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ABSTRACT

The thesis aims to provide a foundation on which to base
decisions concerning the iaplementation of efficient
underqround mining methods for thick coal seams in South
africa. For the purposes of this work a thick coal seam is
defined as 'any seam more than 4 m thick', However, a number
of multi-seam situations where the parting between seams is
less than 4 m thick and the seams are at least 2 m thick,
have also been included in this definition.

In terms of the ahove definition, it was calculated using
resarve estimates of the 1975 Commission of Enguiry into the
Coal Resources Of the Hepublic of South Africa that thick
coal seams constitute over 50 per cent of the country's coal
regerve. Less than 20 per cent of this reserve can be
extracted by atilizing present undergroand mining methods.
Since coal supplies approximately 75 per cent of the
country's energy requirement, the need for efficient thick

seam mining methods in South Africa is obvious.

Until recently, the introduction of such methods was

rastricted by sevore economic constraints, supported by the
opinion that South Africa'’s coal reserves were virtually
inexhaustible. Oniy limited resvarch has been conducted
previously which necessitated that extensive investigations

e oundertaken.,

Thick seam mining ~ethods which have become established in
countries throughout the world are identified., They are
classified 1n teprms of two criteria, namely an extracted seam
height and roof strata behaviour, which take the Eorm of a

1 x 3 matrix. The geologic and economic characteristics and
requirements of each of the methods are evaluated and
tabulated with local geologic and economic conditions for

later comparison.
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Much of the information required concerning geologic
conditions in the 12 coalfields which contain thick seam
reserves was not available at the beginning of this study.
Consequently, an extensive field investigation was undertaken
to assess these conditions. It has been restricted to those
coalfields where the economic potential for introducing thick
seam mining methods exists. These coalfields are the
Springs-Vischkuil-wWitbank Coalfield, the Highveld Cealfield,
the South Rawl Cealfieid and the Vereeniging-S5asolburg

Coalfield,.

Information pertaining to geologic conditions in thick seam
regions in these coalfields iz tabulated in a similar format
to that ‘wrtaining to the geologic characteristics and
reqairaments of established thick seam mining methods.
Zomparisons are made between these two sets of information to
identify methods which are feasible technically in each of
tnese regions.  However, a number of practical problems are‘
associated with implementing these methods. For example, the
gffact of a mining method on averlying mineable seams,
availanle markets for coal and sources of stowing material.
Thoas methods which are practical even in the light ©of such
orobloms are 1dentified and thelr economic viability is
assosacd.  This assossaent 1s based on comparisons betwesn
the soonomics 9f those methods and the economics of mining
methods currently enployed 10 moderately thick (2-4 m) scams

in Bogth Africa.

An exanination of the practical problems highlighted the need
to 1nwestigate two ancillary areas 1f this thesis is to
Achices 1v3 arm,  These are tae wso of power station ash as a
stowint matarial and the inflaence of massive dolerite sills
in the superincumbent strata on thick seam mining methods and
oprrations, Resear:h into power station ash has revealed
that 1t has self-cenenting bproperties when mixed with water.
This feature 1s extremely advantageous when ashfill is
incorporated into bord and pillar based mining methods, The

lateral confinement provided »y the ashfill to coal pillars
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increases their strengen and, depending on depth and seam
thickness, enables zn additional 5 to 30 per cent of thick

seam reserves L0 be oxtracted,

investigations have revealed that dolerite sills greater than
30 m thick can bridge over spans in excess of several hundred
metres. A combinatiosn of strata control and economic
considerations dictates that when mining methods which result
in caving oF the roof strata are employed, such sills gh@ﬁl@
be induced to fail Juring the initial stages of mining.
Howaver, the panel widtnhs typical of many thick seam mining
methods are insufficient to induce failure, Consequently,
massive dolerite s:lis significantly influence the potential
of these methods. & pnssible solation to this problem is to
induce faitlure of a sill by extracting an upper coal seam Or

eoal horizon prior to the introduction of thick seam mining

merhods .,

¢ 1g concladed trar nast ostablished thick seam methods that

I
achieve very high peroontage extralilon {-70 per cent) are
n

ot viable under present conditions because of their high

cavital cost, low rate of production and low productivity.
Witn the exception of stope mining, viable thick seam mining
metnods tend o be based on methods used presently Lo extract
local moderately thick {2-4 m) seans. The overall percentage
extraction that couid be achieved at present using those
Jianie methods which maintain the integrity of the roof
grrata tynically renges from 30 to 50 pa2r cent, while 40 to

70 per cent overall axtraction coald pe achleved using

-

methols Wwhich resalt in caving of the roof strata.

