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CHAPTER } 1

INTRODUCTION

COAL RESFRVES IN SOUTH AFRIGA
In order that a nation achieves the maximum benefit from wining
operaciva, it is necessary that an mceurats pictute be avellable of

the extant and quality nf the reserves.

The determination of export quentities can then be fixed to emsure
that the different grades of mineral are extracted at rates which do
not Jeopardice the country’s own long term neads.

Many estimates have kren made Of th: coal regerves in South Africe
since the firet official murvey was carried out by the Meparement of
Mines n (913, These figures change so exploration increases and
more efficient mining methods evelve, Different {nvestigoting
boddes 11L also use diffevent eriteris when celculating reserves,

One of the latest reports conducted by the geological survey fm
1981, indicated that the insitu mineshle remerves of biruminous coal
was 113 326mt with the recoverable portion being 57 Slmt. These
results formed the basis on which the government fn May 1981,
alloguted BOmt per year for export over the mext 30 yeava. 'This
tncreased the pravious quots of 4dmt per yesr significantly. De
Jnger (1),

The adjustment was 4s & result of an increase in rocovevable
resacves of raw bltuminous coal of 32 172nt from the previous
celeulations presented by the Petriek report of 1975, due to the
vast amount of exploration carried our since then,




Factors which influence the evaluation of & coalfield are bath
phystcal and economic 3

a) The extvaction percentage used in planning which is influenced
in multd seam deposits by the cholce of seam to be mined first,

b) The mining cost as determined by the geologicel mature of the
fleld.

©) The =ost of benmeficiation necessary to sttain the desived
praduct.

d)  The availability and extent of the existing infrastructure.

e} Tha transport costs to inland market or export terminal.

£} Rend/dollsr exchange rate.

8) The selling price.

h)  The political sitvation, particularly invalving sancti

As the volume of cconomically recoverable reserves is influenced by
various exterual factors, these reserves cannot be regarded as being
fixed, but are dypamic with rvegular updating being essential in
order that planning can be adjusted 1f neceseary,

BETROGRAPHIC QUALTTIES OF SOUTH AFRICAN COALS

South African coal characteristics vary from those of Europe and

Horth America, Equipment designed for Europesn conditions has often
experienced problems when tried in South Africa. This has at times,
been due to the unexpected differences in terms of mechanical
cutting, breakage, crushing and sbrasion. A vesult of this has been
the production of high quantities of dust and reduced amounts of the
sized product.

The rank of the cosl rafers to the degres of metamorphism undergome
by a ccal seam due to time, temporature or pressure, In South
Africa, the influence of rank has not yet been quantified in
relation to the mechanical properiies of coal. This is due largely
to the methods used in the northern hemisphere being unsuitable for
South African coals. Falcon (2).
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«© mecheniem to determine the cuttsbility of the coal is necessary in
ardur to gavge the -"focts on mechanised nining, The cuttability

can be termed to be & of the hanical

#8 properties @

2) Hardness, which affects the penetration at the point of
cucting.

[ b)  Strength, this affocts the to sustained compressi
©)  Friability affects the capacity to break up once penetrated.
d)  Abrasion affects the erosion and vear on the equipment.

fThese primary clacsifications explain the variances in the
characteristic mechanicsl behaviour of the coal in the various
coalfields of Southern Africa.

1.3 COAL PRODUCTION IN SOUTH AFRICA

EREY South African coal sales have grown dramatically in the last 20
< years, Since the oil crisis of 1970, local salas havs shown r 6%
* 3, growth rate per annum,
i See Fig. 1.1 = South Africam Coal Sales.
. In 1986, local sales were worth R1,8 billion with exports worth R3,2
o

billon or 14% of S.A.'s mineral export earnings, making it second
only to gold, From a toral sales of 169,7 million tons, exports
amounted to 44,8M with the local market absorbing [24,8 million
tons. In 1987, total sales had inereased by 7 million tons,
although exports fell by 2,5M tons. There was, however, a
substantial decrease in export revemue, which fell o 82,3 billien,
while tevenue from local sales increased to RZ,S5 billfom.

Provisional figures released for 1988 show export tonnages virtually
unchanged at 424 toms, although revenue has increased by RU,4
billjon to RZ,7 billion. This can be attributed to the weskening of
the rand against the U.5, doller and a firming of international coal
prices towards the end of the year. Local coal sales continued to
grow, up 4 tons to 139,74 toms, with the large increase in revemue
(83 billion), being larmely attributabla to the internal rate of
inflation,
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Major coal exporta statted around 1970, when an agresment was signed
betwesn T.C,0.A. and the Japanese steel mills for the emport of two
and a half million tons of low ash blend coking coai.

Since the opening of the Richards Bay coal terminal in 1976, S.A.
has grown to establish itself as one of the world's major coal
exportera,

As the quality of the insitu coal is not high, a considerable emaunt
of ingemuity and engineering expertise is needed to produce coal
suitable for world markets. In order to mset the demands of the end
user, selective mining is being practised togather with two-stage
beneficiation yielding low ash merallurgical coal snd power station
stesming coal.

Typleally, Witbank 2 seam coal could be beneficiated to yiald 26%
lov ash cosl and 54% steam coal.

Run of mime tonnages amounted to 20 million tons in 1987, with
53,760 production workers being employed, which gave an overall
output per man shift of 13 tons. This compares with 16 tons for
ustralia and 10 tons fer the U.K.

In the last 10 years, S.A. has managed to secure about 25% of the
internationally traded steam coal market, Tt is unltkely that this
figure will evar be exceedad, 4s prudent buyers normally limit their
purchases from any one country to not more tham 30% for ressoms of
security of supply.

The market is now becoming more competitive, &s new aperations in
Colombia and Chins emter the sxport mavker, In order to be compet-
itive, these countries are having to sell their coal at virtvally
cost price, Colombian coal from EL Cerrejon is being sold at prices
which cannot even service the capital committed o this projast.
China would he prepared to make 2 loss on ity cosl sales £or the
nmore valued forelgn currency which it derives. This forces othier
exporters to follow suit, dropping their prices to below economic
levels simply to remain competitive.
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In order that S.A. mainteiss its prosent nurket share it is
necessary that it :

a

Matataine a reputation as a secure and celiable supplier
through harmonious industrial relations and internal stability.
b)  Prodrces coal of an acceptable quality for lsvge coal users,

©)  Continues to mine coal cost effectively and safely.

4)  Maintaine un efficient yransportation infrastrueture which
enables coal to be offerad ot a competitive delivered price.

)  Provides effoctive technical services, i.e. quality comerol,
pre-sales and after sales services,

£)  Gontrals the inflation rate and keeps price rises below this
lavel.

B} Matntains a credible rate of internal reform so thar

sanctions fail to become an important isave,

The imposition of samctfons by France, Demmark and the United States
and tie present world glut of coal, continue ta affect the export
warket, Export tunnages have dropped by 6% (2,5M tons) over the
previous year ‘'86) with revenue being sown & staggering 0,9 billion
due largely to a stronger rand/dollar exchange rate.

In the past 3 years, the total labour force hes been reduced by 8000
to 92 000. Incressing mechanimation and ratfonalisation on the
collieries is expected to reduce this figure by another 5,000 this
year.

The international coal markets are now extremely sensitive to cost
with ¢ situation o ~wersupply developing due to the now market
players. S.A,'s double figurs dnflation, in contrast with othar
expotcars, hag blunted her compatitive thrust.

The other serfous aspect is the incresse in rail tariffs to Richards
Bay. S$ince March last year, these costs have risen Evom R12,90 2
ton ko R23 & ton from the Witbank area. Thiy now accounts tor
almest 40% of the price to the comsumer. The result ds grearly
reduced profit margins making mony wines marginal or unecosomic.
Over the same period, cxport competitors such as Australis have
panaged to roduce thely taviffs,

b om
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On the domestic cesl warket, the rate of expinsion has decreased
with the reslisation that energy requivements are not .ucressing at
the rate they were forecast to a decade ago. The building of new
coal fived generating capacity is being slowed down as the econamic
grovth rate has decreased and move efficient use is being made of
the availsble power.

A breskdown of local sales revesls the following :

Blectrieity generation 51,6%
Industrial and synfuels 32,24
Metallurgy 6,43
Merchants and domestic use 4%
Trassport 0,8%
Mining 0,6%

The losal market for atesm coal and the synfuel industry are secure
with lavge, tied collisrles supplying their needs. Their
development is jointly financed by the coal user and the mining
house. This market security ullowe them to sell their cosl at 2
reduced profit margin, Hoiler technology has now advanced to the
stage where those installations can hurn very poor quality coal as
low ag 16MJ.

Further expangion of the eynfuel market cannot be Jjustified at
present on econowic grounds besause of the low crude oil prices. It
¢ 1llkely however, that this will provide an increased market for
future coal sales.

I860R is the largest domestic consuser of metallurgical coal, vsing
approximataly 5M per annun, About thvee quarters of their needs are
supplied by their own collieries.

Their quality parametevs are much more stringent and are achieved by
selective mining ond caveful benefictation, They ave planning
expansions at gome of their emaller conl mining operatinns, as well
as thair lovgest, Grootegeluk, wiere additfanal ceal will be
supplicd to B8R0
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1.4

QUALITY CONTROL IN THE MINING OPERATION

The users of coal can he split into 3 different uategories :
8)  Heating and steam~raising,
b)  Carbonization to form cokes and chars.

€)  Conversion to synthetic gaseous and liquid hydrocarbons.

Tes most important chemical and physical properties are thercfore

“ . thoBe that determine ikte response to oxidation and redustion.
)
“ ",) The sclection of the mining method has & large influcnce on the
Y ! quality of the product which 48 produced in terms of :
a) Ability to wiich a product of uniform chemicsl composition can
le produced.
b)  The amount of removable impurities which are mined.
c)  Control of size and size ratios.
d) Gontrol of moisture,

The peerography of the cosl in the seaw does mot remain uniform, and
therefore, the quality of the coal marketed depends upon intelligent
Foresight, planning, exscutlon and supervision.

The problem of preventing contsmination of the coal at the working
face during mining 1is greatly incressed if the roof or floor
matertal is soft or irvegular, This can be compensated for by coal
being left in the roof or floor, Unlass the fraction which was left
was of an inferior quality, then the expected extraction vatio is

reduced.

Skilful operacton and aup in the

ot mining i

asful

of
14

"

1

t govern the

of

£loor or roof impurities.

Coal cutters may be used to cut above or

belaw undesirable coal.
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Systematic checking of the thickness of roof aad bottow coal or the

following of a marker hand can be used co ensure melectivity. Such '
selectivity may not be possible vhere the seam is very marrow, .

Continvous miners can be employed to extract a selected portion of
the seam, but only if ic does nor undvlste too much. Their
effective operarion depends to o large extent on the skill and
artentiveness of the machine opevator, They have a tendency to
curn up o weak floor, ond the cuteing horizon is difficult to
control with the high levels of dust which ove produced. With .
pillar extraction, contaminants are often loaded vhare the coal
comes into contact with the goaf.

Most often, continuous miners and lomgwalling is used where the
mining is non-selective and is practised over the full seam.

With longwalls, the opportunity for the exclusion of roof and floor .
material depends largely upon the correct selection of the
equipmenc, This will ensure that no toof or floor is eut to allow
for the passage of the machine and supports. 1If weak floor

conditions prevatl, the facepans and supports must be selected 5o
that they do not exacerbate the problem. With poor roof conditions,
retractable sprags can be provided on the supports.

Where sizing of the product 1s important, the selection of the
continuous miner and shearer will play an  ipportant part.

Differences in size hetween coal produced by conventio~al mining and
that cut by wachine, 1s most pronounced in the coarser size ranges. i

Continuous miners produce o substantially smaller amount of plus
50mm slzes than are produced by blasting though theve are only
slipht dlfferences in the under Gmm fraceion.

‘The meisture comtent of raw coal varies considerably frow seam to -
seam, It has mumerous undesirable effects such as increasing
transportation costs and causing handling problems. Preparation is
nade mors dAfficult when it fa mtiecky, Any additional increase in

Lo water during the mining operstion can usually be cut down by careful
. mine denign and operation,
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The selection system of underground mining is
influenced by a large mumber ' foctors, Geological conditdons and
tha targeted market which d. = “ws the quality of the caal, are but
 fow. The bottam lime must b
this parameter, it is nocesaary

implications af boeh rewource deple ion and price escalation.

of a smuitable

«r, be cost, but when considering
wake cognismce of the long tern

QPENGAST MINING

Opencast mining is relarively new to South Africa, The first large
scale opencest wining prolect commenced in 1971, Previous to this
time, cosl seams with an overburden of leoss than 25m were often very

difficult to mine, either by surface or through undergraund mining.

iritiaily, coal reserves which had an overburden of less than 35m,
were considersd to be minentle by opencast methods, but as equipment
stripping depths have become deeper. In some

has  improved.

ingtances up to 70m.

The main sechnolopical restraints imposed with increased depth are
the reduckion In the extraction rate due to the amount of overburden
which hag to be handled,

The geology of the ceal field s important when consideriug opencast
nintng, especially in so far as the thickness and typa of ovarburden
Tids influences the sverburden-to-coal ratdo, the
which the quatity of the
The type of overlying

15 concarned.

seripping ratio, along with coal,
determines the economics of the operocion.
strata influences the st of overburden removal by diatscing the

the shot bholes and the amount of explosives

required spactng of

necessary,

An inportant advantage of opencast mining where a multiple seam
deposit ts concerned, o that all ehe seams down to che stripping

limit can be taken,




Some form of homefictation may often be required due to

diffiouities of  arating the coal and rock in the pit.

This project report will concern itsclf anly with underground mining t
methods.




|
CHAPTER 2 i
CONVENTIONAL MINING ‘
i
it
-
.
. , ‘ K .
o, . .

e L e e it




CHAPTER 2 2

GONVENTIONAL MINING

2.1, ITHE DEVELOPNENT u¥ MECHANTSED CONVENYIONAL MINING

[ ZHE DEVELOPMENT v MECHANISED CONVENYJONAL MINING
b
) 2.1.1  Inteedyction

The Eirst woves to mechanise a room and pillar mining

operation into the conventional mechanised mining system of
today, were made arownd the tuvn of the century when coal
undereuteing machines were produced in Britain end America.
It was not until the 1940’s however, that self propslled
nachines werv developed to perform the various functions of
the conventions] mechanical coal winning process. Although

e

never mining systems have superseded the comventional

ot

system,it is still popular in the U.5.A and South Africa in
paredeular.

2.1.2  Handloading

Handloading has remained viable for small operators of high
grade coal seams who cammot afford to invest in machanised
equipment, The production potentials for such sections are
smali, with o maximum of 4,500 tons per month being
realistic from a complement of 45 section workers, Due to
the labour Intensivenass of handgot sections and continuoua
baulages, rising labour costr are making this mining method
less viable. A Further importont sspeck is that the menual
loading of coal is becoming unattractive due partly to the
higher accident rate which s involved. \here «¢taoping
operations ate conducted, the slover advance rate resmults in
& deereaned pereentage extraction.

2,2 'L ADVANTAGES OF CONVENTIONAL MINING

Conventional miniog offers the most flexible mining system for the
production of high tonnoges, piven a competent roof such as is
present dn the South African coalficlds,
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conventional mining system offers the following advantages

Geologlcal disturbances in the coalfield i.e, dykes snd faults,
can most easily be worked through with conventional machirery.
The machinas con successfully megoriate gradiemts and poor
undexfoot conditions that would stop a continuous minet.
Conventional mining offors che best opportunicy of mining a
large sined product making prepavaciop costs cneaper. The
reduced omosnt of fines rasult in less discard at the
preparation plant.

The conventionsl section in contrast to the comtinuous winer
section mekes uee of & nuaber of production machines, each with
a separate function f.e. cutting, drilling and loading, These
one function machines sre comporatively less complicated and
therelore less likely to malfunction,

By keeping the machines operating a few faces apart where
sufficient workicg places are svailsble, smell breakdowns can
he attended to without diszupting the productisn cycle.

Should a serious faslt arise, a backup machine can quickly be
brought into operation.

The losding machines npormally have a loading copacity in excess of
normal loading vequirements, giving it the ability to nake up at
least a part of its lost time resulting from breakdowns to itself or

outbye equipment,

SAFETY

23,1 The of Mining
The of 1

are as follows ¢

@) Less dust is created by rthe machimery. The better
vigability makes for a safer working onviromment with
less risk of lung disesse to the wovkforce.

b

The smaller machines allow for a larger passage of
vent{iating air in the faces.

-
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©) There is no prolonged working of a machine againat the
roof making en ignition less likely.
d4) A comparatively smaller advance is gained with each

o blast, which sxposes less roof for suppart.

2.3.2  The of Miniy,
The disadvantages of cotventional mining from a safety point

of view can be listed as follows :

a) A blasting section leaves a rougher roadway profile tham

a continuous miner.
. b) The roof can be dameped due to careless drilling which
; will requive additional support work.

) The rougher profile offers greater reslatance to the
ventdlaring air though multiple entries and returns make
this less important.

@) The dangers associated vith hlasting operations.

) 'The working of nultiple entries makes the job of

. . supervising the section wore difficule. A grester
e Tesponsibility is placed at the hands of the individual
” operators to ensure that Chatr work &5 performed
. correctly,

2.4 HACHTNE DEPLOYMENY
2,401 Americon Miping Practise
American mining oparators favour small sections with five to
sevon rosdweys. The smaller section ensures thae luss time
is spent on tramming, which makes operations sasier when
less personnel are employed in the sections. Fewer section
roadvays offer less margin for machine downeime as a

breakdown at ome part of the cyele will very gquickly bring
the operation to a standstill, U.5. operators tend not to
- bave backup machines avallable. This requires that the
working machinery is kept in top conditlon. Their machime
wmaintenance takes place during special melntenance shifts at
rght of waeks. '

“ ., VP
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South African Mining Practise

South Afvican operators favour larger sections with many
bendings. Extra lshour is employed in the sectfons to speed

up the operation.

