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ABSTRACT

Pillar cxteaction using *handgot' methods has been practised in South African collieries for
many yesrs, During the late Sixtles pillar extraction with mechanlzed conventional
equipment commenced, and approximately a decade lnter, contlanous miners were
introduced into pillar ond eib pillar extraction pancls. During the years that these mining
methods wore practised, a vast amount of experience was gained on the varions ¢ollicries,
Problems were experienced by vardous mines and the mauagcmcnt of these mings made
sumerots alterations to the mining methods with varled deprees of succsss, Rescarch wns
also condueted by COMRO and by vatious mines and mining houses.

Apart from the recommendntions of Salamon and Oraveez (1976} on pillar desipgn in
stoopiag sections, little information has been published and, thus, Hitle is pencrally available
to mine managers, planners and operators to agsist them o the layout aad design for pillar
and rib pitlar extraction,

A survey of all the pillar and rib pillar practises, past and present, has been ¢ouducied for

collierles in South Afries and abroad and tho successes, failures, problems experienced,
thonges made to the mining methods and the results of these chanpes have been
documented,

The problems and successes experienced, ¢ . similarities and difference between mines and
minitg methods, and the research findiogs have been assessed and evaluated, Design
guidelines relevant to the various wmcthods of pillav and rib pillar extraction have been
established to improve the safety and performance of pillar extraction npefations,

Thase guidelines are not intended to be presariptive but are designed more to bring to the
attention of the mine manager, planner and operator those factors which should be taken
into consideration during the planning and operation of a pillar ot rib pillar extraction panel,

In pddition to the sirata related factors, the ezosomics of the mining method is important to
detgrmine if it is beneficial to do secondary ext-action, and also to assist in optimising the
secondaty extracifon, The design principles wers thercfore applied to difforunt panel
fayouts, pilh;r gizes and extraction sequences to determine the effect on the production ecsts.



ar

@)

This digsertation is dedicated
to my wife
Suzetie

wif



)

)
ACKNOWLEDGEMENTS

The » socatier ¢f Mines of South Afriea Reseacch Organization and the Coal Mining
Regearcn Con. »ing Commitleo for the use of facilities and resotrces and permission to
publish this data,

My promotor, Mr Gys Landman from the University of the Witwatorsrand, for kig valuable
ussistunce and encouragement, Special thanks to Professor H R Phillips for his expert adviez
and inspiration,

Tho support and essistance of the mioe management and siaff of all the collesles discussed
iii this dissertation,

'Tho general suppotl recelved from my =olleagues aand the management of COMRO, Speclal
thauks to Mossrs Dave Hardman and Murray Macgregor and for the editing and expert
advics,

Finally, the suppoit and eacouragement of my wife, Suzette, and my children, Johayn and
Yize, during the preparation and documentation of thix study.



(3]

CONTENTS

DECLARATION

ABSTRACT

ACKNOWLEDGEMENTS

CONTENTS

LIST OF FIGURES

LIST OF TABLES

1 INTRODUCTION

2 GEOLOGY OF THE SOUTH AFRICAN COALFIELDS
21 Overview

23,0  Chemical composition of the eoal in Southern Africs
212 Steatigraphy

213  Depositional sequences

214  Clagsification of coal regerves

215  'The South Af%'~an Coalfields

22 The Highveid Coallicid

221  QOcneral

222  Stratigraphy and strucfure

23 The Eagtern Transvasl Coalfleld
231  General

232  Stratigraphy and structure

24 Tha Vereeniping-Sasolbarg Conliield
241  (eneral

242  Statgraphy and structurs

2.5 The Springs-Withank Conlficld

251  General

2352  Stratigraphy und strocture

- k _. I

Puge

58 5 « B =

pary

-
5 0 5 o

RERERREBESDSOGG

Y



(vit)

CONTENTS (coutd)

261
262
2.7

271
272
2.8

281
282

2.9‘1

10

a1
A
312
313
3.2

32l

33

331

333

334
34

o

The Utrecht Coalficlé of Northern Matal
General

Stratigraphy and strueturs

The Viyheid Coalfield of Northern Notal
General

Stratigraphy and structure

The Zikp River Conlfield of Northern Natal
General

Steatipraphy and structure

The Zelulnnid Conlficid

General

Stratigraphy and structure

Cloging Remark

STRATA CONTROL THECRIES IN COAL MENING

Safcty faelars fop Pillaes In Bord pnd Pillar Bilaing

Caleulating the vafely factor of the pillars by using the Salamon formula
Calenlating th, safety factor of the pitlars by uaing the Squat pillae formula
Pillars at shallow depths of less than 40 metres

The Panct Width Necessairy to Induce Coraplete Faflars of the
Overburden Streata

Incompetent voof atrata (shale o¢ weak sandstone layers)

Competeat roof strata {one or more thick dolerite sills or

massive beds of competent satdstone)

Surface Subsldence

Sinple Ssam Exiraction

Muiti-seant Extraction

Subsidence Prediction

Monitoring of Surface Subsidenve

Application of the Models/Theory ln practice

g

B REELRXTERRE2BEE

45

47
47

S O < < -



.

(v

CONTENTE (contd) Mags
4 CONVENYTIONAL PILLAR EXYRACTION 59
4.1 Iniroduction 59
4.2 Pillor Extraction with ‘Handgot’ Methods 50
421  Floor heave 60
422  Development for pillar extraction with handgot methods 61
423  Stooping ungle and pillar extraction sequence 61
424  Pillar extraction methods 63
42,5  Production equipment n
426  Manpower yr
43 Pillor Extractive with Mechanised Conventionnl Equipment 72
43  Development for pillar extraction with mechanissd sonventional squipment ]
432  Stooping angle and pillar extraction sequence 73
433  Pillar extraction methods 76
434 . Productlon equipment for mechanized pillar extraction 86
435  Manpower 86
4.4 Percentape Extraction 87
4.5 Suppoct 87
451  Systemaiic support 87
452  PBreakerline support 87
4.6 Ventilation 89
4.7 Conelralons 9%
5 PILLAR EXTRACTION WITH CONTINUOUS MINERS 91
G Tafroduction 91
53 Development for Piltar Extraction With Contlauous Miners 92
8.3 Stoeping Angle oud Piliny Extraction Sequcece 92
5.4 Fillar Extraction Mothods 95
541  Extraction method and support for pillars of 10 ra square and smaller - 95
542  Extriouon method for pillars between 10 m and 14 ¢ 96
543  Extraction method for 18 m square pillaca 97
544  Extraction method for 25 m square pillars 98
545  Extraction of pillars larget than 25 m square 101



()

CONTENTS {contd)

55

5.6
57
5.8
59
510
11

a6l
6.2
6.2.1
622
6.2.3

631
632
633
6.4

641
6.4.2
643
6.5

65.1

64
64.1
ag
6.8
&9
6.10

Hetrent Rooming Extraciion Moethod with s Fuirchild Wilcox
Conticuous Miner at Hlobaue Collicry

Support

Percentage Extraction

Manpower

Prodaetion Equipment

Ventliation

Conclagions

RIB PILLAR EXTRACTION

Introduction

Mistoricall Buckgeound

Tho Wongawilli sy.tem

The Munmorali system

The Old Ben mtcthod

Rib Pillar Panet Development
Primary development
Secondary development
Bleeder roads

Plllar Exiraction Sequenca
The basic method

Varlatlons to the basie method
Rib pillar extraction on an advance and retreat basis
Plitar Extraction Methods
Extraction of 18 m long fenders
Extraction of 42 m long feners
Support

Mobile mechacical breakerlines
Pereeutnge Extraction
Mpapower

Prodncilon Equlpmant
Vertilntion

=

Bage

101
104
105
105
105
106

108

108
1R
109
111
112
113
113
114
115
115

117
119

EREBERREBRE



()

CONTENTS (conid)

6.11
6.1L1
6112
6,113
6.12

7t
12
721
122
123
73
731
732
74
741
742
78
7.6
7.6.1
76.2
7.3
78
781
782
7.8.3
7.8.4
7.9
710

Risk arens

The final position of fenders
Gas accumulation
Spontancous combustion

Concluslons

GUIDELINES FOR PILLAR AND RIB PILLAR EXTRACTION

Introduction

Desigaing Bitiors for Pillar Extraction
Conventional pillr extraction

Pillar extraction with continuous miners
Rib piltar extraction

Deslgnlng Panels for Pillax goud Rib Pillar Extraction
Designing panels for pillar extraction
Designing panels for rib plllar extraction
Stooping Anple

Pillar extraction with continvous miners
Conventional pillar extraction

Complete Extesction of Flllars
Pre-splitting of Pillars aud Pre-development of Fenders
Rib pillar extraction

Pillar extraction with contintous miners
Spead of Extraction

Syttemntic Sapport

Systematic suppori during development
Support of geological discontinuities
Sidewall support

Breakerline support

Traleing

Conclnglons

Page

127
127

129
129

149

151

185
155
156

&%

158
159
159
16



LT
Lot e

g

(%)

CONTENTS (countd)

8 ECONOMIC OPTIMIZATION OF MILLAR EXTRACTION
8.1 Introduction

8.2 Pillar Extroction versus RIb Pillar Extraction
83 The Econoumic Optimisation of Panel Width
831  Productivity

832  Cost comparison

8.4 e Eqonomic Optimlsation of Pillar Size
841  Percentage extraction

842  Productivity

843  Cost comparison

2.5 Coxiclusions

9 CONCLUSIONS

84 Sommary nnd Conglnsions

8.2 Eccommendatlons

REFERENCES

BIBLIOGRAPHY

Y

Poage

161

161
162
164
165
167
170
i
1M
175
178

Ll
17
1%

182

187



fu

(i)

LIST OF FIGURES

Figure

21 South Afriean Kithostratigraphie columm (Macgregor (nopublished), 1991)

22 Gondwanaland in relation to polar movement and glacial extent during
Permian times {Faleon, 1985)

2.3 Major climatic and floral events du.iag Karoo times (Falcon, 1986)

24 The developmeat and ages of coal 4vams In various Karoo basing in
South Africa (Falcon, 1936)

25 Depositional model for the northern Hghveld Coalfield (Winter, 1985)

2.6 Classification of Mingral Resources (U.S.Burcau of Mines, 1975)

27 South African Coalfields

28 Goneral stratigrophic sequence of the Fighveld Coalfield

29 Geological scction acrass the Ermelo Mining Area

210 General stratipeaphic sequence of 11, Ba tern Transvaal Coalficld
{Erasmus ct al, 1981)

211 General stratigraphic sequence of the Verceniging-Sasolburg Coalfield

212  General stratigraphic sequence of the Springs-Withank Coalfield

213  OGeneral straft- aphic sequence of the Utrecht Coalficld of Northern Natal

414  General stratigraphic sequence of the Vryheid Coalfield

215 General stratigraphic erquence of the Klip River Coalfield

216  Section across the mining area showing geological siructures

217  Gederal stratigraphic sequence of the Zudeland Coalileld

31 Pillar strength ealewlated by the squat pillar formula and the
Salamon pillar strength equation (Madden, 1989)

32 Load gupported by a pillar in bord and pillar mining (Beukes, 1990)

33 Relationship betwsen depth of miuing, type of roaof strata and critical
minlag span (Golvin, 1982)

34 Influencs of caving engle, 8, and parting thickness, t, on unsupported
dolexite spud, Sy (4 akvin, 1981)

35 Schematic model of the various elements of mininy itduced ground
movements (3-humann, 1988b)

Pogpe

10
13
14
16
19
21

agsEay

37

42



(e

LIST OF FIGURES (contd)

Figere

EL

37

38

39

4.1
42
43
44
4.5
4.5
4,7
4.8
49
4,10
4.11
412
413
414
415
416
4,17

4,18
419
4.20
421
4.22

Muximum subsidence vs paned width to depth ratie for Sigmn,
Brandsprult and Coalbrook Colllerics (Wagner and Schumarn, 1991)
Longitudinal section of *First Break’ and trouph at Malla Collicry
(Schumann, 1988a)

Trangverse trough sections at Slpma Collicry, showing the result of
multi-senim mining (Schntnann, 1987h)

Two-step subsidence simulation duo to incomplete closure of the edge
zons and lazger closure in the contenl 2one (Wagner and Sehumann, 1991)

Floor heave or ‘creep’
The 45° stooping kine
The 30° stooping line at Welgedacht Exploration
* Skirting of piltars where floor heave Is a problem
Open wid lifting whera floor heave Is a problem
Open end Jift in large pillars - second method
Extraction of large squara pillars by means of split and quarter - open end lift
Extraction of Jargs squar  pillars by means of split and fender
Extraction of small sguare pillars
Extraction of rectangulne pillars ~ split and fender
The 30° . :oplng line at Vryheid Coronation
The arrowhead sequence used at Hlobane Colliery
Struight lne extrastion at Savmore Colliery
Extraction method for 25 m pitlars at Welgedoeht Expleration
Esiraction method for 25 m pillars at Durban Navigation Collietiea
Evxiraction method for 14 m to 20 m sqvare pillars at Hlobane Coltiary
Exiraction method for 14 m to 20 m square pillars at Vryheld Coronation
where floor hieave is a problem
Pillay extraction method at Savmore Colliery « Alfred Seam
Pillar extraction at Savmore Colliery - Durdas Seam

Page

54

56

56

57

82

Secondary panel development « double stall seeaper method at Elobane Colliery 83

Schematic fayout - double stall eeraper method at Hiobane Colliery
Doubia stall seraper extraction ntethod at Hlobane Colliery

M
&



(xiv}

LIST OF FIGURES (contd)

Flgare

4,23

51
a2
53
54

55
56

57
58
59
510
i1

512
513
514

6.1
6.2
63
64
6.5
6.5

68
69
6.10
611
6.12

Typical ventilation layout - 45° stooping line

Extracting pillars on 4 straight line using continuous miners

45 Stooping line at Ermelo Mines

30° Stooping lne at Ermelo Mincs

Extraction method for pillars smaller than 10 m at Brmeln Mines and
Greenside Colliery

Extraction method for a 13 m pillar at Usuin Collicry snd Ermelo Mincs
Eutraction method for a 18 m pillar at Sigma, Middelbult and
Twistdraal Collicries

Tnitial exteaction method for & 25 m pillar at Springfield Collfery
Final extraction method at Springfield Colliery

Final extraction method at Longridge Colliery

Cutting Method of the Fairehild Wilcox Minet at Hlobane Colliery
Panel Development for Retreat Rooming Extracting Method

ot Klobane Colliery

Retreat Rooming Extraction Method at Flobane Coliicry

Typical ventilation layout when uxtracting pillars in a stralpht line
Typical vantilation layout when extracting pillars on a 45° angle

Wongawilli system of pillar extraction

Muynmorah system of plllar extraction

The ‘Old Ben' mining method

Rib piller panel layout

‘the basie extraction sequencs

Fenders developed at a 45° angle at Sipma Colliery

Turtiary development used to create 18 m long fenders at Sigma Colliery
Rib pillar extraction on the advance at Twistiraai Colliery

Rib pillar extraction on the advance and retreat at Twistdraai Colliery
Curting sequence and support - 18 in fender

Cutting sequence and support - 42 m fender

Mechanieal breaker line support - BLS 3800/450

o

Poge

94
04

3R

8 8

100
103
12

103
104
106
Ky

110
111
112

116
117

EREEREE



57

(v

LIST OF FIGURES (contd)

Flgore

6.13
6.14

7.1
72
13
14
75
76
7
78
79
710
7.1

Veotilation layout
Goafing when extracling the final portion of a fender

Pactors affecting pillar size

Stresses on the pillars before and after failure of the dolerite sill
Extraction of 14 m piflats (Example only)

Possiblo exteaction method for a 18 m x 12 m pillay
Splitting a pillar on & 70° angle

Example of a rib pillar extraction layout

Partial extraction using cib pilfar axtraction

Extracting evety alternate row of plilats

Extracting pillars in a straight line using conlinuous miners
Conventional pillar extraction - straight tine

Protection of pillars on a 45° stooping line

Papo

127

131

137
138
140
142
147
147
130

152

o



o

(xvi)

YAST OF TABLES

Table

L1 Estimates of South African Coal "Reserves' (Bredell, 1991)

21 Major differences between South African and European coals
{Macgregor, 1983)

22 Summary {not exhaustive) of the Environments of Deposition on
the Earth's Suslace (Loeder, 1082)

23 Suggested Corrclation of the Seams of some Middle Ecca Stage
Coal Provinees (de Jager, 1976)

24 Suppested Conl Seam Correlation (Greenshields, 1986)

31 Typical Range in Strength and Elastic Modulis of South Alrican
Coal Measure Rocks {Galvin, 1981)

71 Productivity during development
72 Productivity duting pillar exiraction
73 Productivity of a 45° mooping line panel

81 Mining c¢ ste of different mining methods

8.2 Productivily during development (18 m pitlars)

83 Productivity durieg pillar extraction (18 m pillars)

84 Develapricat costs for the 18 m pillars

8.5 Graphic presentation of the development costa for ths 18 m pilfars
8.4 Pillar extraction costs {or the 18 m pillars

8.7 Graphic presentation of the pillar extraction costs for the 18 m pillaca
8.4 Productivity during development (9 m pillars)

39 Productivity during development (12 m pitlars)

810  Productivity during pillar extractlon (9 m piilars)

811  Productivity during pillar extraction (12 m pillars)

812  Development costs for the 9 and 12 i pillacs

813  Pillar extraction costs for the 9 m piilars

Page

49

144
144
148

163
165
166

168
169
169
172
172
173
174
175
1%



(o)
LIST OF TABLES (contd)

Table

314  Pillar extraction costs for the 12 m pillars
815  Graphic presentation of the pillar exteaction costs for the 9 m pillars
816  Graphic preseatation of the pillar extraction costs for the 12 m pillars

Page

176
n
177



CHAFTER 1

INTRODUCTION

11 is estimated that approximately 90 per cent of the world’s reserves of fosst fuels oceur in

solid form, magdy ns coul, Tiis is especially trie for South Africs where onty limited
quantities of ofl and gas reserves have been discovered to date. Coal, therefore, is the main
source of of powey, fuel and chemicals, for which the demand is likely to increase rapidly in
foture, This growing demand for coal will inevitably lead to & more rapid depletion of the
coal reserves whicki is 4 non-rencwable natural resource. Various estimates of the South
Alfrican coal reserves have been made in the past, the most important of which Bredell
{1991) has summarised i Table 1.1

Table 1.1  Estimates of Sonth African Conl *Reserves® (Bredell, 1991)

YEAR | REFORTED BY INSITU | RECOVERABLE
(MY (M)

1913 Department. of Mincs 36 245

1928 W I Wybergh 205723

1948 Coal Commission 11086

1952 P Venter 67922

1959 Mineral Resources 72467

1967 D W Blshopp aon

1969 | WCIvanRensburgetal | 3387% | 18881

1975 Potrick Commission 82018 25290

1983 B8 T de Jager 115530 58404

Bredell (1991) atates that ons should not be too critical of any of these figures that differ so
vastly as each wag caleulated under a different set of circumstanices, using different criteria,
different classificalion systems and different raw data. He further states that &t is important
to recognise mad nceept national ore-tesource figures of any kind for what (hey are »
estimates; estimates based on wide range of assumiptions and largely unpredictable

E=



parameters, A remackable fact about the in situ resources is that it s ealimated that the
Whaterberg Coalficld, exploited by only one opencast mine at present, containg alwmost 46 per
cent of the total in situ coal resources,

Although these fgures indicate thet South Alrica’s coal ressrves appuar to be fairly
gubstantial, only a small pereentage was extractod by undarground mining methods prior to
the late Sixties, because the main mining method employed was conventional bord and pillar
mining. On some mines where multiple conl seams oceur, the total percentage volumetrie
extraclion was as low as eleven per tent, As the demand increased, it became essential for
the South African coal mining industry to investigate altermative underpround mining
methods for fucreasing the tolal percentage extraction, These mining misthods included
longwalling, pillar extraction and rib pillar exteaction,

Pillar extraction using handgot’ methods have been practised in South African collleries for
many yesys, During the late Sixties pillar extroction with mechanized conventional
equipment commenced, Tho first experiments with pillar extraction using mechanised
conventional equipment proved suceessiul on some collieries and unsuccessful on others, At
Sigma Colliery conventional stooping proved hazardous due to the frinble roof conditlons
and the presence of a thick dolerite sill i the overlaying strata.

The first longwall trials were stacted in 1964, but it was not unti] the mid Seventies that
longwall mining was introduced to any large extent, Lue to the frequency of yeological
discontinuities, especially dolerite dykes, and the varying thickness of the seams in most of
the South African coalfields, longwall mining cau only be practised in sefected portions of the
total reserves. The limited application of longwalling thevefors made it necessary to
investigate othet mining methods Lo improve the overall extraction percoutage of the total
conl reservee.

Approximately a decade aRer pillar extraction with mechanized conventional equipment
commenced, continuous miners were introduced inte piltut and rib pillar extraction panels.
During the years that these mining methods, conventional and meehanised, wers practised, a
vast amount of experi nes was gained on the various collieries. Problems were experisnced
by various mines and they miade numerous alterations to the mining methods with varied
degrees of success.

Chapter1  Introduction



However, apart from the recommendations of Salamon and Oravecz (1976) on pillar design
in atooping sections, little information has been published and iz generally available to mine
managers, planners and operators to assist them in the layout and desigs for pillar and rib
pillar extcaction, Tn order to assist the mining industry to aptimise the pillar extraction
methods, with regard to safety, incrsased extractlon of reserves 'nd productivity, the
foymulation of guidelines for pillar and rib pillar extraction became i jortant,

A survey of all the pillar and #ib pillar practises, past and present, were conducted for
collicries in Sovth Africa, 'The successes, failures, problems experienced, changes made to
the mining methods aad the results of these changes were documented, The problems and
succosses expericnesd, the similarities and difference botwern mines and mining mothods,
and the resetrch fndings have been assessed and evaluated,

Design guidelines relevant to the varlous methods of pillar and b pillar extraction bave
been estzblished to improve the safety and performance of pillar exiraction operations.

The geological composition of ithe coal bearing strata and the behaviour of this sirats also
have a major isfluence on (he pillar dimensions and mining method. Attention was
therefore given to the geology of the different coalfields and the strata control theorics for
coal mining, In addition to mining parameters and local experience, these factors were also
carefully conzidered daring the formulation: of the deslgn guidelines,

The vast differcnce in the geological omposition and behaviour of the coul bearing strata,
the mining depth and mining equipment used tnake i impossible to design a specific set of
guidetines applicable to all the collieries, The guidelines have thus been formulated in such a
way that it s not prescriptive as to the minlng method, support or other relevant factors, but
rather as a puide to all the factora that must be taken into consideration when designing
panels for piltar and rib pillar extraction,

‘These guidelines must therefore be vsed in conjunction with lnformation such as the foeal
geology, strata behaviour and other relevant mining parameters, and lotal experience.

In nddition to these sirata related faclors, thes sconomics of the mining method is impottant
to determine if it is beneficial to do secondary extraction, and also fo assist in optimising the
sceondary extractlon, Quite often pillars and panels are designed without considering the
economic mpact of such designs, The design guidelines were applied in  different mining

Chapter 1 Introduciion
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seenarios to demonsteate the effect of pillar size, panel width and the sequence of extvaction
on preductivity and produclion costs,

The COMSIM computer gimuiation program was v § to simulate (he polential production
for different pancl widths and pillar sizes during the imtial development and during piltar
extraction.

The average estimeted present value of the totasl mintng cost in Raad/ton for the various
contintous miner mining methods were determined and used in these exnmples, These pre
average costs of collieries which bave practised both pillar and riby pillar extraction, and are
niot necessary representative of the total mining industry,

Chapter 1  Introduction
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CHAPTER 2

GEQLOGY OF THE SOUTI AFRICAN COALFIELDS

23 Overvlew

The major coal-bearing strata in tho South Africa oceur in the Eeca Group (Karoo
Supergrowp of cocke) of Petmian age. Other minor vecurrences of coal ate found in the
younger veaulort and Stormberg sequences of late Permian and Triassic nge respectively
(see Figurc2,1), The rank ol the most e onomical resources rank from bituminons to
anthracite although relatively Insignificant lignite reserves are known from the Cretaccous
and Tertiary strata (de Juger, 1976),

Anderson and Anderson (1985) state that in terms of climate, the most significant feature in
Karoy times was the early Karco (Dwyka) placiation, At its greatest extent, the Dwyka

glaclution achieved very wide continental proportions, At the close of this long period,

glaciation appears to have moved rapidly through several closing phases of glacial advances
and retreats from local ics cap centres (Figuce 22), The continents are then considerad to
have drifted into progressively lower latibides, with the South Pole moving from
approximately the position of the Transvaal Juring Carboniferous times, to Antarctica by
Upper Permian and Telassic imes, During the coal-forming times, the South pole moved,
relatively to Gondwanaland from Centrsl to Southern Africa and then esstwards to
Antarctica, which at the time lay adjacent to the the east coast of Southern Alrica,

As the South Pole moved eastwards, the ica age began to decling, glaciers reduced in size,
and swamps began to form sround glacial lakes, in valleys, along river banks, on deltas, and
in coastal back-swamps, Numerous rivers, bearing fine sediments from melting placiers and
local highlinds, meandered through the peat swamps. As the cimate became more
temperate, plants evolved and fowrished whilst established species on ihe fringes of
Gondwanalarid migrated inward, The growth of the plant fmatter in the cold conditions was
slow, and possibly seasonal, resulting in coal rich in oxidised plaxt remaing and often high in
mineral matter content (Faleon, 1986),

5
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Viguze 2. Sonth African lithostrntlgraphle colummn (Murgregor {unpublished), 1991)

Contrary to the coal In the Southetn Hemisphere which was formed during the Permian
period, the coat in the Northern Hemisphare was formed dindng the Carboniferous period
which was typlcally tropical to subtroplcal with reguler raintall and continuaus plant growth
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(de Jager, 1975). The coal was thus formed from ¢ pidly growing plants ia the waterlogged
swamps on the shore-linee of warm equatorial scas (Faleon, 1936).
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Pigure 2.2  Gondwoanslund In relation fo polar movement and gluclal extent darlog
Perminn ties (Faleon, 1986)

As the paleaoelimatic conditions and topography influenced the growlh and deposition of the
plants during the period coal was formed, the chemieal composition of the coal was therefore
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also indircetly inlflucnced by these factors, The major climatic and *"sral cvents during
Karoo times are depicted in Figure 2.3,
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Figara 23 Major climatic and Horal events during Kavoo tines (Faleon, 1986)

211 Chemlcal compasition of the cenl Io Somthera Afrlen

Conl is composed of a number of microscople veganic constituents {macerals) and inorganic
constituents (minprald) which forms microscopic bands (microllthotypes). A suties of these
bands foring macroscopic bands known as lithotypes, Macerals are divided into Bueo
groups, uamely vitrlnite, oxinite and inertinite. Minerals octur as sedimentary rocks
(siltstonios, shalas and sandstones) and as mineral graing within the organic maotrix of a seam
(quartz, clays, carbonates, sulphides and varions oxides). The compressive sirength of cos!
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dapends on the composition of the lithotypes, Tho strength of cach lithotype is determined
by the microfithotypes which In tuen depo s on their maceral composition, Homopeneous
microlithotypes are lower in strength than thoso rich in minerals. The highest strength is
found in the highly mixed, mineral-rich sapropelic coals and the fowest tn viérinites beeause
of the Wigh frequency of fissures and in fusites beeanse of their pronounced frinbility, The
hardness (resistanee to peactration) of coal varies according to rank and composition, The
hardiess of vitrinite-rich coals are at 2 maximum between low-rank and medium-rank
bitum{nous coals and decreases to a minfmum af the boundary between low-rank bitwninous
and semi-anthraclte coal, Tt then increases again in the anthracite levils dus to the elastie
behaviour of the vitrinjte in the anthracite, The hardoess of the incrtinite-rich coals,
however, does not appear to be affected by rank, In terms of the riacerals in the
composition, the inertinite group possesses the highest hardocss, vitvulte intermediate
values, and cxinites the lowest (Falcon et al, 1987},

Tn addition to the difforeaces in the chemical composition, the South Afrlean coals are
penerally hiard and unclested, which makes them much more diffienlt to cut that the
Eutopean coals. Macgregor (1983) summarises the major differences between the Sonth
African and Enropean coals in Table 2.1,

Foblo 2.1  Major Differences Beiween South Afvlean and Europein Coals (Macpragor,

1983)
South Alrican European
1. Deposited in a cool to cold elimate, Subtropical climate
2 High proportioa of inertinite and High proportion of vitrinite and oxinjte,
detrital minerals (clay, quartz),
Tougher and more abrasive than
United Kingdom eoals.
3, Coalis jointed (little evidence Well cleated,
of rleat),
4, Shallow scams, Deep seant; with accompanylng stress
and a kigh cleat frequency makes cutting
easier than South Afyican coals,

Chapter 2 Geology of the South African Coalftelds
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342  Steatigrophy

The major coal doposits in South Afriea sceur within (he Main Karoo Basin, The coal is
found id the Vryheid Formation, formerly clagsified as part of the Middic Heca Series, of the
Karoo Supergroup. This formation is only developed in the northern part of the Main Katoo
Basin, in general north of latitude 20° (Erasmus ot al, 1981), whils the 26th meridlan forms
its western boundary (do Jager, 1976). The Vryheid Pormation i¢ a scdimentary sequence of
rocks commonly comprising alternating units of sandstone and shale, the sandsteae belng the
most dotminant lithology, The coal seams are well-defined bands of coal with well defined
roof and floor contacts,

The main Karoo Basin is a 1args basin sitvated on the southern and castern flanks, or South
thezcof, of the Knapvaal Craton (Figure 24).
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Figere 2,4 The development and ages of conl semns Ie vatdous Kiwoo basing o South
Afrlen (Falcon, 1984)
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Sedimentation occurred on g stable shelf in (the notthera sector of the craton, und in a degp,
rapidly subsiding part of the busin to the South, which developed over an unstable, mobile
balt terrain (Falcon, 1986).

