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4.3.3 Evaluative literature

5

ST
Eeis

Literature falling into this category 1is concerned
primarily with evaluating the potential of particular
thick seam mining methods under specific geologic and

economic conditions. These publications usually give a

Ty e

very detailed description of the mining method being
evaluated, and the geologic conditions to which it is

| H best suited. Known applications of the method are
% v reviewed, with emphasis being placed on the geologic
conditions existing at each location as well as on the

wype of equipment in use, problems encountered with

method, modifications reguired to the method, and the
economiz viability of the method. The geologic
conditions of the site where it is proposed to employ
this method arve evaluated and, 1f the method is
potentially suitable for use under these conditions, an
economic evaluation is conducted. Thus, these
publications usually give a comprehensive report on the
method under review and are, therefore, often viewed as

reference texts on that particular method,

The best known Of such publications are those by Wilson

gt al, (1976) on multi-slice longwall mining, Callier
(1972), Barron (1974), and Wallis et al, (1977), on
longwall mining with sublevel caving and Grimley (1974),
Parkes and Grimley (1975), Parkes and Grimley (1976) on
hydraalic mining. In view Of the comprehensiveness of

(hprse publications they are discussed under the
sub-heading of the mining methods to which they refer.

4.3.3.1 Multi-slice longwall mining

Wilson
slice longwall mining methods for mining western United

ot al, (1976) assessed the feasibility of multi-

States thick seams, and, in pavticular, for the mining of
[

a +7 m tnick seam at Emery Mine.



The authors identified three tasks, which they approached
in the following order:

investigate multi-slice mining methods employed
elsewhere in the world;

study the suitability of the Emery Mine site for
multi-slice longwall mining;

perform an ecoromic and marketing analysis of the
proposed project to predict its competitive position
within the industry.

When investigating multi~slice mining methods Wilé@n et

al.categorised the many variations of this sytem
according to whexher slices were mined simultaneously or
not, and to what was used to form a parting between the
slices. In addition to studying these various methods,
experience was also gained from visiting twelve thick
seam operations in Britain, West Germany, Yugoslavia,
Spain, France, Australia, South Africa and Japan.

After establisghing and describing the various multi-slice
mining methods the authors investigated the geology of
the Emery Mine site. As a result of this study, several
potential problem areas were identified and their
significance briefly discussed.

in the next section of the report, concerned with mine
design considerations, these problems were discussed
farther. In addition, considerable attenti§n was given
to entry layout designs which, by United States
regulations, must be multiple entry systems. Three
multiple entry layouts were seclected as being the most
suitable, and these were analysed from a vock mechanics
viewpoint using finite element analysis. Wilson gt al,
ased the results of the analysis to verify the location
of the cntries and to determine which of the three

layouts was the most stable.




a number of anomalies appear in the stress
tion profiles derived from the finite element
These have not been detected by the authors
- fact, some of the authors' conclusions have been
pon these anomalies. The stress profiles
ted with the proposed entry layouts are shown in

3 and 14, with anomalous regions being

labelied A to D. In these figures, which are taken from
hors' paper, the top slice interpanel pillars are

incorrectly, to be of different widths. In the

iiscussion of the anomalous regions it sghould

onsideration were computed for horizons through
-mining height of the lower longwall slices.

A - Figs. 12 and 14

gion lies immediately below the goai of an upper

ongwall panel. Thus, on the basis of the
.ion presented in Appendix II, the maximum value of

ess concenktration factor, 0,/0y, should not exceed
2/ Py

er of 1,5 , and take cognisance of this fact by
suggesting that the panel development entries for the J

Reqg o9 ?igs. 12 and 13

The skress concentration factor in this region increases

rapidiy to attain a magnitude of almost 6 as'the lower =
siiceéﬁanel entry is approached., However, the horizon
for wrféh the stress profile is constructed is located
fow metres below goaf. Thus, once again, stress

concen

exceed
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{a) Longwall panel layout with two single entries for
lower slice and double entries for upper slice.
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S5IRESS DISTMDUTION ACTIVE LONGWALL PANEL
LEHE

(b) Stress distribution profile through mid-height of
lower slice interpanel pillar for panel entry layout
shown in (a).

