions. Companies suck*as Hubert
Davies Heavy Equipment {Pty} Ltd, who were known to be marketing
diesel and electrically powered mining machinery, were approached to
determine the availability of equipment which could be .used for stope

cleaning in gold mines.

o e - A

LA
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This report describes a pilot tnvestigation carried out in 1975 in &
stope of the Cooke 1 Shaft of The Randfontein Estates Gold Mining
Company, Witwatersrand, Limited. A subsequent development whereby
mechanized cleaning was introduced on a larger scale at the same

shaft is summarised for comparison.

Load-haul-dump (L.H.D.) units as used in massive base metal mines
were considered, Units of different sizes and capacities were
available and appeared te have the best potential for sdaptation to
gold mine narrow, flat dipping ore body stope cleaning. L.H.D. units
were belng experimented with In some.of the chrome mines in the
Transvaal, but were mainly being used for trgcklgss development such

as the cleaning of winzes and inclined roadways.

The“s;nallest L.H.D. unit available, with an 0.8m° bucket capacity, had
a small turning circle which couid énable the maroeuvring of the unit
between rows of permanent stope support. This was only feasible jf
some chapges could be made to the support psttern and stope layout

without jeopardizing the safe working of the stope.

The purpose of the L.H.D. unit investigation st Cooke i Shaft was to
develop a stoping method to enable the etonomical application of
L.H.D. units for the clesning of broken ore insteed of using scraper

cleaning methods.

Twao areas of Investigation were concentrated on. The environment,
which included reef widih, type of reef, footwall conditions, type of
support and support spacing formed ome area, and the L.H.D. unit

formed the second area.
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In this larter area reliability, fuel

tyre life, ability, safe operation and production
efficiency was evaluared for comparison with the winch cleaning .

method,

A certain amount of preparatton had to be done In the stope area to

garage the L.M.D. units in safe positions.

Initial L.H.D. unit stope cleaning procadures were decided on with
close supervision arranged on every shift. Sufficient data items were
identiffed which azeéded to be recorded continuously in order that a
proper analysis.could be made at the completion of the experiment.
The data would ensble necessary information to be extracted

periodically so that the method being applied could be evaluated
imodified Jf required.-

Work Study techaiques were applied to determine the necesse

requirements and L.H.D. unit operating objectives. It was expécteu”
that the experiment would be conducted for a period of six monti‘xs,;,
but actvally was extended to teh months before removing the L.H.D.,

units from undergrowid.

‘A suitable stope cleaning method was designed after some
experimentation and a number of scraper winch paviels and tipping
points were convertéd to sult the L.H.D. units. The experiment was
conducted In a well organized production stope where suffjcient broken
rock could be produced from staping operations to test the production

capacity .of the loaders. Major problems proved to be mechanical

veifabliity and tyre life.
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Ongoing recordsm were also kept of the performance and working
costs of conventional saraper cleaning methods per stoper. These
results were extracted and summarised for the same period as the
L.H.D. unit pilot investigation.
The final cost per ton broken for the L,H.D. unit clesning method,
during the sxperiment, was more expensive than that 9{ the winch
cleanting method at the time.” So although the pilot (‘nvesclga:ion could

be considered a technical success, it was mot en econdimic success.

However, it way reatised that in order for it to become an economical
success, the shaft system and ore reserve layout would need to be re-
designed to rake advantage of the features of the L.H.D. equipment,

‘and thereby reduce these costs sufficlently to offset the increased cost

of operating and i the L.H.D.

This led to Jarge scale mechanised stoping being motivated (n 1884
based on a theoretical study which indicared it to be economically
vigble with a reasonable chance of success. Chenges in support
methods made it possible to Introduce larger trackless mining
equipment to do stope cleaning which Improved the production rates
over these cbtained during the 1975 tests, Changes were also made

1o the ore reserve layouts.

This was followed by a feasiblllty study report prepared In 1986 for
the 90 level wide Reefl 'rackless mining project. Detcils of this
project and results for the past nlne months are included In this

report,
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2 PROBLEM

21 Labotr Cost

Since the early 1970's wage Increases in the case of unskilled and
semi skilted - workers has proportionally far exceeded the increases of
the skilled workers and Is rapidly contributing to inflating tae working
c_,:sg(zl Winch- eperator’s wagss -escalated by 240 percent during the
12 years from 1975, Artisans wages esoalated by 108 percent durlng

the same perjod.

A means of counteracting this trend would be to determine the exvent

to which stope cleaning could be mechanised.

In this case mechanisatioll will result in a reduction of the number of
unskilled workers required, and. in an increase in the number of semi
skilled and skilled workers.” The overall effect will be that production
might be malntained by a smallér number of people, thus making it
possible 1o pay them more wishout sdversely affecting the overall cost

per ton milled.

2.2 Housing

The modern trend Is to have less cramped housing with better
facillties for single blacks and to provide married quarters to ensure
a more stable work force with all Its advantages., The high !_nitial
capital outlay for such housing profects end expenditure requ:vi'ed to
maintain the bulldings in a satisfactory living condition needs to be

offset by an improvement in efficiency.
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23 Safety
Shifts lost due to injuries are costly, Apart from the treatment cost
of a patient, there is also a production loss due to his absence, A
reduced labour force wlll reduce the exposure to injuries while
mechanised units could be designed to afford berter protection to

operators. An analysis of accidents("”

occuring in stopes showed that
injuries concerning scraper cleaning and related work was an area

which reduired attention for improvement.

2.4 Labour Efficiency
Stope cleaning methods In narrow, tabular, flav dipping reefs vary,
depending on what (s appropriste sed preferential from hand tash

cleaning to scraper cleaning with double drum winches.

Although an Improved mechanised cleaning method, the scraper remains
relatively Inefficlent due to lack of mobllity of the winch, poor load

carrying capacity of the scraper, excessive idie tlme, ete.

Labour efficiency may be Improved by Introducing some furiher

h tcal ad The

of labour for working
in adverse environmental conditions, and decreasing efflciencies might

hasten the decision to introduce a change.

A substantlal trainlng and scollmatization centre, well staffed to cops
with the migratory labour force has to be maintalned. A smaller and
more stable labour force would not require the same amount of

training stafl.
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The grester the labour force the more difficult It becomes to exercise
effective concrol, with subsequent loss of efficlency, which will

necessltate a larger supervisory steff to ensure good preductivity.

2.5 Total Mechanized Stoping

Mobile units have to be considered and experimented with in
preparation for the time when [ully mechanized stoping would be more .
profitable than labour Intensive stoping, The purchase price of
sophisticeted mining machinery has unfortunately kept pace with
increased labour costs, with the result that greater mechanization has
remalred 8n uneconomical proposition, Wwhen applied to the

Witwatersrand gold minlng situation in general

The increasing price of goid and depleted reserves will encourage the
mining of deposits at greater depth am'! in environmental conditions
detrimental to manual labour, 50 that some form of mechanization

may well become an economic proposition In the future.
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AINTS

3 COt.
3 Geology o; :iwe Area
The reef bsing mined In thé Cooke Section of The Randfonteln Estates
Gold Mining Company, Witwatersrand, Limited at the time when the
1975 experiment was conducted, was the UEla reef of the
Witwatersrahd Super Group.m A locality plan (Figure 3.1) shows the
Cooke 1 Shaft area where the L,H.D. cleaning experiment was
initiated. The reef width varled from spproximately 75 centimetres
to 350 centimetres In the, Cooke 1 Shaft area.

)
The smatlest L.H‘D. cw‘anlng unit readity available could operate
effectively and emcie/ncly In a stope width of 180cms. The L.H.D. unit
ideally had to clean both the broken rock in the stope face and the

strike guily in order to replace conventlonal scraper cleaning methods.

At the time, the Coo¥e 2 Shait area was belng develaped and the
Cooke 3 Shaft was In the planning stage. The whole of Cooke Section
is covered by Malmanl Dolomite varying In thickness from
approximately 600 metres to the South of Cooke 8 to some 100
metres at the Nerthern boundary of Cooke Section (Figure 3.2l This
dolomite is well known for rapid weathering when In contact with
water and consequent associated with sinkhole formation. Water
bearing dykes intersactlng the dolomite were encountered at Cooke |
Shaft, Fearing a malor Inrush of water during stoping operatlons, as
had occurred at & slster mine, a system of pillars was designed for

support along all major faults and dykes.
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Below the dolomite s . poorly developed Black Reel serfes usually
represented by shales, black shaley quartzites and light grey
orthoquartzites, The Ventersdorp Lava underlies the Black Reef and
« pears as a wedge shaped body truncating against the North-South
striking Panvlakte feult immediately to the West of the lease area.
The lava occurs along the entire length of Cooke Section and thins
toward the East. Only isclated occurrences of payable Ventersdorp
Contact Reef, which is situated at the base of the lavae, have been

found at Cooke Section.

A near complete stratigraphy of the Central Rand Group exists on
Cooke Sectlon. The reefs currently being mined (1987) are the UEls,
EBGd, E8 and Kimberley Reefs, The UEfa and Elsburg Reef are the
uppermost reefs of the "middle zone" and underly the entire’ area,
having a reglonal dip of 15+ to the East. The North-South anticlinai
feature, which 15 more pronounced in the Cooke 3 ares, results in

westernly dips to the West of the antlclinal exis.

The UEla conglomerste unit diverges eastward from the
paleo-topographical shore line, that ls co-incident with the anticline
in the Cooke 3 area, from a single reef to flve conglomeratic bands.

Some or all of them may be developed in ona erea.

Such aress are currently belng mined by mechanized means using

hydrautle drilleigs and L.H.D, units in stope widths varylng feom

approximately 300 ¢s to 1 00¢ es in width.
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Excluding the Al conglomerate there is an increase, from North to
South, in the development of gold content of the remaining
conglomerate bands. The resuit is that white only two of the
conglomeratic bands can be recognised in the Cooke | area, all five

are developed in thu Conke 3 area,

The middle Elsburg Reefs being milped in the Cooke Section are . the
E8CGd, ESGb and E8 conglomerates. The E9Gd underlies the UEla with
a middling of 0 -3 metres, while the E9Gb ocdiirs some 20 metres
beiow the E9Gd. The E8, situated approximately 75 metres below the
UEls, is a robust conglomerate unit with erratic velues within defined
payshoots. The EB8 reef, well developed in the Godke 2 Shaft area and
originally mined by means of winch end scraper cleaning ﬁet;ods,
{salso being mined by means of hydraulic drillrigs and L.H.D: cleaning

urits.

The Kimberley Reef packages with most consistent values are the KO
and K7 reefs. These reefs occur some 40 metres below the UEla in
the West to 250 metres in the eastern regions of the Cooke lease area
and the so called "negative" area South of the Doornkop Fault, Value
distribution on the K7 and K9 reefs is fairly erratic but occurs in

reasonably well deflned "payshoots".

Figure 3.3 is a diagrammatic section of the reef being mined by

mechanised means at Cooke | Shaft.
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3.2 Rock Mechanics Copsiderations
The average reef depth at the Cooke Section Is approximately 900
metres below surface, which is relatively shallow when compared with
other mining depths in the Witwatersrand Basin, The overriding strata
contro! preblem, in the Cooke Sectian, is the control of subsidence of

the rock below the overlying water bearing dolomites:

At the -average mining deptn-in .fe Cooke Section, the primitive
vertical stress varies between 16 and 27 MPa and the horizontal stress
varies betwaen 8 and 13,5 MPa. The strength of the reef varies
between 150 to 175 MPa with the result that stress induced fracturing
is usually generated in crush pillars and small mining zones adjacent

to locsl disturbances.

The initial support system, desighed and. installed at Cooke i Shaft in
1875, was according to the grbut base pack method which had proved
to be successful In a deeper sister mine.” The grout base packs,
consisting of & four pointer, slabbed timber crib pinned at the cormers,
supporting a cement grout filled polypropylene bsg, blocked to the
hangingwall, were spaced at 2 metres skin to skin on dip and strike.
Reef pillar§ 10m In width were left adjacent to major faults and
dykes, Although the support pattern was riot as dense as that of the
sister mine, the smallest L.H.D. cleaning unit available was unable to
turp in any direction between the packs, limiting its effectiveness.

It was later found that this "soft" grout base pack support allowed bed
separation to take place before adequate resisting load could be

generated by the grout.
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3.3 Environmenta! Conditions

Ventilation arrangements of the Cocke 1 Shaft consisted of a twin
shaft system with a downcast main shaft and an upcast ventilation
shaft. In 1975, st the commencement of the L.H.D. stope cleaning
experiment, only a small area had been stoped out {Flgure 3.4).
Ventilation control was achieved by means of intake airways on the
lower levels and up through the stopes, The flrst levels opened up
were 95, 101 and 106 leve! with most extemsive work being done on

95 level.

In the overall planning strategy the fresh air requirement per kiloton
per month is ideally 2,5m®/s in the case of conventional mining. The

operation of diesel engine powered L.H.D. units would contaminate the

alr with exhaust fumes at a rate of approximately 0,06m®/s per rated ’, £
kW, and additionai heat would be generated. Should large scale

mechanised mining tske place using diesel powegred units then the fresh

air requirement will have to be Increased to 3,5m%s per kiloton per

month.