Smaller sedimentary basing occur outside the Main Karoo Basin in which the coal §s also
gene -ally found in the Vryheid Formation, The maln feature of these basing, however, is the
development of coal in vhe overlying formation, which is regarded ag the equivalent of the
Vollerust Formation in thy, Maln XKaroo Basin (Brasmus et al, 1981), This formation, which
was formerly classified as part of the Upper Erca Serics, has now been named the Volkst. o
Formatloi. Although the Volksrust Forntation reaches considerable thicknesses, it is arvays
[ *ageed with thale bands which are intimately associated with the coal bands (Erasmus

213 Doy ~itlennl seguencey

Leeder (1982) states that the broadest pos.'hle classification of environments is into
continental, voastal, shelf and deep mmrine, These can be further subdivided into
environmental facics (Table 2.2), The ternt environntental facies in this context refers to the
the whole szt of attributes possessed by the deposited sodiment laid dewn fa o particnlar
aovironmont,

The difference in the genctie sequences in the various coal bearing areas In South Alrica is
the result of differeat depe - .ol scjuences snd depends to a lurge extent on the
palacocnvironment, Winter {1985) recopaised continental {placial and fluvial), coastal
(deltaic and barrier) and shelf depositional sequences in the Highveld Covfield, and ke
developed a coal depositional model for the nosthern part of the Hiphveld Coalfield
{Figure 2,5), These depositional ssquences are valid for the majority of the South African
coalficids,

Glacial acjuences are usually formed during the retreat of valley placiers and are normally
represented by the diamictite and, in niost cases, a smallér component of interlaminated
siltstone-mudstons deposits. The other sequences, namely the fluvial, deltale and coastal
followad after the glacial period, and the bottom coal seam genatie sequences axe notimally
deposited on or near this diamictite which Forme 4 good feor,

Chapter2  Geology of the South dfrican Coalfields
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Table 2.2  Summary (not exhausilve) of the Environments of Depositlon on the Earih’s

Surfnce (Leeder, 1982)
Ewl ronmental gnvlronment $uts-onvirenments or onvironmantol vardants
Aggogiation o
ContInental Deoert Brg, wadi, arg oprom, intercurn, pleya, durieruet

Altuvlal fen

hltuviel piain ond
riverine eone

Ferheod shernel, proximal foan, dietol fan,
suprofon lube

Braided channel, meandering shannel, teves,
crovanse aplay, fleodbaain, lake

Active margin

oeaonic pelogic

Lake (Salina, t~merate stratifled, tropleal atracitfiod,
glaciol, dultn plain) loke torrasa, slicroling,
alope, kasin, dalta

alpaial and Suprnglacial {flow tyll), subglncfal (ledgoment

periploeisl titl)y Introglacial Cmett out €iil), morainic
complex, outwish fon, plociat lake, esker (also
plosiomaringd

Conntal~shelf | Dolto plateibutary chamnel, tidal channal, backswamp,

boy, Wouth bar, prodalta

Eatuary gstvarine chonnol, marginel flota, fleed tidnl
dattn

Linaar eclostic Bonoch, nwarshere, offshore, barrfor, logoon, tidal

shoralinoe fint, tidal delta, tidnl inlet, tonatal seolian
dunes

{nrboneto-avoporite] Sabkhn olgal mareh, tidal flat, baach, lagoon,

shorolines shelfs | tidal welts, plotform marain, marginal bufldups,

ard basing dasp bagin, evaporits bosin

Slastie sholf {fide dominated, waather deminated) varfous tidal
bodforts, eond pibbons, Linear tidel ridges,
sandwavez, sheal rotrent mansifa, buried channelz,
ECOIPO (u{so gineiamaring)

toennfe pasaive margin cmtau-;nul slops, continental rise, shyasal piletn,

pubmairine fon, nubmorine channasl

Trench, subduction complex, perchod basfn, fore-arc
kanin, back-ore Dasin, fon

Hid=Gtann ridge, ridaa flank, sbyssal plain Chyper-]
zaline ocenn, suxinie oceon)

Fluvie! sequences, such as the sandy braided civer and  annstomised (stable banks) river
deposity of the Highveld Coalfield, wre upward folng from coarse conglomerate and
sandstone at the hottom (o siltstone af the top. The sandy braided river deposits are
characterised by thick conglomerate and sandstone units, sporadically interbedded with thin
carbonacecus siltsions anits,

Chapter2  Geology of the South African Coalfields



sppogfiees woinfy yros sy fu iS00 7azpdoys

Fingtoul of Tk Eollin Thinrtmg asd Canyucibis
. Hucewion igthigt Floscls ol Hha Damry twen Oldar & Seap
Prisirpogapiie Hihe Poniated Fhadsd Chutrads

A Saam

Crmtavporineceny Bodlid Kl
Dapialivon end Poil Aeewmglplion

e

ek 3 boani b Aenin Pirchéud af Goal Branw Elﬂihi Bl Banin by
o dimmeduta Pulaiimpbghilis Agninal Palisclapaptipiy T T
hatied i Chatetli

(86T "s33140) PREIRED PRAYSIE TXaIvT 35 30) PRop] Fepisedag  5°Z 2T
3
i

g 3o reorddy st pRgEReD

) wE PENGY SFIGEPTES J33Ys JemSor pur snopunuea 94y, 4oy S 1 sumspoes
0y Ss2g ofi 8 cwoNTS moy ‘Bumosreedr-preadn fyeuogepesf am swsusuhss smRQ

“FEJ[op 272q0] JARINMESTD

tt



14

Transpressive (barrier-istand) sequences are characterised by a broadly upward-coarsening
grain-size mode and consist of a basel siltstone which passes Into Interlaminared sandstone.
siltstone and then sandstone, It is often capped by thin, discontinuous coal seams,

214 Clrssiftestion of col reserven

Reserves are defined as the known amounts of a mineral that can be profitably produced at
eurrent prices using current technology, The two busie concepts of resgrcer and reserves
often cause misunderstanding, The "McKelvay dingram™ (see Figure 2.6), used by the 17,5,
Geologiesl Survey and the U.S, Bureau of Mines, shows the relationship botween reserves
and other measures of resource stocks (Dorian et al, 1984).
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4

Geoloyleal Asauronce

Figore 2.5 Claga|fention of Mineral Resources (U,S.Burenu of Mines, 1975)
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This diagram classifics resources according to (wo parameters:

{) The degree of geological asstrancs or confidence,

) The degree of economic recoverability by mining (Bradel, 1050),
2,45 Tke Sounth Africna Coslfields

The cosl deposits of the Main Karoo Basin have been subdivided into different coalficlds,
shown in Figure 2,7, based on differences in lithology, numbering, thickness nnd quality,

Seven of the collieries practising pillar or rib pillar cxtraction are situated in the Northern
Natal coalficlds, six ie the Highveld Coalficld, three in the Eastern Transvaal Coalfield and
onc each in the Spriogs-Withank, Verceniging-Sasolburg, South Rand and Zululand
Coalfields, The atructure and Etholozy of only these voalfields will thus be described briefly,

Although the coal seams i the different eoalfieids are numbered of named differently, de
Juger (1976) suggested the following correlation botween the coal seams in the different
coalfields (Table 2.3):

Toble23  Buggested Correlation of the Seamy of some Middle Eccn Stage Conl

Provinces {de Joger, 1976)
ooy | 1aveld Costtield] Garoloa wkkaratroon conitietd | [ o ’
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22 The Highveld Coalficld
221  Genernl

The Highveld Coallicld, which covers approximately 7000 square kilometres, is situated in
the south-eastern Transvaal, The following collieries, practising pillar or rib pillac exteaction,
are situated in this coalfield: Matla, Kriel, Bosjusspruit, Twistdrani, Middelbuli, Brandspruit
and New Denmark, It is the major coal producing coalfield in South Africa,

The Highy:ld Coalfield contains sedimentary rocks of the Dwyka Formation and the Heca
Group of the Karoo Sequence, North-West to South-East trending pre-Karoo glacial valleys
controlied the deposition of plant material aleng the notthern and western boundaries, and
steep slopes are envisaged {o occur along the rim of these valleys, The coal in the South and
Bast, L rever, was deposited on slightly undplating wide valleys and ridges (Erasmus et i,
1981 ond Jordaan, 1986), Cadle and Hobduy (1977) idenlified three phasss of
stdimentation; a lower delia-dominated phase, a fluvially dominated coal zone, and an upper
deltaic suceession, Sand-dominated facies types in the Highveld Coalfisld (sce Figure 2.8)
form extremcly laterally continuous and regular sheet sandstones, ‘This continuity of the
sandstone is typleal of high constructive lobate deltas {(Winter, 1985),

At the majority of the collierles, the strata overlaying the No, 4 Ssum (whick is the major
seam of ecoromic importance at all the eollieries) coneists of thick co.vpetent sandstone
which genorally forms a good roof, This ompetent sandgtone roof, however, u s not cave
readily during pillar ext' ction, #specially in narrow pancls, This causes stress {ncreages on
the pillars being extracted pud ¢an cause premature fuiluze of the partially exiracted pillers
or goaf overrung of the pitlars and breakerlines when the roof does goaf dorlng pillar
extraction,

2322 Sirotigraphy and steneturo
Dolerite Intrusions

Tatrusives of the Drakensbery Formation, in the form of dolerite aills and dykes, covers large
arces of the coalfield, The older dolerits sill is non-porphyritic, penerally coarse-grained and
heavily jolnted, It generally occurs at or near the surface and weathers relatively casily, This
dolarite sill, which may correlate with the Matshongololo sill in Natal, attains a thicknoss of

Chapter2  Geology of the South African Coalfields
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up to 90 m and consista of compuosite sills or a series of splits. These splits can be up to 40 m
thick, The younger sili is porphyritic and similar 1o the Utrecht dolerite in Natal, It varles
from 5 m to 80 m in thickness and is finer grained than the older sill, In the Stunderton area,
thig sill intrudes the older non-porphyritic sill (Jordaan, 1985), These sills have hecn
observed to transgress the coal horizon in various places, resulting in the formation of burnt
cont and the displacement of coal scams, especially in the eentral and southern parts where
the coal seams have been Intensely distubed,

Numerous dolerite dykes, varylng in thickness from a few centimetres Lo several mietres, have
been encountered in (he coalfield, They have a major influencs on mine layouts and the type
of mining methods that can bs nsed cost effectively,

The Coul Seams

All the coul seams of the Witbank Coalficld, namely No's, 1, 2, 3, 4 and 5, are present in the

coalfield, but only the Mo. 4 Seam js currently economically extractable throughout the .

coalfield, The No's. 1 and 3 Seams are thin and discontinnous throughout the coalfield, The
No, 2 Seam is currently cconomically extractable at Matla, Kriel and Middoibult Colligrias,
and the No. 5 Seam, only at Matla and Kriel Collieries in the northern past of the soaifictd,
The general stratigtaphic sequence of the Highveld Coalfield is shown in Figure 2.8,

The Nos, 1 and 3 Seqms ars thin and dlscontinuous throughout the coalficld and is currently
not considered mincable,

The No. 2 Seam is thick und Iaterally continuous in local basing and valleys in the northern
and western parts of the coalfield wher it attaing a thickuess of up to 8m, ‘The immediate
roof is variable and can consist of sandstoue, silistone or mudstone, The sandstone forms a
good roof, but the other stiata normally require sysicmatic foof support. The varlation in
the floor stratu i3 similar to that of the roof strata. The sandstone forms a good foor, but
the other rack types break up under heavy mining equipment, especially in the presence of
water {Jordnay, 1986).

The No. 4 Searn is split into N7 - 4 Upper and 4 Lower Scams by a parting whick increases
in thickness from 2 m in the North to approximately 15 m in the South, 'The No. 4 Upper
Seam only attains minesble thickness in limlied areas in the western part of the coalfield,

Chapter?  Geolagy of the South African Coalfields
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BATAM

The No. 4 Lower Seam, which is well devaloped over large areas, with an average minoable
thicknoss of approvimately 4 m, is the main seam of economic importaries and is mined by
all the collieries in the coalfield, De Jagetr (1976} states that the No, 4 ).ov-.- Seam ia of
great importance to the countty, as it octuis in the Highveld Coalficli which, »ith the
exception of the Waterberg Coalfield, is the only ¢oalfield that can readily satisfy a larpe

Chapter2  Gegalogy of the South African Coalfields
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future demand, The roof of the No, 4 Lower Seam nlso varies considerably and can consist
of grit, coarss to finesgrained sandstone, inter-laminated sandstone and siltstone, shals or
enal. In the South-East the sandstone roof can bo up to 25 m thick, The sandstone provides
a good roof, but tho other strata vormally require systematic support after mining, The foor
consigt of fine to medium-grained sandstones which result in fair to good conditions.

The No. 5 Seam 15 developed over the entire ares, but the average thickness 15 loss than 1
except in the North where a maximum thickness of more than 3 m have been 1eeorded, The
roof of the No, 5 Seam consists of o mediun to coarse-grained sandstone which results in a
good roof. The soft, highly micaccous siltstone, which bezomes slippery and friable on
exposure, causing serious problems in the flooe of the No, § Seam,

23 The Bnatern Trazsvnnd Coallield
231 Genexal

This eoallleld extends from Caroling in the North to Volksrust and Wakkerstroom in the
South and covers an area of approximately 11 000 square kilometres, The three collieries
practising pillar extraction jn this ccalfield, are Ermeclo Mines and Usutn Colliery in the
Nuarth, and Saymore Colliery in the South,

The coal seams of this coalfield are relatively flat with gontle undulations. Vety Hide folding
of the strata ocours, but faulting I3 common, These {30lts are gencrally associated with
intrustons of Karoo doloviies of Turassie age (Greenshields, 1986).

Two major sills, and gplits of these sills, are present in Brmelo area of the coalfield, ‘Thess
often transgress the coal seams, dividing the area into a number of reserve blocks (ses
Figure 2.9) and result in zoncs of devolatilised coal.

232  Steatigrophby and strueture
Dolevite Intruslons

Ag many a5 ten apes of dolerite sllls, vatying from 1§ m to 230 m in thickness and increasing
in number i a southerly direction, have been identified in the coalfield. Vast quantities of
coal have been burnt or devolatilised and the coal reserves have been cut up into blocks
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varying in shape and size, with associated elevation differences belween the blocks (Erasmus
st al, 1981),

Numerous dolerite dykes, varying from 1,0 m to 10,0 m in thickness, occur it the coalfield,
Increasing in intensity from North to South,
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Fipore 2.8 Geolngical secifon across the Ermelo Mining Areas

Tie Coal Seams

All five major coal seams ia the Vryheid Formation have been identified in th coalfield, but
only three bave attained tcurreutly economically mineable thickaesses throughout the
coalficld. The coal seams in the northern half of the coaliicld have been aumbered
differently to thoge in the soutbern half, but can be correlated with the coal scams in the
adjacent coalfields (Table 2.4).

The currently minzable coal scams in the northern area are the B, C-Upper, C-Lower atd B
Seams, The B, C-Upper und C-Lower Seams seams can be correlated with the mineabls
seams in the southern arca, namely the Alfred, Dundag, and Gus Seams.

Chapter2  Geology of the South African Conlfields
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Tobie 2.4  Suppested Conl Seam Cerrelatlon (Greenshields, 1986)

Bantern  Tronsvaol
Highveld taatfield Utracht
Coalfield - Coaltield
Rortharn Fouthern

Half Half
Ho, 5 A Eland Eland
Ne. 4 [ Alfred Alfred
Ko. & Upper C 1} Qua
Ho. & Lower ¢ Lower Dundaa Durdag
lin, 3 ] Coking Coking
ko.2 g Targos Targns

The thickness of the parting between the Alfred, Dundag, und Gus Seams vary widely
throughout the northars part of the coalficld and this has a major influence on the viability
of multi-seam mining, The gencral stratigraphic sequence of the northern and southern
parts of the coalficid is showa in Figure 2,10

The E Seam is well developed 1n the northern part of the eoalfield and attaing o maxipum
thickness of over 3 m at depths vanging from surfuce to 100 m, ‘The roof and Aoor of this
seam are generally compossd of competent gandstone and do not requirs intensive
systematic support,

The D Seam is nsually too thin to be mined by present undesground mining methods. It may
thicken in local areas where, when considered in conjunction with other seants, it naay have
opencast potential,

The ¢ Seam is the most complex and is nsually split into several plies by partings varylug in
thickness, It is lraditionally subdivided into the C Upper and C Lower seams (Greenshields,
1986).

The ¢ Lower Searn is uanally thin in the northern part of the coalfield, but ttaing a thickness
of up to 20 m in the southern part, The Soor of the seam usually consists of a sandstone
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which forms a good Moor, whilst the roof geucrally consists of carbonaceous shale which
tequires systematic support.
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Figure 2.10 General steatigeaphle sequence of the Eagtern Transvanl Coalficld (Exaswug
et al, 1981).

The € Upper Seomi is well developed over the eatire coalfield, but it is often spiit by in-seam
sandstones, siltstones or mudstones which vary in thickness and lateral extent, The floos
rormally eonsists of a competent gat -~ ~ue. 'The roof also cousists of sandstene and doos
normally not réquire intensive gupport.

Tha B Seam 15 slso developed in the entire coplfield and varies in thickness from 1,0 m to
30m, The the northern and central aress *he seams may be locally split by in-team bands,
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The roof and floor generally consist of competent sandstone which forms a good floor and
does not require intensiva roof support,

The.d Seam oceurs as isolated outbets in the nortbern and central parts of the coulfield. in
the southern part it varies from a shaly unit to a seam of 1,0 m thick, It is of poor to medium
quality and it has no cconomic importance (Greenshiclds, 1986).

24 e Vereenlglop-Souolbarg Coalfield
2431 Geoeral

This coalficld extends [vonsi Verceniglug in the North {o Xoppies In the South, and from
Vredefort i the West to the Vaal Dam in the Eagt, Since the closure of Cornolia and
Coalbrook, Sigma Is the anly working colficry in the coalfield.

The coal in this coalficld was deposited by southerly propagated fluvio-deltale complexes
which filled the pre-exsting plactol valleys. These placial valleys axe North-South trending in
the castern part of the coalfield, but in the western part the trends are North-West to South-
East.

The thick dolorite stlls above the coal boirizon end the 1cintively weak roof strath bave »
major influgnes on pillar extraction in the coalfield, At #le=a Colliery thuse geological
conditions aind the behaviour of the strata makes plllar extraction withy convsntional
equipment a hazardous operation,

242  Strotigraphy and stcneturs
Dolexite Tntrusiony

Dolerite sills up ¢o 120 m thick oceur in the area, Whoro these sills are 1n close proximity to
tha coal sepms, they have a profound influcnce on the volatile content of tha coal, The thick,
vorpetent sills also cauge aignificant caving problems for high extract. -+ minke , wethods,

Numerous dolerits dykes, faults and slips are enconnter ix tho goalfislé, The dykes seldom

exeeed 1,0 m in thickness and do not have & signific t thesmal influer .2 on the coal.
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The Conl Seams

Three mincable coal scams oceur in this coalfield (Figure 2,11) and are conlained tn within o

zone Lhat 15 up to 40 m thick,
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Higure 2,41 General steattpraphic seqience of the Veresniglng-Sasolburg Coalfield

The No. 1 Seam is usually only lotally de=cloped in the deeper parts of the basin, maialy in
the eastern past of the coalficld where it attaios a thickness of up to 5 m. In soms arcas the
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scam is gplit into three differcnt unifg by partings up to 3,5 m thick. The roof coaslsts of
upward finlog sandstone, grit and conglomerate which generally forms a guod roof, The coal
seam is deposited on or near the Dwyka diamictite which forms a good floor,

The No. 2 Searmt is nosmally divided into the No. 2A and No. 2B Seams which are separated
by a mudstone band which can be up to 2m thick, The combined thickness of the No, 2
Seam can be in excess of 10 m, but duc to the thin shale parting, only one of the two seams
have been mined to dats,

The rou of the No. 213 Seam consists of a sequencs of shale, sandstons and sudstone layers,
Roof problems are experienced as a result of the laminated aad eross-laminated sature of
these layers, The mwdstone parting between the No.2A and No, 2B Seams lorms the
telatively poor floor of the No, 2B Scam. This mudstono paxting thus forms the roof of the
No, 2A Seam, It forms a poor roof that requires intensive roof support, The floor consisty
of the vpward flning sandstone, grit and ¢onglomerate, which forms the roof of the No, 1
Scam, and good floor eonditions are experienced.

The No, 3 Seam has u average mineable thickness of approximately 4 m, but reaches a
maximum thickness of 10 m in some areas. The roof of this seam consists of mudstone and
shale which forms an extremely poor roof requiring intensive roof support because of the
tendeney of the mudstons to expand on exposure to air aud water (Steyn et af, 198.). The
floor, which conslsts of shale, sandstone and mudstone layers, tends to break up under
traffic especially when exposed to water,

2.5 Thi Springs-Witbank Coalileld
251 Geperol

The coalfield extends 180 &m o a Bast-Weast direction, from Springs to Belfast, and
appruximately 40 lan in a Morth-South direction.

Beeaus of the relacively shallow depth of the coal seams, a hiph percentage of the coni
production from this coalfield is by opencast methods while the bulk of the wadetground
production is achieved by conventional bord and pillae minfug, This is mataly due to the four
superimposed minesble coal seams, varying in natuce and quality, that occar in the coalficld,
The variable marketing restraints makes scheduling and sequencing of total extraction, which
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has to start from the top seam downwards, extremely difficult, Pillar extraction Is presently
only practised on Qraenside Colliery,

252 Statigraphy aod structore
Dolerite Yutrusions

Dolerite sills, commonly 50m thick, occur throughout the coalfield and, where they
transgress the coal seams, have resulted in large seale displacements of the seams, ‘Where
the sills transgress or occur in close proximity of the coal seans, they bave resulted in large
areas of burnt coal,

The Ogics Dyke, up to 15 m thick, {s the most prominent dyke in the area asd has resulted In
an accompanying burat zons of up to 300 m wide, Offshoots of this dyke are comnion in the
eoalfield, but their frequency appears to be less to the North of thix dyks, Only o Bmited
number of dykes oconr in the Springs area and the eastern part of the Withank Coalfield,

The coal seams in this coalfield ave generally not affected by folding or severe faulting,
except whero assoclated with dolerite intrusions. Small faults with displassments of Jess than

one metre gre rare,
The Coul Seamy

All five major ¢oal seams in the Veyheid Formation have been identified in the eoulfield, and
are also number No, 1 to No. 5 front the bottom upwards (Flguce 2.12), All the seams,
except the No, 3 Seam {which Is thin and sporadieafly developed), are mingable by current
underiround factuods (Smith et al, 1986).

"The No. 1 Seam is usually 1,5 to 2,0 m thick and i3 currently mainly mined by apencast
methods, However, the competent prit roof and hard gandstone floor xcsult o pood

usderground mining conditions,

The No. 2 Seamt has an average thickness of 6,5 m and contains the bulk of the reserves
(approximately 6995) in the coalfield. The roof consists of shale which forma a poor to fair
roof when cxposed, but roof conditions are gesctally good where 1m to 2 m of coal is left in
the roof, Floor conditions are normally good as the floor consists of hard sandstone o¢ grit.

Chapter 2 Geology of the South African Coalficlds
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Flgnre 2,12 General sirntigrophie sequence of the Springs-Withank Coaliield

The No. 4 Seom Is 2,5 to 5,0 m thick, extept in the western part of thoe coalfield where it
reaches p thickness of more than 6 m. The pacting to the No, 2 Seam is 15 to 20 m and
consists mainly of shale formations, Mining is normally restricted io the lower 3,5 m of the
coal seam becauso of the poor quality in the upper part of the scam &nd the bad roof

conditions if the shals Is exposed,
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The No. § Seam has an average thlckness of 1,5 to 2,0 m and oceurs about 25 m abovs the
No.4 Seam, 1t oceurs at an average depth of approxdmately 30 m below surfuce and has
been eroded in the higher arens, The laminated sandstone forms a poor roof Lhat requires
intensive roof support, sad the laminated micaceous sandstone floor presemts heaving
probiems in localised areas (Erasmus et al, 1981),

2.4 Thie Utrzché Conlfield of Northizen Natal
261 Generok

The Northern Natal eoalficlds have been subdivided into three separate oalfieldr, namely
the Klip River, Utrecht and Veybeid Coalfields, The Natal coalfields, facluding the Zufuland
Coualficld, asc the only producers of high-grads anthraciie in South Africa and also produces
souie of the best yuality coking coal. The Utrecht Coalfield covers an area of approximatoely
5 000 square kilometres and is sltuated in the Utrecht and Paulpictersbury districtz, Two
collieries, namely Longidge Colliery and Welgedacht Exploration Company Limited, are
practising pillar exiraction in this coalfield,

The two factors which have u major influcnce on the mining in the Nurthern Natal coalficlds
are the large number of dolerits sills overlying the coal zone and the large variance ju the
depth as a result of the monntainous terraln, The latter hoy & major effeet ou pillar snd
panel sizes and layouts, The vacying dopth under the mountaing offen results in fraquent
changes in the size of the pitlars, which - ffect the panel width, within the mein, secondary
and panel development, This leads to different stooping practices, often in close proximity to
each other, The often multiple, thick dolerits sills result in increased stresses on the pillars,
espedially during pillar extraction,

2462 Stratigrsphy ond siroctars
Dolexite Intruslons

Five major dolerite sills are present in the Utrecht Coalfield. Theso dolerits sills, in order of
decreasing age are the Zninguia, "B, Utrecht, Tagogo, and No, 10 sills. Of these sills the
Zuinguin je the most peraistent and attaing a thickness of up to 150 m. Major displacements
of the coal bearing strats have been caused by these transgressive dolerite sills and faults,
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Although vast .uantitics of coal were butnt or dovolatilised during these voleanic events, the
thermal effect alt  lod to the formation of the good quality antheacite and coking coals,

Dolerite: dfkes, with thicknesses vaeying from 1 m to 10 m, ars common in the coalfisld, but
faulting iz not norsmally associated with the dykes,

Major faults within the coalfislds are caused by the dolerite sheets transgresring the coal
zons, and faulty with displacements of up to 150 m, assoclated with the Zuinguin SH1, have
buen gneountored in the Ulrecht Coalficld (Spurr et nl, 1986),

The Coal Seams

Only four of the coal scame in the coalfield, corzelated in Table 2.3, are cuonomically
mineable with present technology, namely the Alfred, Gus, Dundas and Coking (Figure
2,13),

‘The Coking Seam it penerally thin with an average thickness of 0,9 m and a maximum
thickness of 1,5 m. The seam is unaffected by the dolerites and yields a moderately good
coking coal. The roof and floor reeks consist of sandstono and are norinally competant,

‘The Dundas Seam occurs approximately 15m sbove the Coking Seam and attains &
thickness of up to 2 m. The roof consists of sandstons which forms a good roof, but the Aoor
consists of incompetent shales which breaks np wader sraifie,

The Gus Seam occurs approximately 17 m above the Dundas Seam. The Gus Seam can
aitain 4 thickness of more than 1,0 m in the southern urea up to 3,3 m in the northern arca,
and has bzen the ftost exteasively miged soam in this coalfield, The roof In this Utrecht area
cansists of sandstone and is folrly competent, In the Kempslust area, however, the thinly.
laminsted sandstone form an exiremely incompetont roof (Spurr ot al, 1986). The foor
congists of sandstone and is fairly competent,

The Alfred Seam occurs approximately 14 m above the Gus Scam, The seam is bost
developed in a downfaulted block South of Utrecht whers it attaing a total thickness of
nearly 4 v withi a mineabls thickness of 3 m, Tn the northern area the seam reaches a fotal
thickness of 3,0 m of which the bottom 15 m is currently considered to be economically
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mineable. The roof and finor consist of sandstone. The roof is reported to bo moderately
competent while the sandstone forms a good flaor (Spurr et al, 1986),
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Flgere 2,13 General stratigeaphic sequence of the Utrecht Coaltield

27 The Vipheld Ceoalifield of Northierm Matal
2.1  Gemernl

The Veyheid Coalfield lies to the East of the Utrecht Co ifield in the districts of Vryheld and
Ngotshe, and covers an area of approximately 2 500 square kilometres, The collieries
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practising pillar extraction in this coalfield arer Vryheld Coronation Colliery, Hlobane
Colliery and Alpha Anthracite Colllery,

Similar to the Utrecht Coalfield, the two factars which influcnees mining most are the larpe
number of dolerite sills ovarlying the coal - .t » ana the large variance in the depth ag & result
of the mountainous terrajis,

In addition to this, the floor conditions also vary considerably, depending on the scam being
mined, Apart from weaz and lnninated foor dislntegrating due to tramming, the
combination of deph below surface, competent overlying roof strata and weaker floor strata
also lead to floor heavs or ‘erecp”, The phenomenon of Moor heave is the result of pressure
arid strosses within tho mining area bewg transmitted through the surrounding strata to suek
an cxtent that the strata in the floor broak down under these prossures, resuliing in the foor
lifting towards the roof (sea Chapter 4, Figurs 4.4),

2,12  Stratigraphy nnd strocinee
Dolerite Intrualons

Five major dolerite sills have been identified in the coalficld. In order of dessending wge,
these are the Zuinguin, Ngwibi, Maishotigololo, Nyembi and Enyati sills.

The older intrusions, particwlarity the Zuinguin Sill, are fairly consistent whilo the yoi nper
intrusions, like the Enyati Siil, are typically corntic and commonly dyke-lke,

The sill phase was followed by a a period of dyke intrusions, up to 10 m thick, which is
1ssociated with limited faulting only (Sell and Spurr, 1986).