Backup mackinws are usually avatlable in the ssction as
nachines are generally tsken off fov raintemance on the day
shift vhen move supervision is available, Large breakdowns
occur when the preventative maintenance is not as good sa it
should be, often because of 4 high turnover snd shortages of
engineering staff. The backup machine then plays an
imporeant role in keeping the section operational, With
better engineering standards, problems can be sddressed in
thetr infancy and regular meintenance and servicing ensures
that hreakdowns occur less frequently, as worn cumpoments
are {dentified before failure occurs.

IHE [MPORTANCE OF CONVEISTIONAL MINING IN SOUTH AFRICA
GConventional mining is still the mest popular undergrosnd mining

aystem in South Africa.

The relatively shallow cosl seams allow for high excraction ratios
as small pillar centres can be left which increase the productivity
of the system. In medium seam heights, conventional mining offers

the highest production rates in bord and pillar operaciona,

SECTION CONFIGURATIONS

Tragitionally, sipzie header scctions working a large number of
Toaduays have been operated, The slower rare of advance with this
type of section reduces the Frequemcy of belt extensions, and the
large nunber of vorking places enahle geological problems to be
negotioted without production being sericusly affected, This layout
does have the disadvantage of sloving down the production rate, as
longnr cramming discences are involved when working the flanks. The
barviers may not bu worked every time, es ecially, 4 there are
problems with the loading operatfon, This vesults in thair Falling
hahind ard affects the proper ventilation of the section,




2.7

When tramming distances are veduced, a higher rats of production can
be mafntained. This can best be achieved by reducing the number of
working places to the minimum that are required for each piece of
equipment. This would be

1)  Roofbolting,

2)  Cucting,

3)  Drilling.

4)  Charging up/blasting,
5)  TLoading,

To eliminate any vaiting time which the different machines may be
subjected to, an additional face should be available for blasting,
allowing fumes te clear and for duffing (where necessaxy),

With a seven roed configuvation, a small time interval is available
to cater for delaye to the production machines. This would allew
for winor repairs to be carried st as required.

LABOUR REQUIREMENTS OF A CONVENTIONAL SECTION

2.7.1  Foreign Practice
American, Europesn and Australian labout costs determine

that section complements should be trimmed to the minimum.

A typical American conventional section would comprise of 12
persons, Harrold (3).

Loader opevators
Conl cutter operator
Drill rlg operator
Charger/shot firer

1

1

1

2 Shuttlecar operators
1 Ventilation man

2 Roofbolt operacors
1 Mechanie/Blectrician
1 Toreman

This would represent & 30% imcrease over that of a
compatible continuous miner section.
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Although the S.A. complememts are larger, a higher
production rate s expected from the hections, The
complement 1p deployed such that no job sharing 48 required
ro be done,

Hanning of o South African Seetion
2.7.2,1 Eace Drills
Face drill rigs are now replacing hand held eoal

drills in most comventional sections. The resulting
sneresse in potentinl and reduction of

section labour justifies the capital expenditure.

2.7.2.2 Gosl futters
Floov cutting is practised where tha cosl €0 be
mined overlies a poorer quality conl, The coal
cutter then mafntsins the cutting Porfzon. This
cechnique can result in a slover cutting rate when
hard grone is encountered at the marker band,

Where the required floor is a atone hand or a hard
seam floor, the cut is taken in wid sesm to aveld
the pick contact with the hard cutting horizom.
With this rechnique, the coal cutter cen select the
most esstly cucrible coal within it'e boom reach.
The disadvantage is that the duff has to be cleared
befora tho bottom holes sre drilled or charged up
(if they were pre-drilled). Very often the bottn:
holes are drilled with a hand held drill which
enables the coul to be blasted awey from the contact
more cleanly. The mechantcal difficulties of
opevating the fnce drfll cuccessfully when the boom
hes baen swiveled by 180° have not been fully
overcome. Drilling is made more difficult where o
floating stone floor exists.

2.7,2.3 puffing

Gleaning the duff so that the face can be drilled (or
charged up), requives that a further stage be added to th
production cyele.
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The methods available are by hand loading, mechanical shovel
or gathering arm loader.

Hand loading is slightly slover, and requires 3 people while
# mechanical shovel requires only 1 driver whe can sveep the
section when he is oot Suiiwg, As an altermative, the
spare loader can be used to remove duif, en operation which
would require two operators, One loader could load and
remove duff, but the reduction In the production potentisl
of the section would mot merit this.

Labouy, of 8 Single Header Section

A typical complament for a South Africen siugle header
conventional section would be 25 where the Following
equipnent was employed

Roofbolt machine

Gathering arm loader and 1 spare
Shuttlecars and 1 spare
Coaleutter and 1 spare
Deill rig and 1 spare
Peederbreaker

[T,

e
2

e labour would be made wp as follows
section miner 1 Floter
Tean leader 1 Fitter atde
Roofbolt operators 1 Blecerietan

Cosleutter operators 1 Electrictan atde

Driil rig operators

Charging sssistants )

Pinchbar attendant

Laader operators

Shuttleear operators

L.\H,0. operator

EDD operstars

N e W N e

Tip attendant

21}

SN
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Such a section has the potemtial to produce 80,000 tons of

coal per month on a double shift besis, given good mining

conditions and g medium seam height.

2.8 CONVENTIONAL STOOPING

o 2.8.1. Pillar Extraction
Canventional mechanived stooping sections are opersted in

competirion o contimuous winers by several S.A. mines.
Smith (4),

Ty The use of conventional equipment fs restricted in stooping
operations, to the pillar extraction method. In contrast Lo
B " continuous miner #ections whore each pillar 1s

i systematically sxtracted along the stooping line, the nature

of tions in a 1 set up determine that
several working places be made available. For this reasom,
1 ~ g each pillar in the stooping line is worked, tsking care that

no ome pillar fs extracted faster than the next. The most
popular stooping line is maintained at 45° to tha direction
of retreat,

Experience has shown a five pillar panel to be the most
practical for a stooping section. This ensures thac the
rate of rvetreat ie maximised, giving the best opportunity
for the extraction of the snooks,

2,82 Mining Bosipment
Ao the pillar extractfon section is slready developed, a

nimem amount of cquipment is required to work it. This
could comprise of ;

1 Conlcutter
. - {  Roofbolt machine and ! spare
3 Front end loaders and L spare
4 Blectric osal drills
~
i
o &
ot “ . .
t o M . . .
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2.9

As an alternative to the front ond loadsr, a mechanical
loader and two shuttlecars may be oparated if there 1s
sufficient space Lo menocuvre between the tempovary

supports.

Labour for & Stooping Section

Labour requirements for a stooping section vould typlcally
be greater than for a conventionel development section,
This is despite the fact that less squipment is operated and
due to the greater amounc of support verk rcquired, A
typical labour complement would be :

Section miner 1 Fleter
Team leader 1 Electrician
Coalcutters 2 Addes
Roofbolter operators 2 Helpers
Front end losder operators

Electric drill operators ®)

Timber attendants
Pinchbar & water attendant

Duff attendant

Box attendants

Ventilation § stonedust atrendant

s e e bW —

Tip attendant
@n

Production rates in mediun seam Leights are unlikely to excesd
35,000t per month, which 1s o move than could he expected from
the developrent section. The effective tons per man is reduced
with stooping, due fo the axtra presomnel. The inatellation
and withdraval of supports Limits the production tempo,
THE_OPERATION OF LED'S IN A PRODUCTION SECTION

Diesel Eront end loaders have the advantage of being able to
double up as supply vehicles to the section, though they
taquire higher ventilating quontiries.
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Blectric front end londers lack the flexibiliey of the diesel
units, but are a cleaser machine and their quieter operation
enables a better monitoring of roof conditions in the stooping

ares,

The factors influencing the cogt efficlent operation of LHD's

are 1
8)  Troumine distance.
b)  Tramming speed.
e) Bucket capacity,

Tramning distances in & produstion section are ueually kept
below 100m due to practical seckion configurations. Thls
enures that the machins is used within its most efficient haul
range. The difference in cost per ton for various bucket
capacities are legs markad at lower tramming distances. So
too, is any variation in tramming spesd. Major (5).

An increase in efficiency resulting from higher tromming speeds
s often overshadoved by the detrimental effect that this has
on the machinery, Smeller wachines have the advantage of
manoeuverability in the underground section which offsets their
increased cost per ton,

Pigure 2.1 (after Major), shows & comparison of cost per tom,
for consumables only, against tramwing distance for various
machine sizes.

=

THIN SEAM MINING

Seam heiphts of loss tham 1,5m are generally referrad to as
thin seans, The practical working heights for such seams
extend down to 0,9m with vonventional equipment and 0,75m with
& continuous miner,

With narvover seam heights, the economics of the operation are
adversely affected, as the veducad output causes an increass in
the cost per ton.

— 2 -
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Productivity sinulstions aud practical experdence have shown
the most productive thin seam primary extrection method to
favour the use of conventional equipent rather than continuous

miners.

From studies carried out by the Chamber of Mines of

South

Afriea,

the overnge oquipment aveilabilities for the

various machinery plas d an important pert in determining the

realistic monthly pro. ‘tion, GConventional equipment wae found
o average B3% availsbilities, while coneinuous miners sveraged
62% and 58%, when usad in conjunction with continuous havlsges.

Trueman (6).

A double header conventional gection has the hest produckion
Production rates of 40,000t
par month could be expected with seam heights of 1,5m, given

potential for thin seam mining.
favourable mining conditions, The best loading equipment for
thin seams g the scoop tram, as the Jesseer tomnages which are
produced per blast can most easily he loaded out, with a self

v propelled load haul dump unit, Shuttlecars are unable to
transport large tonnages due to the height restriction. The
manoguvering of a loader sround the sectiom delays the

operatlon to the extent that cannot be made wp when loading.

Although a section can produce more coal using scaaps or
shuctlecars than with LHD's,
after consideration of the mining conditions prevailing.

the equipuent would be chosen,

Scaap trams can our psrform LHD's dus to thedr larger carrying
bat able to
fleor The

capacltics, they are less operate  whera

unfaveurable conditions enint. smaller bucket

capacities of the LHD's are suited to uneven floors or gradient
work and where hoth coal and stone are to be handled,

DOUBLE HEANER_ONVENTIONAL SECTION

2.11.1 Mining Condikfons

A double beader section has a number of important
advanksges which can increase the production of coal.
It §s best wuited ta good ehderground [loor and rook

conditions.
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This is necessory i crder that both sides of the
section can advence at an even rate, It 1s also
important that the tramming conditions pround the tip
are favourahle and areas of poor roof do not prevent the
splits [rom being holed, This would increass the
trawning route and slow down the loading operation.

The optimm size for a double header section with single
conveyor belt 1s 15 roads., With large pillar centres,
the number of roadways may ceed to be reduced, thereby
sffecting the flexibility of the section,

of_a Double Header Section

The advantages of a double header section are :

a) The concentvation of two single header scotions
increases the level of supervision.

b) Spore nachines from one seetion can esaily be

sapped to compensata for breakdewns in the othar.
€) Arcisans from one section can veadily assist in the
other,

&) A single miner could cover both sections Af
necessary.

) The supply ot maserduls, stonedusting and
maintenance of service roads, conveyors and
ventilation concrols 1s siuplified,

£} There is less chance of running out of mining and
engineering consunables,

8) A measure of compstition auings between the two
sangs which fosters becter standards and production.

With split ventilation, cach section is eupplied with
Irosh aiv. w0 persownel are not subjected to any
increase tn airborne dust levals.

R
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2.11.3 Double Wesder Section with Tuin Gonveyor Belt

A double conveyor system increases the production
potential from the section. This can be achieved by
having two saction baits which feed onto the trunk, ox a
single section conveyor, with a portable conveyor
delivering onto it vie a ¢zuss cut conveyor, The Cross
eut drive could be elimfnated if n belt bender vare
employed.,

2.11.4 The Advantage of a Twis Gonveyor System
The advantages of a tuin conveyor systum are :

Fach section can work more roadways Eor a decressed
tromaing section.

pA

The tipping ares is lase congested, glving eash
section 3 ctipping points, which results in less
shuttlecar waiting time, especially where n feeder
breaker is required to regulate the flow.

e

This incresse in working places ls important in
maintaining & continulty of operations. It allowe
for a natural spacing out of the machinery as the
various cycles operate at different wpeeds depending
on the conditions which are encountered in each
Face, As breakdowns occur, a - ‘ater time margin is
alloved for before production is brought to a halt,

2.11,5 Bouble Meader Machinery Deplayment
Machinery deployment for each side of the double header
section would be similar to that of the single header
section, though savings 3n spare eqvipment could be made
1f demired,

2.11.6 Double Header Manoing Requirements
Manning configurations would also be simflar, 4
veduction of cne tip attendant where a single comveyor
s operated would be unlikely, dus to the increase fn
the amount of spillage,

e rir———————
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CONTINUQUS MINERS

3.1 THE GROWTH OF GONTINUOUS MINERS .
Continuous miners began to be introduced in the U.S.A. around 1948
and gained popularity throsgh the 1950's and 1960‘s, In 1968 they

beecama the largest underground production method in the U.S.A and

today 3 000 continuous miners are producing two thirds of that |
countrias total underground production. Haxvold {3). i

In their evolutionary process they progresssd from fairly primitive

configuration with a solid, chainless or mearly cheinless cutter
drun, The machine mess and installed povev has gemerally increased
aver this poriod so that they can more effectively cope with more
demanding conditions.

|
versions with ripper chains and swinging cutter heads to the present i
tontinuous miners started to become popular in S.A. during the mid i
seventies and since that time their numbers have risen steadily,
The fact that thoy were casily mamoeuvrable meant that they fitred
well into the conventional system of moving from heading to heading,
They incorporated the under-cutting, drilling, blasting and loading
steps of conventional mining and left the hauling and Toof control H
steps nearly unchanged.

In their early days they were regarded as being something of a
specialist machine to be used in areas of poor ground control but .
today with around 125 deployed in 18 collleries they are firuly i i
established us an alternative production system.

Much rascarch hos been undercaken to increase the performance of
these machines ond the Chamber of Mines has played an important
role.

Since 1978 they have been correlating information which has been
supplied monthly by the collieries.

C e h e s i Pt
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3.2 CONTINUOUS MINER OPRRATIONAL FACTORS

3.2.1 Productivity of rhe Miners
s ) The Chamber of Mines of South Africa Cosl Mining Laboratory
W define production time as the available section time minus

i the downtime.

The machine availability is a relationship between the
W e i output per operating time (the time that the machine was
5 eurring during the shift) and the output per total time (the
time during which cthe operators weve in che section).
Hardman (7)

The average machine availebility calculated from the data
which was submitted by the colliaries was faund to be 67,1%.
There was however, a wide ramge of production rate values
due to the large data ser. This averaged out to be 76t per
operating hour and 51t per total hour.

3.0.2  Production Time Vs Production Rate
From analysis of the submitted [igures it was found ihat
there was littls variation in production time per month for
the various types of machines at the different collieries.

When machines which operate under similar conditions were
compared, larpe differ in the dsel

were found. This would indicate that the differences were
due to tiw opevational and engincering pracedures.

The mining wethod has a very important influence on the
produstion vate.

Studica made at one coliiery where the management and
ng Lo 3 were with  lirele
vardarion in seam conditions showed considerable variation

in production rate as the mining method varfed,

- ——




This de due largely to the effect of section geometry on the
shuttiecar and continuous miner tramming times in addition to
the cuttability of the coal being affecead by the additional
stress levels fnvolved in rib-piilar operations.

TABLE 3.1 shows the diffevence in output between different

mining operations.

|PRODUCTION | OUTRUT PER | OUTRUT PER |

| MINING SysTEM |TTME OPERATING KR | TOTAL KOUR |

i { i i
| Bord & Pillar | 59% | 82t | e |
{ Rib-Pillar | 78y { 96t | st |
| Longwall Devel-| 73% { 50t | B |
|_opment. 1 1 I i

This smounts to approximately one third of South African deep
mined coal. Continuous miners applications tende to be
restricted to medium hedght seams although there are & few
operating in narrow and thick seams,

Of the total number of machines operational in $.A, the
following represents a fairly accurate breakdown of the height
of seams in which they are opersted,

| |z |
|___BEAM WEICHT QPERATION |
1< 1,5m | [
{ 1)5m te 2,4m | [
| 2.4m to 3,0m | %% |
| 3,0m to 3,4n | 8% |
| .4m to 4,2m { 8|
{2 ig Y




Gutting Meighe )
Outing height has an important influence on in-section

performance, This is due to a number of veasons @

a)

The sumping operacion s less productive than that of
shearing thercfore in higher seams a greater part of the
operation s comstituted hy the mere productive
operation,

5) In lower seams a graater proportion of the machine's
time s spenc on tramming due to the cutting operation
betng that much shorter.

) The lower seam heighe aluo inhibits good superwision of

the section and mskes the wark mors demanding. This

results n the necessary preparatory work not aluays
being completed ahesd of the machine and fobs such as
cahle handling baceming more ardous.