The virgin rock temperature in the region of the stope where L.H.D.

unit cleaning took piace was 27 degress with a wetbulb temperature
of 28°C and & kats of 17,3. It was not necessary to make any
changes to the ventilation of the stope to accommodete the L.H.D.

unit cleaning experiment. E
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34 L.H.D. Design Features

341 Freedom of Movement

Although the smaliest L.H.D. unit available cculd operate in 180cm
siope widths, the average stope width should not be less than 190cms
to permit more freedom of movement in the stope face and back
areas.  Stope face of sufflcient length and width had to be made
avallable to set up an experiment comparing an L.H.D. unit cleaning
method with a conventionsl winch and scraper cleaning method. In
general L.H.D. units cannot operate effectively at dips In excess of

seventesn degrees. The steeper the dip the greater the attention

‘ requited to create a roadbed that weuld provide adequate traction for

L.H.D, unit tyres.

3.4.2 Operational Stability

The narrow width of the L.H.D. units used In some hard rock mines
compared with thelr helght, makes the strike cleanlng of broken rock
in a steep stope penel & dangerous operatlon_ depending on the
additional elevation of the updip slue wheels caused by broken rock
iying on the footwall of the stope. The L.H.D. unlts can overturn
quite easlly, endangering the life of the operator and snyone else in
the Immediate viclaity. In this cese "steep stope” has been defined

as being steeper than ten degrees.

3.4.3 Turning Circle

The strike gully packs have to be 2,5 metres skin to skin on dip to
allow the smallest L.H.D¢ unit, with & turning clrcle of 4,5 metres
outside radius and 2,4 metres inside radlus, to travel between the dlp
rows of packs. There Is 8 theoretical radius of curve for each size
of LH.D. unit, which tokes Into account the inner and outer

dimensions of the machlne (Flgure 3.5)

T
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3.4.4 Bucket Width
The smallest L.H.D, unit had & height of {,6 metres which provided
adequate operating clearance in a 1,8 metre wide stope. The bucket
dimensions of the L.H.D. unit would vary in dimensfon depending on
the density of the material belng loaded. With pack spacings of 2,0
metres skint to skin the L.H.D. unit could not exceed a width of 4,6
metres, at most, to allow for operation error ‘and swoy of the unit
over uneven surfaces. The bucket width:of the 0,8m® bucket is 1,2
metres, Although the next larger L,H.D. unit available, with a bucket
capacity of 1,6m? had a suitable bucket width, the turning circle was
40 percent greater making the machlpe unacceptsble. In fact the
buckets had been designed for use in-th¢ chrome mines where denssr
material was being loaded. A larger bucket would afse have increased
the length and wideh of the L.H.D. int, thus adversely affecting the

turning circle.

3.4.5 Qperating Speed

The operating speed of the L.H.D. units had to be safe and yet fast
enough to sustaln a cleaning rate of at least w. tons per hour. This
would enable a stope face to be cleaned In two shifts (14 hours). The
power plant for the L.H.D. unit had to be diesel powered rather than
electrically driven, since It was considered that a tralling cable would
be subjected to excessive drag due to the support pattern. As it was,
at the time, the majority of the smaller L.H.D. units on.the market
were powered by Deutz alr cooled engines, although other makes of
diesel engines could be fltted. The general temperature of the alr In
the stopes at Cooke 1 Shaft, ar 28°C, was sultable for the efficient

functioning of the Deutz engines,
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The next larger, more. powerful engine which would have enabled a
faster opérating speed and loallability, could only have been fitted by

increasing the length of the chhlne.

3.4.6 Clesrance
The clearance of the L.H.D. unit from the footwall determined the
extent to which breaking of the footwall during blasting operations had

to be d A minimum of 250 millimetres was

desizable since broken ore could drop off the L.H.D. unit bucket when
travelling and damage the tindercarriage of the L,M.D. unit (P‘lgure

3.6).

For the L.H.D. unit experlment to have the best chance of succeeding,
the experimental stope needed to be tabular, with a dip of less than

elght degress and no, or only minor, faults to negotiate.

Foa7 Operational

The cperator seat should be positioned so that the operator could see
equally well whilst travetling forwsrds and backwards. The operator
should be protected from falling rocks during loading operations. The
exhaust system had te dilute the passes to permlssable levels. It was
preferable to use & catalytle converter with a fume diluter rather than
a wet scrubber type of system. On mine experience with diase!
engine drlven locomotives showed that maintalning the waver level of

the scrubber box was often neglected couslng a safety hazard,
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The differentidl should be of a non spin type in order to permit power
transmission to the sther wheel when one wheel loses traction. The
L.H.D. unit should have four wheel drive to ensbie maximum use of
the power availsble and should have artloulated steering to permit the

smallest turning circle possible, Le. 3,5 metre radlus.

The tyres should he able to withstand the ripping effect of sharp

footwall quartzites and absorb some shock., The chassls should be of
robust constructlon to absorb shock loads durlng loading operatlons and L N
travelling with a loaded bicket, The elr-cleaner had to effectlvely g

prevent any gquartzlte dust from entering the engine. If the L.H.D.

unit were to be tilted, the dry car:r!dgé type of air-cleaner would be

more suitable than the oll bath type, since the latter could become

less effective if the machine operated at a steep angle. The hydraulle

cylinders of the bucket ift and stesting should be. protected to

prevent abrasive dust from covering the shafts end entering the seals.

Spare parts should be readily avallable to avoid downtime swithout an

abnormally high reserve stock of spares having to be held on the mine.

The L.H.D. uni¥ should be of robust construction and should be .
protected on the sides agatnst damage as a result of accldental

contact with the packs.

The suppliers should be able to dellyer the L.H.D. unlts ordered within

three months of placing the order, since It was expected that a stope

could be prepared in that perlod and experl could b

. a " ‘ M, . Sk
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3.4.8 Tyres
L.H.D. units are being used more frequently for station cleaning during
shaft sinking operations. These L.H.D. units have smiooth pneumatic
rubber tyres which cause delsys due to punctures. A varlety of
different tyre construction and matscials are avallable, each with
properties advantageous for safe driving, long tyre life and machine

life e.g.

- Solid rubber tyres - moulded onto the wheel rim and used

until the wheel diameter becomes too small

< - Set:d rubber tyres with steel wire bristle - moulded onto the
r& ' wheel rim, s.miler to a circular brush extending to a depth .
of 250 millimetres,

o - Preumatic rubber tyres with thick tread end distinctive

coarse pattern.

- Preumaric rubber tyres with thick smooth flnlshed tread, b

- Pneumatle rubber tyres, foam filled to prevent punctures.

- Preumatic rubber tyres, chain clad in moulded rutiber.

- Preumatlc rubber tyres chain ciad only. .

~ in order to keep productlon deisvs &nd operating costs to & minlmurm,

tha tyres should:

- Have the longest possibie life st the lowest operating cost

per ton.

- Have & co-efflclent of frictlon permlceing best power
transmission under & varlety of condltions. - '
- Be pliable enough to give driver comfort and machine

protection. .




PAGE 24
- Be firm enough to prevent excessive sway during operations.
- Be tough enough to prevent shredding and rapid wear under
conditions where tyres would be running over sharp quartzite

footwall or broken rock, often under water,

Solid rubber tyres were imitially selected due to their apparently

having all the necessary properties; Pneumatic Lyres were cofisidered

to be too prone to pundiures by At FOCKS and broken jJumipers

protruding from the broken rock, -

3.49  Experimental Stope

Bearing the foregoing conmstraints in mindi\ a stope was sélected on 95
tevel Cooke 1 Shaft -eré EWwo pay FEef hofizons of the upper"Elsburg"
Series were so close together that they could be stoped togethier at
on average stoping width of 2,5-metres. The average dip of the reef
In the stoping area was seven degees, There were no known faults

in excess of 50 centimetres h? the stope faces (Figure &.7).

Face winches and strike gully wincheg rated at 37 kW and 56 kW
respectively had been installed. A total of eight stope panels had
been fully equipped. A winze below the bottom panel was being
advanced to create more face. [t was decided that two 0,8 cubic
metre bucket capeacity L:H.D. units would be purchased to oparate ih
four of the sight stoping panels. Results of the L.H.D. unit cleaned
panels could then be compared with the results of the four remalning

panels which were cleaned by means of winches and scrapers.
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Stope panels were approximately 30 metres in length and each panel
was served by its own orepass. A diagrammatlc section (Figure 3.8)
indicates the amount of conventlonal development which was done
atong the crosscut line. .

There. was a nine montﬁh_i\rv»s}ting list. for two popular makes of L.H.D.
units, which forced the seléction to the next bes. L.H.D. unit
availatie. 1'wo Schopf T62 L.H.D. units were purchased with bucket
capacities of 0,8 cubic metres, rated at 1,1 tons per load when loading
quartzite, The units were powered by 50 kW Deutz air cooled engines.
A spare bucket was purilmsed so that bucket repairs couid be done
without losing production. A spare set of tyres and rims was also
purchased to reduce downtime. Delivery deldys could mot be
determined with any degree of accuracy. All spare parts were
Imported from Germany, Technical deétails of the Schopf L62 L.H.D.

unit are llsted in Table 3.1
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TABLE 3.1
SCHOPF L62 - TECHNICAL DATA
Length with lowered boom ..

Width
Height with roll bar ...

Track

Lifting height

Maximum dumping height ..

Tipping clearance to front edge of tyres at
maximum lifting height .. o

Maximum dumping angle at maximum Hmng helght
Maximum pull-in angle at lowered boom ..
Turning radius interior w.ieeesrsemsncieiveees
Turning radius eXLerior ..eeeiven
Shovel width
Shovel capacity

Tyres {t

Engine performance .

torque

Fuel
Tank capacity
Forward speec

Reverse speed
Lifting time

Lowering time

Tipping time
{ lifting force

Meximum break-out fOrce weuevmrimanrs

thrust
Shovel payload
Welght
O — A, - fa .

LT
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=2
©
35834333
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El

42 m
L2 m
0,8
9.00 - 20/10.00 ~ 20
45 kW

2 500 rpm.

23,5 mkg.

12,8 I/h

90 Licres

18 km/h

20 km/h

3 seconds

3 seconds

2 seconds

6 200 kg

4 750 kg

5 000 kg.

2,4 tons

8,6 tons 1
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4 POSSIBLE STOPE CLEANING METHODS
Since little information was then avallable concerning the use of
L.H.D. units for stope cleaning in gold mines It was declded to

experiment with three theoretical methads.

Hi Strike cleaning where no specific strike gully would be
provided and the L.H.D. unit would travel on strike between

the support lines.

2) Updlp cleaning where the L.H.D. unlt wbuld travel along e
strike gully and then load updip in the stope face and

between rows of support.

3) Downdip cleaning where the L.H.D. unit would travel aiong

a strtke gully and then load downdip.

4.1 Strike Cleaning Method

The strike cleaning method was designed so that the L.M.D. unit could
travel on strike between the rows of support from the main dip
roadway. The centre gully, dipping at approximately seven degrees
would then form the maln dlp roadway. Sufficient width between the
centre gully support woutd have to be allowed to permit the loaders

to turn In on strike at any point In the stope.

No specific strike gully, would be used regularly, The L.H.D. unit
would udvance on strike to the broken ore (Figure 4.1), fill the bucket

and reverse to the main dip roadway and the orepess system.
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DIRECTION OF TRAVEL

L.H.D. UNIT

PACK
s
& b
: Flgure 4.1 A plan of an L.H.D. unit cleaning on stcike. H

v The main disadyantages are:-

If the dlp of the orebody should exceed a maximum of ten
degrees, the L.FH.D, unit could topple over if the updlp !

wheels happen to strike a rock or rise on the footwall

(Figure 4,2). The narrow loader width and high centre of

gravity could ceuse diffleuities on strike.

The complete footwall In the back area would have to be
levelied and attended to regularly, to avold tllting of the o 1

loader,
i
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X

L.H.D. UNIT

Figure' 4.2 A section of an L.H.D. unlt travelling over uneven

footwall and strike.

- Hanging wall sag would limit the avallable roadway with a
helght of 2,5 metres. Since the sag is usually the greatest
<In the centre of the span of the stoped out area, the
greatest restriction to travelling would start at the centre

guily,

- A grester area would have to be made safe and examined
regularly Ins'ead of merely barricading off the worked out
area and maintalning only the strike gully sreas as is the

ease in conventional scraper cleaning.
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- The' support patterns would heve to be geometrlcally square
and Installed with great accuracy, otherwlse all strike
roadways would be blocked or reduced In width in "out, of

line" areas

4.2 Updip Cleaning Method

In the updip cleaning method the L.H.D. unit would travel along main
strike roadways [rom an orepass to the stope face, end start cleaning
the panel from the bottom of the stope face upwards to the top of

the stope face.

The LH.D, units would also turn updip into the sweeping area and
scoop up broken rock whilst travelllng from the bottom to the top of

the sweeping area.

Old dangerous aress could easily be avolded and barricaded off after

sweeplng.

The maln disadvantages arei-

- With the force of gravity working against the traction on
the wheels, the bucket could not always be filled properly,

which could decrease the production rate (Figure 4.3}

- A much greater rate of tyre wear could be experienced due

to uncontrolted slip of the whesls,
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Flgure 4.3 A sectlon of an L.H.D. unit loading updip,

- The breakout force exerted by the bucket tip might be

reduced {Figure 4.4) because of poor traction. Although the

bucket only hes a capaclty of 0,8m® or 4,1 tons, a force of

approxlmately 4 tons could te applied to breakour uneven
footwall If nevessary when operating on a horizontal floor,

Driver fatique would be Increased due to the additional

concentration required to flil the bucket properly and prevent

wheel sllp.

