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surface methods. It should be noted that category IV
reserves, those mineable by surface mining methods, do not
include reserves contained in ¢verlying seams which are less
than 4 m thick but which would also be extracted in the
course ot extracting thick seam reserves.

2.4 The Significance of South African Thick Coal

Seam Reserves

The Petrick Commission's (Petrick gt al, 1975) estimates of
mineable and extractable coal reserves have been widely
disputed {re¢f. e.q. Anon 1976, Anon 1978, PFriedland 1979,
King 1979). In general it is considered tha* reserve
estimates are conservative, primarily because the esti, .tes
are based on a consideration of economic and technologic

£ the time (1970-1975). 1In the

particuiar case of thick seams, for example, these

conditions existing a

considerations resulted in a limit of 6 m being placed on the
maximum extractable seam thickness, Furthermore, significant
mineable coal reserves contained in seams in close proximity
to each other were excluded from extractable reserve
eatimates because 1t was considered that the then prevailing
conditions proevented the extraction of a.)l seams,

Nevertheleass, antil the current revision of rescrves by the
Department of Mineral and Enorgy Affairs 1is completed, the
Fetrick Jommission's reserve estimates represent the most
accdrate and detatled assessment of both mineable and
extractable coal roserves in South Africa. Coﬁ&equently,
these resorve estimates are utilized to highlight the
significance of the maanitude and distribution of the

mineabtle thick scam roserve estimates bresented in Table 2,

On the basis of the Petrick Commission's estimate of coal
reserves, thick seam reserves represent over §0 per cent of
the country's mineable coal reserve, An additional 5 190

million townes of thick seam reserves have been generated by
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achieved.,  This close agreement between actual and predicted

removing the Petrick Commission's limit of 6 m on the maximum

mining height and by taking into consideration certain
multi~seam situations which approximated to thick seams.
This additional reserve represents almost 12 per cent of the
total thick seam reserve and, therefore, is significant,

In excoss of 85 per cent of thick seam reserves can only be
axtricted by underground mining methods. Coal seams betweon
4 and 6 m thick contain just over 70 per cent of the thick

Seam reserve, However, the overall percentage extraction
a 5]

chieved {rom the underground mining of these seams is less
than 23 per cent, Similarly, the overall percentage
extraction achieved from the underground mining of seams more
than & @ thick is less than 16 per cent, Thus, the overall
Drer

tgntage extraction achieved from the underground mining of

amd more than 4 n thick 1s only of the order of 20 per
Lo

ove dolerite s1lls overlie 7.8 per cent of thick sean
reserves,  Uver 97 per cent of these affected reserves are
located in the South Rand and Vereeniging-Sasolburyg
vozifields.  In the South Rand Coalfiels almost 60 per cent
thick geam reseorves are overlain by massive dolerite
whilst in the VYereeniging-Sasolburg Coalfield this
g 46 per ount.

A comparison of the mincable reserve esty.ate of this thick

i

ti H

rvey for the Soith Rand coalfield with the

torresponding extractaole resorve estimate of the Petrick

da

vemmission, reveals that, utilizing local conventional mining
meehods, particularly oord and pillar mining, only 12 per
cent volumetric extraction will be achieved from the thick

caal seams of the Sout® Rand Coalfield, A review of thick

Sean mining operations in this coalfield over the last forty
years reveals that economic and technologic restrictions have
resulted in only about 9 per cont extraction having been

U
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B Percentage extraction 1s an indication of the dcclOracy of
;, thick seam reserve estimates derived From the data Dase .
i
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¥ 2.5 Conclusions

Thick coal seams constitute in the order of 30 per cent of

South Africa's mineable coal reserve.  Over 85 per cent of

the thick seam rescrve can only be extracted utilizy 1

undergrouad mining methods.

Persistence with present local

R R E R R s bl

underqround mining methods will only result in the order of

20 per cent extraction of the thick seam reserve. Thus, at
i; least 40 per cent, or more than 16 000 million tonnes, of the

oy
i

country's total mineable coal reserve will remain unextracted
1n thick seams. Such low percentage extraction repregsents
POOr util:zation of capital resources, especially in those

Instances whoere iess than 10

lmad

PEr cent extractior ig achievod.

S

It 13 apparent that the low percentage

0 extraction and jelele s

diilization of capital ERsources currently associc ed with

local thick sean Mining operations occur because no adeguate

MINing methods oxist locally for the underycound o traction

of thick coal secams. However, because of the rapidiy
IMproving economic viability of the South African coal mining

1ndustry the potential My noOw exist to introduce efficient

thick seam mining methads in this country. In view of the

extreme importance of South Africa's coal reserve to the

fature economic Jevelopment of thn country, the significant

contribution of thick rcoal S2ams to this reserve, and the low

‘bercentade axtraction carcently beiny achieved from thick

seams, it 15 considered that researct

1 into the introduction
into South Africa of saitable thick seam mining methods is
not only justified but is required urgently.,
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CHAPTER 3

THE MINING OF SQUTH AFRICAN THICK COAI. SEAMS -
AN QUTLINE OF THE THESIS

3.1 Introduction

With the changing economic conditions and a greater awareness
of the need to increase percentage extraction of coal
reserves, the potential exists to introduce efficient thick
seam mining methods in South Africa. The basic aim of this
thesis is te establish a foundation on which to base
decisions concerning the implementation of these methods. A
broad range of factors have to be taken into account to
achieve this aim, Because the potential and need for thick
seam Mmining methods in the past has been limited, few of
Lhese factors have been investigated previously. Conse-
quently, a broad field of resecarch findings 1s presented in
this thesis., This chapter outlines and justifies the
approach adopted 1n conducting the rescarch and in presenting
research findings.