FIGURE 12 Stress distribution profile associated with a
longwall panel layout comprising two single
entries for lower slice and double entries for

upper slice as presented by Wilson et al. (1976)
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{a) Longwall panel lavout with double entry gateroads
for upper and lower slices. '
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(b) Stress distribution profile through mid-height of
lower slice interpanel pillar for panel entry lay-
out shown in (a).

FIGURE 13 Stress distribution profile associated with
a longwall panel layout comprising double

entry gateroads for the upper and lower slices
as presented by Wilson et al. (1976).
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(a} Longwall panel layout with two double entries
for the lower slice and double entries for
the top slice.
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(b) Stress distribution profile through mid-height of
lower slice interpanel pillar for panel entry
layout shown in (a) .

FIGURE 14 Stress distribution profile associated with

- a longwall panel layout comprising two double
entries for the lower slice and double entries
for the top slice as presented by Wilson et al.

(1976} .




Region C - Fig. 13

In this region the stress distribution profile on either
side of the lower slice panel entry is shown to be |
non-symmetrical, with a higher stress concentration
existing on the interpanel pillar side of the entry than
on the proposed mining side of the entry. But, as
reference to Fig. II.% or I1.6* highlights, if the entry
is sufficiently far removed from the interpanel pillar a
lower stress concentration should exist on the interpanel

pillar side of the entry. It is interesting to note that

this later statement is supported by the stress distri-
bution profile over region C, Fig. 14, presented by the

agthors.

Region D -~ Figs. 12, 13 and 14

This region comprises that portion of the lower slice
interpanel pillar which is located immediately below the
upper slice interpanel pillar. On the basis of previous
considerations (refer Fig. I1.6 and Fig. 9) the stress
distribution profile through this region should be almost
symmetrical This is clearly not the case in Figs. 12,
13 and 14. Furthermore, a considerable portion of the
interpanel pillar associated the with entry layout
tllustrated in Fig. 13 is actually destressed. The

stress concentration factor over above one-third of this
pillar is only of the order of 0,5. The authors accept
this stress distribution profile and state that the
destressed area will be subjected to tension and
nuckling, and that roadways lorcated in the area can be
axpected to be unstable as the lower slice longwall

approaches.

* Figs., Tables, Egns., Plates etc. which are captioned in
Roman numerals in this main text are contained in the
Appendix captioned by the same Roman numerals.




The anomalies in the stress profiles derived from the
finite element analysis may possibly be accounted for
the unrealistic assumption which the authors made

concerning the development of the goaf in the upper

slice. This assumption states that the goaf from the
longwall in the top slice settles in such a way that
triangular openings of dimenion 20 m (64 ft) by 2,4 m
(8 £t) are left beside the interpanel pillar, Fig. 15.
The presence of these openings could infiuence
significantly the distribution of stresses in the
immediate vicinity.

After considering the state of stress essociated with the
various panel entry outlays, and the support of the lower
slice entries, the authors discuss the selection of the
mining equipment. Since the most important decision to
be made in the area of eguipment selection for a multi-
slice operation is that of face support, considerable
attention 1s Jiven to the various types of support
systens available. Good roof support, particularly when
mining the lower slices in multi-slice mining, is
gasential.,

Based ~n the preceding discussions concerning the many
variations of multi-slice longwall mining, the geology of
the proposcd mine site, the design of the panel entries,
and the longwall mining ejuipment available, the authors
decide on the actual mining method, mine design, and
mining equipnent to be used. In order to ensure that the
proposed mining method would be economically viable and
acceptable to the coal mining industry the number of
railca. changes cncompassad within the method have been
kept to a minimum. This has been achieved at the cost of

percentage extraction.

Finally, the health, safety and environmental impacts of
the mining method are considered and the paper concludes
with an assessment of the economic feasibility of the
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whole operation.