The drilling of roofbolt holes may requite the use of

three different size drill steels.

d4) The availabilities of the machine in lower seam heights
sle0 tend to suffer from the less pleasant conditions
under which the engineering staff operata. Persons sre
less lichle to undertake preventative mointenance, get
around the section less frequently and hence foil to
toke corrective action bafore a breakdown accurs.
Varfation in Actual Perr: to_Rated

Although the continuous miner cutting drum may be Tated
between 600 and 250t/h the sctual results which are achieved
Tall eorsldcrebly share of this (on overage 92 to 48t/n),
This 4s due mainly to section designs and the machine
operating procedures, with machine downtime having a leaser
effect,

To determine the overall production rate it is necessary
thet the cutting vate be considered,
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The cutring rate is the first essential value which
determimes the overall production rate of the mechine
cutting ar che face, It f8 a weighted gverage of the sump
and sheat cutting rates.

cutting rate = tone/sump ¥ tons/shear
time/sump + time/shesr

the factors which affect this are:

a) The mechanical characteristics of the machine
1.c. mass and instalted power.

b) Cutting mechonism factors
i.e, plck configuration, their type and condition of
wear,

©) Propertics of the coal weam
f.e. hardness, frequency of clests, fractures, mineval
inclusions and confining pressure.

d) Face cutting sequence - where the drum is sumped and the
direction of shear.

) Advance per cycle.

gcukeing Force

Cutting forse refors to the forca acting on the piek in its
diraction of cutting. The average cutting force muleiplied
by the distance cut gives the work dome by the pick, The
norm  force ects porpandicularly ts the cubting force and
18 the force which must ba overcome in order to keep the
pick at the vequired depen of cut.

Roxbarough (8).

See Figure 3,1 (after Roxbovough).

The epesific cnergy is the work dome per unit volume or
weight of coal cut and is the principal measure of cutting
efficiency. Any decreave in specific energy means an
improvement in cutting efffciency.




PICK CUTTING FORCE

L Fig 3 ( uffer Roxborough )
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The Bffect of Piek Spacing
This 46 an  important

manufacturer, It

design comsideration of the

influences the boom foree and torque
theve i1s a

carrelation betwaen depeh of cut and pick spacing it is

required at the cutting head, As strong
important that the most efficient combination is found.

Boardman (9),

While the widest spacing is potencially the most efficient
the picks must be able to cope with the higher forces
generated in cutting deeper 8o that an interaction of the

picks can oacur.

As there 15 a geometric similarity in the groove formed by a
piek cutting to different depths, spacing can convemiently
be expressed as a multiple of cutting depth.

Bick Influenca

Most mines have conducted thelr own investigations into
which pick sulted to thelr conditfons.
Despite claims of the various manufacturers the differences

type was best

as far as cutting vete is concevned are very small, though
the benefits of pick 11fe against cost may be attractive.

The sharpuess of the pick is imporeant and worn picks can
reduce the rutting rate by over 40% whilst increasing the
of dust, Ratej (10) The most popular method of
maintaining the picka in o sharp condition is through an

make

anchorage such as the tri-tite system where rhe pleks are

allowed to rotate in their fastenings promotimg a ealf

sharpening action.

Advance Per Cycle

Yhen

the cutter drum sumps into the face a decrease in
tramming speed fs affected by Ghe control cireudtry as
resiatance inereoses. When the dvum hes bewn sumped into
half fts diameter and the maximum number of picks are now in
contact with the coal no further decresse occurs and the
sumpdng speed remains relativaly constant.

ignses i




Ihe Bffece of Pick Spacing

This s an  important design consideration of the
wanufacturer, It Influences the boom force and torque
required at the cutting bead, As there 38 a strong
correlation betweon depth of cut and plek spacing it is
inportant that the most efficient combinarion is found,
Boardmsn (9),

While the widest spacing is potentially the most efficient
the picks must be able to cope with the higher Forces
generated in cutting deeper @o that an intexaction af the
plcks can ocour.

fs there is a geometric similarity in the groove formed by a
pick cutting to different depths, spacing can conveniently
be expressed as a multiple of cutting depth.

Pieck Influence

Host mimes have conducted their own investigations dnto
which pick type wvas best sulted to their conditions.
Despite claims of the various manufacturers the differences
as far as cutting rate is concerned ave very small, though
the benefits of pick life against cost may be attractive,

The sharpness of the pick is important and worn picks can
raduce the cutting rate by over 407 whilst increasing the
make of dust. Rats] (i0) The nost popular method of
wmaintaluing the pleks in a sharp condition 16 through &n
anchorage such as the tri~tite system where the picks are
allowed to rotate in their fastenings promoting a self
sharpening action.

Advance Per Cycle

When the cutter drum sumps into the face 2 dearease in
cramming speed fs affectad by the control citcuitry as
resistance increases. When the drum has been sumped into
half its diameter and the maximum number of picks are now in
contact with the coal no further decrease oconrs and the
aumploy speed remains velatively constant.
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The forces roquived for sumping are significancly higher
than the required downw-rd force on the boom for shearing.
It ts vital therefore that floor conditlons and the condi-
tion of the cat tracks is good to prevent any lass of
traction. Alfhough there are Ffewer picks engaging the coal
when sheaving the action of sumping has opemed up a second
free face which s exploited by the cutter drum.

3.2.9  The Optimum Dapth of Sump

From underground studies, the following results have
energed:

e

Cutting torque increases linesrly with depth of eut for
both sumping and shesring,

I

Specific energy veduces with depth of cut. Larger sizes

srs produced with less emergy being wasted through the
production of Lines.
See Figure 3.2 (after Roxborough).

¢) The cutting rate increases linearly with shearing depth.

It is therefore apparent that sumping in the boom to ita
maximum will moximise the cutting vate.

3.2.10 Face Oyele Rate
This is the average rate which a continucus miner would
produce coal disregarding the interruptions which ave caused
with its tromsportation, Racaj {10).

Tt da defined as the ratio betveen the amownt of ccal
obtained from a cucting cycle and the face cycle time,

face cycle rate = togs per cutting cycle

{t/min) face cycle time
o The operations which comprise the face cycle are that of
N J' sumping and  shasting  (the cutting cyele) plus  the
E non-productive operations of ralsing the cutting boom and
g manoeuveriung between cucting cycles. Also included i3 the

time spent trimming the roof and floor,

b et e et i e ot st P At
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The forcos requized Ffor eumping are significently higher
than the required downward force on the boom for shesring.
It is vital therefore that floor conditdons and the zondi-
tion of the cat tracks is good to prevemt any loss of
traction. Although there zre fewer picke engaging the coal
when shearing the action of sumping has opemed up o second
free face which is exploited by the cutter drum,

Ihe Optimum Depth of Sump

From underground studies, the following results have

enorged:

) Cutting torque increases linearly with depth of cut for
both sumping and shearing,
b) Specific snorgy reduces with depth of cut. Larger sizes
arr roduced with lesy energy being wasted through the
tdon of fines.
See Figure 3.2 (after Roxborough).
) The cutting rate incroases linearly with shewring depth,

1
maximem will maximise the cutring rate.

s thersfore apparent thst sunping in the boom 13 its

Face Gycle Rate
This ia the average rate which a continuous miner would
produce coal disregarding the interruptions wi
Rataj (10).

W are caused
with Les eranspertation,

It 1 defined .8 the vatio betveen the amount of coal
obtained from & cutting cyele and the face eyele time,

face cycle vate = fons per cutting cycle
(t/miny face zycle time

The operations which comprise the face cycle are that of
shearing (the cutting
non-productive operations of raising the cutting boom and
Algo included is che

sumptng  and cyele) plus  the

menoouvering between cutting cyeles.
time spent trimming the roof and floor.
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Increasing the face cycle rate therefore, can be achieved by
paying attention to the following operations:

a) Increasing the cutting rate.

b) Trimming the toof and flcor at pro-deternined distances
in order to maximise efficiency.

) No unnecessary floor sweeping being done with the c/m.

d) Efficienc face cutting sequence,

) Cutter boom 1ift speed not being aliowed to fall below
wanufacturers specifications.

£) Efficient handling of cable when tramming between
headings.

Cutput per operating vime takes consideretion of shuttlecar
change out celays and time spent tramming the continuous
winers which are affected by the particuler section
geomecry. The overall production rate or output per total
hour can then be calculated which includes all the delays in
the production of coal.

HIMAN PACTORS WHICH TNFLUENCE PRODUCTION

From experiments conducted by the Chamber f Wines it was found that
all other factors being equal the rate of productien from a given
dapth of sump was not consistent for different o/m operstions. This
hecame apparent in numerous observations with different types of
machines, The sequence in which the roof was being trimmed alse had
an important beari.g on the efficiency of the cutting cyele.
Sumping in adjacent to the roof and effectively tefuming it wouls
veduce roof trinming time, though in areas where the roof was nmeven
2 Further roof trimming cycle may often be required,

There is a high skills level which needs to be attained by the
driver in order that he vperates the machine at its most efficient,

oS 5 % b
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The imparcting of this knowledge can be greatly helped by training.
The development of various other control features on the continuous
winer could also assist in this regard i.e. :

a} Sump dapth indieator.
b) Shear down rate as compared to the optimum,

Obvionsly, the mechanical condition of the machine is very important
and the tramming eircuitry and boom Lift rate are two prime factors
which have & direct influence on the efficlency with which the
machine cuts coal.

Notwithstanding the fsct that a malfunction of the machime leading
to downtime divectly influences the available cutting time, the
consequences are often more far reaching. Some machine downtime is
usually allowed for when caleulating the expected produe. ‘on rate
but 4f this starts tv become excessive then the morale of the
production team can be affected, This results in tha machine
failing to perform at its potential cutting rate during the periad
that it 15 availsble, The enginsering department is therefore an
integral part of the ceam,

which stems from careful observation by knowledgeable personnel
plays a crivical part in the efficient and cost effective running of
a production section, Potentially large breakdowns can be guickly
rectified before thiey become seriovs and result in the breakage of
further components. Scheduled maintenance plays a very important
part in picking up these problems, There can be no doubt that
reguiar stoppages for such work pays vidends,

The efficiency with which tha section {s monaged s also & key
aspect in its preductiveness. There are great benefits to he gained
by having a well qualified suparviser running opurations at the face
as 2 well planned operation in invariably subjected to 1 s dalays.
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Observations were undertaken in Amwariea by various industrial
engineering companies to investigste the large numbers of unmeces—
sary delays which oppesred to be affecting the production cycle.
Whew the performance charactertscics of the haulage equipment and
the roofbolting cycle wert locked at more carefully it becems
apparent that it was almost always the continuous miner which was
the eritieal clement affeceing scecion productivity. The skill of
the operator was again paramount in deternining the efficiency with
which tho machive operated. In the U.S.A. many machines are opera=
ted remorely, often due to low seam conditions and to protect the
driver from dust. This mekes good operation difficult as the driver
does not have the same feel of his machine though considerable
advantages are derived from the sefety point of view. Harrold (3).

3.4 THE EFFECT OF THE HAULAGE SYSTEM

3.4.1  ghugelecars
With an intermittent haulage system the most cvitical area
s the time required to change out cars at the face.
Vehdele capacity is also an important factor with speed,
haul distance and the use of & feeder breaker being
secondary,  When tramming distonces increase, speed,
capacity and the use of a feeder breaker become “mportant.
By having larger capacity cars and ensuring that the
shuttlecar change out was within ane cross cut of the face,
baulege delays were held at a minimum, While diesel and
bactery equipment offers advantages over cable vehicles as
far ae flexibility is concerned, the initial capital outley
18 greater,

3.4.2  Concinuous Haulages

s their technology improves continuous conveyot transpert
systems ave gradually replacing the shutblecar, Often they
comprise an extendibls or fixed mobile conveyor mownted on
robber tyres, By interlocking these haulage units a
flexible connection ig formed betwoen the continuous miner
and the section belt,




3,5  PRODUGTION CONTTGURATION FOR CONTINUQUS MINERS

3.5,

Belt benders have now been perfected which can curn the beld
by any angle up to 90 degrees allowing one comtinuous
conveyor belt to transport coal from the continuous miner
on to the section conveyor. Despite early problems with
spillage these units are becoming more popular with many
operators now claiming benefits in productivity and veduced
cost per ton, P

I Mining Methods Ewployed
The application of continucus miners in South African Mines
is varfed. They are engaged in a wide variety of cosl
gotting operations in differing seam heights and conditioms.
Their present distribution can be summarised balow:

Bord & pillar development 541 -

Longuall development 20% .
Rib pillar section 16%

Pillar extraction 0%

2 Bord and Pillar Development
Board and pillar developments typically very from five to :
aleven rosds with pillar centres averaging 25 metres. .
Sections are commoniy woried with either 1 or 2 productien "
units. With coarsed ventilation it {5 becoming more common
Eor only vne unil to be operated nt a time due to the high
levels of dust to which personnel on the return side machine
are subjected.

3 Cutting Sequence

Various cutting sequénces are practiced depending on the
prefurence of the Oporating company and mumerous studies
have been conducted to opedmize the cuttivg eycle.

sheeler (11) and Posnigk (12) produced a computer program
that simulated the cutedng cyele in e contiouous miner
gection.
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The cutting scquence when one machine is available varies
from that of a double header section, With one machine
operating at a time the opportunity arises to tram the other
nachine to its next cutting position or pull it out of the
face heing eut to sllow for roofbolting, examimation and
changlng of picks, vhere necessavy.

In aroas of bad roof, roofbolting is the biggest constreimt
to continuous production, Alrhough some of the larger
machines have on board reofbolting systems, independent,
self propelled roofbole machines are still preferred. These
ensure thar the operator is not sorking in the return air
while the continuous winer i cutting and enable bolting to
be carried out right at the face if conditlons so Tequire.
An on beard voofbolting facility would also step the coal
winning procass completaly should it develop a Fault.

Future developments indicate that “Honds off" bolting is
likely to coma to fruitfon in the near future. This would
be an automatic bolting facility vhich would allow the

. operator to bolt from the safety of his cab.

The Joy "Link Sump" winer (120 10-13 ADLS) has now been
developed which enables the cutting jib to be sumped forward
0,75m without the body
the machine to remsin siutionary for a langer period of time

the machine moving. This allows

while producing coal, so that on board bolting oparations
can be completed.

Caleulzting rhe Opeimum Cutting Cycte
The Chamber of Mines of 5.A. have developed a program which
caleulatea the production potential of continuous miner
section loyouts,  Numerous different configurations,
straight line, herringbone and dasigns which ensure one part
of the section {s kept fn advance, have been eveluated. The
fnput required by the program are the section dimensions
fneluding number of headings, piilar size, bord width,
wintng hotght and diseance of advance for each 1iE¢ in
straights and splits.

S




3.5.5

a0
The position of the faces Erom the tip-end with number of
through tosds and the proposed posdtion prisr to the net
belt ertension are oleo input, See Figure 3.3  Machine
infernation fncludes roofbolting time and machine tramming
cime, continuous miter loading rate and rrapming spocd,

The number of shuttlecars operating, thedr pay load and
tramaing speed both full and empty, together with their
discharge time are entered. The shift time and combined
mechine availability calculated for the operation as & whole
is also an fnpnt and the following results ave obtained :

a) The available face minutes per shift

b) Tos per face minute

) fons per shift

d4) Total tons for the planncd mining eyele up to the bext
belt extension.

The continunus miner utili~ation, shuttlecar change out and
walt on shuttlecar :* sulnted, Shuttlecar change
out distances, Yot ‘nces and tons per km of
travel are vorked her with various Factors
pertaining to the shuttleca.. .tilization.

See Fig. 3.4 (from Chamber of ¥ines of South Africa).

Program Limirations

Results can be compared for different section layouts in
order that the most efficient be determined, Tha influence
that the cutting sequence has on section ventilatina is
however not taken into account ind has to be coneidered
separately, This 1o jimportant in order that tha desired
trauning roads are not blocked by vemtilation eonerol
burriers,

The cuntipuous miner, whieh can flit at 20n/min, is
restricted by the time it takes to move its trailing cable
and therefore the cukting sequence should be planned to
reduct this to a winimum.




PROPOSED CUTTING SEQUENCE FOR
COMPUTER EVALUATION
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The positioning of the section switches is Imporeant in this
regard, s well as ensvuring that the desired roadways can be
cut with the atandard cable length, usually 200m. A typiesl
cutting sequence i3 shown for a seven road double header
sectfon, Ser Pigure 3.5 The sequence ensures that each
machine does the sams smount of cytting, The Lirst spiits
are cut to the righe in order that the ventilating alr can
be channelied chrough the wewly opened roadway when the
adjaceue spiits are cut. The switches ave positioned o
thot the cahle movements 2re minimised and the maximum reach
18 uteained, Machine maintenance and breakdowns disrupt the
cutking sequence and resulr in increased tramning distances
by the comtinuous miner, This has to be accepted otherwiss
the proper ventilation of the section will ssffer as the
roadvays are cut out of sequence.

Often the most desirable layour cannot be worked due to
degign constraints imposed by the overall mine plan f.e. !

8) large pillar cencres have to be worked when & increased
safesy foctor is desired. (che more advantageous squat
pillar formula is not yet gemersily permirtad).

b) Barrier piliars have o be left to protect the roadvays
from subsequent Ctotsl excraction resulting in latge
pillar centres.

¢} The conveyor may nor be positiomed in the centre vosd s
this would not sllow belt drives zo be established for
subsequent developments.

3.5.6  Chain Road Pevelopments

Continuous miners ave ideslly suited to working chain road
developments. These are driveages whick are advanced with
the minimum numbor of Toadways for tie development of either
longwall or rib pillar exeraction sectlons, The spall
number of faces that ore vovked with tiils type of driveage
wake 8 binating section inefficient,

Sea Figare 3,6,
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In South Africa the development of one single voadway is nv

popular pod the luxury of developiag move than one can be
afforded due to the relatively light support work which is
necessary, MNultiple roadwsys meke for nasier ventilatiom
access for frae

during 4 and ensure
steered vebicles, o much more versatile transport system,

A thres rond chatn road devalopment can he advantageous with
longwalls, The comveyor is sited in the middle toad 5o that
ofie of the pillars is extracted as paxt of the Face Line and
4 mid gate is formed next to the maingate roadwsy. This
sllows an sasy mccess to the face machine for service and
repaics.