Aw sach, roscarch finiinas presented in this thesis provide
the basgis for at least doubling the overall percentage
oxtraction i thick seams under present relatively restricted
crononic cond tions., These findings can also be applied to
insreasing further the overall percentage extraction of thick

.

seams as and when economic conditions improve.,
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that this thesis 1s my own work and has not been

previously as a dissertation or thesis for any

any othar Unmiversity., The work for this thesis was
undsrbaken whitle I was emploved in the Research Qrganisation

of the Ohamper of Mines of South Africa,
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THE STATUS OF

CHAPTER 1

COAL "IN THE SOUTH AFRICAN ECONOMS

Introduction
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A further 25 per cent of the annual coal production was

exported., These exports were valued at 687 million rands,

making coal the country's second largest earner of foreign

exchange,

Coeal liquefaction Plants consumed over 11 per cent of the
1934 coal production. This utilization of coal not only
Sl

“Pplements the country's liquid petroleum import needs, bub
15 2180 a source of chemical

3

PERRE:

feedstocks for many other

[
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H
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Otviously, coal has contributed considerably to the sconomic
development of South Africa. This contribution 18
significantly different to that of coal in other countries
throughout the world, For example, in 1977 the worlg as a
wholn generated only 32 per cent of itg energy reguirements
from coal (Peters and Schilling, 1978) whilst, generally,
coal Liquefaction plants elsewhere are still at an
eriarimental shage, Farthermore, South Africa is currently
b

cn second largest export r of steam coal (Granville and

Murray, 1979 and the * jrth largest exporter of black coal
1 the world,
1.2 The Developmant of the South African Coal

Hdining Industry

I orider to wvaluate tre fature role of coal in the South
Alrican ecornomy it is Armcessary Lo review briefly those
fazuors which have resulted in the present importance of
Con

5.t Africats dery laras dependence on coal as a source of
PRefgy arose primarily tecause the pithead price of coal in

this country has always been amongst the lowest of any
seri~develoced or developed country in the world., In 1974
the averaje vithead price of bituminous coal ranged from

R2,350 to R2,5380 per tonne, whilst in 1978 it ranged from




Y 3 P B AR AT T

STt F Pl 2

.

ot

ST TNl

: ®

fas

R7,535 to R7,760 per tonne. 1In comparison, the average
proifuction cost of coal produced in France in 1977 and in
Britain in 1978 was of the order of R45,50 (Jamme, 1978) and
R41,50 (Karstan, 1979y, respectively,

A Corbination of Jeologie and economic factors account for
the low price of South African coal. Goenerally, coal
deposits are extensive, thick, shallow, and flat dipping with
Jod roof o nditions, and are thus surted to the bord and

B}

dillar method of Mmning.  Because thisg mining method leaves
coal pillars to sapport the superincumbent strata, the cost
Of artificial support is minimal. In addition, these pillars
grevent surface sunsidence and so there is no need to
Pursnase surface rights or to pay compensation for mining
induced surface damage., This method of mining also offers
Treat operational flexioility and, consequently, in

nction with a cheap ant pnlentiful labour supply, it was
udely adopted and refined ny early mining operations and

L

3 . , e e oy e Y
TN very cheap coal.

of rheap ¢oal meant that “nergy was also
prodficed cheaply. The introduction of price control in 1950
entired that the cheap energy policy was maint  aed in order
L2 sromote economiy development . The policy was aimed
particdlarly at ensaring the survival of the developing gold
£
k9

mining industry, an o 1mpartant souarce o foreign exchange but

I

v

A very large consomer of eneryy which, today, is the backbone
DL tue Bouth Alrican economy.