In the appendices of their report, the
authors have presented informative descriptions of the
various thick seam mining operations which they visited
outside the United States in the course of composing the
publication. Overall, the publication constitutes a good
reference manual on most aspects of non-simultaneous

multi-slice longwall mining.
4.3.3.2 Longwall mining with sublevel caving

Although longwall mining with sublevel caving has been
practiced in many countries throughout the world,
including France, Yugoslavia, Romania, the U.S.S8.R, India
and Great Britain, only the French operations have been
discussed in detall in the EBnglish literature. One of
the first papers on this method was by Callier (1972).
This paper briefly discusses the development of the
method in France before going on to describe the
operation of the method, the face equipment, and the
difficulties experienced with the method. Whilst
prevailing geoclogic conditions have not been recorded nor
discussed guantitatively, a good qualitative idea of the
competence of the coal seam is obtained from the author's
discussion of the support roquirements of the method and
the difficulties experienced with the method due to
"friable’ and ‘seldom hard' coal.

This mining method was discussced in much greater detail
by Barron (1974) when he considered the potential of the
system for use in, or adaption to, Canadian conditions.
The author studied the mining method in operation at two
French collieries, namely Darcy Mine and Rozelay Mine,
and recorded most of the geologic, mining, environmental,
and oconomic features of the method. These features
formed the basis on which to assess the potential of the

method under typical Canadian conditions,
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reference manual on most aspects of non-sgimultaneous
multi-slice longwall mining.

4.3.3.2 Longwall mining with sublevel caving

Although longwall mining with sublevel caving has been
practiced in many countries throughout the world,
including France, Yugoslavia, Romania, the 0.83.5.R, India
and Great Britain, only the French operations have been
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the first papers on this method was by Callier (1972).
This paper briefly discusses the development of the
method in France before going on to describe the
operation of the method, the face equipment, and the
difficulties experienced with the method. Whilst
prevailing geologic conditions have not been redorded nor
discussed quantitatively, a good qualitative idea of the
competence of the coal seam is obtained from the author's
discussion of the support requirements of the method and
the difficulties experienced with the method due to
"friable' and 'seldom hard' coal.

This mining method was discussed in much greater detail
by Barron (1974) when he considered the potential of the
system for use in, or adaption to, Canadian conditions.
The author studied the mining method in operation at two
French collieries, namely Darcy Mine and Rozelay Mine,
and recorded most of the geologic, mining, environmental,
and 2conomic features of the method. These features
formed the basis on which to assess the potential of the
metiod under typical Canadian conditions.
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The applicability of longwall mining with sublevel caving
to a given set of mining conditions depends, to a very
large extent, on the caveability of the coal. A stro.g
coal with very few structural discontinuities and
weaknesses must often be induced to cave, and tends to
cave in large blocks which are difficult to draw. On the
other hand, a very weak friable coal may result in very
poor face conditions, and face and roof stability ahead
of the face supports could be very difficult to maintain,
particularly at depth. Therefore, when considering the
applicability of this method to a given set of con-
ditions, it is important to assess the seanm geology on a
quantitative basis. Barron acknowledges that he fails to
do this, both for the French thick seams in which he
observed the method i~ operation, and for the Canadian
thick seams 1n which he is considering applying the

me thod.

When presenting the results of ground control studies
conducted at the two French collieries visited, Barron
attaches particular significance to face convergence. In
particular the author notes that the measured face con-
vergence is much more than that predicted from the

pmpirical derived formula -
cy = 0,2 (pH)0/75070,25 (1)

where <y 5 the convergence per metre of face
advance (m/m),
p is the subsidence Eactorl(ﬁor caving,
p= 1),
H is the face height (m), and

D is the depth below surface (m),

This formula was basced on the statistical analysis of 140
European longwall faces in thin seams (0,8 m< H =< 3 m),

However, the authou deduced for the Darcy Mine that if H
is taken as the total seam thickness, rather than as the
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face height, then the measured value of face convergence

' . - i .
and the predicted value of face convergence based on

v1) are in close correspondence. Therefore, he
concludes:

that for thick seams, the total face convergence depends
not on the face height but on the seam thickness between
che true roof and true floor, i.e. the general statis-
tically derived formula for thin seams, given above, is
also applicable to thick seams, provided that H in botn
cases 13 taken as the seam thickness and not as the face
heighe!