The development muy leave small pillavs which are partially
excracted and  become crush pillars or leave latge
stabilising pilisrs,

TUTAL_EXTRACTIVE METHODS OF MINING

3.6.1

Total extrection gan be achieved with continuous minars when
the following miaing methods sre practiced, This will be
condicional on the necessary permission being received from
the surface land owners snd the ingpectorate due to the
subsidence which results.

Rib Pillar Extraceton
RIL pillar extm

or. tuvnlves the systematic tamoval of
cosl betwean the goaf and the develepment roads ueing the
solid as yet iIntact rib of coal eo provide the wmajor
support. The method 18 fairly new to South Africa with mose
of the ploneering work having been carried out in Australie
since permie fon was granted for the mechanical extraction
of pillars {n the 1950's.
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One popular systom which wos developed in Austvalia is the
WongawLl1l mathod., It provided s aingle working place which
reduced the possibilirp of leaving remnant pillars in the
gosf. This onables the coal to he extracted in & "stress
reldeved" avea. Various derivations of the Wongawilli
method are p depending on local couditions. Typi-

<cally chain roads ave driven out to form m central pane of
cual which is to be extracted. From the chain road, splits
are systematically driven across the panel to the barrier
which may be a goaf or another chatn road.

Batwesn the split and the goaf a riv of coal is formad which
oks which
are left are crushed by the goaf. Usually the pillars of

iu subsequently pocketed on rotreat, The small

the chain road are also taken. The next eplit is very often
being developed In advance of the stooping operation by .
second continuous miner pllowing one machine to be dedicated
to stooping. The width of the vib will vary sccording to
conditions, If the ground conditions are bad the rib may be
narroved alloving the continucus mimer to extract it while
the driver vemains undsr the spported split, The machine
could also be peruted hy remore control.

Tt 48 imporcant that every effort be made to complete a 1ift
and partially taken 1ifrs should not be left at the end of
shifr otherwise lavge spooks may be formed which causo
woight to be transferved to the developmont roads, resulting
in deterforating mining conditions, The single split can
lead to ventilaclon problems if the goaf seals off the
ventilation. It may nor be desirable ta vemt.late through
the goal if the coal is conducive Lo mpontanecus combustion.
In this instance an exheust column i carried in the split,
#here cha goaf 1s saaled off the dangers of methane
ewiosions arise with a fall in barometrie pressurs, With
the long single entry the travelling time [or the shuttlecer
in the aplit is too long,

Se Tigure 3.7 (aftor Fauconnier).
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Exeraction ratios can be as high ag 90% vhen good mining !
condizlons prevail. ! ‘

3.6.3  The Muamorrsh Method
Tue Mynworrah method which was algo developed in Australia
ig vory similar to the Wongawilli method {n the way that the
chain roads are driven and the area blocked out. The vib of
coal which is left afver the split is driven, is wider, aver
20m. This rib is thes split into pillgrs. Fyom the roadvay
which 1s formed the machine cuts pockets (1ifts) into the
pillar thus extracting it, The pillar is often determined

such that the continuous miner operator works from under the
protection of the roadvay Supports.

Ay the pilisr is extracted from the goof towsrds the eplit
bresker line of tiwher or hydraulie supports is installed
afeer each lift to protect the roadway Eram a goaf averrum.
Vestilation can be couraed around the continuous miner with
the aid of extraction fans or Lf condirions sllow chanmelled
through the goaf making for a cleaner warking enviroument,
Average production rates of 300 tuns per shift sve similar
to the Womgawilli method with 90% extraction ratics being
achievable given favoursble conditions, Fauconnier (13)

See Pigute 3.8.

3.6.4  Sough Africap Rib Pillar Stooping

South African collleries have favoured the Nunmorrah method
of eib pillar stooping and methods similar to it have been
tried ot Sigms, ¥riel and Sew Demmark collfories. In each
case bleedar roads vere established through the goaf. The
systom operated ot Krisl and Few Danmark ensured that twa

splita with connecting lsterals was driven across the panel
which olloved the shuttlecar chemge out poimc to be
positioned cloge to the contiayous miner.

At New Denmark one mechine was used to de.mlop the splits,
: while the othier was used solely for stooping. Cross belts
were instalied to reduce shuttlecar Cramming distances.
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This higher rate of extraction which was achieved helped to

mointain
retrent,
coal 1er

better face conditions due te the faster xave of
Both machines could produce a total of 40 000t of
month from a 2m seam height with an 85X extraction

ratis.

The design of the panel width has to taken into account the
thickness ond caving characteristics of che rock sirata
overlying the coal seam and the seccion must be designed to
hondle an increased wake of vater and ges due to caving.
The loeal roaf strata must be able o salely bridge the bovd
and the incveasfng diogonal working spen without faliing.
Eorly end venular caving of the upper and local roof strata
must sccur et a4 ateep ungle to reiieve the stress on the
rosdwdy without overrunming the bresker lines. The
tocreased strees to which the pillars are subjected emsure
thar cthe snergy exerted by the continucus miner in cutting
the cosl is greatly veduced and the coal is loaded at a
faster rate.

Pillar Bxtraction

Pillar extraction has been practiced in Sauth Africa for
many years baing move popular in the thinner seems of Nacal.
Where thick seans oxise tap or bottom coaling fa preferred,
the apparent abundance not being conductve o the develop-
wmant of pillar extvaction, Generally pillar extraction ds
easfer at greater depths as befter raving 18 induced in a
reasonably competent roof, which s necessary in order that
16 nay be held by temporary supports. The supports must be
teadily removable 2ad remnants able to be crushed in order
that welght fs not transferted onto the working area.

The reason £or pillar extraction s often to provids
additions] reserves once an area has been worked out rather
than ps a planmed conclusion to primary mindng, With the
Jateer cane the pillars can he extracted befave the roadways
ave alloved to atond and detorlorate allowing the conveying
system ind services used in primary mining b be reuwsad.
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Larger sufety factors in excass of 2,2 are designed for
primary mining and penel dimenafons oftan with reduced bord
widths ave calevlored with due regard to tha rock mechinice
of rtoral extraction. Pillar extraction increases the
londing on pillaxs in the vieinity of tha goaf edge and
bence the strength must be greater than that required fo
support the static load imposed in primsry mining. As the
pillar is reduced in size during the mining process So
stress increases. The succass of recovering it before
fotlure depends on the rate of removal. Continuous winers
therefore have an important edge in thie respect and afford
a greater degree of protection to the operator with less
people being exponed to Tisk at the vorking faca,

The Miging System

Pillars sre commonly extracted by either of two methods
‘open end’ or 'pocket and fender'. These two te. alques are
the most commonly ueed tu vstewatically reduce the pillar
in size.

See Figure 3.9 (after Fauconnier).

The 'open end' system ensurea that slices ave taken frem the
side of the pillar next to the goaf with the remainde: of
the pillar complementing the artificial support.

In the ‘pocket and fender' system the pillar is reduced by
taking o pocket sut of its centre. The fenders give good
support and can supplement wither props or roofbolts. If
possible they oo are vozevered.

This method is often preferred with contintous miners. With
either method it is lmportant that the pillars are removad
1 & sequenriul wanner to avoid protrusions into the goat
and formation of highly streused aveas. For this veason an
extraceion line anple of 45% is often chosen. In order to
optimize the trasming distance the conveyor road is situatsd
nearer the trailing edge of the stooping lin.
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Support can be by either hydraulic props, timber or reof-
bolts. Given that the roaf is not too friable roofbolts are
preferred dn mochanised sections du: to their rapid
nstallacion and non interference with tramming routes, A
practical hedght 1mit of 3,5m s imposed in the workings
due to tha breaker lines which have to be installed.
Fauconnder (13).

3.6.7  Continuous Miner Pillar Extvaction
South African convencionsl mining pillar extraction
operations have largely been replaced by continuous miners
due to the following reasons

a) Higher productivity of the syatem,
b) Reduction of costs par ton mined.
o) Greater safety.

d) Less labour intensive.

) Greater concentrarton of eupervision ss only one piilar
is extracted at a time.
£) Greater control over the goafing of the roof.

The percentage extraction in pamel is slightly lower for a
continuous winer, 85% as opposed to 90X because & golid rib
of coal is left on the goaf side edge of the pillar, The
production equipment normally consists of one continuous
miner and three shutelecers.

This "total extractive method ef mining can readily be
undevtaken with continuous miners for very little extra
capital outlay, A large desrec of flexibility cam be
catered for as variations in the nining system can be
developed to cater for quite differer- mining conditions.

~ e it R i i P st




3.7 DUST SUBPRESSION 35

3.7.1

The dust problems created by continucus miners ore more

serious than those produced by either conventional or
loaguall mining, This 18 due to the difficuleies of
ventilating headings adequatoly, te dilute the large amounts
of dust which ave produced whilst cutting, The cyelic
nature of the operation vequives timt support work sometimes
takes place on the return side of the machine exposing those
personnel to high dust levels, With longwall mining better
ventilation and new technology emsure chat fewer people are
The increased health hozard which bigh airborne
dust concentrations create has prompted the government

exposed.

uining engineer to dmplement stvicter legislotion as the
number of continuous miners have grown, The proposed mees
dust exposure concentration for any mining operation shell
not exceed 3,0 mg/m? over an cight hour shift peried. Tha
impJementarion of effective counter measures ave therefore a
prime consideration of the operator.

Dust - ncentrations have been most successfully teduced by
uge of the foljowing dust allaying equipment:

) Spray nozzles which are mounted above, below and to the
side of the cuttdng drum and con deliver up to 'm0 17
of water at 7,5 MPa {75 bar) via @ high pressun
pumn,

b) lydroulie or olectric fans which draw air from beneath
the boom via intake ports through a flooded bed scrubber
prior to exhausting on the return side.

©) Water powered venturi systens vhich produce finely
atonised soray while moving large quanticdes of air
acrass ..+ eutting head,

These mach

systems, when used in conjunerion with the
nore wanoeuvrable hydraulde fan and Light weight £bra glase
ducting, are successfully reducing the dus' coucentrations
in continuous miner seetiona.

B ]



R 3,8  INCREASED EXTRACTION WITH BORD AND PILLAR MINING

3.8,1  The Squat Pillar Formuls

This formula allows for a higher primary extractionm ratio to
ba designed for at greater working depth, Galamon (1982),

saw the noed to cater for mine pillar designs where the
width to height ratio was greater than five, thim being
beyond the range of the sviginel maalysis. Madden (14).

The squat pillar f{ormula is an extension of the pillar

formula which vas developed by Solamon and Muaro (1967), and
which has been umed successfully since then Yor coal pillar
degign.

fhe formula was developed from statistical analyeis of
collapsed and intact pillar geometries, and stated :

. ‘ « = gy D067 0,593
)
Where V is the piliar volume m®
R is the pillar width to height ratio
o, 18 the pillar serengeh (kPa)
K is the strength of a unit of coal (kPa)
P1ilar strength 4s a functdion of the geometry and
compor‘tion of the pillar. The deformation behaviour of @
pillar changes with increasing width to helght retio,

Materials that exhibit brittle violent failure at low width
to helght ratios can exhlbit plastle or esen duceile
behaviour at large width to height ratios.

The squat pillar formula takes into account the inerease in
cthe stromgth of a piller ae its width to helght ratie
inereases. Various researches have stated that the pillar

formula probably tnderestimated the pillar strength when e+
- width to height ratio exceeds 5 or 6, The limitation of the

3 pillar strength formula is that it agsumes that the strength
of 2 pillar incressed proportionally with a powet of the
N width to heighe ratie, (x0%%%,

— P i o4 4
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Sulamon proposed that when the wideh to height ratio, B of & !

pillar oxeceds the crirical width te height rario, Ro, them
the strength should be expressed in the form.

a
v, = W (Ha+8)

Where ¥,€ and § are dimensionlens parametars and o is the

strength of A squat pillar.

Parometers & and § can be determined from two conditions of
continuity.
Tt is postulated that at R = Ko

oo and % o« %
% E2

From theso relptionships the following ca be derived which

has two unknown Ro one €

=k ko é%[(ﬁj-x]ug

here K 13 the stremgth of a unit cube of cosl(kPa)

a
®

V i the pillar valume (m®)

R is the pillar width to height ratio

a = -0,0667

b= 10,5993

%o = is the crities) videh to Meight raeio beyond
which the plllne should be regarced as squat.

£ = is the rate of stremgth increase,

fhig formula s computible with the pillar formula of

Salamon and Munro when Ro € R,

tghoratory lnvestigations
Tavestigations Into the general behaviour of squat pillars

conducted with sandstona specimens, fitted the squat pillay
formula well and vhowed the lallowing :

R ST T

s
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Specimens with width to height ratios of ! to 2 rapidly lace
load after the peak stremgth. As the width to height ratio
increases, there is a transition in the mode of failure from
@ brittle to plastic mode of Eailure whieh oceurs berween
the width te height ratio's of about 5 or 6, while spe=ciiuus
with & width co height ratio of B display a duceile faiire.

The change from a brittle to ductile behaviour at largs
wideh to height ratio’s is of great eignificance a8 far as
the stability of bord and pillar workings involving squat
pillars s concerned,

Selgetioz The Values Of Paramerers Ro And ¢

From field evidence it was found that mo pillar with a width
to helght ratio of greater thas 4 has collapsed. The value
of the critical width to height ratio was selected as 5. A
valye of 2,5 was chosen for € .

This is congiderably lower
than that obtained from the laboratory tests on the sandw

stone specinens,

Figure 3,10 (after Madden)
derived from the squat pillar formula se the width to height

shows an incresse in strength

ratio increases,

Designs using the squat pillar formula are at present baing
permitted by the povernment mining engineer on an
experimental basis until the relevant parameters have been

confirmed by field investigations,

The Eifuet OF Spalling On Pillar Strengeh.

The offect of spalling and geological weaknesses on pillars
is reduced as the size of the pillar increases due to the
smeller percentage of the pillar nrea which fs affectsd with
inerease in size,

The strength of the corners and sides of the pillar and the
vesulting spaliing is however independent of tie width to
height ratio, Pillar stresses along the pillar eides ave
often preater than the stveogth of the coal making
fracturing unavoidable,
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Supporting the fractured surface will considerably emhance
the confinement of the central core and therefore the
fractured layer wust be included in the dimemsions of the
piliar when considering the width to beight vatia.

$ide wall support is used underground to prevent sccidents

which can result from sidewall collapse, not to prevent
viglent pillar failure.

3.9 CONTINIUS MINER MANNING LEVELS

3.9.1 American Continuous Miner Ssctions

Ouzputs from continuous miner sections are typically in the
order of 500t per shift with output per man shift (ONS)
values as high as 80t, This makes them not only excellemt
devrlopment eystems for retreat mining but also very viable
niniog systems in their oun right.

Manning levels for a I8, c¢/m section are typically seven:

Hiner Operator
Miver Assistant
Shuctlecar Operators
Roofbolters

Hochanie

o b m e

One utilities man is often used on ona shift to assiat in

the ancillary operations.
assistance batng given by
vraining, Each section
reapansible for ensuring
inspections are completed

The artisans work alone, the only
apprentices if there were any in
has a section foremen who s
that safety codes are followed,
ctc. He performs the role of the

shift overseer and engineering foreman in §.A.

-
.
\
[NONI—
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Sough Afrigen Miner Ssctions

Whilgt some 5.A, operstors are achieving production rates in
excess of 1000 per shift they would be hard pressed to
mateh the 0.M.5 values of the American operators. U.S,
operators imit their section complements to the wimimum in
ovder to reducs labour costs. §.A, practice has been to
moxtmise production levels and ascept the higher manming
levels because of the relatively cheap cost of labour, This
is txue for both production and development sections.

The ivevitable increcse in lwbour tosts is however forcing
operators to cut their wanning levels, Unskilled workers
are belng trained to fulfil a wider job category and machine
men trained to be wulti operators, Further reductioss are
possible by reducing the chain of command and eaking away
the team leader. It is unlikely that production would need
to be sacrificed in erder to reduce labour costs.

A typical complement for e single machine continuous miner

saction would be as follows :

1
1
2
2
2
1
2
1
1
1
1
1

X

1

Sectlon Miner

Toan Leader

Gontinuous Hiner Operators
Shuttlecar Drivers
Roofbolt Opetators
Blectric Drill Operator
Geueral Labourers

Belt Tailend Attendant
1.H.D. Driver
Electrielan

Electrical Alde

Fitter

Fitter Alde




" .
3.10
3.10.1
4 - 3
s e
LR
° et
.
[ f
o # g
LI
[ 3.10.2
+ .

62

MAXIHISING PRODUCTION

Absenteeten

With u reduced workforee the problems of abseuteeism become
move imporesnt and might result in production sections being
closed down to man up others at times of high absenteeism,
With a large workforce sufficient labour s available ta
allow production to continve.

Successful U.S. companies have overcome the problem of
sbaenteciom by ensuring thot their employses are given a
pood remuneration package which when lirked to productivicy
incentives increases the responsibility of the individual
for ensuring that company goals nre attained, In non
unionised mines this has been particularly successful with
employees realising that they are an important part of e
produceion team. This in turn enables the operstion to

become more self superviaing,

Management _of the Operation

A continuous miner i3 a complex machine which raquires a
high
matutained ‘n

level of technical expertise fn order that At is
A bigh
operstor and artisan ie required to epsuve that the machine
This ds evident from rthe wide

range of production figures which ave achieved by differenc

optimum condition. standard of

Bives good availabilities.
S.A. operators, glven that conditions do vary.
1n order that the hest rerults be achieved the fnllowing
to be met:

eriterts have

a) Personnel must be corefully selected and properly

trained and organtsed in & functional manner,
b

Artisans with good mining skills ave rectuited and given

specinlised training applicable to  the specific

continud ts miner and associated mechinery.
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€} A structured maintenance program with s Firm managemant
commitment,

d) Maintenance facilities must ' adequate, systemstically '
arranged and properly tooled. 3

e} Planning and record keeping are eérucial segments of the
T 4 engineering organisation.
" £) Working conditions are conducive to retaining personnel,
E ) Peraonnel ave positively motivated To ensure that they
glve a high level of commitment to their work.