A2 Conl Seams

AS many as nise seams have bee identified witlin the coal zone of the Viyheid Coalfield.
The most outstanding featurs of this eoalfield is the change in the character of the seams,
and the associated roof and floor sirata, over short distances. Jater-seam partings are
discontinuous over short distonces and often makes seam identification and correlation very
romplicated (Bell and Spurr, 1986).
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Four of the seams in this conlfield are currently cconomically exploitable with underground
mining methods, namely the Coking, Dundas, Qus and Alfted Seams, Apart from these
seams, oaly the Fritz hos economie potential, The typieal stratigraphy of this coalfleld I
shown in Figure 2,14

The Coking Searn scldom altains a thicknoss of more that 1 0m and has v datu aot been
exploited over the entire =.alfield. It has not been effected by du’crito Intrusions and yields s
good coking coal, The roof stratn consist of competent sandstone which forms a good roof.
‘The floor usually consists of fine-grained, micaceous sandstone which grades to a geey shale,
This strata forta a poor floor which tends to break up under the weight of mining machinery,

GENERAL STRATIGRAPHIC SEQUENCE

GENERAL_SECTION OF THE COAlL SEAMS
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Flpore 2.84 General sirp* graphle sequence of the Viylield Conlfleld

The Dunday Semn is commonly split into two add oecur as two separats seams in the
northern and central parta of the coalfield, In the southern part, towever, the npper portion
of the seam iy often replaced by a carbonaceons mudstong,
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The Lower Dundds Searn varies in thickaess from 0,2 m to o maximum of 2,5 m. It often hag
o thin sandstone and shale parting in the top portion of the geam which can reach o thickness
of up to 1,0m ond ¢an present problems when mining the geam, The roof and floor
conditlons are highly variable and are generally pour, The roof steats consist of shaly
gandstones, often with & thin mudstone band on the coal contact, Tho {loor generally
consistz of a mivaceous mudstone or laminated sandstone which tends to break up under
mining machinery,

The Upper Dundas Seam generally cecurs 1,5 m (o 6,5 m above the Lowetr Dundns Seam,
The thickness of the seam over niast of the coalfield varles between 0,15 mi and 0,5 m, but in,
the Vryheid Coronation ares, it attains a thickness of 1,0m to 1,2m, The roof and floor
stratn consist of generally incompetent, sicaceous sandstones and roof and floor eonditions
are telatively poor, 'The occurrence of floor heave can make the mining of this seam
extremely difficult,

The Gus Seam is the most extensively mined sgam i this coalficld and varies in thickness
from 0,5 m to 2,0 m, In the castern part of the coudfield, however, the Gus Seam appeats to
have been replaced by a carbonaceous shale, ‘The roof normally comprises 4 coarse-grained
gandstone which forms a competent roof, The floor strata consisis of sandstone, often
interbedded with shale bands, and can cause problems when using mechanised mining
equipment,

‘The.difred Seam atiains a thickeess of up to 2,2 m i the Vryheid area and has not been as
exténsively mined as the other seams in the coalfield. Roof conditions are generally poor,
because mudstone and lower quallty coal are left in the roof to niaintain a better quality
prodvet, The Noor consists of sandstone and is fairly competent,

p ] The Kip Diver Conlfield of Nor¢hera Naotal
281 Geperal

The Kiip River Coalficld is roughly triangular in shape with it's apex ln the North beyond
Newcastle, stretching South to Ladysmith and then South-Bast to Dundes, It covers a total
area of approximately 6000 square kilometres of which about 50 per cent i¢ considered
poteatially coal bearing (Bell and Spure, 1986), The two collieries practisiog pillar extraction
in this coalfield are: Rifburchan Coltiery and Durban Navigation Collieries,
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232 Stentipeophy and structure
Dalerite Intruslons

All tectonic disturbances, apart (rom minor faulting, can be aseribsd Lo doleriie il
intruslons, The maximum displacement reported within the coalficld is 137 m. Nine lypes of
Jdolerite sills have been recognised iu the area, The four major sills, from oldest to youngest,
oro; Zuinguin, Utreeht, Ingogo and Talana,

Dykes, tanging in thickness from a fow centimetres to tens ¢€ metres are common and seem
to be concentrated in certain areas, Their composition is similar to that of the sills, and they
ares often associnted with small displacements. Burning and devolatilization of the coal are
also wften assoziated with these dykes (Bell and Spurr, 1986),

The Coal Senms

Only two ¢oal seamiz, wamely the Top and Bottom Seams (Figure 2%.15), bave beon exploited
eommercially, Altkcugh cereelalion of the conl acams in this coalfleld and the ndjacent
Vrylioid Coalfield is uncertady, it i generally accepted that the Top Seam correlateg with the
Alfred Seam oud the Bottom S2ain, with the Gug Sear,

The two coal seams are separated by & parting, varying from 2 few centimetray to 1,1 m i
thickness, consisting of aandstoncs and carbonaceous nmdstones. Where this parting is less
thian 0,5 m, these two seams are ofien mined in one fift,

The Top Seam has un averape thicke..s of 1,10 m and frequently contuing minor shale
partings. Ths reof strata comprites micaccous sandy shales which gencrally do not form o
goud roof. The foor consists of micaceous or sandy shale which can be very slippery when
wot aod van break up nnder the weight of mechanised miving equipment.

The Bottom Seam is often split into two or {hree seang sepacated by thin sandgtonss, shales
aud carbonaceons shales, The roof, comprising the bottom of the sandstone patting between
the two seams, are normally competent. The Hoor consists of micaceous or sandy shals
which ean break up under the weight of mechanised mining ¢quipment. ‘The foor of both
seams con i some specific cases alto be prons to Heor heave,

Chapter2  Geology of the South African Cooelfields
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Figoce 2,15 General stratipraphic sequeace of the Kllp River Conlfield

29 The Zulukand Coniticld
284 Geoernl

‘This coalficld stretches frors Purban in the South to the Swaziland border in the Notik, The
coal-bearing area extends theough Swaziland joining up with the Komatipaort Coalfleld to
the Novth, The reserves are found in the iJongonia Bagin which Is preserved within a groben
along the eastexn edge of the Kaapvazl Craton, Much of the coal in this basin is too lean or
hos besn either eroded, burnt of extetisively faulted and intruded, Hlowsver, ln certain
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distinet blocks the anthracits vese s have been preserved, often exbibiting a yemarkable
consistent guality over large are..

The only producing colliery in this coalfield is Zululand Anthiracite Colliery which vmploys
buth conventional equipment and & roadheader in pillar exteaction,

2.9  Stratigruphy and stractuce

T'Lis is structurally a complivated coalffeld, In the vicinity of Nongoma the steate lis virally
horizontal, but towaeds the Lebombo Range, where dips of up to 45° have beent recorded, it
start dipping in an dasterly divection,

Major rifting in the area was associated with the onset of plate tectonies during later Karoo
timas, This resulied in # seriea of North-South steiking faults that separated the conl zone
into North-South trending blocks (Figure 2.16) which are further subdivided by NW/SE
steiking transverae faults,

Lot

sanug 001 HARIE

Pigure 2,16 Swetlon atrods the mining aves showlng geological structures
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L] ¥. olting in the arca is predominantly of the wrench (scissor) type which arises as a
<tnlk of the rotational movement between the fault blocks. The distinctive feature of such
fanlting 15 that displacements along strike can vary from a few centimetres to several metres

Numerous dolerite silis and dykes occur in the coalficld, A number of phases of dolerite
inisustons in the form of both dykes and sllls were assoclated with the faulting (Oldroyd et al,
1984, The general stratigraphic sequence of the Zululand Coalfield is shown in Figurs 2,17,
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Figre 2.7 General steatigenphic sequence of the Zulnland Conlfield (Ofdroyd et al,
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Tiz Conl Searws

Although the coal seams of the Viyheld Formation have been Intersected in the Nongoms
arca, they are much thinner and often split into a number of seams, The only werkable seam
in the arca is koown a8 the Main Scam, and three well defined markess overlie this seam

(Figure 2.17),

Thy Main Seam dips botween 1,3 and 15 degrees towards the Bagt and s structurally very
weak. o the Zululand Antheacite ares, the scamt occars at p depth of 0 to 280 m and the
seam helght ranges between 1,5 m and 3,2 m, averaging 2,7 m.

The roof consists of 4 comprtent, massive feldspathic sandstone, Jointing of the roof is
rarcly visible and is usually assorialed with dolerite intrusions, The floor consists of Iayers of
siltstones, fins to medium grained wicaceous sandstones and carbonaceous shales with
oeensional coal stringers,

210  Closing Remnrk

The geological composition and strats bebaviour in evory situation is uaique, However,
thero are also many similarities, if not in the composition, then in the behaviour of the strata
when exposed by mining, These similarities make it possible to formulate deslgn guidelines
that can be applied in the industry,

Chapter2  Geology of the Seuth African Coalfields
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CHARTER 3

STRATA CONTROL THEORIES IN COAL MINING

a1 Safsiy Pactors for Flllars in Bood and Pllor Mindng

The deslgn of bord and pillar workings In South Africa are based on a procadure proposed
by Salamon in 1967, Salamon and Munro (1967) conducted & statistical unalysis of 27
collapsed and 98 intact pillar geometrics from collieres in the Transvaal and Orange Free
State, The plilar strength formula, developed by Salamon and Munro in 1967, was derived
from this analysis and forms the key clement in this desipn procedure, commonly referred to
as the astety factor formula,

The safety factor formula is given by:

ap Piliar&tranglh

Sufety Pactor = 5 “Plinriond ®

where:

" wﬂ. 1]

Pillar strength = 7.2 i MPa 2
&

Pillar load = 00254 9‘%}”— MPa @

Legead: H = Depth to the floor of the seam, (m)
b = Mining height, {m)
w = Width of the pillar, (m)
b = Bord width, (m)

This safety factor formula hag been successfully used since 1567 to deslgn coal pillars,

On tho steength of Bis study and analysis, Salamon and Muaro (1967) concluded that an
acpeptable safety factor for pillars in produetion panels in most mining conditions is 1,6,
They cmphasised, however, that local experience may permit the reduction of this valus to
1,5, or geological disturbances or other unfavourable foatures may require a safety factor of
1,7, A safety factor of 1,8 to 2,0 Iy norntally used in main and secondary development for
long texm atability, It must be noted that the safety factor Formuls is a statemont of the
stability of the pillar and not of the bord,

o
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Salamon and Qravecz (1976) stoted that tho safety factor formula probably underestimatas
the pillar strength when the width to height ratio exceeds 5 or 6, and that the pillur would be
indestzuctible at a width to height ratio of 10,

Many people applicd the pillar strength formula well outside the range of parameters for
which is was deyived, Salamion himself recognised the shortcomings of the desipn formula
and in 1982 he proposed an extension to the formula to account for the increase iu pillar
strength beyond the eritical widih to height ratio a8 supgested by many teats on small
laboratory specimens (Madden and Wagrer, 1991),

Salamon proposed the following extensions to the original piller strength formuls of 1967:

The ociginal pillar strength formula
A4S
Pillarstrength = 7176 %ﬁ; MPa )

can be expressed in the following form
.. poaeae
Pillarstrength = 7176 rie MPo ]

wheret R = width @ height ratio, and
V = the pillar volume

Based on pract~sl experience, model tesis and theorctical conslderations, Salamion
suggestad that when R » R, the strength can be expressed more accurately by the following
formuly (Madden &  /agner, 1951);

. Rﬁ.sm \
Squat pillar strength = 7.2 e {O_Fig_qg [(ER-)"I]” }Mpu (3)
b

where; R, = the critical width to height ratio, and
¢ = the rate of strength increass

Buased on the fact that no pillar with a width to height ratio greater than 3,75 has collapsed,
Salamon and Waguer (1985) suggested that for the squat pillar formula R, be taken as 5,0
snd, elthough more dificult to make a reallstic cstimate, thate be taken a8 2,5, Model tests
on sandstone specimens ranging from R = 1,0 to R = 8,0 sugpested that the value of 2,5 wa
a tonscrvative estimate (Madden, 1991},

Chapler3  Strata Control Theories in Coal Mining
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This suggests that when the width to height ratio of & pillar Is groater than 5, irregpeetive of
the mining depth, the squat piflar formula Is the more spitable formula to use as it prevents
locking up coal veserves in piflass designed unnecessary large,

The safety factor of a pillar, using the syuat pillar formuta, is:

SqualPillarSirangth ©
Plilarload

Safely factor = 512 -

The sqguat pillar formula thus takes into account the incstase in strength of a pillar as its
width to height ratio inereasts, A comparison of the pillar strength calenlated by the squat
pillar and Salamon formula is depieted in Figare 3.1,

90 Ea25

STRENGTH = 72 %‘-’; {%ER/RQIEJ] + l‘\ Ay 60
80-

o

s

g

r-
5

» STRENGTH 72 wihab
i 96l

g

STRENGTH {MPal

20 — 0 (STRENGTH IHCREASE)

6%
B4% b

0 SUUR U TSN SN S - BO I SO T

PILLAR WIOTH to HEIGHT RATID

Yigoeo 8.1 Pllur Steenpth Calevinted by the Squat Pillar Formuln and the Saiamon
Pillor Strength Equation {Madden, 1919)

These formulae were developed using the tributary area ticory to determine the load on the
pillars in a static situation, where the load on the pillar is calenlated agsuming that each gillar
supports the weight of the strata immediatuly above it (sec Figure 3.2), Tt can be assumed
that the whole weight of the overburden Is shared equally by the pillars if the pancl size is

Chapter 3 Strata Control Theories in Coal Miniig
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greater than the aren of a circle drawn with a radiuve 0,75 to 1,0 times the depth below surface
(Salamon and Oravecs, 1976).

It is important to acte the following comment made by Salamon and Qravecz regarding
these safety factors:

It is necessary to point ot that the many conerete recommeridations made, for cxample, values
of yafety factor, are ltitended only as o general guide, It is always dongerous to gencralive in
mining whers geological and other conditions vary widely, The recommendations shouid
always, thersfore, be reossersed in terms of local experlence.”

As the piltars created in boed and pillar mining remain stotic, except far some scaling, the
safety factor does not change. The safety factor is thus determined by the load borne by the
pillar and ths strength of the pillar. Figure 3.2 depicts the typical Toad supported by a pillar
under the mining conditions described n the Model 3.1,

_SURFACE

AREA SUPPORTED
BY THE PHLAR

Flgowre 3.2  Load Supported by m Pithor In Buid umi Plilcr Mining (Beukes, 1990)

The following example (Modsl 3.1) will be used to explain and determine the eafety factor of
the pillars using the different formulae, and the influcnce of a dnlerits s on the panel
widths:

Chapler 3 Strata Conirol Theories in Coal Mining
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Agsume a coal seam 160 m below surface (to the roof of the seam) overlain by a 40 m thick
dolerite sill, ‘The base nf the dolerite sill is 40 m above the upper coitact of the coal scam,
The mining height is 2,5 m, the bord width is 6 m and the piflars are 18 m square, The Brat
subsidence om surface, and thus the first break of the dolerite sill, oceurs 155 i ofter
commencing stooping, assuming that the pane? is wide crough to cause the sill to break, The
angle of fracture iz 15° (measured from the vertical).

340 Calenlnting thi safety iactor of the pliiars by vslng the Salamon farmgla:

o 9p _ PilarStrongth

Safety Factor 7 W#Lmuurzmd )

wheret

Pillarstrength = 7,2 %‘; MPo &)
8

Pillar load = 0.025H ("’;ab) MPe @)

Legend: ¥ = Depth of mining to the floor of the seam, m
h = Mining height, m
w = Width of pillor, m
b = Bord width, m

If the fipures in Model 3.1 ace used, the safety factor of the pillars is:
. 180 40
Pillarstreagth = 7.2 2R Mpa
= 14.86 MPa

Pillar load

8. 532
0.026%162,5 MPa

= 7.22MPu

14.86
ety Factor D)

it

= 2,06

Chapter 3 Sirata Control Theories in Coal Mining
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312 Colenlutlng the safety factor of the pillars by mping the Sgund pillax
formmln:

Sagual PillarSiranglh

e &E =
Safety Factor I Pillarload @

where!

.53 1
Squat pillar strength B 7.2 ;%ﬁﬁ {9-%222 [(%) -1:]+1 }MPa [6)]

4 2
Pillar load = 0,025H ‘L"'ﬁ’_’_ MPa )
Legend: R = Pillar width to height ratio
Ro= Critical width to helght ratio (assumed to be 5)

¥ = Pillar volume (m®)
¢ = Moasure of accelerated increase in steength (assumed to be 2,5)

If the figures in Model 3.1 ars used, the safety factor of the pillars is:

=0, 5901 3 2.6
Pillar strength 7. 5 {°‘5933 [(7-3) -1]+1} MPa

i

2 (18825 \" 4.5 5
= 16,20 MPa
2
Pllarioad = 0.025x162,5 L8 ypg

= 72eMPn
16,20
e/ 725
= 2,24

As can bo seeh from these calenlaidons, the squat pillar formula shows a higher safety factor,
because the width to height ratio of the plllars, being 7,2, is preater than the critical width to
beight ratio, R,,, of five, This i significant because the pillar size can be reduced and stitl
comply with the minimum safety fuctor requived, I, in the exumple above,  safely fuctor of
2 s required, the pillar size can ba reduced from, 18 m squate to 16,5 m square, Apart from
the other advantages that ensue from this reduction, the the primaiy extraction is inereased
by 1,3%.

Chapter3  Strata Conirol Theories in Coal Mirning
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As the width to height ratlo intreases, the difference in pillar size detormined by the two
formula is even more pronounced, ag indicated by the following two examples,

{a} If, for oxample, the mining beight in the example above is reduced to 1,0 m, the pillar
size caleulated by Salamon's formuld 18 9,9 m for a safety factor of 2. IF the squat pillar
formula is used, the pillar sive 18 reduced to 8,5 m which means that the primary
extraction is increased by 4,4%,

(b) If the mining heizht remaing 2,5 m, but the depth Is increased to 300 m, the pillar size
for u safely factor of 2, using the Salamion formula, is 36,0 m, If the squat pilar formula
is used, the pillar size i reduced to 24,5 m and the primary extraction incecaseg by 9,095,

333  Piliare ot shnlloty depths of less thon 40 metrey

When the mining depth is less than 40 m, tho safety factor alone is not sufficiest to ensure
pillar stability, and other faclors such as the fnteprlty of the roof, competent roof layers,
weathering and grological discontinuitios need to be considered to cnsure pillar stabificy.
Investigations have shown that pillurs with widths of lest than 4 m, where the percentage
extraction exzueds 75 per cent, ave prove to pillar collapse even with safety factors in excoss
of 1,6 (Madden, 1989), However, no pillar collapses have buen recorded whera the width to
height ratio excecded 3,75.

Recent investigations (Madden, 1989) resulted in the following recommendations for
designing pillars at shallow depthe:

(s} The pillar width should profecably exceed 5 m.
(b} The width to height ratlo should be in exeess of 2,

(¢) 'The safety factor should be in excess of 1,6,

Chapier3  Siratp Control Theories In Coal Mining
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32 The Panel Width Necessary to Induce Complete Foilare of (he Overburden
Sirots

321 Incompetent rool strata (shale or weak sandstone layers)

When the roof strata is relatively weak and lncompetent, the high compressive stregses in the
vicinity of the abutments are sufficient to eouse shear failure of the roof strata. The stross-
inditeed fractures that develop as a result of these stresses ave near vertical In this strate, As
the Jower roof strata in the mined out area is in tension, gravity causes the highly fractured
roof strata to cave readlly, Because thete are no competent goof layers, caving of the roof i
continuous and extends to surface,

The critical mining span L, at which the maximum compressive stresses at the sbutments are
reached, can be estimatod by the following simple relationshp (Galvin cf al, 1082):

L = 2Hcwtp )]

Legend:  H = Depth of mining below surface
B = Average dip angle of face-induced fractures,
and cotg = tan (90 +B)

Limited local experience has indicated that the angls of face-indueed fractures, 8, varics
from about 75° for highly laminated weak shals bands to 609 for compotent sandgtone beds
(Galvin £t al,, 1982), The relatlonship between the critical mininp span and the depth below
surface is illustrated in Figure 3.3,
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Figere 33 Relationship between Depth of Mining, Type of Hool Stratn and Critleal
Mining Span (Galvin, 1982)

322 Competent roof stratn {(one or mors thick delerits aitls or sinastee beds of
compeient pondstone)

The composition of the overburden sirata is one of the eritical factors affecting the formation
of & poaf durlng stooping, Competent strals layers, such ag thick dolerite sills or massive,
compatent sandstone, can result in the lemporary arrest of caving at the bage of these
compatent layers.

Dolerits silla in particular bridge over the goaf and deflect clastcally (Salaon et af, 1972),
Howevar, when the frep span at the base of the sill exceeds the critical span dimensions, it
leads to the gtructural but nou-vivlent faiture of the sill (Galvin, 1982). This has been
observed above various longwall panels in South Adries (Schumana, 1959),

Salamnon et al ('972) found that the strength and elastic modults of magsive doletite sills, in
excesd of 30 m thick, which overlie the Sonth Alricar coal beardng sttata are an order of

Chapter3  Strata Contral Thev-ics in Coal Mining
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magnitude greater than that of the other averlying stratum, The typical rangs of these two
parameterg for shale, sandstons, coal and dnlerile is shown in Table 3.1,

Table 3.1  Typienl Ravge in Steenpth and Elnstic Modulus of South African Coal

Mensure Rocks (Galvin, 1981)
Strongth (HPo) Elastie Modulus {GPa)
Strotum i . s .
Rongé Typleat Range j'yptcal
Shale &0 - ao byl 0,9 « 13,0 3
Sanlatone 40 « 100 70 4,0 - 15,2 1
toal 15 « &0 30 0,4 ~ 4,1 2
Dolarite 250 - 390 300 50,0 - 98,5 70

Salamon &t al (1972) formulated a mathematical modsl of dolerdte behaviour based on
investigations at Durban Navigation Collieries, This elastic thin plate model was formulated
on the basis of the behaviour of a 70 m thick dolerite sill overlying a longwall panel at
Durban Navigation Collierivs, Based on cbservations of a further 11 longwail pansls,
Wagner and Galvin (1977) modified the elastic thin plate model by determining the
relationship between the eritical stress and the dopthithickness ratio and substitutiog it in the
madel, During 1980 %o Jack of success in dotermining the sunimum pangl dimersions
necessary the breal: the dolerite sill at the Secunda Collierics raised serious duubts about the
validity of the model, Galvin (1981) undertook further research and re-analysed the elastic
thin plate model. He found that the behaviour of the dolerite sill is sipmificantly inftuenced
by the caving angle, 8, and the parting thickness, t;, of the sivata between & coal seam and
dolarits sill (Figuce 3.3). He concluded that the effective span, S, over which an unfailed
sill bridges ia not equal 1o the panel dimension, §, but i¥ defined by the equation:

Sett = § « 2 Tan(@ - 50) (m) ©

Chapter 3 Strata Control Theories in Coal Mining
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Flgece 3.4  Influence of caving angle, #, und pariing thickuess, 4y on unsupported
dolerite span, S (Galvin, 1981)

Taking the.> Andings into account, he modified the refined elastic thin plate model and
derived the well known 'Bifectivs Span Thin Plate Model’ fnr determiving the misimum
pancl dimension:

4
L = 4,11651«'@;9‘ + Zplane ™

Legend: £ th'~huess of sill
d = depth to base of silt
p = parting thickness between sill and coal
& = angle of broak (eaving naple « measyred from the vertieal)

This pquation, however, has yet to be verified for sHls thicker than 75 m and for depths to the
base of the will exceeding 140 m (Galvin, 1952),

I the figures in Model 3,1 are i d, the width of the panel necessary to causo the dolerite sill
to fuil will bes

2
L = \/{1]65x40)-«(—?~§%;~9~2 + 0X40xtanl§e

@ 208 motras
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When contemplating any form of total extraction, the effect on the surface envim;imcnt must
be taken into account, If a dolerite sill overlays the coal seams, two options are available:

{a) Designing the pancls wide enouph to ensure that the dolerite sill does fail. This 1s
desivable to avold any excessive load on the pillars being extracted, This will also result
in the maximum surface subsidenace,

(b} Designing the panels narrow cnough to ensure that the dolerite sill does not fafl, This
will cause the sill to bend without (alling and will cause less surfacs subsidence than
when the sill falls,

It must be noted that the extraction of several adjacent, suberitical panels will rezult in
additional load on the interpancl or barrier pillars as well as the pillats in the adjacent
panels, It is important to determine the stress sitvation in such a mining layout prior to
mining to prevent unsafe working conditions and loss of teserves due to high stresses, The
interpanel pillars must be designed with a Targe enoupgh width to height ratio to ensuro long-
term stability.

This system of mining suberitical per:2ls to reduce surface subsidence has been practised for
more than a decade on some Australian colliesics with massive, competzat sendstone or
conglomeraie ronf strata (McKendry and Simes, 1988),

3.3 Sarioce Subsldeace

The composition and bebaviour of the coal bearing strata in the South African coalfields,
including dolerlte sills and massive sandstone layors, influence the surface subsidence that
develops wbove total extraction panels. The relativel, shallow depth of the majority of the
tota! exizaction panels under comypetent sirata not only present problomy with the initiation
of caving, but also tasults In substantial surface subsidence, provided the span is wide

enough,

When the width of a total extraction paudd usder compotent strata, such a5 a competent
dolerite sil or massive sandstone, is suberitical, the caving does not reach tis surface and the
magoitude the subsidence i governed by the deflection of suek competent strats
(Schumann, 1988a), As the panel width is increased to the ctitical miring span, L, the sill
will fall structurnliy and the caving will extend to surface,

Chapter3  Strata Conirol Thearies in Coal Mining
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‘The caving procesd is thus governed by the peomechanical properties and Jeformation

characteristies of the superincumbent strata 5a well a1 the magnitude and distribution of

stresses which depend on the mining dopth and panel width,

The term ‘surface subsidence’ is generally associated with the lowering of the ground surface,
bt surface subsidence liavolves moxe than just vertiesl displacements, It also consigts of
differential displacements across the surface which result in changes in the gradient and {a
horizontal elongation or contraction of the ground surface (Schumann, 1987a), These
differential dizplacements consisting of the tit, T; the horizontal strain, e, and the horizontal
displacemesnt are depicted in Figure 3.5 (Schumann, 1988b),
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Bigare .5 Schemntle Model of the Various Elements of Mioing Induced Ground
Movements (Schuimonn, 1988k)
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The vertical displacement doss not gencraily canse damage to surface structures, but it can
have some negative effects on agrieultural land (e.g, drainape of surface water),

Differential movement can cause damags to surface sizuctures, In the case of dwellings, tha
extent of this damags will depend on the Foundation, the shape of the plan layout, the
number, size and span of the openings for doors and windows and the interaction between
the foundation and the soil, The sili, which Is the slops of the subsidence curve, may canse
damags to structures if such structures are situated such that part of the structure falls inside
the subsidence zone and part over the solid or inter-panel pillar, Excessivo tensile stralng
can causy cracks in pipes, roads and brickwork, while comprossive straing can rasult in the
buckling of structures such as pipes and rails, and compressive failure of brickwork or the
gub-base of roads.

333  Slmgle nenm extroction

The critical panel width necessary to cause failure of competent overburdan strata depends
miginly on the depth of mining aud the thickness of the competent strata. On relatively desp
collleries and in cases whert the pancls ats too narrow to causs tho overburden strata to fail,
the verfical subsidence will be the direct regult of the bending of such straty, To such caseg
the amount of subsidencs is relatively small in comparison to the thickness of the coal
extracted,

The affect dolerite sills have on the surface subsidence above high extraction panels can be
seen in Figurs 3.6, which compares local subsidence with th subsidence model developed by
the National Coal Board (NCB) in Great Britain (Schumann, 19882, b), From this figure it
can be geen that the panel widths in South Africa have to be much greater that in Britain for
gignificant subsidence to occur, In addition to this, the maximum amount of surface
subaidence is only approxinsately two thirds of that observed on Britsh Collieries, The
reason for these differences are entirely related to differences in the respective geological
conditions (Wagner and Schumann, 1991),

When the panel width exceeds the critical width, the goaf will extend to the surface and the
surface subsidence can vary between 35% and 65% (and even higher for challow mining
operations) of the total extraction height,

Chapter3  Strata Contrel Theorics in Conl Mining
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Yigare 3.6 Maximum Subsidence vs Panel Width to Depth Ratie for Slgms, Brandspruit
and Coalbrook Collleriea (Wagner and Schumirin, 1981)

Magsive, competent, sandstone beds in tho overlying sirata have a similar effect as massive
dolerite sills on surface subsidence, Becausc of the lower strength of the sandstons beds,
however, the differences are less prononaced in quantitative terms (Wagner and Schuman,
1991),

The bulking of the eaved material, which gradually fllls the void created by mining, is another
important aspect in the caving process. Oner the voids have been filled, the caved materdal
starts exerting some resistance to further stratn movement which increases rapidly as the
material becomes fnereastngly compressad by the weight of the ovetlying strata, The greater
the depth, the more the compression and subsequently, the sucface subsidence (Wagner and
Schumann, 1991), This process is deseribad by Salamon (1966) in his model of stratn
recongolidation. Tn this model the initial caving height, b, is given by:

b = [P'Fll(m ®

where: P, = a {actor describing the compressibility of the caved material,
ky = the bulking factor,
7 o the specific weight of the t.aterial, and
h = the extracted seam height,

Chapter 3  Strata Conirol Theorics in Coad Mining
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Another critical factor for the mode of sutface subsidence is the ratio of the extractioun
height, b, to the depth of mining, FI. Based on the value of the h/H ratio, Salamon and
Oraveez (1976) have defined three distincily different modes of subsidencs;

(#) Discontinvous subsidence (h/H > 0,1), Discontintious subsidence with major surface
cracks and in some caseg, prononuced surface stops bear the edge of the pancl, is
possible in the case of thick shallow seams,

{b) Subsidence with sueface eracks (0,1 » h/H > 0,01), When the seam thicknzss is more
than two metres and the depth below surface wes than 300 metres, subsidence with
surface cracks is commoo. The majority of the South African coal reserves fall into this
categury,

(¢} Smooth subsidence (h/H < 0,01), Surk:ce subsidence becomes less prorownced as the
fatio of b/H deereases (thin seamy, a* dopth). Damage to surface structutes regulting
from subsidence in the deep pold mines is virtually unknown (Wagner and Schumann,
1591),

‘When the miring span increases such that the sompetent strata break and caving progresses
wpwards, an initial Veshaped subgided-» wovgh results (Figure3,7), Thiz noa-uuiform
subsidence is referred to as ‘First Break’ und has bgen observed sbove supercritical panels,
te a depth of 160 m, where the h/FL ratio was in excess of 0,02, Subsidence above the
remainder of the panel is reduced ‘% approximately 70 to 80 per cent of the initisl peak
subsidence (ses 7}, :e3,7), Tis promounced ‘First Break’ does not occur above desp
workings with small extraction heights (Schumana, 1088s).