This 18 a very important conclusion which, if accepted,
wouid have a significant influence on the design of thick
seam mining methods, However, this conclusion is only
Hesed on a single set of measurements on one longwall
face, although a second set of measurements from another
longwall face are also in agreement if the seam height is
reduced due to the presence of a sandstone parting within
the seam. HWo consideration was given as to whether the
application of che empirically derived thin seam formula
to thick seam mining methods was, in fact, valid.
rurthermors, no attempt has been made to explain this

fmpoartant conclusion,

“anvergence on the longwall face is determined by the
cpspe..se 2f both the coal strata ahead of the longwall
sce and the face support system to the applied load. As
convergence is a function of many parameters,
wveluding the elastic modulus of the coal, the nature of
bhe cmmediate roof strata above the seam, the character-
Lsti1ca of the support system, and the behaviour of the
immediate roof above the longwall face. None of these
marametars are reflected in the empirically derived thin
woar copvargence formula, Eqn. (1), but their influence
Convargence can be illustrated simply by the following
Ciemopbary aqualities relating convergence to load and

s g
=Ty
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where 4% is the convergence (analagous to face

convergence) ,

L is the load (analagous to strata load?,

£ is the length (analagous to face heighit},

kg 1s the stiffness constant,

E  is the elastic modulus (of seam),

A is the area, and

¢ 1is the v-s3s (analagous to abutment
“toags),

For example:

1) Elastic modulus of coal - Egn. (2) clearly illus-
trates that, for a fixed set of conditions,
convergence (seam compression) ic a fanction of
elastic modulus. 7Thus a longwall face in a sean
having a low elastic modulus will undergo a much
higher convergence than & longwall face in a seam
having a high elastic modulus.

ii} Roof strata properties - The discussion of the
stress distribution around an isolated longwall
panel, Appendix II.2, highlighted that the caving

, has a significant influence on the weight

i ¥

angle,
of the undermined roof strata which has to be
carried by the coal strata ahead of the face. 1In
turn, this parameter is a function of the
composition and structure of the immediate roof
strata. For example, a high strength, massive
strota would be cxpected to cave at a greater caving
angle than a low strength highly laminated strata.
The i1nfluence of the caving angle, 8, is analagous
to the parameter, L, in Egn. (2), since the caving
angle determines the volume and thus the weight of
overhanging strata to be supported by the face

abutment.
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Special consideration must also be given to very
Competent immediate roof strata. This strata may
fail to cave at the rear of the face supports and
cantilever over the supports into the goaf. Unless
a well designed support system which gencerates a
high support resistance at the rear of the support
is used, this strata can induce very high face
abutment stresses. This situation is represented in
Egn. (2) by the stress parameter, o.

Support system characteristics ~ The stiffness and
load carrying capacity of the support system
determine to what extent the face is protected from
high abutment stresses, and to what extent

convergence increases with distance frem the face,
That is, the support system also influences the
values of L and ¢ in Egn. (2). 1In a later
publication by Joscen and Gouilloux (1978), the
empirical convergence formula has in it a term to

account for the load-bearing capacity of the support

system. The formula now reads -

/

CyT = (-f;«?ﬂ + 65)(;:%{)0:759"0:25 (3)

where ( T is the convergence pei .aetre
of face advance (mm/m),
and PM is the load bearing capacity
of the support

(tonnes/linear metre

of face).

Solving this formula for the support system employed

on the longwall faces under consideration by Barron,

nroduces the following formula -

CyT 0,1(p)0:75p"0,25
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The face convergence calculated with this new
formula is only half of that calculated by the
formula used by Barron, so that an even greater
discrepancy exists between predicted and measured
face convergence.

iv) Behaviour of the top coal above the longwall face ~
In conventional mechanised longwall mining very
little lateral movement of the roof occurs until
after it has been undermined. Thus, this roof
provides lateral confinement to the coal ahead of
the longwall face, thereby increasing its load
carrying capacity and limiting fracturing, spalling
and slabbing. However, it can be seen clearly in
Fig. 16 that in longwall mining with sublevel
caving, the immediate roof above the longwall face
underqgoes considerable migration towards the goaf
long before it has been undermined. This is because
the roof consists of a considerable thickness of
weak and friable coal which is being caved and drawn
From behind the longwall supports, Therefore,
instead of confining the coal ahead of the face, the
immediate c¢oal roof strata induces lateral tension
in face coal, causing it to fracture and form a
number of slender slabs running parallel to the
face. The formation of these slabs significantly
reduces the load carrying capacity of the coal, and
effectively reduces the area of coal capable of
carrying full load. As can be seen again from

Eqn. (2), a reduction in the area, A, results in

increased convergence.