nIorbunately Une tethod used o determine the cbntrolleﬁ
price of coal resu.cted inoan artificially low coal pPrice, and
Lhes had a wvery desrinental effoct on the growth of the coal
Indastry. The codl price was based on a sample of mines and
des ruroed b0 e sk Jrice Wwhich cover sl the cost of
production and gave a return of 12,5 betr cant on the
beirecianed capital valad o 0f the mines sampled. Thig meant
than a smaller retirn on cavital invosted wag calculated for

4 mine 33 1t necam2 older.  However, the capital costs to
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R7,535 to R7,760 per tonne. 1n comparison, the average
production cost of coal produced in France in 1977 and in
Britain in 1978 was of the order of R45,50 (Jamme, 1978) and
B43,50 (Kerstan, 1979), respectively,

v

A combination of deologie and cconomic factors account for
trhe low price of South alrican coal, Generally, coal
deposits are extens Lver, thick, shallow, and flat dipping with
Jood roof candltlong, and are thus suited to the bord and
prilar meth of mining.  Because this mining method leaves
coal piilars to support tﬁw'auyerzncumh@nt strata, the cost
of artificial support i1s minimal. In addition, these pillars
provant surface suvsidence and so there 18 no need to
burshase sarface rights or to bpay compensation for mining
nduced surtace danage This method of mining also offers
Areal Operational flﬁxzmllzty and, consequently, in
SAnTAnCtIoNn with a cheap and plentiful tabour supply, it was

wiilely aiaptxﬁ ant refined by carly mining operations and

of heap ooal meant that Cenergy was also

ply. The introduction of price control in 1950
wared that the cheap onergy policy was maintained in order
Lo promote econamis development.  The posicy was aimed
particuiarly at ensaring the sarvival of the developing gold
mining indastry, an impsrtant source of foreign exchange but
1overy large consuamer oF energy which, 2liy, 1s the backbone

38w south African 2Osnomy .,

Tniurtanately the tethod used to Jdetormine the controlled
Price of coal resulted noan artificially low coal price, and

b

a very despimensal offect on the qrowth of the coal

The 20l wrics was based on a sample of mines and

see which cover:d the cost of
proiiction and gave a reotuarn of 2,5 per cent on the
cerearanced canital vala s of the mines sampled.  Thig meant
that 1 smaller retorn on capital invested was calculated for

A mine as 1t secams olider.  However, the capital costs to
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establish a new mine continued to increase. The coal price
Was too 1ow to cover these increasing costs and so few new
mines were established. Thus, the coal price continued to be
based on the capital value of old mines with the result that
the capital ewmployed per annual tonne of production, after
depreciation, was calcoulated to be less each time the coal
price was reviewed. For example, Wassenaar (1977) reports
that in 1957 this figure was calculated to be R3,30 whilst in
1976 1t was caloculated to b

* only RZ,58. However, the

capital cost of establishing a new mine in 1976 was in the

order of R0 per annual tonne of production, Therefore, it

18 not surprising that, excluding collieries tied to the

Electricity Supply lommission (Escom) power stations through
Ls

cost escalation contract » only two new collieries were

-

:stablished for Jomestic coal supply between 1954 and 1677,
-

|1

0

(Granville, 1979, versonal communication),

Besides cffactively Breventing the expansion of the coal
mining industry, the low coal price meant that the bord and
Priiar mining method was the only economically viable method
for mining the large, low qrade, coalfields in the Transvaal
and Qrange Froe 5tate, which account for over 85 per cent of
the country's coal produ-tion., At shallow depth and moderate
g§2AaM thisXness this mining nethod 18, even today, difficult
Lo improve on for efficicacy, cost effectiveness and
prreantage extraction,  However, as the dapth of mining
and/or seam thickness increased, pord and pillar mining
resgited inoa rapird decroase in percentagy extraction,

Fig. 1. In addition, reserves in seams adiacent to bord and
prilar workinags weroe often sterilized due to adverse
Interaction consedquant gpon leaving pillars, Selective
MINING watr also bractloe: pxtensively, withn only the higher
jrade seans and horizons within seams heing extracted to
MeRimise roevenue and to o avord adidiltional washing costs,