- 1t can be seen from Figure 4.4 how a dowoward force of

1 W1, applied by the bucket llp, would cause the front drive I

wheels to llft off the footwall with resultant loss of

traction, The frictlon cotsponent F1, combined with the

component W Sin @ might equal the driving foree at F3 Y.

whlch would bring the loader to s halt,
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NO CONTACT BY
FRONT WHEELS

L

Figure 4.4 A sectlon of an L.H.D. unit's front wheels losing con’tact

i i H
gl .

4.3 Downdlp Cleaning Method i

In the downdip cleaning method the L.H.D. unit would travel on strike '_,, f

along the meln strike roadways between panels and start cleaning each SO *

face from the top downwards (Figure 4.5)

Sweepings would be cleaned in a similar manner, Old dangerous ereas
could be avoided and special attention need anly be pald t the face,

sweeping area and main strike rosdways to protect the workmen from

fells of hanging. !

% Full advantage could be raken of the mass of the loader during the

bucket [iiling operation (Figure 4.6} N !

athed [, — A
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Figure 4.5 A plan of an L.H.D. unit loading downdip,
L
=i
B
Figure 4.6 A section of an L.H.D. unit loading downdlp, e
N
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The L.H.D. unit could ‘operate under the most stable conditions at all
times. Tyre wear would be reduced' fuel consumption could be

improved; driver fatigue could be reduced.

Major barring of the working face could be successfully -one during

the cleaning operation using the outer edge of the bucket.
w il

The Qucket could alsn Be used to dress down suspect siabs of rock

Theore:xuuy none or ﬁhe threewcleanmg methods was an Eitomatic

shoics an

e\‘perqu\sntsu{ve‘e to bie condugbed to see which worked

best-fn Rra\mce, ¥

/ &
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5 INITIAL STOPE PREPARATION
5.1 General Description

The stope made avellable. for the L.H.D, cleaning experimert. was the’
95E4 stope with a top entrance from the 85 leve! haulage. A
travelling wey from 101 level 'was the bottom entrance to the stbpe.
Each stope pane! was servéd by an orepass leading down to lDl‘ Jevel
(Figare 51). - A winze was being deepened to provide additional panels
for stoping once it had holed with the wo;;:ings below. The-top- four
panels were set eside to be cleaned by the L.H.D. units. Fl@re 5.1

shows the pack spacings, the general stope layout, and the position of

the garage which was prepared for the Service and repair of the

L.H.D. units, - Strike gullies were cut at an angle of 15° updip to
facilitate the drainage of water and to sllow for the negotiation of
minor faults without getting waterlogged. Face winches werg; maoved
forward when they redched a distance of 25 metres-from the face.
Strike gully winches were positioned on both sides {ﬁ:‘ the orepasses.
Face winches pulled 2 ton scrapers with folding blades while strike
winches pulled two by two ton hoe type scrapers with fixed blades.
Figure 3.8 is » section along the crosscut line indicating a

conventional development layout.

Certain changes had tc be made to the stope layout to accommodg;e
the L.H.D. units. These changes are discussed below, Since it WS ;
a production stope with specific tonnages planned which had to be
achieved, face and strike winches were left In position In the L.H.Ix

cleaned panels.
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Should any unforseen circumstances arise, causing a major disruption

of production, the wirdhes could be brought Into service.

5.2 Garage

A safe, well supported ares, large enough to house two L.H.D, units,
was provided close to the woiking stope faces to park the L.H.D. units
during the off shift (Figure 5.2). This same area served as the

maintenance and repair garage.

The environment, at 28°C, was relatlvely cool with sufficient volume
of alr pasaing up the stope to dissipdte diesel engine exhaust fumes.’
The garage wes on theyxjetum alr side of the svope ventilation district
s0 a timber barricade was erected to keep dust, wreated by '
blasting,from covering the garage work area. The positlon of the

garege is Indlcated In Figures 3.7 and 5.1.

Maintenance equipment was purchased and installed In locked siee)
cablnets, conveniently sltuated for easy access. A small compresscs
was proviged to pump pneumatic tyres to the correct pressure after
the inltiatly selected solld tyres hed proven to be unrelisble. The
mine compressed alr pressure was too low to satisfy tyre

speciflcatlons.
Sufficient height was provided above the L.H.D. units to do major

overhauls such as engire replacement and to jaek up the losders For

transmission or differential repairs (Figure 5.3%

M'g
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Figure 5.2 A plan of the garage end support spacing including

additional supgort installed,
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Figure 5.3 A saction through the garage with clearances. N L




An impervi‘éus concrete floor was provided for easy cleanlng of any

olt or dieselene splllage. N

5.3 Orepasses
The stope selected had been .laid out with an orepass to serve each
: -panel: - The.only. alteration required was.the strengthening of the

grizzly at each orepass by the addition of girders In order to support

a seven: ton

(Figure 5.4).
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L.H.D. unit” when it had o travel across the tipping peint

R.S.J. PINNE:. !
TO SOLID AND

CONCRETED _i
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GROUT PACKS -

Figure 5.4

A plan Indicating a two directional roadway tip

construction.
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The grizzly spacing was 35cm square to ensure that no large rocks

could pass through and cause blockages in the box front feeding the

trains, The maxlmum stelke distance an LD, would have to travel
during cleaning operations would be 90 ‘metres in one direction, sluce
raise connections weve spaced 180 metres-apart on strike, Each ralse
was- equipped with its own set of ;rapnsses.

5.4 Roadways

The surfaces of sl the roadways were fille#l in with fine broken rock
from the stope face and lavwtiod tqv ensure & fairly smooth ride and
50 that the driver woull 3!7ontrol over the mackine,
Ynnecessary shock loads to.,., f chassis would aiso be avoided.
One labourer was given the taskmo; patching up the roadways and

clearing uny spillage away which could cause tyre damage.

The existing scraper winch strike gullies were also prepared by
fevelling and filling tn hollows, . The srea was clegr of Feulté
resulting In evenly sioplng strike guilies !deatly suited for rubber tyred

vehicles,

535 Support Spoeing
Strike gully widths were Incrensed by changing the pack spacing from

two metre skin to skin to 2,5 metres skin to skin. This permitted

+ 3 an LH.D. unlt to turn into the stope face and the sweeplng srea
} o {Flgure 5.5} Grouted packs of {,20 metre by 1,20 metre were used

throughout the stope.
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Figure 5.5 A plan view of support arrangements for L.H.D. unit

turning polnts,

The grout pack support in the stope panel was spaced &t & distancg
of two metrss skin to skin on dip srd strike. Two temporary mine
poles were installed on the updip corner of the strlke gully in the

last row of packs in place of e groyt pack which was left out to
(nerease the space avallable for turning Inio the working face or the
sweeping area, The maximum distance allowed between the last llne
of packs and the face was five metres, The pack lloe was
constructed paraliel to the face. A row of temporary support was only
instalied 1,8 metres frem the foce sfter the LD, unlt hed

completed cleaning oparatlons, befsre drilling took place.
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58 Stope Width

The stope width varled between 1,8 metres and 2,5 metres in helght
end was Hmited to a minimum of 1,8 metres for working clearance.
The tabular reef seldom had any volls and consisted of two payable
lsands evenly spaced with an average dip of 7°% The steepest portions

of reef dlpped at [5°

5.7 Services
Alr and water columns were supported above the normai traveliing
hefjght of the L.H.D. unit sln’ce the-nits might sway over uneven

. roadbeds and could then.damage the piping if it was left In che usual

side position. Alr and water columns meesuring 150 milllmetres and

100 mill It diameter resp ly were instalied from the
haulage down the tentral roadway. Branch pipes 50 millimetre In

dlameter were installed In each strika gully,

All services were carried e standard minimum distance of 10 metres

from the working fage,
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6 TRAINING

6.1 Artlsan
A fitter was selected for his good maintenance record and sent to the

L.FLD. unit suppllers to be famlllarlzed with the different loader

components durlng the assembly of the L.H.D. units,

He had the full time job of actending to the unlts, setting up a
sultable garage in the stope, stating all requirements to effectively
maintain the loaders according to a set ptanned maintenance

programme worked out by the suppliers,

Scrupulous appHeatlon of the planned maintenance programmes was
emphasised. The fitter was assisted by two helpers on & part time

basis In the case of a major breskdown.

The famillarization perlod with the L.H,D. unlts lasted approximately
three months. It was lmportant to be able to diagnose faults such as

loss of power, fallure of alectrical or hydraulle systems.

&2 Operators
[t was planned ro uittmately operate two L.H.D. anits on three shifts.

With this in mind, slx operators were selected for training, loltially
the L.H.D. unlts would be used on ¢ay shift only, than the cleaning
operatlon would be expanded to include night shift clesning, Three .
operators per loader would take turns at operating & L.H.D. unlt

durlng the day shift until they were competent.

- - D By, g it iy, B

LA

’U g
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Selection of the operators was based on mechanical abllity and
leadership quelities, These abilitles. were Judged according to standard
tests which were already being used for the setaction of loco drivers
and ‘gang supervisors, It wes preferable to select trainee operators
who were llcenced vehicle drivers with past experlence on dlesel
locomotive maintenance. This however was mot an essential criterie.
During the past two years {1985 - 1987) greater smphasis has been
placed ;n the selection of operators, The standard PUTCO transport
test js now used. Jn additlen the phsychological suicability of an
operator is also tested. Perceptivity tests are conducted to determine

g patience, agg and

& potential operator's
mechanical dexterity. The results of these tests afe examined by a

phsycholcgls( who recommends operaters for further tralning.

6.3 Surface Training

An area was first selasted on surface to get the tralnees accustomed
to the L.H.D, unit controis. Drumns were placed In a speclfic pattern
spaced to simulate the support pattern underground and lmlt the
turnlng circle, The operators drove around the drums untll they could

confldently hendle the L.H.D. unit controls.

Then &g part of thelr tralping the operators essisted Fha fitter with

the services and were responsible for gressing the L.H.D. units, The
operators were taught the basls of opermtion of the hydraulic systems,
the importange of using clean receptacies for filllng the hydraulie oll

ranks and of making reguler checks.

Afvar g three week training perlod on surface, durlng which tlme
several mechanical problems were sorted out on the L.H.D. units, the

loaders were taken underground to the experlmental stope.
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6.4 Underground Training
In the stope evern the best operators had diffleulty In adfusting to the
confined space, uneven roadways end dip of the reef. The loaders
bouiiced and swayed, causlng over-reaction In steering with resultant
collistan with the support and the stope face. Constant supervision
had. to be exerclsed under slow speed operation for & further three
weeks before any sort of confldence hecame apparent. The operators
became more reiaxed, permltting the driving period to be Increased

steadily from haif houe to four hour sessions before being relieved.

The loading rate increased and results showed that the winches which
were operating In some faces on o standby basis to ensure that the

faces were cleaned, supported and drilled, could be stopped completely.

During the training period spectal attention was paid to the method
of §illing the L{H.D. unlt bucket, pewer applled to Mft the bucket and

the forward motlon necessary to avold stip and excessive tyre wear,

Both L,H.D. units were then operated on two shifts, using three
operators per shift, with one acting 8s a relle opecator for elther of

the units,

ol e a
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7 PRODUCTION "ESTIMATES
The specific gravity of gold bearing ore s generally accepted as 2,67

tons per cubic metre, although there is a variation depending on the

metat and sulphides content. This factor was initfally applied to all:
tonnage calculations in 1976. Some years later this {actor was

increased to 2,75 tons per cubjc metre as being miore applicable for

this mine, — I

The swelt factor was-taken to be 1,67 as commonly. used in the
calcuiations of hopber capacities and tonpage duties. This gave a
tactor of 1,44 tons per cubic metre transpdrred .with a fully loaded

bucket, " (Struck capacity.) For these production estimates an -average

of 1,1 tons per bucket load- was used taking into account a bucket fill

factor of 78.6 percent.

7.5 Economical Operating Range - Downdip-Loading With a “

Schopf L62 L.H.D, Unit s

CYCLE TIME : Aversge for a day = 2,28 minutes i
Distance tip to face = 30 metres : n
Face Length = 30 metres s
Average tipping time = 0,4 minutes i l
Average loading time = 0,6 minutes B ’
Average travelling time = 1,26 minutes ‘ 11

Average speed 4,28 km per hour

480 minutes (waiting N

Avérage shift length
place to waiting Ak

place). g
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7 PRODUCTION ESTIMATES N . ’ %
The specific gravity of gold bearing ore is. generally accepted as 2,67 . ‘
tons per cubic metre, although thefe.ls a variation depending on the :
metal and sulphides cdntent. This factor was initfally applied to all
tonnage calculations {fi 1976, Some years later this factor was
increased to 2,75 fcns‘"‘ per cubjc metre as being more applicable for

this thine.

i duties ™ Thk

of hopper 5.5 A L
factor of 1,44 tons per cubic metre traps\ﬁsrted with a fully Ioajjued
bucket. {Struck capacity.} For these produé\lon estifates a/( average
of 1,1 tons per bucket load was used taking into a&omx/a/bucket fill

factor of 78.6 percent,

7.1 Economical Operating Range - Downdip Loading With a

Schopf L62 L.H.D. Unit

CYCLE TIME : Average for a day = 2,26 minutes

Average speed

Average shift length

- e P

4,28 km per hour
480 minutes (walting
place to waiting

place).

Distance tip to face : = 30 metres ’

Face Length = 30 metres

Average tipping time = 0,4 minutes N
Average loading time = 0,6 minutes

Average traveiling -+~ = 1,26 minutes 3
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Expected average loading shift 584 minutes (At the

face)
Expected average trips per shift = 170 trips
Average tons per trip = 1,1 tons
Expected tonnage per shift = 187 tons

At the tlme the maximus one way distance was takest to be 90
metres, being the notmal helf way limit between ralse connmections,
withough 150 metres one way distanoe was still considered to be ¥ithin
the economical operating rangs of the L.H.D. units. It can be seen
that for @ one way distatice of 100 wmietres,” (8 tons per hour could be
achieved according to the Wagner Mining Equipment production tabie

below {Table 7.1}, at an average speed of 4 kilometres per hour.
Wagner Minlng Equipment Co, Calculation:

TABLE 7.1 HST-1A Production rate in metric tons (50 minute

hour) per hour.