The preceding discussion illustrates that convergence is
a complex function of many parameters. Few of these
parameters are contained in Egn. (1), upon which Barron
bases his important conclusion concerning convergence in
thick coal secams. The range of conditions for which this

equation was empirically derived need to be rppreciated,
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and the equation should not be employed outside this
range of conditions. 1In particular, this equation was
based on strata behaviour in a conventional longwall
face. It cannot be used to calculate the convergerice
associated with longwall mining with sublevel caving
because this mining system causes the coal : rata to

behave in a significantly different manner to that upon
which the formula is based.

In summary, Barron presents a well detailed study of
longwall mining with sublevel caving as conducted in two
French collieries, and briefly considers the potential of
tha method to the mining of Canadian thick coal seams.
However, his conclusion that 'for thick seams, the total
face convergence depends not on the face height, but on
the seam thickness between the true roof and the true
floor', is unacceptable.

Wwallis et al, (1977) considered the design and feasibility
of longwall mining with sublevel caving for mining
western United States thick coal seams, and adopted a
slightly different approach to those of Wilson et al.
(1576) and Barron (1974). The authors recognised that
the success of longwall mining with caving depended to a
very large extent on the use of a well designed support.
Therefore, the authors actually designed a longwall
support system. The support was designed 'primarily for
very friable coals which cave readily and need essen-
tially no size reduction to be compatible with available
haulage systems'. The support designed is notably
different from other longwall caving supports in that it
is over 5,5 m long and 2 m wide, and generates a load of
almost 750 tonnes per metre run of face. The support
systems used on the French longwall face described by
Barron (1974) only generate a load of about 190 tonnes
per metre run of face, whilst those used in Bogovina Mine

in Yugoslavia generate a load of 260 tonnes per metre run

of face (Galvin, 1978).




R S

S ys 0 e

o, - % e

72

The authors have based their support design on the
philosophy that the longwall caving system 'shall be at
least as sa.e, the produrtivity as high, and the
production cost per ton of clean coal as low' in seams
exceeding 6,7 m (22 ft) in thickness as that presently
achieved by standard bord and pillar mining or con-
ventional longwall mining in 2,1 m (7 ft) thick seams.
This philosophy necessitates the use of a very large rear
conveyor, which is independent of the support system and
only needs to be advanced every second face cycle.

One disturbing point in the authors' calculation of the
required size of the rear conveyor and their final
prediction of productivity is that they have assumed a
shearer cycle time of 34 minutes over a 125 m long face.
This is an extremely fast cycle time. Barron (1974)

calculates that for a longwall caving installation
similar to those operating in France, a shearer operating
100 per cent of the time will have a cycle time of 195

minutes over a 100 m long face. Typical cycle times on
200 m long conventional longwall faces in South Africa
are in the order of 105 minutes. Correspondingly, the
authors predict a face productivity of 181 to 229 tonnes
per manshift, as compared to about 17 tonnes per manshift

achieved from installations in France (Barron, 1974) and

11 to 35 tonnes per manshift achieved in Yugoslavia

(Lang, 1980, personal communication)., Even conventional

longwall installations in South Africa only achieve about

65 tonnes per manshift (Esterhuysen, 1981).  Thus, the

authors' prediction of face productivity appears unreal-

istic.

After presenting their longwall support design and
discussing the selections of the other face equipment,
Wallis et al. (1977) then go on to consider the following

pornts in the order listed:




SR Ay

ot

S

S TRy
P
i

% :
7

A e

R

73

i) ground control,

ii} health and safety requirements and hazards
evaluation,

iii) panel design and ventilation,

iv) analysis of operating cycles,

v) economic analysis,

vi) application of longwall mining with caving.