3.4 Overall Approach

The primary aim of Bhis thesis 1s to establish a foundation
on which to base decisions concerning the implementation of
efficient thick seam mining methods in Bouth Africa. It is
proposed to achieve this aim primarily on the basis of m’ning
and rock mechanics considerations whicl, in the final
analysis, will be 1nflucnceld slgnificantly by aconomic
considerations, The thesis is restricted to the introduction
Of methods which have become established in the fleld of

thick seam minindg.
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The overall structure of the thesis is outlined in Fig. 3.
The figure highlights that although only established thick
seam mining methods have been considered a broad range of
factors have to be researched. 1In instances, this research
15 only required in order to be able to quantify the

influence of a Factor on thick seam mining methods. As such,

a reader utilizing this thesis as a basis for introducing
thick seam mining methods in a specific region may not be
interested 1n rescarch details but only in the resecarch
findings.

Therefore, appendices have been utilized extensively to
present details of yasearch investigations which only form
the hasis for further rescarch presented in the main text
and/or which may not find application in all circumstances.
In the main text of the thesis the need for these rescarch
invastigations is motivated and res arch findings are

appliaed.

As vaference to Fig. 3 shows, the thesis is structured such
that the locil featdres of ashfilling and/or dolerite sills
ars prasentad as Jdiscrete entities, This 1s because these
foatares are nobt relevant to all coalfields investigated
ani/or to all regions within these coalfields,

At
-
et

Specliic Approach

Feonomic oansbraints, supported by the opinlon that South
Africa's coal reserves ware almost inexhaustible have, until
rocently, restricted local mining operations n coal seamsg
more than 1,% m bhisk to bord and pillar mining. With vop-
and‘or bottom-coaling this method typically extracts up to a
6 m thickness of coal. Bord and pillar mining has been
refined to a high degree under local conditions and there is
little to he gained by investigating overseas bord and pillar
mining operations. Consueguently, rescarch into increasing

percentagn extraction from local thick coal seams utilizing

R T T e TR A e
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THE MINING OF SOUTH AFRICAN THICK COAL SEAMS -

ROCK_MECHANICS AND MINING CONSIDERATIONS

Identify and justify the need for research aimed
at introducing efficient thick seam mining methods in
South Africa - CHAPTERS 1 and 2

Outline and justify the approach adopted in
conductilng this rescarch - CHAPTER 3

[ j

¥ 4
Identify established thick Identify potential thick
sean mining methods and geam mining regions in
tabuiate the geologic and South Africa and tabulate
economic characteristics the geologic conditions
and regqulrements of these which exist in these
methods -~ CHAPTERS 4 and 5 vegions - CHAPTER 6

$ H

i

¥

Compare thess two s2ts of data to identify established
thick seam mining methods technically feasible to local
conditions, Assess the potential of these methods in

tne Light of current local practical and economic

constraints., ldentify the more important local

featurses which have to be researched in order
to evaluate thelr influence on potential
thick seam mining methods ~ CHAPTER 7

Regearch these local features and evaluate

r“*“”“tﬁeir influence on potential established “““*“W
thick seanm mining methods

| . |
1 |

fvaluate the significance, | Evaluate the significance,
nehavsiouar and 1nfluaence ; hehaviour and influence
of ashfill on local thick ﬁ of massive dolerite sills
seam mining operations - g on local thick seam mining
CHAPTER 8 5 operations - CHAPTER 9

R MNWNNWmemivmWPMMW

Conclusions - CHAPTER 10

FIGURE 3 An outline of the overall structure of the thesis.
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alternative established thick secam mining methods can only be
justified when some of the severe local sconomic constraints
are relaxed. Furthermore, a demand must evist for the

increased production resulting from the introduction of such
methods,

Therefore, in Chapter 1 the overall economics of coal mining
in South Africa has been reviewed briefly. This review
Mighlights the fact that econonic constralnts no longer
present a complete barrier to the introduction of alternative
thick seam mining methods. Furthermore, a need exists to
Increase local coal production,

In order to establish if the introduction of alternative
Enick seam mining methods can contribute to satisfying this
need, 1t is necessary to determine the magnitude and
distribution of South Africa's thick seam reserves. A
prorequisite for conducting this research is to define a
thick coal seam., This definition is presented in Chapter 2.