Thus, the overall vercentadge extraction which has bean

Achiieved on many colliories to date is as low as 20 per cent,
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The cheap price of voal, and its widespread distribution,
also resulted in much wasteful usage of coal-derived energy,
and led to the view that the Republic's coal reserves were
inexhaustible, Therefore, it was not surprising that the
voal Advisory Board's 1969 report (van Rensburg et al, 1969)
created much concern when it concluded that the amount of
extraceable bituminous coal under the then prevailing
technological and economice conditions was 12 619 million
tonnes, which was very much smaller than originally thought,
and andeed nor 1nexhaustible. The concern expressed in the
report at the low percentage thractiaﬁ 0f coal at most
collieries, and the drgent neoed to conserve coal, led to the
appointment in 1970 of the Commission of Enquiry into the
Coal Resources of the Republic of South Africa, better known
15 the Petricx Jommission (Petrick et al, 1975),

This Commission contucted a comprehensive computer based
malysis af the ceal resources of the country based on
1970973 voarehole information, and concluded that, under
prevaliing or slightly improved economic and technologic
conditions, 24 415 million tonnes of the 81 274 million
tonnes of in-site mineable bltuminous coal were extractable,
Thav s, only 1 per cent of in-situ coal reserves wera
aconomicaily and technologically recoverable at the time,.
Lansern was alao exvressed at the 'shockingly low' volumetrie
catrachtion lin o #9me cXEreme Cases amounting to less than 10
per o centl that was coing achievad (n mast South African
sollieries, I+t was concladed that reserves were exhaustible,
and that as a result of the 1973 oi) crisis, domestic demand
for coal woull be considerably qreater than was previously

npnvimated,

Shedommission also conclided that the low price obtained for
“0al was the grinciral reason for the very low percentage
extraction.  Whilst proven technology existed for achieving
Nlgn poerceatayes extraction, such mining systems required
ieavy capital expeniiture [or up to two or three years prior

to production. However, capital was scarce and could only be
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obtained at high interest rates. Since return on investment
was delayed and poor, due to low coal prices, these ventures
were not cconomically viable., Consequently, the Commission
recommended that the whole system of price control for the
mining industry be revised, that the price of coal bhe
substantially increasad in order to allow much needed
exXpansion in coal mining productive capacity, that steps be
taken to enable coal mining companies to obtain the surface
rijhts to coal=bearing land at reasonable prices, (to
encourage high percentage extraction), and that all possible

St2eps be taken to eliminate the wastage of coal.

Many of the Jommission's recommendiations were implemented,
ire omethod of Jdetermining coal prices was revised and prices
Lave been increased Ly over 300 per cent during the last five
years.  Grade A coal 128,5 MI/ky) now sells for R11,415 per
tonne and Srade D ecoal (23,5 MI %1} sells for R10,200 par
Eomne.  Whilst the ymomediate effect of higher coal prices has
beon oan inctrease in aitput from estanlished collieries, these
prices have also enanisd some collieries to give
constderation o emploviag alternative mining methods to bord

and prlilar muning in orider b9 increase percentage extraction.

Im particalar, nillar extrastion and longwall mining are
Boainniay o be urilized in moderately thick (2-4 m), low
trade coal zeams,  Caving of the saveriacumbent strata can be
tolarans ] because the higher coal nrice Permits mining
companies by elther varchase suarface rithts or at least
sonnensate for ogurface damane,  The higher (:Dﬁ}: Price offsets
e adittonal cost of artificial support assoclated with
collar axeracrtion and has poermiteod the introduction of
continaous muners onoa bimited basis, The rapid rate of
oilllar extraction actierel by these machines minimises strata
control proclems, thaeroby fignificantly ir‘\c:r:c—zas;ing the

Saccess and praducti sty of sach operations,

A total of five longwall installations have Heen commissioned

in moderately thick low grade coal scams since 195, Two of
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these installations are located in long established
colliaries where a combination of weak roof, moderate seam
thickness and depth make bord and pillar mining an uneconomic
pronosition becasse of low production, low labour
productivity and high WOrking costs. Uloete and Halgreen
(1981} report that in terms of c¢ost per tonne of coal
gxtracted these longwall nining operations are currently not
45 wconomically vianle as bord and prllar mining, primarily
Decause 1nflated g inearing costs have neqated savings in
labour and mining costs,

Howewey, the agthors also note that a wvalue should e

assigned to the additional percentade extraction obtained

Eron longwall MINING 81009, 10 the long-tern, this additional
ceal woulld have to be ontaine from alternative sources.