3.1 CONCLUSTONS - CONTINUOUS MINERS .

. 3.11.1 Miping systems
o miners can be for a wide variety of

minlng systems which range from primary development work
with multiple or a limited numher of headings, to full seam

extraction.

Their applicaticn 1s best suited to specialised work such as
chaln road developments, where the liniced numher of
headings is restrictive on a blasting section, and to pillar
axtractions, wheta they offer & grester degres of safety
than conventional stooping. Unique mining systems have been
developed for the continuous miner, namely vib pillar

atooping,

atooping .
Continuous miners are udeful where poor roof conditions !

prevail, as thoy cause less dawsge to tha overiying strata i >

than with blasting, Adverse Floor conditions will however
cause problems, as the heavy machine lacks manouversbiliry,

2.11,2 Tochoolosical considerations i
The cuntinuous winer requives a hiph quality of maintenance ' -

from skilled arcisana, in ovder that it performs at its
. optimm race, Serlous considerarion has to be given to the

training and retention of such peraonnel.
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Labour tequirements
The system 18 less labour intensive than a blasting section,
but a emaller tosmage would be expected, glven compatible
condition,

Application
Where high seams are mined in confunction with good floor
conditions, the potential tounage from the continuous mimer
section Tises ond the enginearing costs decrease,

Given these cenditions and when employed in one of it's
daliged Licatd the niner offers a

useful mining methad.

e i  m e e waeam
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CHAPTER 4

LONGHALL MINING




CHAPTER 4

LONGWALL MINTNG

4.3

TUE_INGREASE I . ™ POPULARITY OF LONGWALL MWINING

4t

hala3

IHE_ORIGIN. L SONURALLE A

Meehanised lu ~wall faces were developed fyom Europeen hand
ot longwalls where the coal was Lewn by hand, leaded on to
tubs and pushad to the gate road, Suppert was by props and
bars and the roof was allowed to cave as the face advancad

forwards.

Gradually, the system was vefined as face conveyor belts,
vndercutting machines and then the walking chock were

developed.

Present day state of tha art longwall equipment represants a
tremendous leap forward in technology over the past 30
years. This has boosted the production potentials of
today's longwall faces quite dramatieally,

CUREENT WORLD WIDE TRENDS 18 LONGWALL MINLNC

Atound 30% of the world's total underground coal production
is presently being mined by tho longwall system. Lomgwsll
mining has always been the most popular underground mining

method in Europe.

Bue to the large oconorie potential of longrall mining,
countries which traditionally employed room and pillar
mining methods, 1.0, USA, South Afriea, ‘ustralda, Wew
“Zesland and Tndim, are switching over to longwalling.

From 1978, U.5, longwall production has fumped from 4% to
17,7% (1985) of underpround coal production in a bid to
accelernte {uprovements in productivity and efficfency,
Modern longwalling equipmont has Lypically increased
production from 910t per shift in 1980 to sverage 2725 tons.




8.4, LONGWALLING
Although some longwall systems were triod in the 1920's and

30's in Natal without much success, because of the
inadequacies of the timber and frittion prop support system,
the first 5.A. longwall was imstalled at Durban Navigation
Colliery in 1965,

Sasol's first longwall commenced production in 1875. This
was after earlier expeviments with chocks (1967) had proven
the rock mechanica to be suitable, It was felt that the
increased tomnages which could be expected from the move
nodern oquipment would make the systom econamical. Simce
then, a Further 7 have heen instelled at Secunda.

buring 1985, twelve longvall faces producad approximstely 12
million tons.

At the preseat time there are 15 lomgwell faces being
operated at the following mines ¢

Sacunda Collferies 7

Signa Colliery 1

PR 3

Coalbraok 1

¥arla 1

New Denmark :

THE FUTURE OF SOITH AFRICAN i ONGWALLING

Prediction as to the future of longwall mining in S.A. have
tonded to be too opcimistic, end & wore modrrate growth rite

bus transpived.

Mining companies are becoming more consclous of the need o
tnerease their percentage rescrve recovery, Future longer
term underground mining will tend to be at a greater depth,
The number of tatal extraction mining methods fs theiefore
likely to increase, This does nat however, gusrsutes tho
srowth of longwall wiuing as alternative mechods of total
extractlon exfst, The must important determining factor
will be longwall mining's ability to compete with other
mintay methods on a cost per ton basis,

T
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BLANNING THS LONGWALL SECTION

CONSTRAINTS TO LONGWALLING
The following factors should be considered when planning for
lovgwall mining :

5) Panels should excaed Ikm in unfaulted ground.

b) The time to complete a move must be minimised, requiring
efficl  ‘ranspart systems and/ov duplicate equipmenc.

) A gean hwaght of 0,8 ~ 4,5 metres fa required,

d) Make of wu.er ond gas in tho seam,

&) Bradient which will influence direction of extraction.

£) Previous and future mining where multiple seams oxtist.

g) Liability of coal to spontancous combustion.

Hethods of Working
This is influenced by the above factors and will derermine
the equipment which is purchased,

Panel Design

The number of roads and pillar size between pancls affects
the stehility of the face and gate roadways. This has to be
optimised to maximise productivity from the development and
the averall percentage extraction.

todern practice is to walntain & roadway along the inside
edge of a longwall goaf so that it can be re-used as the
tadlgate rosdway in the adlacent panel,
subsidence profiles can be achieved,

In tnis way better

burban  Navigution Colliery realised an

extrsction ratios from 62% to 83% by ye-designing their

ineresse  in
panel layouts to do owey with barrier pillars, Soms astra
expense waa incurved as ancther face machine was required to
cater for the change in cutting configuration as well as
additional support work and lshour.
by Saieh (15).

This has been reported




INGREASED FACE LENGTH
Where possible, increases in face length from the standard

200m to 300n will reduce the amount of relatively
umproductive  development stk and  fmprove  lomgwsll
productivity due to the veduction dn section moves.
Yeilization of veserven will improve, snd more face time
will be gpent on productive cutting.

PREFERENGE FOR_(ETREAT MINING

Where ground conditions offer the necessary long term
roadway stability and where panels can quickly be developed
without delaying the face installatigns, retreat mining is
prefereed, It offers the following advantages :

s

The panel can be proven before longwalling commences and
geolpgicol obstoeles negotiated prior to production
commenting.

b) Facq agrivitics are reduced with pre-driven tosds.

o

Blimination of stebles does sway with the maiu source of

delny.

d) The reduced numbor of gate road activitics make for an
inprovement in safety,

) he riak of spantancous combustion is greatly reduced,

£) Face sulvage is made simplier.

PRESENT LONGHALT, INSTALLA
The rapid improvements which have occurred tn lomgwall

technology have wade the 2Ht/annwm Coce a veality. The use
of the wost up to lote equipment, though romstituting a
aubstantis] capital dnvesement, is pursued by the coal
producar, Thess ‘heavy duty' faces as they are termed,
being wore tobust snd powerful then conventional longwall
equipment, are 'ntended to roduce the cost per fon of coal
produced by operating at higher production rates.

i
]
|
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4,3 LONGWALL EQUIENENT

Aa examtaation of the longwall equipmeat available when plamning 5
South African medium seam longwall revealed the Eollowing :

4,3.1 POWER SUPPORTS
The application of advanced technology to power supports has
resulted 1in the development of ‘heavy duty' supports
incorporating the following features,  (Although this
definition will alter as time passes it s currently used to
describe thoee supports with a yleld load greater than
250)

a) More vabust and cost effective construction.
b) Improved design with higher yield loads.
©) TImproved forepole arrangements.

d) More robust and effective shislding.

e} Application of face sprags.

£) Improved Tam arrangements with optional base 1ifting
facilities.

g) Supports capable of taking advantage of modern control

systems.

4.3.1.1 Benefits of Chock Type Supports

Chocks ox fraue type supports of ‘er adventages in
thinner seams where :

a) Suft floor conditions (requiring low floor
pressures) are encountered.

b) Stability (with vertical legs) problems ave
ainimal,

<) Goaf flushing is not a problem,

4) The weight of the supports has to be minimal to
be compatible with trausport systems or capital
expenditure.

Modern trends hove been tovards shield supports
particularly in higher seams,
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They offer direct voof loading plus resistance to
roof lateral movement, ubilizing pin joiuted legs
which are free from direct bending forces. Chocks
raly on the bending strength of the legs for
Jateral resistance piving a praceical working
height Limit of 3m.

The 4 bar kinematfc lfnkage on the shield is known 22 a
'lemniscate', which 18 o designed to sive near vertical
movement of the canopy. There are various designs of shiald
support avallable offering distinct advantages for diffeient

conditions.

4.3.1.2 Ranefits of Shield Supports
a) Eltmination of direct leg bending forces om to

the legs. Lateral roof forces are absorbed
wechanically by the lemniscate linkage.
b) Resistance to roof movement, All roof forces are
resisted by the lemniscate linkage and virtually
5o lateral movement takes place until friction is
overcane,
The canopy / vear shield design is compatible
with fully integrated hydraulic shielding for
wide range spplications, Thie {s wore difficult
to ochisve with chocks and ean be restrictive on

range.
Eifnination of leg tovers to support the lega

&

giving wider walkways, echanced access to valve

gear and hoses resulting in reduced maintenance

costa on the faca.

Better access to the face for machine operators.

£) Wider haight ranges can be achieved by employing
incldned legs,

8) The greater versatility of the evield wiich

sustains the wider roof beams, hydraulic canopy
sealing and inherent resistance to voof movament
maka 4t better suited to full seam extraction.

See igure 4,1,
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feavy duty supports are manufactured for 1,5m
spacing, on dincrense over the 1,2m spacing

) by nndergrovnd transport
in older huvopean collieries.

Nevelopments such as bose 1ifcing vame and the )
tncHned reverse prineiple tam, have gone o long way |
tu selving the problem of advascing the shield which |
resulted from the excessive loading of the toe which !
ia prevalent with this type of support, !

4.3.1.3 $.h. Support Requirements
Some of the more recent longwall installations have |
vequired that heavy duty shield sapports be used due
to the prrov competent strata and relatively high
seans, These have high setting loads of wp to
32,5 MPa
vidd lead.  (The incressed yleld lood to

(325 bar), approximately 80% of the

crting Toad ratic is now accepted s producing

beeter roof contrel), They fncorporate rapid
veliel valves to deal with heavy goafing
situations and have provided satisfacrory voof i
coptrsl in recent instailations.

They operate un the Imwadiate Forward support
peineiple ox do nearly all the longwall faces in the
1.5, This giver an unrestricted sukway in front of
the support and an ineressed ventilation area. The
support {s in a bectar position to accept a more
even load distribution from the overlying strata,

nelined double celescopic leg supporte restrict the
walkvay dimenaions but give pood closed hosghts,
waking transport easier.

e et e S g 4 By




4.3,1.4 Bleetro Hydraulic Support Opeyation
This 4s becoming a standard for new installacions.
The on-face push button system is very flexible snd
gives rvapld support movement snd on~Eace Temote
control. The mystem reliability hes proven to be
excellent with Jow eystem maintensnce being
Tequired.

4.3.1.5 dyantage of Electro Hydraulic Control
a) Flexibility ~ Provides full remote control for
conventional or lumediate forward support working,

requiring only ome operator for both support and
couveyor advance,

R

High speed operation ~ Support and conveyor
sdvance opetations take place while the aperazor
is travelling through the face.

e

Tmproved roof econtrol - Peajtive automatlc
secting. DBoth edjecent supports must be set
before a support can advance.

Improved web/face alignment - ‘equential support
advance eliminates conveyor pull back,  Smooth
snaking ensurze an evenly distributed load on the
armoured flexible conveyar.

a) Bimplicity of opevation,

4.3.1.6 Safgty Peatures of Flactro Hydraulic Control

A degree of safery can be built fnto electro
hydravlic control which cannot be achfeved on all

raulic or wisel Lystems.

a) & minimow neaber af oporators are required in the
working area,

b) Audible and vieible warning of impending mupport
movenent,

©) Yail safe emerseney stops on each support.,

) Operators can work from the clean sid. of the
machine,

) The control systum is intrinsically safe,

- it s,




4.3.2

THE _WYDRAULTC PUMP_STATION

4.3.2,1 Qutbya Punping Stations
This concepr has become popular averssas due to the
restricted space at the gate ends and the roadvay
sizes which hamper the moving of large equipment.
Although it has been tried by S.A. operators, on
{nbye station affers move advantages with local
sonditions,

4.3.2,2 of an Outhye Pumping Station

2

Datter equipment lagout, there is less congestion
than at the face end.
b) Inproved maintainability,

3

Reduced gate end requirements as their aswocisted
electrical equipment iz also Temote.

2

Enhanced emvlsion quality control is a clean
accessible environment.

4,3.2.3 4

a) Ramote ntop/start.

of an Outbye Vumping Station

b) Increassu pregsure losses,
) Burst pipes and leakages.
d) Tnereased capital cost.

LOSGWALL CONVEYORS

The conveyor ds chosen o have the required carrydng
capacity for the planned installation, It must be able to
carry the coal-getting machine and accommodate the haulage
system, It wust be sble to flex and advamce with @
self-cleaning action on the floor horizon and ect as an
anchor when advancing the supports, It also incorporates
the cable duct.

4.3,3.1 The Chain
Chaln configuration has tended towards twin cenbre
strand conveyors, particularly on more powerful
installations,

e g e
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The rwin outbosrd conveyor being the original
conveyor design, has many attributes, particularly
when conveying on steep gradiests. The fact that
the chain is constrained on both sides subjects it
to grester wear. This also moans that a new pan
section s required for each chain diamecsr, whersas
5 centre strand conveyor can use & standard pan side
sectian,

The single centre strand conveyor has the
disadvantage that very high chain pre-temeion is
required to overcome the inacabiliry of the [light
bars, The twin centre strand conveyor operates om a
lower prestension. The total chain stremgth is
greater than the single strand snd due to the fact
that they are more lightly streseed, weatr on choim
and sprockets is reduced.

4.3.3.2 The Pan Line
With a centre scrand casin, the choice of chain size
does not pre-deternine the pan section and 2 wide
choice 18 pvailgble,

Boltluss pan conncctors are now commonly used.
Present trends have been to operate centra strand
conveyors with bottom covered pans. Peak power
constmption is reduced and brokem bottem chains
virtuallv elintmated. Tha problems of fitring an
inspection cover have been solved throwgh the use of
specinl pen constructions and also thicker dack
plates whick have mede it easier to £1t an sdequate
fnepection door,

leavier duty furniture attachmenta to the pan side
has been made simplier and move secure by the use of

slat atrachments sand fine pitch thresded bolts with

anei-vibragion nute.

[y ot an




4.3.3,3 Delivary End Drive
Twin drive conveyors with 300kw motors and apiral
bovel gencboxae (allowing the motor to be positioned
pavailel o the conveyor}, ere aow common for heavy
duty installarions. The transmisaion unit should
include & hydeoulic chaln sloy running and
tansioning system. As an alternstiva to a fluid e
coupling a tve speed motor can be used, This gives ]
a high torque low curremt chavacteriaric at start |
with automatic change over to the high speed winding |
when the driven conveyor hes accelerated, This i
reducas any problems of voltage drop on start up. }

4.3.3.4 Transfer of Coal frow the longwall Convevor
1n order to transfer coal from the longwall conveyer
to the stage loader, an overlap is desirable to
allow proper cleaming of the armoured flexible

e

conveyor, hut any overlap will dmpede om the
transfer of large meterial. A compromise has to be
reached when positioning ehe longwall sprocket.

Rucently, two aolutions to this problem have been

developed :

The Curved Conveyor

This rransforma the armourad flexible conveyor and
stage loader into one unit, As it requires a eingle +
strand chafn syacam, 1t limite the power which cen

be transnitted.

S4de blachazg Conveyor i
Muze appropriate to the S.A, heavy duty conveying
application 15 the side discharge conveyor. This

allows perfect cleaning of the armoured flexible
conveyor, Toal is ctransferred to the stage loader

win o plough hlude ae the deck plate alopes away

over uhe loader, Anmy corty over in the central
deckpiate area gows ground the sprocker und falls

onko the vtage loader from the return wtrand of the
Torgwall conveyor,

- B e SRSV
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6.3.5

43

here height is a seriovs limiting Ffactor, the twa
chaios can be interlinked so that the carry over
coal on the longwall conveyor is deposited on to the
roturn stvand of the stage loader. It 1s then
transported  around  the  return  sprocket
of the stuge loader where 1t joins the main stream
of caal being ploughed off.

THE COAL BREAKER
They are necessory to prevent large coal or stone being

ervried on to the outbye conveyor system, & posaibility
which is incroased through the use of side discharge unite.
The location of the cogl sizer outbye on the stage loader
allows atequate bunkerage to be provided by the use of high
sided spill plates over a suitable lemgth of stage loades.
Its maximum Temotenese from the face makes it the safest
position. The ecrusher can either be of singie horizontal
drum design using picks, or stecl segments to crush the coal
against o spacinlly otrengthed deckplate or of a vertfcal
crusher drum design, Both can have their crushing size
casily adjusced and be swumg ovr of the way should a
problem occor. While the hovizontal crusher can break
stronger matarial, the vertical crusher is said to produce
less fineg and doss nok impart any shock loads to the mcage
loader chain,

THE_STAGE LOADER
This forms the intermediary link beeween the face conveyor

and the section belt. Many configwrations of stage leader
have been tried and a variety of arrangements are
appropriate to different conditions and operating routines,
Kowadays, pref i jor & vigid batwesn the

rerurn cnd of the gtage loader and the armoured flexible
conveyor drivehead. The stage loader is advancad as the
arnoured flegible conveyor drivekead ls pushed forward,

iR a i et e
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Up to 15m of movament was accommodated in & beam type stage
loader where {t straddled the conveyor tailend, creating en
overlap distance. The overlap was recovared when necessary

by stopping and advanciog or the
couveyor. The wedern trend is towards a shert bridge which
anchors the comveyor belt tailend.