the basis of the definition, thick coal seams constitute
over 50 per cent of South Africa's coal reserve.
arthermore, only about 20 per cont 0f this rescrve can be
extracted utilizing present undergyround mining methods,
rimarily pord and pillar mining,

Duviously, a need exists to introduce alternative thick seam
mining methods,  But, because of limited local experience
witih such methods in the past, no foundation exists on which
to vase the implementation of these methods. Thus, it can be
conzluded that research aimed at providing this‘Eound@tion is
not only justified bur 1s required urgently. Because of the
broad natire of the problem and of the limited research which
has and 13 oein, conducted into the problem, it is necessary
to research a broal range of factors if the aim is to be

acvhioved,

An approach to conducting this rescarch necds to be

formulated (the approach adopted being that under
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discussion). A logical starting point in the research
program 1s to review literature relating to thick seam mining
methods which are or have been used extensively throughout
the world. The primary purpose of this review is to tabulate
the characteristics and requirements of the various methods
for later comparison with local conditions, thus enab!.ne the
tdentification of methods which may bhe potentially sul.able
for use in South Africa. But, in the course of conducting
the review 1t has heen found that a number of published
proposals and conzlusions could not be accepted as correct,
Furthermore, some of these oroposals and conclusions could
have serious implications 1f they were to form the basis for
selacting and implementing methods under local conditions.

In conducting the literature review a large number (20) of
thick seam mining methods were identified. Therefore, a
system has Dren devised for ¢lassifying these methods. This

frcation systam 1s based on two parameters, namely the

Seam miging methods. This classification system, presented
rapter 5, 18 utilived extensively throughout the thesis,
aspeciilly to tabulate and compare fealtures associated with

Lree various thick seam mining mathods.

In view of the larvqge namber of mining methods raviewed, it is
considered inappropriate to describe each method in detail in
Ene main text of the taesis, Thercfore, only a general
degoription of the methods in termg of the extracted seam
haotght criterion is praesented 1n thoe main text whilst each
metnod is described in same detail in Appendix ITI. 7o
facilitate obtaining fuarther information when detailed
consiieration may be given to introducing a specific method,
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a bibliography of the literature reviewed is presented in
Appendix IV,

Having devised a system for classifying thick seam mining
methods, this classification system is utilized in Chapter 5
to facilitate tabulation of the geologic and economic
characteristics and requirements of each established thick
seam mining method 1dentified. The next lojical step in the
thesis i3 to research the geologic conditions which exist in
those South African coalfields which contain thick seam
reserves.  But, since there are 12 such coalfields, some of
which contair up to 5 thick seams, it is clearly impractical
to assess geologic conditions pertaining to each thick seam
in sach coalfinld.

Trerafore, at the commencement of Chapter 6, the potential
for introducing thick seam mining methods in these coalfields
has been assessed. It is apparent from this assessment that
research investigations should concentrate on specific
potential thick seam mining ragions in the Springs~Vischkuil-
Witbank, Highveld, South Rand and Vereeniging-Sasolbury
coalfields. Bofore estadb!ished thick seam mining methods
whiich are potentially suitable for use in these regions can
be vientified, 1t 1% necessary to tabulate the geologiwo
conditions which exist in each region. The need for such
infoarmation in the past has been vary limited and so much of
the information required is not available., Therefore, an |
axtensive field investigation had to be undertaken to assess
these jeologic conditions,

This assessment has been facilitated by tabulating geologjic
conditions encountered in bord and pillar workings which are
districuted throughout potential thick seam mining regions.
To further factilitate the assessment, a number of
quantitative geologic classification systems have been
devigsed and are presented in Appendix V. Whenever possible,

geologic conditions have been tabulated in the same Format as
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that utilized in Chapter 5 to record the geologic character-
istics and requirement« of established thick seam mining
methods. Since four tables of geologic information pertain
Lo each thick seam assessed, and nine such seams are present
within the four relevant coalfields, a large volume of
geologic information has boen collected. It is impractical
to present this information in the main text and the
information is contained in Appendix VI.

On the bas:s of a comparison between the geologic character~
lstics and requirements of established thick mining methods,
presented in Cpnapter 5, and the geclogic conditions which
pertain to potential thick seam mining regions, Appendix VI,
those established thick seam mining methods which are
technically feasible under local conditions can be identified
and are presented in Chapter 7. This identification process
is facilitated significantly by having used a similar format
to record geologic conditions in Chapter 5 and Appendix VI.