One Way 4km/hour Gkm/hour | 8km/hour | 10km/hour (‘ {
Distance . o
Metres it .

50 20 38 44 i

75 22 30 35 40 =

100 18 24 30 34 L

150 13 18 22 26

200 10 14 18 2 ' -

250 8 12 15 18 o
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Therefore at 4 km per hour and a one way distance of 100 metres,
the production for an elght hour shift would be 144 tons or 192 tons

per shift at an aversge speed of 6 km per hour.

The average operating speed would be fow during the ledging stage.
The short distance wetween the loadlngkpolnt and the tipping point
would not permit the operator to change gears into a hlgher range.
At the extremity of the stope area, the travelling speed could possibly

increase due to the longer sttike travelling distance.
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8 WORK STUDY TECHNIQUES
The work study team dolng the complete study Initially consisted of
an Operation Research Engineer; a Research Mine Overseer, a
Research Shiftboss and six Observers, The number of Observers was

In¢reased to take readings on additional shifts.

The Operations Research Min. Overseer and Shiftboss duplicated the
raudings taken by the Observers during the first three week period as
a check and to ensure that no further training of Observers was

necessary.

Readings taken by the Observers proved to be very reliable, sc spot
checks only were done from tlme to time. The cleaning efficlency
for operating strike and face winches was taken by doing rated
activity sampling for two weeks, determining actual working time and

manpower requirement.

Rated time studies were done on the L.H.D. units and Operators, after
the Operators had become proficlent at their task, to compare results

with winch cleaning results and efficiencies.

Daity records, such as trips, loads trammed, travelling time, tonnage
cleaned, delay time, operating tlme, idle time, breakdowns, services,
material used and tyre circumference meastrements were taken as a
routine to be summarized weekly and monthly. For conslstency, tyre
clreumferences were measured efter [nflating the tyres to the same

pressure,

Method study was done continually. Loading techniques and routines

were changed on &n ongoing basls after deflciencies were determined.
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9 OBSERVATIONS

9.1 Operators

The L.H.D. unit operators becam¢ skilled in manoeuvring the L.H.D.
units along narrow roadways and around sharp corners. Operator
fatigue inttially proved to be & problem, partially because of physical
exertion, but mainly because of mental straln and nervous tension
caused by the concentration required to judge widths, elevations, pover

and speed,

Thé judgement of the operators improved considerably with experience
and thls enabled them to fili the buckets in the least possible time

with the rmiciiium of damage to the machines and tyres,

892 Cleaning Operaticns

A few metres of working faceé :=n be cleaned updip of the strike gully
without any real problem, provided the back wheels of the L.H.D,
unjts are still on the level fioor of the strike gully. The back wheels
are less prone to spinning because of the compacted rock surface.

On the updip ledge the broken rodk on the smooth footwall caused a

loss of traction,

The method of filling the bucket of the L.H.D. unlt needed much
practice to make full use of the power of the L.H.D. unit, and of

gravity where possible,

Too great a downward force tended to Hft the front whesls off the
rock surface, decreasing traction progressively to zero on the front
wheels which spun In the air, and reducing the driving force available *

to move the bucket into the broken ore
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The same effect occured when loading downdip. Just before the front
wheels lifted clear bf the sutface, the applied tractive power caused

the wheels to spin, Increasing the wear rate.

The only downward force required was that amount pecessary to
prevent the bucket from biing deflected upwards without taking in
broken‘ ore, The bucket Had to be tllted forward slightly so that enly
the front lip was in contact wlth the floor, thus reducing the friction

ares and subsequent chance . “wheel spin.

As the L.H.D. unit moved forward, the bucket, when ln contact with
broken ‘ore, hag to be lifted slightly In & sgooping actiprsand then
forced down agaln slightly until the buckes had been fllleé. The
lifting movemeant lifted rocks anchored deeper in the broken ore and
then the bucket was forced under the tocks using les§ force than

would have been necessary otherwise.

Large pleces of hanging wall which maey have been dislodged durlng

the blasting of the face, caused & problem, when burled under the

broken ore. The bucket tended to deflect off the top of the rock,

merely sliding over the rock. The lopder had ta be moved back first,

5
fred

The front edge of the rock was then exposed and the lp of the

RO

bucket couid be forced under the rock.

The rock could then be lifted clear of the broken ore. Rapid wear

of the bucket llp and bottom corners took place. A second spare e

bucket was purchased to facilitate tlmeous repalr work, L ".*@

. A R | Rk s g m
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All the leading edges of the repaired buckets wers hard faced - using

special weiding rods and Bemox steel - skid plates were welded onto

the battoin surfaces to prolopg bucket iife. Tfﬂs method of protection
is generally used with loading equipment. |
The powerful hydraulic breskout force avallabig at’the buckef was
sometimes used to lift large rocks out of the \hroken ore, and' to break
out uneven footwall which could cause a problem during loading

:

operatlons. The units were also used to clear the hanging wall of

loose rock end to bar the stope face.

Traction was improved over wet surfaces when the bucket of the
L.H.D. unit was fully loaded, but occasionally dry coarse material
would have to be placed on the roadway to assist the wheels to grip.
The loaders were occasionally run in reverse dragging the buckef. on
the floor, leaving it quite smooth and In this way assisting with tyre
protaction. After every trip to the tip during loading ope;iétlons, it
was essential to lower the bucket and clear the approach to the muck
pile of loose rock. This action prevented damage to tyres and the

bottom of the L.H.D. unit.

There was fortunately no clay material, talc schist or vermiculite
present In the ore, which would have hampered loading operatlons.
The above type of material ceuses wheel slippege with only slight

appilcation of power, A




CO PAGE 55

When loading down dip the monientum of the L.FLD. univ assisted with
the rapid filling of the bucket glv!n’g ‘an avérage loading time of -
approximatefy 0,6 minutes per bucket, a?chduéh fillag times of &
seconds per bucket have been recorded.- After the removal of the
broken ore in the face, the bucket of the L.H.D. ynit was“ run against
thiz stope face to brihg dcwnyloose rock before ma‘mual barring started
{Figure 9,1}, During the downdlp loading pperation the mimr’num
amoupt of power was used for filling the bucket and driving the loader

forwtd. The shortest bucket fllling times wefe achleved using this

o

method.

During the time that manua! barring of the. fece was being done, the
1. H.D, unit started clearing away the scattered rock behind the first

row of pecks from the face.

The lack of scatter barrfcades (Figure 9.2), resulted in an lncrease in
cleaning time because of the widely spread:-broken rock. With the
“yroken rock confined on the face by.a sturdy scatter barrlcade, the
loading time would have been reducddud E;w sweeping ares would

npt have been contsmindted,. The &hys

udie of scatter barricades

constructed of slab lagging and mine p/i}l%é are :whour Inrensive and

time consuming, especially at wide stapg Widths:  An alternate blasting

Liarricade had to be developed but wes noe kne by the time the

Schopfl loader experiment was stopped.
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Figure 9.1 The bucket of the L.H.D. unil XK\ agajnst the
stope face fo assist with barrip, ot idose” rock.’
The first pack on the corner wasJ&Te.out for turning

purposes.  (Stope width 2,5m)

Figure 9.2 Large [all of hanging being cleaved away In the sweeping
area.
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After the stope face had been barred completely solid, the L.H.D. unlt
cleared away the loose material agalnst the face for [inal lace
preparation to be done  (Figure 9.3). 'The curved face shape was not
ideal and was caused by shorter holes being drilled at the bottom and
top of the face as a result of inclined drilling. Damage was caused
o the tyres by the slap hg botrom portion of the face. The batcom

portion of the face should either be vertiual or sloping away to

lmprove tyre itfe.

The L.H.D. unit then moved into the next blasted face te commence
cleaning operations while the recently cleaned stope face was again

being watered down, with sockets cleansd and plugged as per scandard.

Figure 9.3 Final clearing of materlal after barring of the Tace. .
(Natice curvature of the face.) F

P TT E aT
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9.3 Permanent Support
Vue to the fact that all broken ore between the last row of
pefmanent pack support and the face could be removed with relative
ease, the next row of permanent support could be [nstalled on a
cleanly swept footwall, This prevented a lock-up of gold under the
paci's, also splllage of cement during the ftlling of the grout packs
could not lvek-up substantial layers of gold bearing broken rock, which
does hgppen in soraper cleaned stopss. The standard is to sweep the
footwatl In the position whera & grout pack hes to be installed, Due
to. inedequately scraper cleaned faces, the pack positions wére cpened
by hend lashing awsy broken rock. Sweeplng the footwall In these

positions proved to be a problem.

A further advantage was that the packs were installed at a foster
rate, since it was not necessary to dig holes into the broken ore, left
by the scrapers, to make space for the grout packs.

Pretmatic plcks were used to get rid of cement splllage and expose
sotid rock, Grout leeking through the grout bags and splllage, .cuused
by over filiing a grout bag or moving from one pack to flll the next,
penetrated the fine broken rock and scatter piles. The (ootwall was

effectively, but undesirably, being concreted over.

94 Sweeping

After cleaning the stope faces the L.H.D. unlts moved Into the
sweeping area behind the fIrst row of packs from the face. The
finely broken rock, scattered In a thin layer over the footwall, was
collected into heaps using shovels and bass brooms for loading by the

L.H.D. units,
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fhis reduced the loading rate of the loader. tc 5,4 tons per hour
Jal -

whilst loading the heaps of fines.

Final ,sweeplings were cleared by. stopping the L.H.D. unjt with the

bucket on the gtound and then hand lashing the last few shovels full

into the bucket and then transporting it to

9.5 General
To ensure that sufficient broken ore was continually available for both

loaders over the: double- shift, four 30 metre long stope panels with'

a stope’ width of 2,5 metres had to be blasted daily.".

T 2
Dm’ir:g ﬁthe cleaning operations the relief operator constantly searched
the broker ore for broken drill steél, which could damage the tyres
(Figure,p}). It can 4lso"be sgen that the bucket was not filled_
properly ‘wlth the first scoop and needed to be tilted back to allow
space fof a heaped load at the second scoop. The loading rate and

buckst filling ablity impraved s the braken rock pile became higher.

The strife cleaning method was not attempted because there were too
many -packs out of line which blocked the rosdways. The updip
loading rethod initlally had to be used to clean a top panel because

there WLZS no top access to the panel for the loaders.




A Schopf L62 L.H.D. unit in operation with an operator
checking for broken drill steel. The grout fill pack
support {1,2m. x 1,2m) can be seen in a stoping width
of 2,5m.
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The updip cleaning of the one panel continued for -approximately two
months. The loading rate, at 19 tons per hour, was poor and
excessive wheel slippage occurred in spite of vevy careful attempts
by the cperators to contrel tractive power. . Sometimes the L.H.D.
units slipped downdip as the bucket was beI;g filled. - Uneven footwall

.
egular blasting accentuated- the Eip and had to be leyelled

due to,

to allow impraved loading rates. The -updip loading method was not

used again,

The downdip loading method was certainly the most suitable method
found during the weeks that followed.. All travelling to the tipping

paint-was done with the bucket leading: This liad the advantage that

the L.H.D. unlt did not have to cross the tipping point or turn at the

tipping ‘polat, where spate was confined, to be ablé o tip the ioad.
The disadvantage was that rock falling from an overloaded bucket
could fall in the tyre path, causing damage‘to the tyres or causing
the lasder to be deflected againsi{the packs. Care was taken in the
stope face to shake the loaded bucl\:é't a féw times while reversing up
to the top strike roadway, getting rid of most of the loose unbalanced

rock which could cause problems.

The turning point at the face was wide enough to enable a rapld

change fiom revarse direction to forward direction without rigk of ( N

hitting temporary support. Tyt

AN
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The only time the L.H.D. unit traveiled to the face with the bucket
leading was directly after the blast, when the turning point at the

intersection of the strike roadway and the face had to be cleared.

9.6 Downdip Cleaning Abflity
It becama_glear. that the, L.H.D. unlts could. be:used efficiently to
clean out winzes or. iricline"shafts. 1f the dip did not exceed 17

degrees. A winze was being‘ sunk at the bottom of the stoping area.
L

and only a metre ad"“/‘ance was being aél{;eQred every second day due:
to scraper cleaning difficuities.

Broken rck in the winze had bulld-up to an average depth of 47

metres and the scraper was starting to damage the ventiletion -

S
3
i

in places,

K

It was decided to use the L.H.D. unit to clean out.the winze, startﬁxgél‘
at the entrance, to get down to the footwall. Once the sxcess broken¢
rock had been cleared ouf, & metre advance per day was achieved in
addition to cleaning the stope faces. Cleaning operations, however,

were intertupted due to loader downtime,

The air and water services at the tipping points were lifted to providg
tipping clesrance and the packs spaced further apart to aliow for a
roadway to the opposite faces, Short lengths of hose were hung as
warnings Tor people to prevent them from inadvertently stepping onto

the grizzley ({Figure 9.5)
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The L.H.D. uni¢ In tipping position.