332  Mpltl-geam extrnetlen

The surface subsidence resulting from *second seam’ exivaction is significantly more than for
Mirst seam’ extraction. The results obtained above "second seam’ extraction. indicate that the
surface subsidence can vary between 64% and 96% of the total extraction holght of the
sccond seam (Schumann , 1987h), Thess larger subsidence factors are mainly the result of
the re-compaction of the overlying poaf and the reduced bulking when broken material
caves, ‘The transverse troughs which resulted from multi-seam extraction at Sigma Collicry
are shown in Figure 3.8,

Chapter 3 Siraln Conirol Theoriex in Coal Mining
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333 Subotdence prediction

Until recently the use of simple semi-empirical relationghips was the only praclical mems of
predicting subsldence above high extraction panels, The presence of the competent heds in
the overlying strata and the relatively shaliow mining depth could not b handled by
subsidence models developed overseas.  Attempts to develop mumerieal models were alsy
med with Imited success. Schumonn and Hamenstadt (1989} overcame ihese problems by
adop’ing u two-step approach to simulate surface subsidence above ligh extraction panels.
The principles of this approach are shown in Figure 3.9,
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Figere 3.9 Two-step Subsidence Simulatlon due to Incomplete Closure of the Edpe Zone
and Larger Closure In the Central Zone (Wagner and Schyminn, 1991)

Chapter3  Strata Conirol Theories it Coal Mining

s



58

The first step in thig approach consists of modelling the effects of the strong competent beds.
These competent beds tend to overhang tho extraction area thua peeventing or minimising
atrata caving along the edges of the panel. The second step in the approach is the modelling
of subsidence in the contral part of the panel, The clfects of the two simulations are then
atdded to form a composite subsidence trough,

334  Monltorlng of snrince subsfderes

The purpose of subsidence munitoring surveys L the determination of spatial positlons
(xy:7) of a large number of points situated above and adjacent to the verdceal peojection of
an underground extraction panel at certain time Intervals (Schumann, 198%), The results of
subsequent surveys ate compated to the inilial survey in order to compute horizontal and
vertical displacements and derive filts and straius.

Schumann (1987a) recommends that ono longitudinal and several transverse lines of
monitoring pegs be set out abs. the panel. These lines should extand beyond the projection
of the panel area by a distance ranging from approximately 30 m to 60 m (0,5 to 0,7 times the
depth). A peg spacing of 10 m 1 recompiended for 5 mining depth of more than 100 m ond
7,5 m for a minivg depth of less than 300 m, The details of subsidence moiitoring, including
standard deviations, .. zzor imits and computation, is described by Schumann (1989),

34 Applicotion of (e Models/Theory *a practles

The validity and applicability of the theory can only be dotermined by analysing experiences
in the real production situation,

1

In the following three chapters (he applieation of plliar and rib pillar extraction on the
various collicries are diseussed. T many of the problemy and/or succssses experionced, the
validity of the theory is proved or verified,

By unalyaing the practical expericncs of the varlous mines and combinitg it with the theory
and research Sndings, deslgn guidelines, which are practical and euhsnce gafoty and
productivity, are compited,

Chapter 3 Strata Control Theories in Coal Mining
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CHAPTER 4

CONVENTIONAL PILLAR BX1RACTION

4.1 Introductlen

A detailed gtudy was mado of the convenlional pillar exiraction methods practiped in Siuth
Alfrican collieries, Of the cipht collieries practising sonventional pillar extraction, seven are
situated in the Northern Natal coalficlds and one in the Bastern ‘Transvaal coalfield, These
collieries arc;

Savmore Colliery, which ly situated in tho Bastern Transvaal Coalfieid;

Vryheld Coronation Coltiery, Alpha Anthracite Colliery and Hichane Calliery, all situated in
the Vryheid Coulfield;

Durben Naviration Collieries and Kilbarchan Colliery, both sltuated in the Klip River
Coallield;

Weigedacht Exploration Co, Lid,, situated in the Utrecht Coalficld, and

Zululand Anthracite Cellicry, which is situated in the Zuluiand Coalfield,

‘The objective of this chapter is to discuss the varions varaction methods used on the vasious
mines, The - draction methods common te soveral collivrics are discussed. 13 wel! as the
reasons why some collieries deviate from thess common practices, The experience gained by
the mines during the years of pillar oxtraction is incorporated in tiie guidelines in Chapter 7.

In additional to the mining methods, the labour complement, production equipment and
ventilation Inyouts is also deseribed briefly,

4.2 Pilsr Entraction @itk Mandgoet* Methods

Piltar cxtraction wsing *handgot’ methods hag been practised in South African eolllecics for
many years, Although most of the collieries have mechanised their stooping operalions, a
few collicries still ensploy handloading mining methods. The method is presently mainly
used in Natal collicrles where the thin seams make cost effective mechanisation of stooping
operations at prescnt extremely diffioult. Handpot pillac extracdon is practised by Veyheld
Coronation Colliety, Hlobane Colllery, Alpha Anthracite Collisry, Durban Navigation
Colliery and Welgedacht Exploration Co. Lid,

A
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Oue of the main advantages of handgot pillar extraction, or stwoping, is that it can be
practised in the seams wheee floor heave impedes the use of moechanized equipment.
Although labour intensive, it is presently still ong of the most economie pillar extraction
practices employed in thin ssams and where floor heavs is a problem,

The total annual tonnage produced by underground mining methods is Mouth African coal
minez from 1987 to 1990 remuined fairly constant, but the tonnage from handgot pillar
extraction increased from 455 000 tons to 596 000 tons during the same periad, which is 0,8%
of the total zoal mined by undergronnd mining methods. This is mainly dus to the increased
demand and export of anthracite,

421  Tloor heove
Tu general, floor heave (see Figurs 4.1) van be attributed to threa reasons (Ozan, 1991);

(8) High horizontal stresses, causing the floos to fail in tenslon, Under high horizontal
stresges, the floor typically fails under tension with eracks starting in the Hoor surface
advancing vertically towards the lower Jayera, This ig the main season for the floor
heave experienved in the Natal collieries.

(b) High vertical stresses, cavsing pillar punching, This occuts when a pillar is relatively
simall and stiff, the roof strata competent and the floor strata weak, In such cases the
stresses transferred by the pillar can excoed the ultimate-bearing-capacity (UBC) of the
foor which cavses the floor failure and consequently pllar punching.

Figera 41 Floor Heave or ‘Creep’

Chapter 4 Conventional Pillar Exiraction
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() The cdstence of swelling rock in the floor etrata, Certain clay minerals, particularly the
montmorillonite gronp, expands when cxposcd to waler. When these clays are present
in the floor strata, the presence of wersr causes the clays to swell and this leads to floot
heave, '

In tho Notthern Natal collieries, floor heave occurs mainly in the Gus seam, overlain by
magsive sandstones, at o depth greator than 1350 metres, In arens deeper that 200 m, the
floor heave is 50 severe thot the floor pushes against the roof. The occurrcuce of this floor
heave in the Gus searn also affects the eoal seams below, resultlng in poor roof conditions in
the Upper Dundas and, to a lesser extent, in the Lawer Dundas (Figure 4.1),

422  Development for plline extinction with haadpot methodn

The primary, sccondary and panel development on these eollieries normially consist of five to
nint ruadways and the bord widths and piliar sizes vary with depth end jocal strats, conditions
and behaviowr, The primary, secondary and panel development in the majority of the
collieries have been completed many vears ago, but the pillars formed by thege developments
are only being exiracted now,  As a result of the differcat pillar sizes, which vary with depth,
a nuber of different pillar extraction methods have to be employed,

423  Stooping anglc and pillar extraciion seynence

Diiferent stooping configurations have boen iried, but the 45 stooping lins method was
found to be the most effective and is cucrently most commonly vzed (Figuro 4.2). A
complete row of pillats iy extracted ot a time,

At the Utrecht Section of Welgedacht Exploration, where the average mining depth is 200 m,
the was of the 45° stooping line in the ning-road pancls rcsulted in very long tramming
distanices, Yn order to reduce the ramiming distanes, the stooping line was changed to 30°
(Figuro 43).

Chapierd  Conventional Pilldr Extraction
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Another exception to (he 45° stooping line occurs at Vryheid Coronatlon Colliery and
Hlobane Coltiery. At these two collierics the oceurrence of floor heave necessitates that the
pillars are extracted in a straight lne (see 4.2.4 (1)),

42.4  Pillar extrnction methods

The pillar extraction methods most commonly used in the handgot sections, are the open-
end-lift and split and quarter methods, Both square and rectangular pillars ary extracted,
The sizeg of the square pillara vary from 6 to 30 metres, and the rectangular piflays vary
from 30 m x 9 m to 30 m 225 m.

Although the basie coneepls of the various exiraction methods arg the same, the detailed
Jayout and extraction scquence on different mines can vary considerably, A few of the more
common extraction methods for square and rectangular pillars will be deseribzd, In all the
extraction methods, the snooks (pillar remnants) that eannot be extracted are sestroyad,

4] Where floor hetve in a problem

When floor heava has ocenrzed in a panel, the open end lift extraction method iz used for
extracting the pillars, The main travelllng road and tramming haylage have to b cleaned
out and re-suppotted where necessary, A skirting is cthett developed by open end lifling,
adjacent to the splits closed by floor heave, to the pillars on the outer Hmits of the pancl
(Figure 4.4). This mining method dilfers from the conventional pillar extraction in that tho
pillars are extracted in a straight Jine ncrnss the panel and not in & 30° or 457 angle,

Another difference iy that all the pillars 1 » row nre not extragied simultaneously (the
standard practice in conventional pillar exteaction) as the gradual decrease of the pillar size,
and the tbme taken to do this, encourages floor lieave to ré-oceur, Instead, only two pillars
ars extracted at a time, starting with the two outer pillars and wotking towards the tentre of
the pansi Ths pillars are extracicd as fast as possible brfore Roor heave can ocour sgain
and impede the extraction,

Chaptzr 4 Conventional Piller Extraction



//AV/////A’G“F///////////AV/

éN END ur-*[mﬁ /
™o . I|. ..... 1 ’/’
i R N : H /’/
1 #
18 - ~= | :;",
E BKIRTING {/,’/
g_.-"\\...,_.a/\_....z S SR SR k........_/
& R ..»""-—- e CREEP wrMms oo we b M -/,’
A e e g e e e *v__ 7
1:‘:)-' I s “om .
34
T | (L V. .
1 e - S [, S
__,.,—N...... PR N, NP ..-A-...,...w'b-....._.-&‘._.ﬁ
i s s ""“'—‘./\--"a"“’_,/\_:; o
T4 0im

Pigore 4.4 Skivtiag of Piltars where Floor Heave ls a Problem

The split and quarter method is not used whan extructing these pillars as the creation of the
smaller pillars cocourages foor heave to form again, Bach plliar must be asspssed and
exiracted in the safest possible way, Starting from tho skirtings, the open cod lift method is
used to eatract the pillars, The order in which the 4 m wids open end lifts are teken is
depicted in Figure 4.5. A Z-row, and on some mines a 3-row, breakerling with headboards,
o tapes ini poor roof conditions, is installed adjacent to the poaf as the miniog progresses,
The inglallation standards are the same as for the other methods. A single row of dmber
peops s inrtalled, 1,0 e apart, aloug the solid side of the pillar. ‘This is repeated for every Lift
after which the previous breakerlines are exiracted,

The opsn end lift method is used by Vryheld Coronation Colliery and Hicbane Colliery to
extract pillars in the areas where floor heave is experienced.

Chapier 4 Conventional Pillar Extriction
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Figore 4.5 Open End Lifting where Floor Heave is a Problem

No snooks must be Ieft. Snoaka not only lead to a loss in reserves, but thoy also ean prevent
the overlying strata from failing, If the roof strata docs not fail, a part of the additforal load
of thig roof strata has to be supported by the pillars on the goaf edge. The higher stress
regulting from this, in addition to cavslng problems dusing pillar extraction, encourages
floor hieave to re-necur,

If 3 snook canniot be extracted with the normal extraction method, it must be destroyed by
drilling and blasting to prevent the load being transferred to the remaining pillars,

Chapter 4 Conventional Pillar Extraction
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)y Where foor heave is mot & problem

(n} Large aguare plilary
Open end Uit

Pillar extraction normally commences at the limits of the panel, “The stooplag angle may
vary from ono mine to another, or even from one area to another, and can be 45°, 30° or
éven an arrow head,

The first open end Lift extraction method employed is similar to the method described in
Figure 4.5, but without skirting the pillar, 'This method is normally used where the roof
consists of competent roof strats, The method i used by Viryheid Coronation Colliery,
Durban Navigation Collierles and Alpha Antheaite Co™ zry,

In the second open end lift extraction method employed the pillar i split by means of 8 4 mx
10 5 m wide development through the centre of the pillar, When this development breaks
through into the goaf, a breakerline consisting of two or threo rows of timber props is
installed, Open end lifts, starting at the top end of the pillar, are taken back-to-back from
this development (Figure 4.6). A 2-row to 3-row breakerline is installed adjacent to the goaf
as the 1t sdvances and  single row of timber props, 1,0 m apart, is ingtalled along the solid
pillar side. This is repested for every lift and the previous bisakerlines are extracted, This
method is often used in areas where robf problems are experienced or where the roof is less
competent,

This extraction metliod is used by Hiobane Colliery, the Utrecht Seciion of Welgedacht
Explozation, and by Alpha Anthracite Colliery under poor roof conditions where the long
open end lifts - djacent to the goaf proved to be risky,

Chapier4  Conventional Plllar Extraction
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Figare 4.6 Open End Liftlag in Large Pillars - Second Method

Split and quarter « open eod I

N\

The pillar is split into four smaller pillars by 4 m wide developments (Figure 4.7). Theso
smaller pillars are then extracted by means of open cod hfting from these developments. A
typical split and quarter - open end Hit is depicted in Figure 4.7, but tho sequence in which
the lifts are taken vary from ming to mine, The installation of breakerlincs is slmilar to that

described In the meihod above.

This is also one of the extraction methods employed by Durban Navigation Coilieries and

Viyheid Coronation Colliery,

Chapter4  Conventional Pillar Extraclion
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Flgare 47 Esuwtion of Large Squate Pitiars by mesns of Spilt and Quecier - Open End

Lin

Sylit aud fendee

The split and fender mathod (Flgure 4.8) is used by Kilbarchan Coillery and by the Utrecht
Section of Welgedacht Exploration Co, Ltd, Breakeslives BL1 to BL4 baving been installed
when tho previous pillars were extracted, the pillar is split in two by a 5 m wide development
after which breaketline BLS i installed, The two ribs, approximately 9 m wide, are then
extracted in the scquence shown in Figure 48, When the various Hifts (2, 6, ete In
Figure 4.8) hole throvgh into the goaf, broal:oriines are installed. When the last snook (17)
has been extracted, breakerlines BLE and BL7 ars lustalled,

Chapter4  Conventional Pillar Extraction
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Figora 4.8 Extrretion of Lorge Square Pillars by meuns of Split and Fender

() Exirnetlon of smnil sguore pillsen

The oped end lift method vsed for extracting amall square pillars at Veyheid Coresation
Colliery {2 depicted bn Figure 4.9, Breakerlines BL1 to BL4 were installed when the previous
line of piflars was extracted. The two open end lifte; 1 and 2 in Figure 4.9, are then extracted.
Breakerliney are installed adjacent to the goaf and the solid pillar, the method of installation
being similar to that deseribed for the large pillars, The final pillae (3) is then extracted and
the breakerlines ure removed,

Chapter4  Conventlional Pillar Extroction
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Flgure 49 Extraction of Smoll Square Pillars

/
,/.,//

|

ogg
Uiooo

-
B~

() Extraction of rectamgulsr pillazs

The pillars are normally aplit into two smaller pillars, by o 4 m to 5 m wide development
through the nontre of the pillars, which are catracted by one of the following two methods:

Split - open exd iifi

After eplifting the rectangular pifl wr into tvo amaller pillars, tho two suallet pillars are
eatzacted by means of opant end Hfts, The mothod used g similor to that depicted for amall
square pillars in Figure 49, This method is used at Durban Navigation Colleries and at
Vryheld Coronation Colliery,

Split and fender

The split and fender me hod used at Veyheld Coennation Colliery when the dimensions of
the square pillars after splitting are too large to extraet by open énd lift as deseribed ahove, is
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depicted in Figure 4,10, Breskerlines BL1 to BL4 were installed whon the provious line of
piltars wng extracted. The pillar s split into two fenders by n 4,8 m wide development
through the centre of the pillar afier which breakerling BLS is installed. A 4 m wide split (1
in Figure 4,10) i then taken, creating a 3 m wide rib (2 In Figure 4,10) which is extracted
next, The remainder of tho pillar is then extracted i the sequence shown in Figure 4,10,
Breakerlines are installed when the fenders break through into the goaf and the previous
breakesline i remaved.
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425 Production equipment

The production equipment (or 4 handloading section consists of coaleutters, electric drills
and tubs for tramming the coal. The typical equipment for a handloading section is:

AB 13 Couleutier
Electric deills
Tubg
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42,5 HMaopower

The number and composition of the operating crows differ significantly from mine to mine,
Hundgot stooping is a labour intensive method ag the coal is loaded by hund into tubs which
have to be pushed manually to the endless rope haulages, In addition to this, the larpe
nnmber of timber praps that have to be installed also require more labour than fn the
mechanised secticng, The following is a typicul operating crew for a handloading sections

Miner

Team Leader
Blectrie drill aperators
Coal cuitar operator
Timber

Loaders (6 span)
Trammeas

Widch operator
Track attendants
Ventilation
Stonedust

Miner's assistants
TOTAL PER SKIFT

Bl » = 9 0 o BB 1o o 1 o=

4.3 Pillar Extroetlon with Mechinnlaed Conventlonal Bquipoant

Pillar extraction with handgot methods bas been practised in South Alrica since early in the
contury, but the first trial with mechanized pillar extraction only took place in the late Sistles,
Mochanised conventional pillar extraction has since been practived succesafully on many
collieries, but unstable or friable roof ronditions made it hazardons on somo collieries.

Thee production ouiput from mechanised conventional pillar extzactlon has increased from

2,23 million tons in 1987 to 3,25 million tons in 1990, which is only 1,8% of the (otal coal
mincd by underground mining methods, ‘The increase of one million tons per annum is dus
to incrensed nufhracite production from the Northern Natal eollleries,
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The following seven collierics all practice pillar extraction using conventional mechanised
equipment; Savmore Colliery, Viybeid Coronation Colliery, Hlobans Colliery, the Durban
Nuvigation Collicries, Kilbarchan Collicry, Welgedacht Exploration Co, Litd, and Zululand
Anthrycite Colliery,

434  Developeient for plilar extractlon sl mechynised conventional equipment

The number of roads {n the primary development on the different collieries vary between six
and nine roads, The bord widthe and pllar sizes vary with depth and local strata conditions
and hehaviour, ‘The development is usually also dong by conventional mining methods,

The secondary development also consists of six to nine roadways. The bord widths and pillas
sizes also vary with depth and focal strata conditions and behaviour, On some collierisg,
however, the pilfar extraction panels are developed directly from the main dovelopment,

The number of roads in the pillar extraction panels vary from six to twelve, depending on
factors such as the depth below surlace, strata conditlons, pillar slve and the extraction
method, The factors alfecting the panel layout ate discussed in Chapter 7,

432  Steoping anple nnd pillar gxtraction sequence

The majority of the collierles practising pillar extraction with conventional mechanised
equipment use the 45° stooping fine, At Vryheid Coronation Colliery and Welgedacht
Exploration, the use of the 45® stooping ling was not successful, and the stooping line was
changed to 30° In the westein area of the Vreds Section at Viyheid Coronation Colliery,
the weak roof strata resulted in unstable working conditions with the 459 stooping line,
Theae problems were significantly reduced by extracting every second pillar, 'This gave rise
to the 30° stooping lins at Vryheid Corenation Colliery (Figure 411}, At the Utrecht
Szetion of Welgedacht Exploration floor hieave was expericnced with the 439 stooping line
and the angle was alse changed to 30° by extracting two adjacent pillars, similor to the
handgot method depleted in Figure 4,2, In addition to this change, practical experienee at
Woelgedacht Exploration proved that floor heave decreased when the row of pillars behind
the pillars being extracted are pre-split, Although this works in practics at Welgedacht
Bxploration, it is contrary to the cxperience on some other mings,
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Figwre 4,101 The 30° Stooping Line at Virybeld Covonation

At Hilobane Colliery and Alpha Anthracite Colliery un arrov ead configuration: is used
{(Figure 4.12), This stooplng configuration, however, iz ot recoramendsd due to the high
stresses on the fagging pillars, In all the methods mentioned ahove, a complete row of pillars
is extracted al 4 time,

Savmore Colliery conatitutes one of the cxceptions in conventional pillar eatraction as a
complete row of pillars is extracted in & straight line actoss the panel (Figure 4,13). This is
possibly a8 a result of the very compeient sendstons roof coupled with the extraction method
of pillar splitting with fender destruction.
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Flgere 4.12 The Arrowhend Sequence used at Hiobane Colliery
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Figuee 4,13 Straight Line Extractlon ot Savmoie Colliery
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433  Plilor eztraction methods

Apart from the double stall seraper method used at Hlobane Colliery and the pillar splitting
with fender destruction method nsed at Savmore Colliery, the basie concepls of the various
extraction methods are very similar, Despite this similarity, the detailed layout and
exttaction sequence on different mities can vary considernbly, depending on the pillar size
and shape and the mining method used. ‘The pillar sizes on the different mines vary from
6 m to 25 m squarg pillara,

In addition to the two exceptions mentioned above, a few of the moré common methods
used for extracting plilars of different sizes will be discussed briefly,

()] Futraction method nivd gupport for 25 1 sqaaes plliara

Two basic methods are used for eatracting pillars approsimately 25 i squace, The Hest
method, vsed at Kilborchen Colliery, Vryheid Coronation Colliery snd Welgedacht
Enploration, involves splitting the pillars into two fonders by 4 Sm wide development
through the centre of the pillsr, In the second method, presently used at Durban Navipation
Colliery, the pillar is split into three 5t wide lenders by two 5 m wide developments,

Methad One

A mudified 'split and fendey’ system is used to extract the pillars (Figure 4,14), Breakerlines
BL1 to BL4 having been installed when the previous row of plllars was extracted, the pillar is
then split into two 10 m wide ribs by a 5m wide development through the ceatre of the
pillar. Breakerling BLS is Installed when this development breaks through into the goaf,
The two 10 m wide ribs are then extrueted in the sequence shown in Figure 4.14. When the

various lifts break through into the soaf, bieakerlines are installed and the previous

breakerlines are extracted, When the last snock (17) has been sxieneted, bronkeslines BL6
and BLY are ingtalled snd the breakerlings remaining in the pillar are extracted,
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Yipure 434 Extraction Method for *5 m Pillars at Welgedacht Exploration

Method Two

Breakerlines BL3 to BLA having been installed when the previous line of pillars was
extracted (Flgure 4,15), the first 5m development (1) is comménced leaving a 5 m wide rib
between this development and the goaf When this devclopment has progressed
approximately half-way into the pillar, the second development is started (2). When the firat
development breaks through into the goaf, breakerline BLS is installed, The fivst
development through the b (3) i3 then taken, breakerline BLG is installed and the
remaining snook (3A) is blasted and loaded. The second dewslopment (4) i8 then taken and
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breakerline BL7 is installed, The remaiving anooks, 4A and 4B, are then blagted and loaded.
The same procedure 15 then tepeated for the rest of the pillar.
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Figore 4,15 Esxteaction Method for 25 m Piltars at Davban Navigation Colllerles

(111] Extenetion method aud support for 14 = ¢o 20 m ogmare plilars

Pillar extraction commendes when the development of the panel reaches the panel Emits,
The pillar is split by means of a Sm or 6 m wide development through the eentre of the
pillar, The two remaloing rbs ure then quertered and the remaining snooks are removed
(Figure 4.16), Breakerlines BL1 and BL2 } aving been installed when the previous pillar was
removed, the development (1) is then driven throuph the centre of the pillar and breakerline
BLS3 ig installed, The right hand pillay is then split by a 6 m wide development (2) after which
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breakerling BL4 is iustalled, Pillar 3 is then extracted, breakerline BL3 is instalted and
breakerlines BL3 and BL4 are extracted, Afler the remaining pillar (4) has been extracted,
breakerline BLG s installed and breakerlines BL2 and BLS are extracted, The left hand rib is
then split {5) from the existing roadway, breakerline BL7 is installed and the two remaining
pillars, 6 and 7 are extracted,

Variations of this extraction method arc used »i Hlobane Colliery and Vryhoid Coronation
Cn]]icry‘.
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Figare 4,16 Extractlon Method for 14 m to 20 m Square Plllars at Hlokane Colliery

At the Lecunck Section of Vryheid Coronation Colliory, problems are experienced witis flnnr
heave if the extraction method described above is practised, This ls mainly due to the fact
that the pillar ig split into two fenders and the first fender is extracted completely before
extraction of the second fender commences, When this meihod was prectised, the stress
in¢rease on the seeond fender gave rise to floor heave, Lertain alterations were made to the
extraction sequence to prevent floor heave, Although the pillar is still split into two fenders,
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the extraction sequence was altered 10 reducs the stress build-up in the second fonder
(Figure 4.17).

The 15 m square pillar is split into two 5 m wite fenders by a 5 m wide dovelopment through
the centre of the pillar. Instead of splitting and quertcring these two fendets as with the
previous mothod, they are extracted as [fts in the sequence shown in Figure 417, The
installation of the breaketlines is similar to the extraction method diseussed above, When a
new breakerline 1s ingtalled, the previous breakerline is removed,
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Figore 417 Entraction Miethod for 14 m to 20 m Square Pillars at Vivheid Coronatlon
where Flooe Heave 15 o Problem
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(1)  Extroctlon ethods and support for the 9,5 = square pillnrs at Saymore
Colllery

Extractlon method in the Abfred Scam

The extraction method i depicted in Figure 4,18, The breakerlines consist of two rows of
1,8 m mechanical anciior reofbolis with headboards, instalied a maximum of 1,0 m apart in
buth dircetions, snd not wore that 1,0 m from each ribside, Single timber props are installed
between the two rows of raofbolis te act as ‘policonien’ (see Figurs 4,18). A 5,5 m wide split
is developed through the contro of the piliar, leaving two 2 m wide snooks or either side of
the pillar, Two 1,8 m mechanical anchor roofbolts are installed not more that 1,0 m from
each ribside and 2,0 m from the ncxt row. Whea the split holes through iato the goaf, the
two 2,0 m wide snooks are destroyed belore extraction of the next sow of pillars commences,
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Figure 4,18 Pillar Extraction Method st Savmore Colliery « Alired Seam
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Extraction method ln the Dundas Seam

When pillar extraction commenced iu the Dundas Seam, it was desided to optimis:. the
percentage of coal extrocted from the pillars, As the fenders created in the extraction
wethod described above were too narrow to extract safely, the extraction method was altered
to that deploted in Figurs 419. The breakerlines also consist of two rows of roofholt
ingtalled to the dimensions descitbed above, 'The 5,5 m wide split is developed from corner
to corner, and when ibe split has been completed, two additional cuts are taken from the two
resulting swooks (Figuee 4,19), after whick the remaining snooks are destroyed, The
roofoolts in the spiit are also installed to the dimensions deseribed above, The use of this
exiraction method inereased the perecntage extraction by approximately 1095,
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Vigrra 419 Fillar Extraetlon Method at Savmorg Colllery ~ Dueidng Seam

@iv;  Doeble stall sexaper tacthiod vned ot HMlehane Coliiery

Five double stall seraper sections are smployed in the Gus Searm at Hlobane Colliery in seam
helghts that vary from 0,5 m to 1,1 m, This min! vz system was developed to extract veserves
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in the Gus Scam where the scam height was too low to employ other mechanized methods
without a fair amount of dilution.

Pnin panel developraent

The main panel development consists of three roads, the centre road being the main
travelling/bult roadway. This roadway is mined 6 m wids and the roof is brushed to 1,8 m,
The two companion roads aro mined 5m wide at seam height. The pillars in this
developtuent ure mined at 204 centres. The splits betweea the main and companion
roadways are § m wide and are brushed to 1,4 m to secommodato the winches and ramps.