However, whilst technically feasible, a number of practical
problems are associated with implementing these methods,
These problems include factors such as the effect of a mining
method on overlying mineable seams, market availability for
the increased percentage extraction, the availability of an
economic stowing material and panel design to minimise
support costs when massive dolerite sills are present in the
superincumbent strata. As such, these factors are mostly
concerned with the economics of the environment in which
technically feasible mining methods must operate, rathers than
the economics of the merthods themselves. Aﬁter'eliminating
those technically feasible mining methods which are not
practically feasible the present economic feasibility of the
remaining methods has been assessed. The economic
characteristics of mining methods currently employed in South
Africa have been used as a guide in assessing the economic
feasibility of technically and practically feasible mining
methods. These characteristics have been recorded in the
same format in Chapter 7 as that used to record the economic
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that utilized in Chapter 5 to record the geologic character-
istics and requirements of established thick seam mining
methods. Since four tables of geologic information pertain
to each thick seam assessed, and nine such seams are present
within the four relevant coalfields, a large volume of
geologic information has been collected. It is impractical
to present this information in the main text and the
infurmation is contained in Appendix VI,

On the vasis of a comparison between the geclogic character-
istics and veguirements of established thic mining methods,
presented in Chapter 5, and the geologic conditions . .h
pertain to potential thick seam mining regions, Appendix VI,
those ostablished thick seam wmining methods which are
technically Eeasible under local conditions can be identified
and are presented in Chapter 7. This identification process
is facilitated significantly by having used a similar format
to record geologic conditions in Chapter 5 and Appendix VI.

However, whilst technically feasible, a number of practical
problems are associated with implementing these methods.
These problem: include factors such as the effect of a mining
method on overlying mincable seams, market availability for
the increased parcentage extraction, the avaslability of an
eoconomic stowing material and panel design to minimise
suppore costs when massive dolerite sills are present in the
superincumbaent strata. As such, these factors are mostly
concerned with the economics of the environment in which
technically feasible mining methods must operate, rathev than
the economics of the methods themselves, Aftér'eliminating
those technically €easible mining methods which are not
practically feasible the present economic feasibility of the
remaining methods bas been assessed.  The economic
characteristics of mining methods currently employed in South
Africa have beon used as a quide in assessing the economic
feasibility of technically and practically feasible mining
methods. These characteristics have been recorded in the

same format in Chapter 7 as that used to record the economic
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characteristics of established thick seam mining methods in
Chapter 5, so that methods presently economically feasibhle
can be readily identified.

The underlying theme of the identification process adopted in
Chapter 7 is that of applying factors to identify methods not
feasible in the order in which these factors are least likely
to vary in the foreseeable future. That is, factors which
are likely to vary in the immediate future are applied last.
Therefore, when these factors change it is only necessary to
go a short way back into the identification process to
re-establish the technical, practical and economic
feasibility of methods.

Were it not for two local features recognised auring the
identification process as requiring research in order to
quantify their influence on methods potentially feasible
under present conditions the aim of the thesis would have
been achieved at this stage. However, it is apparent that if
bord and pillar methods incorporating stowing, which are
potentially feasible in regions of all four relevent
coalfields, are to be implemented in these regions, power
station ash constitutes the only economic stowing material,
Since this utilization of power station ash is unique it is
necessary to quantify the effects of aghfill on pillar
behaviour, A prerequisite Lo this research is the
determination of the chemical, physical and mineralogical
properties of local power station ashes. The findings of
cesearch into determining these properties is presented in
Appendixz VIT. On the basis of these findings the effects of
ashfill on pillar behaviour heva deen quantified and

discussad in Chapter 8.

It is also apparent from the identification process that an
understanding of the theory of dolerite bhehaviour is a
necessary prerequisite for successfully implementing, in
potential thick seam mining regions of the South Rand and
Vereeniging-Sasolbury Toalfields, methods which result in
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caving of the roof strata. However, recent mining
experiences have highlighted that previous research conducted
into dolerite behaviour and its influence on mine design is
inadequate. Consequently, further research has been
conducted into this topic. The various approaches adopted
and the outcomes of each of these approaches are presented in
Appendix VIII. The more important research findings are
bresented in Chapter 9 and applied to conditions existing in
potential thick seam mining regions in the South Rand and
Vereeniging-Sasolburg Coalfields.

Whilst a number of secondary areas requiring research remain
outstanding, the primary aim of the thesis, that of
establishing a foundation on which to base the implementation
of efficient thick seam mining methods in South Africa, is
congidered to have been achieved at this stage of the thesis.
This accomplishment has been based primarily on research
conducted 1nto mining and rock mechanics aspects associated
with both established thick seam mining methods and local
potential thick seam mining regions. The more important
findings and conclusions of this reseavch are presented in
Chapter 10,

3.4 Conclusions

Resasarch conducted previously into introducing efficient
thick seam mining methods in South Africa has been very
limited, Congequently, it has been necessary to undertake a
broad fi-ld of research in attempting to achieve the aim of
the thesis; that of providing a foundation on whisnh to base
decisions concerning the implementation of efficient thick
scam mining methods in this country, Presentation of
research findings has been facilitated by the extensive usge
of appendices, and by the recording of aspects rescarched
under one or more of the four potential thick mining
coalfields to which they pertain,
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Mining and rock mechanics considerations form the basis for
achieving the aim of the thesis. But, as in any free
enterprise economy, these considerations must ultimately be
influenced by economic considerations. Consequently, mining
and rock mechanics considerations primarily determine the
technical feasibility of established thick seam mining
methods under local conditions, A combination of mining and
rock mechanics considerations and economic considerations
determine the so-called 'practical' Feasibility of introduc—
crg these technically feasgible mining methods whilst,
anvicusly, economic considerations determine the ultimate