TH18 aspect mogetier wits SAVINgs acsruing from a reduced
ATCaL axtont of ROrXings 1o of most inmportance when &
coiliory 1s the sols supizlier to a large dtility, such as a
station or ligquefaction plant, for tne life of the
dtiirey. Recent Jevelopmant s highlight these considerations.
Deepite uyngartaintios concaerning the present economic
vianioity of loagwall mininy a further five, and possibly
ming, longwall inatallations will be vonmissioned within the
next o Tive ye2ars at two collieries which, combined, are
regayred Lo produce over 37 million tonnes of coal per annum

GroAat least the noxt 40 years to sapbly Tixed local markets.

L% 13 apparent toan the coonomics of Soith African coal
Vi haw pmnrosed styntiicantly sinee tho dublication of
R FPetriok Jommlison Renort n 1975, However, whilst
satanished colliery operators may bencfit as a result, the

Mot soanamy s %t

o

ation 18 of little benefit in

ads

FIELILINT Rae S0at African coal 1ndustry unless markets

SXL3L oIn tne future for the acreaseod coal production,
Therafore, wne fatare role of coal 11 the South African

2oy neelds to bo ovaluaateld hefore any research into

ianroving local oonal production can be Tastified.
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1.4 The Future Utilization of Coal

Despite widespread exploration for over 10 yedars, no
commercial quantities of petroleum and natural gas have been
discovered 1n South Africa. In the interim the country's oil
IMpores continue to be fusceptible to increasing prices,
SaAnCLions and embargoes, and the ramid and ultimate
extadstion of world crode o1l resorves,  Without the
development of breeder technoloyy, South Africa's nuclear
resarves are also an inadequate encrgy source (Anon, 1979).
In addition, the development of nuclear enerygy sources is
threatened by fears of the long-term pollution hazards of
nuciear power. 3Solar and other alternative sources of energy
are still in the carly staans of development, Obviously,
coal mast continue to remain South Africa's primary source of

20TV,

Purtninr constderations indicabe that the utilization of coal
for the economic development of South Africa will increase
dramarically betwoen nsw snd the ond of the century. Escom
expest an averdaie growth rabte of 8 Ber cent up to 198%, and
5,5 per cent thereaftor {snow 2t al, 1980)., <This corregponds
to a doutling of Escon's coal requirements during the next
ecalde to almost 95 million tonnes por annum, Two new
Jovernment controllel coal liquefaction Plants, Sasol 2 and
w3, are currently under construction. By 1985 these two
plants will consume 27 million tonnes of coal per annum to
SulnLy approxinarely &0 por cent of South Africa's liquig

& 1

Lael needs (dpira, 1931). 0 Plans for an additional liguo-

EN

action plant to be Financed by inlustry have bheen announced,
while advanced planning for Sasel 4 is already taking place

TSpica, 19811, Coal oxports aro expected to increase by

3 million tonses ko 44 million tonnes during the next five
Jrears, and persans to %% million tonnesg by the year 2000
thranville and “Marray, 1979).  Tn the longer term, De Klerk

V19810, reports that projections show i Possible increase in

lomescie consumntion by tha year 2020 to 740 million tonnes &
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year. Compared tc present domestic consumption, this is
almost an eightfold increase. Conseguently, a considerable
pctential exists for the expansion of the South African coal
mining industry, especially during the next .ecade.