Qverall, the content matter of this paper is not
presented in a logical sequence and one has to frequently
refer forward in order to learn the reasoning behind an
assumption.

In discussing face convergence the authors have presented
a sketch of the stress distribution around a longwall

panel, Fig. 17. This flgure incorrectly shows a uniform

stress distribution along the longwall face and along the
interpanel pillars. These stress profiles are shown to
meet at the corners of the longwall face and interact to
produce a stress peak, rather than a stress low as
discussed in Appendix I1.2 and illustrated in Fig. II.4.
The incorrect stress distribution probably originated
from a publication by Whittaker (1974) which has been
referenced in a number of publications (refer e.g. Peng
(1978), p2l5). The profile has since been corrected in a
publication co-authored by Whittaker (refer Whittaker and

Singh, 1979).

Wallis et al. also makes use of the previously discussed
empirical formula presented by Barron (1974) for
caleculating face convergence, Egn (1). However, the

authors recognise that this formula has many shortcomings

and only use it 'in the absence of sufficient time and

information in which to perform (their own) rigorous

t
analysis of face convergence .
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4.3.3.3 Hydraulic mining

Hydraulic mining has many advantages over most other
thick seam mining methods and these have been well
documented in literature by Grimley (1974), Parkes and
Grimley (1975), Parkes and Grimley (1976) and Shaw
(1977). 1In addition, Grimley (1974) and Parkes and
Grimley (1975) have also noted the physical requirements

necessary for the successful application of the method
for thick seam mining.

Most publications on hydraulic mining are concerned with
the application of the method at Michel Colliery in

Canada, and English literature concerning other hydraulic
mining operations is scarce. Merret (1978) has described
briefly a hydraulic mining operation in West Germany
whilst Mills (1978) reviewed the state of hydraulic
mining in the U.5.5.R., and listed the prerequisites for
the successful operation of the method., The author noted
that the strength, friability and cleavage of the coal
influence the success of the method to a large extent.
However, no publications are known of which record the
approach adopted to quantitatively assessing the

potential of hydraulic mining under a given set of

conditions,

4,4 Conclusions

The literature review highlights that the problem of
selecting the optimum thick seam mining method for use under
a specific set of conditions has not been approached
systematically in the past. Occasionally, the potential of
one particular mining method has been evaluated in the light
of specific site conditions but this potential has not been
compared to that of other nmethods under the same site
conditions. Therefore, this thesis represents a first known
attempt at systematically evaluating the potential of
established thick seam mining methods for use under specific
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sets of conditions, although these conditions tend to be
‘region' specific rather than 'site' specitic.

Much of the literature reviewed only contains descriptions of
thick seam mining operations and gives no consideration to
the selection of the mining methods nor to the specific
conditions under which the methods operate successfully.
Furthermore, a number of publications contain proposals and
conclusions which are unacceptable. 1In instances, these
proposal and conclusions reflect a lack of understanding of
not only the thick sean mining method (or methods) under
discussion, but also fundamental mining principles. Overall,
publicationg contain only limited guantitative informat’on
relating to the characteristics and requirements of
established thick seam mining methods. Thus, for the purpose
of evaluating the potential of these methods for use under
local conditions, considerable reliance has to be placed on
gualitative information contained in publications.
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CHAPTER 5

GEQLOGIC AND ECONOMIC CHARACTERISTICS AND
RECUIREMENTS OF ESTABLISHED THICK SEAM MINING METHODS

.1 Introduction

an anivial step in selecting a mining method for use at a
apecific location is to compare geologic conditions
agsociated with established mining methods with geologic
~ondi’ tons existing at that location. In this manner mining

methads © “nically feasible under these non-variable
eondia. n bhe identified, The final selection of a
mining « 1 then based on a consideration of prevailing

praciica, i @COnOMic constraints, As these constraints
change with time consideration can be given to other
technically feasible mining methods.