N

feasibility of introducing methods. However, it must be

recigted that under South African conditions rock

¢ considerations, in particular, can be uvtilized to

drest advantage in improving the economic viability of a
mininyg method or operation,

Finally, although the thas.s has been restrinted to
sonavdering the introduction of only established thick seam
saning methods, 1t also forms the basis for devising novel
thaek seam mining methods for use in the relevant regions of
e four coalfields investigated., This is because

coadi tions, both geologic and economic, under which a method
spgr operate in these regions have been identified and
absonved and, in instances, the influence of rvather unigque
ieos 0 Teasures which pertain te some of these regions has
seen guantified,  Thus, met!ods may vbe designed to meet these
conditions and pegquirements, Obviously, the potential also

cximte b ubilize the thesis in the future to evaluate, under

Lover conditions, other thick seam mining methods not

surrently established,




CHAPTER 4

A CRITICAL EVALUATION OF LITERATURE RELATING
TO ESTABLISHED THICK SEAM MINING METHODS

4.} Introduction

A logical starting peint for conducting research into
introducing underground thick seam mining methods in South
Africa is to review the use of such methods elsewhere
throughout the world. A comparison between the character-

istics and requirements of these methods with conditions
pertaii 'ng to South African thick coal seams enables the
identif:cation of methods which may be potentially suitable
ander local conditions.

Practical considerations limit the review almost entirely to

literature. In the course of conducting this literature

review some proposals and conclusions contained therein could

not be accepted as correct. In particular, publications

often highlighted a general lack of understanding of the

manner in which stresses are distributed avound mine work-

ings. Such an understanding is essential to the selection

and success of methods under South African conditions,

primarily because economic considerations restrict the range

and density of underground support which can be employed.

Therefore, publications must be evaluated critically,

3

For clarity and easy reference, this Chapter is restricted to

presenting this evalnation, and date relating to the

characteristics and requirements of each specific thick seant

mining method reviewed 1s presented in the next Chapter,

Chapter 5. However, because some appreciation ¢f the various

methods in use is required in order to evaluate literature

relating to these methods, a generalized classification ang

description of methods is presented in this Chapter.
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4.2 General Classification and Description of Methods

An appreciation of the mining methods discussed in literature
1s conveniently and simply obtained by classifying methods
under one of the following three types of mining system: full
face, slicing, and caving and drawing. These mining systems,
recognised by Cochrane (1972) as the basic major classifica-
tions of underground thick seam mining methods, are based on
a consideration of the manner in which the total mining

height is extracted and can be described briefly as follows:

1) Full face systems

The total mining height is extracted in each stage of the
mining operation. Methods such as longwall mining are
single stage operations, whilst methods such as bord and

pillar mining with pillar extraction ar» multiple stage
operations.

The eguipment used is normally an extension of the
commonly used equipment, and because rapid face advance
is wsually reguired to minimise strata control problems
these systems are generally confined to those countries
possessing a high level of mining technology.

The btrend in full face mining in Burope is towards the
use of mechanised longwall equipment, Plates 1 and 2,
whilst in Neorth Aamerica it is towards bord and piilar
applications utilizing continuous miners. Conventional
bord and pillar mining is cmployed in India.

Slicing

The total mining height is extracted by mining the seam

in a number of slices, either in an ascending or a
descending order. These slices may be mined
concurrently, in which case the term 'simultaneous' ig

used to describe the operation, or there may be a
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considerable time lapse between the mining of each slice,
in which case the operation is referred to as 'non-
simultaneous'.

In Britain, Japan and Burope, extraction is usually
achieved by mechanis~d longwall mining, referred to as
multi-slice longwall mining, Fig. 4. In North America a
bottom-coaling and pillar extraction operation utilizing
continuous miners ls practiced.

1ii) Caving ani drawing

The total mining height is extracted by developing the
lower horizon of the seam ard then caving the overlying
coal into this development, from where it is drawn off,
This system finds widespread application throughout the
world, In France and Eastern Buropean countries an
integrated mechanised longwall mining and sublevel caving
system is used, Fig. 5{a). Metalliferous based, open
stoping and/or sublevel caving and drawing systems are
also employed in these countries, Fig. 5(b}. Hydraulic
mining is used in Canada, Japan, West Germany and the
G.85.8.R, to cave and draw the coal remaining in the seam

after the primary development has been completed, Fig. 5(c).

Gasification techniques have been excluded from the review
since these techniques are largely in the development stage
and are not likely to be commercially feasible in South

africa for a number of years. In addition, mining methods
which have been designed specifically to operate in seans
dipping at more than 10 degrees have not been reviewed
hecause South African thick coal seams tend to be flat
dipping, with seam dips of more than 10 degrees being very

localized.
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Non-simultaneous ~ the lower slice lags a
(o) minimum of 6 months behind
the upper slice.

FIGURE 4 Multi-slice longwall mining (adapted
r-m Dunham, 1978).
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(a) Integrated mechanised longwall mining
with sublevel caving ( Barron, 1974 )
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(c) Hydraulic mining ( Milstein, 1979)

FIGURE 5 Caving and drawing mining methods.