1.5 Basic Means of Increasing Production

The two basic means of increasing overall production to meet
the expacted future demand for coal are by increasing pro-
duction from established collieries and by establishing new
collieries. Within these collieries production may be
increased by:

i) Utilizing bord and ptillar mining methods and increasing
the numr.r of working sections. Whilst, in the light of
the Petrick Commission findings, such a solution is to
be avoided, especially at depth, it is often the only
practical solution in established collieries,

11} Increasing the percentage areal extraction of a seam.
As previously noted, high percentage areal extraction
techniques, particularly pillar extraction and longwall
mining, are being utiiized increasingly more often in
South Africa,

1il) Increasing the percentage volumetric extraction of a
ceam by increasing the extracted seam height. In the
past, practical considerations have limited the mining
height in bord and pillar workings to, typically, 6 m.
Local economic and technologic considerations have
usually limited high percentage areal extraction
techniques to a maximum mining height of 3 m, Low coal
prices have @!so tended to restrict mining operations to
the high quality zones within scams.

In the light of numerous expaeriences with measures (i) and

(ii), both local and overscas, it is not surprising that
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these two measures have been utilized almost exclusively to
increase local production during the last five years.
However, in view of the considerable improvement in the
economic viability of the South African coal mining industry
during the last five years, and of the fact that many high
percentage volumetric extraction mining methods are exten-
sions of high percentage areal extraction mining methods, it
is logical to presume that the potential may also exist for
increasing production through increasing the extracted seam
height. Obviously, the feasibility of this approach is
dependent on the magnitude and distribution of the additional
coal reserves which could be extracted if such mining methods
were emploved,

.86 Conclusions

“he continuing economic development of South Africa is
dependent upon an increase in local coal production. Since
the publication of the Petrinsk Commission Report in 1975 the
2conomic viability of the local coal industry has improved
zignificantly and should continue to do so. Conseqguently,
congideration can now be given to employing alternative
uining methods to bord and r-llar mining, primarily to
wWerease percentage extraction, In this regard, the
agnitude and distribution of coal reserves contained in
seams exceedizg a thickness such that, in general, the full
seaf thiskness cannot be extracted utilizing conventional
mining technigues, warrants calculation in order to evaluate
the necd to introduce thick seam mining methods.
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CHAPTER 2

SO

THE CALCULATION OF SOUTH AFRICAN THICK
COAL SEAM RESERVES

2.1 Introduction

Seams exceeding a thickness such that the full seam thickness
cannot be extracted utilizing conventional mining techniques,
usually because of Juctivity and/or practical considera-
tions, are commonly rcferred to as 'thick' seams. A popular
definition 0% a thick seam based on productivity considera~
tions is th + proposed by Cochrane {1972}, which states that
a thick seam is ‘'a seam which falls beyond the seam range in
which maximum face productivity can be obtained uging
existing mining systems'. But, since mining systems arve
selected on the basis of local geologic, economic and
technologic considerations, such a seam thickness cap var
considerably from location to location. For exampls, in
hand-got bord and pillar mining operations in India,
productivity only reduces significantly when the mining
height exceeds about 5 m., However, the productivity
associated with mechanised longwall mining operations in Wi b
Garmany decreases markedly with increasing mining hedaly

above 2,5 m,

Thick seam definitions developed on the basis of practios
considerations are usuvally based on the maximumgmiming helant
of existing mining methods. Again, no universally un i
definition exists. For example, if bord and pillar mining
utilizing continuous miners with a maximum vertical reach o
3,5 m is the standard mining method at a given location, o
thick seam could be defined as a seam exceeding 3, moin
thickness., On the other hand, if conventional drilling,
blasting and mechanised loading is conducted undey the Bame

conditions, only seams in excess of 4,5 m may be cons.dered
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as thick. Bottrill et al (1977) report that in the United
Kingdom, where the average working section of the 704 major
longwall faces in National Coal Board (N.C.B.) mines in 1975
was 1,42 m, thick seams are generally regarded as those which
. exceed 1,83 m.

It is apparent that there is no universally acceptable,
unique value of seam thickness, above which a seam may be

A e

classified as a 'thick' seam. In fact, the definition of a
thick seam =zould vary within an individual coalfield.
Clearly, assumptions must be made in order to calculate the
magnitude and distribution of South African thick seam
reserves. A review of worldwide underground mining
technology provides a simple basis on which to develop a
definition of a South African thick coal seam. Such an

approach ig considered valid since, in view of the

2

o

significant improvement in the economics of South African
coal mining during the last five years, many overseas mining
methods could f£ind application in South Africa.