Figure 9.5

M
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9.7 Tyres

Solid rubber tyres were requested and supplied with the L.H.D. units
because it was feared that punctures would be a major problem with
preumatic tyres. The possibility of chassis damage, because of the
limited shock absorbing properties of the solid rubber tyres, was
considered, but it was decided that the chassis was robustly
constructed and would In fact withstand normal shock loads. An
examination of the L.H.D, unit chassis at the end of the experiment

showed no cracks developing.

Due to expérience in other trackless mining operations in the country,
loader operators were supplied with kidney belts to prevent health

problems from developing.

The clreumference of each tyre was measured when an L.H.D. unit
was serviced, This meand of indicating tyre wear was selected since
& more accurate measurement could be taken of the tyre
circumference than of either the radius or the diameter, The solld
rubber tyres showed a good wear rate Initlally as can pe seen in
Figure 9.6, There was & steady reduction in tyre circumference
until,in the case of L.H.D. unit No. 1, appeoximately 125mm in
clroumference hed been worn away, after which a rapid deterioration
of the tyres occurted, Lerge portions of the tyres were tipped off.
After Inspection It was found that the outer shell of the solld tyres

had been properly cured, but the inner shell lacked bondlng.

Another problem that manlfested ltself was that the differentials of
the L,H.D, units started breaking down due to the unequal wheel
radius caused by rapld tyre wear and long operating hours under these

conditions. i
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FIGURE 9.6
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Care was subsequently taken to match the tyre circumferences either
for both back wheels or for both front wheels. New tyres were

replaced fn palrs.

Down tlme due to tyrés durlng the first five operating months
amounted to 35,5 percent of all breakdown.time. An aversge of

5 286 tons were loaded per set of four solid tyres before these were

discarded at 14lmm decrease in civcumference.

1t was decided to discard the solid rubber tyres and experiment with * i
|

pnéumatic tyres instead, but the pneumatic tyres would have to be

protected against punctures in some way.

There were three maln methods of prolectlon, ramely:- i

- A polyursthane flller which would harden inside thes tyre

excluding ail air, but still remaln pHeble. %

- A rubber solution additive was avellable, which would remain

fluid Inside the tyre and seal off small holes. ;

- Chaln tyre treads which were available In differeat forms,

elther s a loose fit or embedded in the tread rubber. |

It wus declded to have all the pneumatic tyves clad with a chain tread
embedded In rubber to prevent movement of the chaln tread and to
_thicken the rubber of the tread. This would also improve the wear

rate of the tyres and provide an added protection against punctures.

.
o
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The chain prevent: © yittifig of the tyres by sharp quartzite slabs and
avoided pleces of 'rubb.'r: betng ripped off. The chaln mesh was small
enough to prevens punctures due to sharp rock, except for very nerrow

£
slivers of rock which had" J0 enter the tread st right angles to be able

to do damage. It was found that steel wire, jumpers and pinch bars

caused some punctures im spite of the chalo. Anm experiment was
conducted using ‘a solution inside the pneumatic tyres, with some

success; [n 1876 the initlel cost of the tyre, chain and solutisn was

high at R775,00 per wheel,

§

I

H
Flat nlld steel radial I

(bs In the chain tread proved to be the weak
links, and had to be réden}gned to iporease the life of the chain. The
radial ribs ln thé chain protruded slightly abave the other chain links '
and were consequently subjected to a greater load, which causs_d more 5
rapld wear to the, tyre as the ribs were being depressed into the ‘ '

moulded tubber, , Thta;f‘ aiso tended to be pushed off the vertical

position by the force of the revolving wheels. The chaln had to be '

tensioned datly ti compensate for wear and bedding Into the rubber,

Replacement of broken chaln links was simpie, as the complete chain
could be removed wlthout much trouble. Although embedded In the
rubber the chain could be lifted out. A complete chain overheul, in

1876, would cost #R150,00 per wheel %

The thickness of ‘the mild steel chaln ribs was increased from (3mm ; |

to 16mm and the surface contact area was "hardfaced" to reduce the

wear rate.
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The repaired wheels cost an average of R747,00 per wheel, {n 1976,
but gave trouble free loading, only requiring some tensloning of the
chains durlng the next three months. At thls stege the experiment
was discontinued, so that & complete costing of the alterations could

not be done.

Delays céused b punctures, chain adjusyments and tyre wear were
summarized for the period 06-12-1975 to’ [4-05-1976, amounting to
6,81 percent of total breakdown time during the same perlod (Table

8.1} based on Tables I to € in Appendix A.

Table 9.1 Schopf Loader Breakdowns

Total
Breakdowns Time Percentage
{Minutes)
1. Transmisslon, differentlal 65 857 42,63
2 Englrie 41 859 26,80
3 General (Body) 17 231 11,18
4. Hydraulic 12 510 8,10
5 Wheel repairs 10 214 6,61
8. Electrical 7 128 4,61
Total 154 499 100,00

The tyre chalns were carefully examined to determine alterations
required to {ncrease the operating life. [t was found that the ribs
were wearlng at an angle on the tread, end around the punched holes

for links {Figure 8.7).

¢
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NEW RIS SURFACE

WORN LINK réen WORN SURFACE &

PUNCH HWOLE  _giaF;
SecTion A-A

Figure 8.7 Rib chain link system.

The edges of the punch hole wore away the lnk, which eventually
snapped. A better tyre chaln was developed by another company and
this has been working well on 5 cuble metre capacity L.H.D. units at
Premier Dlamond Mine. No chain clad tyres are being used in any
of the most recent trackless mining projects. {

Figure 9.8 Sketch of tyre chain link.
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The double link tread of the tyre chain wears evenly and there are
no sharp edges where rap.d wear could take place, compared with the
punched holes In ribs of the previous chain, The double’ link tyre

chaln could be turned lnside out which could Increase the useful life.

From Figure 9.6 [t can be seen that the wear rate of chain nlad tyres
was less than the wear rate of the solid tyres. A furkher reduction

In wear rate took plsce after some 2 500 tons had been lashed.

‘The second reduction In wear rate appeared to take place after the
protruding rib surfaces had worn down to the level of the rubber tread

which reduced the load on the ribs,
Table 9,2 shows thé erratic solid rubber tyre circumferential wear rate
and Table 9.3 shows the chain clad pneumatlc tyre circumferentlal

weer rate which was more predictable.

Table 9.2 Mean wear of solid rubber tyres related to tons loaded

LOADER 75027 LOADER 75028

Tons Loaded Mean Tyre Wear Mean Tyre Wear
500 3,75mm 12,50mm
{000 10,00mm 28,76mm
i 500 32,50mm 55,00mm
2 000 46,25mm 87,50mm
2 500 58,75mm 110,00mm
3 000 71,25mm 115,00mm
3 500 108,78mm 122,50mm
4 000 125,00mm {63,75mm
4 500 148,28mm 225,00mm

V.o
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Table 9.3 Mean wear of chain clad pneumatic tyres related to
tons loaded -

LOADER 75027 LOADER 75028

Tons Loaded Mean Tyre Wear Mean Tyre Wear
500 10,00mm 15,00mm
1 006 20,00mm 23,75mm
1 500 30,00mm 42,50mm
2 000 37,50mm 52,50mm
2500 48,25mm 66,25mm
3000 52,50mm 75,00mm
3 500 57,50mm 78,75mm
4.000 58,75mm 81,25mm
4 500 81,25mm 87,50mm

9.8 Breakdowns

Table 9.3 shows breskdowns grouped under six main headings while
breakdowps listed In detail in diminishing order are shown in Table 9.4,
Transmiss\ion. differential, drive shaft and related problems amounted
to 42,63 percent of the total breakdown time, which in turn was 48,5

percent of the total operatirg time, Planned maintenance of the

i
above units did not include the dismantiing of the units, which would
only be done when the whole loader was belug overhauled. In most
cases the delays caused by breakdowns would have been less if spars “

parts had been readily available. 4

[
Delivery delays of spiye parts necessitated the purchase of a large Co 3
buffer stock which could only be justified if the L.H.D. units were to

be used on & permanent basis.

P -y Y £
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Table 9.4 Schopf Loader Breakdown Summary
Total
Breakdown Time Percentage
{Minutes)

f. Engine Repairs 26 979 17,46
2. Gearbox repairs 24 843 16,08
3 Universal joint repalrs 18 230 11,80
4. Oscillating bearlng repairs 13 455 871
5. Starter repairs 10 427 6,75
6. Wheel repairs 10 214 6,61
7 Brake repairs 9 000 5,83
8. Drive shaft repairs 6 708 4,34
9 Loader repairs 6 484 4,20
Lo, Burat electrical couplings 3 855 2,37
11 Tightening bolts 3 517 2,28
12, Hydraulic repairs 3 510 9,27
13 Battery trouble 2 922 1,89
14. Broken yoke 2 847 1,§4
15. Broken pump drive 2 826 1,83
16, Differential repairs 1 670 1,08
17 Steering repairs 1280 0,83
18. Canopy repairs 974 0,83
19, Gear lever repairs 896 0,58
20. General repairs 778 0,57
21 Broken fan belt 626 041
22 Alternator repalrs 421 0,27
23 Fitting shovel 378 0,24
24. Exhaust repairs 362 0,23
25, Replacing protection plate 346 0,22
26, Bucket arm repairs 305 0,20
27 Replacing fuel filter 300 0,19
28. Fitting bucket pins 242 0,16
29. Ignition switch repairs 130 0,08
30.  Bumper repairs 20 0,05
3L Leeking transmission oil 55 0,04
32 Broken water pipe 39 0,03
Total 154 499 100,00

s - A
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Gearbox breakdowns, amounting to 16,08 percent of the breakdown
time, would normaily not have rscurred, but thése were caused by the
continuous slow speed operations In, ‘the stopes. Lubrication of all the

parts in the gearbox -depended upon oll being scooped up and spread

over the gears. Due to the slow operating speed the revolutions of

the gears was not high enough to Wt the oil Lo the top of the

gearbox above. tne gear clusters, Later mwodels had pressurlzed oil

feed to the gearbox bearings.

‘The above problem was alleviated by installing grease nipples in some

areas. and by increasing the level of .oil in the gearboxes

The differentiul problems were caused by the unequal circumference ¥
of pairs of wheels when solid tyres were used, resulting in high
stresses on the differential. Operating temperatures of the

differentials increased above normal. A universal Joint was

unfortunately damaged by a rockdrilt stem which was lifted by a front

wheel and jammed into the universal joint.

The osciilating bearings seem to be a weakness, causing 8,71 percent

of the breakdown time. These beerings were not easy to obtain, with

consequent repair delays. Engine breskdowns smounted to 26,9 percent L

of the totsl breakdown time, while englne repeirs alone accounted for

17,48 percent. J

. A | e s aesid e | A
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The air cooled, 4 cylinder, 4 stroke Deutz Diesel engine is commonly
used as a power plant by most L.H.D. unit manufacturers, and is very
reliable. However, rapid wear of pistons and piston rings was caused
by poor intake air flleration and some lack of regular changing of the
filter units. Fine quartzite dust must be prevented from getting into

the engine due to the highly abraslve nature of the quartzite,

Speclal attention needs to be pald to the filtratlon of Intake air and
also to ailaying dust by watering down. The air filter elements had
to be cleaned out daily by blowing out the dust with compressed air,
which may have caused some dameage to the eiements before
replacemeﬁc. Some channeling was observed In ‘the filters before the
elements were removed, end this would decrease the efficiency of the

filters.

Most of the breakdowns in the "General" category were caused by the
operators misjudging distances during turning and forcing the L.H.D.
units through narrow passages, Some damage wes caused by falls of

hanging during loading operations.

No deterioration was observed in the chassls, although it was expected
that the solid rubber tyres would cause some cracks to develop, since

the chasls was unsprung.

A spare reconditioned bucket was kept avalleble for quick exchange

when the leading edge and cornmers were worn down.
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Steering and holsting cylinders needed dust covers to assist with
keeping abrasive quartzite dust clear of the steering plston shafls,

although wiper seals on the shafts were a standard item,

Brake repairs amounted to 5,83 percent of the breakdown time, mainly

due to leaking hydraulic’ pipes and aylinders:

s

'

The hydraulic hoses were generally reilable, but still caused 2,27

percent of the breakdown time due to failure at the crimped ends.

RPN
o ¥ Great care was taken to keep the hydréulic fluld clean when refliling i
g the hydraulle tank, In spite of the fact that 5 micron fiiters were i

fitted to the filler throat. #

5

Burnt glectric wire couplings caused 2,37 percent of the breakdown

time and needed to be redesigned.

Battery trouble llsted hére was caused by defects in the batteries.

This was excluded from delays caused by flat batterles as & result of

the operator not switching off the lights with the engine stopped, or

excessive cranking whenh the engine néeded atteéntion,

Table 9.5 lists the weekly working and cravelling time, service time,
defay time and breakdown time for the perlod I August 1975 to 14 8 4

May (976,

P N— - ORI
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Steering and holstihg cylinders needed dust covers to assist with
keeping abrasive quartzitve dust clear of the steering plston shafts,

although wiper seals on the shafts were a stendard item.

Breke repairs amounted to 5,83 percent of the breakdown time, malnly

due to lesking hydraulic plpes and oylinders:

The hydraulic hoses were generally rellable, but still caused 2,27
percent of the breakdown time due to failure at the crimped ends.
Great care was token to keep the hydraulic fiuld clean when refllling
the hydraullo tank, fn spite of the fact that § micron filters were

fitted to the filler throat.

Burnt electrie wire couplings caused 2,37 percent of the breakdown

time and needed to be redesigned.

Battery trouble llsted here was caused by dJefects in the batteries.
This was excluded from delays caused by fiat batteries as & result of
the operator not switchlng off the lights with the engine stopped, or

excessive cranking when the englne needed attention.