4.3 Critical Evaluation of Literature Reviewed

In general, the literature reviewed has been published during
the last decade in the English language. On the basis of
subject matter, literature can be classified and discussed

under the following categories:

i) Descriptive ; Publications which desrribe thick seam
mining methods.

ii) Innovative Publications which propose modified thick
seam mining methods.

1i1) Evaluative - Publications which are concerned with
evaluating the potential of thick seam
mining methods under a specific set of
conditions,

Since the major criticism concerning the literature ig that
many of the publications exhibit a lack of understanding of
the manner in which stresses are distributed around mine

workings, a number of basic stress distribution profiles are
presented and discussced in Appendix 11. Reference to these

facilitates the evaluation of literature in the main text.

4,3.1 Descriptive literature

This category contains the largest number of publications
on thick seam mining methods. Whilst generally
explaining and 1llustrating the mining methods well,
these publications often fail to discuss the design and
development of the methods, and the conditions under
which they operate successfully. In particular, rock
mechanics and strata control aspects, on which the
success of thick seam mining methods can largely depend,
are often completely ignored. The content matter of many
of the papers prescented at the Symposium on Thick Seam

Mining by Underground Methods held in Queensland,

Australia, in 1976 and the International Symposium on
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Thick Seam Mining, held in Dhanbad, India, in 1977,
illustrate this point.

RIS AR R

The fact that English speaking countries are, in general,

not thick seam mining countries and that many of the
publications are concerned with mining operations in the

AR R RN

Eastern European countries, West Germany, Japan and India
may account somewhat for the lack of detailed information
contained within the papers. However, a lack of
appreciation of fundamental rock mechanics principles by
many authors is also thought to account largely for this
lack of information.

Dunham (1978}, in discussing simultanecous multi-slice
longwall mining, states that 'As a general rule, when the
longwall faces approach one another, the face in the
lower slice experiences less pressure while the face in
the upper slice is subject o greater pressure'.

It 18 correct that the lower longwall face would
experience less pressure as it approached the upper
longwall face, since the overburisn load acting on the
lower longwall face is reduced (refer to Fig. I1.2,
Appendix II}., But it canvot be accepted that the
pressure on the upper face would increase significantly,
as the location of the lower face has a negligible
influence on the overburden load acting on the upper

face, Fig. 6.

However, as the lower face approaches the upper face it

does result in an effective reduction in the lateral
confinement provided to the upper face by the floor
strata, Figs. 6(b) and 6{(c). This, in turn, results in
decrease in the strength of the upper face coal and so

slabbhing, spalling and convergence on this face may
increase significantly. As a consequence additional load
will be transferred onto the face support system.

Nakajima (1976) reports that at Kushero Colliery, in
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Japan, hydraulic props on the upper slice longwall face
ylelded excessively when the the lower slice face came
within 7 m of the upper slice face. Thus, additional
strata movement could be misinterpreted as an indication
of increased face pressure rather than a reduction in the
strength of the upper coal face. The content matter of
the remainder of Dunham's publication is similar to that
contained in previous publications by Cochrane (1972) and
Callier (1972}).

Nevertheless, some authors whose publications fall into
the 'descriptive' category have noted design and strata
control considerations. Coates et al. (1972) noted
briefly that geology, mine geometry, and exploitation
systems all influence the profitability of thick seam
mining cperations. Cochrane (1972) defined a thick seam
on the basis of productivity and considered the influence
of seam thickness, seam dip, the nature of hanging and
footwall strata, and the nature of coal on the selection
of thick seam mining systems., Development systems were
also briefly discussed and the technical-economic indices
for full face, slicing and caving and drawing systems
employed throughout the world were tabulated. Wilson et
al. (1977) expanded on Cochrane's design considerations
governing the selection of thick seam mining methods. In
addition, these authors recognised that thick seam mining
methods could be utilized to mine seams that were in
close proximity to one another, but no attewmpt was made

to define quantitatively such situations,

A number of publications which fall into the descriptive
category have originated from India, and these describe
the many ¢ifferent thick scam mining methods employed in
that country. However, the subjaect matter of these
publications tends to be of limited value since most of
the systems described are either highly labour intensive
fFull face mining methods which are uneconomic in most

other thick seam mining countries, or else they are




non-mechanised versions of other established thick seam
mining methods, The lack of mechanisation results in low
production, low productivity, labour intensive mining
methods, at a time when the general trend in mining is in
the opposite direction; that is, towards methods that
achieve high production and high productivity and require
a small labour complement.

Publications which have not been written in English are
also included in the category under discussion. These
publications often contain many illustrations which serve
to describe and explain the mining methods under con-
sideration, even though the text may not be understood.
The Hungarian book 'Binyamlivellés' by Zambo (1957) is an
example of such a publication. This book contains many
aseful illustratiors of basic thick seam and multiple
seam mining methods.