The winch is placed in a split as close as possible to the conveyor tail-end, and tracks are luid
as close as practieable to the brushed face (Figure 4.20), The brushing of the main
travelling/belt road lags behind the main devalopment to allow for largs stone to be hand-
packed underground,

Secondary panel development

Double stalls, 10 m wide, ave develuped on either side of the main panel develfopment a¢
right apgles to the main developmont {Figurs 4.20),
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Flgare 420 Secondary Panel Dovelopment - Double Stull Scraper Method at Hlsbose
Colllery
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These stalls are doveloped at 20 m centres and the splits nte daveloped 4 m wide und at 14 m

centres, This results in 10 m square pillars, Ten metre wide burrier pillars are left between
the double stall pancls,

Mintug method

The main difference belween this and the normal conventions! mining method is the
cleaning equipment used, A double-drum winch is used to pull a scraper for clenning the
wotking faces, ‘The bends are nepgotiated by means of *round-the-corner® pulleys, and ramps
are built over the conveyor belt for the coal to be seraped anto the bek, A schematle layout
of the system i given in Figure 421,
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Figore 421 Schematle Layont « Double Stall Seraper Meh o at Hlobane Colllery
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Estraction method

Pillar extraction commences when the development of the firat double stall reaches the pancl
limits. The 10 m square plllars arc split by 6 m wide roadways, thus leaving 2 m wide crush
pillars on elther side, As the pillar extraction retreats, the barrier pillar betwesn the stalla Is
stooped by devzloping splits 10 m wide, leaving 21 wide crogh pillars on either side
(Figuro 4.22).

The stalls are thus ctocped on an advancing method, leaviag the two 10 o pillars adjzeent to
the main panel development and the pillars in the main development intact, When the sinlly
have been stooped to the lmits of the pancl, these «entro pillars are stooped on the retraat
employing the same mining niethod,
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Figore 422 Double Stall Scmper Extraction Method #t Hlohane Colllery
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434 FProdnction equipment for mechnaniaed pillar extroction

Although the type of equipment varivs from mine to mine, the numbers yemain faicly
constant. The main difference is in the transport cquipment, where shuttle cars, scoops or
load haul dumpers cun bo wsed, The Lypical production equipment for a section is:

3 Scoopa -~ (type S and S 488), or

Shuttle cars, or

Load haul dumpers

Coaleutter

Roofbolter

Gathering arm loader (if shuttle cars are used)
Electsie drills

Fecderbreaker or bekfeeder

= R e e e

45 ' Maecporer

Tha number and composition of the operating crews differ significantly from mins to ming,
The number of men in the crows vary between 22 and 35, but following is a typical operating
crew for a conventional pillor extraction section;

Mirer

"Team Leader
Luosder Operators
Coul cwiter operators
Roofbolt operators
Eleciric drill operators
Shuttle car operators
Mizies’s assistanty
Barring attendant
Dulfloaders
Tally/tip o :tendant
Veatitation attendant
Timber

TOTAL PER SHIFT

Bl = » 02 ¢ 0w 5 & 2 & = -
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44 Percentage Extraction

The estimated percentage in-pancl extraction on the various collieries differs vastly. It varies
from 58% at Savmore, where the plllars are split and the ribs desteoyed, to 95% at some of
the epllicries praciising handgot pillar extraction

4.5 Sopport
451  Bystemntie snpport

The systemalic support on the various collipries diifers vastly as it depends mainly on the
composition, competonce and behaviour of the overlying . Jof strata, On a snumber of mines
the sandstone roof 1s so competent that no sysiematic ~wpport is insta) 1 whilst a dense
roofbolt pattern 1s necessary on others with incompetent shale and mudstone roofs,

432 PBreokerline support

The uso of breakerlives and fingerlines diflers fiom one extraction method to the next. The
patteri and types ars influenced by the exiraction method, behaviour of the overburden
strata and approved systematic support rules. During open end lifting in handgot pillar
extraction, the two or three row breakerlines forms a barricr between ke working area and
the goaf (Figurs: 4.6, 4.7 and 4.8). When mechanised conventional equipment s used, the
breakeclines prevent the goaf line from entering the working area (Figures 4.15, 4.16
and 4,17), The actual position of the breakerlines can also differ, At most of the collinries,
breakertins placed in line with the pillar dges (ser Figurc 4.14) have proved to be effective,
At Savmore Colliery, however, the brenketlines have to bo placed 2 m inside the roadway
(sce Figure 4.18) to prevent poaf overruns, The two types of breskerlines used in
coaventional pillar exiraction are thmber breakerlines and roaibolt breakerlines,

Thabsr breakerlines

The vast majority of breakerfines consist of timber props, Littls use has becn made to date
of hydraulic props mainly due to the mass of the long props in high scams and the possibility
of losing these in the goaf which would prove very costly.

Limited regearch was done on timber breakerlines by COMRO (Buddery, 1985), The aini of
the rosearch was to determine the maxdmum load currying capacity of the tmbers in
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breakerlines, Timber props of varying thickness, with and without wedges inserted, wers
tested in the laboratory, Underground tests wers done In pillar extraction seetions on two
collierics whers load cells were installed under a number of tmbers in breakerlines and
fingerlines,

A satisfactory correlation was found between the aclual failure loads of the laboratory and
site tests and the failure loads as predicted by the Rankine/Gordun strat formula,

The Rankine/Gordon formula is ag follows:

O¢. A
(i)

Legend: P © crippliog load in MPy
Oc = material constant (taken og 35 for timber)
A = gross-sectional area of prop (in metres)
a o constant {taken ak 1/3000)
{ = length of prop (in mctres)
k = the square root of the least racdius of gyration (D/4)

P &)

The following is » summary of the laboratory and site tests and the application of the
formula;

0] The diameters of individual props wers found to vary between 102 man and 202 mim
and the mining helpht varied between 2,7 m and 3,0 m, If theso figures are ingerted
in the Rankine/Gordon formula, the sverage load a breakerline of 8 to 10 props
can withstatd, varies betweon 89tons and 308 tons (Buddery, 1985), ‘'This
correlated well with the loads measured oi site and in tho laboratory,

(i) It was found that in practics the load on individual props in the breakerlines seldom
exceeded 12 tons before s new breakerline was installed and this breakerline was
removed. T the majority of cases the average load was ag low as 5 tons when the
breskerline was removed, Where individual props were left as 'policemen’ when
the breakerlines were removed, loads of up to 29,8 tons were recorded befors the
prop failed.
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(i)  The use of wooden wedges resulted In much larger deflection before the maximum
load was iransmitted to the prop and failure oceurred, During laboratory tests, the
average deflection before fallure for 2,8 m long props was found to be in excess of
50 mm lor props with headboards as compared to an average of approximately
24 mm for props without huadboards,

(iv) Once the first signs of failure have been recorded, the load bearing capacily rapldly
drops to zero.

Roofholt breakerlines

Roolbolt breakerlines are belog used successfully at Savmore Colliary {(conventional pillar
extraction) and Middelbult Colliery (pillar extraction with continuous miners), both with o
competent roof strata and at Kilbarehan Colliery (conventions! pillar extraction), which has a
luminated, mneompetent suof strata. A nc.aber of the cther collieries using mechanised
equipment for pillar extraction s also planning to cxperiment with roofbolt breakerlines,
Although reofbolt breakerlines differ fron timber breakerlines as they function aecerding to
the suspension or beam formation theory, they have to date been successtul in preventing the
goaf from extending into the working arca in the collleries where they are used,

The maln advantages of roofbolt breskerlines are (MeCoshi et al, 1989):

1)) The quality of installation and its offectiveness are independent of the extraction
height.

(i) The breakesline can be siled to suit strata contro! requirements,

(i)  Tho roofbolis provide addiional stiffness to the roof,

(v)  The breakerlines can be installed before pillar extracon commences, If it is
installed as part of the systematle support system during the development phase, it
rosults in instaliation time and cost savings,

4.6 Ventllation

The number of roadways utilised as rotuen airways differ from mine (o mine and depend on
the total number of roads in the pancl and the exteaction helght. The veatilation layout of a
typical ning-road section i3 depleted in Figure 4.23,
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Figore 4.23 Typical veatilation luyout « 43° stooping lins

On some collierics, where a pancl conslats of six roads, only one veturn airway is created oo
one side of the panel, but where & panel consists of a lacge numbet of roads, a5 many a3
three roads on cither side of the paned are used as returs airways. The air enters the section
via the intake airways and is coursed along the pillars being extracted to the relurn atrways
with the aid of ventilation brattices,

4.7 Conclualons

Although various methods are used under different geological condifions and at varions
depthis, the methods used under comparable conditions are fairly similar,

This similarity, with algo verifies the validity of the strata copirol and mining theorics, makes
it possible to compile gencral guidelines that can be applied In practice.

In the next chapter, the experience gained in extraction pillars with continous miners ars
discugsed and annlysed,
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CHAPYER 5

PILLAR EXTRACTION WI'TH CONTINUGUS MINERS

5.1 Tnizoduction

The first experiments with pillar extraction wsing mochanised conventional squipment
proved suceessful on somé collieries and unsuccessfvl on others. The problems experienced
with conventional pillar extraction on Sigma Coiliery and Coalbrook Colliery were mainly
due to weak roof strata and the presence of thick, competent dolerite sills in the overlaying
strata. The first experiment of pillar cxtraction with continuous miners wis condueted at
Usutn Colliery in the late Seventles. Since then various mines have been using continuous
miners in pillar and rib pillar extraction, The varione pillar extraction methods and pillar
extractions sequences on all the collieries using continuous miners have been studied. These
coltierics, sltuated in all the major coatfields in Sonth Auica being mined at present, arc:

Middelbult Colliery, Twistdraai Colliery, Bosjesspruit Colliery, Brandspruit Colliery and
New Denmark Colliery, oll situnted in the Highveld Coalficld;

Usntu Colllery, Savmore Colliery and Ermelo Mines, o'l situated in the Hastern ‘Transvanl
Coalfield;

Longridge Colliery, situated in the Kiip River Coalficld;

Greeuside Colliery, situated In the Springs-Witbank Coalfield;

Hlabane Colliery, situated jn the Veyheid Coalfield;

Zulufand Anthracite Colliery, situated in the Zululand Coallield, and

Sigma Colliery, which i3 situated in the Veresniging-Sasolburg Coalfield,

The objective of this chapter is to discuss the varlous extraction methods and extraction
sequences used oi the various mines, The extraction methous common Lo several collieries
are discussed as well ag the reasons why some collieries deviate from thess commion
peactices ot 1se different methods. The experience gained by the mines during the years of
pillar extraction is incorporated in the guidelines in Chapter 7,

In addwsonsl to the mining methods, the Iabour complement, production equipment and
veatilation layouts are also described briefiy,

(;,
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The annual tonnnge produced by plllar extraction with contimuons miners inereascd rapidly
in the eariy Eighties, but fattened off in thie latter hall of the decade. In 1989 approumately
12,3 million tons, which represents 1196 of the total coal mined by underground methads,
wers piodnced with this gilaing, s.ethod,

52 Development for Pilloe ¥ stractlon witl Continnons Miners

The tutiber of roads in the primary development on the collierics practising pillar extraction
witls continuous mirerq differ vastly, It varies from double eatries, one for intake and one
for return ventilaticn, consisting of six to eight roadwaye, to single entries consisting of six to
thirteen rovdways (Beukes, 1989h), The bord widthe and pillar sizes vary with depth and
loeal stepta conditions and behaviour, The development is done by continuous miner or
conventionsl mining methods.

The secondary development consists of five to thirteen roadways and I8 done by continuous
miner or copyentional mining methods, The bord widths and pillar sizes also vary with depth
and local strata conditions and behaviour, Whorever practical, the development is positioned
auch that piflar extraction panels can be developed on both sides of the dovelopment.

The runber of foads in the plilar extraction panels vary from five to thirteen, depending on
factors such as the depth below surface, strata conditions, pillar size and the extraction
method, The factors affecting the panel layout are liscussed in Chapter 7,

83 Stowping Angle ond Pillar Extenction Sequcnce

The angle at which stooping with continuous miners is practised will depend largely on the
behiaviour of the lowal strata and may diifer from mine to mine. Although the majority of ihe
collieries extract pillars in a steaight line, some coflieries find it nocessary to do so at an angle
of 4sol

The reason why pillars can also be extra~ted in a straight line when using continuous miners
is that unly ope pillar is extracted 2t a time, The pillat being extracted is thus partisly
protected by the adjncent pillacs (Figure 5.1), As can be seen from Figure 5,1, the pillar
belng eatracted is partlally protected by pitlars 1 and 2. As the extraction Js concentrated on
oly one pillar at a time, cach piilar is extractc.” in a relatively short time thus preveating it
from being exposed to inceeased stress for long periods.

Chapier 5 Pillur Extraction with Contingous Miners
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Fipure 5.1 Extracting Pillars en a Stradght Line Using Contlogous Miners

The flest stooping panel at Sigma Colliery was started at a 45° angle, bt the pressures on the
lagging pitlars became so high that promaters feader and bord fallure ocenered and this
method bad to be abandoned. The pillars were then stooped in a straight line which proved
to be suceessful. This is also the methad followesd by nive of the twelve coliieries,

At Greenside Colllery, Usutu Colllpry and Ermelo Mines straight line stooping resulied in
high stresscs ot the pillars adjaceat to the goaf This resulted in severe scaling in the
roadways and difliculties wore experienved when removing tie last pillars in the line, It was
thus declded to change to a 45° extraction line to overcome these problems. This is sirilar
to the stooping lne uged in conventional stooping, the only difference belng that when
extracting pillara with continnous miners, only one plllar is extracted at a time, Greenside
Colllery and Usutu Colliery are still ualng this sequence,

At Ermelo Mines, however, the 45° line across the 11 to 13 rosd panels resulted in such long
traniming distances that the stooping angle was chianged to a short 45° ling consisting of two
to four rows of pill  (Figure 5.2) and in adverse geclogical concitlons to a 30° stooping line
{Figure 5.3), Theso proved to be suceessful and are still being used.

Chapter 5 Pillar Exiraction with Continuous Miners
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Tlgiave 5.3 30° Stoopiug Line ot Ermelo Mines

The matn differencs between Ermelo Mines, Usutu Colllery and Groenside Colliery and the
other collicries doing pillar extraction with continuous miners, it the number of roads per
panel. The number of roads on these three collierles varied between 11 and 13 in
comparisort with the 5 to 7 rouds on the other collieries, The Jarger the number of roads, the
slower the zetreat durlng plllar extraction, The slower retreat can result in the pillars

Chapter §  Pillor Extraction with Czatinuous Miners
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adjacent ta the goaf being exposed to the higher stress for prolonged petiods, cavsing pillar
and bord deterioration,

In addition to this, the composition and hehaviour of the local steata plays a major rols in the
extraction sequence, Practical experience on collierics such as Evmelo Mines and Zululagd
Anthracite has proved that an extraction sequence that is effective in one part of a mine can
prove hazardous in another part of the same mine,

At Zululand Anthracite Colllery the pillars are normally extracted in a straight line, but a 45
stooping ling is sometimes followed in adverse geological conditions or when the panel
geometries are distorted dua to faulting,

54 Billor Extrnction Mothads

A number of pillar extraction methods are proetised on the varlous colllesies, The extraction
methods followed are mainly dictated by the pillar size and the contposttion and bekiaviour of
the logal roof strata.

541 Brirpction method and support for pilinrs of 16 @ square and smallier

(a) The extraction methnd practised at Ermelo Mines and Greenside Colifery Is depleted in
Figure 5.4,

Breakerlings BL1 and BL2 were lnstalled when the previous pillar was exteacted, and
Mogettines FL1 and FL2 are installed before extraction commences, Breakerline BL3
and fingerline L3 are instulied when cut 1 has been completed, and fingerline FIA is
installed on completion of .t 2. On completion of cut 3, the contimious miner is
trammed to the next pillar, and breakerling BLA is fustalled, All the breakerlines and
the fingerlines, except BL3 and BL4, are then removed,

(by At Sigma Collicry, where the roof conslstz of finble shales and mudstones, the centro
cut is taken first, A fingerling is then installed in the centre of the pillar and the (wo cuts
on either side of this fingerline are then taken,

Chapter §  Pillar Extraviion with Contingous Miners
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Figare 5.4 Extractio.. {ethod for Pillars smaller than 10m nt Ermelo Miney and
Greenside Colllery

542 Eateaction methed acd sapport for pillurs between 10 ta anid 14 m sqenrs

At Utntu Colliery and Ermelo Minck, where the roof consists of a competent sandstone, the
pillars are also split at a 43° angle. Brmelo Mines made further refinements to the cutting
gequinee which are deseribed in detail by Beukes (1989b),

The extraction veethod, as well as the support isstalled during extraciion, ia shown in
Figura 5.3,

Timber breakerines BEA and BL? and fingerlines FI1 and ¥L2 ars already in positioa as
they were installed befors the previous pillar was extracted. The first cof is then made and
whilst finperline FL3 is being Installed, the second eut is made on the opposits side of the

Chapter 5 Piller Exiraction with Continuons Miners
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pillar.Cut 3 is then made whilst lingertine FL4 s installed, Cut 4 is then made whilst
fingerline FLS and breaker' :o BL3 are ingtalied and fingetline FL3 is extetided. Tho

continwous miner thea b

w wail whilst fingerfine FLE is instolled and fingerting FL4 iy

extended before maklug cut 5. When this eut has been completed, the costinuons miner
moves to the uext pillar to be extraeted and breakerline BL4 is installed. All breakerlines
and fingerlines, except BL3 and BL4, are then extracted.
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543 Exiraction roethod for 13w tywnrs plRurs

The pillar sizo at the majority of the mines pracfising pillay éxtraction with contintious
miners §s 18 m sgpare, Although thers are cartain minor différences in the snpport and
dircetion of the cuts, the extraction methods are very similar, This extraction method 1
practised at Sigma Colliery, Middelbult Colliery, Twistdraai Collicty and Zululond
Anthraciie Colllery, A typical extraction method is depicted In Figure 5.6,

Chapter §

BPitlar Extractions with Continuous Mineéiy
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Bucakerlines 1 and 2 were installed when the previous row of piilars was extracted, The
jhiny 3 split into two fenders by a 6 m wide development through the centro of the piflar and
Myeakeeline 3 ig installed, On the completion of cut 3, bru.zerline 4 is instafled and the
remainder of the feader is extracted. When cut 6 las been completed, breakerline 5 is
installed and breakerlines 2, 3 and 4 are removed befors starting (he similar extraction of the
next fender,

BREAKER

im o TLINEZ

BoB OO

D6aoo

18 m

4] oo
- BHEAKER © o
¥o LHEY o
~a L
o vd

1m FULL COLLRN
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{ ¢ ¢ 0o 00 :
o0 ¢ o0
BREAKER
i) I

Flgars 5.6 Exteiction I shed for'n 18 m Pillae at Slgma, Middelbult end Twistdraal
Colllerles

544 Extraciton method for 25 m square pliiors

The pillar size of the pillars being exiracted at Springfield Collicry is 24.5m squi-e. At
Lotigridge Colliery, mintap under a mountals, the pillars near the outerop dre 19 m square,
As mining proceeds into the mountain, the pitlar sive increases to 25 m gquare, then to
33,5 m, and eventually to 40 m,

Chapier 5 Piller Extraction with Contimious Miners
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{a) The original extraction method at both collleries conslated of splitting the pillar into
three 5m wide fenders by two 5 m wide developments through the pillar {Figure 5.7),
As the mining helght varies between 2,8 m and 3,5 m, the width/helght ratio of these

fenders was less thon 2 and premature failtre occurred,

At Springfield Colliery, various changes were made to the breakerline support and
extraction sequencs in an attempt to overcoms these problems, but it was unsuccessful

(Beukes, 1989b).
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Yignre 5.7 Indtlal} emctlon Method for a 25 m Pillar at Springfield Colllery

The extraction method on both collieries was then changed by eplitting the pillar into

two fenders by a 5 xa wide development through the centre of the pillar,

Chapter 5 Pillar Extraciion with Continuous Miners
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(b) The extraction method and support at Springfield Colliery is depicted in Figuve 5.8, The
9,5 m wide ribs are not extracted complately, but a rib of 2.2,5 m wide Js lolt to crugh,

This change proved to be successful,
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Flguee 5.8  Final Extractlon Method ut Springfield Colliery

{c) At Longridge Colliery the pillaxs were also split into two fenders, but the cuiting

sequence differed, The cxiraction method is depicted in Figure 5.9,

Initinlly the complete fender was exiracted, but the large unsupported area at the
intersection when extractivg the final ent in the fender resulted in the continuous minpr
being buried by roof falls vr ithees occeslons, It was decided to leave a 3 m wide zib of
coal, shown in Figure 59, betwees the two final cuts and no similar incident hog

oceutred since,

Chapter 5 Plller Extraction with Contintous Miners
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Figore 5.9 Final Extraction Method ot Longrldge Colllery

545 Exiraction of plilnry lorger ther 25 m squurs

The large pillare are split and quartered thus dividing ther into four smaller piltars, These
gmaller plilars are then extracted using one of the methods for extracting small plllars
dereribed apove,

58 Het:  Rooming Entraction Method with o Falechild Wilcox Comtinr.. &
Mizzr at Hiohone Colliery

The Fairchild Wilcox Mark 21 continuons miner, uniike the crawler-propelled continvous
miners, manoeuvres tnd advances by means of hydraulically powered jacks and rope winches
(Figure 5.10). By ecliminating crawlers, Fairchild has probably artived at the fuwest and
smallest configuration in any continuous miner, being capable of mining to a minfmum
height of 0,7m, It bos dual forward-pointing augers and advaaces in slees of 12 m by
fanning back and forth In a windshield wiper foshion. By fitting different size augers, the
Wilcox miser ig capable of cutting seam heights ranging from 0,7 m to 1,14 m,

Chapier 5 Piilar Exiraction with Continuous Miners
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Flgare 510 Cutiing Method of the Falrchild Wiicox Miner st Hlobane Colllery

Main developmient

The main development consists of 7 roads on average and the pillars are mised at 15m
centres and 30 m centres, depending on the depth below surface, The travelling road is
dsveloped 4t a height of 1,8 m and the bolt road at 1,5 m, irrespective of the seam height,

Secondory development

The secondary development consists of three roads, The bords are mined 8 m wide and the
pillars at¢ mined at 18 m centres, thus creating 10 m square pillars,

Chapter§  Piltar Extraction with Continuous Miners
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A number of regulatory restrictions, as woll ag (he capabilitiea of the low delve conveyor belt,
defined the section boundaries as 1000 m long aud 456 m wide, The main access entry
development is loca’ed such that secondary exteaction pancls can be mined at an optimum
length of 228 m on both sidos of thit development,

Two road panel development and extraction

When the second-ty development reuches the boundaries of the panel, a two road panel
development is driven ag right angles to the 3-road development to its limit of 230 m, leaving
a 26 i to 28 m wide barrier pillar between the development and the previous goaf or the
boundary of the panel (Figr e 5,11), The bord width of this development is 9 m, and the 9 1a
wide conneeting roads are developed such that 11 m by 3 m pillacs ate ereated,

SALID BARMER
26m 10 JO M — /

Tinars 511 Panel Development for Refrent Rooming Extractlng Method st Hiobune

Coltiery

Chapter S  Plitar Exiraction with Continious Miners
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Retreat rooming extraction methad

As soon as the secondury development reaches the limit of the panel, retreat rooming
comsinences, This consists of 10 m wide developments driven into tho barrier pillar leaving
2 m wide protection piliars {Figure 5.12). During the retreat vooming operation, additional
breakerlines are installed, When arca 1 has been completed, breakerlines A and B are
installed, nnd on completion of arer 2, C and D are installed, The timbers in these
brenkerlines arc L m apart in both directions {Figure 5,12),

When, this process has bee completed on the ons side of the thresrond development, the
process is repeated op the opposite slde, and the panel it mined out ofi & retreat basls,

Higure §.1% Retvent Rooming Extraction Method at Hichavie Colllery

55  Smpport

The support for pillar exiraction with continuoas minerg fs similar to that described for
convontiona) pillar extraction in Chapter 4, Section 4.4,

Chapter 5 Piilar Exiraction with Contimuous Miners
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5.7 Percentags Extraction

The in-pancl extraction, as estimated by the various coilicries, varies between 70 per cent and
50 per cent,

5.8 Manpower

The manning of the sectlons on varlows mines differ ang also depends on the type and
number of equipment used. ‘The following, however, is typleal of the manpower in a
stoaping seclion using ona continvons miner and two shuitle cars, Additional manpower will
ba required when additional equipment, iike Load Haul Dumpers, is used in the section,

Operating crew Miner
Team Leader
Continuevs miner operator no.l
Continuous tiner operator no.2
Cable bandlers
Shuttle car operators
Roolbolt aperators
Barring attendant
Support and ventilation
Feederbreaker operator
TOTAL PER SHIFT

ln'lﬂmnﬂuwu:—-ar—-p—-

59 Production Equipment

Although a wide variety of equipment s used on the various mines, the number of the
specific types of equipment is very similar,

The equipment in a typical stooping section will et

1 . atnuoug miner

3 Shuitle cars {onc is normally on stand-by), Tractor-Trailer units or Load-Hayl-Durapers
1-2 Roofbolters (dependiug on the der ity of support).

1 Feederbreaker or tipping tallend

Chapter S Pillar Estraction with Continuous Miners
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510  Veatllation

The ventilation layout differs from mine to mine. The pumber of roadways utilised as return
airways varics from ono road in the narrower pancls with only five roadways, to as many a3
six roads in pavels consisting of thitteen roadways, Ventilation brattices are used to course
the air along the pillars being extracled towards the return airways, A certain amount (10v%
to 15%%) of Lhe venillation leaks through these brattices and Mows across the goef to the

teiurn airways,

Figure 5,13 shows a typical ventilation lusyout for a narrow panel where the pillars ave
extracted in a straight line and Figurs 5.14 a layout for a wider panel with a 459 stooping line.
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Chapler 5 Pillar Extraction with Continuons Miners

——y——p




107

RETURN AIRWAYS INTAHE AlRWAYS

Fipure 5.14 Typleal Ventilation Layout when Extracilng Pillucs on o 45° Angle

Al the majority of the collizrics mentioned above, CH4 and CO monito: heads ace installed
in, the return alrways of the pillar exivaction sections and alarms are triggered if the pro-
determined percontages of gas are exceeded,

511 Coaclgalons

1t ix actually remarkable how similar the pillar extraction methods used by the various mines
for similar sizo pillars are, The difficolties experienced with cortain mining methods and the
soceess of the changes made, verifics the validity of a sumber of the sirata control theories as
well as certain resourch Godings,

These facts does not oniy make the compilation of desipn guldelines possible, but actually
dasirable.

In the following chapter, rib pillar extraction, which was derived {rom the Munmiorrah,
Wongawilli and Ofd Ben mining methods practised in Australia, are discussed avd evaluated,

Chapter §  Pillar Extraction with Continious Miners

o

s ——— i e —

e



108

CHAI'TER &

RIB MILEAR BXTRACTION

(A Introdasiion

A detailed study was made of the rib pillar extraction methods practised in South African
colligrics, In this chapter the Australian mining methods, from which the South African rib
piller system originated, the initlal vib pillar methods and the ovolutlon of the sib pillar
system ainee 1980 in five South Alrican eollieries are discussed.

During the past decade, rib pillar extraction was practised in five collieries, These collierics
are;

Middelbult Colliery, Twistdraai Colliery, Xriel Colliery and New Denmark Colfiery, all
gituated in the Highveld Coalficld, and
Sigmn Colliery, which is situated in the Verceniging-Sasolburg Conlfisld,

The objective of this chapier is to discuss the various exivastion methods and extraction
sequences used on the various mines, The initial extraction method iz discussed as well ag
the changes made ¢o this method and the reasons for such changes, The experience pairied
by the mines during the years of 1ib pillar extraction is incorporated in the guidelinas in
Chapter &

Ta additional to the miniog methods, the lubour complement, production equipment and
vontllation layouts is alse described briefly,

62 Histarienl Bockground

Apart from some poorly documented, small-seale attempts at longwall mining, longwall trials
in Jow seams (1 - 1,2m) were siarted at Hlobase Colliery in carly 1964 and at Dutban
Navigation Collieries, where it ig still practised, in the middle of 1965, Early in 1967 longwall
trials were aiso started at Sigma Colliery o a bigher (2,7 m} scam (Salamon, ct al, 1572, It
was oot tatdl tha mid Soventies, however, that longwall mining was introduced on 2 larger
scale, During the narly Eighlies, o tatal of eight collieries had one or more longwall faces in
production. Due to the freguency of peological discontinvitios, especially dolerite dykes,
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and the varying thickness of the seams in most of the South Aftican coalfields, longwall
mining can only be practised in selected portions of the toral reserves, The limited
application of longwalling therefors made it necessary to investigate other mining methods
to improve the overall exteaction percentage of the total coal reserves,

The fBrst experiments with pillar exiractfon wsing mechanised conventiozal equipment
proved successful on some collieries and unsuccessful on others. Af Sipma Colliery
conveationul stooping proved hazardous due to the frable roof conditions and the ; resence
of & thick dolerite sill in the overlaying strata.

During the late Scventiss, project teams from Sigma Colliery and Kriel Colllery visited
Australia to investigate the stooping methods practised successfully In New Sonth Wales,
Legislation in Australia prohibited the mechanised extraction ot pillars until the early Filtes
when the introduction of continuovs minors eliminated the secessity of multiple working
piaces, Howover, the use of continuous minees resulled in low extraction pereentages due to
the opeintor’s inability to remove the ‘snooks' or to complete the lifis in the *open-end-Hit!
method,

'The very thick, competent ccoglomerate overlaying the coul seama caused sudden,
unplanned reof falls and a very serious accident durlng stooping operations in New South
‘Wales triggered an jnvestigation Into the development of safer mining methods, Rib pillar
extraction mining methods were developed in an attenipt to ovetcome these diffieuliies,

The three Australian mining methods investigated, namely Munmorrah, Wongawilli and Old
Ben, were all sib plllar extraction methods with continuous miners and are briefly deseribed
below,

821 ‘The Wongnwilll Syatem

The application of this method varies from colliery to colliery depending on the prevailing
geological conditlons, Dus to the length of the rib piliats, tho method rerembles 4 shortwall

face.