2.2 tThe Definition uwf a South African Thick Coal Seam

A review of worldwide underground mining technology reveals
that there is no universally feasible method for mining seams
more than 4 m thick in a single operatiocn. Mechanised bord
and pillar mining is generally limited to a mining height of
4 m in a single operation. Longwall mining operates well to
a mining haight of 3 m, but above this height problems become
more serious and frequent, with the result that again mining
height is generally limited to a maximum of 4 m, Mining
methods such as hydraulic mining and longwall mining with
sublevel caving, which are capable of mining to heights
excaeeding 10 m in a single operation, are not universally
feasible becausc of the special geologic requirements of

these methods.
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On this basis, a South African coal seam has been defined,
basically, as 'any coal seam more than 4 m thick'. However,
there are also many situations where a number of coal seams
occur in close proximity to each other, resulting in
interaction between these seams during mining. If the
parting thickness between these seams is small, and the seams
are moderately thick, such multi-secam situations may be
considered as constituting thick seams which contain stone
bands. Therefore, additional criteria o the minimum seam
thickness should be defined to take into account these
special multi~seam situations.

Two such criteria are the seam thickness, tg, of each coal
seam constituting a multi-seam situation, and the parting
thickness, tpe, between each of these seams. Obviously, the
larger the value of tg, and the smaller the value of tpge the
closer a multi-seam situation approximates to that of a
single thick seam. Thus, by specifying a lower limit for te
and an upper limit for tpgr certain multi-seam situations may
be classified as thick scams.

A limit of 2 m was selected as the minimum seam thickness
afrer briefly reviewing thick seam mining methods used
overseas. This review showed that in most instances each of
these methods was sufficiently flexible to be able to operate
down to a mining height of 2 m. In fact, this was often a
stipulation in tenders for the supply of thick seam mining
equipment to ensure that the equipment could be utilized in
moderately thick seams (2-4 m) should thick seam mining
operations prove unsuccessful. '

The selection of a maximum parting thickness is complex
because both the mining method employed and the quality of
the parting determiae the deqree of interaction between
adjacent seams. Under typical South African conditions,
interaction between adjacent bord and pillar workings is
minimal once the parting thickness exceeds 15 m. 1In the case
of longwall mining, if panels are extracted in descending
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Ladr and the Parting "is competent, interaction is usually

minimal once the parting thickness exceeds two to four times
the mining height (Wagner, 1979, personal communication).

However, a parting thickness of only 1 m may prohibit the use
of hydraulic mining, Obviously, it is not possible to define

a unique parting thickness based on mining considerations
alone,

An insight into the solution of this problem was obtained by
investigating the actual Stratigraphy of the various South
African coalfields. The geographic location of these
coalfields is shown in Fig. 2. An analysis of numerous
borehole logs reveals that adjacent seams which are thicker
than 2 m tend to have partings of either less than 4 m or
greater than 10 m, with partings of less than 2 m being very
common. Therefore a limit of 4 m was selected as the maximum
parting thickness,

The basic definition of a South African thick coal seam as
'any seam more than 4 m thick' has, therefore, now been
extended to include certain multi-seam situations which,
because of moderate seam thickness and small parting
thickness, approximate to a single thick seam. Based on this
extended definition, four categories of thick seam reserves
can be identified. Reserves in three of these categories,
namely categories I, II and LT, are mineable by underground
methods, whilst resorves in the remaining category, category
IV, are mineable by surface methods. Unlike category I, IT
and ITI reserves, Category IV reserves are not autually
@xciusive. That 1s, category IV reserves may also constitute
@ither cateqory I, II or III rescrves. Each of the four
thick seam reserve categories is defined and illustrated in
Table 1,