Table 9.5 lists the weekly working end travelling tims, service time,
delay time and breskdown tlme for the perlod 1 August 1975 to 14

May 1976,
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Table 8.5 Schopf Loaders - Weekly Operating Summary
ek tlorking and Service Yime Delay Time Breakdoun Time Total
Commencing | Travelling Time (Mins.) {Mins.) {mins,) Time
{Mins.)
Time Bergent | Time | Perceot | Time | Porcent | Tine | Percent
01.08.75 2 818 50,1 est 5,8 356 8,2 12m 278 4 334
08.08.75 3295 83,8 59 1,5 128 3,2 aB| 11,4 | 382
15.08.75 4 078 78,3 3t &1 33 6:8 a1 8,0 5137
22.08.75 2 945 %,0 156 4,0 158 4 65| 158 | 387
EIE S 3002 78| sl 128 | e 8,5 Z75| 53| 408 ™
05.09.75 419 7 46 8,2 348 48 47 8,5 | 5392
12.08,7§ 4879 78,8 | 1118 18,0 112 1,8 & 14 | s1m ¢
19,08.75 8197 84,0 545 74 [ 1,1 556 s | 7am
26.00,75 47 55,5 995 "7 353 41 1 24357 8,7 [ o 4 ! )
03.10.75 3007 25,2 | 4 54 M3 { as 19 | ra2| e2a | 11 ses
10.10.75 4512 41,0 24 2,2 268 2,2 8013 54,5 "oz
17.10.75 4 5% 39,3 442 3,8 518 45 | 602 | sza | 11510 I
24,1075 5 606 47,2 27 1,8 ) 7,7 | s 43,3 | 1189
31.10.78 & 452 56,7 253 2,2 507 w5 | 4159 | 38,6 § 113N
07.13.75 518 54,2 308 2,7 18 46 | 4383 38,5 | 11303
16.11,78 5 482 48,3 1 2,2 ] 44 5138 48 11 378 &
21.11.78 4 283 38,0 285 2,8 21 3,8 5 Mo 54,8 11 003
28.11.75 2 590 me 2. 34 g7 B 4 BOB 58,8 8 18¢
05.12.7§ 2 546 n,6 202 2,5 B 10,7 4 551 85,2 8 225 . @
12,12.75 4 537 40,5 284 2,8 168 148 6 202 5,4 1t 202 ‘5
18.12.7% 3 538 38,1 a7 3,2 1 064 11,4 4273 48,5 EREY Q
26,12.7% 3 284 37,7 18s 21 888 10,0 4378 50,2 878 g
02.01.76 4 48 39,8 488 4,3 3100 27,6 3178 28;3 11 225
03.01.76 4 830 40,5 127 ",2 2 528 24 2888 26,2 11431
18.01.78 § 210 45,9 a8z 8,7 1 820 13,3 3 882 32,1 11 404
23.01.78 § 887 51,8 542 47 1852 16,3 3148 27,8 1" 427
30,0178 5 529 48,6 a7 8,2 200 70 | ans| 2 fnm
08.02.76 4 938 42,3 1031 8,8 a7 7,5 4 828 8,4 11 880
13.02.78 4 583 39,8 42 4,7 1183 10,4 § 201 45,1 11 518
’ 1
ey P i & Mawe | Bawy ke g *
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sl Warking. and Servica Time Delay Tine Greskdown Tine | Total
omencing | Travelling Tine {mins. ) {Mins.) (Mins.) Tine
{Mins.)
Tine Percent | Time | Parcent | Time | Percent | Time | Percent
20.02,76 s64 | 58,2 s 4 818 8 328 | 27,3 | v am
27.02.% 3872 33,8 548 5,7 81 2,8 6623 57,8 | 1143
05.03.75 5357 48,5 88 (2 57 45 483§ 41,8 f11508
12,03.76 7 28 55,5 | 1208 95 | 1ma| 103 3228 2,7 13067
19,03.76 § 567 37,3 | 1064 72,2 | vem 8,3 7037 | 47,2 |14 s08
28.03.76 5148 4,3 908 6,0 382 24 a6 | 7,3 | 15038
02,06.76 3 457 23,0 I 2,8 3w 2,2 | 10eis{ 72,0 |150e
09.04.76 1 447 8,6 159 144 1 0,4 [ 13380 83,2 }1s o000
17.,34.76 1 887 15,0 208 16 @ o7 | om0 857|124
23.00.78 373 2,5 485 3,2 121 ug | t09E| 7,5 |15 268
30.00.76 4 o1 26,8 465 3,1 65 o4 | tos2] ss,9e fisose
07.05.76 2884 19,1 08 34 0 o5 | 1nses| e {1son
14,05.78 1 2% 8:4 409 2,7 - - 13327 | 88,8 | 14 89
Total 208 200 w,a |22 9% 5,2 | 26 463 58 |216 365 48,5 [a46 028

NOTE : The L.H.D. units were not operated consistently on three

shifts due to an occasional shortage of operators, resulting in a

varfation in total time.

9.9 Loader Operating Summary

The total times reflect the varlation In shifts worked by the two

loaders, starting off with a single shift operation, going over to a

double shift In October 1975 and then to a treble shift operation in

March 1878,

On average, both loaders worked for 40,4 percent of the toral time

of the test period.
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The maln reason for the short working time was the excessive

breakdown perlod and deiays.

From the operating percentage per week indicated in Figure 9.9, it
can be seen that. the breakdown time directly affected the operating

time.

Initial working thmne losses were caused by the urexpecied failure of
solid tyres and the changsc‘!ﬁ'." to. pneumatic tyres in the ninth week
of operation. This was followed by engine breskdowns In the
elghteenth week and gearbox bréakdnwns in the nineteenth week, es
cen be seen from the daily enalysis of the Schop! Loaders 1Appeqdix
A

The engine of the L.H.D. unlts started Fajling completely after the
thirtyfifth week of operation, with progressive loss of power reducing
the working time. The loss of power was malnly due to the high wear
rate ¢. Jhe rings and cy)lndg;s caused by the abrasive dust being
sucked in past the filters. This emphasised the need to pay special

attention to the condition of air fllters during maintenance periods.

The loading rates varied from 14,4 tons per hour to 21,8 tons per hour

on average for both loaders '(Flgure 9.10}.

s
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FIGURE 9.9
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it was found that a daily service at the start of the warking shift

according to a set check list was most important and helped to reduce
downtime by early recognition of problems which were developing. (

An alert operator could avoid emergency breakdown repalrs by prompt

recognition awd reporting of mechanical problems.

The dally records end check Hsts showed that the services wers

completed as specified. Loader drivers assisted with the greasing of
N the loaders which also reduced the service time. Services done at the X i
end of each shift were found to be incomplete. Some faults were ~;4w
overlocked as operators and artisans terided to rush the services to get A; uy
out earlier from underground. ) . 4
The lack of broken rock to be cleaned cut (Table 8.6), caused 62,69
percent of the delay time. More stope faces had to be blasted to

keep ahead of the loader cleaning rate.

—— Llmlted working face available to t'w lopders prevented fult

utlilzatlon, Breakdowns were so high that [t did not seem worthwhile
to Increase the number of worklng faces, Breakdowns amounting to

48,5 percent of the total time was consldered to be excesslve. :

The poor availability of the L.H.D. unlts was most disappointing




A

PAGE 82
Table 8.6 Schopf -'Losdér Delays Summary
Delay Tim= Percent
(Minutes}
1. idie {no rock) -t 12 048 62,69
2. Flat Battery 2 226 +1,58
3. Removing scrapers 1 642 8,54
4... Fetching diessl..... .4 18T 6,02 .
5. Towing other Ioader 739 3,85
i 6 Loader stuck & A 392 2,04
7. Barring R 262 1,36 o
8  Cleaning panel - 205 1,07 %
9. Pulled out pack ) . 165 0,88 s
10. Clesning tip 124 0,65 63
1. Tips fuil 95 0,49
12, Falls of ground 60 0,31
13. Cleaning buetnt . 32 0,17
14, Teaching driver ¢ 32 0,17
15, Cleaning travelling way 15 0,08
Total 19 217 100,00
9.16 Labour Praductivity

o
The planning of black labout strengths for conventional winch cleaned

faces was done according to étandard minute allowances,

These

allowances were established for the: stoping method and stope width

used in the experimental stope, Appendix B gives the standard labour

atlocatlons.

A standard Factor of 7,2 tons broken per black was used to allocate

labour for the winch cleaned end L.k.D. unit cleaned faces.




PAGE 83
i
It- was decided not to reduce the labour complement for the duration
of the experiment and preferably to Ipcresse the tonnage broken as

much as possible.

From Table 9.7 it can be seen that black labour productivity for the

LHD. umt c!asn!ng method wag: 29 1 percent beter than the- winch

cleaning method The w(nch cleanlng method had deliberately been

maintained in four panels n} the experimental stope for control

purposes. The erratic labnur productivity for the L.H.D. unit cleaned
panels was mainly due to the L.H.D. unit breskdowns. It should be
noted that the standard factor of 7,2 toms br-ken per black for winch

cleaned panels was not achieved once in nine months.

Table 9.7 Labour Productivity - Tons per Black per Shift

Month ; Panels Cleaned By

) L.H.D. Units Winches

i “Tons/Black ‘Tons/Black

& . September 1975 6,4 45

H October 1975 l 7.8 46

s November 1975 7,8 63 ]

December 1975 565 5,0 i
Januaiy 1976 7,8 5,2 : .
February 1976 6,8 5,6 o
March 1976 9,4 5,9 ;
April 1978 10,0 6,9 ¢ |

: May 1976 45 5.4

7 Average % 7.1 5,5

e aléd N £ " e i B
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8.11 Production Resuits

The monthly tonnage broken for both the L.H.D. unit and winch
cleaned panels is listed in Table 9.8. The tons broken in the L.H.D.
unit panels increased as the operators became accustomed to the
L.H.D. units. The tonnage broken in the same panels decressed during

the last three monshs of operation due to increased breskdown time.

Table 9.8 Production Resuits

Month - Panels Cleaned By .
LH.D. units Winches Total Tons
{t {8
September 1975 5 230 5 814
October 1975 § 217 5 925
November [975 & 437 8 050
December 1975 5 467 6 478
January 1976 6 392 6 702
February 1976 5 565 7 261
March 1976 7738 7 649
April 1878 8 235 8 813
May 1976 1 241 6 925
Average 5 836 1075

The combined |7 108 tons *roken durlng the Apri( 1976 measuring
month set a new stoping record for the shaft for a single stoper.
Similarly the combined nine month average of 12 911 tons broken also

established a new stoping record on the shaft.
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10 OPERATING COSTS
A calculation done in 1976 showed that, on average, the operatlng cost
for stope winches was R0,60 per ton broken (Table 10.1). These
operating costs excluded the cost of the remainder of the stope crew
as allocated. according to the standard factor. The same labour
categorles were excluded in the cost structure for the L.H.D. unit

cleaning method.

Table 10,1 Winch Operating Cost per ton Broken

Category Rands per Ton Percent
Power ) 0,03 5,0
Stores 0,23 38,33
Driver's wages 0,32 53,33
Artlsan's wages 0,02 3,33
Cost per Ton {Rands) 0,60 99,99

Winch driver's wages formed 53,3 percent of the operating cast.

Stores end power amounted to 43,33 percant of the operating costs.

The stores costs Included all ttems used for face and strike gully

cleaning and the engineering stores necessary to repair the winches.

Owning cost for winches amounted to RO,t4 per ton broken, giving a

total owning and operating cost of R0,74 per ton broken (Table 10.2).

Table 10.2 Winck Owning Cost per Ton Broken

Depreclation cost RO12
Interest on Investment RO,02
Total Owning Cost RO, 14
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The operating costs for the two schopf loaders were summarlzed
monthly from September 1975 to May 1976 Inclusive, and averaged for

the period as cen be seen in Table 10,3, -The average operating cost

per-ton was R1,38 calculated over nine months.

In spite of the fact that down time due to tyres only formed 6,61
percent of the breakdown time, the operating cost for tyres amounted
to 49,28 percent of the total operatlng Cost, emphasizing the need to

find sultable tyres to load quartzites.

Afh abnormal e occurred in 1975, when two

complete spare sets of tyres and wheel rims were purchased to avoid
delays. This purchase should have been made as part of the initial

expendituré when the loaders were bought. The tyre cost per ton

loaded was then reduced to some RG,40 per ton and tyres were still
in good condition when the experiment was stopped, 5o that it can be
expscted that the average operating tyre costs would be reduced over

a longer period (Tabie 10.3} E

Mezhanical faliures which formed 69,53 percent of the breakdowns i
amounted to 28,26 percent of the operating costs, aithough service g

stores were also included in the above flgure (Table 10.4). Poor alr P

filtration, gearbox design and some inexperlence on the part of the

:
fitter In detecting carly slgns of mechagical problems, were the main

reasons for the high breskdown rate. - ‘
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Table 10.4 Average Laading Cost per Ton

Category Rand/ton Percent Rand/ton

Cost Base Actual Distribution (Possibie)

1975 1875 1975

Tyres 0,68 49,28 0,40
Fuel 0,04 | 2,90 0,03
Englneering Stores 1 0,39 28,26 0,30
Operator's Wages 0,18 10,87 0,15
Artisan's Wagas 0,2 8,70 0,12
Totals (Rand per Ton) 1,38 100,00 1,00

Operator’s wages amounted o 10,87 percent of the total cost and the
comblned cost per ton for dilvers and artlsans was R0,27 per ton,
compared with R0,34 per ton for the same combination in the case

of winches,

From Table 10.4 the labour cost per ton broken for the L.H.D. units
was 20,59 percent cheaper than that of winches and would have been
lower (f the artlsan had more units under his control. The L.H.D. unit
operator's cost per ton Abrnken alone was 53,13 percent beter than the

cost for winch drivers In the experiment.