The Jayout of the sysiem iy shown in Figure 6,1 and the basle conoept is as inllows:

Chapter 5  Rib Piillar Extraction

T




110

A panel iz created by a secondary development consisting of 3 to 5 roads, loaving a
continucus pilfar of coal tetween the development and the previous caved area (Figure 2,1).
This pillar of coal is normally between 50 m and 150 m wide and 1s extracted by developing
and extracting 7 m wide rib¢ in a modified split and 1lt system. The pillars farmed by the
develcpment are extracted ag the rib extraction retreats,
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622 The Munmerah System

The Munmorah system 1s also practised in New South Wales at an average depth of 180 m
below the surface (Figure 6.2),
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Flgere 6.2 Munmorah System of Plllar Extraction
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The coal seam at Munmorah Colliery is between 1,8 m and 3,0 m thick and is very hard
which makes if difficult to cut with a continnous miner, The floor is composed of soft shales
and floor heave often occurs due to the pillars being foreed into the soft Aoor, ‘The rib pillar
panels are normally 1220 m long and 183 m wide, and are developnd on cither side of the
main development. 'The primary developmert consists of threw roads. The botd width is
5,5 m and the pillar sizes sro 26 m x 40 m centres (Figure 6.2),

623 The 012 Ben Method

A fugther mining method developed was the Old Ben method (Figure 6.3) which is very
similar to the Manmoreah system,
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The secondary development consisy, of three roads, leaving reserves for pillar extraction on
either side. ‘The toial panel width i In excess of 200 m. Tertiary development, congisting of
two roads, is developed towerds the cnd of the panel, From this development short fenders
are then developed and exiracted.

The initial rib pillar extraction methods ysed in South Africa were based mainly on the
Munmorrah system, Although tie two teams from Sigma and Kriel Colliery designed thelr
rib pillar cxtraction methads popurately, both mining methods turned out to be very similar,
As the vurious collierles gained experience with the minlag method, however, a number of
changes were made to the original method to suit loeal conditions and improve productivity,
These changes are diseussed in detail below,

63 Rib Pillar Panel Levelepment
$3.1  Primary davelopment

The primary development is used to divide 2 block of coal into rib pillar panels, the length of
which can be up to 1000m or Jonger, and the widih varying from 150 meives fo
approximately 220 metres,

A typical layout of the development for a xib pillar panel is depicted in Figure 54,

The primary development consists of three to four roadways from the main development to
the Limits of the panel (Figure 6.4), Tt is preferably perpendic.far to the main development,
but it can be alteved to suit the geometry of the available reserves,

Because the primary and secondary developmient i3 so narrow, the full weight of the
overburdea is not shared equally by the pillars in the development, Salamon et al (1976)
stated that if an avea is larger than the area of a ciecle drawn with a radivs 0,75 to 1,0 times
ths depth below surface, it can be assumed that the whole weight of the overburden is shiared
equally by the pillars, and consequently the pillar load can be determined from the Liibutary
arca theory. The conventional safey factor formulae are thug not valid to determiiae pilar
slzes in the narrow 1ib pillar development. The peomctry of the pillars are therefore
designed to suit the planmed mining layout with careful consideration of the local strata
behaviour,

Chayter 6 Rib Pillar Extraction
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All services such as stores, the mines’s box, maintenancee bays, ete,, are positioned in this

development during the rib pillar extraction phase.
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Figure 6.4 Rib Pillar Panel Layout

632  Secondary dovelopsent

The secondary development is used to cut the rib pillar panel into blocks or ribs, These
blocks, or ribs, are normally 42 metres wide, but one colliery is using 66 metres wide blocks.
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The secondary development during the jaitial phases of rib pillar oxtraction consisted of two
roads, one being an intake alrway and one a returm.  Although Twistdraai Colliery
muintained this layout, some collieries exporicnced a congestion of equipment and services
and inadequate ventilation. At Sigma Colliery ths two roads wers incrensed to three, and at
Middelbult Colliety, it wag increased to four roads (Bewukes, 198%a). This development is
always perpendicular to the primary development (Figurs 6.4),

The 6 metre wide fendera are developed and extracted, with the exception of Sigma and
Middelbult Colliery, from the secondary devilopment,

633 Blecder rends

On the majority of the collicries, twin bleeder roads are vevelopod (Figere 64). The pillars
between the outsids two roads of the primary development are not extracted with the panel
as the outside road is used os the bleeder road for the next panel, The pillarg leflt between
these ‘two roads are then extracted with the next panel, ‘Twistdraai Colliery uses a single
bleeder road and leaves a 6 m wide protesting pilixr adjacent to this road when extracting the
fenders (ses Figure 6,9).

6.4 Pilior Extroetlion Scquence
641  'The bostes serthod

As soon as the secondary development has reached the Bimits of the panel, the first 6 m wido
fender is developed, When this developmeat breaks through into the bleeder road, this
fender is extracted. ‘The pillars in the secondary development is extracted on a retreat basis
with this rib, The extraction sequence is shown in Figure 6.5,

When extraction bas votreated to the primary development, the pillars in this development
are alyo extraeitd before the secondary development for the next rib commences,

Due to the lack of suitable roofbolt equipment to install roofbolts without removing the
continucus miners from the working face, the continuous miner can only develop a given
distance, specified by the systemutic support rules or dictated by roof conditions and
behavionr, before rooibolty bave to be installed, During the development of two or more
foads (his is not a problem as the continuots miner can be trammed to another roadway

Chapter 6  Rib Pjllar Extraction
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whilst the roofbolting is carried out, During fender development, however, this does not
apply, Tn order to prevent the contintous miner from waiting until the roofbolting in tho
firat fender develnpment hag been completed, the development of the seeond fender is
storted during this period. This results in the second fender being portially, or fully,
developed befors the HArst fender is cxtracted,
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Figoure 3.5 The Basle Exiraction Sequencs

The nomber of fendery that can be pre-developed safaly will depend malnly on the geologieal
conditons and behaviout of the steata, but should be testricted to the practical minimum to
prevent premature faifure of the fenders and possibls poaf ovetrunz, Except when the
geological conditions are unfavourable, a vertain amount of pre-development is neccasary to
avpmen; productivity,
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642 Variotioms to the basic method

On some of the collieries practising rib pillar extraction, n number of problems wers
expericnced and certadn changes were made to the basie extraction sequence,

() At Sigma Colliery the number of roads in the secondary development was increased
from two 1o threo and the pillar siec was xeduced from 30 m x 18 m rectanpular pittars
to 9m square pillars to improve the productivity during the secondary development
phuse, Unfortunately theso small pillars beeame excegsively stressed and they storted
failing ghead of the woerking faces, Tho (hree road developinent was maintained, tut
they reverted back to the proved 30 m x 18 m pillars,

(b) Due to the size of the continuous mincrs, it is very difficuit to develop the fenders
perpendioular to the secondary development, Sigma Colliery theretore decided to
developed the fendets at 457 to the sacondary development (Figure 6.6),
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Figure 6.6 Fenders Developeid at a 45° Angle at Sipma Colltery

This proved to be totully unstceessful ag the continuous miner operators found it
exrenely difficdt to maintain the 45° dircction during fender development which
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resulted in large fluctuations in the width of the fenders, Considerabls coal reserves
were lost due to the inability to extract large portions of fenders as a result of this, The
mining process also changed continuously dus to the triangular geometry of the first and
1ust section of the rib pillae.

() Problems were also experienced with the premature failure of the 42 m long fendets at

Sigma Colliery, resulting in excessive loss of reserves. A tertiary development was
Introduced to split the 42 m wide rib into 42m x 18 m ribg, Ihbe fonders were then
developed and exteacted at right angles to the tertiary developmeat, and are only 13 m
long, In addition to this, the direction of the 36 m and 24 m axis of the pillars was
turned through 50° (Figure 6.7) to allow for a uniform system of extracting botlt the
fenders and the development plifars, and to decrsase the tramming distances, As can e
seen from Fipure 6.7, this gave tiso to a uniform method of extraction for both
development- and rib pillars, % made the system and subsequently traising and
appli. wtion, much simpler.
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(b) At Middelbult Colliery the number of roads in the secondary deselroment was
incressed tu four to improve the venatifation and the pumpisg of «ter, Tertiary
development was also used to divide the block into 18 m wide ribs thus resulting in 18 m
long fenders, similar to the layaut shown in Figure 6,7,

The evolution of rib pillar extraction on these eollicries is described in detail by Beukes
{198%0),

643  1ib pillor exbroctlon on on advance apd retreat hasis,

When dolog rib pillar extraction on a retreat basis, the primary development bas to be mined
to the limits of the panel befere secondary development and fender extractlon can
commence. This resulis in the continvous miner belng confined in the lower production
output development phass for 4 considerable period of time befors stattlag the pillar
extraction phase, Secondly, a separate primary development has to be mined for every rib

pillar panel.

Tn order to reduce the amount of development and to start :he more productive pitiar
extraction phase ot an earlier stage, Twistdraai Collivry mined a black of cual on an advance
and retreat basis,

The threc-road primacy development was pesitioned in the centre of the block of coal to be
extracted and the bleeder road on the side to be mined on the advance methed (Figuee 6,8).

The primary developnent was mined to the position of the first seconzlary development and
sto; ped. The first sceondaty development was then completed and the 42m wide rib
ext *ed. The pillars in the primary devslopment were Jelt ntact and were oaly 1o be
oxtracied ini the retreat phase, In addition, a 6 m wide pillar was left adjacent to the primary

roadwiy for protection (Figure 69),

This process continued until the one glde of the section wes completely mined out. The
opposite side of the section, including the pillars in the primary development, were then
rained out on the reireat. A bleeder rond was created by leaving & 6 m wide 1ib to protect
the end roads of the sceondary development, and by connecting the secondary development
on the retreat side with a sitgle roadway also prozeted by a 6 m wide rib (Figure 6.9).
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This experimental panel proved to b successful, Tha floor gradient must be considered
carefully durivg ploaning as the nplanued inflow of water durlng pillar extractlon can
jropardize the suecess of his method,
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6.5 Pillne Bxtesciion Methods
651 Exteactlon of 18 m long femidexrs

The cutting sequence for extracting a 18 m long fender using mobile mechanical breaketlings
is shown in Figueo 8,10, Mechanical breakerlines 1'A’ and 2 arg placed in position bofore
extraction of the fendar commences, As soon ay the first three culs have been comploted,
mechanical brenkerling 1°A is moved to position '8, and the remainder of the fonder is
extracted. When the fender has been extracted completely, both mechanieal brenkertines
are moved into positiou for extracting the next fender,
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652 Esteaction of 42 m long fendery

"The cutting sequence for extracting the fenders is shown in Figurs 6,11. Breakerlincg A and
B and fiegerline A must bo installed befosn extraction of the fender commences, On
completion of cut 4, breakedine C s installed and breakerline B Is remowed by n.cans of a
sling, or chain, pulled by a full shutde car, One timber prop is normally left intact v et as a
deflection indicator, This procedure is continued until the fender has been extracted
completely after which breakerline A and fingerline A are afso removed.
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6.5 Support

In pddition to the timber breakerlines described in Chapter 6, mobile mechanical
breaketlines have been used at some of the Seeunda Collicri.  The application of these
breakerlines was described In Section 6.5.1 above and depieted in Figure 6.10

6501 Moblle mechaonieal breakerlines

The use of mobile mechanical breakerlines (Figure 6.12), which was pioncered in South
Africa, has pained ground world wide in pillar and rib pillar extraction. The mechanieal
breakerlines used by the Sasol mines have proved to be suceessful in rib pillar extraction.
The main problem with these breakerlings is the hirh initial capital cost,
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The main advantages of mechanical breakeclines arc:

0] The yield load of the Voest Alpine BLS 3800/450 mobils broakerline, for exumple,
is 540 toas per unit (1080 tons per breakerline) ss compared to the support
resistance of between 89 tous and 308 tons for a timber breakerline,

(i) The eass and speed of installation {(moving of the units).

(i) It shields the workers from the goal,

() It prevents large slabs from the goaf sliding into the work drea.

) 1t is safer to withdraw and move forward as it can bo done remotely,

a7 Perceninge Extrottion

The percentage in-peancl extraction achieved with rib pilfar extraction is estimated by the
various collieries to vary botween 70 per eent and 90 per cent in comparison with the 45 per
cent to 57 per cent achicved with bord and pillar mining,

»*

&5 Maspoger

Similar to the other extraction methods, the manning of the sections on varlons mines differ
and also depends on the type aad number of equipment used, The typical operating crew in
2 stooping section using ons continuous miner snd two shutle cars is as follows:

Opecating crew ! Minor
Team leader
Continucus miner operator No. 1
Contioue miner operator No. 2
Cable handler
Shottla car oparators
Roofbiolt vperator No, 1
Roofbolt operator No, 2
Feederbreaker operator
Support and veotilation
TOTAL PER SHIFT

};[-FI-IHHH)HHHHH
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5.5 Production Egripment

A variety of equipment is used on the various mines, the number of the specific types of
equipment 18 very similar, Two of the collleries use a double continuous miner section, The
first contisuous miner completes the first secondary devaloprient and on completion of the
development cormences with rib pillar exteaction, The second continvous miner then starts
the Iollowing secoudary development, This enables the two continsons miners to work in
tandetn and they leapfrog down the panel. 'The cquipment and munpower for such a double
continnous miner will not be discussed further,

The equipment in a typical rily pillar scetion will be:

1 Continuous miner

3 Shutte cars (onc is normally on stand-hy)

1 Roofholtor (depending on the density of support).
1 Feederbreaker

Some of the collieries also use Load Haul Dumpers to agsist with cleaning in the sections,
.10  Vemillntion

Bleear roads are developed for every panel to avoid the necessity of auxiliary ventilation
during the pillar extraction phase. The fresh air supplied via the intake airways flows over
the goaf thus remaving the dust and creating a positive fow (Figure 6,13). Tt i3 important to
matatain this positive fow aver the goaf to prevent gases from entering the section,

During caving, voids are formed in the roof of the goaf which allows a flow of ventilation
throngls the gouf area, Tn the event of the goaf closing completely, hiforeated fang could be
used to retura the air to the return airway.

During the development phase, 22 kW to 37 kW force fans are used (o ventilate the
headings,
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611  Blak Avens

#.1L1 The {iasl positions of fenders

It hae often been observed that during goafing the roof strata do not form acute anplos
to mateh the exposed toof area, but tend to form a natural overhang and goaf along

gradual curves (Figure 6.14),

PRIMARY
DEVELOPMENT

“This means that the final srook {B) will always bo required to support & larger area of

toof. ‘This situation is aggeavated by the lege area of unsupported roof created by the

intersection with the sceondary or tertiary development,
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6112 Gos accnmonintion

Each continuous miver s equipped with o methanometer which kias an andiovisuai
alam to warn the operator should inflammable gag bs present, Continuous
methanometers are normally also situated in the lust theough road to the return alrway
to monitor possible methane buitd-up.
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6.313 Spontnmenns combustion

The coal and carbonacsous shale, mainty from the roof stratiy, vi4 b rensaing in the goaf
creates a risk of spontaneons combustion. CO monitors are lnstalled in the retuen
girways from the section to monitor any henting in the goaf areas,

612  Conclustons

Although various changes were made by different collieries, the final produet turned out to
be very similar. Ag can be seen from the analyses above, the busic strata control thoories and
principles were constantly applied sed adhered to,

Although the composition and behaviour of the steata plays a major role In the design of rib
pillar extraetlon, the similarities in he minlng methods make it possible ts formulate
applicable design guidelines,

The proctical expericace gained by alf the collieries, the rescarch Gndings and the strata
contral principloy and theori~ have been assessed and evalvaied, and are used to to
eatablish design guldelines for piliar and rib pillar exteaction in the following chapter.

Chapter 6 Rib Piliar Extraction
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CHAPTER 7

GUIDELINES FOR PILLAR AND RER PILLAR EXTRACTION

1.1 Introdnction

The infoxmation compiled during the survey of pillar and rib pillar exiraciion has been
assessed and the important factors to be considered when planning and operating a plilac
extraction panel have been identified,

During the years that these mining methods were practised, a vast amount of experience was
palned on the various collicrigs, Problems were experienced by vatious mines and they made
numercus alterations to the mining wnethods with varied amounty of siccess, Due to the
importance of imcremsing extraction, and as the application of pillag extenction practices
increased, rescarch was conducted by COMRO and by varlous mines aod wining honses,

The problems nnd successes experienced by the various mines and the yesearch conducted by
COMRO, individuel mines and mining houses form the basis of these guidelines, 'These
facts are itemiscd in thess guidelinea so (hat improved performance and safely can result
from pillar cxtraction operations,

The vast difference in (he geological composition and behaviour of the coal bearing strata,
the mining depth and mining equipment used make it difficult to deaign a specific set of
puidelines applicable to ail the collierics,

Theso guidelines have thes been formulated in such a way that it i3 not presctiptive as to the
mining method, support or other relevant factors, but rather ag a guide to all the factors that
must be taken inio consideration when designing panels for pillar and vib pillar exteaction,

These guidelines must thergfore be used in conjunction with information such es the local
geology, strats brbaviour and other relevant mining parameters, and local experience.

o
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1% Destpning Pillors for Pillar Extraction

Although the safely factor of the pillars is important to ensure that the pillur strenpth s
adequate to support the ovetlying strata, it is only the start of the deslgn process Other
factors that play equally important roles are the mining method to he practised, the
equipment to be wsed and the behaviour of the local steata,

In the past the safety fuctor was tog often the only paramoter vsed Lo determine thy size of

tho pillars and other critical factors were ignored, The behavioyr of the overburden strata ig

nogsib™ ha mogt eritical factor ag it also affects the mining method, the type of mining
i "t can be used and the support required during development and pillar
Btk -~ geticnd factors affecting piltar size arc depicted in Figure 7.1,

-
7/ SARETY
FACTOR
PILLAR
SIZE
Pl
REHAVIOUR OF MINING
THE ovsnaunney RQUIPMENT
STRATA
LY
MINING

METHOD

Figace 7.1 Waclors Affecting Pillac Size

The mining method should be pee-determined and the pillar should be deslgned to
accommodate this method. The type and slze of the mining equipment also have a major
influence on the type of mining that can be practised and the pillay dimensions required for
safe und cfective extraction.

Chapter7  Guidelines for Pitlar and Rib Pillar Extraction
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Unlike the pillars in bord and pillar scetions, the load on the pillars in pillar exiraction
sections ¢hianpes constantly due to the dynamic nature of the mining process. Whea the coat
seam I8 overlain by a dolerite sill or competent massive gandstone which does not break
during in'tial gonfing, the foad on the pillacs will be higher than after fuiluze of the sill or
sandstone. This is due to the additional load that has to be horns by tho pillars in the vicinity
of the goef edge to support Lhe overburden spanning the goaf area,

Before the safety factor for these pillars can be detzrmined, the adiditional load on the pillacs
has to be defermined. The factors that will affect the additional load are the depth below
surface, the width of the panel and the composition of the overburden, The additional load
may be determined by simulating the mining situation wsing computer simulation programs
such as FLAC, MINLAY and BESOL.

The following example (Model 7.1) will be used 1o indiecate the variation iu the stresses on
the pillars before and aftet the failure of a dolerito sill

Madel 7.1

Assume a coal seam 160 m below surface (to the roof of the sgam) overlain by a 40 m thick
dolerite sill, The base of the dolerite sill is 40 m above the upper contact of the coal scam,
The mininy heipht is 2,5 m, the bord with 15 6 m and the pillars are 18 m square, The first
stbgidence on surface, and thus the first break of the dolerite sill, occurs 150 m after
commencing pillar exiraciion, sssuming that (he panel is wide enough to cause the sill to
break, The angle of fracture iz 15 (measured from the vertical),

The lngar elastic MINLAY compuicr progeam was used to simulate the mining paameters
given in Model 7.1, The simulated streeses on the pillars adjacent to the goaf, before and
after failure of the dolerits sill, are shown in Figure 7.2, It must be noted that the siress
profile i3 dependent on the values of the input parameters (e.g. modulus of the coal and
steatn, bulking factor, size of elements, ete) and that the failure of the pillar gides iz not
taken into account, The stress profile after sill failure is also affocted by tue mode of caving
of the roof strata,
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Van der Merwse, 1989, developed a ¢oncept named the Dysamic Safety Factor to determine
the minlmum safety factors of pillara during pillar extraction. In & paper published in
November 1990 (ven der Merwe, 1990), he changed the name of this cnhcr.pt to the
Extraetion Safety Ractor (ESF), In order ta caleulate the ESF it is assumed that, in addition
to the normal load, a certain percentage of the mass of the unbroken strata is borne by the
pillars on the goaf edges. The geological composition of the overburden strata is used in
computer simulation models to determing the total load ou the pillars and the minimum ESH
is determined by back analysis, If back analysis cannot be ttsed due to the lack of sulteble
historical coges, an. ESF limit of 1 can be assumed, Details of this concept ave discussed by
van der Marwe, 1989 and 1990,

Balamon and Oravecz {1976) pointed out that during pillar extraction the pillats are reduced
nntil they reach a stage when they are "undersized® by ordinary pillar desipned principles,
However, the strength of rock depends, (o rome oxtent, on the duration of loading, and
pilfars cav support loads excoeding their viimate strength for short pesiods, The success of
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pillar extraction, and (he £ctual value of the gafety factor, therefore depends strongly on the
rate of extraction, They riade the lollowing recommendations:

() When the rate of retreat i3 slow, as In handgot pillar extraction, safety factors
exceeding 2,0 are recommended,

(iiy I pillar extraction is mechanized and a fagter rate of retreat is achieved, a safety
factor of between 1,8 and 2,0 is recommended.

(i)  When thin seams arc stooped, a safety factor as low s 1,5 i permissible provided
the width-height ratio of the pillars is more than ten,

Purther research is necessary to deteemine if pillars with lower safety factors can be stooped
safely and under what eonditions.

7.21  Conveatlena! pillar extraction

The main difference botween pillar extraction with crvventional equipment and that with
coatinuots mingrs is that with continsous miners ong pillar is extracted ot o lime, whereas
with conventional equipment a number of pillars, olten a complcto row, are extracted
simuitanconsly, This means that the size of a row, or number, of pillars is reduced according
to a planned work cycle until they have been extracted completely,

Another difference betwaen conventional and continnous miner exiraction is the pillar
extraction angle, The majority of the collicrdes employing continuovs miners for pillar
extraction, extract the pillars in 4 straight line, whereas it conventional pillur extraction the
pillars are gencrally extracted at an angle of between 20° and 45%, The effect this has on the
load borns by the pillars on the goof edge will be discussed in the section on stooping angles
(Section 7.3).

As was digenssed above, the safety factor for the pillars is only the start of thie design process,
The other important factors such as (he bebaviour of the local strata, the mining method to
be practised and the equipment to bes nsed must be carofully considercd during the design
process,

‘The most common methods of conventional pillar extraction are splitting and quartering aud
the opent cad lift, but as discussed in Chapter 4, many different methods, depending on pillay
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size and strata conditions, are used. The pillars must be designed to accommodate the
extraction method (o be used,

The follovideg Tuctors need to be constdered when determinlug the piflar glzes for
conventlonal piltar axtractions

(a) The strenpth of the pillars must be sufficlert to support the overburden in the wotst
possible situation (e.g. hefore failure of the dolerite sill). Unless the strength of the
pillars and the load on the pillars con be nccurately dstermined and the safety factor
derived from this data, the recommendation of Salamon and Oravecz (1976) to use a
safaty factor of not less thari 1,8, determined by the Salamon or squat pitlar formula, Is 2
good guidellne, When the rate of retreat iz slow, as In handgot pillar extraction, safety
factors in excess of 2,0 are recommended.

(b} The size of the pillars should be designed ¢o correspond with the extraction method,
This is insportant as it will improve productivity and prevent the formation of large
snooks, If the normal bord width on a collicry i 55m, but the pillars in pillar
extraction are designed guch that it requires 4,5 m wide cuts, the productivity will be
reduced ag it results in less tong per blast,

(¢) Unsecessarily large pillars should be avoided as it will incroase the time spent in
extracting the pillar thus exposing the diminishing pillar to increasing stress for too long
which could lead to premature pillar faifute, In addition to this it also leads to a slow
retreat of the atooping line,

() Back-to-baclk lifts should be avoided as far as practically possible,
722  Pillar citeactlon with rongrnons mivers

Although the safety factor of the pillars is impertant to ensyre that the pillar sirenpth is
adequate to support the overlying sirata, it is only the start of the design process, Other
factors that play equally important roles are the mibing method to be practised, the
equipment to be used and the behaviour of the local strata,

The following example (Model 7.2) will be used to illustrate the Influence of somo of thes.
factors on the pillar shee:
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Madel 7.2

A coal yeam js situated 125 m below surfaco and ia overlain by n 40 m thick doletite sill 25 m
shove the eoal seam. The immediate roof consists of ‘weak, laminated shale that goafs
readily, The bord width is 6 m and the mining height j2 3m. A Joy 12HMY continnous
miner and 12 ton shuttle cars are to be used to extract the pillars. Seven road panels are to
b developed and extracted. If the zafuty factor is the only paremeter used to dosign the
pillars and ihe pillars are designed to a minimum sofety factor of 1,8, it will result in 14 m
square pillars. What methods can be used to oxtract these pillars ?

The following factors will affecl the pillar extrection method:

0] The minimum pancl width necessary to cavse the dolerite sifl fo fail is 191m
(ealculated with Galvin's formula), As the planned panels ace only 126 m wide, the
dolerite sill will only fail when the second (adjacent) panel is extracted, provided
the barrjer plllar is rvemoved,

(i) The size of the 12HM?9 continuous miner and 12 ton shuttle cats iz such that a split
of at least 6 m wide is required for the split and fender method (see Figure 7.4).

@)  Asthe immediate roof consists of a wrak shale, the initial goaf is likely to oceur as
seciions of the pillar are extracted rather than on comipletion of the whole pillar,
The extragtion method and placing of the breakerlines must toke this Into
consideration,

There #re numerous possibile methods for extracting these pillars, For practiesl reasons only
two of thess will be used to Hustrate this example, Figure 7.3 shows two possible methods of
extracting these plifars,

Mathod 1

Figure 7.3(a) deplets the situation if the pillar 15 split into two 4,0 m wide fenders by a 6 mi
wide development theough the centre, The following problem will arise from this extraction
methiod;

The 4,0 m wids fenders could be vary unstable under %ese civcumstances, Thess fenders are
equivalent to a 6,2 m square pillar as indicated by
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Figere 73  Extraction of 14 m Plllars (Examiple only)

This means that the strengby of these fenders is equal to that of 2 6,2 m square pillar which
has & safety factor of only 0,67 and a width to height ratio of only 1,3 (based on the minimurs
pillar dimension), This situation is dggravated further by the additional stress on the pillars
becanse of the dolerite sili spanning the goaf. It is therefore very likely that these ferdors
will £ail prematurely,

Method 2

Figure 7.3(b) depicts anothor possible method for extracting the pillars, Variations of this
method are used by some collierles that have a competent sandstone roof and a mining
height of approximetely 1,5, Fowever, taking into account the conditions in Model 7.2,
the following problems will arise:
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Dusa to the week, laminated ghale roof that goafs resdily and the mining helght of 3 m, it is
unlikely that the fingerlines installed after cuts 1 and 2 will prevent the roof from goaling
until after cut 5 has been completed. Tf goaling oceurs after cut 3, the goaf could extend into
the intersection and prevent the extraction of cuts 4 and 5.

The above examples lustrate the dangers of uslog only the safety factor to determine pillar
gize, igmoring the other critical factors such as the behaviour of the overlying sirata, the type
of mining equipment to be used and the method of extruction. Alternative approaches
should thus be considered taking these factors into account,

One such alternative is to change the piilar dimensions by creating 18 m x 12 m rectangular
pillars. The effective widih of these pillars is 14,4, resulting in a safety factor of 1,9, and the
minkmum width to height ratlo is 4, If these pillaxs are split by a 6 = wide dovelopment it
will result in two 6 m wide fenders (see Figure 74),

18 _m

N &m Bm,_. ! 6m

P e A Rk —rrytet

i2m

- A

Fipore 7.4  Possible Extraction Method for a 19 m x 12 m Plilar

The safety factor of (hese fenders is 0,95 and the width to height ratio is 2. It is evident that
these fenders will be more stable than thess depicted in Figurs 7.3(a) and could be extracted
vifectively and safely, A disadvantape of Increasing the pillar size ls that the percentage ja.
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panel extraction during the development phase will decrease, With this pillar size, howcver,
the primary percentage exteaction will be reduced by only anc per cent. The panel width witt
be ingreased to 150 m which: is still insufficlent to induce si1l faflure,

The followlng fackors should be corefully considesad wher deslgnlog pillars for

plllay extraction with coutinnous miners:

(2} The strength of the piflars must be sufficlent to stpport Mo overburden in the worst

possible situation (e.g, before failurs of the dolerite aill), Unloss the steenpth of the
pillars aud the joad on the pillars can be accurately etérmined and the safoty fectot
derived from this data, the recommendation of Salamon and Oraveez to use a ssfety
factor of not leas than 1,8, defermined by the Salamon or squat pillar formule, is u good

guidetine,

(b) The development adjaccnt to and through the pillor should be wide enough to

©

accommodate the existing mining equipment, If tiie roads are too narrov- : .ech time is
wasted in aligning and tramming the equipment during the extraction phase,

The number of road beaders wsed in pillar extraction is on the increase and the width
and length of these muchines, a3 with some contiruous miners, makes it difficult to turn
off splits at right angles. In order to decrease the time spent on splittiv g pillars at right
anp;es, consideration should be plven to splitting the pillars 4t an angle, An example of
: pliiting a 18 m square pillar at 2 70° angle is illustrated in Figurs 7.5.