Such an approach has been adopted in this thesis to identify
sgtablished thick seam mining methods which, firstly, are
rechnically suitable to the mining of South African thick
na)l seams, and secondly, which may be introduced at the
sresent moment in time. Thersfore, in this chapter estab-

>

S
. iahed thick seam mining methods are identified, classified
w6 described, and the geologic and sconomic characteristics

syl

o6 vesuirements of these methods are tabulated. Unless

Lates otherwise, all further references in this thesis to

BRI A

‘i ry zeam mining methods imply 'established’ thick seam
w i tag o merhods.,

vhe o lassification of Thick Seam Mining Methods

rder to record in a logical sequence the large number of

‘1w seam mining methods identified in the course of

S I

ydoeina the literature review a system for classifying

Liods 1s reguired. One such system is that briefly

Plemde we




e

B et ol e

e e

WRHEDE IR WY (SITHA SR 2 YRATT TS TRTERGE TR TSSO M D e, e e

AN

e A i 1 et

D A Y T S O VAT M N T 3 - ec————t S

78

discussed in Chapter 4, namely, to classify methods as either
full face, slicing, or caving and drawing mining systems,
depending on the manner in which the total mining height 15
extracted. However, this single criterion stili results in
too broad a classification of the many thick seam mining
methods identified. Therefore, a second criterion, based oo
the effects of a mining method on the roof strata, hes baon
devised., Methods may:

1) 'maintain' the integrity of the roof strata;
ii1) result in "limited subsidence' of the roof stratas
iii) ‘cave' the roof strata.

Roof strata contreol is a convenient criterion to select since
this criterion, alone, often determines whether a mining
method is suited to a particular set of conditions, This is
particularly so if a coal seam is very thick, and/or
underlies important surface structures, other mineable seam

or very competent strata.

By combining the three types of mining systems and the three
types of roof strata control in the form of a matrix, nine
classes of thick seam mining methods can be identified,
Table 3, although no thick seam mining methods fall within
two of these nine classes. It is interesting to note that
all methods which maintain the roof strata are based on some
form of bord and pillar mining, whilst all methods which
control roof strata dispiacement are based on some form or

longwall mining with stowing.

5,3 Description of Thick Seam Mining Methods

Reference to Table 3 shows that although a considerable
number of thick seam mining methods are employed throughout
the world, many of thege methods are variants of conventional
coal mining methods. 1In fact, all methods recorded in the
Table are based on one of the following six basic mining

methods:
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Bord and pillar mining.

Conventional longwall mining.
Multi-slice longwall mining.

Longwall mining with sublevel caving.
Hydraulic mining.

Stope mining,

These six basic mining methods provide a convenient and

concise basis on which to describe, in general terms, thick

seam mining methods., A brief description of each specific

thick seam mining method is contained in Appendix III. The

more relevant pablications describing these methods are

listed in Appendix 1IV.

5.3.1 Bord and pillar wmining

Primary development consists of driving tunnels through
the coal seam in such a manner that the seam is divided
into blocks, or pillars, These pillars are usually
square or rectangular in shape and typically range in
size from S x 5 m to 30 x 30 m, depending on depth.
Secondary mining operations consist of either top- or
bottom~coaling with or without stowing, or pillar
extraction. In multi-slice operations it is usual to
leave a 2 to 5 m coal parting between slices and to

superimpose both panel and interp.nel pillars.

§.3.2 Conventional longwall mining

+

to Table 3 reveals that only two thick seam
sed on conventional longwall mining,

Reference
mining methods are ba
full face longwall mining and full face longwall
panel development and secondary

namely,

mining with stowing.

extraction operations are similar to those associated

with conventional longwall mining operations which

extract 2 to 4 m thick coal seams, although face length
may be limited in order to maintain a rapid rate of
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advance thereby reducing strata control problems.
However, face support systems may differ significantly,
with the use of shield supports to maintain lateral
support stability, face sprags to 1imit slabbing of the
face, and elevated travelling ways for inspection and
maintenance purposes, Plates 1 and 2. In addition, the
shearer must usually travevse the face twice to extract
the full mining heilght.