The loader ownlng costs In 1975 amounted to RO,18 per ton loaded

(Table 10.5).

Table 10.5 Loader Owning Cost per Ton

Loader Owning Cost per Ton

Depreclation cost RO, 13
Interest on investment R0,03
Total Owning Cost RO,18

P -
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Table 0.6 Cost Comparison - Rands per Ton
Category Loaders Winches
Working R1,38 R0,60
Ownitig RO, 16 RO, 14
Total C.tst RI,54 R0,74

The loater/winch comparison shows that the L.H.D. units cost R1,54
per ton compared with RO,74 per ton for winches, which is 108,1

percent more then winch .operating costs (Table 10.6}

The Schopf loader operating costs were graphed in Figure 10.1,-0,
reflecting the Initial high tyre cost in November, and the progressivéi‘\{{
tnereasing englnesring stores' cost, slso from November onwards. Fiel
costs increased because of increased travelllng distance, engine.

deterioration and Increased fuel price. -

‘The fact that a tip had been provided for each panel and that the
travelllng distance betweer the loading point end tipping point wes
relatiyely short, asslsted in keeplng the operating cost reasonably low,
To be able to make the L.H.D. unit cleening method more cost
effective than a winch cleaning method, two further avenues should

be considered. The flrst 1 that a larger L,H.D. unit, stlil operating
in the stope face could prové to be more economical in the long term,
since one L.H.D. unlt could clean more stope panels. The second is
that, since the stope cleaning experiment was conducted in an existing
stope designed for conventional winch cleaning methods, unnecessary

development was done.
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Shouid the maln development layout be altered to suit L.H.D. unit
cleaning, the cost of development could decrzase and so also the

overall shaft head working cost.

RN -
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1 PILOT INVESTIGATION SUMMARY
Of the two L.H.D. unit cleaning maziods ohserved, the down dip
cleaning method was the most efflclens and e‘ffect!ve‘ The L.H.D.
unit bucket was filled in sn aversge of 6 mlnutes. The loading rate
Increased frof 14,4 to 21,6 tons per hour for the updip and the
downdip ¢leanlng methods respectively. A maximum average loading
rate of 31,2 tons per hour was achieved during a two week. period

using the -downdip cleaning. method,

Pneumatic chuln clad tyres showed 59,93 percent less wear rate than

sotid tyres at 4 500 tond loaded. The cleaning experiment was

unfortynately di before the

tyres could be tested

te destruction.

It wes easier and more efficient to use L.H:. units to clean the
swanplng Grea when compared with conventional winches. Large rocks
were removed without delay.

The constructlon of timber packs was faster since less broken rock
was left behind after the L.H.D. usits had completed cleaning

operations.

The L.H.D. units were effectlvely used to bar the stope faces breaking

away large rocks.

Labour productivity Increased by 29,1 percent. More work could be
done by the same labour complement or the complement could be

reduced.
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The L.H.D. unit stope ciesning operating costs were 108,1 percent
greater than owinch operating costs. "

b - . «lowns amounting to 48,5 percent of the shift time wete

observed and this was considered to be excessive, intermptlng the

& cleaniig cyeles ‘at. unexpected and unplanned for times. Eary signs of
{:—- "mect iy or electrical failure 'had to be recognised and corrected
I: during pl?nned malntenance periods.
; I H 4 N
' \" The selection of the correct of clear g was g -
: most important to the profitebility of trackiess mining. :
1
Y4 :
\7\ ﬁ % )
;
i
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12 PILOT INVESTIGATION .CONCLUSIONS
P and cost in stop= cleaning operations alone

would rot be sufficlent to make L.H.D. unit cleaning methods more

economical than conventional winch cleading  methods, The whole

stoping and development layout would have to be redesigned

ting all

uld be paid toithe cause of engine, differential,

_eraastidssion and, drlve S‘EB“ brnakdowns. The improved avaiiabillty

of essrmm;l sp'~r.=s related to the hreakdq:y.n abcve would reduce the

droductivity was encouraging. The use of

eaning purposes coulds: t-th

than cofiventional winch

orthwhile to persevere with large

r,e‘\;r\coo small for the best productivity
o

ever~a.major-change in the support

(ned’lod ‘muld ge necessary o hiske use of larger L.H.D. units for i “

_ in the ‘?,5 men‘e s:ﬁpe width. Ll;{‘o
i
I
[

i
i

¥,

G u
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13 COOKE 2 SHAET 90 LEVEL' WIDE.REEF PRGIECT
K .

13.1 Introduction . :
Major changes were made to support methods in 1882 to be able to
mine newly identlfled wide rzef horizons. The grout pack su'p'pcrt
method wes,used in & maximum stope width of 3,0 metrés. Industrial
Engineering Department studigs showsd that the pack support v
construction rate decreased as the height of the grout packs increased.

The basic materlals ised for grout pack coastruction were expensive. .

Geological boreholes drilled down from the UEla reef horizon
Identified wide areas of EB reef. This reef width varied from nil to

approximately 10 metres.

The standard grout”pack support method was not suitable to mine the

full reef width. It was then decided to establisia conventionall;

winch ‘cleaned reom and pillar stope onthe E3 reefhorizon in areas
where the stope width was greater than 2,5 metres, The total pillar
support method cost was iess than any timber support method, part!y“\
because of :jhe relatively low grade of the E8 reef. Goid left behind

in the pillars amounted to spproximately 10,5 percent ‘of thg, area
N

being mined. % . « i

While this area was being mined, another payable area of -E8 reef was
identified. The potential to mine this area by a trackless mechanised

mining methed became apparent.

N T T
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]
A feasibillty study was completed in 1984 where a comparison between
@ trackless mechanised miriing and a conventional winch cleaned

{6}

stoping mGthod was done. On the basis of findlngs of the feasibility
study a decision was taken in December 1984 to ming the area by
trackless mechanised mining methods. The feasibility study report was
wsed as introductory )nform§tipn and background to production results

{7

for the.past nine months.

Prﬁduction tesuits were comphred-with-the: feasibility sfudy planned

results. Due to primary._development, preparatory work, ordering and
supply of trackless mining equipment, it took .approxtmately two-years
to raise the production Tate of the project to 30 000 tons broken per

month  {January 1886}, e

During the. past ysar production at The Randfentein Estates Gold

Mining Company, Witwatersrand,’ Limited was affected by labour

strikes.  The trackless i projects were to a lesser
extent since striking operators were repiaced by trained personnel from

othérv d!sclpii’nes.

Synthesised working costs were developed for trackiess mining whereas

actual cost$ were used for conventional minlng.

14:2 Geology
The 90 lt«;\vel ES reef lley between two major faults and i3 invaded by
the two prominent C15 and C17 dykes ({Figure 13.i)

i
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The reef is relatively undisturbed and occurs as a fan shaped

conglomerate deposit dipping from 2 degrees to 10 degrees eastward.

The reef attalns a thickness In excess of 4 metres in the centre of
the area and thins graduelly to the edges of the fan shaped body to

less than one metre,

The area comprises the largest block of payable £8 reef at Cooke 2
Shaft. Figure 13.1 shows the 200 centimetre isopach and major faults
and dykes. A Lransverse section through the NI11 stoping line Is shown

in Figure 13.2.

135 Pajlimit end Working Cost

Whilst the actual data is classified as confidential, paylimit and
working cost estimates were done for both the trackless and
conventional mining methods. The payllmit for tracklels mining
methods was 19,05 percent less than the conventional mining method
paylimit as a result of antlclpated lower working costs, due to the
reduced need for off-reef develcpment, The trackless mining working
cost per ton milled was in fact 21,06 percent less than that of

conventional mining methods over a six month period. «

As a result of the lower paylimit the reserves for trackless mining

were 25,2 percent greater than that of conventional mii\'lng‘

13.4 Development Layout (Trackless)

Primary develupment of the ares commenced ori 90 levél elevation,
initfally contour reef drives were developed from 90 NIl crosscut and
from these drives, decline winzes or access ramps were developed on

true dip at approximately 150 metre centres.

Wede | Bnvfa e DNesd o,
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As 8 decline holed Into & bottom access’ nirway/travelling way, staping

The general d R layoyt showling contélir drives
=
and winzes can be seen in Figure 13.1. Dimensions of the-drives and

declines were 8 metres wide by 4 metres high.

13.5 Staplng Lay~it (Trackiess),

i
The' stepped room arid piller methad of primary stoping was selected
for this operatlon. The general Stoping conflgliration has been shown

in Figure's 13,3 and 13.4 with a detailed layout of rooms and pillars

shown in Figure 13.5. Ro(" "\@{eveloped 3 degrees off true strike

g0 as to contain water o. off the roadways. '’

Secondary extraction would be carried out when primary stoplng In any
winze/ramp connection has been cun.pleted Durlng the secondary E
extructlon operations pertlal extraction -of plliers would take plaoe on‘
retreat; plllars being reduced in size in steges to fainimum dimensions,
‘The stages In the partial extractlon of pillars have been shown in
Flgure 13.6. Final pillar dimenslo'\s would be § metre by 5 metre
spaced 12 metres opart on dp and 9 meties on strike rrorn pnllar to

pillar,

13.6 D Layout (C:

Had this area been mined conventlonally, development would have
commenced on both 90 level as weli as 101 level. Some 200 metres
of Tlat developmant end 300 metres of box holes would have been
required on 90 level while 10 ;CSB metres of duvelopment would have

been required on 101 fevel,

Ll e,
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FIGURE 13.3
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1 FIGURE 13.4
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Proposed layout
ot 10 scale

NIO-Nij
Trackless machanised mining.

FIGURE 134 Cooke 2 Shaft ~ 90Level EB
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This P would have ted of 700 metres of haulage,
2 800 metres of crosscut, § 700 metres of ore passing and 800 metres

of travelling ways.

In order to produce 49 000 toms per month conventionally, & 2 year
production bultd-up would be required, the tonnage eventually belng
produced from 4 stopes, 2 each on the N0 and Nil llnes (Figure
1.9

13.7 Stoping Layout {Coriventional)
Primary stoping layouts would be similar to that of trackless minirg

except that all strike gullies would be mined 10° updlp of strike.

Secondury extraction for the conventional system would be similar to

the trackless:mining secondary extractioti indicated in 13.5.

13,8 Support

Supportyla easier and sefer to Install in mechanised operations due to
the higher reech of trackleés tockbolters compared with hand held
jackhammers as per Figure (3.8, The support standard remains the
same In both trackless and conventlonal gvoplng. Full colump resin
grouted rebars 2,7 metres iong and 25mm In dlameter would be
{nstalled two metres mpart on dlp and strike. Areas showing signs of
deterioratlon woutd be supported by edditional six metre long wire

rope anchors.

The same support would be installed In the conventional room and

pillar stoplng method.

AT

B . R B . | B Sk | ciie. T
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[GURE 13.7
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Trackless Roofbolt [ustallation,

Figure 13.8
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13.9 Equipment
Trackless mining equipment selected for this project is listed in Table

13,1, A comparison of the capital cost of purchasing a suite of

trackless mining equipment and- conventional mining: equipment was
done. The initial capital outlay for a suite of trackless mining
equipment would be 52,41 percent more than a similar set of 1

copventioral mining eyuipment, Costs were calculated for a

production rate of 40 000 tons milled per month.

Tafffe 13.1  Trackless Mining Equipment required to produce 40 000 =
' tons milled per month.
I
| Category Make Quantity -
L.H.D. unit Tore 350D (7,3 t capacity) 3
Drilirig Tamrock (Twin boom) 3
Bar down/Scaler Tamrock (Single boom) i
Utility Vehicle Charger {Normet) 0
Scissor (Normet) 1
Carrier (+4 cassettes) 1 E
Truck Volvo 18T 2
Toro 35D 1
Roofbolter Tamrock (Single boom) 2
Utility vehicle - Boom & Basket| Normet PK 1000 | 2 :
Transport Toyota Landcruiser 3 1 R
Grader Rocor Rand 1 : '
1

Impact breaker

The equipment listed above was ordered and is currently in use in the H

90 tevel E8 wide reel project. H
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13.10 Labour :
i
Labour comparisons were also done for both the trackless mining i
method ond conventionsl mining method. A summary of the labour !
comparison can-be seen in Table 13.2 and 13.3.
Table 13.2 White "abour - 90 Level E8 Wide Reef Project F‘
i 5
~.1  Conventional Trackless Mining P
In Stope 6 2 \ .
Development 1 0 |
Comimons 2 0 neo
Supetvision 7 5 :
Engineering 9 8
Services 5 3
Total Labour 30 18

Table 13.3  Black Labour - 90 Level E8 Wide Reef Project g

il

|

Conventional Trackless Mining f

In Stope 183 . 51 H
Developnient X 0 1
Commons 182 18 H
Superviston [ [ ¢
Engineering 12 2 +
Services 8 6 B
Total Labour 373 k4 {
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Planned labour productivity has been listed in Table 13.4. Tne table
shows stope production labour productivity and total labour productivity
which lncludes engineering, stoping, development, services, supervision

and general labour.