Finally, a large number of mining methods employed in the
mining of thick brown coal seams in Czechoslovakia, West
Germany and Britain are illustrated and described by
S5toces (1963, 1966) in the Atlas of Mining Methods,

vols, T and II. These are very usecful publications since
they contain a congiderable amount of information,
otherwise difficult to obtain, on Czechoslovakian thick
seam mining methods which are employad in seams which
have very similar characteristics to South African thick

coal geams.

4.3.2 Innpvative literature

Literature falling into this category is concerned
primarily with proposing modified thick seam mining
methods. Because these methods are not designed around a
specific set of qgeolojgic and economic conditions they are
proposed usually in only broad outline.
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Bise and Ramani (197%) ‘and Bise et al. (1976, 13977)
sropose four underground extraction technigues for mining
witick coal seams in the western United States. These
wetinods are based on the philosophy of Bise and Ramani
©1975%) that 'although the development of new technology
znd equipment (for thick seam mining) may be in order for
the long run, attention must bhe directed for short term
jains to the adoption of current technology'. 1In the
tatter paper the authors have concluded that foreign
hick seam mining technology could not be imported into
‘he United States for the Fforeseeable future because of
the dependence of this technology upon stowing procedures
and because of its labour intensive nature. However,
stowing procedures are only emploved on a large scale in
soland and Indra, and are generally not integral parts of
ghiick seam mining methods. In addition, the claim that
#he methods are labour intensive i1s open to debate, as is
che claim {Bise et al, 1977) that their four proposed
ihick seam mining methods have been adapted {rom existing
mited States mining methods, All four methods, in fact,
ave similar to methods employed elsewhere in the world,

v particular, the authors propose the extraction of a

S m thick seam utilizing mechanised non-simultaneous
suilti-alice longwall mining, a method employed, for
srample, in Britain {(Whitworth, 1975), Japan (Wilson et
«i, 19763 and Aastria (Galvin, 1978). However, in
entrast to these and all other known similar operations,
‘he authors propoge to locate the lower slice panel
sptries beneath the upper slice interpanel pillars,

~1g. 7, rather than outside these pillars and, therefore,
ander destressed ground as is the conventional practice,
ig. 8. The authors acknowledge that rock mechani:s
~qsiderations indicate that the lower slice panel
ntries should be placed outside upper slice interpanel
iiiars but, nevertheless, they 'feel' (Bise and Ramani,
g% that this could result in potentially dangerous

cnof conditions, because when the roof was serving as the
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Bise and Ramani (1975) 'and Bise et al. (1976, l§77)
propose four underground extraction techniques for mining
thick coal seams in the western United States. These
methods are based on the philosophy of Bise and Ramani
(1975) that 'although the development of new technology
and equipment (for thick seam mining) may be in order for
the long run, attention must be directed for short term
gains to the adoption of current technology'. 1In the
latter paper the authors have concluded that foreign
thick seam mining technology could not be imported into
the United States for the foreseeable future because of
the dependence of this technology upon stowing procedures
and because of its labour intensive nature. However,
stowing procedures are only employed on a large scale in
Poland and India, and are generally not integral parts of
thick geam mining methods. In addition, the claim that
the methods are labour intensive is open to debate, as is
the claim (Bise et al, 1977) that their four proposed
thick seam mining methods have been adapted from existing
United States mining methods. All four methods, in fact,

are similar to methods employed elsewhere in the world,

In particular, the authors propose the extraction of a

9 m thick scam utilizing mechanised non-simultaneous
multi-slice longwall mining, a method employed, for
example, in Britain (Whitworth, 1975), Japan (Wilson et
al, 1976) and Austria (Galvin, 1978}). However, in
contrast to these and all other known similar operations,
the authors propose to locate the lower slice panel
entries beneath the upper slice interpanel pillars,

fig. 7, rather than outside these piliars and, therefore,
Jnder destressed ground as is the conventional practice,
Fig. 8. The authors acknowledge that rock mechanics
considerations indicate that the lower slice panel
entries should be placed outside upper slice interpane:
pillars but, nevertheless, they 'feel' (Bise and Ramani,
1975) that this could result in potentially dangerous

roof conditions, because when the roof was serving as the
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Eloor of the upper seam it may have been 'cracked' (Bise

et al, 1976) during caving of the hanging strata.

This conclusion is unacceptable. Whilst it is reasonable
to assume that the lower slice roof may be damaged while
1t serves as the floor of the upper slice, the damage
caused by caving material is superficial and negligible
when compared to that cauased by the high face abutment
stresses and the base pressure of the longwall support
units associated with upper slice mining operations.
Whilst the magnitade of abutment stresses ahead of a
longwall face is a function of depth, measurements by
Conroy (1977) at depth of 180 m and numerical
calculations by Hebolewhite et al. (1979) for a depth of
480 m have yielded abutment stresses in the range of 2 to
2,5 times the virgin stress. Thus, at a relatively
shallow depth of 300 m abutment stresses may be assumed
to be in the order of 15 to 20 MPa. Since the uniaxial
compressive strength of many coals 1s only of the same
order, abutment stresges may cause considerable
fractaring of the f[loor strata. Further secondary
fractiring will be 1induced by stresses in the order of