Numerous absurd coal seam configurations may be deduced from
the definitions of category I, II and ITT reserves. However,
since local borehole information was used when considering

the definition of a South African thick coal seam, it is not
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TABLE 1 Definition and illustration of South African
thick coal seam reserves,
=
j 51
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O DEFINTTION TYPICAL EXAMPLE
o
a
@)
Reserves are contained MAIN(1) 50 (1)
within a single thick 8,0
seam; that is, re-
serves are contained MAIN(2) o)
in a coal seam which
is more than 4 m thick 17,0
and which does not
occur within 4 m of
any seam that 1s more HAIN (2) %0
than 2 m thick.
SOUTH RAND COALFIELD
y 2.3
4 B9
] 20,7
3 £
‘ ~15
2 V60 (1)
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Reserves are cortained
a group of eoal
seamns, one of which is
more than 4 m thick;
that is, reserves are
contained in a group
of coal seams where

at least one seam is
mora than 4 m thick,
and all other seamy
consldered as regerves
are more than 2

thick with no pa
between seams being
sroater than 4 m,

MAIN (1) 30 (1

MAIN (2) 70 {n
17,0

MAIN (3) 9.0 (1)
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surprising that these definitions correspond well with the

stratigraphic sequence of the various South African
coalfields, Table 1.

2.3 The Calculation of South African Thick Coal Seam

Reserves

The calculation of South Africa's mineable and extractableo
coal reserves by Petrick gk al.(1975) was facilitated by the
establishment of a computerised data base containing basic
information relating to all borehole intersections of coal in
the country. Utilization of this data base is an obvious
means of calculating thick coal seam reserves. Specifica-
tions relating to the quality of thick seam reserves to be
evalaated have been set to those values adopted by Petrick et
al.(1975), Table 1.1, Appendix I. This approach has been
adopted to facilitate comparisons between the two reserve
estimatas,

Experience with high percentage extraction mining systems in
South Africa during the last 15§ years has highlighted the
si1qaificant influence of overlying massive dolerite sills on
mining operations. When such sills are in excess of 30 m in
thickness they can have an over-riding influence on the
selaction of a mining method, mine design, mine oparating
proceduraes and the economic viability of mining operations.
Tharefore, it 18 considered astute to utilize the data base
Lo wstablish that portion and location of thick se

am reserves
overiaid by massive dolerite sills. ‘

A breakdown of South African mincable thick seam reserves
into reserve category (I, II, LIT or IV) and coalfield isg
presented i1n Table 2. The subscript 'd' denotes those
reserves overlain by one or more dolerite sills in excess of
30 m thick. Thick seam reserves mineable by underground
methods were calculated to be 43 657 million tonnes, whilst

6 395 million tonnes were calculated to be mineable by
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TABLE 2 Summary of South African mineable thick coal seam

reserves according to coalfield and reserve

category
(million tonnes)
Cate-
gory Total

Coal- ground

field

ETVL 233 233 83

HVSC 10 304 1 971 12 275 11 301

KLRV : 95 95 20

KOPg |

LInp |

MIND ?

OFsY § 28| 31 59
| ospr | 48 48 48

PRI §
- SOBG ; | a9 | 22 71
| SORD 20801391 989 337 2 923
i Esz’%:‘{.l f
L SPuw 110 009 90 301 10 400 | 4 067
LUTCT |
{ VESA L1 B22 785 6871516 | 181|100 | 3 891 | 158
L RHD ! | '
| WEAR § 65 ! 65
WG L8123 |5 043 297 13 463 | 718
! : : :
AN 103 31 134
A 30 610 | 2 271 | 8 883 | 384 | 856 | 153 |43 657 | 6 305
i_ . 3
ETVL - Eastern Transvaal SORD -~ South Rand
HVSC - Hiqhveld SPIL - Springbok Flats .
KLRV - Xlip River SPYW - Springs-Vischkuil- ~Witbank
KOPD - Komatipoort UTCT -~ Utrecht
LIMP - Limpopo VESA - Vereeniging- Sasolburg
MIND - Molteno~Indwe VRHD - Vryheid
JPSV - O.F.3., Vierfonatin WEAR -~ Western Area
OSPF - 0Old Springfield UTBG - Waterberg
PFRI - Pafuri 2ULU - Zululand

SOBG -

Soutpansheryg
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