Whet pi? 15 are split on an angle, it is important (0 ensure that the remainder of the
pillass being extracted is of adequtate size to prevent them fefling prematurcly duitug the
pillar extraction process, Strict contral should also be excrcised to ensure that the
development is turned off 4t the correct angle and position.

The exteaction method should require the minimum continuous miner tramming s
tramming reduces the actual production time,
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1Bm

Tigura 7.5  Splliting n Pillar on a 70° Anple

(d) The extraction method should require the minimum of breaker and fingerlines as these
are not only costly, but the installation thorcof js time consuming which could result in
production time being lost,

{e) 1fa pillar is aplit into fenders, these fenders should be wide enough to withstand the lpad
for the duration of the extraction, but narrow enough to avoid the farmation of excussive
snooks, It must be noted that, when a pillar is split intg feriders, the bulk of tho strength
of the pillar is remaoved a3 the strongest portion of a pillar is seated in the centre,

() The pillars should not by designed unﬁecessarily large 5o that individual pillars can be
extracted in tha shortest possible time, thus exposing the diminishing pillar to high loads
for the shortest possible period, and allowing for e fast refreat of the stooping ling,

(2) The extraction method should be such that the minimum amount of coal is left behind
an the form of snooks (pillar remnants). Snooks not oxly lead to a loss in reserves, but
they may prevent the overlying strata from failing property thus causlng unnecessary
stress on the pillars to be extracted,
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(h) Back-to-back lift chould bo avoided ns far as practically possible.
723 Kk plllor extviction

The zafety factor formulae are not suitable for determining piltar sizes n the primary and
seeondary xib pillar develapment consisting of cnly two to four roadways, This is due to the
fact that the width of the section is 8o small that the full cover load is not supported by the
pillurs, The pillar Joad is therelfors distorted and the satety factor is invalid, A panel width
at least equal to ths mining depth is necuesary to cavse eyual distribution of the cover load
on the pillars, 1t is thus lmportant that locul experience of the strata behaviour be carcfully
considercd when designing the pillars. It is recommended that the pillars be deslgned such
that, wherover possible, the extraction method vsed for extracting the fenders could also be
used for extracting these pillacs, This could prove to be more productive and it raquires less
training, Figure 7.6 deplets an example of such a design,

The geclogy and behaviour of the overburden stratn piays a major role in the design of the
length and width of the feadeis in rib pillar extraction.

A ovmher of factors mmst be takem Inte comsidecation durdng the rib pitiar
exiraetion desipu:

{8) The fenders should be wide enough fo prevent premature failure, but nacrow enough to
cnable the contimious miner to cut through it without exposing the continuous miner
driver to unsupporied roof. Depending on the equipment being used, the width
normally varies between 6m and 7 m, the most common being 6m, In Australia
fenders of up te 8 m wide are cxtracted, and one inive in the USA inereased the width
of the fenders to 10 m to redues the amount of fender development requived, However,
tho effectiveness of this method conld not be verified. At Hlobane Colliery 10 m wide
fenders are extracted in the Wilcax sections using a form of rib pillar extraction.
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SECONDARY DEVELOPMENT

(b) The length of the fendsrs can vary considotably from one colliery to another and
depends largely on the bohaviour of the overburden strata, the mining height and the
strength of the coal, The leagth of the fenders should be such that they can bo extracted
before premature failurs can ocour, Fenders must bo cormpletely extracted during the

Inst shift before o weekend or any other break in productiot

() Loug fenders require long fender devclopmicnts, This normally results in a fluctuation
in production output as the production during fender development is significantly lower
than during fender extraction, This is zot only due to the installation of roolbolt
support, but also to the easier cutting conditions during fender extraction as the fenders

ate subjected to higher stresses which pre-fractures the coal,
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(d) Fenders should be developed at right angles to the sscondary or tertiary development as
it is cagicr for direction control. If the fenders are deweloped at an angle to the
development, it is more difficult to implement direetion control snd the width of the
lenger funders could fuctuate,

73 Degigainy Panels for Plllar nnd Rib Pitlar Exteaction
731  Designlng pouels for pillor cxteaction

When & reserve area is ovetlain by a dolesite sill or 4 competent massive sandstone, it is
important te determing beforehand If the pangls are to be designed wide enough to allow the
overburden rock mass to fracture throwgh to surfaco or narrow gnough to prevent it from
failing, Under normal cireimatanees & panel would be designed wide coough to nduce
failure, but under certain conditions, such as a need for surface protection, it may be
neeasgary to provent the overlying steata from faillag thay mindoising surface subsidence,

In some coal reserves however, the panel width requited to facilltate failurs of the
overburden strata can be of such dimensions that it conld decteass productivity if mined as &
single panel or it would result in too maty pillars per zow to be extracted effectively. fn such
cagey it inay b¢ necesgary to mise the area with two adjucent panels and extract the
interpanel piilar, The following cxample (Model 7,3) should illusteate thia:

Model 7.3

A coel seam 180 m below surface (fo the buse of the seam) it overlain by a 60 m thick
dolerite sill which orcirs 30 m below surface, Continuous niners are to be used for both the
oevelopment and pillar extraction phages and the minieg lelght s 2,5m, the bord width i
6 m and the pillar size i 18 m,

Safety Factor = 1,86 (using the normel formula).
Safety Faclor » 2,03 (usitg the squat plllar formula),
The panel width necessary to induce sifl faffure = 228 m,

According to this informuation the pillar sizes conform to the requirements of the safety
factors. However, to create a 228 m wide panel would roquire 11 roads, ‘This could be an
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unproductive section during the deyelopmeni phase due (o the long teamming distances,
ualess it is developed as a double header section. In addition to this, extracting 10 pillars per
Tine wauld slow down the rute of extraction considerably and could result in large pressure
increases on the last row of pillars,

TF this arca i8 extracted by vsing two panels, sithet two 6 road panels or a 6 road and a 5 road
pancl, as well as the barrier pillar, the rate of cxteaction will increase considerably,

The COMSIM computer gimulation program was used to simulate the pofential production,
for the parameters in Model 7.3, in 4 11 road patiel versus the production in a 5 and 6 road
pancl during the initial development and during pillar extraction using ons 12HM9
continuous stiner and two 10 ton shuttls cars, The simulations are based. on three sight hovr
shifts par 24 hours, a machine availability of 80% and a continuous mindr enttiug rete of 5
tons per minute,

Thy potential production during the development of a 5, 6 and 11 road section is shown in
Table 7.1, and Table 7.2 shows the production putential of & 6 and 11 road section during
plilar extraction,

Toble 7.1 Productivity During Developinent

Number of headings 11 § 5 I
Tons per shilt 127 1321 1370
Tons per facs minute 331 344 3,57
Cont, miner utilizatton: _

Cutting % 66,2 638 T4
Shuftle sar niilization;

Loast & discharge % 499 519 ;e |

Fravelling % 19,3 153 1BE
Shuttle cars:

Total route dist.(km) 308 i 104

(for two rowa of pillars)

Tong/km travelled 64,8 . 82,9
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Teble 7.2  Productivity During Piftar Extraction

| Number of headings 1 6
Tuna per shift 1257 1375
Ton per face minute 3,27 3,58
Cont, mincr wtilization:

Cutting % 65,5 71,6
Shutils car utilization:
Load & discharge % 49,1 537
Travelling % 39,1 324
Shuitle cars:
Total route dist.{km) 531 212
{for two rows of pillars)
" Tons/km travelled 184 482

At the above production rates it will require 4,4 shifts to cxtract a row of pillars 1o a 6 road
panel and 9,7 shilts (more (han three days) to etract a row of pillars in a 11 road panel,

If & third shuttle car is added to the 11 road section during developmens, the potential
production improves only marginally to 1285 tons/shilt or 3,34 tons/Tace minute,

TF this area §s extracted with two natrow panels (Le, 5 ox & roads) instead of one wide pancl,
it is very important to note that when the pilars in the second panel and (he Interpanel pillar
are estracted, the fiest sill failure will ooour when extraction hes progressed for a distunce
approximately equal to the depth below surfaee, This failure to the surface will include the
overburdett straty spanning both panels and coufd result in an alr blast dee to the sudden
displacement of the largs volume of air. In addition to this, the posf mey overrun
breakerlines or even partially extracted pillars, This was aclually experienced on two
collieries, using continyous miners, in the Highveld Coalfield, It is thus of great impostance
that, when the eritieal spat: iz reached, breakerlines are properly installed (in eomu seses 4
treakerling with three rows of props instead of the normal two may be necessary), pillars ase
ot pte-split or laft partlally extracted botween shifts and the operating crews are kept awars
of the situation. 1t will be apprecisted that the above comment is gven more critical when
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conventional plllar extraction is practised as a number of pillars are beig extracted
simultancausly,

TE It is practically possible, extraction of the second panel could start when the extraction in
the Arst panel hos progressed for approximately 50 m, Exiracting the two panels in this
manner will feduee the stress increases on the interpanel pillar and the plllars in the second
panel,

The fullowing foctors should he comgidered when destgning pomels for pillar
extrnetlon with continpsns miners:

{a) Tha critical panel width, based on the superincumbent strats, necessary to induce vaving
to the surface must be determined,

{t) In the sase of competent overburden strata, it must be decided if the panel should be
wide enough to induce failure of the overburden girata or if the surfaca subsidence
should be kept to the practical minimum for the protection of surface structures,

It must be pointed out that if the superincombent strata consists of weak, incompetent
sirata, the panel width necessary to prevent surfacs subsidencs is so small that it makes
total extraction both vnrealistic nnd uneconomical. Under such conditiors partial
extraction can be considered (Salamon, 1980), This can Lo achioved by either extracting
a natrow rib pllar panet adjscent to bord and pillar development (Figuze 7.7), or by
extracting alternate rows of pillars (Figurs 7.8), as practisod by Gretley, Munmorsh and
Newvale No.2 Collierias it Australis, provided tho remaining pillars are strong enough
to support the spanning overburden,

{c) If adjacent pancls are necessary to induce overburden atrata failure, the barrier or
intorpanal pillats between sucl pancls must be designed of sufficient strongth to support
the overburden strata and (o preveat 2 goaf overrun during the extraction «f the second
sanel, The interpans! pillar should then be extracted with the seennd panel,

It must be noted that the extraction of several adjacent, suberitical panels will vesult in
addidonal load on the interpanel or barrier pillare as well as the pillars in the adjacent
ponels, It is important to determine the stress sityation in such a mintng layout prior to
mining to proveat unsafe working conditions and loss of reserves due to high siresses.
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Fignezs 7.0 Extractiog Every Atternate Row of Pillars

{d)} The namber of roads per panel, and thus the sumber of plilars per row, should be smail
enongh to allow a fast retreat during pillar extraction taking the productivity duxing the
developitent phase into account,
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(e) In the case of a 457 stooping linc, the pancl width and sumber of pillars per vow had a
major effect on the wamming distances and production. The tramming routes and
distances must be determined in dotail befors the panel layout is finalised, The
COMSIM shinulation program can be used to asslst with the layouts and to compate the
productivity of alternative layowts.

The details in Model 7.3 were simulated nsing COMSIM to detérming the potential
production for an 12 road and 6 road pillar extraction panel on a 45° &t-:uping line, The
results of the simulations, bused on one 12HMY continyous miner and two 10 ton
shuttle cars, are shown in Table 7.3.

Tabla 7.3  Productlvity of a 45 © Staoping Line Pane)

Nusnber of headings 1 6

Toss per shilt 998 1349
Tons per face minuto 2,60 351
Cont, miner ntilization:

Cutting % 520 703
Shuttle car utilization:

Load & discharge % 39,0 s21

Travelling % 51,2 29,1
Shuttle cars:

Total route dist.(km) 422 98

(for two xows of pillars)

Tous/km travelled 242 51,9

As can be seen from thess Hgures the distanco travelled by the shuttle cars it an 11 road
panel is more than four imes longer than in a 6 »0ad panel and the production potentiat
is upproximately 26% less,

(B If a pagel is not plansed to be stooped immedintely alter the development has been
completed, the primary suppott must be adequate to prevent bord falture until plllar
entraction commences, In certain cases additional support may be necessary once pillar
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extraction commances. IF excessive scallng of the pillars is experienced under normal
circumstarses, allowance should be made for thig in the pritary support, bord width,
plilar dimensions and cleaning time required bafore pillar extraction san commence,
The spalled conl should only be cloaned where it restricts operations as it assists in
preveniing further deterioration of the pillars,

(2) If pillar cxtraction panels are planned on both sides of a main development that needs to
be protected, care should be taken that the strength of the barrier pillar as well ag the
pillars in the main development 1 suffictent to support the spanning overburden strata,

(k) The ventiiation layout also plays an important role in the design of pillar extraction
panels and the cnvironmental persomnel should design the veatilafion layout and
requitements for each panel during the planning process. Good control over ventilation
standards is required duc to the clfects ol goafing and possible damage of ventilation
wallz by roof pressure or floor heave,

732  Deslgning panels for cib plilar extraction

The critical patel width, based on the superincumbent strata, necessary to induce caving to
the surfaco must be determined for the rib pillar panels,

The second, and even more critical, factor to determineg, is the width of panel that can be
extracted without restricting the positiv. ventilation flow ncross the goaf,

If 5 panel is boo parrow to induca caving to the surface, it is very important to note that when
the second patel is extracted, the first eill faifura will accur when extraction has progressed
for a distance approximately equal to the depth below surface, This failure to the surface
will includo the pverbueden strata spanning both panels and could result in an air blast due
1o the sudden displacoment of the large volume of air, Tu addition to this, the goaf may
overrun breakerlines or even partially extracted fendars, Thig was actually cxperienced with
1ib pillar extraction on two colilerics i the Mighveld Coalfield,

Chapter 7 Guldelines for Pillar and Rib Pillar Extractica
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7.4 Steoping Angle
741 Fillae extrcaction with continuous minéry

The angle at which pillar exteaction with contimmous nsiners is practised will depend largely
on the behaviour of the local strata and may differ from mins to mine. Although the majority
of the collieries extrart pillars in a stralght lirs, some collieries find it necessary to do so at
an angle of 459,

The first pillar extraction panel at Sigma Colliory was started at a 45° angle, but the
pressures on the lagging pillars became so high that premature fender and bord failure
occurred and this method had to be abandoned, The pillars were then stooped in a straight
line which proved to be successful (Beukes 198Y), ‘This is also the method followed by nine
of the twelve collieries using continuous miners in pitler extraction,

‘The reason why pillars can also be extracted in a straight line when using continuous mirers
is that only one pillar is extracted at a time, The pillar being extracted s thus partially
protected by the adjacent pillars (Figure 7.9). As can bs seen from Figure 7.9, the piilar
being extracted is partially protected by pitlars I and 2,
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Flgore 7.9 Extracilng Plllary 1 a Steafght Line Using Continuous Miners
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At Greenside Colliery, Usutu Colliery and Ermelo Mines straiyut line pillar exteaction
resulted in high surctscy on the piitors adjacent to the goaf. This resultey in strere scaling in
the roadways and difficolties wer~ experienced when removing the lose pillass in the line. Tt
w45 Ihus decided to change fo a 45° extraction ling to orercome these problems. The wiin
difference between these three collicrics and the othur collieries extracting piliars in a
straight lne with contisuous minets, is the number of roads per panel, ‘The number of coads
on these three collicrics varied between 11 and 13 in coniparison with the 3 to 7 rouds on the
other collicrics, Tho larger the number of roads, the slower the retrent during pillar
extraction. The slower rotreat can resuit In the plilars adjacent to the goaf being exposed to
the higher stress for prolonged periods, causing pitlar and bord deterioration. Greenstde
Coltiery and Usutu Colliery are still using this sequence.

At Ermelo Mines, however, the 45° Jive across the 11 to 13 road panels resulted in such long
tramming distances that the stooping angle was changed to a short 45% line conslstlng of two
to four cows of pillars (Chapter 5, Figure 5.2) and in adverse geologienl conditiony to & 30°
stooplng line (Chapter 5, Figure 53). These proved to be successful and are still belng used,
These methods are discussed In detail in Chapter 5,

At Zulnland Anthracite Colliery the pillurs are normally extracted in a straight Ene, but a 45°
etooping line is sometimes followed in adverse goological conditions or when the panel
geometrics are distorted duo to faulting,

These examples should indicate that when using continnous miners there is no xight or
wrong angle. The angle of extraction depends mainly on the hehaviour of the local strata,
while factors euch 15 panel width and specd of extraction alzo play an important role,

742 Camvantionsl pillor extraction

As mentioned proviously, whereas one pillar at a Hme is oxtracted with continuous minerg, a
number or row of pillars 1 oxtracted simuitangously in conventional pillar extraction. If these
pillars are extracted in a straight line, the full load of the overburden strata would rest on
these diminishing pillars ng they are adjacent to the goaf, The other pillars would thus not be
able to offer any protection (Figure 7.10).

Chapter 7  Guidelines for Plitar ar. 3 Rik Plllcr Extraction
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Figore 7,00 Conventlonsd Pillar Extractlon - Stenfght Ling

1t is for this reagon that conventipnal pillar extraction i generally done at an angle, The
majouity of the collicties use a 45° stooping line, The reason why an ungled stooping line is
used in conventional pillar extraction is that every pillar being stooped is partially proteoted

by at least two other solid piflars (Figure 7,11).
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As can be scen from Figure 11, Fillar 7 is protected by the barrier pillar and pillar 13, pillar 6
is partially protected by pillars 12 and 13, pillar 5 is partially protected by pillars 11 and 12,
ete. This configuration offers much more pretection than the configuration shown in
Figure 7,10

In addition to this, the poaf forration is such that the sire; *¢s are distributed to the other
plllars instead of resting entively on the pillars being extracted due to the ability of strata to
bridge between intact pillars,

At Vryheid Coronation Colliery and Welgedacht Exploration, the use of the 45° stooping
Hue was not suceassful, aud the slooping line was changed to 30% In the western aren of the
Vrede Section at Vryheid Coronation Colllery, the woak roof steata resulted in unstabls
working conditions with the 45° stooping line, Thess problems were significantly reduced by
extracting every second pilla , This gave rise to the 30° stooping line at Vryheid Coronation
Colliery (Chapler 4, Figure 4.11) At the Ulrecht Section of Welgedacht Fxplotation floor
heave was experienced with the 45% stooping line and the angle was also changed to 30° by
extracting two sdjacent pillars, similar to the bundgot method depicted in Chuapter 4,
Figure 4.2,

Spwmore Colliery constitutes ono of the exceptions in conventional pillae extraciion as a
completo row of pillars i3 extracted in a straight lne across the panel {Chapter 4,
Figure 4,33), This Is possibly as & result of the very competent sandstone roof coupled with
the extraction mcthod of pillar splitting with fender destruction, In all the methods
mentionad above, a completc row of plliars Is extracted &t a tme,

Another exception to the 45° stooping llne ocouss ot Vryheld Coronation Collicry and
Hiobang Collicry, At thess two colfieries the ocourtence of foor heave nevessitates that the
pillaxs ave extracted in a steaight line (Chapter 4, Section 4,2.4 (1))

At Hlobane Colliery and Alpha Anthracite Colliery an arrowhead confipuration is vsed
{Chapter 4, Figure 4.12), This pillar exiraction configuration, howover, is uot recommended
dute fo the ligh stresses on the luppiog pillars and should be avoided as far as practically
possible,

A aumber of two and three dimensional computer simulation programs arp availabls to
sinulate the stresses on the pillacs for various mining layouts, When designing pillar

Chapler 7  Guldelines for Pillur and Rib Plilar Extraciion
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extraction panols, it is recommended that strata contrel engincers use one of the availabls
computer programs to simulate the aliernative layotw in ordur to determine the most
suitable pillar extraction kuyout, An examplo of one stich simulation is shown in Figure 7.2,

1.5 Complete Bxtraction of Pillara

It iz very important that pillars be extracted as completely as possible, The lower the mining
height, the more ¢ritical this becones, The support resistance of small snooks is vften much
higher than anticipated and is responsible for load transfer onto adjacent fendors and pillars
ag it can prevent large areas from goafing in the short term,

In the case of a strong overburden stratum, such a3 4 mossive sandstone, suooks could
prevent the steatwm f-om failing thue causing additional joad to be transferred to the
rempining pillars. This can result In premature pillar or fender fallurs, or In the faiture of 2
large area of roof strata which could tesult in the goaf overrunning the breakerlines and
fenders,

In the case of relatively weak roof strata, such ay shales and wudstones, the temporary
support provided by the snooks could prevent the roof from failing at the breakerlines, In
such cases failure often occurs adjacent to the next solid abutment which are the fendets or
pillars being extracted.

In addition to the safety aspoets, the more snooks that are Jeft beltind in the goaf, the lower
the percentage extraction. Small alterations in the design and mining method often lead to
considerable increascs in the gquantity of coal thet can be exteacted.

A -ember of Eoctors relatley to snooks must ba token into neconnt when desisning
the extroction method:

(2) The size of the pillars and the 4-relopment method peactised should be such that the
minimum amount of snooks of the smullest possible size are created,

(b) When the creation of snooks is unavoidable, and they cantiot be extracted safely, they
should be destroyed if at all possible, The lower the minlag helpht, the more mportant
this is, This does not apply to small snooks that crush readily and do not affect goafing,

Chaprer 7  Guidelinex for Pillar and Ril Fillar Extraction
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Even if snooks are smail enough (o fail aiter a period of time, they can offer sufficlont
support resistance in the short term to cause stress tramsfer onto the pillars being
extracted, Failed snooks can be compressed and can offer effective support reslastance
cven in the loug tarm,

7.6 Pre-splitting of Pillara nnd Pre-development of Feaders

As a number of pillars are extracted gimultanecusly during vonventional pillar extraction,
thig applies mainly to rib pillar extraction and pillar extraction with continuous minera,

151  Rib Pitiar Extroction

The atmber of fenders that can be pre-developed safely will depend maiitly on the geolapical
condifions and behaviour of the strats, but should be restricted tn the practical minimum,
BExcept when the geological conditions are unfavourable, a certain amount of pre-
development is necessary to improve productivity,

Due to the lack of suftabls roofbolt equipment to install roofbolts without removing the
contimous miners from the working face, the continuouz miner can only develop a given
distanes, specified by the systematlc support rules or dictated by roof conditions snd
behaviour, before roofbolis have to be ingtalled, During the development of two or more
roads this is not a problem as the contintous miner can be trammed to another roadway
whilst the roofbolting is earrled out. During fender development, however, this does not
apply. In order to prevent the contimiouy miner from waiting until the roofbolting in the first
fender development hag been completes, the development of the seeond fender is started
dusing this period. This vosults in the sceond fender being partially, or fully, developed
before the first fender is extracted,

As the rate of production during feader extraction is much higher than during fender
development, » number of finders are often developed in advance, This glves rlse to very
high production rates during the extraction of these feaders, However, it feads to large
fluctuations in the production output between the fender development and extraction phases,
It must be stressed again that the pre-development of fenders should be restricted io the
practical minimum to prevent prematare failurs of the fenders and possible goal overruns,

Chapter 7 Guidelines for Piliar and Rib Pillar Extraction
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762 Billar Exteoction with Continvous Minexs

When systematic support hus to be installes Auring pillar splitting, it is olten necessary to
start splitting a second pillar during roofbolt installation in the first pillar,

This pre-splitting of pillars should bo restricted to the proctical minimum necessary for
improving or maintainlng the production, This will depend to a large extent on the
composition and behaviour of the local roof strata, 1f & number of pillars are pre-spllt in
advance, the partial protection by the adjoining pillars, discussed in 7.4 above, Is veduced
copsiderably as the narrow fendess do not offer the same support tesistance as the large
pillars, Tlis could result in a situation similar to that of straight line conventional pillar
extrac’” s,

7.1 Speed of Exteaction

The rate of yotreat durlng pillar extraction should be as fast as {a praciically posaible.
Salamon and Qravecz, 1976, confirmed this and recommended hat thoe safety factor of
pillars in the slowse retreating handgot pillac exiraction should be larger tham for
mechanized pillar extraction.

When the roof goafs adjaes o "0 a pillar, the stresses on the pillar are reduced considerably,
During the pillar extraction ot this pillar, as the pillar size diminishes, these siresses inorense
gradually until they reach a maxlmum  +r to goafing, The longer it tekes to extract the
pillar, the longer tho diminishing pillar b, svpport the load, This could lend to hazardows
mining conditiuns and premature failurs of the romaining pillar,

This pansl and pillar sizes should thus bo designed to allow for the fastest practical rate of
tefreat, The parameters will vary considerably between various coalfields and collieries as it
dopends on the condition aud beliaviour of the local strata, the mining method and the type
of mining equipnient ssed,

A number of factors affecting the spead of cxtraction must be faken into secount when
planning pillar extraction oporations;

(2) 'The number of roads per panal, and thug the aumber of plilats per row, shoutd be small
enough to allow a fast retreat during pillar extraction, Table 2, diseogsed in 5 above,

Chapter?  Guidelines for Pillar and Rib Pillar Extrociion
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indicated that the rate of r - caf, using the data in Model 7.2, for a 11 road panel eanld
ba less than half that of u - vuad panel,

(h) The pillars should not be desianed wunceessarily large as this will sesult in o slow rate of
retreat.

() The size and capacities of the production equipment should “e taken into consideration
when dogigniny pillar sizes and extraction methods,

(d) The condition and behaviour of the local strata must be assessed before deciding on the
panel width, pillar size and exteaction methods as this will, in addition to safety and
productivity, affect the rate of retreat.

13 Suppert
74.1  Systematic aupport doring development

‘The systematic support on the various collieries differs vastly as it depends mainly on the
composition, ecompetence and behaviour of the overlying roof sirata.

When panels are planned and mined wirk the aim of sccondary extraction, the systematic
support should Le designed and installed to accommodzte pillar exteaction ss far og
practically possible, If pillar extraction commencos and the systematic support is found to be
inellective, it s more costly snd unproductive to lnstall additlonal supyort at this stape than it
would have been to install adequate support daring development.

The coudition and behaviour of the roof strata, including local expericnce, must be carafully
considered when systematie support for pillar oxteaction panelsis designed,

782  Sepport of pestoefjienl discontinnitivo

It s of ctitieal importance that faults, slips and other geological discontinuitles be eifectively
supported during the dovelopment phase, If such discontinuilies arc not supported duing

Jhe initial development and problems arc experienced with thess during pillar extraction, bed
éeparaﬁon has aleady occtiered snd the installation of roofbolly 4t that stoge is no longer an
elfective means of support.

Chapter7  Guidelinies for Pitiar and Rib Pillar Exiraction
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Thir can Jead to hazardous mining conditions and loss of roservey if pillars or portions of
pitiars cannot be extracted, This in turn cun result in high streww2s on the remalning piltars
w be oxtracted,

733  Shlewall support

Mintng at depths 1n excess of 200 - 300 metres can producs considerabls sidewall spalling as
the stress on the edges of the pillurs is greater than the strength of coal, When ntining at
:hese or greater depths, some form of sidewall support will be necessary to provent spalling
and to maintain the designed dimensions of the bords and pillars without restrleting the
cxtraction of tho pillars, Abniment stress created during pillar extraction, espocially in thiek
scams, tap. also cause spalllng and may in severe cascs also require some form of sidewall
suppors, Spot bolting of the sidewslt may be pecessary In some zoal seams where the coal
tends to form blocks which slide out.

Sidewall support, should ba installed as ciote to the working face as is practically possible to
provent or control spaling. Practice hag shown support to be most effective if installed
immediately after the coal sidewall is exposed, Supporting the sidewalls after spalling has
taken placs 1 usuaily ditficult and not as effective,

The type of stdewall support required will vary from onie site to the next, but il is important
tiat the support should not juterfere with the pillar extraction process.

At Springfield Colliery the wooden dowels installed in the plltar extraction sections an part of
the systematic support to conts 2 and prevent spaliing groved to be very effective,

Ficid trials were eonducted on Majuba Collicry, minitg at a depth of 320 m, and Pict Retief
Colliery where the depth of cover ranges from owterep to 580 m, Duting the trials various
types of suppoit, ranging from rockbolts to woodon dowels were installed, "Tho trials on both
collieries have shown that wooden dowels are only suitable whers minimal spallin;. “as
occurred. ‘Their use on pillar corners is not recommended dus to their inability to control
large amounts of fracturing and spalling, Where the support was installed timeougly,
degradation of the pillar sides was minintiged atsd raroly required farther sapport (Hil, 1988
and Lear and Hill, 1989).

Chapter 7 Guidellnes for Piller and Rib Pillar Extrection
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Sidowall support is expensive and it will be advantageous for mines to conduct feld trinls to
determine the most suitabls sidewall support for pillar extraction in their spocific conditions.

7.84  Breakerline snpyort

Tho different types of breakerlines and their advantages and disadvantages were disctissed in
detail in Chapters 4 and 6.

Due to the factors diseussed in these chapters, it 18 not possible to reommend specific or
gencral methods or patterns for plllar and tib pillar extraction, but the important fxctors
telating to breakerlines and fingerlines are the following:

(x) Breakerlines should be installed as stiffly as possible, When instatled properly, they
provide a ling of high support rosistance which prevents the goaf from extending into the
working arga,

(b) Wherever possible, the breakerlines should be extracted once a fender or pilar hag been
compistely extracted, and the next breakerlingg have been installed in order to prevent
load transfer, The suppott resistunce that can be afforded by a breakerline should not
bo underestimated as it ean prevent Jarge spans of roof strata from caving if left in the
gonf, ‘The natrower the sear, the more important this becomes,

(¢) When the type and pattecn of breekerlines are desigmed, strata control engiveers shonld
take into accowit the composition and behaviotr of the focal strata, The impottance of
using local expericnie when assessing new designs or support methods cannot be over-
cmphasised.