The overl p is exhausted after a couple of shears and the
bele tailend 1s then allowed tw ratrest with the slack being
automatically taken up at the drivehead. The tailend pulley
is hydraulically maintained in aligoment., The bridge/
tallend arrangement can be either skid mounted or cat track
oeststed.

Large avtomacic loop take ups can accommodate up to L50m of
slack at a time, allowing a long run between production
stoppages. Gate and pantechnicons can be secured to the
stage loader where space permits, thus simplifying the
advance/pullback overation,

POWER_LOADERS

4.3,6.1 Caal Ploughs
Although Ehe cosl plough is o very efficient eoal
wioning machine, the geological conditions suitable
for ivs efficient operation L.e. relatively soft
well cleated coal, do not exist in most of the South
African coalfields,

Shearers

Many types of shearar have been developed for
different cutting conditions, i.a, for seam heights
betveen 800 millimetres and 4,5 metres, and a largs
choize 1s avallshle from numerous suppliers.
Hachines of high technical content are now offered
to those able to make use of such improvemants.
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Up to L5m of movement was accommodated in a beav type stage
loader where it straddled the conveyor tailend, ureating an
overlap distance. The overlap was recovered when necessary
by stopping operations and advancing or retroatdng the
conveyor, The modern trend is towards & short bridgs which
snchors the conveyor belt tailend.

The overlup is exhausted after a couple of shears ond the
belt tailend is then allowed to retreat with the slack being
outomatically taken up at the drivenead. The tailend puliey
i hydrawlicslly maintained in alignment, The bridge/
tailend arrangement can be either skid mounted or cat track

assisred,

Targe auromaric loop take ups cam sccommodate up ta 150m of
slagk at a time, allowing a long tun between production
stoppoges. Gate end pantechnicons can be secured to the
stage loader wvhere space permits, thus simplifying the
advance/pul lhack operation,

POMER LOADERS

4.,3.6.1 Coa) Plouphs
Although the cosl plough is a very efficienc coal
winning machine, the geolopical conditions suitable
for irs efficient operation i.e. relatively eofc
well cleated coal, do not exist in most of the South
African coalfields.

4.3.6.7 Sheprers
Many types of shearer have been developed for
different cutting conditions, i.e, for seam heights
betyesn 80U millinetves and 4,5 metres, and a large
chojoe 4» available frem onumerous suppliers.
Hachines of high tecimleal content ave now offeved
to thoge shle to make use of such dmpravements.
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Recent developments in shearer concept and design

have introduced :

) Kigher powered motors with more powerful haulage
systens,
Built in systems of machine control and machine

b4

health monitoring,
) An amount of

The power requirement is dependent on compressive
atrength, hardness, density, intrusiona, dirt bands
and nature of cleavags.

Thin Seam Shesrers

Thin seams ave uaually considered to have an upper
Iimit of 1,20 metres, There ave a Limited number
of such seams heing worked in South Africa to
produce higher grade coals,

A double ended ronging drum shearer (DERDS) has
been developed to overcome the difficulties of the
restricted coal clesrance space under the machine
body. This ia the burtock ~hearer which is aited to
operate foruard of the avmoured flexible conveyor in
the web, allowing sn unrestricted flow of loaded
cnal when cutting agoinst the conveyor flow. An
addittonal benefit from this machina ie thac less
dust is created as the drum is shrouded ngainet the
sean in an aves of reduced afr turtulence,

Medium snd Thick Seam Shear.rg

Single motor shesrers in the range of 300kw are
availabla, and where the
conditions prevail, two motors can uffer total
mackine power of 750 and even 1000kw., With higher
ingtelled power, the electric supply has been
uptated tc 3,kV giving Important advintagea fn

toughest  cutting

cable size and minimising voltage drop.
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With a cortect combination of rangin: am, drum
dlameter and hefght of undertrame, hivy duty
machines can ba adapted for use in seam sactions
Crom approximately !,5m to over 4,5m. Shearevs are
destgned using s modular construction, allowing any
breakdows to be repaired by a component change on
the fave,

SHEARER DRUNS

It is important that the shearer druns operate at their
optimum as apy deviatfon will resuie in increased power
consumption and less coal loaded on the conveyor. With
excessive coal luft in the track herizon control and sdvance
will be adversely effected,

Drums are succesafully desigmed by computer In the U.X.
Computer ajded shearer drum design (CAD drums) improve :

) Product size.

bY Pick life,

¢} Make of airborne duat,
&) Pover consumption.

The ¢rum i designed to produce the desired tonnages by

optinizing the following futer-relasved factors, Hurt (16)

) Drum diameter ¢ Uyually 2/3 of seam height . Output
falls as diameter is reduced,

B} Hh wize :  Increased in lover seam heights to
increase production,

©) Sumber or ¢ Requlres to he increased with width
sturts on of drum.
drum This increases clogging of the drum

as speed of roeation falls,
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a

Drum speed 1 Be: ko optimize loading capabllity
of drum. Lower drum speeds reduce
the make of dust.

2

auloge speed :  Incremsed speed Yequires more power
bue will incresse production. In
laver seans aperators would have
difFiculty in keeping pace with a
shearer travelling in excess of
7,50/min,

Drum direction :  batermines whether coal is to be
overthrown or underthrown, ldeally
"breakout” should be in the same
direccian as the coal flov across
the drum. Optimum loading direction
vartes with height and cutting
position of drum on a DERDS.

8

Vaue angle s Set to optimise loading ability.

W

Kumher of : Minimised to increase pemetration
pleks and optimize "bregkout” betwaen

alternate tines of picks.

Puvered cowis can be used to achieve a berter clean up of
cont in the track,

4.3.7.1 Cy

ting Picks

Wnile rvadial picks are favoured on Kuropean
installations, the hardness of Seuth African coal
has resulted in point attack picks (bangentially
mounted picks) baing more efficienc, Experiences at
Secunda Collieries ehowed dramacic fincredses n
performance when such picke were used, Most 5.4,
longualls are now operating with drums empecinlly
designed to accummodate heavy duty point attack picks.




4.3.7.2 Bianond Tipped
Synthetie dianond picks as described by Collin (17),
have proven themselves dn  various
Thetr 1ife
vibration of the shearcr and hence less wear and
thedr nigh

& very strict cantrol which is not

cutting

conditions. Longer leads to less

cear,  Unfortunacely, very cost
necessitates
slways  easy to achleve {n an  underground

envirenment.

4.3.7.3.puse Supression
This importanc factor can be better controlled at

the sheaver by raising the water pressure through a
booster pusp which is sprayed

pick,
cuteing

through fine jets

adjacent  te  each More  expensive
water=chrough-the-bit
available.  Efficient sprays

possibliity of & Face ignicion considerably.

eystems are also
reduce the
Hollow

the coal

water

drums are used to direct air through to

face side of the cutting drum. Evperimental work is
taking place to determine the benefits to be derived
From Wigh pressure water jet assisted cutting on
shearers,

CUAINLESS VNAULAGE SYSTEMS

Chainless houluge aystems are now well estahlished.

They
wore developed to allow havder coal to be out at greater
speed and for the operation of two mechines on the face, A
yrenter flexihilicy in maos ine

desion is alloved with the

1t that muitiple drive units can be provided.

s

They offer the following advantages :

a4} Greater productivity, Highev tractive foveces can be

developed and vesultant Chruses can be mora

distributed to hoth gides of the machive,

evenly
This counters
the tendency of lutge, long machines to travel with a
“erabbing” action.

reliability
Tenadan

b

Sorvice piving  long  ferm maintemance

savings. eurpes are climinated during the

cutting operatioin.
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©) Safety, The haulage chain tended to whip aud lash
dangerously,

d) Noise, Chaln came into contaet with the srmoured
[lexibie conveyor flight bars,

©) Simpliffed desfgn. Chain elimination simpliffed the
design of armoured flexthle conveyor driveheads,

There are two main types of chainless haulage in use.

L. The Chaln and Rack system of Star track and track
reactive as marketed by Mining Pupplies, wheta a chain
ie driven to enpage with the pegs on the side of the
armourel flexible conveyor.

2, ¥heel and rack dsed by Andorson Strathelyde in thedr
Roll Rack system, R.J,D, with Multidriva and Eickhoff
with Bikotrack, Here the tecth of the driven pinion
wheals engages with the rack.

Mechanical heulages based on clutch and gear selection
are hefng overcaken by alestrohydraulic units, giving
infinitaly variahla speeds of up to Lin per minute.
These can tomatic load regulating and

pratection features.

INFORMATTON AND CONTROL SYSTENS

New techmolegy has vesulted dn many possibilieies for
tproving the cullection of informetion to monitor Ehe
Lerleh of the wehine and to control ie, It is important
however thae those syslems do mot become so complex that the
result 15 counter productive,

Stoering arsistance systems which rely on measuriug the

nacural ga-sa rudlation {n the strate are conatantly being
refined and beconing mote relisble.

R e m e stk
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Remote operation of the machine is available to move the
operator into the fresh air hut to attempt has been made to

conpletely remove the operator From the machine.

SUORT WALY MINTNG OPERATLONS

Considerable scope extats for conducting shortwall operations in
$.A. ond this wethod 3§ being used successfully in Australis under
the nome of “Flexiwall,

Although shorzwills have bees opsrated using shuttlecars and
continuous misers as an extension of the Womgawilli method of pillar
extraction their limited increase in produceivity resulted in this
method offering little advantage. The application of shortwall
nining in 8.A, would be with the Flexiwall, mamely & shortened

longwall operation.

Successful installacions require the utilization of proven longwall
cquipment halanced with some inmovative design. This allows
consistently high production to be ochieved foeilitating rapid face
moves, In this way inconvenfently small conl blocks can be mined.
To this end mobility ond evae of operation of the main gate
cquipment is of parawount Imporcance, Kew equipment such as the
rollor curve conveyor are befng operated ot Borken colliery in
Germuny, tne piece vehicles which can encorporate both the delivery
drive frame and the acage londer are alse popular.

L2BTR )

With move mechanised equipment lesa persons sve required on the face

and those that ate employed are roquired to be trained to s higher
skills level.

dew tochnolowy in 1tself can accomplish very lirtle. It has to go
hand in hand with the willingness and adaptability of the workforce,
combined with the ingesuity and dorerminatfon of management.

Y rome i
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TONGHALLS

U.5. longwaila whexe in excess of 99% of operators cmploy
the retreat method, manning levels are typically betsien six
and eleven, piving daily outputs in excess of §000%. This
could bo reparded 0s an optimun manming level for this type
of mining due to the high cost of labour.

Typieally 1t would comprise aft

2 Maching Men
2 Prop Men
1 Stagelonder
1 Face Gemeral
1 Mechante
1 ¥oreman

Vften au optional mointenance/production ctew are on ome
hift, They comprise of the same mumber of mostly mechsnics
and traines avtisane who can operate the equipment.

S.4. Jongualis typieally run with hetween 10-12 facemen
giving a complement of:

2 Maching Men

2 rockmen

1 Stageloader

1 Face General
i tace doss

1 Electrictan

1 Mechanie

1 Enpineerlng Foveman

Larger comploments and espectally an increased level of
supervinim are often naceseary becsuse the workforce is
wnfamilipr with the ndning method and mew systems are
fuevitably fraught with many testirving problems, In general
a longer "learning curve {» experlenced with longwalling,
Bual puzpose mechonicians can reduce the complemont but Lew
peraots nre avallable who are nuitably skilled,




4,6  GONCLUSIONS - LONGWALL MINING

4.6.1  HIGR PRODIGTIVITY
Longwall mining ia a concentrated mining system designed to
produce high tonnages from one saction, which results in a
high productivity per man shift, A disadvantage of this

centralised production, is that any dowacime which leads to

a face atoppage will seriously affect produceion,
n panel extraction ratios are maximised, being in excess of
40%, while good raof control is effected by the pawer
supports, resultitg in safer working condicions.

4.6,2  HIGH CAPTTAL RISK
4 high capital cost is involved in installing a longwall
which has 5 high risk factor attached to it. It is possible
to lose a complete face due rto adverse geological
conditions.

4.f.3 DESIGN CONSTRAINTS LINIY BQUIPNENT CHOICE
The fuce equipment con only operate within certain height
parameters which must be chosen very cavefully fo msrch the
mining conditions, A coal production is nat contimuous

hecause of turn around operat{fons at the face eads, the coal
clearance system must be designed to cater for periods of
peak load. i

464 NER MINING METHOD ‘
Longusll mining s relatively new to South Aftica, irs
Tnittal eatab]ishment ln expensive and time and monay has to
be spent training persownel to operate the cgelpment,

4.6,5  EIPECTATIONS
While high extractlon ratios are assuted, given good mining

. conditdone, the most jmportent beneflt 38 in increased
.- / productivity per wman sLift. This ensures that an increase
1n labour costs has 2 lesser impack ph tost per ton.
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4.6 CONCLUSTONS ~ TONGWALL MINTNG

HIGH PROPUCTIVITY
Longwall mining is a concentrated mwining system designed to

praduce high tounages from one section, which results in a
high productivity per mam shift. A disadvancege of this
centralised production, {s that any downtime which leads to
a face stoppage will meriously affect production,

In panel cxtraction ratios ave maximised, being in excess of
902,
supports, reswiting in safer working conditions.

while good roof control is effectad by the pover

HIGH CAPITAL RISK
A& high capital cost s involved in inetalling a longwall
It is possible

adverse

which has a high risk Factor sttsched to it,

to lese a complete face due to geological

cond{tions.

DESTGN CONSTRAINTS LINIT BQULENENT CROTCE
The face aquipment can only operate within certain height

paramecers which must be chosen very carefully to match ehe
mining conditions. As coal production is not contimuous
because of turn around operations at tha faze ends, the coal
clanrance systam must be designed to coter for periods of

peak load.

Longwrll mining s relatively faw to South Afriea, its
indefal establisiment is expenaive and time and aoney hoa to
be apant training persapnel to operate the equipment.

EECTATIONS
while high extraction ratios are amsured, given good mining

conditions, the most fmportant benefit i in increased

productivity per man uhift, Thie ensures that an increase

in labour costs has @ lesser mpact on cogt per ton,

et s ot i
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A CUAPTER 5

UINING SYSTENS COST COMPARTSON

m

FXERCTSE PARAMETERS
In order thac u full cemparipen con be made of the different
underground mining methods reviewed in the presious chapters, it is

necessary that they be quantified o tarms of cuat.

This (n buat he dons by comparing the operatrion of each under
similar conditions, The chosen parameters wers that of a 3m seam
The depth of

o cover was taken to be 90m, which would allow 18m comtres to be mined

L with a competent sandstone floor and a coal roof.
i with conventional 6,00 bords.

For the purpose of the exerclas, it was assumed that a producing
Colliery with the extstim: infrastructure was required to imcrease
ita cutput by 150,000t per month, by the installation of new mining
This
- systems to be made on an equal basfs.

equipment. enabled o comparicon of the different mining

5.0.1  PRODUGTION TARG

TS FOR THT MINLNG SYSTENG

The roquired production was plansed to be produced by the 3
g mining systems under conuideration in the following wanner :
o g

a) Three single header conventional sections, preducing

50,000t per month on a devble shift operation,
B) Four leader ontinuous miver

sinple These

to praduce 37,500 tons per month on a

sections.
wure targeted
donble shilt operatian.

fave,

e

One  longwall This would produce
treble shift basis,

achfeve this, a prodection of 153,640 toms per mouth

150,000t pex
In order to

mankh warlking on 2

ver eleven monthd would be required, allowing one wonth

for face noves.
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By virtuo of the nature of the speration, the longwall
cannot commence production imediately, A face line has
to be driven and chaln roads developed, 1f the panel is
to be retreated. The installation of the face eguipment

algo takes time.

Tongwell mining is thercfore depandent on a primary
mining system to complete he necessa’y development
work, unlike the other mindng methods,

PRODUCTION POTENTIALS

Scope for Increasing production From each mining method
does extéc. As far as possible, am average production
wos calevlated for the given production parameters.
“cno operations are, however, achieving tennages in
scess of those suggested, through combinmations of
hetter conditions and of thetr

ligher tomnages are, however, not always eustainable
over a long period of cime and should not ne ssarily be
sccepred a5 the norm,

A look at the most successful operations shows that the
following production potentials can he schieved for the
stated nitng porameters, should  able conditions

proval!

MAXTMUY
PRODUCT 0N
RODUCTTON FOTENTLL/
TARGET/HONTH HONTH

5 INCREASE

Convent fonal 50,000 65,000 30
Courdinuosy miner 47,500 68,600 50
Tongwall 150,000 190,004 %,7




1t 1s evident that the scope for the largest imerease in
production exists vith continuous miner sections. Apart
from vorylog caal conditions, which as atat.d earlier,
play a very important part, the operation and management
of the system is very different to that of a conven-
tional section. This must be fully understoed if the
naxtmm benefft 18 to be derived from this mining
systen.

SEIFT_SELECTION

The longwall 18 to operate on 2 treble shift basia
because of the hitl =apital costs of the machinmery and
else to prow:lu a were constant wate of advance,
factldtating b, . o oudicions.

WTRING 8120 i OVERAEADS

T empliny e comparison of each type of mining

erocc L, certatn costs were considerad to be communal

e or *liia reagon, excludid.