Table 13.4 Lebour Productivity Summary (Planned)

Year Convantional Tons Broien Traddkss Tong Broken

Per Shift Poi Shafe Per Shift —[ Per Shift

Prod, Frod. Total Total Prod. Prads Yotal Total
Blacks | thites | Blacks | thites | Blacks Whites | Blacks | lhites

1984/85 8,1 54,8 2,2 22,7 185 | 83 (X 430
1985/65 6,9 8,5 3,4 44,8 28,2 |:250,8 18,5 80,2
1988/87 8,0 137,2 4 52,3 32,7 | 8333 21,6 92,8
1987/88 91 21,7 4,5 55,6 32,7 | B33,3 B 82,8

‘The above labour productivity was calculated for a 24 shift month.
Accordlng to the planning the stope black labour productivity for
trackless minlng was 251,7 percent better than the conventional stope
labour productivity, The labour allocated was for morning. shift

blastlng and double shift cleaning, supporting and drilling.

13.11 Planned Production Rates

The plenned reef productfon bufld-up comparison (ndicated that it
would take elght months longer, by conventional mesns, to achieve :‘,he
planned maximum of 40 000 reef tons broken per month, then by the

trackless mining method Table 13.5.

P
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it sho id be noted that 40 000 tons of waste had been broken, for the 3
project, by March 1986 ma}niy due to sliping of haulages, crosscuts, !
tipping points and the preparationzof workshops,
No further waste development would be required, in the 90 Level EB
wide reef project; while using the trackless mining method, which wes

not- the case with the conventional fining methods.

‘Table 13.5 Planned’ Production Rates

Conventicnal Tons Trackless Tons
Broken Broken

Reef. Waeste Reef Waste . .

Tons Tons Tons Tons

(1000's) | {10007} | (1000%s) | (1000's)
To Date i.e. March 1986 194,9 55 259,9 40 o
April 24,5 13| 400 -0 i .
May 24,5 1,3 40,0 -
Jure 29,3 1,8 40,0 - SRl
July 29,3 1,3 40,0 - " N
August 29,3 1,3 40,0 - ’
September 34,3 1,3 40,0 - I
October 34,3 1,8 40,0 - B
November 34,3 1,3 40,0 -
December - 40,0 43 40,0 -
Jan. - june 1987 240,0 | 7,6 240,0 -
1987/88 . 480,0 15,1 480,0 -
13,12 Production Results i
Production results ¢f the 90 level E8 wide reef project have been !

!
summatised for the past ten months and were compared with the §
feasibility study parameters. Reef and waste tons broken were
combined to glve the total tons broken. ‘ o
‘ 4

. Y [ R e ]
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An average of 45 014 tons broken per month was achleved wlith a
maximum of 55 08! tons broken in June 1987 {Table 13.6), The low
tonnage broken in September was as a result of a lebour strike. The
trackless mining projects were the feast affected slnce tralned white
operators were sble to man essential aquipment such as L.H.D. units,
hydraulic drillrigs and utility vehicles. On average the tonnage broken

was 12,5 perceht better than the Feasibility Study Plan.

Table 136  Tons Broken per onth - 90 Level E Wide Reef

Month Feasibility Study T actual
Tons/month Tons/month

January 1987 40 000 25 896
Fepruary 40 000 41 336
March 46 000 51424
Aprit 40 000 57 511
May : 40 000 48 986
June 40 000 55 081
July 40 000 45 969
August 40 000 - 44 538
September 46 000 32 199
October 1987 40 000 49 223
Average 40 000 45 014

Waste dllution control proved to be.a problem. The planned 4,6
percent dlutfon was never achieved in the ten month peried (Tab'~
13.7). The average of 15,73 percent waste dilution was 241,96 peicent
greater than planned, The main cauge of the dliution was the
intersection of areas with reduced channel width within the wide reef

orebady.
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Table 13.7 Percentage Waste Dilucion per Month - 90 Level E8
de Reef
Meonth Feasibility Stugy Actual
% Dilution % Dilution
January 1987 4,6 8,7

February
March

Apell

May

Jure

July

August
September
Ogtober 1987

Average

4,6

Channel and stope widths for September 1587 have been listed in

Teble 13.8 a5 an exemple.

Thirty elght percent of the panels being

mined were below the 250 centimetre wide reef lower limit.

Table 13.8

Stoping Widt/Channel Width Comparison ~ ©

Panel Nuinber { September 1987
Channel Width Stoping Width

{cm)
20W 208 347
SE 375 385
8E 375 395
7E 375 395
20E * 200 383
West 22W * 207 366
2UE * 193 369
226 286 Yoerd
12E * 102 399
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- :
Pane! Number September 1987 &y
Channel Width Stoping Width |
m| (cm) i
West 20% a0 345 |
Ventilation Ralse 340 345 ‘
19E * 196 392 ] B
East Decline * 230 b 409 S 3
W oW * 198 317 i
E Raise * 233 400 o=
3W 352 391 L
Declifie 1 422 416 i .
Retirn Way 300 ; 388 |
12E s f 88 ] !
W 261 400 i
Degcline 2 261 - 400 i
7E 261 L 400 i
Decline 3 * 242 411 i
10E 373 387 ﬁ
Average 277 384 |
%  Channel width narrower than the wide reef lower stoping [lmit of
250cms. .
4
X 4
A method of reducing the waste dliut ‘n_{;) these areas would be to

reduce the access roadways to the minimum dimensions to sult the

trackless mining equipment untll the nattdw chaonel width section has
been passed. The larger plllavs remain\né.’ Eould then be mined on

retreat only taking the full channe! width. Drifuisg the pillars would €

not be a problem for the hydraulle drillrigs using extenslon drill steel 1 s !
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Another solution would’be to stop mining by the room and pillar
method, then combine J“two panels to form one narrow, reef panel and
mine 1t using winch cleaning metheds In the stope face .and-smaller
L.H.D. units for access stope drive cleaning. It is Important to have
a flexlble stoping method to cope with changing) channel widths.
White lsbour proguctivity avéraging 1 303 tons broken per man was
41,4 percent less thanm planned (Table 13.9). Supervisory and

maintenam:e staff had.heen increased to ensure the sucz-ass of the

crackless mining project and for the training of-f rsonnel for other

trackless mining projects, The white labour fcrce wouIﬂ be decreased
in the future. The productivity per ton broken per r " # -for

trackless mining, was 2,4 percent less than the ., ofveiitional

labour productivity per white {refer again to Table 13.1“1).

Table 13.9 Total Trackless Tons Broken per T’ntsl White ~ 90 Level
El

8 Wide Reef
M U Feasibility Study Actual
; ‘Tons per White ‘Tons per White

January 1987 2 222 1212
February 2 222 1074
March 2 222 1 380
Aprll 2 222 1483
May 2 222 1 399
June 2222 1574
July 2222 1332
August 2 22% 1 255
September 2 227 920
October 1987 2 22 1 330
Average 2 222 T * 1 303 ]

o

o
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Black labour productlvity averaging 309 tons broken per man was 40,8
percent less than planned (Table 13,10}, More l.bour was used to
ensure a high standard of toadway malntenance, trackless equipment
maintenance end construction, Operators and meintenance staff would
be reduced and used In nerv trackless minlng projects In the future.
The black labowr productivity for trackless wining methods was still
186,1 percent better than the planned labour productlvity for

conventional mining Mmwthods (refer agaln to Table 15.4)

Table 13,10 Total Trackless Tons Broken per Total Black - 90 Level
E8 Wide Reef

Month Feasibility Study Actual
Tons per Black Tons per Black

January 1987 520 356
February 520 254
March 520 279
Aprll 520 277
May 520 320
June 520 358
July 520 32t
August 520 309
September 520 326
Qetobet 520 335
Average 520 * 309

*  Welghted Average.

R

1
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1343 Operating Costs
The average operating cost per ton broken was 33,16 percent more
then planned (Table 13.11}, This was malnly due to excess white and
black labour which would be reduced In future. It ls also expected
that Lhe operating cost would reduce when secondary extraction of the
plllars commences, Minimal additional permanent support would be
used und. reclamation of plping end power cables would also be
initiated. Stiping of the pillars would elso be a relatively cheap
mining operation. The costs plenned in the Feasibility Study report
did not differentiate been primary or secondary extractlon and is an

average planned cost for the project.

it was established from Company records that the conventional mining
wide reef working cost for the same period was 26,60 percent greater
thar the trackless mining wide reef working cost. Labour disturbances
leading Up to the September 1887 labour strike adversely affected both

conventionai minlng and trackiess mining production and costs.

Tabie 13,11  Operating Cost per Ton Broken - 90 Level E8 Wide
Reef

Month Feasibility Study Actual (In Stope

Rand/ton/milied | Rand/ton/milled
Jenuary 1987 13,01 29,56
February 13,01 21,74
March 13,8 17,56
April 13,44 19,10
May 13,44 18,83
June 14,17 : 13,68
July 14,37 14,17
August 14,37 14,37
September 14,37 14,45
October 1987 A 14,37 21,50
* Average J 13,57 * 18,07

*  Welighted Average.
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13.14 90 Level E8 Wide Reef Project Summary

The 90 leve: E8 wide reef trackless mining project had a 12,5 percent

|
+

greaver average production rate than planned. At times of labour
umrest slternate arrangements could be made to operate essential

equipment to reduce production losses,
Waste dilution was 241,96 percent greater than planned. This was
mainly caused by the reduction of reef channel width . within the wide

reef" zoné. e e -

Waste dilutlon could bo reduced and minimised by .meking use of a

versatile stoping methed and selecting smaller trackless mining

project.

White labour productivity per ton broken was 41,4 percent less than
planned. Excess personnel, deliberately carried overstrength for

training purposes, would be deployed to other trackless mining projects *

in the future,

Black labour productivity per ton broken was 40,6 percent less than N
planned. Excess personnel, also deliberately carried overstrength for
training purposes, would be moved to other trackless mining projects.

In spite of the reduced black labour productivity it was still 186,!

percent better than the planned conventional wide reef iabour N

5
productivity. The tralning of personnel, to ensure the achlevement of - v
the planned tonnage build-up of future trackless mining projects, was i
considered to be of the utmost importance. i Qij

R N Y &
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Operat?ng costs per ton broken was 33,16 percent more than planned,
mainly due to excess labouf and the primary reef extraction method.
The trackless mining method remained 21,7 percent cheaper tham
conventional wide reef mining methods. The decrease in waste
development and improvement in black labour productivity were the

_main reasonis for the rrackless mining methed being more sconomical.

1315 90 Level E8 Wide Roef Project Conclusicns
The wide reef trackiess minlng project results proved that a hige

production rate could be maintained using trackless equipment.

Operéting costs could be improved upon but the trackless mining

Ymethod was still more economical than conventions! wide reef mining

g
" methods,

The .selection of trackless mining equipment, matching units to suit the
width of the orebody, was most impartant. L.H.D. units and trucks
being. used iﬁ the narrow portions of the 4G level E8 wide reef project
need to be dimensionally smaller. The profitability of the project
could be improved by reducing the amount of waste dilution sent to

the reduction plant and replacing it with reef toms,
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14 CONCLUSIONS AND RECOMMENDATIONS

14.1 Summary and Conclusions

The piiot trackiess mining stope cleaning project of 1975 showed that
*we change fn the stope cleaning method alone was not sufficient to
make trackless mining more profitable than conventiona! mining. It

Was vecessary to change the miding layout th;reby reducing waste

development. S

This could aiso be seen In the 90 level E8 wide reef -project producing
at an average of 45 000 tons per month. Major changes were made
in the developmehl layouts. Stope layoit changes permiitted free
access. by trackless mining equipment to all stope/ faces.

The question of selection and matching of L.H.D. cleaning units with
trucks to suit particular stope widths v:Js again prominent, The
profitability of a trackless mining project could be adversely affected
should incorrectly sized equipment be used. It is not simply @ matter
of using smaller or larger equipment. Trackléss cleaning equipment
should be carefully selected for the reef width and mining method

planned.

Flexibility to change from e trackless wide reef mining method to a
trackless narrow reef mining method should be part of trackless

equipment design criterla.

L.H.D. units shouid preferably be operated down dip during cleaning

operations to achieve the fastest loading rate.

o
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Trackless mechanised mining methods being used on The Randfontein
Ectatés Gold Mining Company, Witwatersrand, Limited were proving

to be successful and economically viable.

14,2 Recommendations For Future Work SN

Trackless mechanised m'ning. equipment planned for various projects

needs to be selected with-the total profitability of the project in - =

mind. Al factors affecting revenue from a trackless mining project

related to trackless mining if need to be

A future investigation should be the selection of trackless mining

equipment for different reef widths to optimise the return on

fnvestment.
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APPENDIX B
STANDARD LABOUR ALL3GATION
GROUT PACK SUPPORT METHOD
LABOUR CATEGORY :
Stope Width fems) | 190 210|200 | 250 C
Day Shift i ‘
Team Leader 1 1 1 1
Gang Suptrvisor 3 3 3 3
Winch Driver 4 4 4 4
Rockdrill Operator 8 8 8 8
Rockdrill. -Asslstant 5 5 5 5
Miner's Assistant 4 4 4 4
Teambar 3 3 3 3
Timber 4 4 5 6
Transport/Mone winch 2 5 5 &
Lashing 5 4 4 4
Tatal Day Shift 39 41 42 44
Night Shife
Team Leader 1 1 1 1
Gang Suparvisor 2 2 2 2
Bar/Lash 4 4 4 4
Winch Drlvers 4 4 4 4
Total Night Shift 1t H H u
Grand Total 50 52 53 55
‘Tons per Black per Shift 6,0 6,4 6,8 7,2
Tons Broken per Shift 300 333 360 396
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