79  ‘ralaing

Piliar extraction can be more hazardous than normal bord and pillar mining and therefors it
requires strict operationz] control and proper training of the operating personnel,

The miners, team leaders, machins operators and persons installing and withdeawing support
should be propeily trained before they start workiog in a pillar extraction section, They
should not only be taught the mining method amd exiractlon soqueace, but also the
importance of adhering to preseribed statidards, The dangers of laaving sncoky and deviating
from the extraction sequencs should be emphasised,

Chapter 7 Guidelines for Pillar aitd Rib Pillor Extraction
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If pillar extraction bas not been practised on a mine previously, it is recommended that,
apart from their normal training, the key personncl of the intended pillar extraction section
apend 4 number of shifts in a pillar extraction sectlon on a mine with similar eonditions ar g
aimilar pillar extraction luyout,

1.16 Concluglong

The design guidelines are based on the expeticnce of the various collierles, their problems
and successes, and the research conducted by COMRO, individual mines and mining houses,
These facts are itomised In these guidelines so that improved performance and salety can
result from pillar exttaction operations,

Although strata control theories and principles were used to evaluate the validity of these
puidelines, the cost implications of the varous mining layouts and pillar sizes were not
considered,

In the following chapter, the guidelines are applled to different mining scenarios to illustrate
the eost implications of dilfercnt panel luyouts, pillar gizes and extraction sequences, This
not osly setve to examine the cost implications, but it alzo verifl; - to some extent the validity
of the guidelings,

Chapter 7 Guidelines for Pillar and Rib Pillar Extraction
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CHAPTER 8

ECONOMIC OPFTIMISATION OI' PILLAR EXTRACTION

g1 Entroduction

In the previous chapicr oa the goidelincs for pillar and rib pitlar exteaction it i poinied out
that the behaviour of tho overburden strata possibly is the mest critissl factor g it also
alfects the mining method, the type of mining equipment that can be uged, sud the support
required during development and pillar extraction, ‘These factors therofore also play a
critical role in determining whether pillar or ¥ib pillar extraction showd be used as & means
of secondary extraction,

In addition to these strata related factors, the economics of the mining method is important
to detexming if it is beneficinl to do secondary extraction, and also to assist in optimising the
secondacy extraction,

It order to do the cost compatisons and cost simulptions, it was nacessary to obtain actua!
costs frum the mines who practised both pillar and rib pillar extraction. The costd used i,
this report are baged on actual production costs during the period Januacy 1991 to
December 1991, Due to the sensitivity of some of the costs, it 1s ast reported individually,
but the aversge figures are uted in this report. When the COMSIM computer simulation
raodel is used 1> detormine the elfect of cortain changes on the production costs, the actual
average costs are applied to the base case,

In this chapter somiu of the design principles are applied to different pancl layouts, pilfar
sizes and extraction sequences to detorniine the effect on the production costs.
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4.2 Piliar Extroction versug Kb Pillare Extraction

In additlon to the strata telated Tactors, it is alse neccsgary to examing whether thers are
economic benefits In practising either pillar or rib pillar extraction,

Two major difficulties are experienced when the economics of these two mining methods are
cxamined:

{8) A verylimited number of collieries have employed pillar and rib pillar extraction during
the same time period, It 18 thus very difficult to obtain reliable and objective cost
comparisons.

As the support requirements and the mining heights of the various mines practising
these two mining methods may vary considerably, the mining costs of one of the
methods on one mine cannot be compared directly to the mining costs of the other
method on a different mine,

(b} Intib pillar extraction the development and extraction of the pillass is one operation and
is reflecled as such in both the production output and the production costs. With pillar
extraction, the development of a panel iz done prior to the commeicement of the pillar
extraction, and both the production output and the costs are reflected as bord and piliar
mining, When pillar extraction commences, it does not include any development, apart
from the splitting of the pillars, which normally result in higher production and lower
support costs.

In order to compare the costs of the two methods, it is therefors necessary to determine
the mean ¢ost of both the development and pilar exiraction before comparing it with vib
pillar extraction,

‘e average cetimated pressuf value of the total mining cost in Rand/ton for the various
continuous miner mining mothods is given in Table 8,1, Theze ars average costs of collieries
which have practised both pillar and rib pillar exiraction, end are not necsssary
representative of the total mining industry,

Chupter 8 Ecenomic optimlsation of plltur extraction
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Table 8.1  Mining costs of different mining methods

Mining Mothod Estimated cost
in Rand/toa

Bord and Pillar Devslopment 2483

Pillar Extraction 23,66

Avo. Pillar Bxtraction/Develugingat 2425

Rib Pillor Extraction 24,38

¥ Derived by averaging the cost for bor . development and pilfar extraction. (It must be noted
that the development is normally done by a different crew to that doing the . "tu extraction,
Thiy can have an effect on produciivity and thus on production cosis.)

The following conclugions can be deawn frem theee fip. o

(6)] ‘The production cost of pillar extraction (extractiva/development; is only 13 cent
per ton less than the cost for ril; pillac extraction. There I3 thus no significant cost
adwantape in practising elther of the two methods,

(i) The produciion cost for development is spproximately R 2,20 highee S.an that of
pillar extraction, This iz mainly due to the higher cost of the systemsiie roofbolt
support necussary during development and the softer culting condidons during

pillur extraction,

The most fmportant selection criteria thus still remain the condiion and behaviour of the
coal bearing strata and the mining equipment and mcthod to be uged.

Chapter 8 Economic opilmisntion of pitlir extraction
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5.3 The Econamic Optimisation of Panel Widih

Tn the previons chapters it has been stressed that the most important factors effecting pitlar
sz, and also panel width, is the condition. and behavioer of the overburden strata, aad the
mining equigment and method employed,

Quite often, however, pillars and panels arc designed without considering the economie
impact of such designs, The following examyple will be used to illuetrate the cconomic impact
of different panel widths and extraction sequences:

Model 8.1

A ¢oul seam is situated 180 m below surface (to the base of the seam) is ovetlain by a 50 m
thick dolerite sill which oceurs only § m below surface, Continuons miners are to be used for
both the development and pillar extraction phases and the mining helght is 2,5 m and the
bord width i 6 m. The panels are to be designed for pillar extraction and therefore the
pillars must have a miniaum galety factor of 1,8,

If the conventional (Salamon) formula iy used, it will requive pillars of 17,34 m square.
Using the sgnat pillav formula, the pillars would have to be 16,56 m square, It is decided to
mine 18 m square pillars as they mect the requirements of the safety factor and can be
extracted elfectively with the available mining equipment,

The pancl width necessary to induce sill failore (using Galvin's formula) is 192,5 m which will
require 9 road sections if the pillars are mined at 24 m contres,

The economic Impact of the following alternatives are to be determined:
{n) What is the effect of mining & slugle 9 road panel or two 5 road panels ?

(b} What is the cffect of extracting the piflars in a 9 road and in a 5 road panel ip a straight
ling and on a 45° stooping angle 7

Chapter 8  Eeonomic opthnisation of pillar extiaction
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The COMSIM computer simulation program was used to sinulate the potentlal production
it a 5 and 9 road pancl during the initial development and during pillar extraction, in a
straight line and on a 45° angle, using one 12HM9 continuout miner and two 10 ton shuttle
cars, The simulations are based on three cight hour shifts per 24 hours, s maching
availability of 80% and a continuous miner cutting rate of 5 tons per minute during
development and 7 tons per minute during pillar extraction. In order to determing the trend
in the production output when the number of rosds are increased, 5, 7 and 9 roads wers

simulated. The regults are presented in Tables 8.2 and 8.3,

Table 82  Productivity During Development (18 i Pillavs)

Number of headings 5 7 9
Toay per shilt 1253 | 1192 | 117
Tons per face minute 373 | 35 | 35
Cont. miner utilization:

Cutting % 46 1 740 | 70,2
Shuttle car utilization:

Load & discharge % 493 | 469 | 464

Teavelling % 235 | 296 | 38
Shuttle cars;

Total route dist,{kn) 2”8 ) 212 304

(for two rows of plllars)

Tona/ku travelled 673 | 585 | 532

Chapter 8 Economle optimisation ¢¢ plilar exteactlon
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Tobla 83  Productlvlty Doring Plllar Extraction (13 m Plllnrs}

Steaipht Line 45° Angle

Number of headings 5 7 9 5 7 9
‘Tons per ghilt 1426 | 1372 [ 1315 | M12 | 1228 | 1122
Tong pet fdce minute 425 {408 | 391 420 | 365 | 3,34
Cont, miner utilizotion:

Cuiting % 606 | 583 539 | 600 | 522 | 4n7
Shudile car utilization:

Load & discharge % 430 | 413 | 306 | 425 | 369 | 238

Travelling % 202 |2 |375 | M3 [ 431 | 488
Shuttle ears:

Total route dist.(km) 55 97 145 60 133 214

(Tor two rows of pitlars)

Tons/km travelled 599 |[3524 | 466 {363 | 385 | 39

The following conclusions can be drawa from the results presented in the two Tables above;

(8) Duting the development phase, the production output of 2 9 road section is 74 tons per
shift (5,9%) less than that of a 5 road section. 'The travelling distancs for the shuttle
cars, however, more than doubles which results in a 219 reduction of the tons/km
travelled by the shuttle cors, This will have an bmpact on the maistenance cost of the
shuttle cars,

(b) During pillar extraction, the difference in productivity when extracting the pillars in a
strafght line aud on a 45° stooping line in a 5 road panel, is very small,

(t) When the pillars are exteacted in ¢ straight line, the production output of a 9 road
section is 111 tony per shilt (7,8%) ess than that of a 5road section, lac distanes
travelled by the shultls ears, however, is nearly threo tmes Jonger which results in 2
22,5% reduction of the tone/km travelled.

Chapter3  Econotic optimisation of pillar extraction
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(d) The major impact is experlenced when the pitlars are extracted on & 45° stooping angle,
when the production output of n % road scetion is 290 tons per shif (20,5%) less than
that of a 5 road seetion, The distance travelled by the shuttle cars, however, is nearly
1otr times longer which results in a 43,4% reduction of the tons/km travelled,

£32 Cout compariyon

In order to do cnst analyses for the various mining methods, it is necessary 1o break down
the production costs into fixed casts and variable costs,

The variable costs conslst of {tems such os roolbolts, picks, and production bonuses, These
conts fluctuate directly with the production output. The fixed coste consist of itema such as
salaries, depreciation and other overheads and is not influenced by the rats of production,
The variable costs therefore form a significant part of the in-scction costs, but a much
smaller part of the totul cost per ton mined, which include 2l overheads.

In continuous miner development (bord and pillar), the veriablo costs constitufe
approximately 35,5% of the in-scetion cosis, but only 16,6% of the total cost per ton mined,
In pillar extraction , the variable costs constitute approximately 31,67 of the in-section costs,
but only 12,8% of the total cost per tou mined, The total cost per tua will be used for die
purpose of analysing tho cosi implications of the mining metbods shown in Table 8.2 and
Table 8.3,

The following sssumplions bave been made for the purpose of these cost analyses:

*  the optimuet production during development Js 1253 tons/shilt { as for the 5read
development in Table 8,2)

¥ the variable cost for development is 16,6% of the totat cost per ton for continuous ntiner
developnacnt

*  the optimam production durlag pillar cxtraction is 1 426tona/ehift ( ns £ the 5 road
pillnr extraction on a steaight line in Table 8.3)

*  the variable cost for plilar exiraction with continnous miners is 12,89 of the total cost
per ton,

The comporative costs for the development of the 18 m pilfars are summarised in Table 84,
and graphically presonted in Table 8,5,

Chapter 8  Eeenonile optimisatlon of plitar estruction
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Table 8.4 Development Costs for the 18 m Pillars

No,of | Tons/ | Fixed | Vary. | Total | Cost/
Roads | Shift Cost Cost | Cost | Ton
(R) R | ® | R

5 1253 25047 | F62 | 31109 | 24,83
1192 25047 | 4911 |} 30858 | 2589
5 ire 25947 | 4857 | 30804 | 2613

Table 2.5  Graphic Prescatatlon of the Development Costy for the 18 m Pillnry
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These costs illustrats that even during the development phase of larger pillars, the rimber of
roads in a pagel can mike a noticeable difference (o the production costs,

The comparative costs for the pillar extraction of the 18 m pillars, in a straight line and on a
42° anglo, are summarised in Table 8,6, and graphically preseated i Table 8.7,

Chapter8  Economlc opticisation of pitlar extraction
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fuble 8.5  Plllar Fxtraction Costs for the 18 m Fillara

No. of Angle | Tons/ [ Fixed | Vary, | Total | Cost/
Ruads Shift Cost | Cost | Cost { Ton

R ® | ®IE®

9P | 1426 | o421 | 4321 | 334z | 2366
o° | 1372 | 20421 | w157 | 33578 | 2447
o0° | 1315 | 20421 | 3984 | 53405 | 2540
5 45° | 1412 | 20421 | 4278 | 33690 | 387
7 45° | 1225 | 20421 | a7z {33182 | 2705
9 95° | 12 | 2021 | 3400 {32821 | 2925

Toble 8.7  Grnphic Presentatlon of the Plllar Exéractlon Costy for the 18 m Pillars
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1t should be noted that the costs for eatracting the pillars in 4 5 road panel in a straight Hue
und on a 45° are very similar, When extracting the pillars in a steaight ling, the mining cost

Chapter 8 Economic optlmlsation of yfllar exteaction
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tor a 5 road panel is I 1,74 less than the cost for a 9 road panel, IF the pillars are extracted
on g 45° stooping anple, however, the mining cost for a 9 road panel is R 5,38 higher that the
cozt for a 5 road panel,

If the strata conditions and behaviour are such that a narow or wide panel may be worked,
these production cost could assist in making a final decision on the mining parameters,

@4 'The Reonomic Opilmisation of Pillar Size

In the desige guidelines 4 number of factors to be considered when designing pilfar
dimensions were disctissed, Two of these factors were:

(a) The pllfars should not be designed unmecessarily Inege o that individual pillars can be
extructed in the shortest possible time,

The size of pillars also has a sigoificant effect on productivity as can be ssen in Table 8.8
to Table 8,11,

(b) The number of roads per pancl, and thua the number of pillars per row, should be small
enotgh to allow a fast retreat during pillar extraction teking the productivity duting the
development phase into aecount,

The following mintay scenario will be used to demonstrate the effect of pillas size on
productivily axd costss

The hottom geam on & certein colliery has been mined extensivoly with bord and pillar
minihg, and with pillar exteastion in the areas whera the ugper seam is congidercd to be too
thin to be extracted economically, The bottom seam Is situated 120 m below surface; the
mining heipht iz 2,5 m and the bord width is 6 m, The pillary in the boltom seans are mined
at 18 m centres, forming 12 m square pillars with a safety factor of 1,83, 'The upper seam is
situated 85 m boelow surfuce and the average mining height is also 2,5 m. Due to the success
of developing and extracting the 12 m pillars on the bottom scam, the mine decides (o retaln
these pillai dimensions for the upper seam, Due to the shallow depth of the npper seam, the
12 m pitlars result in a safety factor of 2,58, At a safety factor of 1.8, however, the pillars
could be reduced to 9 m square pillars, What is the effect of mining unnecessary large pillars
on the upper seam ?

Chapter 8  Economic optimlsation of pillar extraction
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$4.1 Fercontage extraction
(n) ‘T 12 m square piliarg
Percentage extraction during development = 55,6%

The average percemtage cutraction of the pillars during pillar extraction in South Afriean
collicries 18 709, This extraction percentage will therefore be used to calenlats the tonnages
for plilar extraction.

Percentage extraction of the pillars = 31,0895

Total percentage extraciion o 86.68%,

(1] The 9 m squace plilars

Pe.contage extraction during development = 64,09
Percentape extraction of the pillars = 252%

Total percentage extroction = 8%,2%

842 Productlvity

The COMSIM computer simulation program was used to simulate the potential production
for both the 9 m and 12 m pillara, The simulations were done for a 7, ¢ and 11 road panel
during the initial development 2nd during pillar extraction, in & steaight line and on a 45°
apgle, The stmulations ate based on the lollowing assumptions:

% (hres cight hour shifts pee 24 hours,

*  one 128519 contizuous miner,

*  two 10 ton shuttie cars,

®  amachine availability of 80%, and

*  a confintugus miner cuttlng rate of 5 tons per minute during development and 7 toas per
minute duting pillar extraction,

The results for the aewelopment are presentod in 'Tables 88 and 89 and for the pillar
extraction, o Tables 8,10 and 8.11,

Chipter 83 Economle optlmisation of pillar extenction
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Mumber of headings 7 9 1
Tons per shift 462 | 1362 | 1362
Tons per faco minute 4,05 4,05 405
Clopt, miner utilization:

Cutting % 81,1 ¢ 81,1 | 8Ll
Shutdle ear utilization:

Load & discharpe % ¥29 | 529 | K29

Travelling % 08 | 28 ; 244
Shuttle cars:

Totol route dist,(ki) 66 96 132

(for two rows of pillars)

"fons /km travelicd 00,0 | 96,7 | 867

Table 89  Productivity Doring Development (12 o Fillars)

Number of headings 7 5 11
'Tons per shift 1321 | 1320 | 1312
Tons par face minute 393 | 393 | 390
Cont. miner utilizatios:

Cutting % 87 | 86 | W1
Shuttie car wilization:

Load & discharge % 51,2 | 51,2 | 509

Travelling % 20 | 255 1219
Shuttle cars:

Total rovte dlst.(km}) 104 156 214

(for two rows of pillars)

Tons/k: 1 travelled @38 | 45 | 67,0

Chapter §  Economis optimisntlon of plilar exteaction
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The following conclusions can be deawan from the figures presented in the two Tables above:

(a) The rate of production with the 9 m pitlars is not affected when increasing the number
of roudways from 7 to 13, This is malnly due to the small size which limits travelling
distances, Despite the small size, however, the total distance travelled by the shuttle
cars more that doublea when the number of roads arc increased from 7 to 11 which
reduces the tons/km teavelled by approximately 20%. This has an jipact op the
maintenance and running cost of the shutile cars, :

(b) When the size of the pillats is increased fzom 9 m to 12 wm, the production rate drops by
41 tong pey shift for a 7 road section and 50 tons per shift for a 11 ¢ vad section,

(6} The rate of production with the 12 m pillars drops by only 9 tons per shift when the
number of roadways is increased from 7 to 11, The total distance travelled by the
shuitle cars, “owever, also more that doubles when the nuraber of roads arve inereased
from 7 to 11 which reduces the tons/km travelled by approximately 209,

Toble 819 Productivity Dorlng Pillar Extraction (9 m Pillars)

Straight Line 45° Angls

Number of headings 7 9 11 7 9 11
Tons per shilt 1632 | 1583 | 1530 | 1421 | 1229 | 1128
Tong per face minute 486 | 471 | 455 | 423 | 366 | 336
Cont, miner utitizgtion:

Cutting % 64 ] 673 | 651 | 604 | 523 | 479
Shutile ear utilization: '

Load & discliarpe % 4o (416 | 460 | 428 | 370 | 339

‘Travelling % 264 | 294 | 321 1312 | 03 | 447
Shuttle cars:

Total route dist,(knt) 30 45 63 40 77 116

{for two rows of pillars)

Tons/km travelled 842 (M9 | 671 | 636 | 439 | 366

Chapter 8 Economle optimisation of plitur extractlon
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Table 8,11  Productivity During PHlsr Extraction (12 m Pillars)

Straight Ling 45° Angle

Number of headings 7 9 11 7 o 11
| Tons per shift 1382 | 1341 | 1208 | 1240 | 1079 | 994
Tons per face minute 411 | 389 ) 386 | 3469 | 321 | 296
Cont. miner utilization;

Cutting % 588 | 570 | 552 | 527 | 459 | 432
Shutile car utilization:

Load & discharge % 4,1 [ 399 | 386 | 369 | 321 | 256

Travelling % 267 | 207 323 | 222 | 45 | 461
Sluttle cars:

Total routs dist.(km) 65 98 134 85 163 244

(for two xows of pillars)

'Cons/km travelled 6,3 62,0 558 31 370 310

Conlrary to the small differences in the production output between the different pillar sizes
and the number of roadways during tho develorment phiase, the differences during pillar
axtraction are vast,

The following conclusions can bo deawn from the fiuvres prosented i the two Tablas above:

(a) When the pillars are extracted in a steaight line, the production output for the 12m
pillara i3 232 to 250 tops per shift (15,5%) lese that that of the 9 m pillass, The distance
travelled by the shuttle cars is double, which reduees the tons/km teavelled by 17,3%.

(b) When the pillars ave extracted at a 45 angle, the production vutput for the 12 m pillars
is 134 to 181 tons per shift (12,7%) less than that of the 9m pillars. The distance
travelled by the shuttle cass is double, which reduces the tong/km traveled by 17,3%,

Chapter 8 Econamle optimisation of pillar extraction
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The total eost per ton will be used for the purpose of analysing the cost implications of the

miaing methods shown in Table 8.8 to Table 8,11,

The foilowing assnmptions have been mads for the purpose of these cost analyses:

*  the oplimum production durlng development is 1362 tons/shift { as for the 7 road

developmient in Table 8.8)

*  The variable cost for development is 16,6% of the total cost per ton for continuous
miner developiuent
¥ the optimum production during pillar extraction is 1 632tons/shift { as for the 7 road
pillar extraction on & stralpist line in Table 8,10}
*  the variable cosr for pillar extraction with sontiovous miners s 12,8% of the iotal cost

ger tom.

Table 802 Developrient Costs for the 9 m ond 12 e Pitiry

No. of Bill, | Tony/ | Fixed |Vary, | Total | Cost/
Roads Size | Shift Cost |Cnst | Cost | Ton
® | ® | ® [®
T gm 1362 | 28207 | 5611 1 33818 | 24,83
9 Om 1362 | 28207 | 5511 | 33818 | 24,83
11 9 m 1362 | 28207 | 5611 | 33818 { 24,83
* 12m | 1321 | 28207 443 | 33649 | 2547
9 12m | 1320 | 28207 | 5438 | 33645 | 25,40
1 12m | 1312 | 28207 | 5405 | 33612 | 2562

The production rate differs by & maximum of only 50 tons per shift, and the production cost
for the 12 m pillars iz only R 0,64 and B 0,7 per ton more that for the 9 m piltars, This,
however, amounts to a loss of betwees R 25600 and R 31600 a month for a sectlon
producing 40 000 tons per month,

Cinpter 8 E.onomie optimisation of plilur extruetion
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Tha cost implication during pillar estraction ia much more significant and {s shown in
Tables 8,13 to 8,16,

Table .13 Pillnr Extractlon Costs for the § m Pillars

No. of Angle | Tons/ | Fixed | Vary, | Vool | Cost/
Roads Shife Cost | Cost | Cost | Ton
® | ® | R]®
7 gp° 1632 | 33668 | 4945 | 38613 | 23,66
9 gov 1583 | 33668 | 4796 | 38464 | 24,30
1 5 1530 | 33668 | 4636 | 38304 | 25,08
7 45° 1421 33668 4306 | 37974 ) 26,72
9 45° 1229 33668 374 | 37382 3042
11 45° 1128 33658 3418 | 37086 | 32,88
Toble 3.4  Pillar Extractlon Costs for the 12 m Pillars
No. ot Angle | Tons/ | Fixed | Vary, | Total | Cost/
Roads Shifi Cost | Cost | Cost | Tou
® | ® | ®®
90° | 1382 | 33668 | 4187 | 37885 | 2739
0° | 1341 | 33668 | 4063 | 37731 28,14
1n 90° | 1208 | 33668 | 2933 | 37601 | 2897
45° 1240 | 33668 | 3757 | 37425 | 30,18
45° 1079 | 33668 | 3269 [ 36937 3423
13 459 594 | 33668 | 3012 | 36300 | 2690

Chopter 8 Economfc aptimisation of pillar extraction
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These pillar extraction costs for the 9m and 12m pillars are graplucally presented in
Table 8,15 and Table 8.16,

Table 815 Graphie Presentation of the Pillar Extraction Costs for the 3 m Pillars

Taobie 8.16 Graphle Presentation of the Pillue Extraction Costs for the 12 m Pillars
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Whe thi pillars are exiracted in a straight line, the mining cost for the 12 m pillars is R 3,73
to R 3,94 per ton higher than the mining cost for the 9m pillars, and if the pitlars are
extracted on a 439 stooping line, the mining cost is R 3,46 to R 4,02 per ton bigher, These
are significant cost differences which will have a large tupact on mining profita.

8.5 Cosclnsions

The production costs for pillar and rib pillar extraction on the collierics who practised both
of these methods are very similar, It is therefore not possible to select one of these two
methods on an economic basis, The main selection criteria are thus still the behaviour of the
averburden steata and the type of mining equipment availablo,

When larger pilfars are mined (e.g, 18 1 pillars), the number of roads per panel can have a
sipnificant eifect on the productivity and therefore on (e production costs, The number of
roads chould thus be restricted to the practical minimum which will conform to the
requircmerts for increased productivity and strata control, If the pillars are smaller (e.g, 9 m
pillars), the number of roads hag a very Hmited effect on the production costs duting the
development phase. During the pillar exiraction phase, however, the production cost
inereasey substantially ag the number of roadg i3 increased, especlally if the pllfars are
extracted on & 45° stooplng line.

Pillar siza has a direct effect on the production costs a8 well ua the percentage extraction,
Because the production cost for development i3 higher than that of pillar extraction, it could
be assumed that ineresing the pillar size, which reduces the percentage extraction with
development and increases that of pillar extraction, would be the wost economic option,
This could in some cases be indeed so, but increased pillar size can also decrease the
productivity during development and, depending on the number of roads and the stooping
sngle, also during pillar extraction, It is therefore important w assesy the production
potential of a minlng method and to determize its ssnsitivity to changes such ag pillar gize
and panel width,

Chapter 8 Economlic optimisation of pillar exteactlon
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CHAPTER 9

CONCLUSIONS AND RECOMMENDATIONS

91 Spmmary nnd Conclasions:

As a tesult of the vast differences in the geology, behaviour of the overburden strata, depth
of the seam below surface wad mining equipment used, it it ngt possible to recommend
standardized extraction methods,

The behaviour of (he overburden strata and local experience in the coalfivld ave the most
critieal factors to consider when desiguing pillars and panels for pillar and rib pillar
extraction,

Stooping methods uscd effectively on some collieries, proved to be unsuitable, and even
hazardous, on others, Careful consideration of all the relevant factors is therefore essential
when designing pillars and panels for pillar and rib pillar extraction, It is for this purpose
that the design puidelines have been formulated,

The aumber of roads in a pancl, the pillar size and the sequencs of extracting the pillar all
have  significant effect on the productivity and production costs, The economic impact of
the extraction method should therefore also considered durng the design process,

s Recommendntions

Before designing panels for pillar and rib pillar extzaction, all the relevant factors should be
congidered carcfully,

If stooping hus not been praclised on the mine previously, the experiences of other mmes in
the coolficld or in similar geolopical conditions should be studied and i possible, we
stooping sections on such mines should be visited to obtain all relevant information.

The piltar shape and size should be designed to augment the exceaction method, beating in
mind the safely factor and the behaviour of the overburden strats durdng the stooping
process, Rectarigular pillars are often more suitable than square pitlars for certaln extraction
methods.

Al
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The pancl width should be restricted to the practical minimum, IF a wide panel is necesgary
to cause & competent layer in the overburden to fail, two adjacent nartower panels should be
considered, This will result in Joss pillars per pane! and increase the rato of retreat during
the slooping process.

The stooping angle should be desigted to suit the specific geological conditions on each
mine, Although the niajority of mines using continuous miners extract piltars in o steaight
line, the behaviour of the local overburden strata may require a 45% or 30° stooping line (5.8,
Ermelo Mines and Usutu Colliery), For conventional stooping a 459 stooping line fs
recommended, but local experience may indicate that & 30° stooping lue is safer in some
arcas (Vryheid Coronation Colliery and Welgedacht Explotation), In some areas on mines
where floor heave i5 4 problem (Viyheid Coronation Colilery), a limited number of pillars
ure extracted In a stralgh line,

It i sssential that all pillars are extracted as completely as possible to provent load transfer
onto the remaining pillars to be extracted as well a5 a loss of extractable reserves, Even
small snooks can offer sufficient support resistance in the short term to cause stress transfer
onto the pillary being extracted, Falled anooks can be compressed and con offer effective
gispport resistance even in the long term,

The siumber of pillars or feaders that ore pre-split should be restricted fo the practical
mininum necessary to augment the extraction process, Apart from the danger of premature
fatlure of the parrow fenders, the narrow fenders do not offer the same support resistance,
and thus not the same protection for the pillar being extracted, ag the large pillatg,

Tha rats of retreat during stoaping should bo ag fast as ig practically possible, The sumber
of roads per panel and pillar sizos should thus be desigied to allow for the fastest practical
rate of retreat,

Unless it is not practically possible, steoping should commence a3 soon as the development
In a panet has been completed. ‘This prevents the deterioration of the bords aud piliaxs prior
1o stooping,

Systemutic roof support should be designed and installed to augment stooping as far as
practically possible, 1If stooping commences and the systematic support iy found to be
ineffective, it is move costly and unproductive to install additional support at this stage than it

Chopter 9 Conclusions snd Recommiendations
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would have been to install adequate support during development. It 33 critieal that faults,
slips and other geologlenl discontinuitics be effectively supported during the development
phase, If sidewall support is necessary due fo depth or abutment stress during stooping, the
support should be designed such that it does not itterfere with the extraction process.

Where stouping is eonducted under overlaying, worked out scams, the possibilities of
dangurous quantities of water and gas being present in the overlaying scams should be
carciully considered and taken intn consideration whon the stooping panels on the lower
seam are dealpned,

In sddition to the strata and mining related factors diseussed above, the economic ipact of
the extraction method should be carefully considered, The panel width, i.e. the number of
roads per panel, the pillar size and the sequence of extracting the pillars can have a
significant economic impact; not only during pillar exteaction, b.. also during the
development phase.

Cliapter 9 Coneluslens and Recommendationy
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