PRWRYEL) 77571
Lot @

purpoge of the eiercise, the cost of
oificials were crcluded as the numbers required
. supervise each of the operations vas
ot dered o be very similar, AStheugh the
loiall face somnrisie one prolnction section,
moet operators . .quire t'at ot official is
solely respousibie for uhe face -n each of the
shifta, Additiorel

-iuls are alsy required

to plan and co-ordinate the face moves.




5.1.4.2

5.1.4.3

50140

LAWY

T1ON LARQUR CO:
Labour costs have been calculated for section

personnel only, MHiniog personnel employed on
gencral work and those who provide a back-up to
the wining operation, i.e. belt maintenance
crews and nleaners, rockdusters and supplies !
personnel, have not boen ineluded. Likewise, |
special engineering maintenance crews and those |
employed in outbye workshups have besn excluded, |

QUTEYE MACHTNERY

The cost of operating outbye machinery has been
excluded, as similar costs would be experred
with all 3 mining systems, The operation of
specialised longwall check movers have been
included, as they form an integral parc of the
longwall system,

TLATION COST
Theae were regavded as being similar and
therefore execluded. A longwall face requlres
less air per R.O.M. ton of coal, but is rellant
upon a development sectlon opening wp pit roow,
which also requires to be vencilated.

PONER
Power consumption for the various mining systems
has heen treated as being equal,

PIMPING

Pumping costs have been considered to be equal.

1t is recognised that the tatal estractive
nethed would create far greater vater problems
as the overlylng tratas were broken, and a
prester pumplng capshility vould have o be
ovailable. These coctn are, however, mavpinal,
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5.1,4,7 CONVEYOR BELTING
The cost of conveyor belring was tsken to be
approninately 408 more  expevsive  for
lonpwalling, Belring required For the longwall
section is generally of a higher capacity. It
is subjectad Lo more wear, belng camstartly
retreated/advanced as the [ace moves, but will
convay greater tomnages in its lifetime than

other vaction conveyors.

An amonnt of 3000 linear watres of 1050mm
sectlon conveyor was considered to he euitsble
for  gerving the  continuous miner  and
conventional sections. The longwsll section
required 4000 lincar metres of 1200mm conveyor,
20005 for the production face and 2000m for \ha
noxe developed chain road,

-8 TRAILING CARLES
The cost of trailing csbles were considered to

CABLES

by equal, due partiutly to the relatively small
vost which they reprasemt.

SEUTION N

The choice of mining equipment for the purpose of the

ERY

compartson was selocted to be the most suftable of the
loeslly available machinery, far which on established
back-up service exises.

The Joy 108G22 shuttlecar was sele ted in preference to
Ehe 4BR XNS Torkav. Although its dmitia) purchase price
is more expensive, it has proven itself to Lo cheaper to
oporate, siving lomger intervals between - ‘ves
(100,000 loads uv opposed to 60,000), It can have aw
opsrating cost as low as 30c per ton, compared to b5c
pev tou tor the Torkar, It aleo has the Foilowing
design benciirs ¢
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a) Hore 7{gld and narrawer body comstruction,

b) Uigher ground clearance.

€} Better tractlon with twin motor drive which
eliminates differe.tials,

d) SCR traction system which offers smooth acceleration
and assists with braking,

The Joy 16CN® coptinuous miner 1s compared, which ean
produce up to 9 rons por minyte in a medium seam height.
This s a solid drum type machine which is currently
126M6

terns

outeporforning  the model, incorporating the
ripperveyer, in

avatlability.

of productivity and machine

CAPITAL T
The eapital investment required for modern machinery is substantlsl,

EAT

Fiigh techaolopy hardware has to he dmported from overseas oftem at
unfsvourahle exchange vates.

The momnfarture of low volume machinery is expensive, Usually no
aingle roduct can be produced to sarisfy every customer's needs and

cach piece of cquiprenc has to bo customised to some
spounts of meney are needed to reinvest in updating
in order to maintain « competitive edge.

Byery fueestment wlich bas been rade in lonpwall

degree.

Large

the technnlogy

equipront and

it

irly all that have heen vade in eontinuous miners, ave for either
synfuel projects, lecor, or Eakom tied poverstations, where rhe
capital hurden has not been the sole cesponsibllity of the wining

conpuny.
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As demand {ncreases It may be possible to set up a local
manufacturing plant, Joy have successfuily done this and now
manufacture a wide vange of their products locally. At prasent the
local content of their continuous miners and shuttlecars is 80% and
84% respectively, With a vlew to reducing thelr prices they intend
nanufacturisg the remaining imported components in order ta achieve
1007 local content within the next 12-18 mentha.

Usvally the mavket for spare parts and sub assewblies s captured by
the machine manulacturers who regard it as an important souree of
income. They tend £o exploit their monopoly situation by charging
high prices. Although pirate parts become available for certsin
componant types, quality problems can avise and such spares will
invalidate manufacturer's guavankees.

CONVENTTONAL MINING

5.3,1  CURRENT OPERATING COSTS

Conventional mining operations ace typically producing coal
for as little as RIL -er R.0.M, ton, where the coal is sold
directly to a powerstation withowt benefiviation, and R24
where a higher gualiey coal is produced. RLL per RiO.H. ton
i dn fact, a lower working cost Ehan that of a compatible
opencast mine being operatod on the same collfery, Oftenm,
higher costs are justified with conventlonal mining, as the
higher prices which can be commanded by export quality coals
result in the exploitation of more difficult coal fields
being attractive propositions.

While most eoxport conl ia wined by conventional means,
vielding less [ines for the plant, some coal s alsa
produced by the same method for pever station consumption.




Operators ave successfully containing increases

redueing section complements through :

n) TIntroducing mobile face drill rige.

) Eaploying multi-sperators.

Other savings have bzen affected by

a) Improving blasting efficiencies.

b) TInehouse vepairs te sub-sssemblies.

94

in coats by

Wnile costs vary dependisg upon seam height and wining
condittons, a typical breakdovn for an export colliery with

average mining conditions would be

Officials

Senior skilled

Skilled ond semi-skilled
Explosives and accespories
Tetrolewn products
Mining consumables
Engincering consumables
Plant

Hostel

Other

Vorki-g et suspense
Sundey debits

This gives a total of RN per R,0,M, ton, with benefictation
af the proquer typirally bringlng this to around R2% per

gales ton,

w/rox
1,68
1,21
3,57
0,89
0,41
0,76
1,12
0,59
0,46
6,73
3,02

438

1200
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° ' 5.3.2 FXPORT COAL PRICES
@ oY
Lo Due to the current recovery in world coal price, F.0.R.
i prices at Richarde Bay of K88 for low ash coal and R64 for

steaw coal can now be realisod,

fTypienl rvailage tariffs nov amount to R2Z & ton, with
warfape fees and stovedoring charges raising selling
expenses to R27.50 per tom,

Hany prudent operators are aceruing profits from tha
exchange rate and Forvard cover transaztioms. While current
vates are ensuring @ healthy profit for coal expartexs, they
remain susceprable to fluctuations in the rand/dollar
exchange vate and the ever present risk of samctions.

Th
seenarlo of 12 mouths ag ime, many producers

¢ latest tremd Is a df

ion of the envisaged
wers planning to close thous ‘table export mines se
sales revewse declined, It was vspacted that the bulk of
coal advision profits for the larger mining houses would be
derfved from the tied power collieries which affer a lesser
but wore seeure profit marpin.

5.4 COST ANALYSTS - COMVESTIONAL SEOTTON

The following costs were calauluted for a convencionusl section

capable of producing 50,060t per uonth under the stipulated control
conditcnt,




5.4,1,1 NINING

40 x skilled § semi-skilled
omployees

Basic wage

Acconmodation and medical
Bonus € 302 baslc

Overtime ® 20% basic

2 x Miners
TOTAL

5.4.1,2 ENGINEERING

4 % skilled & semi-gkilled
employees 1

Basie wage

Accomvodation and medical
Benus € 30% basic

QOyartime # 204 basic

2 x Fitters
2% wlecrricinne

TUTAL

TOTAL

ez -

MONTHLY LABOUR COSTS (double shift operatiom)

=

28 793,60
7 198,40
8 638,08
5 158,72

50 388,80

6.332,40
58 728,20

2 628,56
657,14
788,56
525,72

4 559,98

7 180,44
7180,
14 360,88

18 960,86

75 589,086

R/TON

f

e
3
8

£

o
£

e
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CAPITAT. COST R

L % Rham roofbolting machine 85 000

2 x Joy 10RU coalcutters 777 Q40

2 % Schroeder face drills (roll over .

boom) 322 000 B .

2 x Joy 14B1011C loadurs 816 340 {

3 x Joy 108C22 shuttlecars 1205 220 )r

1 x Rhino feederbreaker 193 000 i

1/2 x Eimeo 913 LED 130 000 |
3328 600 |

The cost of capital for this equipment based on on average
produceion of 50 000t per menth is RI,18 at a cost of

capital of 20 percent per annum.

REDLACEMERT COST .
The replaccment is planned on an estimated life of

individual items a8 shown below :

FXPRCTED LIFE (YEARS) ANNUAL RPA, (R)

taofbolt machine 10 8 500 : .
Coaleutters 15 51 800 o,
Pace drille 10 32 200 !
Toaders 15 54 400 ;
shuttlecara 15 80 (00
Feederbreaker 10 19 300 i
ity L] 14 400
261 00 ,

This equates o RU,44 per ton.

b, bt a2

BHNESD tor it i ot
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5.4.4  HORKING COST SUSPENSE
$.4.4, 1 NAICR OVERHAULS
OVERHAULE/
R MAGH. LTFE R/TON
Shuttlecar/100 000 toads 205 000 3 0,21
Loader/100 000 londs 237 000 3 0,18
Gaalentter/28 000 cuts 162 000 3 0,11
B fbolter/60 000 holes 41000 2 0,02
Drillrig/200 000 holes 80 000 2 0,05
Peederbrosker/210 000 loads 87 000 2 0,03
Binco 913/3 yoars 145 000 2z 0,02

0,60

“fhe cost of major underground equipment overhauls is
0,60 per ton,

5.4.4.2 SUB_ASSEMPLY OVERHAULS
Prom machine [istory data compiled by the
enginecring plauning depertments of severnl Amcoal
Collieries, the averape cost for the overhauling of

b lies, for 1 wining

machinery, was found to be R0,39 per tom,

5.4.6.3 CONUSYOR BELTING
The eapital and maintenance coscs for the neceseuty
1 050nm convevor heltlng we. calculated to be RO,25

per ten,

{par section)

[ [0

5.4.5.1 MINIVG
Consumub Loy 2R 500 8,i7
Fxplosives and pecessories 500 0,73
Petvoleun produces 4 s 0.48

19,360




5.4.5.2 ENG

ERTNG
Consynables

Petroloun products

A breakdown of the
underground production
following ¢

Conlentter

Foederbreaker
Facedrill
Loader
Roofbolter
Shuttlecar

I0TA

Mining labour
Engincering labour
capital cost
Replacement cost
Major overbauls
Sub-assenbiies
Conveyor belting
Hiniog stoves

Engineer iy sparis

#dditionul costs commmal to all
three minfug nystems

99
51 000 1,11
8 000 2.0
59000 121
cost +  consumables per ;

waching comprised of the

R
16,30 per eut
0,80 per load
0,14 per hole
2,60 per load
0,33 per balt
,86 per losd

BLTONY

0,27 |
0,09 i
0,04

0,29 |
0,01

b [
1,02 -




5,5 CONTINUOUS MINERS 100

5.5.1 CURRENT OPERATING GOSTS
Continuous miners are operated by a number of large

bskon tied collieries, either as the exclusive coal
vinning method or in conjunction with other wining
systens.

Concduuous winera are alao employed at export and Iscor
nines wheve they perform specialist functions of pillar
extroction and  development work through ligneous
intrusions,

Operating costs for continuous mimers vary from between ‘
R16,00 and R25,00 per R,0.H, ton, dependant to a certain

extent, upon sean height and mining conditions. Whils
lsbour costs are less than those of a conventional k ~
section, a higher expenditure is realised on machinery. .

Typicelly, the costs are broken down as follows 1

B/T08
officiale 1,97
Senfor skilled 1,53
Skilled and semi-skilied 1,95 .
Explosives and nccossories 0,02 N
Petroleun products 0,57
Mining consumables 1,17
Engineering consumables 1,02
Plant NIL
Hostel 0,40
Other 0,92
W.C.5./RPA provision 6,15
Sundry debits 5,20 s
20,20

& o a




PACTORS INFLUENGING PRODUCTIVITY

¥hers large numbers of continuous miner: are employed,
it is important that the mining company adopt a
scientific approsch towards their operation and
naintenance, The aingle coal winning machine has a more

critical impact on the productivity of the mection,

Futere developmests to fmprove the efficlency of the
machine are set to introduce a greater amownt of
instrumentation into the cab, This could prove o be
r o thetr . At present,
collieries ave experiencing a shortage of skilled

actfsons and che problem of attracting and retaining
such people needs to be pursued more vigorously, if the
oxpected benefity are o be derived From move
sophisticated miniu, machinery,

One solution 1s to increase wages, which is offectively
happening, o a larger number of contractors are being
caployed. A more bemeficial approach would be to
inprove the re:wneration for permmment staff in order
that a stuble, experfenced workforce cam be built up,
As the degree of wistication increa

so does the requisite truining period bafore which a

person can be of rull use *o e vompauy, An unstable
workforee drains training capabilities and ties up
valuahle resources which could otherwise be bettar

utilised.

The proper monagement of the operation is the key to
attaining the ahuve goals. High teclmology can never in
itselt, acbieve the desired results and an equal amount
of attention must be focused un the needs of Che
enployees 1F the maximn benefits are to be derived.
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5.6 [COST ANALYSIS
The continuous miner sectien, capable of producing 37,500t per
month, was costed as follows under the exercise conditions.
The mining systom smployed da o be bord and pillar development
with no stooping,
5.6.1 MONTHLY LABOUR COSTS (double shift operation) f
i
5.6.1.1 MINING R R/TON !
22 x Skilled aud semi~ |
£hi11sd employees |
Basic vage 15 593,16 i
Accormodativn & medical 3 898,30 |
Bonus @ 30% basic % R77,9 [
Overtime @ 202 basie S b i
27 288,06 0,73
2 x Miners L6.339.40 0,17 .
TOTAL 33 627,64 0,90
5.6.1.2 ENGINEERING
3 x Skilled and semi- |
skilled employees :
Basic vage 1971,42
Accommodation & medical 492,86
Bonus @ 0% basic 591,42 .
Gvertime § 20% basie 384,29
3 449,99 0,09
2 x Fitters 7 180,44
2 % Plectrictans 718044
14 360,88 0,38
TOTAL 17 81,87 0,47
TOTAL 514%,3 LA
. i
ot 4
e , .
-t y ' d . i
L /




5.6.2

5.6.3

5.6.4

CAPTTAL GOST

1 x Rham roofbol’ fng machine

1 x Joy 14CM9 continuous miner
3 x Joy 108622 Shuttlecars

1 x Rhino feederbreaker

1 x Limeo 913 LKD

85 000
| 759 000
1 205 220
193 000
260 000

The cost of cepital for this equipment, based on an average
productlon of 37,500t par month is R1,56 at o cost of

capital of %0 percent per anzum.

R

LACEMENT

The replacement 18 planned on
individual items as sbown below

an  estimated 1ife of

FXPECYRD LIFE (YEARS)

Roofbelt mchine 10
Continuous miner 4
Shuttlecars 15
Feederbreaker w0
L 9

This squates to R1,28 per ton.

BORKING COST SUSPY

5.6.6.1 MAIOR GV

Shutelerar/100 000 Joads
Roofbalter/60 400 holew
C. Niner/600 60 ton

ANNUAL RPA, (R)

8 500
439 750
80 400
19 300
28 900
576 850

OVERHAULS/
R MACH, )LIPR  R/TON

205 000
41 000
630 000

Feedorbrenker/210 000 Loade 87 000

¥dreo 913/3 yeurs

145 000

0,21
0,02
0,72
0,03
0,05
Lo




The cost of underg major equipment ovarhauls is
R1,03 per ton,

5.6.4.2 SUD ASSENBLY OVERHAULS
The average cost of overhsuling underground
sub-assenhlies was caleulated ot RO,98 per ton.
This figure was determined by analysing the machine
history data compiled by the engineering plaoning
dopartwent of an Amcoal Colliery. The figure was
found to be roasonably close to that determined at a

mojor Geneor and Rend Mines Colliery.

5,6.4.3 CONVEYOR BELTING
The capital gnd maintenance costs for 1050mm

conveyor belting was caleulated at RO,25 per ton.

5.6.5 MONTHLY STORES COSTS (per mection)

5.6,5.1 NINING ® R/T08
Consumables 42 000 112

3 B/TON

Consunnbles 21 000 0,56
Petrolewn products 6375 9,17,

27 375 g_.ll

The average cost of a contlnuous miner to a colliery
eauates to  RI1,45 per ton,  This includes
subeacseublies, nnnuel serviee by mine personnel
(excluding labour), stores ond Lubricants.

5.6,6 TOTAL COST_FOR CONTIRIOUS MINFR_SECTION

B/TON
Hintng Lobour 0,30
Inpincering Jubour 0.4
Capital cost 1,56
Keplacement comt 128
Major ovorhauls 1,03
Sub-ausenblies 0,98




TOTAL FOR_GONT:

Goaveyor belting
Mining stores
Engincering stores

Additional costs commmal to all
three mining systems

008 _MINER SEGTTON (CONTIM

R/TON

0,25
1,12
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5.7 LONGUALL MINING

5.7.1 CURRENT OPHRATING C:

Tongualls, se reviewed in Chapter 4, are being operated
by a number of wining campanies, where the greater
capital expense an bo shared with the customer. Due ko
the large impnrted content of longwall aquipment and
spares, the overall ecconomics of longwall mining in
South Africa has heon seriously affected, equipment
being the most costly part of the operation.