1 to 5 MPa which act through the base of the support
Jnits. In comparison to the damage done to the floor
strata by these two sources of stress, damage induced by
controllel and fraction impeded caving of the roof strata
aver small areas as cach support unit 1s advanced 1s of
No Consegaance.,

A simple and brief consiideration of rock mechanics and
mining principies i1niicates a number of disadvantages
associated witn the unconventional panel entry layout
proposed by the authors. Some of these are highlighted
yn Figs. 9 and 10, which show generalized stress
distribution profiles associated with interpanel pillars
resulting from voth a conventional panel entry and the
proposed anconventional entry layout. The basic form of

these profiles has been discussed in Appendix II. In
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Figs. 9 and 10 the adjacent upper slice panels are both
shown to be extracted before mining of the lower slice
panels commences. This is usual in non-simultaneous
multi-slice longwall mining in order to allow sufficient
time for consolidation of the goaf of the first upper
slice extracted before proceeding to mine immediately
bencath this goaf. The disadvantages associated with the
proposed unconventional panel layout include the

following:

1) The upper slice interpanel pillar has to be very
wide in order to avoid locating the lower slice
panel entries within the high abutment stress zones,
Fig. 10(b). This is especially important since the
authors also propose to develop the lower slice
panel entries before mining the upper slice panels.
Therefore, these entries will be exposed to the
travelling stress front associated with the mining
of the upper slices, and consequently will be
severely damaged unless they are located a
considerable distance away from the upper slice

panel abutments.

ii) The stress distribution through the interpanel
pillar is constantly chanoing during the mining of
rhe lower slice panels, Figs. 10(b), 10(c) and
16(4). 1In particular, due to caving of the edges of
the interpancl pillar formed during mining of the
apper slices, the high abutment stress moves further
into the centre of the pillar, Fig. 10(c). There-
tore, the lower slice entries for adjacent panels
must be sufficiently far apart that the entry for
the second of the two lower slice panels is not
damaged by this redistribution of stresses during
mining of the first panel.

iii) Locating the lower slice panel entries outside those

of the upper slice results in varying face and roof
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conditions along the length of the lower slice
longwall faces. The extremeties of the lower
longwall will be located under fractured uncaved
coal, whilst the central portion of the longwall
will be located under goaf. In the extreme case
this could necessitate the use o>f two different

support systems along the face.

Percentage extraction may be considerably less than
that achieved from conventional panel layouts. The
authors (Bise et al, 1%877) state,

‘to minimize any side abutment pressure on the
(lower slice) entries from the extraction of the

upper slice, a barrier of approximately 33 m (110 ft),

sufficiently large to withstand the pressures
encountered, is maintained between the upper and
lower gateroads, as well as between the lowar lift
gatervads in adjacent panels'.

Thus the maximum dimension of the interpanel pillar
i1s in the order of 117 m. 1In practice, the size of
this pillar is a function of depth, but for conven-
tional multi-slice panel layouts, pillar width

ravely exceeds 70 m.

For the same final minimum interpanel pillar width,
Wnin: (Figs, 9(d) and 10(d)) the effective
width:height ratico of the interpanel pillar
resulting from the unconventional panel entry layout
18 less than that resulting from the conventional
panei entry layout because Of partial caving of the
upper slice interpanel pillar, Figs. 10(b) and
10(¢). Since the strength of a coal pillar is
directly proportional to the width:height ratio,
this results in a lower strength interpanel pillar,
which may bhe critical if the support propertics of
the interpanel pillar are required to support

competent roof strata bridging over longwall panels.
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Vi) If the coal is prone to spontaneous combustion, the

risk of such occurring is increased considerably.
This is because a large proportion of the coal

lnterpanel piliar between the upper slice longwall

panels caves during mining of the lower slice panels

and is not recovered

“

The authors also Propose to develop the lower face under

unmined ground where good root
thence to

conditions exist, and
mine towards and under the upper slice goaf,
leaving about 1,2 m of roof coal between the two slices.
However, this method results in the formation of a small
remnant ~illar, as shown in Fig. 11, and the very high
stresses associated with this pillar can give rise to
Severe strata control problems on the lower longwall face
during undermining of the pillar,

No justification is provided by Bise et al, (1976) for the
panel and interpanel pillar dimensions which they
specity. In particular, interpanel pillar dimensions, on
which the success of theLrr proposed unconventional panel
layout depends, appear te be convenient estimates.
Overall, it is apparent that the authors have given
little consideration to the implications of their
proposals, which, under local conditions, should be
disregarded,

Another paper falling in the innovative category is that
by Thomas (1976), which proposes thick seam’undergraund
coal mining by a slice and £ill method utilizing washery
waste. The author acknowledges that he only proposes the
system in broad outline and that the system has an
extremely restricted application if washery waste, the
characteristics of which he has yet to determine, does
not prove to be a suitable fill material. The author has
not decided on an actual mining sequence and mine layout
nor given any consideration to the support potential and
behaviour of the fill. Thus, many of the proposals are
only speculative.
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