5.3.3 Multi-slice longwall mining

Multi-slice longwall mining, also known as multi~lift,

multi-pass, and top-slice longwall mining, extracts &
thick coal seam in a number of slices by longwall mining,
Fig. 4. If slices are extracted concurrently, the

operation 1is referred to as simultaneous multi~slice

longwall mining, Fig. 4{a). If a considerable time
interval, in the ordJer of several months or years, exists
betueen the mining of each slice, the operation is
referred Lo as non-gimul taneous multi-slice longwall
mining, Fidg. 4(b). Stowing can pe incorporated into both

thege operations.

5.2.3.,1 Simultaneous multi-slice longwall mining

When stowlng is incorporated into this method, slices are
extracted Ln agcending order, whilst with no stowing,
slices are extracted in descending order. On rare
occasions slices have been extracted in descending order
‘ and stowed. The mining height employed in each slice is
; typically 2 to 3 m. Face length is usual}y constant for
each slice and of the order of 80 to 100 m. A distance

of 30 to 50 m is usually maintained between faces to

3 minimise strata control problems. When slices are

exiracted 1n & descending order, the roof of lower slices

consists of either:
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“n

i) an artifical roof, such as wire mesh, which may be
placed on the floor during upper slice mining
operations or against the roof during lower slice
cperations;

ii) a stone parting;

iii) a 0,5 to 1,5 m coal band.

' Significant economies are often achieved in entry

development costs by utilizing panel entries for more

than one longwall panel. In particular, where single
entries are employed in two slice operations, each entry

can serve as a maingate for upper and lower slice mining

in one panel, and as a tailgate for upper and lower slice

armapeTmE o

mining in the adjacent panel.

5.3.3.2 Non-simultaneous multi-slice longwall mining

With this method, slices have been extracted in

descending or ascending order with or without stowing,
Howaver, it is most common Lo extract slices in a
descending order and, in fact, mining slices in an
ascending order without stowing has fallen into disuse.

The need to locate panel entries for each successive
slice in destressed ground necessitates placing these
entries within the confines of preceding longwall panels
(section 4.3.2). This results in a reduction of face

length and a corresponding decrease in percentage
extraction for each slice mined. Mining height is
typically 2 to 3 m in each slice. A time interval of 6
to 24 months usually exists between the mining of

f successive descending slices to allow sufficient time for

congolidation of the joaf. 1In these instances, the voof
of lower slices may take one of the three forms noted

R 7

when discussing simultaneous multi-siice longwall mining.

However, with the advent of self-advancing longwall

supports, which provide good roof coverage and support

close to the face, it has become increasingly popular to

mine directly beneath consolidated goaf.
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5.3.4 Longwall mining with sublevel caving

The lower 2 to 2,5 m of a thick coal seam is extracted by
longwall mining. However, as the face is advanced, the
remaining top-coal in the seam caves into the excavation
at the rear of the supports from where it is recovered,
Fig. S{a). This is achieved by using specially designed
sel f-advancing powered supports which allow two conveyors
to be operated along the longwall face . A conventional
front conveyor removes coal mined from the longwall face,
whilst a second conveyor located at the rear of the
support recovers caved top-coal from the goaf. The most
common type of support system used for this operation is
a chock support incorporating a hydraulically activated
shield plate at the rear of the support. This shield
protects the conveyor from the goaf and assists in
controlling the drawing of the coal. Face lengths are
typically 80 to 160 m and panel lengths 600 to 800 m.
advances in longwall support technology have almost
eliminated the need for non-integrated longwall mining
with sublevel caving whereby an upper coal slice was
extracted, usually by longwall mining, toO destress the
coal seam prior to commencing longwall caving and drawing
operations in the base of the seam. Seams of up to 10 m

in thickness are now mined in a single operation.

5,3.5 Hydraulic mining

Typically, main developments are located in the base of

the seam and secondary panel developments are driven at a

minimum of 5 d
econdary development may divide a panel into a

rib-pirllars or, if cross-cuts are driven,

pqrees to the rise from the main develop-

ments. S

number of long
into a bord and pillar layout.

Secondary extraction is achieved with high pressure water

monitors usually mounted on feeder breakers, Fig. 5(c¢).
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