This fo currently evident as the budgeted provision for
working eost suspense fu typically found to be
inadequate.,

The high cost of face supports is ome of the factors
which has Influcnced Secunda fn their decision not to
re-equip two of their longwalls. Continuous miner total
extraction methods are now considered to be cheaper.

For any wev nining method, a learning curve {s
experienced before people become fully coaversant with
the system. &s with coutimuous miners, the importance
of suitably qualified persons with the necassary
technicnl skills i not be be under-estimated and many
companies have been reliant upon recruiting personnel

Erom overseas.

¥len vapital charges ave excluded, longwall operatars
are veoliaing operating costs of 2/3 rd's that of a
continuous miner section.

An additional 207 of lenpwall coal production would have
to be costed as per a contlavous miner section, this
hedng the amownt which wonld be wined by the chain vead
development,  Sucl  developments, however, are more
expenalve thin continuous miner production sections ng
the restricted space and faster rate of advance slow
down the productlon porential of a chain raad section.
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Colliories ave typicolly producing st R16,00 per ton
from their longwall mections, This is broken down as :

follows ¢ .
a0 i
Officials 1,50 !
Senior skilled 0,91 |
Skilled and semi-skilled 1,38 |
Explosives aud accessories NIL ]
fetroleun products 0,37 i
Mining consumables 0,96 ’
Engineering consunables 0,96
Plont NIL
Hoatel 0,26
Other 0,73
W.C.5./RPA provision 4,43
dry debits _b,48
15,96 ; -

5.8 COST ANALYSIS - 1ONGNALL SECTTON i
The longwall scetlon budgeted for the cost comparison exercise

at 163,640 tans per month, was conted as Follows @ i

(treble shift operation)

5.8.1.1 MINING 3 R/TON *
21 x Skilled and semi-
skilled employees

basic wage 16 926,00
Accommodation & medical 4 231,00
Boms @ 30% basic 5 078,00

Qvertime @ 10% basic 1.693,00
27 928,00 0,19

3 x Face pupervisor 12.705,00
TOTAL 49 633,00
Cat 5]
. e f
‘. ’ ’




5.8.1.2 ENGINEERING

6 x Skilled employees :
Baste wage
Accommodation & medical
Bonus @ 30% basic

Qvertine @ 10% baslc

3 % Fitters
3 x Electricians

TOTAL

TOTAL

5.8.2 CAPITAL QUST

140 x Dowty 823t chock shields @
mported contents
Local contents

1 x Eickhotf 750kW shearer :
Imported cantents
Local contents

Toported contents
local contents

Tuported cuntenty
Local contents

. . pillar mining)

Ccean froight

pump scation, hydraulic plpes

2 x Kagner chiock wovers

R

4 999,74
i 414,22
1499,92

499,97
8 413,85
11 670,86

11.670,66
22.21,32

31 785,17

72 388,17

1 % Dowty avmoured face conveyor :

| % Anderson Strathclvde stape loader !

Elecrrics (cost differance from hord and

Back=up equipmen. fncluding pan launcher,

=
>
K

108

2

|

&

=

o
-

193

[¢1]

257

750
746

3 300

3

030
000

000
000

000
000

L1s?
46_209,

sl
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The cost of capital for this cquipment hosed on an
average production of 150 000t per month 4s R5,27 at a
cas® of capltal of 20 percent per annum.

5,8,3 REPLACEMENT GO

The replacement 1s plenned on an estimated life of

indivicual itams as shown below

SXPECTED
LIFE (YEARS) RRA (B}
Powered supports  Replaced st 15/annum 2 972 600
Shearer 10 716 400
Armoured face conveyor 2 2 011 000
Stago loader 5 265 000
Flectrice 10 75 000
Back-up aguipment 10 330 000
Chock movers 9 128 000
6,498 000
This aquates to R3,61 per ton.
087 SUST
$.8.4,1 NAJOR OVERUAULS R R/T08
Shearer RL,2m por Jm tons 720 000 0,40
Cucting drums R8O 00D per
0,5m tons 288000 0,16
Armouted face convayor
(chaing) B0,4m per Im tons 360 000 0,20
Supports 15 @ R30,100 each 450 000 0,28
Stage Joader (chaing) 120 000 ©,07
Support movers overhaul
rulce ¢ K240,000 86300 0,08
" le hendler per face
S sgtallation 75000 0,04
. J2 2099300 L7




110
5.8,4.2 8UB ASSEMBLIES R R/TON
Shearer 470 000 0,26
Armoured faca conveyor 1 450 000 0,80
Supporta 575 000 0,32

Stage losder

145 000 0,08

Support movers 35 000 0,02

2 675 000 1,48

5.8.4,3 CONVEYOR RELTING
‘The copital and maintewsnce costs for Lhe

nacesszry ) 200mm conveyor bolring was

caleuloted to be RO,35 per ton.

NONTHLY SYORES COSTS

5.8.5.1 MINING
Gonaumsb les

(per section)

2
o
2
2

5.8.5.2 ENGINEBKING R R/TON
Consumables 8L 250 0,65
Petrolesm products 48 750 0,39

ZOTAL, COST FOR LONGIALT. SEvisoN

Mining labory
Enginecring labour
Capieal cost
Replaceneat cost
Major overhauls
Sub-assenbies
Conveyor heltirs
Mining stores
Einglnesring utores

8o
0,27
0,21
5,27
3,61
1,17
1,48
0,35
0,62

Lt

14,02

Additional « ¢ compunal to all rhree

ulntog sysr .4
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5.9 CONGLUSION TO COST COMPARTSONS
A cost conparison of the 3 mining systems under conaideration
18 shown in figure 5.1, 2 ond 3, The distribution of eapital

to lubour #nd consumables cosls is clearly illustrated.

5.9.0 CONVENTION'T, MINING

While labour costs for comventional wining are the
highest of all 3 systens, cepltal and maintenance costs
are lowest.

5.9,2 CONTINUQUS MINERS
Cupital costs for the continuous miner Rectieon were more
expensive that for the conventional section.

A reduction dn operating costs ia devived as a result of
the saving in explosives being greater than the cost of
coal cutring pieks.

Maintenance costs for the contimuous miner contribuce
largely towards the higher matevial cosks,

CNGWAL), MIFING

Longwall wining was found to be the most oxpensive
mothod, although lnhour and opernting material costs
were significantly lower than For the other mining
methods. Tais is due to the high cost of the equipment
and the correspondingly more expenuive spores,

5,10 1T NTIOMAEY R:

i

5.10,1 PREVIOUS STTUATTON

The developnent of mininy systems to operate with the

winimum amount nl labowr has been a very impartant
consideration 1n Furope and Amerdca,




CONVENTIONAL SECTION

)
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OPERATING
MATERIAL
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OPERATING MATERIAL mw@:ﬁ"“
e e,
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CONTINUOUS MINER PRODUCTION COST
832¢/TON

0%

OPERATING
MATERIAL
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o LABOUR
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S

MINING CONTRIBUTION
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MAINTENANCE
MATERIAL

CAPITAL
RPA

LONGWALL PRODUCTION COST
1402¢/TON

94%

78%

MAINTENANCE
MATERIAL

OPERATING
MATERIAL

LABOUR

22%

MINING CONTRIBUTION ENGINEERING CONTRIBUTION
9% 28%
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5.10.2

South African labour, being considerchly cheaper, has
never required the same savings to be made. At the
start of the 1980's, it was perceived that more
substantial incresses in the cost of labour would be a
feature of the economic development of the country,
What was not foreseen however, was the sharp decrease in
the value of the rand and the resultant increase in the
cost of imported machinery. As & result, lsbour costs
were by the sscalating price of v.

The inflationary impact on the more labour intensive
wethods did not therefore push them out of line with the
other mining systems, and those that were reliant on
expensive imporced machinery, rose more sharply.

Future expectations are that the value of the rand on
the fntermational market will remain weak, making
imports expensive, Assuming that it does not depracista
further, lower rates of inflation in Wiatern Europe will
be a limiting factor on price increases, After 1990, ir
is predicted that the rand will start to appreciate
against the major foreign eurremetes.

Cost expectations over the next 5 years are based on
lubeur inflating at an average of 5%, While wany
conrunables have rigen in excess of the inflarion rave,
these ave expected to -ome more into iine aud ecscalace
at a lesser vate to that of labour, i.c. 14% after 2

urs, Most of these materials are letally sourced.
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5.10.3 INFLATIONARY INDICES
Current SEIFSA indices and the consumer price index wers
conaulted to determine the predicted rates of imflation
for various categories of equipment and labour. From
these, the following 5 year inflationsry indices were
constructed to vepresent what is, in the author's
opinion, the most likely trend.

SEPT. SEPT.  SEPT, SEPT.  SEPT. SEPT.
188 189 ‘90 1 192 193
Lsbour 1,000 1,1700 1,3572 1,5608 1,793 2,0106
Operattag
waterials 1,0000 1,1800 1,3688 1,5604 1,7477 1,5574
Maintenance
materials 1,0000 1,2000 1,4160 1,6426 [,8725 2,1347
Equipment 1,0000 11,1800 1,36B8 11,5604 1,7477 1,9574

5.10.4 CONCLUSION TO FUTURE MINING COSTS
Using the inflationary indices, the operating costs for
the different mining systems 5 years hemce, are
caleulared,
table 5,2 shows the predicted costs of operating the
syatems implemented 1o 1988, and ctable  the
predicted cost of commencing production in ne.
1t 15 ovident from this inflationery sce wat

conventfonal mining will remain the cheapest alterustive

for the next 5 years.

TABLE §,1 CURRENT OPERATING COSTS

CONTINUOLS
CONVENTIONAL MINER LOBGWALL
Labour 1,52 1,37 0,48
Operating materials 1,84 1,37 0,97
Maintensnce materials 2,26 2,74 3,69
Capital/R.P.A, L.62 2,84 8,88
1,24 8,32 14,02




TABLE 5.2 COST OF OPRRATIONS IN § YRARS TIME

CONTINUOUS
CONVENTIORAL _MINER _  LONGWALL
Labour 3,08 2,73 0,96
Operating materials - 3,60 2,68 1,90
Majntenance materinls 4,82 5,85 7.88
Capital/R.P.A. 162 2,84 8,88
13,50 14,02 1862

TABLE 5,3 COST OF COMMENGING MINING IN 5 YRARS' TIME

CONTINUOUS
CONVENTIONAL __MINER LONGKALL
Labour 3,06 2,75 0,96
Operating materials 3,60 2,68 1,90
Maintenomce materials 4,82 5,85 7.88
Capital/R.P.A. 3.17 B.38 12,38
14,83 18,8 8.1

5.11 CONSEQUENCES OF INGREASED PRODUCTION

As reviewed in 5,1.2, the potentisl exists for inereasing the
production from the various mining methods, to differing
degrees.

Should che productivity of the 3 wining methods Increase to
their hypsthetical maximum, then the cost per ton of the
continuous miner section would become very cloge to rhose of
the conventional saction. This is due to the lorger potential
which exists ta Yncreas.ng the productivity of the nmew.r, less
femiliar, and morxe exacting mining methed.

Fig. 5.4 shows how the cost per ton decteases as the production
is increased, The cost per ton for major overhauls,
submassedblivs and stoves, vere assumed to Tewain the same,
while the c st of lehour, capital, R.P.A. and convayor belting,
wag deereased,

i —c————
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TARGETED TNCRFASED
PRODUCTION COSY PRODUCTION % COST FIXED
£ R/TON _TARGET _ INCREASE R/TON GOSTS

MINING
HETHOD,

Conventional 50 000 7,26 65 00C 30 6,46 3,85
Sontinvous

ainer 37 500 8,32 60 000 60 6,65 3,86
Longwall 150 000 14,02 190 000 26,7 11,9 4,29

Wieh dmprovement, a continuous miner section can be operated at
approximately the same cost as that of a conventional section,
which axplains the bise that certain operators have for ome or
other of the same,

GENERAL CONCLUSTONS

It is concluded that conventionsl mining still has o valuable
rals to play as the most ecomomical methad of underground coal
mining, notwithstanding the fact that it dia more labour
intensive, Lower capital and maintenance costs more than make
up for this,

5.12.1 SUPERVISION

The underground environment requires a particulsr type
of employee with skills and knovledge derived from years
of oxperience, The retentlon of these persommel is of
groat importauce to the industry when an orpanding
cconomy entices ortisens into [factory and service
enployment, offering competative salarics and mors
favourable working conditions.

Persounel shovtages are not  reatvicted to  the
engineering diceipline and the tralning and recention of
g00d miners iu importent if the shift overseer is ta be
allowed to operate at his propev level, If not, outbys
operatfons will suffer, resulting inevitably in
unnasessary praduction delays,

1t 18 imporrant that the mining induntry meats this
challenpe in crder thar it prosper amd mev wining
methods ean be succesnfully dnplemented.
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TARGETED INCREASED
NINTNG PRODUCTION COST PRODDCTION % COST FIXED
HETHOD 13 R/TON _TARGET _ INCREASE R/TON COSTS

Conventional 50 000 7,24 65 000 30 6,46 3,85
Continuous

winer 37 500 8,32 60 Q00 60 6,65 3,86
Longwall 150 000 14,02 190 000 26,7 11,96 4,29

With improvement, a contimuous miner section can be operated at
approximately the same cost as that of & conventional section,
which explaing the biss that certain operatovs have for one or
other of the seme,

GENERAL CONCLUSIONS

It is concluded that conventional miming still has a valuable
rale to play as the most economical method of underground coal
nining, notwithscanding the Ffact that 1t is move labour

intensive, Lower capital and maintenance costs move than make
up for this,

5.12.1 SUPERVISION
The underground envivonment requires a particular type
of employce with skills and knowledge derived fvom years
of experience. The retention of these persomnel is of
great importence to the induatry when an expanding

osomn,  ontlees artisans into factory and service
employmant, offering competative &alaries and mora

fnvourable working conditions.

Perdonncl

shortages are not  restricted o the
englneering discipline ond the training and rotention nf
guod winers is important 1f tha shift overseer fs to be
alloved to operate at his proper level. If not, outbye
oporations wilt suifer, rosuleing inevitably in
utmecessary produstion delays.

It is feportant that the mining indugtry meets this
challenge fu otder that it prosper and new mindng
wethods can be succeunfully fnplemented,
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5.12.2 MANAGEMENT
Tho success of any mining operation is dependant to a
large extent on the quality of the menagement. The B
afficiency with which the mining cbjectives ave pursued
and the relstionship with the workforee and the unions
sre crucial Jdeveyminants vhich have a  fundamental

beardng on this.

Problems should be skillfully countered by balancing a

solution which suits the prevailing conditions, High
tech, solutions can bring disappointing results and
simpler remedfes often give more relisbla leng term
results for a lesser cost. Ideally, the degrae of
technologieal innovation should be corefully assessad so
that it con be pitched at the skills level of the

workforee.,

5.12,3 CONVENTIONAL MINING
The sliovtage of skilled technical personmel is &

considerable problem with the operation of advnced
nining methods, as proper maintenance and the skillful
oporation of the «quipment are seriously affected,

The more simple comventional machines, which are very
often backed up with spare units, reduces the critical
impact of service and maintenance,

Increesing the level of engineering expertise would
toing alous 1ot cost reduccions thenugh more efficient
praventative  maintensnce  and by  inereasfug
availebilitdes, thereby increasing production. The
nuwbor of back-up machines could also be reduced,

The lahour comploment of the conventlonal section cam
ulso be reduced to fall more in line with those of
American operators. An acceptuble staudard musc then be
reached batween cugts, production and section standards.




5.12.4

5.12.6

CONTINUOUS MINERS

Continvous minars have the ability to achieve extraction
ratios compotable with longwalla fov a lower cost,
Succasaful oporation of these machines does roquite a
more skilled lovel of maintenance and opovation than

conventional machinary.

LONGHALY NINTNG
CGapital
deductable.
longwall mining equipment,

expenditure on mining equipment is  tax
1f large amounts of momey are spent on
a large turnover would be
required 1f this is not to be the only major capital
project which 1s to be planned.
Should labour costs inflate at a faster rate thar
materiol costs, then the more highly mechanised misinmg

systems are going to become increasingly attracrive.

The capital and maintenance costs of thim sophisticated
equipment have already increased to such an extent a5 to
give serfous doubt to further installstions by evan the
largest of coal producers working in the decpest mines.

TONUS PAYMGNT
Production bonus payments ave an {mportant management
tool in the oporation of any minieg Ayacem.

South African bonus payments for underground cogl mimers
aye notably lower than those of Europaan and American
coal operators.

An dnerease in such on incentive, caltulated on weekly
or umonthly tons produced, would make the operation more
a1 £-supervisory.

This 1s & very important consideration if the section is

to he ¥un on a decreased complement where a more diverse
workload is requived of crsh cmployues

ekt smatm—




APPERDIX 1
LABOUR RATES i

The following rates of remuneration comsistent with those agreed upon by
the Chauber of Mines, as of October 1988, were used for the purpose of the

axer

Skil1 o a ! pemi-skilled employees :

&

{

|

J03 GROLP. R i

40,93 per shift [
36,23
31,36
28,26
15,84

23,51 L

{

i

|

I

Moo e oa

Accommodation, medical and bemefits are caleulsted at an pdditional 25%.

Saction Nimer ¢ Basic 1 675,93 !
P.7., medical ald 603,33 |
liusing costs 350,00 '
Bonwe 122,00 i
Overtine 530,02

Artlsan H Busic 1 753,33
P.F., medical aid 631,20
. Houatng conts 350,00
. K Honua 196,00 .
. Jo overtime 659,69
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